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Abstract

Spent engine oil (SEO) is a complex mixture of petroleum hydrocarbons, heavy metals, and chemi-
cal additives and its contamination of agricultural soils poses severe challenges to soil health and
fertility. The traditional remediation techniques have cost implications. Nevertheless, bioremediation
is a cost-effective and sustainable remediation strategy. The aim of this study was to determine the
efficacy of mycorrhizae and cattle rumen digesta in remediating heavy metals (Cr and Cu) in SEO-
contaminated soil. Mycorrhiza, cattle rumen digesta and SEO were at two levels each. Data on Cr and
Cu concentrations, bacterial and fungal populations were collected and analyzed using ANOVA at
a 0.05. The results of the study reveals that mycorrhiza and cattle rumen digesta application yielded
significantly higher bacterial and fungal populations leading to significant (p<0.05) reductions in Cr
and Cu concentrations in SEO-contaminated soil. The combined application of mycorrhiza with 40
g/pot cattle rumen digesta had significantly (p<0.05) lower Cr and Cu concentrations compared to
single application of either mycorrhiza or cattle rumen digesta. Mycorrhiza and cattle rumen digesta
are therefore recommended for use in bioremediation of Cr and Cu contaminated soil.

Key words: mycorrhiza, cattle rumen digesta, heavy metals, bioremediation, spent engine oil,
contaminated soil
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Introduction

Serious environmental issues can arise from
crude oil and its derivatives, such as Spent Engine
Oil (SEO), particularly in regions where oil is
widely extracted and used (Amadi et al., 2020;
Pinheiro et al., 2020). Due to the inappropriate
disposal of spent engine oil by auto specialists and
associated craftspeople in Nigeria, contaminants
have accumulated in soils, affecting soil health
and agricultural productivity (Oghenerobor et
al., 2021). According to Omotayo et al. (2022),
the complex blend of petroleum hydrocarbons,
heavy metals, and chemical additives found in
SEO can linger in the environment thereby re-
sulting into long-term ecological consequences.
Moses et al. (2023) reported that elevated levels
of heavy metals such as chromium, copper, and
nickel in spent engine oil can harm human health
by causing anemia, neurological disorders, and
compromised immune systems, all of which can
result in mortality and population-level impacts.
Additionally, according to Mitra et al. (2022),
some heavy metals are harmful or carcinogenic,
damaging the central nervous system (manganese,
mercury, lead, arsenic), the skin, bones, or teeth
(nickel, cadmium, copper, chromium), or the kid-
neys or liver (mercury, lead, cadmium, copper).
Chromium, heavy metal found in spent engine
oil, is a priority pollutant, according to studies.
At high concentrations, particularly hexavalent
chromium, it is carcinogenic, teratogenic, and
toxic (Abdelhafeez et al., 2024). The environment
and human health are at risk from trace amounts
of heavy metal poisoning because the metals ac-
cumulate in the ecosystem over time after seeping
into the surrounding agricultural soil. As a result,
there is a lot of concern about potential health
risks and issues with food safety that arise when
the general public eats potentially contaminated
vegetables (Gebeyehu and Bayissa 2020; Zhao et
al. 2022). Conventional techniques of cleaning up
contaminated soils can be costly and lead to more
environmental disruptions. Cost-effective and
environmentally friendly remediation techniques,
including bioremediation, which employs living
organisms to cleanse contaminated environments,

