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Abstract

Palm Oil Mill Effluent (POME) is considered an efficient soil conditioner due to its high
organic contents but the presence of phenol compounds limits their widespread use in
agriculture. In the present study, POME was subjected to both aerobic and anaerobic
decomposition to reduce its organic strength and degrade its toxic fractions. It was then
applied to support Arachis hypogeal grown in a green house. The rhizosphere
environment was monitored for changes in total bacterial counts, nitrogen fixing
bacteria and enzyme activities. Results show that the bacteria counts were higher
(302.0+1.41 x 10°cfu/g) in mesocosms treated with 100% aerobically digested POME
but lower (280.0+1.41 x 10° cfu/g) in the batch treated with anaerobically digested
POME. Nitrogen fixing bacteria was 106.0+2.83 x 10°cfu/g in mesocosms treated with
aerobically fermented POME compared to 64.0+2.83 x 10’ cfu/g from the counterpart
treated with anaerobic digests. Dehydrogenase activity was highest (52.83+0.01 mg
TPFg'24h™) in soils treated with aerobically digested POME but not higher (48.65+0.03
mg TPFg'24h™) than the treatments which received the anaerobically modified effluent.
Acid phosphatase activity was lower (201.0+0.28 IU PNP/g/ 24h) in the soils treated
with aerobically modified POME but higher (213.5+0.42 IU PNP/g/24h) in batches
dosed with anaerobically treated effluent. Urease activity increased to peak level
(2.437+0.004 Ppm NH,"-N /g/24h) in the 4" week but dropped to its final concentration
of 1.615+0.001 Ppm NH,"-N /g/24h) in soils treated with anaerobically digested POME.
Data from mesocosms treated with the anaerobic digests were lower (2.149+0.004 and
1.500+0.014 ppm NH,"-N /g/24h respectively).
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Introduction

Today, many industrial activities which brought
improved living conditions to man have left
behind enormous wastes which pose serious
dangers to human health and life as well as to the
overall well-being of the ecosystem (Olorunfemi
et. al., 2008). The global production of palm oil
for instance is growing at a very high rate and the
pollution caused by the reckless discharge of the
untreated effluent has raised serious
environmental concerns. Palm oil processing is

carried out using large quantities of water in mills
where oil is extracted from the palm fruits.
During the extraction process, 50% of the water
results in wastes called palm oil mill effluent
(POME). It is estimated that for every 1 tonne of
crude palm oil produced, 5.0 - 7.5 tonnes of
water end up as POME (Wu et. al., 2009). POME
contains high organic content, substantial
amounts of plant materials and could be a low
cost source of plant nutrients (Okwute and Isu,
2007). It is generally believed that the



presence of phenols and other organic acids in
POME are responsible for their phytotoxic effect
and antibacterial activity (Capasso et. al., 1992;
Pascual et. al., 2007). However, according to
Piotrowska et. al. (2006), the polyphenolic
fraction degrades after sometime and transforms
into humic substances which could be applied in
soil conditioning. Treated POME has an
extremely high content of degradable organic
matter, which is due in part to the presence of
unrecovered palm oil and the activity of
microorganisms degrading the toxic components
(Ahmad et. al., 2003).

Microorganisms in the soil are
responsible for nitrogen fixation, assimilation,
and degradation of organic residues to release
nutrients (Nwuche and Ugoji, 2010). The soil
microbial community therefore is the primary
mediators of key biological processes in soil (Li
et. al.,, 2009). These processes control
ecosystem carbon and nitrogen cycling and play
important roles in maintaining soil ecosystem
quality and functional diversity (Schloter et. al.,
2003). Nitrogen is a common soil nutrient
element required in large quantity by plants. The
growth of higher plants in many environments is
limited by nitrogen supply. Nitrogen is largely
made available to plant in form of ammonium or
nitrate ion by the activities of soil
microorganisms through the process of nitrogen
fixation. These microorganisms are the nitrifying
bacteria (John et. al., 2011). The root system of
higher plants especially legumes is associated
not only with inanimate environment comprising
organic and inorganic substances but also a vast
community of metabolically active
microorganisms referred to as rhizosphere
organisms. Interactions between the macro and
micro-organisms in the rhizosphere can be of
considerable significance for crop production
and soil fertility. The microbes depend on the
legumes for the basic nutrients needed to sustain
their life functions. The nitrogen-fixing capacity
of legumes stabilizes the soil nitrogen and
organic carbon content in the root zone to a
greater extent than crops grown alone (John et.
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al., 2011).

