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ABSTRACT

Background and Objective: Palm oil mill effluent (POME), a byproduct of palm oil processing, is
traditionally viewed as an environmental pollutant due to its high organic content and biochemical oxygen
demand. This study evaluates some properties of soil samples collected from a POME discharge site in
Omereluy, Rivers State. Materials and Methods: Soil samples were collected from the POME polluted site
and a non-POME polluted site which served as the control sample. The samples were analyzed for the
physicochemical properties of the soil samples using the AOAC standards for laboratory procedures. The
IBM SPSS version 25 was used for the statistical analysis, and Turkey’s post hoc test was used for
multiple comparison. Results are presented as MeanzStandard Deviation, with significance at p<0.05.
Results: Results showed a significant increase in soil pH from 5.1067+0.0100 in non-POME soil
(Sample A) to 6.7300£0.1 in POME soil (Sample B). Organic carbon content rose substantially from
0.3767+0.1528 in Sample A to 2.9267+0.1528 in Sample B. Total nitrogen levels also increased from
1.0830+0.002 to 1.3713+0.0015 while available phosphorus improved significantly from 1.43+0.01 to
14.3267+0.251 mg/kg, reflecting enhanced nutrient availability. Visual assessments corroborated
these findings, with POME soil exhibiting a darker, humus-rich appearance and denser vegetation.
Conclusion: These results indicate that POME, when properly managed, can serve as an eco-friendly soil
amendment, improving soil fertility and agricultural productivity. However, its strong odour and potential
environmental risks highlight the need for treatment before application. This study advocates further
large-scale trials and the development of regulatory guidelines to optimize POME's use in agriculture,
promoting both environmental sustainability and enhanced crop yields.
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INTRODUCTION

Nigeria, with its vast arable land, faces mounting challenges in ensuring food security for its growing
population'. Among these challenges is declining soil fertility, which undermines sustainable agricultural
productivity®. Although conventional inorganic fertilizers provide a potential solution, their high cost,
exacerbated by reliance on imports and environmental risks, limit their widespread adoption by
smallholder farmers, who form the backbone of the nation’s agricultural economy’. This situation
underscores the need for cost-effective and sustainable soil conditioners.
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Palm oil production, a major economic driver and export commodity for Nigeria, generates significant
quantities of wastewater known as palm oil mill effluent (POME)*. Improper disposal of POME poses severe
environmental risks due to its high organic content, which can contaminate water sources®. However,
emerging research highlights POME's potential as a nutrient-rich resource for improving soil fertility when
appropriately processed®.

The POME, a byproduct of the palm oil extraction process, contains a high organic load composed of
lipids, proteins, carbohydrates, and essential nutrients such as nitrogen, phosphorus, and potassium”®.
These attributes make it a promising candidate for transforming agricultural practices by enhancing soil
organic matter, improving soil structure, and promoting nutrient availability”'°. When used as a bioorganic
fertilizer or soil conditioner, POME can enhance soil health, boost crop yields, and reduce dependency on
synthetic fertilizers, providing a sustainable alternative for small-scale farmers'".

Several studies support the efficacy of POME in improving soil productivity. Increased growth and yield
of crops such as Napier grass when treated with POME, attributing these improvements to its high nutrient
content'. Similarly, a significant benefit in palm oil seedling growth was observed following POME
application®, as well as the positive effects of POME on soil physicochemical properties and plant
development™. These findings suggest that POME's nutrient-rich composition and organic matter can
address declining soil fertility and support sustainable agricultural practices.

Incorporating POME into agricultural systems not only improves soil fertility but also offers an
environmentally friendly solution to managing palm oil industry waste. By enhancing microbial activity,
nutrient cycling, and soil structure, POME contributes to better plant development and reduced reliance
on inorganic fertilizers'™. Its application as a bioorganic fertilizer aligns with global efforts to promote
sustainable farming practices and reduce environmental degradation®.

This research evaluated the properties of the POME site as a possible cost-effective and sustainable soil
amendment for Nigeria’s agricultural sector. By addressing both waste management challenges and
declining soil fertility, POME has the potential to empower smallholder farmers, enhance agricultural
productivity, and promote food security in the nation.

MATERIALS AND METHODS

Study area: The study was conducted from November, 2021 to February, 2022 on soil samples from SIAT
Nigeria Limited, an agro-industry in Omerelu town, Rivers State, Nigeria. Agro-industries account for about
15% of environmental pollution”, raising environmental concerns like pollution from palm oil mill effluent
(POME) in Omerelu Town, Rivers State, Nigeria.

Physical assessment of soil sampling sites: Sample A served as the control while Sample B served as the
POME sample. The sampling sites were visually inspected to observe vegetation, soil colour, odour, and
texture. This method aligns with standard environmental assessment protocols.

