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1.  Introduction  

There is an increasing scarcity of quality irrigation water for agricultural purposes and 
the reuse of wastewater such as palm oil mill effluents (POME) for irrigation may be a 
suitable sustainable option as it could aid plants’ uptake of wastewater nutrients 
(Khurana and Singh, 2012). However, wastewater such as palm oil mill effluents may 
contain many undesirable pollutants and toxic substances that can inhibit the metabolic 
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ABSTRACT 

Palm oil mill effluent (POME) is applied on cultivated farmlands at various stages by many farmers in 
southeastern Nigeria with many reporting that it helps to improve crop yield and productivity despite no 
availability of data to support their claims.  This study was therefore designed to investigate the impact of 
POME on soil physicochemical parameters and soil enzyme activities in soil samples from POME irrigated 
farmlands. In this study, top and subsoil samples from control farmland unirrigated with POME, dumpsites 
and 10 m away from POME dumpsites in six different farmlands irrigated with POME labelled A – F were 
investigated using standard analytical procedures. The results of physicochemical properties of the soils 
including nitrogen, phosphorus, organic carbon, organic matter, cation exchange capacity and exchangeable 
cations indicated significant (P<0.05) in topsoil and sub-soils containing POME when compared with their 
corresponding control1 soils. The lipase activities of topsoil from dumpsites A-E and subsoil 10m away from 
dumpsite C indicated a significant increase (P<0.05) relative to the corresponding control soils. The effluents 
caused a significant (P<0.05) decrease in the dehydrogenase and catalase activities of top-soils and sub-soils 
from each of the dumpsites and 10m away from respective dumpsites when compared with their respective 
control soils. The findings of this study revealed that the application of POME on soil increases the contents 
of soil organic carbon, organic matter, exchangeable cations, and cation exchange capacity interfere with 
enzyme activities.  
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processes of soil microbes when applied to soils in excess amounts (Belhaj et al., 2014). 
It has been reported palm oil mill effluents have higher dissolved oxygen (DO), 
biochemical oxygen demand (BOD), chemical oxygen demand (COD), oil and grease, 
heavy metals, total volatile solids (TVS), and total suspended solids (TSS) that could 
affect soil physicochemical properties if discharged untreated (Uroko and Njoku, 2015). 
Palm oil mill effluents consist of water-soluble components of palm fruits as well as 
suspended cellulosic materials such as palm fibre, fat, grease, and oil residues (Uroko 
and Njiku, 2021). The constituents of untreated POME have been reported by many 
authors to be a colloidal suspension of 95-96% water, 0.6-0.7% oil, and 4-5% total solids 
including 2-4% suspended solids and a high concentration of organic nitrogen (Ahmad 

et al., 2003). However, it also contains significant amounts of plant nutrients which 
include; nitrogen, potassium, magnesium, and calcium (Muhrizal et al., 2006; Uroko and 
Njoku, 2015). The untreated POME has a very high content of degradable organic matter, 
which could be partly attributed to the presence of unrecovered palm oil (Ahmad et al., 
2003). Untreated POME contains high amounts of fatty acids, proteins, carbohydrates, 
and other plant materials, which can alter the carbon and nitrogen ratio in the soil 
(Okwute and Isu, 2007). Oviasogie and Aghimien, in their work, reported that proper 
use and safe disposal of POME in the land environment would lead to improved soil 
fertility and contribute to environmental sustainability (Oviasogie and Aghimien, 2002).  

