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Abstract

The advent of bioremediation technology has helped scientists to proffer sustainable solutions to problems
associated with environmentalpollution. Thisstudy wasstaged toassessthe growth of Amaranthus cruentusL.
on spent engine oil (SEO) contaminated soil that had been subjected to bioremediation. Two bacterial co-
cultures; Pseudomonas aeruginosa+Alcaligenes faecalis and Streptococcus pyogenes + Enterococcus faecalis
were bio-enhanced with organic amendments; powdered cow dung (PCD), powdered cocoa pod husk
(PCPH) and compost made from cow dung (CD) and cocoa pod husk (CPH) with a view to reclaiming SEO
soil at three levels of contamination. It was a factorial experiment laid out with completely randomized
design (CRD). Subsequently, amaranth seeds were sown on the experimental pots in the screen house.
Results indicated that at two weeks after sowing (2WAS), compost produced significant (P < 0.05) and
the highest plant heights (6.5, 7.5 and 6.1 cm) on all the SEO contamination levels studied compared with
other organic amendments. Compost produced the highest (6.0) number of leaves compared with other
organic amendments on 10% SEO contamination level while all the other organic amendments produced
the same number of leaves (4.0) on 15% SEO contamination level. In respect of the stem girths measured
in this study, significant performance was recorded at 2WAS, four weeks after sowing (4WAS) and six
weeks after sowing (6WAS) (P < 0.05). The significant feat that the bioremediation agents utilized in this
study recorded has further confirmed these agents as good candidates that can be adopted in ensuring the
reclamation and restoration of SEO ravaged agricultural land.

Keywords: bioremediation, bacterial co-cultures, organic amendments, spent engine oil contaminated
soil and amaranth
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INTRODUCTION

Amaranth is extensively cultivated in many
regions of the world (Smitha, 2010). The author
further reported that Amaranth is cultivated in
Nigeria as a source of food and vegetable. According
to Tongos (2016), amaranth belongs to the family
Amaranthaceace and genus Amaranthus. It has
a growing period between 5 and 6 weeks thereby
making it advantageous for Nigerian local and peri-
urban farmers to be able to cultivate it as many
times they desire on the same agricultural soil in
a year (Adewole and Igberaese, 2011; Adewole
and Dedeke, 2012). In recent times, renewed
research interest in amaranth is connected with its
outstanding attributes ranging from adaptation to
extreme growing conditions, resistance of drought
and heat, resistance of major diseases, huge genetic
diversity, ease of planting and phenotypic plasticity
(Rastogi and Shukla, 2013).

Over the years, scientists have been exploiting the
encouraging prospects of bioremediation technology
in solving petroleum hydrocarbon related pollution
that has been ravaging our environment these days.
According to Bundy et al. (2002), spillage of crude oil
and other petroleum hydrocarbons on soil is a global
environmental problem that regularly requires
being cleaned up. The damaging effect of the
presence of any form of petroleum hydrocarbons on
soil is its ability to make water, oxygen and nitrogen
unavailable for plant growth thereby rendering
such agricultural soil unproductive (Adam and
Duncan, 2002). Soil contamination related to
petroleum hydrocarbon adversely affected the
growth parameters of the plant height, plant
biomass and leaf area of Paspalum scrobiculatum
(Ogho et al, 2009) and reduction in plant height of
experimental plant (Molina-Baharahona et al, 2005).
It has been reported by Yerima et al. (2013); Umana
et al. (2017), that the presence of spent engine oil
(SEO) on agricultural soil exposes it to varying levels
of toxicity inherently linked with polyaromatic
hydrocarbons (PAHs). Hydrocarbons typically
initiate the expulsion of oxygen in the soil through
suffocation of soil particles thereby hindering the
diffusion of air in the pores which invariably affects
biodiversity of soil microbial consortium (Wang
et al, 2013). According to Osaigbovo et al (2013),
SEO has got the capability to deplete nitrogen and
phosphorous from agricultural soil coupled with
inhibiting various activities of microorganisms
present therein.

