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ABSTRACT

Soil contamination from automobile servicing activities is a persistent environmental problem in many Nigerian
cities, yet its implications for soil quality and early crop establishment remain poorly understood. This study assessed
the physicochemical properties, heavy metal levels and their effects on seed germination and seedling development
in soils collected from automobile mechanic workshops in Lokoja, Kogi State. Composite soil samples were analysed
using standard laboratory procedures and maize, beans and tomato seeds were tested in germination assays. Data
were evaluated using one-way ANOVA, Tukey’s HSD test and Pearson correlation analysis. Contaminated soils
showed significantly elevated pH, electrical conductivity, organic matter, nitrogen, phosphorus and potassium
compared with controls (p < 0.05). Heavy metals, particularly Pb (85 * 3.0 mg/kg) and Cd (3.2 £ 0.2 mg/kg) exceeded
FAO/WHO limits. Germination percentage, seedling vigour, radicle length and plumule length were markedly
reduced in contaminated soils, with tomato showing the highest sensitivity. Strong positive correlations were
observed among all metals (r = 0.84-0.95), while growth parameters were strongly negatively correlated with metal
concentrations (—0.70 to —0.88). This study further emphasizes that automobile-servicing waste severely degrades
soil quality and suppresses early plant development. It recommends improved workshop waste management,
routine soil monitoring and the application of phytoremediation or bioremediation techniques to restore
contaminated sites.
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INTRODUCTION

Soil pollution caused by automobile activities has
become a growing environmental concern in many
developing countries. In Nigerian cities, the use of
vehicle, motorbike and generator (power-plants)
remains on the rise causing the expansion of automobile
servicing centers, which operates mostly without
proper environmental controls (Nduka et al., 2019).
These automobile servicing centers or workshops carry
out several activities, such as engine servicing, oil
change, washing of greasy parts and disposal of used
components, that release harmful chemicals into the
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surrounding soil (Oloruntoba and Ogunbunmi, 2020;
Ganiyu et al., 2024; Memba et al., 2025). Due to
inadequate enforcement of waste-management rules,
mechanics often dump used engine oil, fuel residues
and other contaminants directly onto the soil,
contributing to widespread environmental pollution
(Okebalama et al., 2024). Over the years, these practices
turn the many automobile mechanic workshop areas
into long-term pollution systems with significant public
health risks (Okebalama et al., 2024).
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Soils contaminated by automobile servicing activities
and related wastes often contain persistent organic

pollutants, particularly polycyclic aromatic
hydrocarbons (PAHs). The primary sources of these
pollutants, particularly polycyclic aromatic

hydrocarbons (PAHs), include the improper disposal of
used engine oil, accidental fuel leakage during storage
or handling and the incomplete or partial combustion of
petroleum products during vehicle operation (Adesina
et al., 2024). In addition to PAHs compounds, soils from
automobile servicing centers and waste sites often
contain elevated levels of potentially toxic elements
(PTEs) such as lead (Pb), cadmium (Cd), chromium (Cr),
and nickel (Ni). These metals mainly originate from
corroded vehicle parts, battery acid spills, metallic brake
dust, and chemical additives in lubricating oils (Ale,
2025; Babagana et al., 2025). Studies in Nigeria have
reported that soils from automobile servicing sites
contain significant levels of polycyclic aromatic
hydrocarbons (PAHs) and potentially toxic elements
(PTEs) such as lead, cadmium, chromium and nickel,
often exceeding both national and international safety
limits (Faboyaet al., 2023; Adesina et al., 2024; Ikehet
al., 2025). These contaminants are persistent in the soil
for many years and, during rainfall, can leach into
groundwater or be carried into drainage channels,
increasing their ecotoxicity (Al-Manmi et al.,, 2019;
Maddela et al., 2022; Amos et al., 2023; Adesina et al.,
2024; Ale, 2025), highlighting the need for continuous
monitoring of urban sites exposed to vehicle-related
activities (Babagana et al., 2025). The accumulation of
recalcitrant hydrocarbons and heavy metals in soil
creates harmful effects on both biological and chemical
soil functions. PAHs and heavy metals interfere with
living cells by damaging DNA, disrupting membranes
and interfering with enzyme activity (Gan et al., 2021).
According to Chen et al. (2024), soil microbes, which
play a crucial role in breaking down organic matter and
recycling nutrients, are often the first to be affected by
environmental changes or contamination. A reduction
in microbial diversity and activity weakens soil fertility
and slows down natural processes that help the soil
recover from pollution (Dixit et al., 2024; Mustapha et
al., 2025).

