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ABSTRACT

The effects of cassava mill effluent on soil bacteria and enzymes were
investigated. Soil samples were collected from sites polluted with cassava
mill effluent (CME) and also from an adjacent site not polluted with CME
during the dry and rainy seasons. Standard microbiological methods were
used in enumerating the population of the microorganisms while the activity
of enzymes was evaluated using biochemical processes. The bacterial
groups studied include phosphate-solubilizing bacteria, nitrifying bacteria,
cellulolytic bacteria, lipolytic bacteria and total heterotrophic bacteria.
Nitrifying and lipolytic bacteria were most adversely affected in both the dry
and rainy seasons. The activity of the enzymes decreased in the impacted
soil as compared to the control, except that of urease which increased from
2.70+0.15 mg g™ 24 to 5.80+0.19 mg g™ 24 and from 2.80+0.05 mg g*
2h to 5.20+0.21 mg g™ 2h™ in the dry and rainy seasons respectively.
Excessive application of Cassava mill effluent had negative effects on soil

Introduction

Kolwan et al., (2006) defined soil as the top
layer of the earth’s lithosphere, formed from
withered rock that has been transformed by
living organisms. Soil formation is the result
of the combined action of weathering and
colonization of geological material by
microbes (Willey et al., 2008). Soil has many
layers, with the topsoil being the most
productive. The biological components of
the topsoil consist mainly of soil organisms,
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especially microorganisms which are key
players in the cycling of nitrogen, sulphur
and phosphorus, and the decomposition of
organic residues. These affect nutrient and
carbon cycling on global scale (Bunning and
Jimenez, 2003). The topsoil receives the
greatest impact from pollutants.

Present day industrial activities release
substantial amounts of pollutants into the
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natural environment. Such pollutants include
crude oil and its refined products, palm oil

mill effluent, cassava mill effluent,
wastewater from agro-allied industries,
refineries, human and animal wastes,

laundering, car washing, wood waste and
mining effluents, (Walsh et al., 2002, Wade
et al.,, 2002, Ojumu, 2004, Arimoro and
Osakwe 2006). Soil pollution causes
imbalance in soil flora and fauna, which
leads to reduced soil fertility. This is mostly
because microorganisms which are involved
in all nutrient cycling are destroyed. Cassava
composes approximately 57% of tropical
root and tuber production (Nwoko et al.,
2009).  Nigeria is the world's largest
producer of cassava, Manihot esculenta
(Crantz) (FAO, 2004). In Nigeria, cassava
can be converted to diverse traditional
delicacies which include; garri, fufu, lafun
flour etc some of which are fermented
products (Oti, 2002). Among all the
products processed from cassava, garri is the
most common in Nigeria. Garri production
is done in varying scales; in a small,
medium and large scale. Most garri
processing plants in Nigeria produce
between 7-10 million tonnes of garri
annually (FAO, 2004). Much waste from
cassava mills are generated which are
usually discharged on land or into water
bodies indiscriminately and this in turn
affects the biota (Olorunfemi et al., 2008).
Cassava (Manihot esculenta  Crantz)
processing into garri involves several unit
operations, including peeling, washing,
grating, pressing, etc. Traditional garri
production is associated with the discharge
of large amounts of water, hydrocyanic acid,
organic matter in the form of peels, and
sieves from the pulp as waste  products.
Continuous discharge of these wastes has
accentuated the adverse effect of cassava
waste to the environment and biodiversities
(Goodley, 2004). When these waste
products are improperly disposed they
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generate offensive odours and unsightly
scenarios (FAO, 2004; Okafor, 2008). The
major component of the effluent from garri
processing industries is cyanide and in most
cases, the effluent is channeled into pits
where it continues to accumulate and sink
gradually into the surrounding soils thereby
posing a serious health and environmental
hazard (Okafor, 2008).

This work was aimed at determining the
effect of cassava mill effluent on some
groups of soil bacteria and soil enzymes.

Materials and Methods
Soil Sample Collection

Soil samples were collected using
disinfected trowel from 0-15 cm depth, in
soils polluted with cassava mill effluent,
CME, as well as from soils not polluted with
the agricultural wastes (which served as
control). A set of soil samples was collected
during the dry season (December — March)
and another set of soil samples was collected
during the rainy season (April — October).
The soil samples were collected from
Mmahu in Ohaji/Egbema LGA noted for
garri processing in Imo State. The co-
ordinates  of  Ohaji/Egbema Local
Government Area are longitude 4°49" N and
latitude 6°34 E.