Untreated POME is generally regarded as harmful waste that could have a detrimental 
impact on the environment if it is discharged in its raw form (Rupani et al., 2010). 
Although many researchers have treated POME using various methods such as filtration 
and coagulation, the use of sequence batch reactors is the most cost-effective treatment 
option for treating wastewater and effluents that have COD content ranging from 1,000 
mg/L to 5,000 mg/L as it can achieve COD removal efficiency ranging from 91.2 % to 
95.6 % (Vijayaraghavan et al., 2017). Ibrahim et al. (2017) have also reported that residual 
pollutants in biologically treated palm oil mill effluents could be greatly reduced by 
steam-activated bio-adsorbent from oil palm biomass which could make the treated 
POME safe to discharge into the environment. Thus, when POME is treated and levels 
of pollutants in it are significantly reduced, it could be used as alternative irrigation for 
agricultural purposes without causing environmental deterioration. Wu et al. (2009) 
reported that biologically treated POME has been widely used in oil palm plantations 
for irrigation purposes and can be employed as a liquid fertilizer. The richness of POME 
in vital elements such as nitrogen, phosphorus, potassium, magnesium, and calcium 
required for effective plant growth and crop yield makes treated POME plays a vital role 
in improving soil fertility (Muhrizal et al., 2006). The use of POME has been shown to 
improve soil productivity and increase the yield of crops as well as contribute to better 
root health by improving the soil structure.  

The activities of soil enzymes have been linked to soil fertility status and contributions 
of soil microbial population toward soil nutrient enrichment and level of contamination 
of the soil by environmental pollutants (Dick and Tabatabai, 1992). Catalase activity is 
relatively stable in healthy soil and gives a good reflection of the organic carbon content 
in the soil which gives good reflection of the soil fertility index (Shiyin et al., 2004). 
Proper management of POME has been poorly practiced in Nigeria mostly in the South-
East as many palm oil mills dispose of their POME in arable land or dump them in pits 
that could later drain to surface and ground waters. This study investigated the impact 
of palm oil mill effluents on soil physicochemical parameters and soil enzyme activities. 
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2. Materials and Methods 

2.1 Collection of the soil samples 

For this study, soil samples were sourced from six separate palm oil milling sites having 
common processing methods. The palm oil milling sites include Amurie (site A), Eziisu 
(site B), Nnerim (site C), Olori (site D), Umudiokpara (site E), and Obeakpu (site F), 
respectively and were located in Umuaka, Njaba of Imo State, Nigeria. The soil samples 
were collected in triplicates from the effluent dump-site, 10 m away from the effluent 
dump-site and an effluent-free dump-site 1 KM from the dump-site, respectively as 
described by Okwute and Isu, 2007.  The soil I KM from effluent-free dump-site was 
used as the control in line previous reports of Okwute and Isu, 2007. The soils were 
collected at depths of 0-15 cm and 15-30 cm from the six dumpsites and 10m away from 
dumpsites respectively. In this study, the palm oil mill effluent dumpsite in Eziisu 
shown in Fig. 1 serves as a typical example of palm oil mill effluent dumpsites in 
Umuaka. 

Figure 1. Palm oil mill effluent dumpsite in Eziisu. 

2.2 Quantification of soil acidity (pH) and Exchangeable Acidity 

The soil pH and exchangeable acidity were evaluated following the methods of 
Ademoroti (2006). 

2.3 Determination of Total Nitrogen Content 

Total nitrogen content in soil samples was determined using a modified Kjeldified 
method as with partial modifications outlined by Ademoroti (2006). Nitrogen is usually 
found mainly in organic form, and varying amounts of ammonium and other forms but 
this method only evaluate the amounts of available organic and ammonium forms of 
nitrogen. However, application of potassium sulphate, concentrated Sulphuric acid and 
heat converts nitrogen to ammonium sulphate which was quantified.  

2.3 Determination of Available Phosphorus Content 

Available phosphorus content in the soil samples was determined by the Vando-
molybdao-phosphoric acido-metric method as described by Ademoroti (2006). When 
dilute sulphuric acid is added to the soil, available phosphate is released which in the 
presence of ammonium molybdate and a few drops of SnCl2 gives blue colouration that 
absorbs maximally at 490 nm wavelength. The absorbance of the resulting mixture at 490 
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nm is proportional to the concentration of total available phosphate. The phosphorus 
content was determined in triplicates. 