One of the first steps required for the selection of
plant species for any bioremediation project is their
capability to grow in contaminated soil coupled
with their degradative potential on petroleum
hydrocarbons when present in agricultural soils
(Merkl et al, 2004). Owing to numerous findings
that have been reported in the literature as regards
the proficiency of bioremediation technology
in cleaning up petroleum hydrocarbon related

environmental pollution, this study aimed to assess
the growth performance of Amaranthus cruentus
on SEO contaminated soil that had undergone
bioremediation with the aid of processed organic
amendments and some selected bacterial
inoculants. The study was staged based on the
null hypothesis that stated that the application of
organic amendments does not enhance reclamation
of SEO contaminated soil.

MATERIALS AND METHODS

This study was conducted at the back of the
Department of Soil Science, Faculty of Agriculture
located on Federal University Dutse campus (Lat
11°46’39”N and Long 9°20’3”E) Jigawa state, Nigeria.
This experimental design was factorial adopting
completely randomized design (CRD) with three
replicates each. There were two factors; Organic
amendments with four (4) levels (control, compost,
processed cocoa pod husk and processed cow dung)
and SEO at three (3) levels (5, 10 and 15%) giving
a total of twelve treatment combinations. The
factors are listed below.

Factors
a) Organic amendments (150 g)
* No organic amendment (control)
» Compost
* Processed cocoa pod husk
* Processed cow dung
b) SEO
* 5% (75mL)
* 10% (150 mL)
e 15% (225mL)

The soil and organic amendments were analysed
using standardized procedures. The mechanical
analysis and moisture content of the soil were
carried out by the procedure outlined by Pansu and
Gautheyrou (2003) while electrical conductivity and
PH in water were determined using the procedure
outlined by Dwivedi and Baghel (2015). Organic
carbon was determined by the wet oxidation method
of Walkley and Black as described by Nelson and
Sommers (1986). Total nitrogen was determined
using the micro-Kjeldahl digestion method. Content of
nitrogen in the digest was determined by colorimeter
as described by Bremmer (1996). Available
phosphorous was extracted using Mehlich-3
extractant and phosphorous was quantified using
the Jenway 6320D spectrophotometer. Exchangeable
bases and cation exchange capacity (CEC) were
determined using ammonium acetate solution to
saturate the samples. Calcium and magnesium in the
filtrate were determined using Atomic Absorption
Spectrophotometer (Buck 211VGP) while potassium
and sodium were quantified using a flame
photometer (Jenway PFP7). Cation exchange capacity
in the filtrate was determined by titrating excess
ammonium acetate with ethanol.



Growth Performance of Grain Amaranth (Amaranthus Cruentus L.) on Spent Engine Oil Contaminated Soil...

483

About 10g of soil that had undergone pollution
with SEO was collected at a depth of 5cm from
the mechanic village in Dutse, Northwest Nigeria.
The bacteria; Pseudomonas aeruginosa, Alcaligenes
faecalis, Streptococcus pyogenes and Enterococcus
faecalis employed as inoculants for bioaugmentation
were isolated and identified in reference to
Adeleye and Yerima (2019). These bacteria were
subsequently paired as co-cultures and employed for
the biodegradation assay.

After staging the biodegradation assay for seventy
days as earlier reported by Adeleye et al (2020), and
the experimental pots were transferred into the screen
house, seeds of Amaranthus curentus were sown with
a view to assessing the bacterial reclamation of the
SEO contaminated soil for six weeks.

Having sown the Amaranthus curentus seeds,
stem girth, plant height and number of leaves were
determined at two weeks after sowing (2WAS), four
weeks after sowing (4WAS) and six weeks after
sowing (6WAS). The stem girth was measured with
a rope and subsequently placed on a meter rule in
centimeter while the plant height was measured with
a meter rule in centimeter. The number of leaves was
estimated through the aid of visual counting. All data
collected from the screen house were subjected to
analysis of variance (ANOVA) by Proc. GLM of GenStat
version 17, and significant means were subsequently
separated using Duncan Multiple Range Test (DMRT).

RESULTS

The physical and chemical properties of the soil
and organic amendments are presented in Tab. I.
The sum of exchangeable bases of the soil used
in this study recorded 3.51 cmol.kg! while that of
powdered cow dung (PCD), powdered cocoa pod
husk (PCPH) and compost recorded 82.1 cmol kg,
166.15cmolkg? and 221.7cmolkg! respectively.
pH (in water) of the soil indicated slight acidity
while that of organic amendments indicated slight
alkalinity to alkalinity (Tab. I).