Orji et. al. (2006) observed that soils
receiving fresh POME discharges had very scanty
microbial population and diversity. Thus the
ecosystem changes in response to the presence
of contaminants or pollutants like POME. These
soil microorganisms also harbor enzymes whose
activities ensure the continuity of elemental
cycles in nature. The enumeration of
microorganisms and assessment of the activity
of the soil enzymes provide an integrative
measure of the state of health of any soil (Li et.
al., 2005). Presently, little information is available
on the impact of POME on the rhizosphere
heterotrophic and nitrogen-fixing populations of
an agricultural soil. This is because, POME
produced by the numerous small-scale
traditional operators undergo little or no
treatment and is usually discharged into the
surrounding water or agricultural fields where
they constitute potent dangers to resident flora
and fauna. In this report, the impact of the
effluent on soil rhizophere micro flora and
activities of key enzymes are evaluated.

Materials and methods

Sample collection and preparation

Soil samples were collected at 0-15 cm depth
from a field plot within the premises of the
University of Nigeria, Nsukka using a soil auger.
The soils were put into sterile containers and
taken away for processing. In the laboratory, the
soil was sieved using a 2 mm sieve, sorted to
remove stones and plant debris and then
thoroughly mixed to ensure uniformity.

Precisely 2 kg quantity of soil was
transferred into four separate replicate plastic
pots or mesocosms (per treatment) for plant
cultivation. The dimensions of each pot were 15
cm (height) by 25 cm (diameter). The
containers were perforated at the bottom to
facilitate drainage. Each mesocosm contained a
total plant density of five and were maintained in
a green house. The groundnut seeds (Arachis
hypogea) used in the planting experiment were
purchased from Ogige market Nsukka and



taxonomically identified at the Crop Science
Department, University of Nigeria Nsukka. Fresh
POME samples were collected in clean plastic
containers from local palm oil producers within
Nsukka metropolis.

The POME was homogenized by passing
through a 2 mm sieve to remove the different
plant fractions before subjecting them to aerobic
and anaerobic digestion.

For the aerobic treatment, the effluent
was left to ferment at 28+2°C in sterile 20 Lopen
container and periodically turned to promote
mixing. Anaerobic digestion was carried out in a
single stage laboratory scale digester having
hydraulic retention time of 20 days. The system
involves re-circulating the leachate at the top of
the reactor for mixing to occur. The digester was
hermetically sealed to maintain anaerobic
condition and an outlet was provided for the
release of waste gases. The end of the outlet was
dipped into water through a network of
interconnected tubes to prevent the entry of air
by reverse movement. Both the aerobic and
anaerobically digested POME were maintained at
4°Cto forestall further microbial decomposition.

Following germination, the moisture
content of the mesocosms were maintained to
50% water holding capacity (WHC) by the
application of different concentrations (25, 50,
75 and 100%) of the digested POME. Distilled
water (50 ml/200g) was used for the control
experiment. When the plants has developed 2-3
leaves and attained a height of 4-5 cm, the
rhizosphere of two plants from each treatment
were examined each week for changes in the
total bacteria density, nitrogen-fixing bacteria
and enzyme activity. Average of the recorded
results + standard error of means was reported.

Enumeration of the total heterotrophic nitrogen-
fixing bacteria

The population of bacteria around the
rhizosphere of each plant was enumerated by
the viable plate count method (Zuberer, 1994)
while that of the nitrogen fixing bacteria was
carried out on Ashby Mannitol Agar according to
the descriptions of John et. al. (2011).

Analysis of soil enzyme activities
The dehydrogenase assay method as described
by Tabatabai (1997) was used. The assay
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involved colorimetric estimation of 2, 3, 5-
triphenyl formazan (TPF) produced by the
reduction of 2, 3, b5-triphenyltetrazolium
chloride/tetrazolumtrichloride (TTC) by soil
microorganisms. The acid and alkaline
phosphatases were determined according to the
method of Tabatabai (1982) and depended on
the colorimetric estimation of the p-nitrophenol
released by phosphatase activity when soil is
incubated with buffered (pH 6.5 for acid
phosphatase activity and pH 11.5 for alkaline
phosphatase activity) sodium p - nitrophenyl
phosphate solution and toluene. Urease was
measured by the method of Nannipieri et. al.
(1980). The method is based on the
determination of ammonia released after
incubation of soil samples with urea solution for 2
hat37°C.

Analytical methods

The soil physico-chemical properties were
determined by AOAC (2005). The pH, oil and
grease (O and G), and total suspended solids
(TSS) were determined by Standard Methods
(APHA, 2005). Chemical oxygen demand (COD)
was measured by the Hach's
Spectrophotometric method (DR/4000, Hach
Co., Ltd., Tokyo). Phenol was determined by the
phenol test kit (Wako Pure Chemical Industries,
Osaka) and the emerging colour from the test
reaction matched against a standard to
determine the concentration of phenol in the
sample

Statistical analysis

Statistical analysis of the results was carried out
using Post Hoc (Turkey) test analysis of variance
(ANOVA). SPSS statistical software version 23
was used to assess the level of significance at
95% and reported as mean * standard deviation
(SD) of triplicate experiments.