2.4 Determination of Exchangeable Cations 

 In this study, exchangeable cations including calcium (Ca2+), magnesium (Mg2+), 
sodium (Na+) and potassium (K+) were quantified according to the method of y IITA 
(1979) partially modified by Agbenin (1995). The Flame Photometer with the help of its 
sensor electrode which automatically gave the absorbance readings of sodium or 
potassium relative to the reference metal which could be either sodium or potassium for 
the scandalization of the analyzer. The concentration of sodium or potassium can be 
extrapolated from the standard curve of their respective standards. The principle of 
calcium determination was based on titration of soil leachate in the presence of 10% 
potassium hydroxide and deionized water against 0.01 N EDTA with a calcine indicator 
which gives a light orange colour at the endpoint. Magnesium content was evaluated by 
titration of soil leachate in the presence of ammonium chloride buffer soil (pH 7.0) 
against 0.01 N EDTA using erichrome black-T indicator that gives a purple colour at the 
end.  

2.5 Estimation of Cation Exchange Capacity (CEC) 

Cation exchange capacity was estimated using methods of IITA (1979) as modified by 
Agbenin (1995).  

2.6 Estimation of Soil Organic Carbon and Organic Matter Contents 

Organic carbon and organic matter contents were estimated following the methods 
outlined by Kalembasa and Jenkinson (1973).  

2.7 Assay of the Soil Dehydrogenase Activities 

Soil dehydrogenase activity was assayed as outlined the assay procedure described by 
Tabatabai (1982). The principle of the assay was dependent on the ability of soil 
dehydrogenase to convert 2, 3, 5-triphenyl tetrazolium chloride to a chromogenic 
product called formazan with a maximum absorption at 485nm wavelength. The 
absorbance of formazan produced is directly proportional to the soil dehydrogenase 
activity. The assay was conducted in triplicates (n = 3). 

2.8 Assay of soil catalase activity 

The catalase activities in the experimental samples were assayed according to the 
method described by Rani et al. (2004). The assay is based on the ability of catalase to 
break down hydrogen peroxide, the extent of which was quantified by reacting it with 
excess potassium tetraoxomanganate (iv) oxide (KMnO4). Residual KMnO4 was 
measured spectrophotometrically at 480 nm which was proportional to catalase activity. 
The soil catalase activity was assayed in triplicates. 

2.9 Assay of the soil lipase activities 

Soil lipase activity was assayed using the method described by Margesin et al. (2002). 
Soil lipase releases lauric acid from the soil when incubated with Tween 20 and Toluene 
at 30℃ for 18 hours under agitation. The amount of lauric acid released or neutralized 
by sodium hydroxide (NaOH) is proportional to lipase activity. The soil lipase activity 
was assayed in triplicates. 
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2.10 Statistical Analysis 

Statistical Product and Service Solutions (SPSS) version 22 was used to carry out the 
statistical analysis. A one-way analysis of variance (ANOVA) was carried out, and 
Duncan’s multiple range test was used to separate the differences determined. 
Significant differences were observed at P < 0.05. 
 

3. Results and Discussion 

3.1 Effects of POME on soil pH and exchangeable acidity 

The results in Table 1 indicated the occurrence of the highest (5.33 meq/100g) and least 
(3.29 meq/100g) levels of exchangeable acidity in the topsoil from sites B and topsoil 
obtained 10m away from site A dumpsite, respectively, relative to the soil acidity from 
other sites considered. In contrast, all the subsoils from various sites investigated 
exhibited considerably lower exchangeable acidity in comparison with the soil. Also, site 
B topsoil from dumpsite displayed the least pH in KCl compared to the control soil, 
however, there was no significant variation observed in its pH in distilled water relative 
to the control. The levels of pH detected in the various soil samples evaluated in this 
study indicated that the soils are acidic in nature with soils containing palm oil mill 
effluents and control soils showing varying levels of acidity. Except for the topsoil 10m 
away from sites B and F dumpsites respectively which exhibited comparable acidity 
level with the control, there was rise in the topsoil acidity level in comparison with the 
pH of the control topsoil in distilled water. 