Effect of Organic Amendments
on the Growth Performance of Amaranthus
cruentus in SEO Bioremediated Soil Using
Pseudomonas aeruginosa and Alcaligenes
faecalis co-culture

Amaranthus  cruentus growing under SEO
bioremediated soil is depicted in Fig 1. Results
generated on all the growth parameters indicate that
at 2WAS, compost produced significant (P < 0.05)
and the highest plant heights (6.5, 7.5 and 6.1 cm) on
all the SEO contamination levels studied compared
with other organic amendments (Tab. II). At
4WAS, compared with other organic amendments,
compost repeated the same feat by producing the
highest plant heights (17.3, 18.0 and 17.5 cm) on 5%,
10% and 15% SEO contamination levels respectively

I: Physicochemical properties of the soil and organic amendments used for the experiment

Properties Soil PCD PCPH Compost
Moisture content (%) 2.04 7.3 11.11 2.0
Ash content (%) - 68.8 23 65
PH ater 6.5 8.15 7.6 9.45
Organic Carbon (%) 0.49 41.55 33.40 48.25
Total Nitrogen (%) 0.06 2.85 2.65 5.85
Available Phosphorous (mg kg?) 11.02 1.2 0.08 1.48
EC (dS cm™) 0.92 8.10 6.42 8.86
Exchangeable Bases (cmol.kg?)
Potassium 0.19 80 162 213.16
Calcium 1.82 0.2 1.6 4.8
Magnesium 0.92 1.5 2.45 3.24
Sodium 0.58 0.4 0.1 0.5
CEC 3.51 82.1 166.15 221.7
Particle Size (g.kgt)
Clay + Silt 420 - - -
Clay 100 - - -
Silt 320 = = =
Sand 580 - - -
Textural class Sandy Loam - - -

-: No value; PCD: Powdered cow dung; PCPH: Powdered cocoa pod husk
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(Tab. III). However, at 6WAS, all the plant heights contamination levels respectively compared to
enhanced by all the organic amendments were not other organic amendments although it was not
significantly (P > 0.05) different from each other. At  significantly different (Tab. IV).

6WAS, compost produced the highest plant heights Results obtained from the number of leaves
(30.5, 30.8 and 29.7 cm) on 5%, 10% and 15% SEO indicate that all the organic amendments did

1: Amaranthus curentus growing under bioremediated spent engine contaminated soil in the screen house

II: Growth performance of test plant on SEO contaminated soil bioremediated with organic amendments together with
Pseudomonas aeruginosa and Alcaligenes faecalis co-culture at 2ZWAS

SEO contamination levels

Organic 5% 10% 15% 5% 10% 15% 5% 10% 15%
amendments
Plant height (cm) Number of leaves Stem girth (cm)

Compost 6.5" 7.58 6.1¢ 4.0 6.0 4.0 1.1° 1.42 0.9¢
CPH only 6.4¢ 5.8 5.5¢ 5.0 4.0 4.0 0.9¢ 0.6 0.5f
CD only 6.2¢ 4.7m 4.5 4.0 3.0 4.0 0.84 0.6 0.5°
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0¢ 0.0¢ 0.0¢
Significance status Ns Ns Ns

Means with the same letters in each column are not significantly different using Duncan's multiple range test (DMRT).
Ns: Not significant. (P < 0.05)

[I: Growth performance of test plant on SEO contaminated soil bioremediated with organic amendments together with
Pseudomonas aeruginosa and Alcaligenes faecalis co-culture at 4WAS

SEO contamination levels

Organic 5% 10% 15% 5% 10% 15% 5% 10% 15%
amendments
Plant height (cm) Number of leaves Stem girth (cm)

Compost 17.3¢ 18.0° 17.5P 5.0 6.0 4.0 1.8> 1.64 1.7¢
CPH only 17.14 16.4¢ 15.8f 5.0 4.0 4.0 1.3¢ 2.62 1.2f
CD only 13.5¢ 9.3h 7.6! 5.0 4.0 4.0 1.3¢ 1.2f 0.88
Control 0.0/ 0.0 0.0 0.0 0.0 0.0 0.0" 0.0" 0.0"
Significance status Ns Ns Ns