Plants are highly sensitive to contaminated soils, with
seed germination being one of the most critical stages
affected. In soils polluted with polycyclic aromatic
hydrocarbons (PAHs), water absorption by seeds can be
reduced because hydrocarbons block soil pores, limiting
moisture availability (Gawryluk et al.,, 2022). Similarly,
heavy metals such as lead, cadmium, chromium and
nickel can penetrate germinating seeds and interfere
with essential physiological processes, including
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respiration, enzyme activity and hormone regulation
(Ning et al., 2023; Adesina et al., 2024). These effects
may cause delayed germination, poor radicle and
plumule development, or even complete failure of the
seeds to sprout. Even when seedlings survive, their
growth is often slow, uneven and weak, reducing overall
plant performance. This situation is particularly
concerning in areas of Kogi State, North-Central Nigeria,
where many small-scale farmers grow staple crops close
to automobile servicing centers or waste sites,
increasing the risk of soil contamination. Furthermore,
heavy metals absorbed by plants can accumulate in
edible fruits or grains, creating a serious public health
risk (Atikpo et al., 2021). Continuous consumption of
crops grown in contaminated soils may lead to the
buildup of heavy metals in humans, potentially causing
chronic illnesses, organ damage and developmental
problems in children (Chen et al., 2024).

Although soils from automobile servicing dumpsites in
Nigeria have been reported to contain high levels of
polycyclic aromatic hydrocarbons (PAHs) and heavy
metals (Adesina et al., 2024; Ale, 2025), their direct
effects on plant growth had been poorly studied.
Chemical analyses alone have been unable to show how
these contaminated soils influenced plants, particularly
when multiple pollutants were present and could
interact to produce stronger combined effects (Muze et
al., 2020). This study therefore examined the effects of
soils from automobile servicing dumpsites on the early
growth of maize (Zea mays), beans (Vigna unguiculata),
and tomatoes (Solanum lycopersicum). These crops
were selected because they are widely grown and
consumed in Lokoja, form a major part of local diets and
their seeds and seedlings respond visibly to changes in
soil quality, making them reliable indicators of soil
contamination.

MATERIALS AND METHODS

Study Area

This study was conducted in Lokoja, the capital city of
Kogi State in North-Central Nigeria, strategically located
at the confluence of the Niger and Benue Rivers
(Latitude 7°49’ N, Longitude 6°44' E) (Obayomi et al.,
2023) (Figure 1). Lokoja experiences a Tropical Wet and
Dry climate (Aw under the Koppen classification):
characterized by distinct wet and dry seasons. Annual
rainfall ranges between 1000 mm and 1500 mm, while
mean temperatures average around 27°C (Ayuba and
Tijani, 2021). The high rainfall during the wet season,
coupled with elevated temperatures, enhances the
leaching and mobility of contaminants in soils,
increasing the risk of environmental pollution (Nouhou
etal., 2025).
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The study specifically focused on three areas within
Lokoja: Felele, Adankolo and Ganaja (Figure 1). These
locations were selected due to their high density of
automobile workshops and frequent soil disturbances,
which increase the potential for heavy metal and
hydrocarbon contamination. Felele and Adankolo are
largely residential and semi-urban areas, where waste
from workshops can easily mix with soil used for small-
scale urban agriculture. Ganaja, in contrast, hosts a
major metal and electronic waste dumpsite, receiving
mixed metal residues from automotive and industrial
activities. The Ganaja dumpsite represents one of the
largest repositories of metallic and industrial waste in
the city, making it particularly relevant for studies on
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soil and water contamination. Lokoja's terrain is
generally hilly, with elevations ranging from 30 to 400
meters above sea level. The area has historically faced
flooding, particularly during extreme rainfall events in
2012, 2021 and 2024. These floods increase the
transport of contaminants from workshop sites and
dumpsites to surrounding soils, water bodies and
residential areas, further exacerbating environmental
and public health risks (Nouhou et al., 2025). The soils
in these areas are highly susceptible to contamination
from both point sources, such as workshops and non-
point sources, including runoff during heavy rains
(Ayuba and Tijani, 2021).

