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ABSTRACT

The aim of this study was soil pollution effects on the germination,
growth, root growth and biomass of Emilia praetermisa with cow
dung enrichment. Crude oil was varied in 1 %, 3 % and 5 % to the
soil while the cow dung levels were constant to amount of sail
needed. By 12 weeks, the plants were harvested. Initial heavy
metal properties of soil, cow dung and crude oil were analyzed for
heavy metal. Growth parameters data were collected, was
subjected to descriptive statistics to obtain the means and standard
deviations. Analysis of variance analysis was used to compare the
difference in the heavy metal properties of soil, cow dung and
Crude oil, means of growth data and laboratory analysis. The result
showed that the heavy metal in soil, cow dung and crude oil varied
significantly (P<0.05). Higher levels of crude oil contaminated soil
inhibited the growth parameter of the plant generally. Also, the
heavy metal levels in the soil and plant samples was low and
mercury, non-existing. Lastly, low levels of heavy metals in the soil
and in the plants, tissue indicates the phytoremediation potentials
of E. praetermisa.

Keywords: Cow dung, Crude oil, Emilia praetermisa, Growth
parameters, Properties, Soil.

INTRODUCTION

One of the century's major global environmental problems is
environmental contamination from crude and other refined
petroleum products, which arises from rising oil product demand
(Sojinu and Ejeromedoghene, 2019). The overuse of petroleum
products has increased pollution in the environment (Pinedo et al.,
2013). Hydrocarbons, which include saturated, unsaturated, and
polycyclic aromatic compounds, make up a large portion of crude
petroleum and are regarded as extremely dangerous
environmental pollutants (Lundstedt et al., 2007). The world
depends heavily on petroleum for energy production, commerce
and industry, despite substantial advancements in energy
technology and a serious global ecosystem crisis and as a result,
petroleum mining and transportation are an inevitable ongoing
process (Dudhagara et al., 2016). Because of this, there is always
a chance that oil will spill into both terrestrial and aquatic areas (Jin
etal., 2019).

The main issue with petroleum hydrocarbons is their toxicity to the
environment, people, and plants (Arellano et al., 2017; Yadav et
al., 2018). There is proof of the harm that contamination from
petroleum and its byproducts causes to bacteria, plants, animals,
and ecosystems (Freedman, 2018; Ordinioha and Brisibe, 2013).
Crude oil toxicity is also determined by the amount of spilled oil, the
amount of residual oil remaining on the site, the ecosystem in the
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affected region, the response, recovery, and cleanup timeline
(Mohamadi et al., 2016). Various biological organisms, including
prokaryotes and eukaryotes, and their life stages react to pollution
in different ways (Hao et al., 2017). Crude oil spills undergo a
variety of weathering processes, including evaporation, dissolution,
dispersion, sedimentation, photo-oxidation, and biodegradation,
depending on the climate, hydrodynamics, and geographic location
(Acosta-Gonzalez et al., 2015). Persistent chemicals have a
significant impact on a long-term contaminated site, even if they
may not be as harmful as a freshly contaminated environment
(Jonker et al., 2006).

Furthermore, The genus Emilia (Cass.) Cass. comprises ca. 100
species distributed in the tropical and subtropical regions of the
world, with the greatest species diversity in East Africa (Beentje
and Lansdown, 2018). Emilia praetermissa was originally
described from Sierra Leone and Nigeria (Ebunlomo, 2012) and
was subsequently found in other West Africa countries, including
Cameroon, Cote d'Ivoire, Ghana, Guinea, and Liberia. Unlike most
Emilia species whose chromosome numbers are 2n = 10, E.
praetermissa has a chromosome number of 2n = 20, suggesting its
polyploidy origin (Chung, 2009).