Means with the same letters in each column are not significantly different using Duncan's multiple range test (DMRT).
Ns: Not significant. (P < 0.05)
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IV: Growth performance of test plant on SEO contaminated

soil bioremediated with organic amendments together with

Pseudomonas aeruginosa and Alcaligenes faecalis co-culture at 6WAS

SEO contamination levels

Organic 5% 10% 15% 5% 10% 15% 5% 10% 15%
amendments
Plant height (cm) Number of leaves Stem girth (cm)

Compost 30.5 30.8 29.7 9.0 10.0 8.0 2.5 BSIC 257
CPH only 30.6 28.2 27.9 8.0 8.0 7.0 2.7¢ 2.7¢ 2.1f
CD only 285 28.1 20.2 7.0 8.0 7.0 2.3 1.98 1.98
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0" 0.0" 0.0"
Significance status Ns Ns Ns Ns Ns Ns

Means with the same letters in each column are not significantly different using Duncan's multiple range test (DMRT).

Ns: Not significant. (P < 0.05)

not significantly enhance it (P > 0.05). At 2WAS,
powdered CPH only produced the highest number
of leaves (5.0) compared with other organic
amendments on 5% SEO contamination level
(Tab. I). Compost produced the highest (6.0) number
of leaves compared with other organic amendments
on 10% SEO contamination level while all the
organic amendments produced the same number
of leaves (4.0) on 15% SEO contamination level
(Tab. II). At 4WAS, all the organic amendments
produced the same number of leaves (5.0) on
5% SEO contamination level, compost recorded
the highest number of leaves (6.0) on 10%
SEO contamination level while all the organic
amendments produced the same number of leaves
(4.0) on 15% SEO contamination level (Tab. III). At
6WAS, compared with other organic amendments,
compost produced the highest number of leaves
(9.0, 10.0 and 8.0) on 5%, 10% and 15% SEO
contamination levels respectively (Tab. IV).

In respect of the stem girths measured in this study;,
significant performance was recorded at 2WAS, 4WAS
and 6WAS (P < 0.05). Compared with other organic
amendments employed, compost produced the best
stem girths (1.1, 1.4 and 0.9 cm) on 5%, 10% and 15%
SEO contamination levels respectively (Tab. II). At
4WAS, compared with other organic amendments
utilized, compost produced the best stem girths
(1.8 and 1.7 cm) on 5% and 15% SEO contamination
levels while powdered CPH only facilitated the most
stem girth (2.6 cm) on 10% SEO contamination level
(Tab. I1I). Meanwhile, at 6WAS, compared with other
organic amendments, compost produced the best
stem girths (2.9, 3.1 and 2.5 cm) on 5%, 10% and 15%
SEO contamination levels respectively (Tab. IV).

Effect of Organic Amendments on the Growth
Performance of Amaranthus cruentus in SEO
Bioremediated Soil Using Streptococcus
pyogenes and Enterococcus faecalis
co-culture

Results obtained on the growth pattern of
Amaranthus cruentus planted on experimental
bags biostimulated with organic amendments and

bioaugmented using Streptococcus pyogenes and
Enterococcus faecalis co-culture indicate significant
effect (P < 0.05) at 2WAS and 4WAS but insignificant
effect was demonstrated at 6WAS (P > 0.05) on
plant heights. Specifically, at 2WAS, compost
enhanced the highest plant heights (6.2, 7.1 and
5.9 cm) compared with other organic amendments
on 5%, 10% and 15% SEO contamination levels
respectively (Tab. V). At 4WAS, compared with
other organic amendments, compost influenced
the highest plant heights (18.1, 18.2 and 17.3 cm)
on 5%, 10% and 15% SEO contamination levels
respectively (Tab. VI). However, at 6WAS, compared
with other organic amendments, compost produced
the highest but insignificant plant heights (29.5,
304 and 29.0cm) on 5%, 10% and 15% SEO
contamination levels respectively (Tab. VII).

Regarding the number of leaves produced by
Amaranthus cruentus at 2WAS, compost produced
the most (5.0) compared with other organic
amendments on 5% and 10% SEO contamination
levels while both compost and powdered CD only
enhanced the production of the most number
of leaves (4.0) on 15% SEO contamination level
(Tab. V). At 4WAS, compared with other organic
amendments, compost produced the most number
of leaves (5.0 and 6.0) compared with other
amendments on 5% and 10% SEO contamination
levels respectively while both compost and
powdered CD only produced the most number
of leaves (4.0) on 15% SEO contamination level
(Tab. VI).