64500 00"E

=

,3

=

o

~

g

o

-

"~

LEGEND
Footpath

w— Mincr Road

Road

B'4500 00'E

Figure 1: Map of Nigeria showing and Lokoja, the study area

Collection of Samples

The materials employed in this study included soil
samples, crop seeds, analytical-grade reagents and
standard laboratory equipment required for
physicochemical and heavy metal analysis. Soil samples
were obtained from the topsoil layer (0-20 cm) of
automobile servicing workshop sites within Lokoja. The
topsoil was used because they were reported to hold
the highest amount of contaminants (Oguntimehin and
Ipinmoroti, 2008). Sampling was carried out at three
major mechanic areas in Lokoja: Felele, Ganaja and
Adankolo, between May and July 2025. At each location,
a total of five soil samples were collected using a clean
stainless-steel trowel to prevent cross-contamination.
The samples from each location were then mixed
together to form one composite sample that represents
the pollution level of that area. Control soil samples
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were also collected from clean agricultural land located
more than 500 meters away from any mechanic or
vehicle-related activity to ensure that they were not
influenced by human contamination. All samples were
placed in labeled polyethylene bags and transported in
insulated cool boxes to protect their original condition.
In the laboratory, the soil samples were air-dried for 72
hours, mixed thoroughly and sieved through a 2-mm
mesh to remove stones, plant materials and other
unwanted particles, following standard soil preparation
procedures (Nathan et al., 2012). The seeds of maize
(Zea mays), beans (Vigna unguiculata), and tomato
(Solanum lycopersicum) used for the germination and
early seedling assays were sourced from Lokoja main
markets. Seeds used for the bioassay were obtained
separately and carefully sorted to remove broken or
unhealthy seeds so that only good-quality seeds were
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used for the germination and growth tests. Only
healthy, uniform and intact seeds were selected to
enhance experimental reliability, following
internationally recognized seed quality guidelines (ISTA,
2019). Analytical-grade chemicals were utilized
throughout the laboratory analyses.

Physicochemical Properties of Soil samples
Physicochemical analyses of the contaminated and
control soils were conducted using standard
procedures. Soil pH and electrical conductivity (EC) were
measured in a 1:2.5 soil-water suspension using
calibrated digital meters (Sparks et al., 1996). Organic
matter content was determined by the Walkley—Black
wet oxidation method (Walkley and Black, 1934).
Moisture content was obtained by oven-drying soil
samples at 105 °C to constant weight. Total nitrogen
was quantified using the Kjeldahl digestion method (Lu,
2000). Available phosphorus was determined using the
Bray-1  extraction followed by  colorimetric
measurement, as reported by Elbasiouny et al. (2020).
Exchangeable  potassium was extracted with
ammonium acetate and quantified using a flame
photometer, as described by Kenyanya et al.,, (2013).
Cation exchange capacity (CEC) was determined using
the sodium acetate saturation method and displaced
sodium ions were quantified via flame atomic
absorption spectrophotometry (Peris et al., 2008).
Heavy Metal Concentrations of Soil Samples

Heavy metal concentrations of the soil samples were
analysed using standard laboratory procedures,
following methods previously reported by Ojiego et al.
(2022). The samples were first air-dried and sieved (<2
mm). Thereafter, one gram of each soil sample was
digested using the wet-oxidation acid digestion method
described by Allen et al. (1986). A mixture of
concentrated nitric acid (HNOs) and perchloric acid
(HCIO4) was added to the soil and the mixture was
heated on a digestion block until a clear solution
formed. After cooling, the digest was filtered through
Whatman No. 42 filter paper and made up to a known
volume with distilled water. Lead (Pb), cadmium (Cd),
chromium (Cr), zinc (Zn), copper (Cu), and nickel (Ni)
were quantified using an Atomic Absorption
Spectrophotometer (AAS) (Buck Scientific model
211VGP). Calibration curves were prepared from
standard solutions and blanks were analysed to
compensate for background interference. All analyses
were performed in triplicates, and mean values were
recorded