Results and Discussion

Characteristics of soil and POME used in the study
The physico-chemical properties of the soil used
in the study are presented in Table 1. The soil
was sandy-loam, of varied particle sizes and pH
of 5.4. Many soils are affected by acidic
conditions due to heavy fertilization and acid rain
(Onyia et. al., 2001 and Nwoko et. al., 2010).



The organic carbon and organic matter content
were 1.64 and 2.82% respectively while the
moisture content was 6.6%. The presence of
nitrogen (0.126%), ammonia (0.136%), nitrate
(0.074%) and nitrite (0.042%) were confirmed
while electrical conductivity was 3.0 mS/cm. In
Table2, the characteristics of POME used in the
study were highlighted. The raw POME had a pH
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of 4.4.

Table 1: Physicochemical properties of 5ol used in the study

Parameters [ %s ) Soil
Titurd class Sandy- loanm
Farticle Size:
Clay 14
Silt 3.0
Sand [Fine) 38
sand [Coarse) 45
oH 5.4
Organic Carbon 1.4
Organic makbes 2.82
Mitrogen 0,126
Armamionia 0136
Mitrate 0074
Mitrite .02
4wailable Phosphones*® 518
I'-'Idgne--_-,:;jrn 3010
Awailable Potassum™ 15
Electrical Conductivity ™" 3.0
Mpisture coptent .
*ppm ~maom
Title2  : Ceradersticsof AVEusedinttestely
Paaetas(gf) Raweffert hadiclly Areatdicly
Digestexl digpstal
gt 4342 48 +04 52 +04
(Ol adGee 320400 10 280480
@ B0 18 41380
Todl gl 50040 950415 12040
)
Fred 10 ) )
*Ntnesredinngl

The oil and grease (3200£200 mg/L) and
chemical oxygen demand (68,500+300 mg/L)
were found to agree with earlier reports
(Nwucheet. al., 2013; Nwuche et. al., 2014). The
total suspended solid was 25,000+400 mg/L. Of
particular note was the presence of phenol
(100£10 mg/L). The phytotoxic and antibiotic
property associated with POME is often due to

the phenol components (Wattanapenpaiboon
and Wahlqvist, 2003). Some parameters
changed in response to aerobic and anaerobic
degradation. For instance, pH increased to 4.8
and 5.2 respectively. In the aerobically digested
POME, oil and grease decreased by 48% (3200
to 1,650 mg/L) while COD dropped by 55%
(68,500 to 30,825 mg/L). The TSS diminished by
62% (25,000 to 9,550 mg/L) while phenol
disappeared. The O and G in the anaerobically
treated POME declined by only 13% (3,200 to
2,800 mg/L) while the COD and TSS lost 94%
(68,500 to 4,150 mg/L) and 95% (25,000 and
1,270 mg/L) respectively. Phenol was eliminated
by the treatment.

Effect of Treated POME on soil pH

The pH changes of the rhizophere soil after
treatment with different POME concentrations
are shown in Table 3.

The pH of the control treatment remained stable
but in the mesocosms treated with the digested
effluents, significant (p < 0.05) increase in pH
occurred after the 4" week in the pots treated
with lower POME (25 and 50%) concentrations.
The pH of the soil samples treated with
aerobically digested POME increased to
6.1+£0.07 and 5.7+0.07 respectively. By the 5"
week, it further rose to 6.2+0.07 and 5.9+0.07.
At higher POME concentrations (75 and 100%)
pH increase in soil was lower. Initially (week 1),
pH of soil samples receiving 75% and 100%
POME was 5.0+£0.07 and 4.8+0.07 respectively
perhaps due to the acidity remaining in the
digested effluents. However, by the 4" week of
treatment, pH has risen to 5.5+0.07 and
5.2+0.00 respectively and 5.7+£0.07 and
5.5+0.07 after the 5" week. The same trend was
observed in the mesocosms treated with the
anaerobically digested POME except that the
increment in pH of soil treated with the more
diluted POME (25 and 50%) was lower compared
with the aerobically digested applications. The
increase in the pH of soil treated with the
digested POME could be as a result of nitrification
activities of the NH,-N compounds (Pascual et.
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al., 2007) which yielded ammonia causing the
increase in the pH.

In the present study, this process
proceeded at faster rate at low POME
concentration (25 and 50%) resulting in higher
pH increase than at higher POME concentrations
(75 and 100%). Perhaps the high organics
present in the effluent required extended period
for complete degradation. The application of
organic materials has been reported to promote
soil fertility by improving soil pH more than soils
treated with inorganic fertilizers (Adeniyan et.
al., 2011). Soil pH therefore, is one of the
principal factors affecting nutrient availability to
plants (Buri et. al., 2005). At pH less than 5.5, low
levels of
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mineral elements are found in the soil. In their
study, Nwoko et. al. (2010) observed increase in
soil available N, P and K and decrease in acidity of
POME due to biodegradation of the organic
materials.