are therefore becoming more and more popular
(Abdulwahab et al., 2021). Bioremediation uses
bacteria, fungi, and plants to restore soils that
have been contaminated with organic pollutants.
These environmentally friendly and cost-effective
methods have demonstrated promising outcomes
in the recovery of polluted soils, particularly
by petroleum hydrocarbons (Graj et al., 2013;
Nkereuwem et al., 2024). Arbuscular mycorrhizal
(AM) fungi has gained attention for its potential
to enhance the phytoremediation capabilities of
plants in contaminated soils (Nkereuwem et al.,
2020a, Ezugwu et al., 2022; Nkereuwem et al.,
2024). Arbuscular mycorrhizal fungi use glomalin
to immobilize metals in the soil and metal adsorp-
tion on their surface to directly detoxify heavy
metal contamination (Vilela and Barbosa, 2019).
According to Olalekan and Oyedepo (2023), AM
fungi also develop symbiotic interactions with
plant roots, which enhance phosphorus uptake and
boost plant resistance to environmental stressors
such as heavy metals. This symbiosis can help
clean-up by improving plant survival and growth
in contaminated soils (Ayodele et al., 2023).

Cattle rumen digesta is a by-product of the
abattoir generally derived from the incompletely
digested feed consumed by ruminants. Investiga-
tion shows the possible use of organic waste to
improve the productivity and fertility of soils
(Asadu and Igboka; 2014). Cattle rumen digesta
is recommended for use in bioremediation be-
cause it enhances soil nutrient utilization and
reduces pollution (Cherdthong, 2020). Study by
Nkereuwem et al. (2024) evaluated the potential
of cattle rumen digesta in the bioremediation total
petroleum hydrocarbon (TPH) in spent engine oil
contaminated soil and they reported significantly
lower TPH in spent engine oil contaminated soil
due to cattle rumen digesta application compared
to treatment without cattle rumen digesta. These
techniques are economically and eco-friendly.

The aim of this study was to determine the
efficacy of mycorrhizae and cattle rumen digesta
in remediating heavy metals (Cr and Cu) in SEO-
contaminated soil.
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Materials and methods

Study area description

The research was carried out at the Department
of Soil Science Teaching and Research Farm,
Federal University Dutse, Jigawa State. The area
is located on latitude 11°06°39”°N and longitude
9°20°3”’E, which is within the derived Sudan
Savannah of the Northwest agro-ecological zone.
This area experiences two distinct seasons: wet
and dry. The climate is tropically damp and dry,
with a cold spell occurring between November
and February. The mean monthly temperature
ranges from 21° C during the coldest months
(November—February) to 38° C during the hottest
months (March—May), with an average annual
temperature of 26° C (Olaniyi et al., 2022).

Experimental materials and design

The materials utilized in this research included
soil samples, mycorrhizal inoculum, polyethylene
bags, and spent engine oil. The mycorrhiza was
obtained from the Soil Microbiology Laboratory
at the Department of Soil Resource Management,
University of Ibadan, Oyo State while the cattle
rumen digesta was obtained from Dutse abattoir.
Using a Completely Randomized Design (CRD),
the research was designed as a 2x2x2 factorial
experiment with three replicates. There were 8
different treatment combinations, resulting in
24 experimental units. The factors are detailed
below:
Mycorrhiza inoculum at 2 levels

With Glomus deserticola- M* (30 g/pot)

Without Glomus deserticola- M- (0 g/pot)
Cattle rumen digesta at 2 levels

With cattle rumen digesta- C, (40 g/pot)

Without cattle rumen digesta- C (0 g/pot)
Spent engine oil at 2 levels

With spent engine oil-S, | (200 ml/pot)

Without spent engine oil- S, (0 ml/pot)
Treatment combinations

ﬁ:gngOO ﬁ:gl§200

170 170
M+COSZOO M-COS200
M'C,S, MC,S,
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Soil samples collection, preparation and incuba-
tion study

Soil samples were gathered from the experi-
mental location at 0-20 cm depth using a shovel.
The samples were crushed, air-dried, and passed
through a 2 mm sieve. The soils were then steril-
ized in an electric oven at 105° C for about 1 hour
and each polyethylene bag contained 10 kg of the
sterilized soil sample.