Effects of Automobile-Mechanic Contaminated Soil on
Seedling Growth

The effect of automobile-mechanic contaminated soil
on seed germination and seedling growth was evaluated
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under controlled laboratory conditions. Both
contaminated and control soils were air-dried,
homogenised and sieved before use. Clean plastic pots
were filled with 500 g of soil per pot and 10 healthy,
uniform seeds were sown in each pot. All treatments
were set up in triplicates to ensure reliability. The pots
were placed on a laboratory bench under natural light
and room temperature. Soil moisture was maintained
near field capacity by applying 20 mL of distilled water
to each pot every two days. This ensured that observed
differences in seedling performance were due to soil
conditions rather than water stress. Germination was
monitored daily for 10 days. A seed was considered
germinated once the radicle became visibly extended.
Germination percentage, mean germination time
(MGT), germination rate index (GRI) and seedling vigour
index (SVI) were calculated to assess germination
performance (Serd, 2023). After ten days, seedlings
were gently removed and washed to remove soil.
Radicle and plumule lengths were measured using a
ruler. Growth inhibition in contaminated soil was
expressed as a percentage relative to the control. The
stress tolerance index (STI) was also calculated to
determine crop tolerance to contamination (Sera,
2023).

Data Analysis

All data were expressed as mean + standard deviation
(n = 3). Differences between contaminated and control
soils, as well as among crop species, were assessed using
one-way Analysis of Variance (ANOVA) and means were
separated using Tukey’s Honestly Significant Difference
(HSD) test at 5% level of probability. Pearson correlation
analysis was conducted to evaluate relationships
between heavy metal concentrations in soil and seed
germination or seedling growth parameters. All
statistical analyses were performed using SPSS version
25.

RESULTS AND DISCUSSION

Results of physicochemical analysis of soils from
automobile mechanic sites in Lokoja are presented in
Table 1. Results revealed higher values in contaminated
soils compared with controls. Soil pH in contaminated
sites (7.95 £ 0.05) exceeded that of controls (6.70 £ 0.03)
but remained within the FAO recommended range of 6—
8. Electrical conductivity was elevated in contaminated
soils (325 + 7.0 uS/cm) relative to controls (115 + 4.5
uS/cm), yet below the FAO threshold of 400 pS/cm.
Organic matter (5.0 £ 0.2% vs. 2.5 + 0.1%), moisture
content (17.5 + 1.2% vs. 10.5 + 0.8%), total nitrogen
(0.38 + 0.02% vs. 0.18 + 0.01%), available phosphorus
(28.0 £ 1.5 mg/kg vs. 12.5 + 1.2 mg/kg) and potassium
(150 £ 7.5 mg/kg vs. 90 + 5.2 mg/kg) were all higher in
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contaminated soils than controls. All differences were
statistically significant (p < 0.05). The physicochemical
properties of soils from the automobile mechanic sites
in Lokoja showed clear and consistent changes when
compared with the control soils. These changes suggest
long-term effects from continuous deposits of spent ail,
petroleum products, metal fragments and other
workshop wastes. The contaminated soils had a higher
pH (7.95 + 0.05) than the controls (6.70 + 0.03). This
alkaline shift agrees with the findings of Erhunmwunse
et al. (2016) and Abhulimhen (2016): who reported
similar increases caused by alkaline hydrocarbons and
metal oxides in mechanic sites. However, it disagrees
with the acidic pH values reported by Nwakife et al.
(2022) in Minna, which may be due to differences in soil
type, geology, or waste composition. Electrical
conductivity was also much higher in the contaminated
soils (325 + 7.0 uS/cm) than in the controls (115 * 4.5
uS/cm), indicating an increase in dissolved ions. This
pattern is similar to reports by Amos et al. (2023) and
Ganiyu et al. (2024), who linked high EC values to metal-
rich effluents and degraded petroleum wastes in
mechanic environments.