Apart from topsoil 10m away from site D dumpsite and topsoil from site B dumpsite 
that showed more acidity compared to the control topsoil when their pH was 
determined in potassium chloride solution (KCl), all other topsoil showed lesser acidity 
compared to the control. All the subsoil showed lower acidity compared to the control 
in KCl. Only the subsoil 10m away from sites C and E POME dumpsites showed equal 
acidity with the control while the rest subsoil 10m away from other dumpsites showed 
slightly lower acidity compared to the control subsoil when their soil pH was 
determined in distilled water.  

The impact of palm oil mill effluents (POME) on soil physicochemical parameters and 
soil enzyme activities was investigated. This was to ascertain whether and to what extent 
the impact of the effluent on soil fertility. The palm oil mill effluents containing soils that 
have low pH may be attributed to the effect of acidic POME discharged on them in their 
raw forms. The higher acidity nature of the soil samples may not be attributed to the 
effects of palm oil mill effluents alone but also previous anthropogenic activities, nature 
of the soils and possibly due to higher acidic rainfall. Soil samples from various regions 
of the world associated high levels of acidic rainfall usually possess low pH score making 
very acidic in nature and may not support the growth of some crops.  Most fertile 
farmlands have their soil pH within 6 – 6.5 which promote nutrient availability and 
improved crop growth and yield. The growth of acid-loving plants like blueberries, 
azaleas, and rhododendrons that secrete weak acids into the soil may have also 
contributed to lowering the soil pH. Thus, in acidic soils, non-acid-loving plants may not 
grow well, and yields and productivity could be impaired (Joris et al., 2013). The adverse 
impact of soil acidity on plant growth can be reduced by a lime application which causes, 
negative charges of the soil exchange complex to be released, and subsequently replaced 
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by Ca2+, Mg2+, and K+, improving the soil fertility and optimizing conditions for crop 
productivity (Oates and Kamprath, 1983).  

Table 1. Soil pH and exchangeable acidity levels of palm oil mill effluents  

  Topsoil Subsoil 

POME 
Sites 

Soil 
Samples 

pH 
(H20) 

pH 
(KCl)  

Exchangeable  
Acidity 
(meq/100g) 

pH  
(H20) 

pH 
(KCl) 

Exchangeable  
Acidity 
(meq/100g) 

Site A   

10m away 5.5 4.9 3.21 5.5 4.5 4.19 
Dumpsite 5.4 4.9 3.29 5.6 4.7 3.61 

Site B 10m away 5.6 4.4 4.35 5.4 4.6 4.03 
 dumpsite 5.6 4.0 5.33 5.5 4.8 3.45 
Site C 10m away 5.2 4.4 4.70 5.3 4.6 4.12 
 dumpsite 5.3 4.6 4.12 5.3 4.6 4.12 

Site D  

10m away 5.2 4.3 4.95 5.7 4.5 4.01 
dumpsite 5.2 4.6 4.21 5.6 4.5 4.10 

Site E 10m away 5.4 4.6 4.03 5.6 4.6 3.86 
 dumpsite 5.5 4.7 3.70 5.3 4.7 3.87 

Site F  

10m away 5.6 4.7 3.61 5.7 4.7 3.52 
Dumpsite 5.5 4.6 3.94 5.6 4.6 3.86 

Control   5.6 4.4 4.35 5.3 4.3 4.86 

 

3.2 Effects of POME on soil nitrogen contents 

There were substantial variations in the nitrogen levels in the soil samples from POME 
dumpsites in comparison with the nitrogen content in the soil samples 10m outside the 
dumpsites. Conversely, there was no significant changes observed in the nitrogen 
concentrations in the dumpsite soil samples and the corresponding control soil sample. 
Highest amount of nitrogen was observed in POME dumpsite soil samples compared to 
the amount recorded in the soil samples 10m outside corresponding dumpsites. The 
subsoil samples 10m outside dumpsites including site A, C, E, and F displayed increased 
amount of nitrogen level compared to their corresponding topsoil. 