Spent engine oil (0 and 200 ml) was mixed
thoroughly with the soil and allowed to stand
for 2 weeks. Cattle rumen digesta was applied
after 2 weeks at the rate of 0 and 40 g/pot. This
was mixed thoroughly with the soil for even
distribution. Inoculation in treatment contain-
ing mycorrhizae inoculum consisted of 30 g of
Glomus deserticola. The incubation study lasted
for six (6) weeks after which, soil samples were
sampled for laboratory analyses.

Laboratory analysis

Particle size analysis was done using the
hydrometer method (Bouyoucos, 1951) while
organic carbon was determined using the Walk-
ley Black Method (Walkley and Black, 1934).
Total nitrogen and available phosphorus were
determined using Kjeldahl method as described
by Bremmer (1996) and the Olsen (Olsen et al.
1954) method, respectively. Concentrations of
calcium (Ca), magnesium (Mg), potassium (K),
and sodium (Na) were determined using a flame
photometer (Jenway model) to evaluate soil
cation-exchange capacity and fertility (Jackson,
1973), Electrical conductivity was assessed us-
ing the method outlined by FAO (2021) while
Hanna’s digital pH meter was used to determine
the soil pH (McLean, 1982). The plate count
approach was used to estimate the number of
viable bacteria and fungi as described by Ochei
and Kolhatkar (2008).

Heavy metal determination

The standard flame atomic absorption method
as described by Aluko et al. (2018) was used to
determine the chromium and copper contents in
the soil.




Data analysis
The collected data were subjected to Analysis

of Variance (ANOVA) using GENSTAT version
17 and significant means were separated using
Least Significant Difference (LSD) and Duncan’s
Multiple Range Test (DMRT) at a 5% probability
level.

Results

Physical and chemical properties of the soil

higher (7.85 and 12.02 mg/kg) chromium and
copper contents in the soil were obtained from
the combined application of 0 g/pot cattle rumen
digesta and without mycorrhiza, respectively;
compared to the combined application of 40 g/
pot Cattle Rumen Digesta (CRD) and without
mycorrhiza inoculation.

Interaction of mycorrhiza and spent engine oil
on_chromium and copper contents in oil con-
taminated soil

used

The results obtained from the soil analysis are
presented in the table 1 below. The soil analysis
revealed that the study area is predominantly sandy
loam in texture with a pH of 7.1. The Organic
carbon and total nitrogen contents were 1.93 g/
kg and 2.15 g/kg while the Available phosphorus
and bulk density were 6.8 g/kg and 1.53 g/cm?,
respectively.

Effects of mycorrhiza, cattle rumen digesta and
spent engine oil on chromium and copper contents

Significantly lower (4.32 and 8.40 mg/kg)
chromium and copper contents in the soil were
obtained from the combination of mycorrhiza
and 0 ml/pot SEO (table 4) compared to other
combinations. The combined application 200
ml/pot SEO and without mycorrhiza inoculation
resulted in significantly higher (9.190 and 12.98
mg/kg) chromium and copper contents in the soil
respectively, compared to the combined application
of mycorrhiza and 200 ml/pot SEO (table 4).

Interaction of cattle rumen digesta and spent

in contaminated soil

Mycorrhiza inoculation resulted in significantly
lower (6.14 mg/kg) chromium content compared
to treatment without mycorrhiza (table 2). Copper
content was also significantly lower (10.59 mg/
kg) due to mycorrhiza inoculation compared to
non-mycorrhiza inoculated treatment.

With respect to cattle rumen digesta application,
there were no significant differences in chromium
and copper contents in the soil.

Spent engine oil application resulted in signifi-
cantly higher (8.57 and 12.88 mg/kg) chromium
and copper contents in the soil respectively,
compared to treatment without spent engine oil
application (table 2).