Effect of POME Treatment on the total rhizosphere
heterotrophic counts
The changes in the total heterotrophic counts
due to the effect from POME application are
presented in Table 4.

habeti p capla el = M it dgndicil bébwetsh e eoinctriban of POME bidtmeit
Mphabuty iyl B & Mgl Mgty et il 3 partoal Yorsagmeirabin of FOME et

WITE: Same ciptl ey are ot eisbetealy Ffirect amon bedtments by Bt Torkey et [l
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Data showed there were increase in bacterial
counts with increase in POME concentrations but
the total microbial counts obtained from the
rhizosphere samples polluted with the
aerobically digested POME was significantly
higher (p < 0.05) than the counts obtained in the
samples treated with anaerobically digested
POME. In week 1, the total bacterial counts in the
low POME concentrations (25 and 50%) were
11.50+0.71 and 37.50+0.71 x 10° cfu/g
compared to 46.00+5.66 and 56.00+5.60 x 10°
cfu/g obtained at higher POME (75 and 100%)
concentrations. In the anaerobically digested
treatments, the total bacterial counts in the
mesocosms treated with low POME
concentrations were 7.00£1.41 and 21.00+1.41
x 10° cfu/g respectively while at higher
concentrations, the counts increased to
24.50+0.71 and 28.00+1.41x10° cfu/g
respectively. The same pattern of increment in
bacterial counts was observed up till the end of
experiment. In fact by the 5" week, population
counts in the low POME (25 and 50%) treated
mesocosms had increased to 196.50+2.12 and
215.50+7.78 x 10°cfu/g compared to 188+2.83
and 199.50+0.71 x10°cfu/g in the anaerobically
digested POME rose to 269.50+10.61 and
302.00+1.41x10° cfu/g while those from the
anaerobically digested treatments were
222.50+2.12 and 280.00+1.41x10° cfu/g
respectively.



The increase in microbial population observed in
rhizosphere samples treated with POME might
result from the rich organic content and the
presence of easily degradable materials, which
promoted rapid growth of both the soil native
and exogenous microorganisms in the POME
(Clemente et. al., 2006). Fermented POME
contains free fatty acids, starch, proteins and
their degradation products (Bek-Nielsen et. al.,
1999). However, the heterotrophic counts in soils
taken from mesocosms treated with aerobically
fermented POME were higher (p < 0.05)
compared to those treated with anaerobically
fermented POME perhaps due to cross
contamination and the invasion and proliferation
of many different organisms during the 'open’
aerobic digestion treatment. During this process,
diverse community of microorganisms thrives in
succession to participate in the breakdown of
complex organic materials in the POME into
simple and easily utilizable forms. This opinion is
supported by Okwute and Isu (2007). In the
anaerobically digested POME, the treatment
conditions are different and selective resulting in
decreased populations and reduced microbial
diversity. When biological wastes are subjected
to anaerobic decomposition, they naturally yield
a variety of organic acids (Lam and Lee, 2011).
The process of anaerobic digestion of POME
involves a sequence of metabolic reactions which
include Hydrolysis, acidogenesis, acetogenesis
and methanogenesis (Demirel and Scherer,
2008).

During hydrolysis, organic polymers (i.e.
carbohydrates, proteins and lipids) are
converted to their respective monomers. This
conversion is usually mediated by several
hydrolytic enzymes such as cellulases,
xylanases, amylases, lipases and proteases
produced by the microbes (Weiland, 2010). In
acidogenesis, the organic monomers produced
in the earlier hydrolytic phase are utilized as
substrates by anaerobic acidogenic bacteria to
produce organic acids, hydrogen and carbon
dioxide. The acetogenetic phase is characterized
by the formation of several organic acids such as
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acetic, propionic, butyric and lactic acids as well
as carbon dioxide and hydrogen. Hydrogen and
carbon dioxide are utilized by hydrogentrophic
methanogens while the complex intermediary
compounds are even further converted to
simpler organic acids before being used by
acetotrophic or acetoclastic methanogens in the
last stage of the overall process to produce
methane (CH,) and carbon dioxide (Poh and
Chong, 2009).

Effect of POME treatment on the rhizosphere
nitrogen fixing bacteria

In Table 5, the effect of the fermented POME on
the populations of rhizosphere nitrogen fixing
bacteria is presented.