Figure 2. Nitrogen contents in soils containing palm oil mill effluents. 
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The substantial amount of total soil nitrogen in the POME containing soil relative to the 
soil samples with POME could be associated to the elevated level of nitrogen in POME 
deposited on the soils (Figure 2). The biodegradable components of the POME when 
acted upon by microorganisms enrich the soil with nitrogen and thus, improve the soil 
nutrient content, and fertility potentials. The substantial amount of nitrogen observed in 
POME containing soils relative to soil samples free of POME is in line with earlier report 
by Wood (1977), Huan (1987) and Dolmat et al. (1987) respectively that deposition of 
untreated POME to farmlands increases its total nitrogen content. 

3.3. Effects of POME on soil phosphorus contents 

The results in Figure 3 indicated marked variations in the phosphorus concentration in 
the soil samples from POME-dumpsites relative to the phosphorus concentrations 
measured in the soil samples 10m outside POME-dumpsites and reference soil samples 
in the study. The phosphorus contents in the topsoil from POME-dumpsites and sub-
soils 10m outside POME-dumpsites were significantly (P <0.05) reduced in comparison 
to the corresponding reference control soil samples. In contrast, the phosphorus contents 
in the POME-dumpsites E and F were significantly high relative to the phosphorus 
content in their respective topsoil. The subsoil 10m outside POME-dumpsite F recorded 
the hight amount of phosphorus content among all the subsoils evaluated whereas, the 
least concentration of phosphorus was observed in the top and subsoil from POME-
dumpsites D compared to all other soil samples evaluated. 

  

Figure 3. Phosphorus contents in soils containing palm oil mill effluents 

The increase in available phosphorus in Soil containing palm oil mill effluents 10m away 
from POME-dumpsites could be attributed to the washing of POME into the soil by 
rainfall leading alteration of soil pH which increase phosphorus absorption and 
retention in the soil. The higher phosphorus content in the POME containing soils is in 
agreement with the previous findings by Ayodele and Agbola (1981) that lower pH 
associated with discharge of untreated POME improves phosphorus content in the soil. 
1981). Phosphorus is absorbed by plants in the form of H2PO4

- at lower pH and HPO4
2- 

at higher pH (Wood et al., 1979). The phosphorus content in the POME-containing soils 
were moderately elevated unlike the phosphorus content in the soil sample without 
POME. This agrees with the findings of Wood; and Huan which respectively showed 
that high organic matter content in POME contributes to nutrient cycling in soil 
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containing palm oil mill effluents (Wood et al., 1979; Huan, 1987). There is good evidence 
that suggests that phosphorus is the dominant element controlling carbon and nitrogen 
immobilization (Paul and Clarke, 1989). The increase in the available phosphorus in the 
Soil containing palm oil mill effluents suggests a possibly high absorption in the soil or 
possible precipitation of phosphate (Huan, 1987).  

3.4 Effects of POME on soil cation exchange capacity 

As shown in Fig. 4, the cation exchange capacity (CEC) in the topsoil and subsoils in all 
the POME-dumpsites evaluated were significantly (P <0.05) elevated in comparison 
with the respective control soils. Similarly, there were substantial rise in the CEC of the 
topsoil from POME-dumpsites and subsoils 10m outside POME-dumpsites in relation 
to the corresponding control topsoil and subsoil. 

The substantial amount of CEC in both the topsoil and subsoils from all the POME-
dumpsites relative to the reference soils suggestion that the discharge of untreated 
POME on farmlands increases its CEC and possibly enhance soil quality and fertility 
potentials. The elevated CEC in the subsoil from POME-dumpsites are indication that 
CEC is more prominent in the subsoils than topsoil and thus, suggest that subsoils could 
be more fertile due to nutrient availability which could promote plant growth and 
productivity. The elevated CEC in POME-containing soils could be partly linked to the 
change in pH and degradation of the bioconcstituents of POME deposited on the soils 
that release various nutrients to the soil on decomposition in line the findings of 
Oviasogie and Aghimien (2002).  

CEC is used to assess the level of negative charges on the surface that could interact with 
cations such as calcium, potassium, magnesium and sodium and thus the elevated CEC 
in POME-containing soils suggest that POME-containing soils could effectively maintain 
a balance of calcium, sodium, magnesium and potassium concentrations in the soils. 
Soils with balance calcium, sodium, potassium and manesium concentration have been 
reported to be very fertile and improves crop growth and yield (Sparks, 1995).   