Interaction of mycorrhiza and cattle rumen di-
gesta on_chromium and copper contents in oil
contaminated s50il

The interaction between mycorrhiza and
cattle rumen digesta yielded significantly lower
(6.13 and 10.44 mg/kg) chromium and copper
contents in the soil compared with other treat-
ment combinations (table 3) while significantly

engine o0il on chromium and copper contents in
oil contaminated soil

The combined application of 40 g/pot CRD
and 0 ml/pot SEO had significantly lower (4.96
and 8.27 mg/kg) chromium and copper contents
in the soil compared to the other treatments (table
5). Significantly higher (8.64 and 14.19 mg/kg)
chromium and copper contents in the soil resulted
from the combined use of 0 g/pot CRD and 200
ml/pot SEO compared to the chromium and cop-
per contents obtained from the combination of 0
g/pot CRD and 0 ml/pot SEO.

Interaction of mycorrhiza, cattle rumen digesta
and spent engine oil on chromium and copper
contents in contaminated soil

Significant (p<0.05) interactions existed between
the factors. The combined application of mycor-
rhiza, 40 g/pot Cattle Rumen Digesta (CRD) and
0 ml/pot SEO resulted in significantly lower (4.29
and 7.95 mg/kg) chromium and copper contents
in the soil respectively, compared to the other
treatment combinations (table 6) although the
chromium and copper contents obtained from the
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Table 1. Physical and chemical properties of the experimental soil

Parameter Value
Bulk Density (g/cm3) 1.53
Particle size distribution (%)

Sand 71
Silt 4
Clay 25
Textural class (USDA) Sandy loam
pH 7.1
Electrical conductivity (ds/m) 0.37
Organic carbon (g/kg) 1.93
Total nitrogen (g/kg) 2.15
Available phosphorus (g/kg) 6.81
Exchangeable Bases (cmol/kg) 6.34
Exchangeable Acidity (cmol/kg) 4.16
CEC (cmol/kg) 10.5

Table 2. Effects of mycorrhiza, cattle rumen digesta and spent engine oil on chromium and copper contents
in contaminated soil

Treatment Chromium (mg/kg) Copper (mg/kg)

Mycorrhiza

M* 6.14b 10.59b

M- 7.66a 11.76a

SE (+) 0.12 0.11

Cattle Rumen Digesta (g/pot)

C, 6.99 11.23

C, 6.80 11.11
Ns Ns

Spent Engine Oil (ml/pot)

S, 5.22b 9.47b

S, 8.57a 12.88a

SE (£) 0.12 0.11

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Dif-
ference (LSD), M* = with mycorrhiza, M- = without mycorrhiza, CRD = cattle rumen digesta, CO = without CRD, C,
= CRD at 40 g/pot, SEO = spent engine oil, S = SEO at 0 ml/pot, S, = SEO at 200 ml/pot, SE = standard Error, Ns =
Not significant
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Table 3. Interaction of mycorrhiza and cattle rumen digesta on chromium and copper contents in oil con-

taminated soil

Mycorrhiza Cattle rumen digesta Chromium (mg/kg) Copper (mg/kg)
(g/pot)

M* C, 6.145b 10.73b

M* C, 6.132b 10.44b

M- C, 7.853a 12.02a

M C, 7.460a 11.49a
SE (+) 0.1628 0.1545

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Differ-
ence (LSD), M* = with mycorrhiza, M- = without mycorrhiza, CRD = cattle rumen digesta, C, = without CRD, C, =

CRD at 40 g/pot, SE = standard error

Table 4. Interaction of mycorrhiza and spent engine oil on chromium and copper contents in oil contami-

nated soil
Mycorrhiza SEO (ml/pot) Chromium (mg/kg) Copper (mg/kg)
M* S, 4.325d 8.40c
M* S, 6.123¢ 10.53b
M- S, 7.952b 12.76a
M- S, 9.190a 12.98a
SE (+) 0.1628 0.1545

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Dif-

ference (LSD), M* = with mycorrhiza, M- = without mycorrhiza, SEO = spent engine oil, S = SEO at 0 ml/pot, S, =

