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Abstract

Purpose Crude oil pollution adversely affects the environment and its remediation presents significant challenge
due to its complex nature. Bioremediation approaches have proved effective and the use of organic wastes makes
the process eco-friendly. Therefore, this study investigated the effects of organic manures amendments of crude
oil polluted soil on the growth and performance of maize (Zea mays L.) under potted environment at the botanic
garden of University of Port-Harcourt, Nigeria.

Method The loamy soils in different pots (5.0 kg each) were polluted with crude oil in six factorial treatments set
(0.0%, 2.0%, 4.0%, 6.0%, 8.0% and 10.0%) and allowed for two weeks. Thereafter, the polluted soils were sub-
jected to different organic manure amendment: poultry-manure, cow-dung, saw-dust, combined poultry-manure
+ cow-dung, combined poultry-manure + saw-dust and combined cow-dung + saw-dust manures with two sets of
control: polluted soil + no organic manure and non-polluted soil + no organic manure. The amended soils were
allowed for two weeks before sowing viable maize seeds and the seedling monitored every two weeks after ger-
mination for a period of eight weeks.

Results Crude oil pollution impaired the maize seed germination, growth and development. Organic manures
amendments of polluted-soil significantly improved (P < 0.05) maize plant agronomic characteristics with com-
bined manures especially poultry-manure + cow-dung showing highest improvement than other combined or sin-
gle manure treatment.

Conclusion Combined organic manures amendments of crude oil polluted soil especially cow-dung + saw-dust
were found to be environmentally friendly and beneficial for maize crop production.

Keywords Crude oil pollution, Waste management, Zea mays L., Bioremediation, Crop production, Agronomic
characteristics

Introduction constantly cause crude oil pollution especially in

Niger Delta areas (Chikere and Chijioke-Osuji 2006;

Crude oil spillage occurs regularly in the Niger Delta
region of Nigeria where over 80% of the crude oil is
produced. In Nigeria, numerous oil fields, tank farms,
flow stations, pipelines, tankers and loading jetties
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Bebeteidoh et al. 2020). These oil spillages introduce
various organic and inorganic chemicals, some of
which are non-carcinogenic (growth-inhibiting) and
others carcinogenic chemicals, to the environment
with direct impact on microorganisms, plants and
humans (Okpokwasili and Odokuma 1990; Njoku et al.
2009; Aboh and Isitekhale 2013). Crude oil pollution
adversely and drastically affects soil physicochemical
properties and many studies (Baker and Herson 1994;
Okolo et al. 2005; Liang et al. 2012) have reported its
adverse effects on soil ecosystem to include but not
limited to absorption to soil particles, provision of an
excess carbon that might be unavailable for microbial
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use and induction of a limitation in soil nitrogen and
phosphorus. The damaging effects of crude oil pollution
on soil microorganisms, plant growth and development
have been reported (Amakiri and Onofegbara 1983;
Njoku et al. 2008; Adedokun and Ataga 2007; Aboh
and Isietekhale 2013). Onuha et al. (2008) reported that
crude oil pollution prevents oxygen exchange in soil
(reduce soil aeration) due to the hydrophobic properties
of crude oil and as such affects soil life.

Also, crude oil pollution causes increase in soil
acidity which in turn sets an imbalance in soil ecosystem
(Asuquo et al. 2010). Other adverse effects of crude oil
pollution on plant growth and development include
wilting, chlorosis, tissue and cell maceration, blotching
to collapse of marginal necrotic spots and eventually,
death of the plants (Chorom et al. 2010; Ofoegbu et al.
2015)

Maize (Zea mays L.) is recognized as a leading
commercial crop of great agro-economic value owing
to its expanded use in the agro-industries (Rasheed
and Mahmood 2004). It is a major popular staple food
consumed in large quantities by the teaming population
of Nigeria and ranking third in the world production of
cereal after wheat and rice (FAO 2002). Other main uses
of maize include livestock feed and as raw materials
for numerous industrial products (Gbogidi et al. 2007).
Maize is the main stay of many countries forming the
highest source of energy in the national diet of many
countries of which sixteen are in Africa including
Nigeria (Dowswell et al. 1996). The agronomical
requirement of maize includes warm sunny weather,
nutrient rich and moist well drained soil, high levels
of nitrogen for proper growth and development. Thus,
addition of organic manures will greatly enhance its
productive performance (FAO 2002; Gbogidi et al.
2007).

