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ABSTRACT

T

he processing of cassava into value-added products is associated with discharge of effluents which contain
substances that have adverse effect on the environment. Remediative activity of indigenous bacteria can be
stimulated by supplementing effluents with phosphorus. Rock phosphate (RP) solubilization and enzymatic

activities from bacteria on the cassava mill effluents (CME) contaminated soil was investigated. Soil mixed with
varying concentrations of CME (0, 100, 200, 300, 400, 500 and 600 ml) and 10 g of RP were analyzed on days 0 and
16. Parameters analyzed were changes in pH, heterotrophic bacteria load, phosphate-solubilizing bacteria load,
available phosphorus, acid phosphatase, cellulase and urease concentrations. The results showed that the medium
containing 400 ml CME contaminated soil had the highest phosphate-solubilizing bacteria load (12.60 ± 2.08 x 10 6
cfu/ml), available phosphorus (126.00 ± 4.08 mg/kg), acid phosphatase (9.54 ± 0.51 mgN/g/min), cellulase (15.24 ±
0.81 mg/g/6h) and urease concentration (2.15±0.22 mg/g/2h). The control had the lowest phosphate-solubilizing
bacteria load and enzymatic activity. Biostimulation of indigenous bacteria to enhance the degradation of cassava mill
effluent-contaminated soil, using rock phosphate, showed promising results. This implies that rock phosphate
solubilization by indigenous bacteria in CME-contaminated soils could be important for the remediation and
reclamation of contaminated lands.
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INTRODUCTION
Cassava (Manihot esculenta) is one of the major food crops produced in Africa (FAO, 2004; Akponah, 2011; Muniafu
et al., 2015). Nigeria is ranked amongst the leading cassava producing and exporting nations of the world. Cassava
roots are important in African diet and can be processed into varieties of carbohydrate-rich staple foods for human
consumption (Oti, 2002). Garri is the most popular of all the staple food products obtained from cassava and most
processing plants in Nigeria produce between 7 and 10 million tonnes annually (FAO, 2004). During garri processing,
the expressed juice from grated cassava pulp forms the whey, which is a major waste product. This whey is discharged
into the environment as effluent referred to as cassava mill effluent (CME) (Muniafu et al., 2015).
Owing to the large amount of cassava processed at garri processing plants, which is further exacerbated by
the fact that almost everyone in a locality gather to do it at centralized location, garri processing plants are associated
with lots of foul odour and is an eyesore to the environment. An insidious consequence of the practices going on at
these plants is the effect of the improperly disposed cassava mill effluents on the environment. In most cases, no effort
is made to dispose of the effluents, they are simply allowed to wet and percolate into the ground of the processing
area. When attempts are made, they are usually discharged on land or into water bodies indiscriminately (Igbinosa
and Igiehon, 2015). The effluents contain large amounts of water, hydrocyanic acid, organic matter and other waste
products from the sieve (Enerijiofi et al., 2017). Continuous discharge of these effluents into the environment not only
generates offensive odours and damages the aesthetics of the environment, it also poses a serious health and
environmental hazard (Okafor, 2008). The components of the effluents are lethal and mobile in soil, capable of altering
ecology and biodiversity, causing extinction of benthic macro-invertebrates, endangering marine life, eliminating
beneficial microbes in the environment and inhibiting cereal seed germination (Olorunfemi et al., 2008; Eziegbo et
al., 2014; Igbinosa and Igiehon, 2015). Nonetheless, cassava mill effluents also contain many nutrients, capable of
supporting the growth of microbes that can tolerate the toxic components. Therefore, the discharge of effluents onto
lands or into water bodies, selectively lead to the proliferation of certain microbes. The rapid growth of these microbes
can cause oxygen depletion in water bodies leading to death of fish and other aquatic organisms (Oboh et al., 2002;
Horsfall et al., 2006).
The process of utilizing microorganisms to clean up contaminated environment is termed bioremediation
(Eziegbo et al., 2014; Divya et al., 2015). One of the strategies to enhance successful bioremediation processes is the
supply of nutrients to improve the metabolic activity of the microbes used known as biostimulation (Erenee et al.,
2017). Phosphorus is one of the supplementing nutrients that plays a significant role in physiological and biochemical
growth of microorganisms (Kadiri et al., 2013). Microbes require phosphorous for energy and nucleic acid synthesis.
The use of rock phosphate has been documented to be successful and increases the rate of microbial degradation of
contaminated environment (Sharma et al., 2013; Ovasogie et al., 2015; Agyarko et al., 2017).
The growth of phosphate-solubilizing bacteria (PSB) and fungi (PSF) for the treatment of polluted soil
depends on cultural activities and soil properties, such as physico-chemical properties, organic matter and soil
phosphorus content (Sharma et al., 2013). Cassava mill effluent-polluted soil is one of such soils with characteristic
physical and chemical properties, organic matter and phosphorus content. The application of rock phosphate to aid
PSB and PSF in the remediation of cassava mill effluent-polluted soil is a field of interest, which demands plausible
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attention as increasing the phosphate quantity of polluted soil may result in quicker reclamation of polluted soil in
Nigeria, thus, enhancing soil fertility (Alori et al., 2017). Hence, biostimulation through amendment with growthlimiting factors, such as phosphorus, can enhance microbial degradation on contaminated sites (Abbasi et al., 2015;
Utobo and Tewari, 2015). Therefore, this study focused on the use of phosphate rocks as biostimulant for the microbial
bioremediation of cassava mill effluents. The aim was to investigate rock phosphate solubilization and enzymatic
profile of the indigenous bacteria on cassava mill effluent-contaminated soil.