Talls % Cunges in Bt bt
anaurolicaly et POME

tvogua oy Bacteea count sl i e hpharval Arachs Aypegey ol Wl aimobcaly and

i Bk TR
§ AT
W=y
Aabety i Captl lenwry by bt it Dbty vl oinciriten of MOME Mt
Aoty i el lem by it ecinc il J Bt Seoscmioe of MOME teed
NOTE: Same captal eSery are not stabsbealy et amang freatments by S Torkey fest (poki) and small ke cap s an et
siachealy iferent amonq vty by Bt Toroey bk (o) 1 shneland disviafion
Results indicate that increase in the

concentration of POME applied to the respective
mesocosms resulted in decrease in the number
of nitrogen fixing bacteria in the rhizosphere. In
week 1 for instance, the total populations of
nitrogen fixing bacteria in the mesocosms
treated with low concentrations (25 and 50%) of
aerobically digested POME were 68+2.83 and
36.0+2.83 x10°cfu/g respectively but in the high
concentration (75 and 100%) treatment, the
counts decreased to 31.0+2.83 and 28.0+1.41
x10° cfu/g respectively. However, within each
treatment, there was significant



increase in the populations of the diazotrophs as
time progressed. By the 5" week of treatment,
the populations of nitrogen fixing bacteria in the
mesocosms receiving low concentrated
treatments (25 and 50%) advanced to
141.5+3.54 and 128.5+0.71 x 10* cfu/g
respectively while in the more concentrated (75
and 100%) treatments, increase in the counts to
115.0+1.41 and 106.0+2.83 x10° cfu/g were
observed respectively. The anaerobically
digested treatments did not differ from the
pattern already described except that the
populations of diazotrophs were significantly
lower (p < 0.05) than data obtained from the
mesocosms treated with aerobically digested
effluent. In week 1, it can be seen that the
populations of nitrogen fixers in the rhizosphere
were 44.0+1.41 and 35.0+1.41 x 10’ cfu/g in
the mesocosms treated with 25 and 50% POME
respectively. With increase in the concentration
of the effluent (75 and 100%), the bacterial
counts declined to 28.5+0.71 and 23.0+£1.41 x
10* cfu/g respectively. At the end of the
experiment (5" week), the diazotrophs in the
former had increased to 131.0+5.66 and
118.5+4.95 x 10 cfu/g respectively while in the
latter (75 and 100%), significant increment in
counts up to 85.0+1.41 and 64.0+2.83 x 10°
cfu/g was achieved. The factors responsible for
the decrease in number of nitrogen fixing
bacteria at Higher (75% and 100%) POME
concentration may include decreased aeration
and moisture due to the higher oil content of the
effluent. The decomposition of the organic
materials in POME by soil microbes often lead to
oxygen depletion which result in diminished
aerobic activity (Nwoko et. al., 2010). The rate of
nitrogen fixation is also affected by soil moisture.
There is usually a decrease in the moisture
content of POME impacted soil. This is because
the water fraction tends to get quickly absorbed
into the soil before the heavier oil fractions which
migrate slowly afterwards. During this
movement, oil displaces the water and then
occupies the soil interstices resulting in reduced
moisture content. Therefore, contaminated soils
do not only have excessive bio-load but may be
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physiologically "dry" even when the soil is wet
(Johnet. al., 2011).

Effect of POME treatment on the soil enzyme
activity

Soil dehydrogenase increased with increase in
POME concentrations (Table 6)

Significant increase (p < 0.05) was equally
observed within each treatment as the weeks
progressed but there were no difference in
activity in soils treated with either the aerobically
or anaerobically digested effluents.
Dehydrogenase activity increased from
14.04+0.01 mg TPFg™ 24h (25% POME) in soils
treated with aerobically digested POME to a final
concentration of 24.48+0.03 mg TPFg'24h™in
soils receiving the most concentrated (100%)
effluent. In the mesocosms treated with
anaerobically digested POME, identical data was
obtained. The activity in the soils treated with
25% POME was 13.03+0.01 mg TPFg“24h™ but
increased to 28.87+0.01 mg TPFg-124h™ at the
mesocosms treated with 100% POME. The
highest activity however occurred in the
respective treatments after 5 weeks of
experiment. The dehydrogenase in the
mesocosms treated with 25% POME increased to
36.17+0.01 mg TPFg'24h™; on the other hand,
activity in the soils treated with 100% POME rose
to 52.83+0.01 mg TPFg'24h'while in the
mesocosms treated with anaerobically digested*
POME; the activity was 48.65+0.03 mg TPFg’
'24h™. The control treatment was unaffected.



Soil microbiological and biochemical properties
are known to respond rapidly to changes that
occur in soil, thereby providing information on
the state of soil health (Smith et. al., 1993).The
addition of fermented POME to the soil increased
the organic matter content which promoted
biodegradation by microorganisms. During this
process, there was rapid multiplication of the
microbes which positively affected the activity of
the enzyme. Ranamukharachchi and Doi (2009)
had correlated soil dehydrogenases with
increased bacterial populations in soils. Thus the
soil total dehydrogenase reflects the workings of
a group of enzymes that are present in soil (Dick,
1996) and their assay offers a continuous
measure of soil microbial activity. The study of
the activity of soil enzymes is important because
they indicate the potential of a soil to carry out
specific biochemical roles, particularly the
maintenance of soil fertility (Nwoko et. al.,
2010). Soil enzymes catalyze the release of
nutrients by means of organic matter
degradation; however soil dehydrogenases are
one of the main components of the soil enzyme
system participating in and assuring the correct
sequence of all biochemical roles in the
biogeochemical cycles (Kumar et. al.,, 2013).
Therefore, its measure serves as an integrative
assessment of soil quality.