Soil sampling: Topsoil samples were collected in triplicates from the study site (POME-polluted area) at
a distance of 0-5 m, and control samples were collected from a non-polluted site located 100 m away.
Nine samples were collected, sealed in sterile polyethylene bags, and transported to the Rivers State
University, Port Harcourt laboratory for analysis. This sampling protocol was adapted from prior studies'®.
Some general guidelines from Soil Science Literature®' provide approximate ranges for classifying soil

organic and nutrient content concentration for soil fertility in Table 1.
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Table 1: Soil classification of organic and nutrient content

Organic carbon (%) Total nitrogen (%) Available phosphorus (mg/kg)
High >3.0 >0.5 >15.0
Moderate 1.0 0.1-0.5 5.0-15.0
Low <1.0 <0.1 <5.0

Measurement of soil pH: The pH of the soil samples was measured using a calibrated digital pH meter
following a standard procedure®. Twenty grams of soil were weighed into a beaker, and 20 mL of distilled
water was added to form a slurry. The pH meter was inserted into the slurry, and the pH values were
recorded for each of the nine samples. Soil with a pH between 6.1 and 7.3 is considered slightly acidic and
neutral, optimum conditions for soil nutrients and most bacterial activity to thrive, and agriculturally
favourable for crop yield*.

Analysis of organic carbon in soil samples: The determination of organic carbon was carried out using
the Walkley-Black method®. Approximately 1 g of sieved soil (<2 mm) was transferred into a 250 mL
conical flask, and 10 mL of 1 N Potassium Dichromate (K,Cr,O,) was added. This was followed by the
careful addition of 20 mL of concentrated Sulfuric Acid (H,SO,) while swirling. After cooling, 200 mL of
distilled water, 10 mL of Phosphoric Acid (H;PO,), and a few drops of ferroin indicator were added. The
solution was titrated with a 0.5 N Ferrous Sulfate (FeSO,) solution until the endpoint was reached, signaled
by a color change to maroon red. The titre values were recorded for each sample and used to calculate
the organic carbon content.

Analysis of nitrogen content in soil samples: The soil nitrogen content was determined using the
Kjeldahl method®. Five grams of soil were weighed into a beaker, and 50 mL of Potassium Chloride (KCl)
solution was added. The mixture was swirled thoroughly, and filtered through filter paper, and the clear
filtrate was collected in a test tube. Two millilitres of Sulfuric Acid (H,SO,) and brucine reagent were added
to the filtrate, and the mixture was heated for 30 min. A spectrophotometer was used to measure the
absorbance at 410 nm. The absorbance values were used to calculate the nitrogen content concerning
a calibration curve.

Analysis of phosphorus in soil samples: The determination of phosphorusin the soil samples was carried
out using the Olsen method®. One gram of soil was weighed and placed in a beaker. Twenty milliliters of
Sodium Bicarbonate (NaHCQO;) solution were added, and the mixture was shaken for 20 min. The mixture
was then filtered, and half a teaspoon of Calcium Carbonate (CaCO,) was added to the filtrate to improve
clarity. One milliliter of ammonium molybdate solution and two drops of stannous chloride solution were
added. The solution was left undisturbed for 5 min to allow for colour development, after which its
absorbance was measured using a spectrophotometer at 690 nm. The phosphorus content was calculated
using a calibration curve.

Data analysis: Data were analyzed using IBM SPSS (Statistical Package for Social Sciences) version 25.0.
Statistical evaluations of the difference between the group mean values were tested by One-way Analysis
of Variance (ANOVA) and the Turkey's post hoc test for multiple comparisons. The results were expressed
as MeanzStandard Deviation and statistical significance was considered at p<0.05.

RESULTS AND DISCUSSION

Physical properties of soil: Visual inspection of the soil sample shows the different visual characteristics
of the two soil samples. They were characterized in terms of colour, odor, and vegetation
(Table 2 and Fig. 1).

« Colour: Sample A was found to be brown, and the Sample B (POME) site was black with humus

e Odour: Sample A had no odor, Sample B (POME contaminated) had offensive odor

+ Vegetation: Sample A had little vegetation, and Sample B (POME contaminated) was grown with trees
and grasses
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Fig. 1: Comparison of soil parameters between Sample A and B
Table 2: Visual Inspections of POME dumpsite and non-dumpsite
Sample Colour Odour Vegetation
A Brown Free of odour Sparse vegetation
B Black with humus Strong and unpleasant Dense growth of trees and grasses

The impact of palm oil mill effluent (POME) contamination on soil properties was assessed, and the results
present compelling evidence that POME could potentially serve as a panacea for improved soil fertility
when properly managed.

