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Abstract elSSN 2583-942X
This study assessed the physico-chemical properties, enzyme activities, and basal respiration Exclusive Rights:
of a sandy-loam soil around a ten-year-old palm oil mill effluent (POME) dumpsite at Inyi, a Society for AgroEnvironmental
representative palm oil-processing community, in southeastern Nigeria. Sampling was from Sustainability, India
the POME dumpsite and at 20, 60, 100 and 260 m away. Soil pH ranged from alkaline (7.47)
at the dumpsite to moderately acidic (5.83) 260 m away. Organic carbon, total nitrogen, LICENSE
and available phosphorus were highest (3.18%, 0.406%, and 76.79 mg/kg, respectively) in

POME-dumpsite soil and decreased with distance away from it. The POME-dumpsite soil This is an Open Access Article
showed higher contents of the exchgngeable bases (K™, ;az*, Mg®* and Na*; 0.19, 9.33, 9..00 published under a CC BY 4.0
and 0.16 cmol/kg, respectively), cation exchange capacity (22.13 cmol/kg), base saturation International License
(84.40%) and, hence, higher structure stability than the adjacent soils. Enzyme assays

showed decreases in soil dehydrogenase activity with distance away from the dumpsite.

Catalase activity was inhibited at the farthest point (260 m) away from the dumpsite,

whereas lipase activity was nominally higher in the dumpsite (81.95 ugPNP/gmin) than

in the adjacent soils. Basal respiration decreased only at 20 m away from the dumpsite.

These results indicate improved soil fertility/health around POME dumpsites relative to

directly unaffected surroundings. By positively influencing soil physico-chemical properties

and enzyme/microbial activities, long-term controlled dumping of POME could enhance

environmental quality. Understanding the interplay between these ecological benefits of

controlled POME dumping and the widely acknowledged eco-toxic effects of POME is

essential for developing its sustainable management strategies in palm oil-processing

regions.

Citation: Ugwu, D. O. et al. (2025). Soil Physicochemical, Biochemical and Microbial Properties at Varying Proximities to Ten-Year-
Old Palm Oil-Mill Effluent Dumpsite in Derived Savannah. AgroEnvironmental Sustainability, 3(4), 328-343. https://doi.org/10.599
83/52025030403

Statement of Sustainability: The processing of oil palm fruits into palm oil and other products is a thriving business in the tropics.
Land dumping of the ensuing large volumes of palm oil-mill effluent (POME) as a means of its disposal — a practice which is
often inevitable — has been viewed through the negative lens. This study found open dumping of POME to lead to enhanced
soil fertility/health in the derived savannah agroecological zone of the humid tropics. The practice thus can have some ecological
benefits which may compensate for the widely recognized toxic influence of this agro-waste in our tropical agro-ecosystems. This
research contributes to Sustainable Development Goals (SDG), including SDG 1 (No Poverty), SDG 2 (Zero Hunger), SDG 3 (Good
Health and Well-being), SDG 11 (Sustainable Cities and Communities), and SDG 13 (Climate Action).
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1. Introduction

Palm oil production is an important agricultural cum economic activity in many tropical regions, including Nigeria
where it contributes to the diet of many people (Bassey, 2016). It accounts for around 70% of the supply of domestic
vegetable oil, as palm oil is reputed as one of the most widely used cooking oils in West African and neighbouring
tropical countries (Nzeka, 2014; Boateng et al, 2016). About 80% of palm oil production comes from small-scale
farmers who harvest semi-wild palm fruits and process them manually (Gunn, 2014). In Nigeria, most manual and
mechanized processing mills are concentrated in the south-eastern region, where oil palm trees are endemic and
grow both in the wild and on plantations (Ohimain et al., 2014; Okolo et al., 2019).

Nevertheless, the palm oil production industry is faced with challenges associated with the management and dis-
posal of its by-products, notably, palm oil-mill effluent (POME). These effluents, rich in organic and inorganic com-
pounds, are often discharged directly onto land without adequate treatment, raising serious concerns about their
long-term environmental impact. Such a practice poses environmental risks if not properly managed, as untreated
oil-mill effluents can release large quantities of greenhouse gases, pollute water systems, harm aquatic organisms
(Hosseini and Abdul, 2015), and can be phytotoxic (Okorie et al., 2017; Ugwu et al., 2024). Untreated oil-mill effluents
also hinder the activity of soil enzymes, and have a reductive effect on soil microbial activity (Ugwu et al., 2025).