Phosphatase catalyses the hydrolysis of
organic phosphorus compounds to phosphates
(Mudge et. al., 2002). From the results shown in
Table 7, there was significant (p < 0.05) increase
in acid phosphatasein the soils treated with
either the aerobically or the anaerobically
digested POME at high concentrations.

Tabli 7: Effect of Elimest POUE oo asmuion ot e xal aide: phoptatiss (70 PRP 1440 acsivity wher sevel weels
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By the 5" week, the lowest phosphatase 61.5+
0.141IU PNP/g/ 24 hactivity was observed in soils
sampled from environments treated with 25%
aerobically digested POME while the highest
(201.0+ 0.25IU PNP/g/ 24h) was in mesocosms
treated with 100% POME. However, in the
anaerobically digested treatments, the
corresponding values were 85.5+0.14 and
213.5+0.14 IU PNP /g/ 24h respectively. Thus
enzyme activity was higher in the soils treated
with anaerobically digested POME than the
aerobically treated portions. The alkaline
phosphatase activity (Table 8) were significantly
(p < 0.05) lower than the acid phosphatase data
obtained although there was no difference in
activity (p < 0.05) between the soils receiving
the aerobically digested and those treated with
the anaerobically digested POME.

Tabbe §: ERectof et FOME conconlraion on e solaliaen phospbatnn aciviy (1) PARYY) B) ate svcal my

Aphabets i capdallemirs = Mt ffeince sipicant betwnes s oconces

Nphabets o gl ey = Myan fyrnscy it il 2 ol Sncuetaton of POME Tt

NOTE: Sare captal ooy e e sty et o Rreamiety by e Torbiy St (el 05] and ool lower c39 letes e et
stshcaly armt amming witks by e oy st (<L) 1 stndind devizhon

Acid phosphatase acts best in acid environment
while the alkaline phosphatases are mostly
active in alkaline medium. One factor that
influences the secretion of acid phosphatase in
soils is the availability of soluble phosphate ion.
In soil ecosystems, these enzymes play critical
roles in the phosphorus-cycle and are connected
to phosphate-stress and plant growth. During
phosphorus-deficiency in the soil, acid
phosphatase secretion from plants roots and
micro-organisms are increased to enhance the
solubilization of phosphates. Thus microbial
activity has a direct influence on soil fertility and
Promotes the ability of plants to cope under
phosphorus limited conditions (Kai et. al., 2002;
Karthikenyan et. al., 2002).



The activity of the urease enzyme decreased in
the soil as the concentration of POME increased
(Table 9). However within each treatment,
activity increased as the weeks progressed until
the 4" week after which significant decline (p <
0.05) in activity occurred. In the assays
conducted after week 1 in soils amended with
25% aerobically digested POME, urease activity
increased from 0.415+0.007 to 2.984+0.006
Ppm NH,"-N /g/24h in week 4 before dropping to
the final concentration of 1.851+0.001 Ppm
NH,"-N /g/24h after the 5" week. With increase
in POME concentrations, the activity decreased
t00.300+0.003Ppm NH,"-N /g/ 24hwhen the soil
was treated with 50% POME; and further down
to 0.044+0.001 Ppm NH,™-N /g/ 24h at 100%
POME treatment. However in relation to the
respective treatments, urease activity was
higher (p < 0.05) in soils from the rhizosphere of
the mesocosms treated with aerobically digested
POME than the anaerobically digested
treatments. Urease is an enzyme that catalyzes
the hydrolysis of urea in the soil into NH, and CO,
with resultant increase in soil pH (Andrews et. al.,
1989
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This feature is vital to the regulation of nitrogen
supply to plants after urea fertilization. Cookson
and Lepiece (1996) reported increased urease
activities in nitrogen rich soils. However, the
activity of urease in soils is influenced by many
factors which include cropping history, organic
matter, pH, depth, soil amendments and
environmental factors such as temperature
(Yang et. al., 2006).

Conclusion

POME has high phenol content and is acidic in
nature. It therefore must undergo some form of
treatment before application as manure on land.
When decomposed, POME contains rich organic
materials, near alkaline pH, substantial amounts
of plant nutrients and thus could serve as low
cost fertilizer for crops. In the present study, the
use of digested POME improved keysoil
microbiological and biochemical indices but
excessive application beyond plant requirement
and soil absorptive capacity could still pose
dangers to the soil ecosystem. It is imperative
therefore to monitor nutrient release from POME
in relation to crop improvement. It is also
necessary that POME should be properly treated
before discharge into the environment to avoid
unwholesome and untoward ecological
situations.