 

Figure 4. Cation exchange capacity (CEC) in soils containing palm oil mill effluents 
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The results in Figure 5 displayed significant (P< 0.05) differences between the calcium 
concentrations of the soils from POME-dumpsites and soil sample 10m outside the 

0

5

10

15

20

25

Site A Site B Site C Site D Site E Site F Control

C
a

ti
o

n
 e

x
ch

a
n

g
e
 c

a
p

a
ci

ty
 

(m
e
q

/1
0
0
g

)

Sites under study

Topsoil from dumpsite

Subsoil from dumpsite

Topsoil 10m away

Subsoil 10m away

Each bar is expressed as mean ± standard deviation (n = 3)



ISSN: 2337-9782, E-ISSN: 2580-6815  

 49 

POME-dumpsites as well as the control soils. The least and highest amount of calcium 
were observed in the subsoil 10m anf topsoil from POME-dumpsite A compared to the 
soil samples evaluated. The calcium levels in the subsoils from POME-sites B, C, D, and 
F were significantly (P < 0.05) elevated when compared with calcium levels in their 
respective topsoil. Conversely, the calcium content in the soil samples from topsoil in 
POME-dumpsites A and E were significantly raised compared to their corresponding 
subsoils. The calcium concentrations in the subsoils from POME-dumpsites A, B, E, and 
F were considerably elevated in relation to the calcium level in the control subsoil.  

 

Figure 5. Calcium contents in soils containing palm oil mill effluents 
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From the results in Figure 6, considerably increased potassium concentration was 
observed in all the soil samples evaluated. The concentrations of potassium in the topsoil 
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control topsoil. The was significant potassium enrichment of topsoil from each of the 
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observed in the control topsoil.  

 

Figure 6. Potassium contents in soils containing palm oil mill effluents 
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3.7 Effects of POME on soil sodium contents 

The data in Figure 7 indicated a significant (P < 0.05) decline in the sodium concentration 
in the subsoil from POME-dumpsites E, and D in comparison with the control subsoil. 
The results indicated that the highest concentrations of sodium occurred in the subsoil 
10m outside POME-dumpsite F among all the soil samples evaluated. It was also 
observed that POME-dumpsites A, B, C, and D showed increased levels of sodium 
relative to the control topsoil. The topsoil 10m outside POME-dumpsites B, C, and F also 
exhibited increase sodium content in relation to the control topsoil.  

Figure 7. Sodium contents in soils containing palm oil mill effluents 
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excess could be harmful to plants due its increased ability to negatively alter soil pH, 
nutrient cycles, and permeability, and soil solution salinity levels. The exchangeable 
cations (Ca2+, Mg2+, Na+, and K+) values in POME-containing soil were considerably 
elevated relative to the control solils. The finding of the study aligns with the report of 
Oviasogie and Aghimien (2002) that the discharge of untreated-POME on farmland 
caused increased exchangeable cations including magnesium content. Our results 
indicated abundant magnesium, sodium, potassium, and calcium concentrations in 
POME-containing soils compared to control soil without POME possibly because of the 
biodegradation of organic matter contained in POME similar to the findings of Lim and 
P’ng (1983). These findings are in line with the findings of Lim and P’ng (1983) who 
reported increased exchangeable cation contents in soil samples containing POME. 

 
Figure 8. Magnesium contents in soils containing palm oil mill effluents 

3.9 Effects of POME on soil organic carbon contents 

The results in Figure 9 indicated a considerably elevated organic carbon concentrations 
in each of the soil samples from POME-dumpsites as well as the soil sample 10m outside 
POME-dumpsites aside soil samples from POME site D that showed organic carbon 
content relative to the control soils. Significantly (P < 0.05) elevated carbon content was 
observed in the topsoil from POME sites A, B, and respectively in comparison to their 
corresponding subsoils control the control soil that demonstrated marked rise in the 
organic carbon concentration relative to the topsoil. The soil samples from POME site E 
exhibited the high amount of organic carbon among all the soil samples evaluated. 