In derived savannah agro-ecologies, the soil plays a vital role in sustaining agriculture and maintaining ecological
balance. The discharge of untreated POME into the environment, especially over extended periods, may result in
profound alterations to the soil's physical and biochemical properties, affecting its fertility, microbial activity, and
overall health. The POME contains appreciable quantities of phenols/polyphenols, especially when fresh (Komilis et
al., 2005), a high concentration of organic matter, with a biological oxygen demand ranging from 25,000 to 65,714
mg/L and a chemical oxygen demand ranging from 44,300 to 102,696 mg/L (Hashiguchi et al.,, 2021). It consists of
4-5% solids (mostly organic), 0.5-1% residual oil, around 95% water, and a high level of organic nitrogen (Onyia et
al, 2001; Taye and Yifru, 2010). It is estimated that producing one tonne of crude palm oil annually generates 5-7.5
tonnes of water in the form of POME (Ahmad et al., 2003). Consequently, POME presents a significant challenge in oil
palm factories because of its large volume and difficulties in disposal (Mohammad et al., 2021; Nwoko et al., 2010).

A common practice among local oil mills in Nigeria is the discharge of POME onto adjacent fields or into nearby
pits, where it undergoes natural fermentation facilitated by indigenous microorganisms (Nwoko et al., 2012). While
this traditional disposal practice may appear convenient, it carries significant environmental consequences. The direct
release of oily liquids onto the land can lead to soil compaction and waterlogging (Umoren et al., 2019), inhibiting plant
growth and causing vegetation die-off, while constituting air pollution. When it enters water bodies, POME transforms
river conditions, often turning the water brown, thick, and odorous which result in pronounced aquatic pollution
(Mohammad et al.,, 2021). Therefore, poorly managed disposal methods not only degrade terrestrial environments
but also pose substantial risks to aquatic ecosystems, where contamination has been linked to adverse effects on fish
populations and other aquatic life (Zulfahmi et al., 2021; 2023).

The unchecked land disposal of large volumes of untreated POME in the humid tropics has emerged as an envi-
ronmental concern with adverse implications. Continuous indulging in this practice has been linked to alterations in
soil characteristics, including its structure, fertility, and overall quality (Nta et al., 2020). Such changes in soil physico-
chemical properties can also disrupt the balance and functionality of microbial communities and enzyme activity, which
define the health of soil ecosystems (Zhong et al., 2015). The toxic effects of fresh POME in the soil have received un-
due research attention in and beyond the humid tropics (Hashiguchi et al., 2021; Ogunbode et al., 2022), even when
POME pollution or deliberated addition to soil generally can enhance physicochemical, biochemical, and microbio-
logical properties of humid tropical soils (Eno et al., 2017; Ugwu et al. 2025). Information on how POME dumping
influences these soil properties would help devise strategies for managing this effluent and mitigating the toxicity of
its fresh form on the agro-environment (Wang et al., 2023), translating into its proper management to the benefit of
sustainable agricultural development of tropical Africa (Baiyeri et al., 2020).

In this study, we assessed the soil physicochemical properties as markers of soil quality and fertility alongside
enzymatic/microbial activities as markers of soil health, at varying proximities to a ten-year-old POME dumpsite at
Inyi in the derived savannah of southeastern Nigeria. The objective was to expose any spatial trends in soil physical
properties (particle size fractions), physicochemical properties (soil pH, organic carbon, and primary nutrients), and
soil structure deformation from the dumpsite outwards. By also examining the spatial trends in the activities of soil
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enzymes (dehydrogenase, catalase, and lipase) and microbes, we gained insight into the influence of the practice
of POME dumping on metabolic functions and microbial communities. With information on such trends for these
soil quality/health attributes, we contribute to the broader discourse on sustainability and environmental stewardship
concepts in the palm oil industry of the agricultural sector of tropical countries. The overall aim was to add to the
understanding of the impact of this age-long practice on environmental quality.

2. Materials and Methods

2.1. Description of the Study Area

The study was carried out at Inyi in Orji River Local Government Area of Enugu State of Nigeria. Inyi shares boundaries
with Achi, Ugwuoba, Akpugoeze, and Ufuma, and is about 60 km to Enugu, 45 km to Awka, and 35 km to Nnewi,
all in Enugu and Anambra States in the South-East, Nigeria. There are nine villages in Inyi with Umuome and Enugu-
Inyi at the heart of the town. Mean annual rainfall is in the range of 1.5-2.0 m, while mean minimum and maximum
temperatures are 18 and 36°C, respectively. The soil in Inyi is predominantly sandy loam and the vegetation is typical of
derived savannah. The majority of the town’s active population are peasant farmers and businessmen. The processing
of oil palm fruits into palm oil and sale of the latter is a thriving business in the town.
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Figure 1a. Map of Enugu State in the South-East, Nigeria showing Orji River Local
Government Area and Inyi as one of its communities with the different soil sampling sites
within the community.