Adverse effects of crude oil pollution on arable
agricultural lands make them unproductive. Therefore,
a number of remediation strategies such as the use of
surfactants, alternate carbon substrates, organic and
inorganic manures have evolved to reclaim the land
and make them productive (Raskin et al. 1997; Burd
et al. 2000; Okolo et al. 2005; Ijah et al. 2008; Onuh
et al. 2008a, b; Chorom et al. 2010; Hamoudi-Belarbi
et al. 2018). Remediation strategies which could be
by physical, chemical or biological (bioremediation)
techniques are those treatments or techniques used to
restore a polluted or contaminated environment (soil,
waterandair) (Odu2006; Chorometal.2010; Hamoudi-

Belarbi et al. 2018). Bioremediation techniques or
processes are the use of microorganisms or products
of biological origin to remove environmental (soils/
sediments, water and air) pollutants via microbial
degradation of organic and inorganic contaminants
(Chorom et al. 2010; Hamoudi-Belarbi et al. 2018).
Bioremediation potentials of crude oil pollution
which involves hydrocarbon biodegradation and
removal can be limited by many factors such as:
microorganism type, nutrients, pH, temperature,
moisture, oxygen, soil properties, and contaminant
concentration (Demnerova et al. 2005). Despite the
limitations, bioremediation of crude oil polluted soils
is the cheapest and environmentally friendly approach
for reclamation of affected agricultural lands. The
increase in the search for cheap protein sources
have led to increase in the poultry farms and cattle
ranches. These activities have tremendously increased
the quantity of poultry and cow dung wastes which
creates nuisance to the environment (Ijah et al. 2008;
Madukwe et al. 2008). These organic wastes could
easily be transformed into nutrient rich manure for
eco-friendly bioremediation purposes. Also, increase
in technological advancement and the use of timber
for a variety of construction and building purposes
have increased the rate of generation of saw dust
which if not converted to useful manure will constitute
environmental pollution (Odu 2006). To reclaim crude
oil polluted agricultural soils and still maintain a
sustainable ecosystem, application of organic manures
is highly recommended due to its eco-friendly nature
(Amakiri and Onofegbara 1983; Aboh and Isietekhale
2013). The conversion and application of poultry
manure, cow dung and saw dust wastes among others
as organic manures for bioremediation purposes will
not only reduce environmental pollution caused by
the enormous quantities of these wastes generated but
will also be useful in tackling the menace of crude oil
pollution which always present the environment with
recalcitrant pollutants (Cuningham and Philip 2000;
Demnerova et al. 2005; Chorom et al. 2010). Organic
manures have been used singly or in combination
to improve soil fertility over the years (Amadi et al.
1996; Okolo et al. 2005; Tjah et al. 2008; Onuh et al.
2008a, b; Agarry et al. 2010). The efficacy of organic
bioremediation in promoting plant growth in crude oil
polluted Nigerian soil has also been well documented
(Amadi and Uebari 1992; Ogboghodo et al. 2005).The
effectiveness of these organic manure bioremediation
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strategies has however been conflicting (Cunningham
and Philip 2000; Lee et al. 2002; Lindstrom and
Braddock 2002). This has been attributed to the
heterogeneity of soils and crude oil samples as well
as possible interactions between the soil amendments
materials and the natural soil constituents (Knabel et
al. 1994). The effectiveness of each treatment in any
soil therefore needs to be evaluated on a case specific
basis. Therefore, this study is aimed at investigating
the potentials of using different organic manures
singly and in combination for treatment of crude oil
polluted soils and their effects on the growth and
development of maize (Zea mays L.) plant.