At 6WAS, compared with powdered CD only,
both compost and powdered CPH only produced
the most number of leaves (9.0) on 5% SEO
contamination level (Tab. VI). Compost produced the
most number of leaves (10.0) compared with other
organic amendments on 10% SEO contamination
level while both compost and powdered CPH only
produced the most number of leaves (8.0) on 15%
SEO contamination level (Figs. 2 and 3).

All the organic amendments adopted significantly
enhanced better performance of the stem girths
measured in this study (P < 0.05). At 2WAS, related
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V: Growth performance of test plant on SEO contaminated soil bioremediated with organic amendments together with
Streptococcus pyogenes and Enterococcus faecalis co-culture at 2WAS

SEO contamination levels

Organic

5% 10% 15% 5% 10% 15% 5% 10% 15%
amendments
Plant height (cm) Number of leaves Stem girth (cm)

Compost 6.2¢ AR 5.8F 5.0 5.0 4.0 1.0° .27 0.84
CPH only 5.5¢ 4.2n 4.38 4.0 3.0 30 0.9 0.6 0.5f
CD only 5.5 6.3 4.8f 4.0 4.0 4.0 0.84 0.6 0.5f
Control 0.0! 0.0 0.0 0.0 0.0 0.0 0.0¢ 0.0¢ 0.0¢
Significance status Ns Ns Ns

Means with the same letters in each column are not significantly different using Duncan's multiple range test (DMRT).
Ns: Not significant. (P < 0.05)

VI: Growth performance of test plant on SEO contaminated soil bioremediated with organic amendments together with
Streptococcus pyogenes and Enterococcus faecalis co-culture at 4WAS

SEO contamination levels

Organic

5% 10% 15% 5% 10% 15% 5% 10% 15%
amendments
Plant height (cm) Number of leaves Stem girth (cm)

Compost 18.1° 18.22 17,3 5.0 6.0 4.0 1.44 1.6 1.5¢
CPH only 15.7¢ 6.3" 6.20! 4.0 4.0 3.0 1.3¢ 240 1.2f
CD only 12.6° 18.0¢ 11.28 4.0 5.0 4.0 1.3¢ 1.2f 0.98
Control 0.0/ 0.0’ 0.0 0.0 0.0 0.0 0.0 0.0h 0.0n
Significance status Ns Ns Ns

Means with the same letters in each column are not significantly different using Duncan's multiple range test (DMRT).
Ns: Not significant. (P < 0.05)
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2: Growth performance of Amarantus cruentus bioremediated with compost and Streptococcus pyogenes
+ Enterococcus faecalis co-culture at 6WAS.
PH denotes plant height, NI denotes number of leaves, SG denotes stem girth.

with other amendments employed, compost contamination level compared with other organic

produced the best results (1.0, 1.2 and 0.8 cm) on 5%,
10% and 15% SEO contamination levels respectively
(Tab. V). At 4WAS, compost produced the best results
(1.4 and 1.5 cm) on 5% and 10% SEO contamination
level respectively while powdered CPH only
facilitated the best result (2.4cm) on 15% SEO

amendments adopted (Tab. VI). However, at 6WAS,
compost continued its significant feat by producing
the best stem girths (2.8 and 2.3cm) on 10% and
15% SEO contamination levels respectively while
powdered CPH only facilitated the best stem girth
(2.7cm) on 5% SEO contamination level (Fig. 2).
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3: Growth performance of Amarantus cruentus bioremediated with compost and Streptococcus pyogenes

+ Enterococcus faecalis co-culture at 6WAS.

PH denotes plant height, NL denotes number of leaves, SG denotes stem girth.
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4: Growth performance of Amarantus cruentus bioremediated with compost and Streptococcus pyogenes

+ Enterococcus faecalis co-culture at 6WAS.

PH denotes plant height, NL denotes number of leaves, SG denotes stem girth.

Nevertheless, PCD produced the least (1.9 cm) stem
girth on 10% and 15% SEO contamination levels
respectively (Fig. 4).