Organic matter content in the contaminated soils (5.0 +
0.2%) was double that of the controls (2.5 + 0.1%),

which agrees with the work of Igborgbor et al. (2022)
and Erhunmwunse et al. (2016). This increase reflects
the buildup of oil-based residues that do not
decompose easily. The same residues also contributed
to the higher moisture content recorded in the
contaminated soils (17.5 + 1.2% vs. 10.5 + 0.8%) as oily
films reduce evaporation and alter soil pore spaces, a
pattern also noted by Amos et al. (2023). Total nitrogen
levels were higher in the contaminated soils (0.38 +
0.02%) than in the controls (0.18 + 0.01%) and this aligns
with findings by Abhulimhen (2016) who linked nitrogen
increases to nitrogen-rich lubricants and the breakdown
of organic pollutants. Phosphorus levels also more than
doubled in the contaminated soils (28.0 + 1.5 mg/kg)
compared to the controls (12.5 £ 1.2 mg/kg), supporting
the observations of Nwakife et al. (2022) and likely
resulting from phosphate-based detergents and metal
treatment agents used in vehicle repair. Potassium
levels followed the same pattern, rising from 90 + 5.2
mg/kg in the controls to 150 * 7.5 mg/kg in the
contaminated soils, a trend similar to that reported by
Ganiyu et al. (2024) and linked to particles from brake
linings, metal components and burnt residues.

Table 1: Physicochemical properties of automobile servicing waste contaminated soils in Lokoja, Nigeria

Parameter Mechanic Soil Control Soil FAOLimit
pH 7.95 +0.05° 6.70 £ 0.03° 6—-8
Electrical Conductivity (uS/cm) 325+7.0° 115+ 4.52 <400
Organic Matter (%) 5.0+0.2° 2.5+0.1° 2-5
Moisture Content (%) 17.5+1.2° 10.5+0.8° 10-20
Nitrogen (%) 0.38 £0.02° 0.18 £0.01* 0.2-0.5
Phosphorus (mg/kg) 28.0+ 1.5 12.5+1.2° 10-30
Potassium (mg/kg) 150 + 7.5° 90 £ 5.2° 100-200

Values are presented as mean * standard deviation (n = 3). Means within the same row followed by different

superscripts are significantly different at p < 0.05.

Similarly, the results showed that soils from automobile
mechanic sites in Lokoja were significantly
contaminated compared with control soils (p < 0.05)
(Table 2). Lead (Pb) had the highest concentration,
reaching 85 * 3.0 mg/kg, above the FAO limit of 50
mg/kg. This contamination is likely from leaded fuel,
lubricants and vehicle wear. This finding is in agreement
with the report of Utang et al. (2013), who studied
heavy metal accumulation in urban soils of Obio/Akpor
LGA and the work of Eludoyinand Ogbe (2017), who
assessed Pb contamination in pawpaw near automobile
workshops in Port Harcourt. Cadmium (Cd) slightly
exceeded its threshold at 3.2 + 0.2 mg/kg. Batteries,
metal plating and waste oils may be the sources. This
finding is consistent with the report of Adelekan and
Abegunde (2011), who investigated soil and
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groundwater contamination in Ibadan mechanic villages
and the work of Anegbe et al. (2018) who studied heavy
metal distribution around auto repair workshops in
Oghara.

Chromium (Cr), zinc (Zn), copper (Cu), and nickel (Ni)
were all below FAO limits but higher than
concentrations in  control soils. This indicates
anthropogenic contributions, possibly from vehicle
maintenance and metal wear. Similar patterns have
been observed in Ibadan, Benue and Imo States. This
finding agrees with the reports of Adelekan and
Abegunde (2011), who studied mechanic villages in
Ibadan, Mfam et al. (2023), who examined soils in Benue
State workshops and Diagi et al. (2023), who assessed
soils in Nekede and Oriji, Imo State.The elevated Pb
levels in Lokoja soils are consistent with observations
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from Nsukka. This finding is in agreement with the
report of Duru et al. (2024), who analysed heavy metal
spatial variability in soils from auto-mechanic workshop
clusters.

Moderately elevated levels of Zn and Cu were observed,
which agrees with reports from soils near mechanic
villages in Abeokuta (Olayinka and Oludare, 2016) and
from mechanic workshops in Zaria (Garba et al., 2013).
These metals likely originate from lubricants and
corrosion of metal parts. Chromium and nickel showed
the lowest concentrations, suggesting minor
contributions from engine components. This finding is in
line with the work of Liu et al. (2024), who assessed

heavy metal contamination near an automobile industry
in Jiaxing, China. Lead and cadmium tend to bind
strongly to soils, whereas zinc and nickel are more
mobile. This behaviour poses potential environmental
and health risks. This finding aligns with Ale (2025), who
reviewed potentially toxic element accumulation in soils
across different geological environments. On a global
scale, Pb remains the dominant pollutant in soils near
automobile activities. Levels in Lokoja are lower than
those reported near automobile factories in China. This
finding is consistent with Liu et al. (2024), who reported
extreme Pb and Cd accumulation in soils surrounding
Chinese automobile industries.