Materials and methods
Study area description

This study was carried out at the University of Port
Harcourt Botanic Garden, Port Harcourt, Rivers State
of Nigeria located between latitude 4° 00 and 5° OON,
and longitude 6° 30 and 7° E of 26 km, North-West of
Port Harcourt, Nigeria.

Sample collection

The experiment was conducted using loamy soils
collected from an uncultivated agricultural land in
the botanic garden of the University of Port Harcourt,
Rivers State. The soil samples were collected randomly
using a metal soil auger and a trowel from top surface
soil at a depth of 0-15 cm. The soil samples were
bulked together using coning and quartering method,
homogenized and 5.0 kg weighed into perforated
labeled bags and a total of 168 bags were made ready
for the experiment. Poultry waste was obtained from
poultry farm, cow dung waste was sourced from cow
slaughter house and sawdust waste was obtained from a
timber milling factory, all located at Aluu area of Chioba
in Obio-Akpo LGA, River State, Nigeria. The different
organic wastes were separately composted, crushed
and packaged as organic manure before use. The crude
oil used for the experiment was sourced from Nigeria
National Petroleum Corporation (NNPC), Eleme, Port-
Harcourt, Rivers State Nigeria. The Zea mays L. seeds
(Oba super 1 variety) used for the study were obtained
from Agricultural Development Programme (ADP)
office located at Ruma-Okoro, Port Harcourt, Rivers
State.

Pollution treatment and organic manure amendments

Crude oil pollution was applied in different proportions
at 0.0, 2.0, 4.0, 6.0, 8.0 and 10.0% in 5.0 kg soil at
random blocks comprising I, II, III, IV, V and VI,
respectively. The polluted and unpolluted soils were
allowed to stand under natural environment for fourteen
days before application of processed organic manure
amendments. During this period, the soil samples were
watered at intervals of two days and mixed to ensure
aeration. Thereafter, the soils with different levels
of pollution were amended by addition of different
organic manures at a ratio of 3:1 soil to organic manure
as in the design shown in Table 1. Poultry manure
(PM), cow dung manure (CM), sawdust manure (SM)
and a combination of equal amount of the manures
at predetermined ratio; poultry manure + cow dung
manure (PM + CM), poultry manure + sawdust manure
(PM + SM) and cow dung manure + sawdust manure
(CM + SM). The organic manure treated soils were
watered every two days and mixed to ensure adequate
aeration and allowed to stand for fourteen days before
planting. This study design included double control with
four replicates given a total of 168 treatment stands.
Progress of the plants performance and development
were monitored and weeds from buried seeds were
uprooted and removed by hand as they appeared.
Plant growth characteristics data were collected on the
following: germination percentage (%), plant height
(cm), plant leaf number and leaf area (cm?).

Determination of Zea mays L. growth parameters

Plant viability was determined by the flotation method
according to the procedures outlined by Agbogidi and
Nweke (2005). A bucket was washed with detergent
and rinsed with distilled water, inverted and allowed to
dry. The dried grease free bucket was then filled with
water and Zea mays L. seeds were poured into the water.
Thereafter, the seeds that settled down at the bottom of
the bucket were obtained as viable seeds and five seeds
per pot at the depth of 4 cm were used for sowing in the
pot experiment.

Germination percentage (%) was determined by
counting the number of seedlings that germinated
at seven days of sowing and calculated as shown in
equation (1).

L_NSGP, 100 W

NSPP 1

% Germinatio
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In equation 1, NSGP is the number of seedling
germinated per pot and NSPP is the number of seeds
planted per same pot

The plant height (PH) was determined by recording
the heights of each seedling from the ground level to
the tip of the plant with a thread which is then measured
using meter rule. Plant height was determined and
recorded at two weeks’ intervals up to eight weeks after
planting (WAP) (Agbogidi and Nweke 2005).