2.2. Collection of Soil Samples

Soil samples were collected at and adjacent to a POME dumpsite (open pit), situated at Inyi in Oji River Local Govern-
ment Area of Enugu State in the South-East, Nigeria (Figures 1a and 1b). The terrain represented a gentle slope of ca.
5% falling from the dumpsite outwards, ensuring lateral drainage in this direction and not otherwise. The dumpsite
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was over 10 years old as at the time of this study, and soil sampling took place during the rainy season (April — Octo-
ber). A sampling transect was established, and samples collected this transect and and in the direction of the slope at
pre-determined intervals (Joseph et al.,, 2025). Soil samples were collected from the periphery of the POME dumpsite
and at 20, 60, 100 and 260 m away from it (Table 1). Topsoils (0-15 cm) were collected in quadruplicates using a
soil auger and placed into polythene bags. A walker meter was used to measure the distance away from the POME
dumpsite, along the sampling transect on ca. 5% slope. The soil samples were taken to the laboratory where they were
air-dried to constant weight, gently crushed, and sifted through a 2-mm sieve to collect the fine-earth particles for

analyses.
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Figure 1b. Map of Enugu State in the South-East, Nigeria showing Orji River Local
Government Area and Inyi as one of its communities with the different soil sampling sites
within the community.

Table 1. Sampling sites at and some distances away from the palm oil-mill effluent (POME) dumpsite and their geo-
coordinates at Inyi in the derived savannah of south-eastern Nigeria.

Sampling site

GPS location

POME dumpsite

N 06° 07.332, E 007° 17.557

20 m from POME dumpsite

N 06° 07.338, E 007° 17.548

60 m from POME dumpsite

N 06° 07.352, E 007° 17.534

100 m from POME dumpsite

N 06° 07.371, E 007° 17.521

260 m from POME dumpsite

N 06° 07.441, E 007° 17.510

2.3. Laboratory Soil Analyses
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2.3.1. Analyses for Soil Physicochemical Properties

Soil pH was measured using deionized water and 0.1 N KCl suspensions in a 1:2.5 soil-to-liquid ratio (McLean, 1982)
with a Beckman'’s zeromatic glass electrode pH meter. Soil organic carbon (SOC) content was determined by the
Walkley-Black wet dichromate oxidation method (Nelson and Sommers, 1982). Total nitrogen was measured through
micro-Kjeldahl digestion and distillation as described by Bremner and Mulvaney (1982). Available phosphorus was
extracted with Bray 2 solution and quantified using a colorimetric method (Olsen and Sommers, 1982). The cation
exchange properties of the amended soil were assessed as follows: soil samples were leached with T N NH4OAc (pH 7),
and the resulting exchangeable potassium and sodium (K* and Na*, respectively) in the leachate were measured using
a flame photometer. Exchangeable bases of calcium and magnesium (Ca®* and Mg?*, respectively) in the leachate
were determined through complexometric titration (Thomas, 1982). Cation exchange capacity (CEC) was measured
using the NH4OAc displacement method (Rhoades, 1982). The percent base saturation was calculated by totaling
the exchangeable bases (K*, Ca®*, Mg?*, and Na*), dividing this total by the CEC, and then multiplying the result by
100. Soil exchangeable acidity (exchangeable aluminium and hydrogen) was measured using the method outlined by
McLean (1982). Soil mechanical analysis was done using the hydrometer method, and particle size distribution was
measured following the procedure described by Gee and Bauder (1986). Each parameter was analyzed in triplicate.
Structure stability index (SSI) of the soils, an indicator of the risk of soil structure deformation due to SOC depletion
(Obalum et al., 2012, 20134, b; Jidere et al., 2025), was also calculated as follows:

M

1.724 x %SOC
1= 1
55 ( %Silt + %Clay) 00

2.3.2. Determination of Soil Biochemical Properties

Dehydrogenase activity of the soil was assayed following the procedure outlined by Tabatabai (1982). In the procedure,
1 g of soil was mixed with 1 ml of 3% aqueous 2,3,5-triphenyl tetrazolium chloride in a test tube, incubated for 96
hours at 27°C, and then mixed with ethanol. After vortexing the mixture and allowing the suspended soil particles to
settle, the supernatant was measured spectrophotometrically at 485 nm. The concentration of formazan formed dur-
ing the decomposition of 2,3,5-triphenyl tetrazolium chloride by dehydrogenases was calculated using an extinction
coefficient of 15,433 mol cm~! (Dushoff et al., 1965).

Soil catalase activity was assayed following the procedure outlined by Cohen et al. (1970). This method involved
mixing 10 g of soil with 100 ml of phosphate buffer at pH 7.4 and filtering the suspension through a cheese cloth.
The resulting filtrate was centrifuged to obtain the supernatant. Catalase activity was assessed by quantifying the
breakdown of hydrogen peroxide using an excess of potassium permanganate (KMnQ,). The mixture of supernatant
and hydrogen peroxide was reacted, and the remaining KMnO,4 was measured spectrophotometrically at 480 nm. A
spectrophotometer standard was prepared as a combination of KMnQ,, phosphate buffer, and sulfuric acid, and the
spectrophotometer was calibrated with distilled water before readings were taken.