Preparation of Soil Samples for Analysis

Bulked or composite soil samples from
impacted and control sites were air-dried,
ground, sieved (2mm) and stored at room
temperature (28+2°C) for 24h.

Microbiological Analysis
The populations of different groups of

bacteria were estimated using different
microbiological methods.
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Estimation of Total

Bacteria (THB)

Heterotrophic

Population of heterotrophic bacteria in the
impacted and control soil samples were
estimated as described by Okpokwasili and
Okorie (1988).

Estimation of Nitrifying Bacteria (NB).

An aliquot (0.1ml) of 107 dilution was
inoculated on mineral salt agar medium
solidified with 1% Difco Noble Agar, using
spread plate technique. Bacterial growth was
obtained after 48-72h incubation at room
temperature  (28+2°C) (Nwaugo et al.,
2004).

Estimation of Lipolytic Bacteria (LB)

Aliquots of diluted soil samples were plated
on tributyrin agar for 24h, and the formation
of halo zone around the colonies on
tributyrin agar was considered as positive
result for the test (Mohan et al., 2008).

Enumeration of Phosphate Solubilizing
Bacteria (PSB)

About 0.1ml of 107 dilution of soil sample
was inoculated on NBRI-BPB medium
solidified with 1% Difco Noble Agar using
spread plate method, and incubated at 30°C
for 3 days. Production of yellow halos
around the colonies was taken as positive
result (US Patent, 2003).

Enumeration of Cellulolytic Bacteria
(CEB)

The organisms were enumerated by plating
serially diluted soil samples on cellulose
agar which contained carboxy methyl
cellulose (CMC) (Hatami et al., 2008).
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Enzyme assay
Acid and Alkaline Phosphatases

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 for
alkaline phosphatase activity) sodium p-
nitrophenyl phosphate solution and toluene,
as described by Alef and Nannipieri (1995)
was employed.

Lipase Assay

The method described by Onilude et al.,
(2010) was employed in this assay.

Urease Assay

The method used was based on the
determination of ammonia released after
incubation of soil samples with urea solution
for 2h at 37°C (Alef and Nannipieri, 1995).

Cellulase Assay

The enzyme was assayed based on the
determination of released reducing sugars
after the incubation of soil samples with
carboxy methyl cellulose salt solution
(CMC) for 24h at 50°C (Alef and
Nannipieri, 1995).

Assay for Dehydrogenases

The assay method as described by Cassida et
al., (1964) was used. The assay involved
colorimetric estimation of 2, 3, 5-triphenyl
formazan (TPF) produced by the reduction
of 2, 3, 5-triphenyltetrazolium chloride
(TTC) by soil microorganisms.
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Statistical Analysis

SPSS was used to carry out a paired sample
T-test to analyze the data and make
inferences.

Results and Discussion

Seasonal bacterial loads: During the dry
season, THB had the highest value (6.7 x
10°+0.13 cfu/g) in the control as well as in
the impacted soil (3.7 x 10* +0.26 cfu/g).
NB had the least population (0.6 x 10
+0.03cfu/g) in the polluted soil, followed by
LP with 0.9 x 10' #0.02 cfu/g. PSB
decreased from 2.9 x 10°+0.19 -2.4 x
10°+0.19 cfu/g, and CEB from 2.3 x 10*
+0.05 to 2.4 x 10° +0.19 cfu/g. During rainy
season, THB decreased from 2.1 x 10'+0.18
cfu/g in the control to 4.3 x 10*+0.08 cfu/g
in the impacted soil. THB had the highest
population (2.1 x 10'+0.18 cfu/g) in the
control while LB had the lowest (2.4 x 10*
+0.19 cfu/g).