References

Adeniyan, O. N., Ojo, A. O., Akinbode, O. A. and
Adediran, J. A. (2011). Comparative study of
different organic manure and NPK fertilizer for
improvement of soil chemical properties and dry
matter yield of maize in two different soils. J. of
Soil Sci. and Environ. Manage. 2: 9-13.

Ahmad, A., Ismail, S. and Bhatia, S. (2003).
Water recycling from palm oil mill effluent
(POME) using membrane technology. Desalin.
157:87-95.

Andrews, R. K., Blakeley, R. L. and Zerner, B.
(1989). Urease Ni (IT) metalloenzyme. VCH, New
York., Pp 141 - 166.

Association of Official Analytical Chemists
(AOAC) (2005). Methods of soil analysis, 18th
Edn. Association of official analytical chemists,
Washington.

Bek-Nelson, C., Singh, G., and Toh, T. S. (1999).
Bioremediation of palm oil mill effluent In:
Proceedings PORIM International Palm Oil
Congress 16" February 1999, Kuala Lumpur,
Malaysia.



Buri, M. M., Wakatsuki, T. and Issaka, R. N.
(2005). Extent and management of low pH soils
in Ghana. Soil Sci. Plant Nutr. 51: 755-759.

Capasso, R., Cristtinzio, G., Evidente,A.and
Scognamiglio, F. (1992). Isolation spectroscopy
and selective phytotoxic effects of polyphenols
from vegetable waste waters. Phytochem. 31:
4125-4128.

Clemente, R., Almela, C. and Bernad, M. P.
(2006). A remediation strategy based on active
phyto remediation followed by natural
attenuation in a soil contaminated by pyrite
waste. Environ. Pollut. 143: 397 406.

Cookson, P. and Lepiece, G. L. (1996). Urease
enzyme activity of soils of the Batinah region
sultanate of Oman. J. Arid. Environ. 32: 225
238.

Demirel, B. and Scherer, P. (2008). The roles of
acetotrophic and hydrogentrophic methanogens
during anaerobic conversion of biomass to
methane; a review. Rev. Environ. Sci. and
Biotechnol. 7: 173 - 190.

Dick, R. P, Breakwell, D. P. and Turco, R. F.
(1996). Soil enzyme activities and biodiversity
measurements as integrative microbiological
indicators. Soil Science Society of America,
Madison, WI, p 247 -271.

John, R. C,, Itah, A. Y, Essien, J. P. and Ikpe, D. I.
(2011). Fate of nitrogen-fixing bacteria in crude
oil contaminated wetland ultiso. Bull Environ
Contam. Toxicol. 87: 343 - 353l.

Kai, M., Takazumi, M., Adachi, H., Wasaki, J.,
Shinano, T. and Isaki, M. (2002). Cloning and
characterization of four phosphate transporter
DNase in tobacco. Plant Sci. 163: 837-846.

Karthikeyan, A. S., Varadarajan, D. K., Mukatira,
U. T, D'Urzo, M. P, Damaz, B. and Raghothama,
K. G. (2002) Regulated expression of
Arabidopsisphosphate transporters. Plant
Physiol. 130: 221 - 233.

Kumar, S., Chaudhuri, S.and Maiti, S. K. (2013).
Soil Dehydrogenase Enzyme Activity in Natural
and Mine Soil - A Review. Maiti Middle-East J. of
Sci. Res. 13: 898 - 906.

Onwusi and Nwuche/ Nig. J. Biotech. Vol. 34: 1-11

10

Lam, M. K.and Lee, K. T. (2011). Renewable
and sustainable bioenergies production from
palm oil mill effluent (POME): win-win strategies
toward better environmental protection.
Biotechnol. Adv. 29: 124 - 141.

Li, H. Y., Zhang, C., Zhang, G. and Chen, G. X.
(2005). Effects of petroleum-contaminating
Waste water irrigation on bacterial diversity and
enzymatic activities in a paddy soil irrigation
area. J. of Environ. Quality. 34: 1073 - 1080.

Li, Y., Rouland, T. C., Benedetti, M., Li, F,, Pando,
A., Laveller, P. and Dai, J. (2009). Microbial
biomass, enzyme and mineralization activity in
relation to soil organic C, N and P turnover
influenced by acid metal stress. Soil Biol.
Biochem. 41: 969 - 977.

Mudge, S. R., Rae, A. L., Diatloff, E. and Smith, F.
W. (2002). Expression analysis suggests novel
roles for members of Phtl family of phosphate
transporters in Arabidopsis. Plant J. 31: 341-
353.

Nannipieri, P, Ceccanti, C., Ceverlli, S. and
Matarese, E. (1980). Extraction of phosphatase,
urease, protease, organic carbon and nitrogen
from soil. Soil Sci. Soc. America J44: 1011 - 1016.