The assay for soil lipase activity followed Margesin et al.'s (2002) method. In the procedure, 0.1 g of soil was mixed
with a NaH,PO4/NaOH buffer (pH 7.25) and pre-warmed at 30°C. After adding a substrate solution of p-nitrophenyl
butyrate (pNPB), the mixture was kept at 30°C for 10 minutes to incubate to allow the reaction to occur. The reaction
was stopped by placing the tubes on ice for 10 minutes. The contents were centrifuged, and the supernatant collected
to measure the release of p-nitrophenol (pNP) spectrophotometrically at 400 nm. A control without soil was used for
comparison. Calibration curves with different concentrations of pNP were prepared for reference. After accounting for
the control, soil lipase activity was measured as the quantity of pNP produced per gram of dry soil within 10 minutes.

2.3.3. Determination of Soil Basal Respiration

Basal respiration was determined by adapting the method of Isermeyer (1952). It involved adjusting 50 g of soil to
60% water holding capacity in a plastic tube and placing the plastic tube and its content in the bottom of a Duran
bottle. Then 25 ml 0.05N NaOH was pipetted and suspended on the soil sample (to trap evolved CO,) and incubated
for 7 days. After incubation, the bottle was opened and beakers containing NaOH solution were emptied into the jar
containing 5 ml 0.5M barium chloride solution and some drops of the indicator were added in the solution and titrated
with 0.05M HCI under continuous stirring until the color changes from red to colorless. The NaOH without soil was
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used as a control. The rate of microbial respiration was calculated using the formula (Eze et al., 2018):

1.1
COs(myg)/sw/t = (VO —-V) x o ()

where sw is dry weight of soil (g), t is incubation time (h), Vg is average titre value of blank, V is titre value of sample,
dwt is dry weight of 1 g of soil, and 1.1 is the conversion factor.

2.4. Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 18.0 was employed for data analysis. Data were examined for
differences among the five sampling points (the POME dumpsite and distances away from it) using a one-way analysis
of variance, and mean values with different superscript letters were deemed significant (p < 0.05).

3. Results

3.1. Particle Size Distribution of Soil at and Distances away from the POME Dumpsite

The results of the particle size distribution of soil samples collected from a POME dumpsite and some distances away
from the POME dumpsite are shown in Table 2. Soils collected from the POME dumpsite and at 20, 60, 100 and 260 m
away from it were all classified as sandy-loam soils, with generally smaller percentages of fine sand than coarse sand.
The dumpsite soil had the highest coarse sand content of 52%, the lowest fine sand content of 33%, and relatively
low clay and silt contents. However, the soil sample taken 260 m away from the dumpsite recorded the highest clay
(11.67%) and silt (13.33%) contents and the lowest coarse sand content (37.33%).

Table 2. Particle size distribution of soil samples collected from the palm oil-mill effluent (POME) dumpsite and some
distances away from the dumpsite.

Soil Sample % Particle Size Distribution Texture Class
Clay Silt Fine Sand Coarse Sand

POME dumpsite 8.33 £ 0.582 7.00 £ 0.00? 33.00 + 0.00? 52.00 + 0.00¢ Sandy loam

20 m away from 8.00 + 0.00% 6.67 + 0.587 37.00 £ 1.00¢ 48.33 £+ 1.15°¢ Sandy loam
dumpsite

60 m away from 7.67 £+ 0.582 7.33 +£0.582 3533 £ 1.15° 49.67 + 1.15¢ Sandy loam
dumpsite

100 m away from 8.00 + 0.00? 9.00 + 0.00P 39.00 + 0.009 44,00 + 0.00° Sandy loam
dumpsite

260 m away from 11.67 + 0.58° 13.33 + 0.58¢ 38.00 =+ 0.00%¢ 37.33 £ 0.582 Sandy loam
dumpsite

Values are means =+ standard deviations (n = 3), and means for each particle size fraction on a column bearing different letters as superscripts differ
significantly (p < 0.05).