Table 2: Heavy metal concentrations in automobile servicing waste contaminated soils from Lokoja, Nigeria

(mg/kg)
Metal Mechanic Soil Control Soil FAO Limit
Lead (Pb) 85 +3.0° 5.2+0.4° 50
Cadmium (Cd) 3.2+0.2° 0.11£0.012 3
Chromium (Cr) 20+0.8° 0.9 £0.08° 100
Zinc (Zn) 105 + 3.5 234+1.1° 300
Copper (Cu) 35+2.0° 6.8 £0.5° 100
Nickel (Ni) 12 +0.5° 1.7+0.12 50

Values are presented as mean + standard deviation (n = 3); Means within the same row followed by different

superscripts are significantly different at p < 0.05.

Seed germination declined in contaminated soils: maize
(62 £ 4%), beans (55 * 3%), and tomato (47 + 3%)
compared with the control (92 + 3%) (Table 3). Mean
germination time (MGT) increased in contaminated
soils; maize (3.7 £ 0.2 days), beans (4.2 + 0.3 days), and
tomato (5.0 £ 0.3 days), relative to the control (2.4 £ 0.2
days). Both the germination rate index (GRI) and
seedling vigor index (SVI) were lower in contaminated
soils, with tomato showing the strongest reduction (GRI:
4.5 + 0.2; SVI: 96 = 9) compared with the control (GRI:
12.9 £ 0.5; SVI: 470 + 35). Radicle lengths declined to 2.1
+ 0.2 cm (maize), 1.7 £ 0.1 cm (beans), and 0.8 £ 0.1 cm
(tomato), versus 3.8 £ 0.3 cm in the control. Plumule
lengths also decreased to 3.3+ 0.3 cm, 3.0+ 0.2 cm, and
1.7 £ 0.1 cm, respectively, compared with 5.3 + 0.3 cm
in the control. Radicle inhibition ranged from 55.0%
(maize) to 68.4% (tomato), while plumule inhibition
ranged from 47.0% to 52.0%; no inhibition occurred in
the control. Stress tolerance index (STI) values for
radicle and plumule were all below 1.0, confirming
reduced tolerance under contamination. These results
show that contaminated soil substantially suppressed
germination and early seedling growth. The reduced
germination, particularly in tomato, agrees with Azorji
et al. (2023), who reported delayed sprouting in crops
grown in spent-oil-polluted soils. Similar reductions in
vigor and germination have been described by Ezenwa
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et al. (2017). The decline in GRI and SVI supports earlier
findings by Olayinka et al. (2012), who showed that
spent oil limits seedling energy availability. The poor
radicle and plumule development observed here agrees
with the reports of Okebalama et al. (2024) and
Afsharnia and Moosavi (2021), who linked petroleum-
derived pollutants to suppressed root growth. The low
tolerance indices (<1.0) observed are consistent with
the studies of Zia et al. (2022) and Alzway et al. (2025),
who found reduced resilience of seedlings in oil- and
metal-contaminated soils. The growth inhibitions
recorded in this study in line with the findings of Sagaya
et al. (2023) and Azorji et al. (2024). The strong
suppressive effect of heavy metals corresponds with
results from Bae et al. (2016), Yang et al. (2004), Yao et
al. (2021), and Yafiez-Espinosa et al. (2020), who
reported delayed germination and reduced seedling
growth in metal-stressed species.