Also, Phytoremediation is an emerging technology that has
recently being favored as a good option for the remediation of
petroleum hydrocarbons compared to physiochemical methods
such as land fill, cap and contain incineration, ozonation and
surfactant washing (Agmuthu et al., 2010). Its techniques employ
the use of various plants to degrade, extract, contain or immobilize
contaminants from soil and water (Waziri et al., 2016). As a means
of remediation of soil polluted with these substances, various
technologies have been employed among which s
phytoremediation (Adedokun and Ataga (2007). For efficient
phytoremediation, soil amendment or additives, such as sawdust,
peat, waste cotton, organic and inorganic manure, etc. are added
to increase micro-organisms activities (Adedokun and Ataga
(2007). A soil amendment is any material added to a soil to improve
its physical properties, such as water retention, permeability, water
infiltration, drainage, aeration and structure (Das and Chandran,
2011). For agriculture to be productive, the agricultural soil that
plants depend on must be used sustainably. In Nigeria, soil
contamination from crude oil and other petroleum products is
currently a serious problem. Therefore, it is impossible to overstate
the importance of this study. The aim of the study was to establish
the phytoremediation capacity of E. praetermissa on crude oil
polluted soil with cow dung enrichment.
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MATERIALS AND METHOD

The screen house of the Department of Plant Science and
Biotechnology, Michael Okpara University of Agriculture, Umudike
was location of the study. Within Longitude 07°34” E, Latitude 05°
29" N and at an elevation of 122 m above sea level was the location
of Umudike. (National Root Crop Research Institute, Umudike
(NRCRIU), 2022). Samples of used crude oil were collected from
Ukwa West Local Government Area, Abia State, Nigeria. Soil
samples were collected at the depth of 0 — 15 cm in crop farms
around Michael Okpara University of Agriculture, Umudike with the
aid of a shovel. Plant samples were collected from the
surroundings of Umuahia Township. Having only one factor (crude
oil), the research design of this experiment was completely
randomized design. Levels of cow dung were constant to amount
of soil needed. While the crude oil was variedin 1 %, 3 % and 5 %
to the soil and cow dung content. Control soil samples had zero
levels of crude oil. Each soil sample were replicated three times.

Sample preparation of the soil: Soil samples were sieved with 2
mm sieve and was mixed in the following way; 0 % of 4000 grams
of cow dung + 4000 grams of farm soil = Negative control. 10 % of
4000 grams of cow dung + 3600 grams of soil = Positive control.
10 % of 4000 grams of cow dung + 3600 grams of soil + 40 mills of
crude oil =1 %. 10 % of 4000 grams of cow dung + 3600 grams of
soil + 120 mills of crude oil = 3 %. 10 % of 4000 grams of cow dung
+ 3600 grams of soil + 220 mills of crude oil = 1 %. The treated soil
samples were permitted to stand for seven days. Subsequently,
three plants samples uprooted with the roots, and of same heights
were transplanted into each sack bags filled with the treated soil
samples. At the end of 12 weeks of transplanting, the plants
samples were removed, the soil and plant samples were taken to
the laboratory for physical, and chemical constituent evaluation.

Plant growth parameter measurements: Growth parameters
comprising of germination, leaf length, leaf number, stem girth, root
length, root number and biomass was determined.

Leaf germination (count per replicate): The number of
germinations was done by daily observation of sprouting sample
plant seeds per replicates.

Plant height (cm plant -1): The plant height was measured using
a ruler. A meter rule was used to measure upwards starting from
base to the tip of plant.

Leaf length (cm plant -1): The leaf length was measured using a
ruler. A meter rule was used to measure upwards starting from
base to the tip of plant leaf.

Leaf number (number plant -*): The leaf number was collected by
counting directly the number of leaves per plant.

Stem girth (cm plant -'): The girth was taken use mechanical
Vernier Caliper. Girth was recorded in centimeter per plant.

Root length (cm plant -): The root length was taken by placing a
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ruler from the rooting point to the tip. Root length was recorded in
centimeter per plant.

Root number (number plant -!): The root number was collected
by counting directly the number of roots per plant.