Nwoko, C. O. and Ogunyemi, S. (2010). Effect of
palm oil mill effluent (POME) on microbial
characteristics in a humid tropical soil under
laboratory conditions. Int. J. Environ Sci and Dev.
1: 307 - 314.

Nwuche, C. O. and Ugoji, E. O. (2010). Effect of
co-existing plant species on soil microbial activity
under heavy metal stress. Int. J. Environ. Sci.
Tech. 7: 697 - 704.

Nwuche, C. O., Aoyagi, H. and Ogbonna, J. C.
(2013). Citric acid production from cellulase-
digested palm oil mill effluent. Asian J. of
Biotechnol. 5: 51 - 60.

Nwuche, C. O., Aoyagi, H. and Ogbonna, J. C.
(2014). Treatment of palm oil mill effluent by a
microbial consortium developed from compost
soils. ISRN (Microbiology). Article ID 762070, 8
pages.



Okwute, O. L. and Isu, N. R. (2007). Impact
analysis of palm oil mill effluent on the aerobic
bacterial density and ammonium oxidizers in a
dumpsite in Anyigba, Kogi State. Afri. J.
Biotechnol.6: 116-119.

Olorunfemi, D., Emoefe, E. O. and Okieimen, F. E.
(2008). Effect of cassava processing effluent on
seedling height, biomass and chlorophyll content
of some cereals. Res. J. Environ Sci.2: 221-227.

Onyia, C. O., Uyub, A. M., Akunna, J. C,
Norulaini, N. A. and Omar, A. K. M. (2001).
Increasing the fertilizer value of palm oil mill
sludge: bio-augumentation in nitrification. Water
Sci. and Technol. 44: 157-162.

Orji, M. U., Nwokolo, S. O. and Okoli, I. (2006).
Effect of palm oil mill effluent on soil microflora.
Nig. J. Microbiol. 20: 1026-1031.

Pascual, I., Antolin, A. C., Garcia, C., Polo, A.
and Sanchez-Diaz, M. (2007). Effect of water
deficit on microbial characteristics in soil
amended with sewage sludge or inorganic
fertilizer under laboratory conditions. Biores.
Technol. 98: 29 - 37.

Piotrowska, A., Iamarino, G., Rao, M. A. and
Gianfreda, L. (2006). Short-term effects of olive
mill waste water (OMW) on chemical and
biochemical properties of a semiarid
Mediterranean soil. Soil Biol. Biochem. 38: 600 -
610.

Poh, P. E. and Chong, M. F. (2009). Development
of anaerobic digestion methods for palm oil mill
effluent (POME) treatment. Biores. Technol.100:
19.

Ranamukhaarachchi, S. L. and Doi, R. (2009).
Soil dehydrogenase in a land degradation-
Rehabilitation gradient: observations from a
savanna site with a wet/dry seasonal cycle.
Revista de Biologia Tropical. 57: 223 - 234.

Onwusi and Nwuche/ Nig. J. Biotech. Vol. 34: 1-11

11

Schloter, M. and Dilly, O. and Munch, J. C. (2003).
Indicators for evaluating soil quality. Agric.
Ecosyst. Environ. 98: 255 - 262.

Standard Methods for the Examination of Water
and Waste Water (2005). 21* Edition. American
Public Health Association (APHA), American
Water Works Association (AWWA) and Water
Environment Federation (WEF), Washington, D.
C., USA.

Tabatabai, M. A. (1982). Soil enzyme.Soil
Science Society of America. Part 2. American
Society of Agronomy, Madison, WI, p 903948.

Tabatabai, M. A. (1997). Soil Enzyme. Soil
Science Society of America. Part 2. American
Society of Agronomy, Madison, WI, p 775833.

Wattanapenpaiboon, N. and Wahlqgvist, M. L.
(2003). Phytonutrient deficiency; the place of
palm fruit. Asia Pacific J. of Clinic Nutri.12: 363 -
368.

Weiland, P. (2010). Biogas production: current
state and perspectives. Appld.Microbiol.
Biotechnol. 85: 849 - 860.

Wu, T.,, Mohammad, A. W., Jahim, J. M. and
Anuar, N. (2009). A holistic approach to
managing Palm Qil Mill Effluent (POME): Onwusi
and Nwuche/ Nig. J. Biotech. Vol. 34: 1 - 15
Biotechnological advances in the sustainable
reuse of POME. Biotechnol. Adv. 27: 40 - 52.

Yang, Z., Liu, S., Zheng, D. and Feng, S. (2006).
Effects of cadmium, zinc and lead on soil enzyme
activities. J. Environ. Sci. 18: 1135-1141.

Zuberer, D. A. (1994). Recovery and
enumeration of viable bacteria. Part 2. Microbial
and Biochemical Properties. Soil Society of
American Books, Madison, p 119144.14