SEO at 200 ml/pot, SE = standard Error

Table 5. Interaction of cattle rumen digesta and spent engine oil on chromium and copper contents in oil

contaminated soil

Cattle rumen digesta (g/ SEO (ml/pot) Chromium (mg/kg) Copper (mg/kg)
pot)
C, S, 8.502a 11.55b
C, S, 8.640a 14.19a
C, S, 4.965c¢ 8.27d
C, S, 5.483b 10.66¢
SE (%) 0.1628 0.1545

Means with the same letter (s) are not significantly different from each other at p>0.05 using Least Significant Dif-
ference (LSD), CRD = cattle rumen digesta, C = without CRD, C, = CRD at 40 g/pot, SEO = spent engine oil, S, =

SEO at 0 ml/pot, S, = SEO at 200 ml/pot, SE = standard Error
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Table 6. Interaction of mycorrhiza, cattle rumen digesta and spent engine oil on chromium and copper

contents in contaminated soil

Mycorrhiza Cattle rumen digesta SEO (ml/pot) Chromium (mg/kg)  Copper (mg/kg)
(g/pot)

M* C, S, 5.570d 8.59d

M* C, S, 7.930b 10.51c

M C, S, 4.290e 7.95¢

M* C, S, 4.360¢ 8.86d

M C, S, 7.973b 12.93b

M- C, S, 9.350a 15.46a

M- C, S, 6.677c 12.47b

M- C S 9.030a 12.60b

Means with the same letter (S) are not significantly different from each other at p>0.05 using Duncan’s Multiple
Range Test (DMRT), M™ = with mycorrhiza, M- = without mycorrhiza, C, = without cattle rumen digesta, C, = cattle
rumen digesta at 40 g/pot, SEO = spent engine oil, S = SEO at 0 ml/pot, S, = SEO at 200 ml/pot

combined use of mycorrhiza, 40 g/pot CRD and
0 ml/pot SEO and mycorrhiza, 40 g/pot CRD and
200 ml/pot SEO were not significantly different.
The combination of 0 g/pot CRD, 200 ml/pot SEO
and without mycorrhiza yielded significantly higher
(9.35 and 15.46 mg/kg) chromium and copper
contents in the soil compared to chromium and
copper contents obtained from the combination
of 40 g/pot CRD, 200 ml/pot SEO and without
mycorrhiza inoculation.

Effects of mycorrhiza, cattle rumen digesta and
spent engine oil on bacterial colony in contami-
nated soil

Mycorrhiza inoculation resulted in significantly
higher (58.08 x 10* CFU/g soil) bacterial colony
count compared to treatment without mycorrhiza
inoculation (table 7).

Cattle rumen digest at 40 g/pot yielded signifi-
cantly higher (60.81 x 10* CFU/g soil) bacterial
colony count compared to 0 g/pot CRD (table
7).

Application of 200 ml/pot SEO had significantly
higher (55.99 x 10* CFU/g soil) bacterial popula-
tion compared to 0 ml/pot SEO (table 7).
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Interaction of mycorrhiza and cattle rumen digesta
on bacterial colony in contaminated soil

Significantly higher (64.21 x 10* CFU/g soil)
bacterial colony in the soil was obtained from
the interaction of mycorrhiza and 40 g/pot CRD
compared to the other treatment combinations
(table 8) while the combined application of 0 g/pot
CRD and without mycorrhiza yielded significantly
lower (49.29 x 10* CFU/g soil) bacterial colony
count in the soil compared to the bacterial colony
obtained from the interaction between mycorrhiza
and 0 g/pot CRD.
Interaction of mycorrhiza, cattle rumen digesta
and spent engine oil on bacterial colony in con-
taminated soil

The combined application of mycorrhiza, 40
g/pot CRD and 200 ml/pot SEO had significantly
higher (65.23 x 10* CFU/g soil) bacterial colony
count in the soil compared to the other interac-
tions (table 9). The interaction of 0 g/pot CRD,
0 ml/pot SEO and without mycorrhiza produced
significantly lower (42 x 10* CFU/g soil) lower
bacterial population compared to the bacterial
population obtained from the combined use of 0
g/pot CRD, 200 ml/pot SEO and without mycor-
rhiza inoculation.