3.2. Soil Physicochemical Properties at and Distances away from the POME Dumpsite

Figure 2a shows that the soil pH ranged from 7.47 (alkaline) in the POME dumpsite to 5.83 (moderately acidic) at the
farthest distance - 260 m away. The SOC content (3.18%) and total nitrogen (0.406%) were highest at the dumpsite,
decreased with distance away from it, but showed the second highest values at the farthest distance (Figure 2b).
Nevertheless, soil from the POME dumpsite recorded the highest available phosphorus content (76.79 mg/kg) and
decreased (p < 0.05) with increasing distances away from the POME dumpsite (Figure 2c). Figure 3a shows significant
(p < 0.05) changes in the concentrations of exchangeable potassium (K*) and sodium (Na™) across soil samples taken
from a POME dumpsite and farther distances from it. The soil sample from the POME dumpsite had the highest
concentrations of both K* (0.19 cmol/kg) and Na* (0.16 cmol/kg), which is consistent with the chemical composition
of POMEs known to be rich in dissolved elements including potassium and sodium (Ugwu et al., 2025). At 20 m and
60 m away from the dumpsite, there was a marked decline in the concentrations of both exchangeable K™ and Na™,
with values dropping to 0.11 and 0.08 cmol/kg at 20 m, and 0.10 and 0.06 cmol/kg at 60 m, respectively.
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Figure 3b shows that Ca?* and Mg?* contents of the soil samples collected from the POME dumpsite were sig-
nificantly different from those of the soils collected distances away from the dumpsite. The results showed that the
highest values were observed in soil collected from the dumpsite, with Ca?* at 9.33 cmol/kg and Mg?* at 9 cmol/kg.
As the distance from the dumpsite increased, there was a notable decline in both Ca?* and Mg?* concentrations. At 60
m, Ca?* dropped to 4.73 cmol/kg, while Mg2* dropped to 1.8 cmol/kg, representing the lowest for both cations in the
study. The exchangeable H* concentrations across the soil samples show that the soil acidity and chemical buffering
varied in relation to proximity to the POME dumpsite (Figure 3c). The highest HT was observed at the POME dumpsite
(1.8 cmol/kg), while its lowest concentration was at 60 m away from the dumpsite (1.27 cmol/kg).

3.3. Soil Apparent CEC and Base Saturation at and Distances away from the Dumpsite

Figure 3d presents the apparent cation exchange capacity (CEC) of the soil —its ability to retain and exchange essential
plant nutrients — at varying distances to the POME dumpsite. The highest apparent CEC was observed at the dumpsite
(22.13 cmol/kg), indicating a high soil nutrient-holding and exchange capacity. However, the lowest apparent CEC was
recorded at 100 m (7.53 cmol/kg), closely followed by 60 m (7.73 cmol/kg) away from the dumpsite.

Figure 3e shows that the base saturation, the proportion of soil exchange sites occupied by base-forming cations,
varied across different proximities to the POME dumpsite. The highest base saturation was recorded at 20 m away
from the dumpsite (93.84%), beyond which the values decreased progressively with distance until the farthest 260 m
(74.42%). However, the POME dumpsite with a value of 84.40% differed only from this farthest distance.

3.4. Soil Structure Stability at and Distances away from the POME Dumpsite

The results for the structure stability index (SSI) of the soil at the POME dumpsite and some distances away from it
are shown in Figure 4. This index represents the ratio of soil organic matter to the sum of clay and silt particles, and
reflects how soil aggregates withstand external physical forces, such as compaction and agents of erosion. This SSI
indicated higher values at the POME dumpsite (35.68%) than at all the other four sampling points at varying distances
away from the dumpsite, for which values were similar (14.67% to 18.61%).

3.5 Soil Enzyme Activities at and Distances away from the POME Dumpsite

Dehydrogenase activity reflects the microbial oxidative metabolism in soil, serving as a strong indicator of biological
functioning and soil health. Figure 5a shows that the POME dumpsite had the highest dehydrogenase activity at 2.95
1g/g, which was significantly greater than all other samples. The lowest occurred at 260 m away from the dumpsite
(0.97 g/qg). Figure 5b shows that the highest catalase activity was recorded at 20 m away from the POME dumpsite
(17.39 k/min), while the lowest was observed at 260 m (15.06 k/min). At the dumpsite, the catalase activity (16.13
k/min) was slightly lower than at 20 m.

Lipase activity, reflects the soil's enzymatic ability to hydrolyze lipids, and is closely related to microbial function,
organic substrate availability, and effluent impact. The highest lipase activity was observed at the POME dumpsite with
a value of 81.95 ugPNP/gmin, while the lowest lipase activity was recorded at 60 m away from the dumpsite (63.12
1gPNP/gmin), slightly lower than the value at 260 m (65 ngPNP/gmin) (Figure 5c).

3.6. Soil Basal Respiration at and Distances away from the POME Dumpsite

Figure 5d shows the basal respiration rate of soils at the POME dumpsite and distances away from the dumpsite. The
results showed that the highest basal respiration rates were observed at both 100 and 260 m away from the POME
dumpsite, each recording 14.59 mg/g/h. The basal respiration was found lower at 20 m (12.48 mg/g/h) than the rest,
including the dumpsite with a value of 13.91 mg/g/h, slightly lower than more distant spots.