Biomass (gram plant -): The stem, root and leaf weight were
taken by placing the various parts on a weighing balance. Records
were taken in grams

Analysis of heavy metals: Bio-available or soluble concentration
of heavy metal was determined by Aqua Regia method (Chen and
Ma, 2001). Conventional aqua regia digestion was performed in
250 ml glass beakers covered with watch glasses. A well-mixed
sample of 0.5000 g was digested in 12 ml of aqua regia on a
hotplate for 3 hrs. at 1100 C. After evaporation to near dryness, the
sample was diluted with 20 ml of 2 % (v/v with H20) nitric acid and
transferred into a 100 ml volumetric flask after filtering through
Whatman no. 42 filter paper and diluted to 100 ml with DDW. The
filtrates were analyzed for Zinc (Zn), Mercury (Hg), Manganese
(Mn), Iron (Fe), Lead (Pb), Copper (Cu), Chromium (Cr) and
Cadmium (Cd) using atomic absorption spectrophotometer. The
values were compared with the widely used normal and critical
levels of total concentration of heavy metal for the contaminant limit
(c), p index was calculated as the ratio between the heavy metal
content in the soil and the toxicity criteria (the tolerable levels).

Data analysis: Data collected was subjected to descriptive
statistics to obtain the means and standard deviations. Analysis of
variance analysis was used to compare the difference in the heavy
metal properties of soil, cow dung and Crude oil. Means of growth
data and laboratory analysis were subjected to analysis of variance
(ANOVA). Statistically significant means at 5 % probability were
separated using Duncan multiple range test all the test was done
using statistical package for social sciences (SPSS) version 26.

RESULTS

Initial heavy metal properties of soil, cow dung and crude oil (CRO)
is presented in Table 1a. From the result, Zn ranges from 0.06 of
CD to 0.01 of CRO. Effects of initial heavy metal properties of soil,
cow dung and crude oil (CRO) varied significantly different
(P<0.05). Ni ranges from 0.87 of CD to 3.46 of CRO. Initial heavy
metal properties of soil, cow dung and crude oil (CRO) varied
significantly different (P<0.05). Mo ranges from 6.71 of CD to 22.61
of CRO. Effect of Initial heavy metal properties of soil, cow dung
and crude oil (CRO) varied significantly different (P<0.05). Hg
ranges from 0.03 of CD to 0.03 Soil, CRO appears negative. Effect
of Initial heavy metal properties of soil, cow dung and crude oil
(CRO) varied significantly different (P<0.05). Pb has a negative
value for all samples. Mn ranges from 0.44 of CD to 0.95 of Soil.
Effect of Initial heavy metal properties of soil, cow dung and crude
oil (CRO) varied significantly different (P<0.05). Fe ranges from
0.01 of CD to 0.53 of Soil. Effect of Initial heavy metal properties of
soil, cow dung and crude oil (CRO) varied significantly different
(P<0.05).
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Table 1a: Initial heavy metal properties of soil, cow dung and crude oil (CRO)

Sample Zn Ni Mo Hg Pb M Fe

Soil 0.01e 162 1102 0.0 e 0.95= 053

cD 0.06- 037 671 0.03 ve 044 0.01=
CRO 0.01= 3.4g= 2261 e e 0320 0470

Cv 21370 0.0358 0.0308 42453 - 0.1361 012199
LSD 0.00134 0.0023 0.0134 0.0029 - 0.0032 0.0013
Pri=F) <0.001%* <0.001%* <0.001%* <0.001%* 000%™t <0001

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference).

Initial heavy metal properties of soil, Cow dung and crude oil (CRO)
is presented in Table 1b. From the result, Cu ranges from 0.08 of
CRO to 0.24 of Soil. Effect of Initial heavy metal properties of soil,
Cow dung and crude oil (CRO) varied significantly different
(P<0.05). Co ranges from 0.01 of Soil to 0.02 CRO. Effect of Initial
heavy metal properties of soil, Cow dung and crude oil (CRO)
varied significantly different (P<0.05). Cr ranges from 0.02 of CD to
0.09 Soil. Effect of Initial heavy metal properties of soil, Cow dung
and crude oil (CRO) varied significantly different (P<0.05). Cd
ranges from 0.03 of CRO to 0.03 of Soil and has a —ve for CD.

Effect of Initial heavy metal properties of soil, Cow dung and crude
oil (CRO) varied significantly different (P<0.05). Ba ranges from
9.05 of CD t0 45.75 of CRO. Effect of Initial heavy metal properties
of soil, Cow dung and crude oil (CRO) varied significantly different
(P<0.05). B ranges from 0.35 of CD to 1.11 of CRO. Effect of Initial
heavy metal properties of soil, Cow dung and crude oil (CRO)
varied significantly different (P<0.05). K ranges from 1.14 of CD to
3.15 of CRO. Effect of Initial heavy metal properties of soil, Cow
dung and crude oil (CRO) varied significantly different (P<0.05).