Table 7. Effects of mycorrhiza, cattle rumen digesta and spent engine oil on bacterial colony in contami-

nated soil
Treatment Bacterial colony (CFU x 10%/g soil)
Mycorrhiza
M* 580846a
M- 533442b
SE (+) 1241.5
Cattle Rumen Digesta (g/pot)
C, 506233b
C, 608054a
SE (+) 1241.5
Spent Engine Oil (ml/pot)
S, 554329b
S, 559958a
SE (+) 1241.5

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Dif-
ference (LSD), M* = with mycorrhiza, M- = without mycorrhiza, CRD = cattle rumen digesta, C, = without CRD, C,
= CRD at 40 g/pot, SEO = spent engine oil, S| = SEO at 0 ml/pot, S, = SEO at 200 ml/pot, SE = standard Error, Ns =

Not significant

Table 8. Interaction of mycorrhiza and cattle rumen digesta on bacterial colony in contaminated soil

Mycorrhiza Cattle Rumen Digesta (g/pot) Bacterial colony (CFU x10%g soil)
M* C, 519583¢
M* C, 642108a
M- C, 492883d
M C, 574000b
SE (+) 1755.8

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Differ-
ence (LSD), M* = with mycorrhiza, M- = without mycorrhiza, CRD = cattle rumen digesta, C, = without CRD, C, =

CRD at 40 g/pot, SE = standard error

Effects of mycorrhiza, cattle rumen digesta and
spent engine oil on fungal colony in contaminated
soil

Mycorrhiza inoculation produced significantly
higher (98.46 x 10° CFU/g soil) fungal population
in the soil compared to treatment without mycor-
rhiza inoculation (table 10).

Cattle rumen digesta at 40 g/pot yielded sig-
nificantly higher (83.75 x 10° CFU g/soil) fungal

colony in the soil compared to 0 g/pot CRD ap-
plication (table 10).

Treatment with 0 ml/pot SEO had significantly
higher (84.21 x 10° CFU/g soil) fungal population
compared to 200 ml/pot SEO (table 10).

Interaction of cattle rumen digesta and spent engine
oil on fungal population in contaminated soil
The combined application of 40 g/pot CRD
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Table 9. Interaction of mycorrhiza, cattle rumen digesta and spent engine oil on bacterial colony in con-

taminated soil

Mycorrhiza

Cattle rumen digesta (g/

SEO (ml/pot)

Bacterial population (CFU
x104/g soil)

— S S — — S S

oo oNoNeoNMeoNONe

o — S — =) —_ S

v .nn L2 Lo 1. \o »» »n

532500e
615500c
631883b
652333a
420000g
435833f
549933d
619167c

Means with the same letter (S) are not significantly different from each other at p>0.05 using Duncan’s Multiple
Range Test (DMRT), M* = with mycorrhiza, M- = without mycorrhiza, C, = without cattle rumen digesta, C, = cattle
rumen digesta at 40 g/pot, SEO = spent engine oil, S; = SEO at 0 ml/pot, S, = SEO at 200 ml/pot

Table 10. Effects of mycorrhiza, cattle rumen digesta and spent engine oil on fungal population in

contaminated soil

Treatment Fungal colony (CFU x 10%/g soil)
Mycorrhiza

M* 98458a
M- 69042b
SE (#) 884.9
Cattle Rumen Digesta (g/pot)

G, 61450b
C, 83750a
SE (#) 884.9
Spent Engine Oil (ml/pot)

S, 84208a
S, 83292b
SE (#) 884.9

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Dif-
ference (LSD), M* = with mycorrhiza, M- = without mycorrhiza, C, = without cattle rumen digesta, C, = cattle rumen
digesta at 40 g/pot, SEO = spent engine oil, S, = SEO at 0 ml/pot, S, = SEO at 200 ml/pot, SE = standard error
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Table 11. Interaction of cattle rumen digesta and spent engine oil on fungal population in contaminated soil