The number of plant’s leaves in the germinated
seedlings was counted and the average per plant in
the replicated pots recorded. Similarly, the plant’s leaf
area (PLA) was determined for each leaf by placing a
transparent graph sheet on each leaf and the number of
squares covered by each was recorded as outlined by
Agbogidi and Nweke (2005). The average plant leaf
area (PLA) for all the leaves in plants in the replicated
pots was determined and recorded at two weeks’
intervals up to eight weeks after planting (WAP).

Statistical analysis

The results were expressed as mean + standard
deviation (SD) of four replicates. One way analyses of
variance (ANOVA) was used to analyze the data while
mean values was separated by the Duncan Multiple
Range Test (DMRT) using Fishers Least Significance
Difference (LSD) (Kerr et al. 2002). Significant
differences were established at P < 0.05.

Results and discussion

The results of the effects of different organic manure
amendments on the percent germination of Zea mays
L. in the varying degree of crude oil polluted soils are
shown in Fig. 1. The results showed 100% germination
in crude oil unpolluted soil amended with poultry
manure (PM), cow dung manure (CM), combination
of poultry manure and cow dung manure (PM + CM)
and combination of poultry manure and sawdust
manure (PM +SM).The results also showed that the
application of sawdust manure to crude oil unpolluted
soil gave the least percentage germination rate (80%).
Percentage of germination of Zea mays L. generally
and significantly (P < 0.05) decreased with increase in
percentage crude oil pollution and at 8.0 and 10.0 %
crude oil pollution with no organic manure amendment,
all the sown viable seeds did not germinate (Fig. 1).
However, amendments with organic manure increased

the percentage germination with poultry manure giving
the highest. In all instances, however, saw dust manure
gave the least percentage of germination. The order of
increase in the percentage germination by the different
amendments options was: poultry manure (PM) > cow
dung manure (CM) > poultry manure + cow dung
manure (PM + CM) > poultry manure + saw dust
manure (PM + SM) > saw dust manure (SM) for all
levels of crude oil pollution (Fig. 1). Bioremediation of
crude oil polluted soils is a promising treatment method
that has been proven to maintain the soil integrity by
improving its fertility (Graj et al. 2013; Silva-Castro
et al. 2015; Hamoudi-Belarbi et al. 2018). The use
of organic manures for the reclamation of crude oil
polluted soil has recently evoked interest due to their
bio-stimulatory effects on the growth of hydrocarbon-
degrading microorganisms (Abdulsalam and Omale
2009; Graj et al. 2013; Silva-Castro et al. 2015; Nwogu
et al. 2015). In this study, crude oil pollution drastically
affected germination of Zea mays L. Similar results have
been reported (Onuh et al. 2008a, b; Hamoudi-Belarbi
et al. 2018). This could be attributed to the fact that
crude oil pollution impaired free flow of air (oxygen)
into the soil (reduced aeration), and also suppressed
the activities of microorganisms that would have
helped in the degradation and removal of substances
inhibiting seed germination (Basra et al. 2006). This
could also be due to the adverse effects of crude oil on
the microorganism involved in the mineralization of
organic materials which reduces some of the phytotoxic
effect of the crude oil on the seeds (Okolo et al. 2005).

Amendments of crude oil polluted soil with
different organic manures positively influenced the
rate of germination of Zea mays L. (Fig. 1). Different
organic manures affected the germination of the seeds
in different ways. This implies that the constituent of
the various manures is the actual determining factor in
their bioremediation potentials. These differences in the
bioremediation potentials of organic manures have been
reported by several researchers (Christo et al. 2008;
Madukwe et al. 2008; Ayolagha and Peter 2013). The
effectiveness in the bioremediation potential of poultry
manure as observed in this study may be attributed to
the differences in the microbial composition and load
of poultry manure compared to other organic manures
used in the study (Ofoegbu et al. 2015; Alotaibi et al.
2018). Lower percentage germination observed with
the application of sawdust manure may be attributed
to low microbial activities associated with sawdust
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manure and high level of organic carbon (Offor and
Akonye 2006; Obasi et al. 2013) which will impair
the mineralization during compositing of the manure.
Addition of poultry manure to cow dung or sawdust
their
potentials as reflected in the percentage of seed