Table 1b: Initial heavy metal properties of soil, cow dung and crude oil (CRO)

Sample Cu Co Cr Cd Ba B K

Soil 0.24= 0.01= 0.08= 0.03= T8 0.74e 1.72

cho 0.0 0.01e 0.02e e 405 .35 1.14
CRO .08 0.02= 0.082 0.03e 4575 1112 315

GV 0.54316 61455 1.2227 429735 0.003%2 01362 20045
LSD 0.00368 0.0023 0.00225 0.00:25 00032 000318 0.0043
Pri=F) <=0001™= Q0023 <0001 <0001 <0001 =0.001=  <00D1=

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), CD

(Cow dung)

Germination count of E. praetermissa grown on different levels of
crude oil is presented in Table 2. From the result, 4DAP ranges
from 0.00 of PC to 1.33 of NC and 1 %. Effect of germination count
of E. praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). 5DAP ranges from 0.00 of 3 % and
5 % to 1.33 of NC. Effect of germination count of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.05). 6DAP ranges from 0.00 of 5 % to 1.33 of NC and 1 %.
Effect of germination count of E. praetermissa grown on different
levels of crude oil varied significantly different (P<0.05). 7DAP

Soil Pollution Effects on the Germination, Growth, Root Growth and Biomass of 598

Emilia Praetermisa (Milne-Redh)

ranges from 0.67 of PC, 3 % and 5 % to 1.33 of NC and 1 %. Effect
of germination count of E. praetermissa grown on different levels
of crude oil varied significantly different (P<0.05). 8DAP ranges
from 0.33 of 5 % to 1.33 of NC and 1 %. Effect of germination count
of E. praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). 9DAP ranges from 0.33 of 5 % to
1.33 of NC and 1 %. Effect of germination count of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.05).

Asteraceae with Cow Dung Enrichment
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Table 2: Germination count of E. praetermissa grown on different levels of crude oil

Treatment 4 DAP 3 DAP & DAP 7 DAP & DAP 9 DAP
NC 1.33 1.33 1.33 1.33 1.33 1.33

PC 0.33 0.33 067 0.67 1.00 1.00

1% 0.67 0.67 1.33 1.33 1.33 1.33

3% 0.00 0.00 067 0.67 a7 067

3% 0.00 0.00 Q.00 0.67 0.33 0.33

Cv 191.663 191.663 116.3687 0.9333 0.9333 110.6367
L5D 1.6272 1.6272 1.6937 1.7576 1.6789 1.6789
Pri=F] 0.3318me 0.3518m8 0.417gnE 0.7@5ne {.716M8 (0.71GMe

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), CD
(Cow dung), NC (Negative control), PC (Positive control), DAP (Days after planting).

Growth response of E. praetermissa grown on different levels of
crude oil is presented in Table 3. From the result, LL 2WAP ranges
from 0.00 of 5 % to 3.10 of NC. Effect of growth response of E.
praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). LL 4WAP ranges from 0.00 of 3 %
and 5 % to 7.17 of PC. Effect of growth response of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.05). LL 6WAP ranges from 3.43 of 5 % to 9.60 of PC. Effect
of growth response of E. praetermissa grown on different levels of
crude oil varied significantly different (P<0.05). SG 2WAP ranges
from 0.00 of 5 % to 0.60 of NC. Effect of growth response of E.
praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). SG 4WAP ranges from 0.00 of 3 %
and 5 % to 1.03 of PC. Effect of growth response of E. praetermissa
grown on different levels of crude oil varied significantly different

(P<0.05). SG 6WAP ranges from 0.00 of 5 % to 0.93 of PC. Effect
of growth response of E. praetermissa grown on different levels of
crude oil varied significantly different (P<0.05). NL 2WAP ranges
from 0.00 of 5 % to 4.67 of NC. Effect of growth response of E.
praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). NL 4WAP ranges from 0.00 of 3 %
and 5 % to 6.67 of NC. Effect of growth response of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.05). NL 6WAP ranges from 3.00 of 5 % to 16.33 of PC. Effect
of growth response of E. praetermissa grown on different levels of
crude oil varied significantly different (P<0.05). Number of flowers
ranges from 0.00 of 1 %. 3 % and 5 % to 41.67 of PC. Effect of
growth response of E. praetermissa grown on different levels of
crude oil varied significantly different (P<0.05).