4. Discussion

The higher coarse sand content of the POME dumpsite could imply that effluent deposition may have disrupted the
soil structure, removing finer particles via water erosion and chemical degradation. The presence of organic acids
and residues in POME interferes with particle cohesion and encourages leaching and aggregate breakdown, which
favours the accumulation of coarser particles (Nasrin and Hassan, 2020). The generally low silt and clay contents of the
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soil imply poor moisture retention and nutrient availability, which is typical of physically degraded soils (Obalum and
Obi, 2013; Adegbite and Olatunji, 2022). The improved soil texture quality 260 m away from the dumpsite indicates
minimal influence of the effluent. The increased clay and silt contents of the soil at this farthest distance may lead
to increased aggregation, water-holding capacity and soil fertility, due to stabilized organic content and restored
microbial processes. Ogunbode et al. (2022) observed that as distance increased from the contamination source, finer
particles remained intact due to reduced chemical stress and enhanced biological activity.

The alkaline soil pH at the dumpsite may be due to the liming effect of the naturally fermented, biodegraded
POME inside the dumpsite (Anele et al., 2025a). Soil pH influences nutrient bioavailability, as H* occupies space on
the negatively charged soil surface, thereby displacing nutrients. Indeed, soil pH influences the soil’s overall capacity
to retain and provide nutrients from its exchange sites (McCauley et al., 2017). Although the values of soil pH at and
distances away from the POME dumpsite were within the range (5.5-7.5) for optimum microbial activity and plant
growth (Landon, 1991), the shift toward acidity at distances away from the dumpsite could be an indicator of an
overall decline in soil health as one moves away from pits for collecting POME in palm oil-processing areas.

The increased SOC at the POME dumpsite, compared to areas farther away, may be due to the breakdown of
POME's organic and solid components by microorganisms (Maduwuba, 2024). Similar to this observation, Nwachukwu
et al. (2018) reported increases in SOC content in POME-polluted topsoils over their non-polluted counterparts. High
organic carbon in POME dumpsite soil could be attributed to the natural fermentation of the POME with aging which,
over time, converts the POME into biofertilizer (Ugwu et al., 2024), as evident in the higher total nitrogen and available
phosphorus at the dumpsite than at distances away from it (Anele et al,, 2025a). Notably, soil total nitrogen and
available phosphorus at the dumpsite exceeded the suggested ranges of 0.16-0.19% and 30-50 mg/kg, respectively
for optimum crop production (Adhikari et al., 2018). Their high levels could lead to nutrient imbalance, leaching into
underground water, and runoff into nearby water bodies (Pahalvi et al., 2021), causing eutrophication and degradation
of aquatic ecosystems, and so have adverse impacts on both agriculture and the environment.

The elevated levels of soil contents of K* and Na* at the dumpsite reflect the sustained direct ionic loading of the
dumpsite with carbon-rich POME (Ogunbode et al., 2022). Proximity to the effluent source ensures direct exposure
to chemical inputs, enhancing the availability of these exchangeable bases through sustained contamination and
accumulation (Anele et al., 2025a). The enrichment with K and Na™ thus reflects both the mineralization of carbon
and composition of the effluent as repeatedly deposited over time.

The reductions in KT and Na™ at distances away from the dumpsite indicate dilution and attenuation of effluent
influence with increasing distance. Contrary to our data, Farahani (2025) observed reduced nutrient concentrations as
a result of effluent-induced changes in soil structure and porosity near a dumpsite, leading to excessive downward
leaching of soluble ions. The K*, though more retained by soil particles than Na™, still decreased with decreased
input due possibly to greater mobility in soil solution and hence susceptibility to leaching as well as higher uptake by
vegetation at these transitional distances.

The increases in levels of Ca?* and Mg?* at the POME dumpsite would be explained by the high concentrations
of divalent cations in POME due to its organic and mineral constituents (Ugwu et al., 2025). The effluent enriches
the soil through sustained accumulation of organic matter, thereby enhancing its CEC and boosting nutrient reten-
tion near the source (Izah and Ohimain, 2016). The reductions in Ca?* and Mg?* levels at distances away from the
dumpsite were likely due to reduced deposition and leaching that dilute or redistribute nutrients (Anwar and Arshad,
2015). Additionally, biological uptake and water movement could further contribute to the decreased availability of
these nutrients with distance. The relatively high values of Ca?* compared to Mg?* may be attributed to the greater
susceptibility of the latter to leaching, as it is less strongly adsorbed onto soil particles (Evanylo, 2024).