Cattle rumen digesta (g/pot) SEO (ml/pot) Fungal population (CFU x 10%/g soil)
C, S, 82000bc
C, S, 81083c
C, S, 86417a
C, S, 85500ab
SE (£) 1251.4

Means with the same letter (S) are not significantly different from each other at p>0.05 using Least Significant Dif-
ference (LSD), C = without cattle rumen digesta, C, = cattle rumen digesta at 40 g/pot, SEO = spent engine oil, S, =
SEO at 0 ml/pot, S, = SEO at 200 ml/pot, SE = standard error

Table 12. Interaction of mycorrhiza, cattle rumen digesta and spent engine oil on fungal population in

contaminated soil

Mycorrhiza Cattle rumen digesta (g/

=
Q
e~

SEO (ml/pot) Fungal population (CFU/g

soil)

S S

— S S

aO00o0n0o0o0onan0n

69.67 x 103c
94.17 x 103b
10.48 x 104a
10.05 x 104a
68 x 103c

68 x 103c
70.5x 103¢
94.33 x 103b

— o

o

S —_ IS

. L1 . \»» L1 L L \1n

Means with the same letter (S) are not significantly different from each other at p>0.05 using Duncan’s Multiple
Range Test (DMRT), M* = with mycorrhiza, M- = without mycorrhiza, C, = without cattle rumen digesta, C, = cattle
rumen digesta at 40 g/pot, SEO = spent engine oil, S, = SEO at 0 ml/pot, S, = SEO at 200 ml/pot

and 0 g/pot SEO resulted in significantly higher
(86.42 x 103 CFU g/soil) fungal population
compared to the other combinations (table 11)
although the fungal population obtained from
combinations 40 g/pot CRD with 0 g/pot SEO
and 40 g/pot CRD with 200 ml/pot SEO were not
significantly different. The interaction of 0 g/pot
CRD and 200 ml/pot SEO yielded significantly
lower (81.08 x 10° CFU/g soil) fungal population
in the soil compared to the fungal population
obtained from the interaction of 40 g/pot CRD
and 200 ml/pot SEO.

Interaction of mycorrhiza, cattle rumen digesta
and spent engine oil on fungal population in
contaminated soil

Significantly higher (10.48 x 10* CFU/g soil)
fungal population was obtained from the of mycor-
rhiza, 40 g/pot CRD and 0 ml/pot SEO compared
to the other interactions (table 12) however, the
fungal population obtained from the combina-
tions of mycorrhiza, 40 g/pot CRD and 0 ml/pot
SEO and mycorrhiza, 40 g/pot CRD and 200
ml/pot SEO were not significantly different. The
combined application of 0 g/pot CRD, 0 and 200
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ml/pot SEO and without mycorrhiza inoculation
resulted in significantly lower (68 x 10° CFU/g
soil) fungal population compared to the fungal
populations obtained from the interactions of
mycorrhiza, 0 g/pot CRD and 200 ml/pot SEO
and 40 g/pot CRD, 200 ml/pot SEO and without
mycorrhiza.

Discussion

The result of the soil analysis shows that the
experimental soil is consistent with soil of north-
ern Nigeria’s semi-arid and arid regions which
is characterized by sandy soils (Ogunwole and
Ogunleye, 2005). The soil pH aligns with the
typical pH range for Sudan Savannah soils as
reported by Nkereuwem et al. (2022b). Organic
carbon content was low, which corroborates the
findings of Amanze et al. (2016) for northern Nige-
rian soils and follows the rating by Akinrinde and
Obigbesan, (2000). Total nitrogen was categorized
as low according to Schoeneberger et al. (2002).
This low nitrogen level is a common feature of
tropical semi-arid soils, primarily caused by nutri-
ent leaching and erosion due to intense tropical
rainfall. Available phosphorus and exchangeable
bases, according to Brayl standards (<8.0 mg/
kg) and the criteria established by Usman et al.
(2005) were low, respectively.