Table 3: Growth response of E. praetermissa grown on different levels of crude oil

Treatment LL2 LL4 LL & EG2 5G4 5GE NL 2 HL 4 NL & Nurnber
WAP WAP WAP WAP WAP WAP WAP WAP WAP of

flowers

NC 3140 3200 5.T0e 060 033 0 g(== 467 567 11.00 56T

PC 203 77 9.60= 0.53 1.03= 0930 233 6.33 16.33 4187

1% 183 1.330 i 0.57 0.300 0.5y 3.00 233 367 0.0

3% 077 0.00w 345 0.33 0.00e 0330 087 0.00 333 0.0a

3% 0.00 0.00e 343k 0.00 0.00e 0.00= 0.00 0.00 300 0.00

cv 113147 916498 30640 1132216 1127831 38987 1202255 1211359 BD.1%6 168.5292

LSD 3.2268 39016 23949 08377 06839 03452 50154 BYSEER 114772 F002478

Pri=F) 0307948 Q0107 00033 Q5077 00399 Q0016* O0.3108M  DA261M Q1134me  0.0371*

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), CD
(Cow dung), NC (Negative control), PC (Positive control), WAP (Weeks after planting) LL (leaf length), SG (Stem girth), NL (Number of leaves).

Root growth and biomass of E. praetermissa grown on different
levels of crude oil is presented in Table 4. From the result, LLR
from 5.77 of 3 % to 16.83 of NC. Effect of root growth and biomass
of E. praetermissa grown on different levels of crude oil varied
significantly different (P<0.05). NR ranges from 12.00 of PC to
22.33 of 1 %. Effect of root growth and biomass of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.05). RW ranges from 0.33 of 1 % to 1.33 of 5 %. Effect of root
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growth and biomass of E. praetermissa grown on different levels of
crude oil varied significantly different (P<0.05). SW ranges from
0.00 of 1 %, 3 % and 5 % to 10.33 of PC. Effect of root growth and
biomass of E. praetermissa grown on different levels of crude oil
varied significantly different (P<0.05). LW ranges from 0.00 of 5 %
t0 9.00 of PC. Effect of root growth and biomass of E. praetermissa
grown on different levels of crude oil varied significantly different
(P<0.095).

Asteraceae with Cow Dung Enrichment
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Table 4: Root growth and biomass of E. praetermissa grown on different levels of crude oil

Treatment LLR NER RW W LW

NG 16.83° 16.67 0.67 1.33" 200

PC 14.50== 12.00 1.00 1033 2.00

1% 763 2233 0.33 {0.008 067

3% i 13.33 0.67 {0.00# 0.67

% Tare 13.33 1.33 {0.00# Q.00

GV MATEE HB.3138 102.0621 23333 1399777
LED 6.5526 11.1060 1.4a334 7.0303 6.79083
Pri=F) 0.01415* 0.3375M8 (0.6358n8 0.03236% 0.07358M8

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), CD
(Cow dung), NC (Negative control), PC (Positive control), WAP (Weeks after planting) LLR (length of longest root), NR (Number of roots), LW
(leaf weight), RW (Root weight), SW (Stem weight), NS (not significant).

Heavy metal properties of soil twelve weeks after planting of E.
praetermissa is presented in Table 5. From the result, Cd ranges
from 0.17 of NC and 5 % to 0.35 of 1 %. Effect of heavy metal
properties of soil twelve weeks after planting varied significantly
different (P<0.05). Cr ranges from 0.09 of NC to 0.15 of PC. Effect
of heavy metal properties of soil twelve weeks after planting varied
significantly different (P<0.05). Pb ranges from 0.00 of 3 % to 0.15

of PC and has a —ve result for the rest of the treatments. Hg ranges
from 0.09 of NC and PC to 0.18 of 1 %. Effect of heavy metal
properties of soil twelve weeks after planting varied significantly
different (P<0.05). Zn ranges from 0.07 of PC t0 0.29 of 1 %. Effect
of heavy metal properties of soil twelve weeks after planting varied
significantly different (P<0.05).