manure greatly improved bioremediation
germination in this study (Fig. 1) with cow dung +
saw dust producing the best. Combining these manures

improves their bioremediation potentials due to the fact

that the microbial consortium from the various organic
manure sources may work in synergy to improve bio-
stimulation and composting which is necessary to
increase the microbial load in the crude oil polluted
soil and hence the rate of degradation of the crude oil
hydrocarbons by microorganism. The combined effects
of microorganisms in the bioremediation of crude oil
polluted soils have been documented (Nwogu et al.
2015; Hamoudi-Belarbi et al. 2018).
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Fig. 1 Effects of different organic manure amendment on percentage (%) germination of Zea mays L. in varying

degree of crude oil polluted soil

A (I-VI) = Pollution with no remediation treatment, B(I-VI) = Different pollution levels treated with 1.67 kg poultry manure (PM), C(I-VI)
= Different pollution levels treated with 1.67 kg cow dung manure (CM), D(I-VI) = Different pollution levels treated with 1.67 kg saw dust
manure (SM), E(I-VI) = Different pollution levels treated with 0.83kg poultry manure (PM) and 0.83kg cow dung manure (CM), F(I-VI) =
Different pollution levels treated with 0.83kg poultry manure (PM) and 0.83kg saw dust manure (SM), G(I-VI) = Different pollution levels
treated with 0.83kg cow dung manure (CM) and 0.83kg saw dust manure (SM).

The effects of different organic manure amendment
in the plant height of Zea mays L. in varying degree
of crude oil polluted soil for different weeks after
planting (WAP) is shown in Fig. 2 (P, Q, R and S). The
results showed that crude oil pollution significantly
decreased (P < 0.05) the growth of Zea mays L. in a
concentration-dependent manner. However, the study
showed that application of different organic manures to
the crude oil polluted soil significantly increased (P <
0.05) the growth height of Zea mays L. in the different
weeks recorded after planting (WAP). Two weeks after

planting (Fig. 2 P), the results showed that at all levels
of crude oil pollution, tallest Zea mays L. (maize) plant
were obtained in crude oil polluted soil amended with
combined poultry manure + sawdust manure (PM +
SM) followed by combined poultry manure + cow dung
manure (PM + CM) and least in sawdust manure (SM).
For four, six and eight weeks after planting, combined
cow dung + sawdust manure (CM + SM) gave tallest
Zea mays L plant while sawdust manure gave the
shortest maize plant. There were significant differences
(P < 0.05) in the height of maize grown under similar
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conditions of crude oil polluted soil amended with
different organic manures (Fig. 2). Crude oil pollution
affects the growth and yield of crops (Agbogidi and
Nweke 2005; Aboh and Isitekhale 2013). This is due
to the fact that the crude oil pollution changes the
physicochemical properties of soil environment and
the natural ecosystem making them undesirable for
soil-nutrient transfers to plants (Bejarano and Michel
2010; Ezeonu 2010). The pollution of the soil with
crude oil in this study adversely affected the growth of
maize plant, especially at the early stages of two weeks
after planting (2WAP) and the effect increased at the
concentrations of crude oil pollution increased (Fig 2).
Similar observations that demonstrated the retardation
in the growth of plant seedlings in crude oil polluted soil
have been reported (Ogboghodo et al. 2001; Onuh et al.
2008a, b). In this study, at four, six and eight weeks
after planting (Fig. 2Q, R and S), the growth of maize
seedlings improved especially at lower concentrations
of crude oil pollution. This may be attributed to the fact
that soil microbes present in the organic manures may
have acclimatized and undergone modification suitable
for the microbial degradation and mineralization of
the crude oil compounds (Amakiri and Onefeghara
1983; Okolo et al. 2005; Graj et al. 2013). The time-
dependent improvement in the growth of maize seedling
depicted the level of microbial restoration of the crude
oil polluted soils which directly reflected in the type
of organic manure used for the amendment. Similar
reports have been documented for other plants such
as cowpea grown in crude oil polluted organic manure
amended soil (Christo et al. 2008; Madukwe et al. 2008;
Onuh et al. 2008a, b).