DISCUSSION

The prospect of bioremediation technology
in effecting desirable reclamation of polluted
environment has been reported by Okoye et al
(2017); Sivaramakrishnan et al. (2021) coupled with
the employment of amaranths for bioremediation
studies which Chinmayee et al. (2012); Rehaman
et al. (2020) have submitted to have produced
promising results over the years. The ability
of suitable organic amendments to facilitate
operational reclamation of SEO polluted soil has
equally been reported by Osaigbovo et al. (2013).

Results generated from the experimental pots
used as control clearly indicated that SEO has the

capability of not supporting the growth of plants
on agricultural soils as Amaranthus cruentus
seeds sown did not grow on it at all. Despite the
acclaimed ability of growing under unfavourable
conditions that Rastogi and Shukla (2013) reported
about amaranths, the incapability of the seeds to
grow on the experimental pots adopted as control
is an evidence of the presence of reasonable
concentration of SEO that did not undergo
bioremediation in this study. This finding supports
the reports of Agbogidi et al. (2007); Onwurah et al.
(2007) on the aptitude of petroleum hydrocarbons
to cause soil sterility thus inhibiting germination
of seeds, growth and yield of agricultural crops.
Again, petroleum hydrocarbons establish negative
conditions that make nitrogen and oxygen that
are needed for plant growth unavailable for such
purpose (Adam and Duncan, 2002).
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As witnessed in this study, several authors (Smith
et al., 2006; Olson et al,, 2007; Abii and Nwosu, 2009;
Inckot et al,, 2011) have submitted that germination
of seeds and growth parameters of plants can be
negatively affected by the deleterious effects of
hydrocarbons. The significant growth parameters
of Amaranthus cruentus recorded in this study
could be credited to the supplementation of the
SEO contaminated soil with organic nutrients that
aided its bacterial reclamation thereby leading to
its supporting agricultural production significantly.
Similar submissions have been made by Kyung-Hwa
et al. (2004); Adedokun and Ataga (2007); Njoku et al.
(2008); Nwadinigwe and Onyeidu (2012) on the
ability of biostimulation and bioaugmentation to
restore hydrocarbon polluted soil thereby attaining
significant improvement in the growth of the test
crops employed in their respective studies.

The feat attained by the organic amendments
utilized in this study in terms of enhancing
significant growth pattern of Amaranthus cruentus
most especially plant heights and stem girths can

be associated with the supply of essential nutrients
and favourable conditions required for its growth
as those sown on the experimental bags employed
as control did not germinate at all. Similar report
has been submitted by Adenipekun et al (2008)
who observed that their test plant did not grow on
the SEO polluted soil studied. Similar catastrophic
effect of hydrocarbons in having the tendency to
block the pore space of terrestrial vegetation which
invariably leads to poor performance of plants
has been equally reported by Ekpo and Nwankpa
(2005); Ogho et al. (2009). The non-significance trend
documented across experimental pots in terms of
number of leaves produced on the bioremediated
SEO contaminated soil in this study could be
attributed to lower total nitrogen content earlier
reported by Osaigbovo et al (2013). The results
obtained in this study corroborate the submission
of Agbor et al. (2015), that bioremediation remains
a better tool that can be employed in attaining
optimum growth of plants meant to be planted on
hydrocarbon polluted soil.

CONCLUSION

Based on the results obtained in this study, the null hypothesis initially stated is hereby rejected
as the bioenhancement of spent engine oil contaminated soil with the bacterial co-cultures and
organic amendments resulted in significant removal of hydrocarbon components that should have
impaired the growth of Amaranthus cruentus sown on the artificially contaminated soil. However,
spent engine oil contaminated soil that was bioremediated with the combination of compost and
Pseudomonas aeruginosa+Alcaligenes faecalis co-culture produced the highest plant height and most
stem girth while those bioremediated with the two bacterial co-cultures and compost produced the
most and same number of leaves at six weeks after sowing. The significant performance of the
bioremediation agents on the agronomic variables measured in this study has made these agents
potential candidates that can be adopted in ensuring the reclamation and restoration of spent
engine oil ravaged agricultural land. The bioremediation agents employed in this study are thus
recommended as cost-effective and environment friendly options that can be utilized by local and
poor farmers that may require the technology in combating petroleum hydrocarbon and other
related environmental pollution problems on their agricultural land.
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