Enzymes activity: Apart from urease which
increased from 2.70+0.15 mg g* 247 to
5.80+0.19 mg g* 247, the other enzymes
followed the same trend of decrease in
activity. Dehydrogenase had the highest
activity in the control (33.50+0.18 mg g™
6h™) but decreased significantly to
16.40+0.19 mg g™ 6h™ in the polluted soil
(p=0.05). Lipase showed the least enzymatic
activity both in the control (2.40+0.19 g™ 30
min) and in the impacted soil (1.10+0.01 g™
30 min). During the rainy season, the
activities of the enzymes decreased in the
impacted soil except urease whose activity
increased from 2.80+0.05 mg g* 2h*
(control) — 5.20+0.21 mg g™ 2h™ (impacted)
The activity of dehydrogenase was highest
in both the control and the impacted soil,
though it decreased significantly from
34.32+0.13 mg g 6h™ in the control to
20.17+0.05 mg g™ 6h-1 in the impacted soil.
Lipase showed the least activity in the
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control (2.50+0.02 g* 30 min) and in the
impacted soil (1.40+0.19g™* 30 min).

The population of the different bacterial
groups decreased in the impacted soil, as
shown in Table 1. The high content of
cynogenic glucoside, example, linamarin, in
the CME may have adversely affected the
microbial load. Nitrifying bacteria had the
least count while THB had the highest in the
impacted soil. Nitrifying bacteria were
negatively affected by the alkaline
environment. THB were generally higher in
population than the other bacterial groups.
Nwaugo et al., (2008), Pelczar et al., (2003),
Karin (2006) and Onyeagba et al., (2002)
reported similar results. This is because
THB is a summation of all viable bacteria
while the other ones are fractions of THB.
On the other hand nitrifying bacteria are
very sensitive to environmental stress and
had very low population. This agrees with
Nwaugo et al., (2009). But Ogboghodo et
al., (2009) reported that CME increased the
population of soil bacteria and fungi. This
could be due to differences in concentration
of the effluent. As shown in Table 2, CME
decreased the enzymatic activities of the soil
enzymes, except that of urease. Lipase
showed the least activity and dehydrogenase
showed the highest activity, generally in all
the polluted soils. Nwaugo et al., (2009)
obtained similar results. The decrease in
dehyrdogenase activity in this work is
contrary to the observation of Achuba and
Pereiemo-Carke (2008), who reported an
increase in the dehydrogenase activity in
spent engine oil-polluted soil. A decrease in
the population of THB in the impacted soil
correlated with decrease in activity of
dehydrogenase; in agreement with the
findings of Lee et al., (2002), and Oliviera
and Pampulha (2006). Increased urease
activity observed in this work agrees with
Nwaugo et al., (2008). The alkaline
environment may have encouraged the
activity of the enzyme (urease).
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Table.1 Effect of Cassava Mill Effluent on Microbial Load of Soil (cfu/g)
in Different Seasons

Dry Season Rainy Season
Parameters Control Impacted Control Impacted
Soil Soil
Nitrifying Bacteria 2.4x10°£0.02  0.6x10'+0.03 3.2x10%+0.25 1.1x10*+0.02
Phosphate Solubilizing Bacteria 2.9x10°#0.19  2.4x10°#0.19 3.3x10°+0.06 2.5x10°+0.17
Total Heterotrophic Bacteria 6.7x10°+0.13  3.7x10#0.26 2.1x107+0.19 4.3x10+0.08
Cellulolytic Bacteria 2.3x10°+0.05  2.4x10°+0.19 2.9x10%+0.19 2.8x10°+0.08

Lipolytic Bacteria

2.2x10%+0.02

0.9x10'+0.02

2.4x10%+0.19

1.1x10'+0.01

Table.2Effect of Cassava Mill Effluent on Soil Enzymes Relative to the Control

Dry Season Rainy Season
Enzymes Control Impacted Soil Control Impacted
Soil
Dehydrogenase (mg g~ 6h™) 33.50+0.18 16.40+0.19 34.3240.13 20.17+0.05
Acid Phosphatase (umol-p-nitrophenol) 3.40+0.05 2.40+0.19 3.60+0.13 2.60+0.01
Alkaline Phosphatase (pumol-p-nitrophenol) 3.10+0.19  2.80+0.12 3.70+0.05 2.90+0.02
Urease (mg g™ 2h™) 2.70+0.15  5.80+0.19 2.80+0.05 5.20+0.21
Cellulase (mg g™ 6h™) 3.20£0.03  2.10+0.01 3.20£0.19  2.90+0.31
Lipase (g 30 min) 2.40+0.19  1.10+0.01 2.50+0.02  1.40+0.19
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