Table 5: Heavy metal properties of soil treated with crude oil twelve weeks after planting of E. praetermissa

Treatment Cd Cr Pb Hg Zn

NG (R 0.0%= Ve 0.0% 013

PC 013 0150 013 0.0%= 0.07e

1% 0350 0109 -ve 0.13= 0.29=
3% 0140 013 0.00= AL 0.13e
3% 07 014 -VE 011 015
v 0.3673 0.5726 {08063 050695 04232
LSD 0.0018 0.0018 0.0018 0.0018 0.0018
Pri>F) <0001 =0.001%* =001 <0001 =0.001%*

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), Cd

(Cadmium), Cr (Chromium), Pb (lead), Hg (Mercury) Zn (Zinc).

Heavy metal properties of E. praetermissa grown on different levels
of crude oil twelve weeks after planting is presented in Table 6.
From the result, Cd ranges from 0.10 of NC to 0.49 of NC. Effect of
heavy metal properties of E. praetermissa grown on different levels
of crude oil twelve weeks after planting varied significantly different
(P<0.05). Cr ranges from 0.04 of NC and 1 % to 0.69 of PC. Effect
of heavy metal properties of E. praetermissa grown on different
levels of crude oil twelve weeks after planting varied significantly
different (P<0.05). Pb has a value 1.03 and appears —ve for the rest
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of the treatments. Effect of heavy metal properties of E.
praetermissa grown on different levels of crude oil twelve weeks
after planting varied significantly different (P<0.05). Hg ranges from
0.050f NC and 1 % t0 0.29 of 5 %. Effect of heavy metal properties
of E. praetermissa grown on different levels of crude oil twelve
weeks after planting varied significantly different (P<0.05). Zn
ranges from 0.12 of 1 % to 0.37 of 5 %. Effect of heavy metal
properties of E. praetermissa grown on different levels of crude oil
twelve weeks after planting varied significantly different (P<0.05).

Asteraceae with Cow Dung Enrichment
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Table 6: Heavy metal properties of E. praetermissa grown on different levels of crude oil twelve weeks after planting

Treatment Cd Cr Pb Hg In

NG 0.10= 0.04¢ ET) 0.05¢ 013

PC 015 0.69= e 011 015

1% 01 0.04¢ e 0.052 012
3% 0150 0.07= e 0.11e 0150
5% 0.49= 0.240 1.03 0.29= 0.37=

cv 0.33349 0.32691 - 0.5744 0.37002
LSD 0.0012 0.0012 - 0.0018 0.0012
Pri=F) <0001 <0001 - =0.001%* <0001

Mean with different superscript alphabet are significantly different (P<0.05). CV (Coefficient of variation), LSD (Least significant difference), Cd

(Cadmium), Cr (Chromium), Pb (lead), Hg (Mercury) Zn (Zinc).

DISCUSSION

The findings of this contemporary study showed that among all the
three-growth media studied, soil had higher Cu, Co, and Cr, which
may be as a result of human activities or anthropogenic activities
around the site of collection. This result is supported by Ifediora et
al. (2023a) who reported in their study, presences of most heavy
metals in soil and hydrocarbon such as oil.. Hence, the need for
phytoremediation. This also, disagrees with the work of Merkl et al.
(2012) who observed higher chemical properties in soil before
contamination than those in the crude oil. The result showed that
the heavy metal in soil, cow dung and crude oil varied significantly
(P<0.05). The cow dung had less contribution to the heavy metal
levels in the growth media when compared to crude oil and soil.
This may be as a result of the long-established potential of crude
oil to contaminate the soil with heavy metals. This is supported by
Ifediora et al. (2023b) who also, in their study confirmed that spent
engine oil contaminates the soil with toxic heavy metals.