Soil exchangeable HT showed the highest value at the dumpsite. This was most likely due to microbial decompo-
sition of organic substrates in POME, releasing acidifying compounds (Sharifah et al., 2021). These authors noted that
the accumulation of H* reflects enhanced acid saturation and points to potential soil acidity problems, especially un-
der prolonged effluent exposure. Indeed, as soil HT increases, the more acidic the soil becomes (Obalum et al., 2012a;
2012b). This, however, was not the case in the present study, as soil pH was also highest at the dumpsite. The alkaline
pH of POME which was due to its -OH group might have made other sources of acidity to have stronger influence
than H™ on soil pH of oil mill-affected tropical soils (Okorie et al., 2017; Ugwu et al., 2024).

The increase in soil apparent CEC at the dumpsite would be explained by the heavy accumulation and decomposi-
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0.05).

tion of POME with its residue, increasing organic matter which enhances the soil colloidal properties, thereby increasing
surface charge (Martinez-Alvarez et al., 2018) and hence CEC (Obalum et al., 2013b). Effluent-saturated soils tend to ex-
hibit higher microbial activity and greater concentrations of humic substances, both of which contribute to increasing
reactive sites and CEC. The reduced CEC beyond the POME dumpsite could imply diminished influence of the effluent
and a return toward natural soil conditions. Obalum et al. (2013b) and Maduwuba (2024) noted that sandy-loam soils
of the savannah generally exhibit lower apparent CEC values due to their limited clay and organic matter contents.
This may have contributed to the decreases in CEC at distances away from the POME dumpsite.

Base saturation indexes the soil fertility status as the dominance of base-forming cations such as K*, Ca®*, Mg?*
and Na* over acidic ones like H* (Zalewska et al., 2023). At the POME dumpsite, base saturation was moderately high,
likely due to a direct influx of the nutrient-rich effluent. However, it did not surpass the peak value at 20 m, possibly
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because excessive organic acids and ion competition from the effluent reduce the efficiency of retention of base-
forming cations despite the presence of high nutrient levels (Zhao et al,, 2016). The influence of POME 20 m away
from the dumpsite was perhaps moderated to allow for maximum nutrient retention. This could be due to residual
dispersion of effluent components, which enriches the soil without overwhelming its structure (Heinen, 2017). The
neutral soil pH and reduced H* at this 20-m distance possibly increased organic decomposition, leading to greater
retention of base-forming cations. The decrease in base saturation 260 m away from the dumpsite may be due to
reduced nutrient inputs and increased H* occupying the exchange sites, implying increased soil acidity and decreased
soil fertility (Xie et al., 2021), as well as a weaker soil buffering capacity.

Notably, oil-mill effluents, especially fresh ones, typically contain appreciable quantities of phenols and polyphenols

sagens.org/journal/agens [337]


https://sagens.org
https://sagens.org/journal/agens

DOI: https://doi.org/10.59983/s2025030403
AgroEnvironmental Sustainability, 2025, 3(4), 328-343

40 +
b

35 +
3
3 30
=
Z 25+
=
©
% 20 + a
o a
=] A d
5 15 + o
2
&

10 +
° 0

5 4+

0

POME Dumpsite 20 m away from 60 m away from 100 m away from 260 m away from

dumpsite dumpsite dumpsite dumpsite

Figure 4. Structure stability index of the soil and at some distances away from the from the
ten-year old POME dumpsite at the derived savannah of south-eastern Nigeria. Means
bearing different letters differ significantly (p < 0.05).

(Komilis et al., 2005), and these compounds have been reported to be phytotoxic (Okorie et al., 2017). Also, POME's
biological oxygen demand can be high and vary greatly, depending on its organic load (Hashiguchi et al., 2021; Ugwu
et al., 2024). Because of these concerns, the POME-induced increases in soil fertility here should be taken with caution,
for such POME-affected soils may pose both environmental pollution and eco-toxic risks.

The increase in soil structure stability at the dumpsite was primarily due to the continuous influx of organic com-
pounds and microbial stimulation resulting from effluent exposure (Anele et al., 2025b). Organic matter, especially
humic substances, acting as a binding agent, promotes soil aggregation (Obalum et al., 2017). This is primarily through
complexation with fine particles to form granular ‘porous’ aggregates, a situation that renders the soil infiltrable (Ogu-
ike et al., 2023; Enemo et al., 2025), implying reduced runoff and erosion. Byproducts of POME, including polysac-
charides, enhance aggregate cohesion, allowing the soil to resist mechanical rupture and erosion (Omoregie et al,
2024). Conversely, beyond the dumpsite, there was a reduction in organic input and microbial activity. The associated
decreases in soil-binding substances and microbe-driven aggregation may have led to dominance of weak and unsta-
ble soil aggregates (Igbal et al., 2025). This would explain the observed decreases in soil structure stability between
20 and 260 m away from the dumpsite. Within this zone, however, the SSI for the soil was ‘high’, going by rating of
Mukherjee and Lal (2014) and Pulido-Moncad et al. (2015), where values < 5%, 5%-7%, and > 9% indicate soils that
are structurally degraded, at high risk of degradation, and with sufficient carbon, respectively.