The utilization of Cattle Rumen Digesta (CRD)
in this study has demonstrated significant poten-
tial in the remediation of heavy metals in Spent
Engine Oil (SEO) contaminated soil. Significant
reductions in Cr and Cu concentrations in the
soil due to cattle rumen digesta application were
obtained. The reason for the reduction might
be that cattle rumen digesta, being an organic
amendment, enhances soil properties by increasing
organic matter, improving microbial activity, and
promoting heavy metal immobilization through
adsorption and complexation (Nkereuwem et al.,
2020a; Pinheiro et al., 2020). The results of this
study is in agreement with the findings of Adeleye
etal. (2019; 2023) and Abdelhafeez et al. (2024),
where they reported significant reductions in heavy
metal concentrations in spent engine oil-impacted
soil due to organic amendments.
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The results of this study shows that treatment
with mycorrhiza (Glomus deserticola) experience
significant reduction in Cr and Cu concentrations
in the SEO-contaminated soil. The lower Cr and
Cu concentrations recorded in this study could be
explained by the fact that on the surface of the
fungal structure, there are positive charge particles
such as cysteine, glutathione, amino acids and
thiol groups which adsorb and later reduce heavy
metals from one form to another (Joutey et al.,
2015). Additionally, by directly engaging metal
adsorption on the fungal surface and glomalin-
induced soil immobilization, arbuscular mycor-
rhizal fungi detoxify heavy metal contamination
(Vilela and Barbosa, 2019). The result of this
study corroborates the findings of Olusola et al.
(2017) who reported reduction in heavy metal
concentrations in Oil Refinery Effluent polluted
soil. The findings of this research agrees with the
report of Ibrahim et al. (2023), who also obtained
significant reduction of heavy metal concentra-
tions in multi-contaminated soil.

Treatments with Glomus deserticola and 40 g/
pot Cattle Rumen Digesta (CRD) showed lower
Cr and Cu concentrations compared to treat-
ments with mycorrhiza or cattle rumen digesta
alone. This revealed that there was positive and
productive interaction between Glomus deserti-
cola and cattle rumen digesta in bioremediation
of heavy metals in SEO-contaminated soil. This
result corroborates the findings of Olusola et al.
(2017) who also reported lower concentrations
of heavy metals in Oil Refinery Effluent polluted
soil when G. hoi and P. aeruginosa were combined
compared to single inoculation of Glomus hoi or
Pseudomonas aeruginosa.

The higher bacterial and fungal colonies obtained
in this study is in agreement with previous findings
by Nkereuwem et al. (2020b and 2024) who also
recorded higher bacterial and fungal populations
in Crude oil and SEO impacted soil. This could
be explain explained by the fact that mycorrhiza
employs different techniques in bioremediation
of contaminated soil and one of such techniques
is Mycorrhiza Assisted Remediation (MAR).



Conclusion

The study investigated the efficacy of mycor-
rhizae and cattle rumen digesta in remediating
heavy metals (Cr and Cu) in SEO-contaminated
soil. The results revealed that mycorrhiza in-
oculation and cattle rumen digesta brought about
significant reduction in Cr and Cu concentrations
in spent engine oil contaminated soil compared
to treatments that were devoid of mycorrhiza and
cattle rumen digesta. Greater reductions in Cr and
Cu concentrations in the SEO-contaminated soil
were obtained from the combined application of
mycorrhiza with 40 g/pot cattle rumen digesta as
against single application of either mycorrhiza or
40 g/pot cattle rumen digesta. Mycorrhiza should
be use used either singly or in combination with
other soil amendments in restoring heavy metals
impacted soil. The use of cattle rumen digesta is
therefore recommended for use in bioremediation
of heavy metals contaminated soil as it is effec-
tive, affordable and eco-friendly.
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