3.10 Effects of POME on soil organic matter contents 

There was marked elevation of organic matter concentrations in both the topsoil and 
subsoil from each of the POME-dumpsites and 10m outside POME-dumpsites evaluated 
in relation to their respective control soils (Figure 10). The organic matter concentration 
in topsoil from POME-site A, B, and E respectively was significantly (P <0.05) increased 
in comparison with their corresponding subsoil contrary to the control soil in which the 
subsoil demonstrated organic matter concentration relative to the topsoil. Soil samples 
from POME-dumpsite D and 10m outside POME -dumpsite D exhibited the lowest 
amount organic carbon among all the soil samples whereas, soils sample from POME-
dumpsite E showed the highest organic matter enrichment compared to every other soil 
sample evaluated.  
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The substantially elevated organic carbon (OC) and organic matter (OM) in the different 
soil types from 10m outside each of the POME-dumpsites suggest that most of the 
organic constituents of POME were gradually washed to the farmlands surrounding the 
dumpsites possibly by leaching via rainfall and erosion. Similarly, the increased OC and 
OM concentrations in the topsoil from POME-dumpsites A, B, and F respectively could 
be associated the bioconstituents in the POME that were consistently discharged in the 
dumpsites. Increased organic matter concentrations in soils have associated with 
increased fertility properties via enhanced nutrient availability, soil composition and 
structure, water holding capacity and detoxification heavy metals in the soil in line the 
report of (Deiana et al., 1990). The elevated organic carbon concentrations in the soil from 
POME-dumpsites suggest that POME constituents on decomposition promote release 
more carbon in addition the organic matter added to the soil which align with the earlier 
report of Okwute and Isu (2007). The enhanced organic matter and organic carbon 
concentrations in the soil samples from POME-dumpsites and their surroundings 
observed in this study are in accordance with the findings of Dolmat et al. (1987), and 
Shamshuddin et al. (1995) that the discharge of untreated POME on farmlands enhances 
accumulation of both OC and OM in the soil. 

 

Figure 9. Organic carbon contents in soils containing palm oil mill effluents 

Figure 10. Organic matter contents in soils containing palm oil mill effluents 
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3.11 Effects of POME on soil dehydrogenase activities 

In Figure 11, the soil dehydrogenase activity in the topsoil and subsoil from each of the 
POME-dumpsites including 10m outside the dumpsites demonstrated a significant (P < 
0.05) decline in comparison to the control soil. The decline in the soil microbial activities 
probably because low oxygen availability to the microbes occasioned by the high oil and 
grease level in the POME. It was observed that the soil dehydrogenase activities were 
relative higher in the topsoil compared to their respective subsoil unlike in the control 
soil.  

 

Figure 11. Dehydrogenase activities in soils containing palm oil mill effluents 

The significant decrease in soil dehydrogenase activity may be attributed to the chronic 
exposure of the soil microorganisms to palm oil mill effluent which exposed the 
organisms’ dehydrogenase systems to more acidic POME which could have deactivated 
some soil enzymes including soil dehydrogenase. The lesser decreases in dehydrogenase 
activity recorded in the topsoil from POME dumpsites could be probably due to topsoil 
in dumpsites having improved soil acidity and more viable microorganisms as a result 
of adaptation to a polluted environment, abundant supply of oxygen, and availability of 
stabilized enzymes at the topsoil compared to the subsoil. This result agrees with the 
reports of Garcia-Gil et al. (2000), and Kizilkaya et al. (2004) who worked on the long-
term effects of municipal solid waste compost application on soil enzyme activities and 
microbial biomass, and the effect of heavy metal contamination on soil microbial 
biomass and activity respectively. The findings of this study were in accordance with the 
findings of Uroko and Njoku, 2021. 