Dehydrogenase, being an intracellular enzyme involved in energy production, becomes active as microbes metab-
olize available substrates. The reduced dehydrogenase activity at 260 m away from the POME dumpsite indicates a
minimal microbial oxidative response, signaling soil microbial system operating at a much lower intensity. Microbial
biomass here is likely low, and respiration-driven enzyme production is minimal, reflecting the natural background
levels of soil microbial activity in the absence of effluent-induced stimulation. Therefore, reduced organic input leading
to nutrient-poor soil and few bioavailable nutrients would explain the reduced soil dehydrogenase activity at 260 m
away from the POME dumpsite (Kumar et al., 2013; Ogumba et al., 2020).

Catalase activity at the dumpsite was slightly lower than at 20 m, possibly due to inhibitory effects of high or-
ganic load or the presence of toxic compounds in freshly added POME. Although the effluent introduces abundant
organic material, excess nutrients and anaerobic conditions might suppress certain microbial functions, resulting in
sub-optimal catalase expression. The increase in catalase activity at 20 m suggests that this is a zone where soil
microbes thrive, due to moderate enrichment from organic residues in the POME (Dvorackova et al,, 2022). At this
distance, optimal conditions for microbial proliferation and enzymatic activity existed, and the nutrients in the effluent
stimulated microbial metabolism without toxifying the system. On the other hand, the lowest catalase activity at 260 m
away from the POME dumpsite signifies declining soil microbial activity and reduced availability of organic substrates,
likely due to reduced external inputs and a more natural equilibrium (Liu et al., 2008).

The highest lipase activity at the dumpsite highlights the organic load of POME, which is rich in carbon, fatty acids
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Figure 5. Activity of soil enzymes including dehydrogenase (a), catalase (b) and lipase (c)
alongside soil basal respiration (d) at and some distances away from the ten-year-old
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letters differ significantly (p < 0.05).

and lipid-based compounds. The presence of such organic materials stimulates lipase-producing microbes, resulting
in heightened enzymatic activity as they metabolize these compounds for energy and growth (Nwachukwu et al., 2018),
hence the observed highest lipase activity at the POME dumpsite (Ugwu et al., 2025). The POME is thus a source of
many nutrients which catalyze microbial growth and cellular respiration.

The increases in basal respiration at 100 m and 260 m away from the POME dumpsite indicate that soil microbial
communities at these sites are active and possibly functioning in more balanced, less chemically stressed environments.
Despite being farther from the POME source, these two sites may have harboured richer soil microbial biodiversity
and more stable carbon pools from native organic matter compared to what prevailed due to POME contamination.
The increased basal respiration could also result from microbial adaptation or effective decomposition of naturally
occurring substrates in soils that have regained their equilibrium (Nwaogu et al.,, 2012).
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In contrast, the reduction in basal respiration rate at 20 m away, though still relatively high, points to the transitional
microbial dynamics. The soil organisms might be at the phase of adjusting from the stress of residual effluent or
variable substrate quality. It could also be that microbial metabolism was inefficient, possibly constrained by localized
chemical imbalances or low oxygen diffusion resulting from POME-related soil compaction (Nwuche et al., 2013).
The POME dumpsite showed a basal respiration that was slightly lower than the values at distances away from the
dumpsite. One might expect the reverse to be the case due to the high organic load of the effluent. However, excessive
concentrations of fatty acids, phenolic compounds, and other pollutants in especially freshly added POME could inhibit
microbial efficiency or favour specialized populations that do not exhibit high basal respiration rates. This environment
may induce anaerobic conditions or microbial stress that lowers overall aerobic metabolic output.

5. Conclusion

The study shows that long-term palm oil mill effluent (POME) dumping influences soil physico-chemical properties,
and enzyme and microbial activities in tropical agro-ecologies. Despite the alkaline soil pH and higher organic matter
content of the POME dumpsite, soil catalase activity remained unaffected, indicating microbial resilience. While soil de-
hydrogenase activity increased, lipase activity showed no change, suggesting potential inhibitory factors. High levels
of cations exchange in the POME-affected soil indicate increased soil fertility, but also raise concerns about nutrient
imbalances and their negative agronomic and environmental implications. This, coupled with the widely recognized
environmental pollution and eco-toxic effects of POME, calls for caution in associating controlled POME dumping with
increases in soil fertility. Understanding the physicochemical, biochemical, and microbial changes in POME-affected
soils and their eco-agronomic implications is thus crucial for devising effective management practices toward environ-
mental stewardship while increasing soil productivity in palm oil-processing tropical regions.
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