The germination rate result of E. praetermissa showed that
germination occurred after four days of initiation. The negative
control sample had more germination rate than the other samples
across the time of observation. This may be connected to reduction
in water imbibition by the seed, caused by films of crude oil. Higher
levels of crude oil contaminated soil inhibited germination. This
result is confirmed by Riskuwa-Shehu et al. (2017) who stated that
generally, low germination rates were observed in the six-legume
species they screened. The reason might also be the toxicity of the
crude oil, which caused the reduction in germination rate. In
support to this observation, Vwioko and Fashemi (2005), noted a
reduction in germination rate which could be as a result of coating
of oil on seed surface, thereby affecting physiological functions
within the seed. Marques et al. (2010) made a similar observation
and concluded that one of the plant responses to the presence of
oil is the delay and/or reduction in germination rate.

The leaf length of the plant generally was affected by the crude oil
levels. This may be as a result of increased contamination level of
the crude oil, which lead to decrease in length of leaf. The findings
of the present study agreed with Nwankwo (2014), who observed
that levels of crude oil contamination have different levels of
inhibition of growth. Merkl et al. (2004), supported this by stating
that oil contamination (3 %) can cause low growth stimulation as
observed for shoot length of Mimosa camporum. Sagaya et al.,
(2023) stated that the Statistical analysis of the vegetative growth
showed that there was significant difference in all the vegetative
parameter studied. The effect of the spent engine oil was more
obvious on the contaminated soil-plant than those of the control.
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Similar observation was observed in the stem girth, hence, the
effect of difference in levels of crude oil were significantly different
(P<0.05). This may be as a result of increased contamination level
of crude oil, which lead to decrease in stem girth. The findings of
the present study agreed with Nwankwo (2014), who in her study
noticed that the results showed a similar trend in growth trial. At 5%
crude oil level (Soil 5 %), the growth inhibition was 86 % when
compared to the uncontaminated soil and 79.5 % inhibition at 7.5
% crude oil level (Sail 7.5 %). I[dowu and Fayinminnu (2016), also
agrees with the findings by stating that increased contamination of
soil with spent engine lubricating oil (3 and 6 % levels of
contamination) had observable adverse effects on the growth
parameters.

The number of leaves was affected by the crude oil levels, which
could be as a result of physiological adaptations to reducing
environmental conditions which is concentration dependent. The
findings of the study agreed with Sagaya et al., (2023) who stated
that the plant height, number of leaves and leaf area of the plants
were affected by the spent engine oil and the results tend toward
the same way as the concentrations of the oil increased, the
vegetative parameter reduced. Adekunle ef al. (2010) used maize
(Zea mays L.), cowpea (Vigna unguiculata) and spinach
(Amaranthus hybriddus) to measure crude oil resistance by
investigating such indices as seed germination, plant height and
leaf number. They concluded that of the three crops used except
for Z. mays, the other two crops recorded 100 % inhibition in seed
germination.

Flowering occurred only in the untreated samples which could be
as a result of physiological adaptations to reducing environmental
conditions. Nwankwo (2007), agreed with the result by stating that
possibly, the oxygen depleted environment caused by the
presence of the oil and use of other electron acceptors such as
nitrates led to reducing environmental conditions and probably
affected plants’ use of nutrients and their physical development.
Sagaya et al., (2023) agreed by observing that the significant
percentage differences observed in the yield parameters such as
length, dry weight, fresh weight and number of fruits could be
attributed to the high level of oil in soil and hence the uptake of ions
and nutrients carried out by the roots becomes difficult. Adedokun
and Ataga (2007), disagrees with this by stating that improvement
in growth was also recorded in amendments of diesel and spent
engine oil polluted soils with cotton and saw dust when compared
with non-amended polluted soils.