3.12 Effects of POME on soil catalase activities 

The result in Figure 12 indicated significant variations in the catalase activities of the 
topsoil and subsoil obtained from each of the POME-dumpsites including those from 
10m outside the corresponding POME-dumpsites relative to the control soils. There 
were significantly (P < 0.05) elevated catalase activities in the topsoil from POME-
dumpsites A, B, C, and D in comparison with the catalase activity of the control soil. The 
catalase activities in the topsoil from POME-dumpsites E and F respectively showed a 
significant (P < 0.05) decrease in relation to the catalase activity of the control topsoil. 
There was also, a significant (P < 0.05) reduction in the catalase activities in the subsoil 
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from each of the POME-dumpsites and 10m outside in comparison with the catalase 
activity in the control subsoil. In contrast, there was a significant (P < 0.05) rise in the 
catalase activity in the topsoil 10m outside POME-dumpsites B, C, and E respectively 
relative to the control topsoil.  

 

Figure 12. Catalase activities in soils containing palm oil mill effluents 

The significant changes in the catalase activities in the POME-containing soil samples 
displayed indicated that prolonged discharge of untreated POME of farmlands affected 
their soil catalase activity and possibly other soil properties. The alterations in the soil 
properties including soil pH, depletion of oxygen and increased deposition of heavy 
metals lead to decline in the soil microbial population and soil microbial activities which 
could be associated continuous discharge of treated POME on arable land in line with 
finding of Maila and Cloete (2005). Some of the constituents of POME like heavy metals 
could have detrimental effects of the soil microbes and soil enzymes activities via 
denaturation and inactivation thereby causing substantial decline in catalase activity 
which is in accordance with findings of Moreno et al. (2002). Heavy metals which have 
been reported to be resented in POME could impair nutrient cycling, microbial 
community, and catalase activity (Kandeler et al., 2000; Moreno et al., 2002 in the soils 
and thus reduce soil fertility potentials. The inhibition or impairment of catalase and 
other soil enzymes activities by the uncontrolled deposition of untreated POME on 
farmlands, it could affect, crop production, including humans and animal that depend 
on the farm produce for survival and as such there should be concerted efforts to protect 
our environment (Adriano et al., 1998; Osuji and Nwoye, 2007). 

3.13 Effects of POME on soil lipase activities 

It was observed in Figure 13, that there was significantly (P < 0.05) elevated lipase 
activity in the topsoil from each of the POME-dumpsites in comparison with the control 
topsoil. In contrast, the subsoil POME-dumpsites A, B, C, E, and F showed significant (P 
< 0.05) decline in their lipase activity relative to the control subsoil. Topsoil 10m outside 
POME-dumpsite D exhibited no significant (P > 0.05) variations in lipase activity in 
relation to the control topsoil. However, there was a significant (P < 0.05) rise in the 
lipase activity in the subsoil 10m outside POME-dumpsite C in comparison to the control 
subsoil. 
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Figure 13. Lipase activities in soils containing palm oil mill effluents 
 

The substantially elevated lipase activity in POME-containing soil suggest that prolong 
deposition of unprocessed POME in soil samples provided sufficient hydrocarbons as 
substrates for the soil microbes to metabolize. Availability of lipase substrate for 
catabolism promote increased lipase due to the sufficient substrate to saturate its active 
sites leading to enhanced substrate transformation depicted as an increase in lipase 
activity. The elevated lipase activity could have occurred as result of induction of lipase 
enzymes and increased translation of mRNA coding for lipase in response to high 
number of oils and grease, and other hydrocarbons present in the POME deposited on 
the soil that require lipase assisted degradation. In line with the findings of Margesin et 
al. (1998) Changes in sol lipase activity have become a viable tool for monitoring the 
extent of hydrocarbon catabolism and increased soil lipase activity. 
 

4. Conclusion  

The findings of this research work show that palm oil mill effluents containing soils were 
abundantly rich in soil nutrients as they contained high organic carbon, organic matter, 
exchangeable cations, and cation exchange capacity which could improve soil fertility. 
However, low soil pH decreased dehydrogenase, and catalase activities observed in 
POME-containing soils suggest that additional processing of POME was required before 
discharge on farmlands. 
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