The results of different organic manures amendment
on Zea mays L. leaf growth and development
characteristics in varying degree of crude oil polluted
soil is shown in Table 2. The results showed that the
average number of Zea mays L. leaves and leaf area
significantly decreased (P < 0.05) as the concentration
of crude oil pollution increased but significantly
increased (P < 0.05) in crude oil polluted soil amended
with different manures throughout the growth (weeks
after planting) period. Generally, the results indicated
that leaf growth and development characteristics were
greatly enhanced in crude oil polluted soil amended
with a combination of organic manure treatment
compared to those treated with single organic manure
(Table 2). Similar results have been reported for other
plants grown in crude oil polluted soil but amended

with different organic and inorganic fertilizers (Offor
and Akonye 2006). The improvement recorded in the
crude oil polluted soils amended with organic manures
could be attributed to the mineralization of the essential
nutrients available in the soil for the growth of the plant
by the different amendment options (Onweremadu
and Duruigbo 2007). Treatment of crude oil polluted
soil with organic manures bio-remediates the soil by
increasing the microbial load which in turn increases
the rate of degradation of the crude oil hydrocarbons
(Njoku et al. 2009). The fertility of the amended soils is
also greatly improved since organic manures not only
reduce or eliminated the crude oil but also add nutrient
to the soil and improves it aeration (Odokuma and Ibor
2002). Increase in leaf area caused by the various organic
manures amendment options is an indirect reflection
of increased photosynthesis and hence increased crop
yield (Christo et al. 2008; Ayolagha and Peter 2013).

Sawdust manure (SM) treatment exerted a profound
adverse effect on maize plant growth and development
characteristics because during the study, it was observed
that after the six weeks of planting (6WAP), maize
plants in the crude oil polluted soil treated with sawdust
were experiencing die-back and chlorosis of the leaves.
Amakiri and Onofeghara (1983) observed that crude
oil pollution produces similar effects on crop growth
and development while Asuquo et al. (2010) reported
that inefficient amendment of crude oil pollution with
organic manure result to die back and chlorosis of the
leaf during the growth period after planting (WAP).
This observed adverse effect of crude oil polluted soil
ineffectively amended with sawdust manure may be
attributed to nutrient imbalance and the dehydrating
effect of crude oil on maize seedlings, which sawdust
manure treatment alone could not ameliorate (Udo
and Fayemi 1975; Offor and Akoye 2006; Obasi et al.
2013). This study, however, showed that the ability of
sawdust to ameliorate crude oil pollution for optimum
plant growth and performance was improved greatly by
combining sawdust manure with other organic manures.
The combination of sawdust manure with poultry
manure greatly improved the growth and development
of maize seedling followed by its combination with cow
dung manure. Combining poultry or cow dung manure
with sawdust manure may have improved the microbial
load and hence its bioremediation capabilities. Similar
reports supported these findings (Das and Chandran
2011; Graj et al. 2013). The fact that combining these
organic manures greatly improved their crude oil