The root number was discovered to be higher in the controlled
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samples. The reduction in root number in plants exposed to crude
oil contamination is associated with the surface blocking caused by
the crude oil against uptake of nutrient and water. Merkl et al.
(2012) had reported that shoot length and root length of eight
tropical plant were lower in soil plant with 3 % and 5 % crude oil
contamination. Ifediora et al. (2022) reported also that plants of the
treatment with more contamination had widened cell spaces in the
cortex that were virtually always present where death of
parenchyma cells was observed. Similar observation was been
made by Anyasi and Atagana (2018) in a report on profiling of
plants at petroleum contaminated site for phytoremediation

Similarly, biomass of the plant at harvest had higher weight in
controlled sample. However, this ability of E. praetermissa may be
attributed to the remediation potentials of the plant to toxic soil. This
finding agrees with the observation cited by Merkl et al. (2004), that
crude oil contamination (3 %) can cause growth stimulation in the
shoot biomass of Saprochaete capitata possibly due to a
hormonally influenced stress response. Nwankwo (2007),
disagreed with the result by stating that the variation in germination,
growth and biomass yield of plants on unpolluted soils showed that
soil quality can affect productivity. For example, the soil obtained
from the Niger Delta did not sustain growth of tomato seeds after
the initial germination in comparison to soil from Bardsey, UK.
Adedokun and Ataga (2007), supported by stating that the growth
parameters: plant height, leaves and biomass were comparatively
low in all the polluted soils compared to the control, with no
pollutant.

Furthermore, the heavy metal was observed to be less in the
control samples, hence the crude oil contamination was
responsible for higher heavy metal residue in the soil. Toxic metals
like lead was not observe in most of the soil samples. However,
higher metals observed in crude oil contaminated soil showed
remediation capacity of the plant studied which may be as a result
of the organic enrichment present. This finding agrees with the
observation cited by Oguche et. al., (2022), who wrote that lemon
grass is suitable for phytoremediation due to its ability for hyper-
cumulative of these heavy metals which are bioavailable for
uptake. Marchand (2017), supported by saying that during a 5-
month greenhouse frial, the efficiency of M. sativa singly and in
combination with compost have been used for the degradation of
PHC and the phytostabilization or extraction of TE. M. sativa
cultivated in this contaminated soil without compost did not lead to
the rhizodegradation of high molecular weight PAH and the
removal of soil Co, As, and Pb. Udom and Nuga (2015), agrees by
noting that the reduction in heavy in soil treated with hydrocarbons
over time of planting have been reported in the study of the
biodegradation of petroleum hydrocarbons in a tropical ultisol using
legume plants and organic manure.

Also, the heavy metal levels in the plant samples was low and were
non-existing in some toxic metals like mercury. This may be as a
result of E. praetermissa capacity to take up heavy metals
because, phytoremediation of contaminated sites was found to be
dependent upon the soil amendments used as they render
contaminants unavailable for uptake. Marchand (2017), had
reported that in addition to the difficulty related to the use of aged
co-contaminated soils and the complexity of these pollutants, soil
characteristics such as the high content of organic matter are
favoring the sorption to soil particles. Kaartinen, et. al., (2013)
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made related observation by showing that the compost amendment
significantly increased the water content of M. sativa shoots
resulting in higher plant vigor, plant growth and survival. Also, they
stated that compost application into the studied soil may have
indirectly promoted plant growth through soil TE reactions with
mineral components of the compost, the formation of stable
complexes with organic ligands, nutrient supply and microbial
inoculation. Similar findings have been made by Nwichi ef al.
(2015). Finally, Messou et al. (2013) in their study of plants diversity
and phytoaccumulators identification on the Akouedo landfill
mentioned E. praetermissa as a tropical plant involve in
phytoaccumulators.

Conclusion

The focus of this study was on the understanding and the improving
of remediation technologies for the local treatment of polluted land
using E. praetermissa, without need of transportation of the
pollutants through the city. The findings indicated that soil, crude
oil and cow dung are natural sources of heavy metals. The seed
germination rate, root growth and biomass were observed to
significantly differ (P<0.05) along the treatment. Higher crude oil
treated samples negatively affected the germination rate, growth
and flowering properties of E. praetermissa. Low levels of heavy
metals in the soil after growth period and availability of heavy metal
in the plant tissue indicates the phytoremediation potentials of E.
praetermissa. Thus, phytoremediation is a promising and
sustainable method for reclaiming soils contaminated with these
toxic metals. Further studies should assess the biosafety of the
crude samples on the plant to mitigate against possible toxic impact
to animals feeding on the plant.
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