Strong positive correlations were observed among all
heavy metals, with values ranging from 0.84 to 0.95
(Table 4). The correlation analysis showed that all the
heavy metals were strongly and positively related (r =
0.84-0.95), indicating that they likely originated from
similar sources such as used engine oil, metal scraps and
fuel residues commonly found in mechanic workshops.
This clustering pattern agrees with findings by
Okebalama et al. (2024), who also reported tightly
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linked metal concentrations around auto-mechanic
sites due to shared contamination pathways. Heavy
metals showed strong negative correlations with radicle
length, plumule length and germination percentage (—
0.70 to —0.88): suggesting that increasing metal load
consistently suppressed early seedling development.
This supports earlier observations by Bae et al. (2016):
who found that Pb, Cd, Zn and Cu significantly inhibited

root elongation and reduced germination due to
oxidative stress and enzyme disruption. The strong
positive correlation between radicle and plumule
lengths (r = 0.93): as well as their positive association
with germination percentage (r = 0.89-0.91): further
indicates that once germination is impaired, subsequent
growth stages are also affected.

Table 3: Effects of automobile-mechanic contaminated soil on germination and early seedling growth of maize,

beans and tomato seed samples from Lokoja, Kogi State

Parameter Maize Beans Tomato Control
Seed Germination (%) 62 +4° 55+ 3¢ 47 + 3¢ 92+32
MGT (days) 3.7+0.2° 4.2+0.3¢ 5.0 +0.3¢ 2.4+0.2°8
GRI 7.9 +0.4° 6.1 +0.3° 4.5+0.2¢ 12.9+0.5%
SvI 221 +18° 160 + 14¢ 96 + 9¢ 470 + 352
Radicle Length (cm) 2.1+£0.2° 1.7+0.1¢ 0.8+0.1¢ 3.8+0.3°
Plumule Length (cm) 3.3+0.3 3.0£0.2¢ 1.7 +0.1¢ 5.3+0.3°
Radicle Inhibition (%) 55.0+2.9° 55.3+2.7° 68.4 + 3.2°¢ 0@
Plumule Inhibition (%) 47.0 £2.4° 49.0 +2.5° 52.0+£2.7°¢ 0@
Radicle STI 0.43 +0.03" 0.45 +0.02° 0.34 £ 0.03¢ 1.00%
Plumule STI 0.52 +0.02° 0.51+0.02° 0.48 £ 0.02°¢ 1.00%

MGT — Mean Germination Time (days);, GRI — Germination Rate Index; SVI — Seedling Vigour Index; STI — Stress
Tolerance Index; Values represent mean + SD (n = 3). Means with different superscripts (° ®) across rows differ
significantly at p < 0.05 based on one-way ANOVA followed by Tukey’s HSD test.

Table 4: Pearson correlation matrix between heavy metals and seed growth parameters in automobile mechanic

workshop soils from Lokoja, Kogu State

Radicle Plumule
Parameter Pb cd Cr Zn Cu Length Length
Pb —
cd 0.92 —
Cr 0.87 0.85 —
Zn 0.95 0.90 0.88 -
Cu 0.89 0.87 0.84 0.91 —
Radicle Length -0.81 -0.76 -0.72 —-0.85 -0.79 —
Plumule Length -0.79 -0.74 -0.70 -0.82 -0.77 0.93 —
Germination % -0.83 -0.80 -0.76 -0.88 —-0.82 0.89 0.91

Pb = Lead; Cd = Cadmium; Cr = Chromium; Zn = Zinc; Cu = Copper; Radicle Length = root length,; Plumule Length =
shoot length; Germination % = percentage of seeds germinated.

CONCLUSION

This study has shown that soils from automobile-
mechanic workshops in Lokoja contained elevated
concentrations of heavy metals and petroleum-derived

pollutants, which significantly  altered key
physicochemical properties. Lead and cadmium
exceeded international safety limits, confirming

substantial contamination risk. Plant bioassays further
showed that these soils markedly reduced seed
germination and early seedling growth of maize, beans
and tomato, with tomato exhibiting the greatest
sensitivity. The strong negative effects on germination

Ojiego et al.

parameters and seedling vigor indicated that heavy
metal accumulation was the primary constraint on plant
development. The findings of this study have important
environmental and agricultural implications. The high
levels of heavy metals and petroleum residues in soils
near automobile workshops can reduce crop
productivity, impair food safety and pose potential
health risks to communities relying on these soils for
cultivation. These results highlight the need for
regulatory oversight and the implementation of
sustainable waste management practices in such areas.
Future studies should consider a broader range of crops,
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longer-term field trials and assessment of cumulative
ecological and health impacts.
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