422 International Journal of Recycling of Organic Waste in Agriculture (2021)10: 415-426
25 P: Two weeks after planting (2WAP)
1(0.0%)
20 186 188 ®
17:.6 16.8 17.'7
- 5.2 |l (2.0%)
E 15
K=
- =11 (4.0%)
<
210
= # 1V (6.0%)
o
<
£ 5 -
o =V (8.0%)
0 # VI (10.0%)
A B C D E F G
-5
Different organic manure treatment
Q: Four weeks after planting (4WAP)
50 m
45 40 40 &1 (0.0%)
40
T 35 HI(2.0%)
% 30 = 1{4.0%)
=
» 21V (6.0%)
220
£ 15 =V (8.0%)
]
e 10 #V1(10.0%)
5
0
Soa B C D E F G
Different organic manure treatment
60 R: Six weeks after planting (6WAP)
13 13 50 21(0.0%)
50 45
||l (2.0%)
E 40
S 7 111 (4.0%)
£ 30
20
29 # IV (6.0%)
v
g
z 10 =V (8.0%)
0 #VI1(10.0%) | Fig. 2 Effects of different organic manure
10 - A B c D L F G amendment on the growth height of
Different organic manure treatment Zeamays L. in Varying degree of crude oil
polluted soil
S: Eight weeks after planﬁng (S“'AP) A (I-VI) = Pollution with no remediation treatment,
20 B(I-VI) = Different pollution levels treated with 1.67
70 68 62 68 ®1(0.0%) kg poultry manure (PM), C(I-VI) = Different pollution
— 60 levels treated with 1.67 kg cow dung manure (CM),
S B1I(2.0%) D(I-VI) = Different pollution levels treated with 1.67
.‘UED B 11(4.0%) kg saw dust manure (SM), E(I-VI) = Different pollution
E % 1V (6.0%) levels treated with 0.83kg poultry manure (PM) and
15 . 0.83kg cow dung manure (CM), F(I-VI) = Different
(1] =
o =V(8.0%) pollution levels treated with 0.83kg poultry manure
#VI(10.0%) | (PM) and 0.83kg saw dust manure (SM), G(I-VI) =

A B C D E F G
Different organic manure treatment

Different pollution levels treated with 0.83kg cow dung
manure (CM) and 0.83kg saw dust manure (SM).



423

International Journal of Recycling of Organic Waste in Agriculture (2021)10: 415-426

(JN'S) 2anuew jsnp mes 3Y€]°(0
pue (JND) 2anuew Sunp M09 3N’ YIm pajean s[aAd] uonnyjod juardlyig = (JA-)O ‘(AS) 2inuew jsnp mes 33¢g°() pue (JNJ) 2muew Anjnod 3)¢g°(
i pajeary s[aas] uonnyjod JuaIdIg = (JA-1)J ‘GAD) 2anuew Sunp mod 3)¢8°0 pue (JAJ) dmnuew Annod IY¢] () Yym pajean s[oAd] uonnjjod JuaIdiIq
= (IA-DF ‘(N'S) 2anuew 1snp mes 3 £9°] Ym pajean s[oAd] uonnjjod 1uardid = (TA-1)A ‘(JAD) dmuew Funp m00 3 £9°T YIm Pajean) S[9Ad] uonnjjod
Juatlid = (JA-DD ‘(Ad) 2anuew Annod 3 £9°T yum pajean s[aad] uonnjjod jud1dyi = (JA-1)g WuSuLa1} uonerpawal ou Yum uonnjod = (JA-]) V