The significant increase in pH from 5.1067+0.0100 in Sample A (non-contaminated) to 6.7300£0.1 in
Sample B (POME-contaminated) suggests a shift from strongly acidic to slightly acidic/neutral conditions,
which is agriculturally favourable, this aligns with FAO guidelines®', which indicate that soils with a pH of
6.1-7.3 create optimum conditions for nutrient availability and bacterial activity crucial for soil fertility. This
finding is contrary to previous studies which report a consequential decrease in soil pH when treated with
POME®, but aligns with another study by Ganapathy et al.*” on soil from POME dumpsite, attributing the
rise in biodegradation of organic materials to increased soil pH, and gradual neutralization of soil acidity.
This adjustment to near-neutral pH enhances nutrient solubility, especially phosphorus, calcium, and
potassium, which thrive in slightly acidic to neutral pH ranges.

The organic carbon content in Sample B (2.9267+0.1528%) was significantly higher than in Sample A
(0.3767+0.1528%), indicating POME's potential to enrich soils with organic matter. According to the
classification by FAOUN?', this falls within the moderate range (1.0-3.0%), nearing the threshold for high
organic carbon levels. The dark colouration and humus-rich appearance of Sample B further corroborate
the increased organic matter content observed. This aligns with reports that POME introduces slowly
decomposing organic compounds into the soil, leading to improved soil structure, water retention, and
fertility®.

Total nitrogen levels also showed a notable increase in Sample B (1.3713+0.0015%) compared to
Sample A (1.0830+0.002%). Both values are categorized as high, based on FAO guidelines, and signify that
POME contributes to nitrogen enrichment. The microbial activity stimulated by the organic content in
POME likely mobilized nitrogen within the soil, enhancing its availability for plant uptake®. The dense
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vegetation observed in Sample B, with trees and grasses thriving, could further indicate nitrogen
sufficiency, as nitrogen is a critical macronutrient for plant growth and chlorophyll production.

The significant increase in available phosphorus from 1.43+0.01 mg/kg in Sample A to
14.326720.251 mg/kg in Sample B underscores POME's potential to enhance phosphorus availability.
Although the level in Sample B remains in the moderate range (5.0-15.0 mg/kg) according to FAO
standards?', the marked improvement could be attributed to the neutralizing effect of POME on soil pH,
as phosphorus availability peaks within slightly acidic to neutral pH ranges™®. This finding is consistent with
Li et al*', that highlight the role of POME in solubilizing phosphorus in soils, which is critical for root
development and energy transfer in plants.

Visual inspection further supports the chemical findings. Sample B exhibited a black, humus-rich
appearance, suggesting a high organic matter content. The strong, unpleasant odor observed could be
attributed to the slow decomposition of organic materials in POME, releasing volatile compounds.
Additionally, the dense vegetation in Sample B compared to the sparse vegetation in Sample A
underscores POME's ability to create a nutrient-rich environment conducive to plant growth. This aligns
with previous findings that highlight the beneficial effects of organic amendments on soil fertility and
vegetation®"**,

The results collectively highlight the potential of POME as a soil amendment when appropriately managed.
The organic carbon, nitrogen, and phosphorus enrichment observed in POME-contaminated soil indicate
its ability to improve soil fertility significantly. However, the strong odor and potential environmental risks
associated with untreated POME necessitate proper treatment before application to agricultural soils.
Treated POME could act as a sustainable alternative to chemical fertilizers, contributing to soil health and
agricultural productivity while mitigating the environmental burden of POME disposal.

CONCLUSION

This study demonstrates the potential of palm oil mill effluent (POME) as an effective soil amendment for
improving soil fertility. The significant increases in pH, organic carbon, nitrogen, and phosphorus levels
in POME-contaminated soil suggest that POME can enhance soil properties, creating a more favourable
environment for plant growth and microbial activity. The positive visual and chemical changes observed
highlight the benefits of POME in enriching soils, improving soil structure, and promoting nutrient
availability. However, the strong odour and environmental risks associated with untreated POME underline
the need for proper treatment before application. Treated POME can serve as a sustainable, cost-effective
alternative to chemical fertilizers, contributing to both agricultural productivity and environmental
sustainability.

It is recommended that further research focus on optimizing POME treatment methods to mitigate
potential environmental risks, particularly regarding odour and contamination. Additionally, large-scale
field trials should be conducted to assess the long-term impact of treated POME on soil fertility and crop
yields. Proper management and treatment protocols should be developed to ensure the safe and effective
use of POME as a sustainable soil amendment, promoting its adoption in agricultural practices.

SIGNIFICANCE STATEMENT

This study discovered the potential of palm oil mill effluent (POME) as an effective soil amendment that
can be benéeficial for improving soil fertility and enhancing plant growth. The significant increases in pH,
organic carbon, nitrogen, and phosphorus levels in POME-treated soil suggest its ability to enhance soil
properties, creating a more favorable environment for microbial activity. However, proper treatment is
necessary to mitigate environmental risks associated with untreated POME. This study will help researchers
uncover critical areas of sustainable soil management that many have not explored. Thus, a new theory
on utilizing treated POME as an eco-friendly soil amendment may be arrived at.
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