§501 5 0%t § o2t % 6EE 8L GGt I R { B SN
6°€LT 6 €8S€ 6 STL L S€81 1T I'SEh T 079 g gined
0°0€ 9  06b 9 001 S TLL 9 0.8 9 0'sT I a :
0Tl 8 09T 6 0°L0C 01 0981 6 0€T€ 8  0SEh L D yrsIm
0181 8 0792 S 0661 L OLES 0l  0°LSE 01 072C0b I 4 wsSig
00 0 011 12 €6 v 0cl S 961 v 0TIE 01 V
9L L L10€ L vre 6 1102 6 vre 6 ST8T 0l D
v€8 9 PECl 8  6°¢€8l1 6 01¥C 6 00T 01  soce o1 4 (dvm9)
09¢€1 9 0501 L 0€Tl 9 0L6 L 01¥C 6 09¢p 0l 9  Suguerd
8'LT L 881 9 €T S L€¢g S v S 0cs I a 1)e
0911 g8 00Tl 8 0881 01 06l 8  0¢6l 8  0¢0T LD syoomxig
06b1 9  0%6S 8 1'90T 8 6681 6 9192 8 SI8C 01 9 .
00 0 S01 v €3 v oTel S 86 v 90LT 6 V
60T S 066 9 L8 8 00Tl 8  07T€C L 089¢ L D
TEe S 90¢ 9 0 L 07101 8 0961 L 008¢ g 4 (dvmp)
T8 S 80¢ S L€€ 9 61T L 6°€6 L 01T L 4  Sunued
801 S 60T L 012 v 67T 9 $'se S 0°8% S d Ioye syoom
065 8 189 8 0Tl 8 088l 8 0¢€6l 8  090T L D moy
vEL L 0v6 8 06Tl 8 06Tl 8 091 L 079¢ 8 4
00 0 00 0 89 € el 12 961 v 8ELI 9 Vv
997 S 9¢¢ S 89¢ S T8y 9 09S 9 0vS L D
¥'81 9  60C 9 80T S 06¢ 9 0°LE S 0001 ¢ 4 Wvmo
84T 9 89T S 89T v v6g 9 $0S 9 0°¢6 ¢ d  Supued
66 v ooepl S 991 S vl S $91 S g€l S a RENT)
0°C¢ S 0Lg S 00 9 TOV 9 S8y S 09 9 D syomom]
81 v 161 12 1'€C ¥ 80¢ 9 08¢ 9 89¥ S g
00 0 00 0 0°¢€l € 08l S 79T S 8€€S S Vv
(o) (quo) (quo) (o) (;wo) (o)
Bale m®>mo~ Bale w®>w®~ Bale m®>m®~ Bale w®>w®~ Bale w®>mo— vale m®>m®~ muouoamumg
Jedo7 JOoON  JedT Jo ON JeoT JOoON  JedT  JOON JeoT  JoON JeoT Jo-ON IMOID)
uonnyjod
(%001 1A (%60°8) A (%609) Al (%0°%) 111 (%00 11 (%0°0) 1 %.wmﬂ

[1os pamyod 10 opnid jo 92139p Surkrea

ur sonsLeloeIeyd juowdoorop pue Y3moisd Jes] ] Sdvw paz UO JUSWIPUSWE JINUBW OIULSIO JUSIOMIP JO SI00)JH T dlqel

crude oil polluted soil with organic manures especially

bioremediation potentials and their ability to support

combined organic manures significantly improved

Zea mays L. growth and development characteristics

maize growth and development and hence its production

showed that they contain different species of microbial

in organic manure reclaimed soils.

loads and nutrients which may be more bioavailable to

plants if they are allowed to interact (Burd et al. 2000;

Obasi et al. 2013). Similar results have been reported Conclusion

when a combined microbial consortium or organic and

The study revealed that crude oil pollution impacted

inorganic fertilizers are used for crude oil remediation
(Abdulsalam and Omale 2009; Das and Chandran 2011;

negatively on soil and adversely affects the growth

and development of maize (Zea mays L.) in a dose

Graj et al. 2013; Silva-Castro et al. 2015). In general,

dependent manner; the higher the dose, the greater the

the study revealed that crude oil pollution impairs the

growth and development of maize; amendment of negative impact on soil. It was also discovered that
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different organic manures have varying potentials in the
amendment of crude oil polluted soils. The study showed
that combination of organic manures especially cow
dung + saw dust improved their crude oil remediation
abilities and enhanced growth and development
of Zea mays L. more than other combinations and
single organic manure amendment options. This
study has shown that sawdust waste could be made to
support crop growth and development and hence crop
production by combining them in appropriate quantities
with other suitable organic waste especially cow dung
to form good quality organic compost manure. The
study recommends reconstitution of different organic
waste to obtain good quality compost and their use
for environmentally friendly bioremediation of crude
oil polluted soils. Current research should focus on
best ways of harnessing recalcitrant organic waste
like sawdust for eco-friendly bioremediation and
improvement in crop production since they are usually
generated in very large quantities against the usual
practice of burning them.
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