METHODOLOGY
SAMPLE COLLECTION
Cassava mill effluents were collected from cassava processing mill site at Isihor, Benin City, Edo State, Nigeria.
Sterile 10-L plastic containers were used to collect samples in triplicates and taken to the laboratory for analyses. Soil
samples were collected from fallow farmland using hand-held auger into air-tight nylon bags and were transported
immediately to the laboratory for analyses. The soil samples were air-dried for a period of one week in a clean wellventilated laboratory, homogenized, passed through a 2-mm stainless sieve, and stored in labelled plastic cans until
analyses. Rock phosphate was obtained from a commercial fertilizer outlet in Benin City.

PREPARATION OF BIOREMEDIATION MEDIUM
Dried soil samples (2 kg) were weighed into seven plastic containers and spiked with 10 g of powdered rock phosphate
(RP). The spiked soil was mixed with varying amounts of cassava mill effluent (0, 100, 200, 300, 400, 500 and 600
mL), transferred into respective plastic containers. control soil plastic container composed of only 2 kg of soil without
RP and CME. Each set-up was allowed to undergo biodegradation for 16 days at 28 ± 2 °C after which samples were
drawn for analyses. The parameters analyzed were bacteria load, phosphate-solubilizing bacteria (PSB) load, changes
in pH, available phosphorus, as well as concentrations of acid phosphatase, cellulase and urease.

ENUMERATION OF TOTAL HETEROTROPHIC BACTERIA AND PHOSPHATE-SOLUBILIZING
BACTERIA
Ten-fold serial dilution of the soil samples was prepared. Triplicate soil samples were suspended in sterile saline
solution and shaken for 1 h. For heterotrophic bacteria, an aliquot of 0.1 ml was transferred, using spread plated
method, onto plates containing Nutrient Agar. All the plates were incubated at 28 ± 2 °C for 24 h after which bacteria
counts were estimated from the colonial growth. For phosphate-solubilizing bacteria count, an aliquot of serially
diluted soil samples was transferred, using spread plated method, onto plates containing standard National Botanical
Research Institute's phosphate (NBRIP) agar medium. The NBRIP medium composed of glucose (10 g), MgCl 2. 6H2O
5 g, MgSO4. 7H2O (0.25 g), KCl (0.2 g) and (NH4)2SO4 (0.1 g), dissolved in 1L distilled water and supplemented with
5 g tribasic calcium phosphate (TCP). The plates were incubated at 28 ± 2 °C for 3 days. Colonies with clear zones
around them were considered as phosphate-solubilizing bacteria species and counted (Nautiyal et al., 2000).
Discrete colonies of bacterial isolates were purified by sub-culturing into freshly prepared nutrient plates for bacteria.
Pure cultures of bacterial isolates were characterized and identified based on their cultural, morphological and
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biochemical characteristics using the scheme in Bergey’s manual of determinative bacteriology (Holt et al., 1994;
Cheesbrough, 2006)

DETERMINATION OF pH
Changes in pH were monitored using a pH meter model 314P.

DETERMINATION OF AVAILABLE PHOSPHORUS
Available phosphorus of the soil samples was determined according to the method described by Watanabe and Olsen
(1965). The concentration of phosphorus was determined using a spectrophotometer (Unico S1205 & S2100 + series)
at a wavelength of 712 nm.

DETERMINATION OF ACID PHOSPHATASE CONCENTRATION
One gram of soil sample was homogenized in 10 mL of ice-cold 50 mM citrate buffer (pH 6.5) using a pre-chilled
mortar and pestle. The assay was based on the colorimetric estimation of p-nitrophenol releases by phosphatase
activity according to the method of Alef and Nannipieri (1995).

DETERMINATION OF CELLULASE CONCENTRATION
Cellulase concentration was determined based on released reducing sugars after the incubation of carboxy-methylcellulose salt solution (CMC) with soil samples for 24 h at 50 °C (Alef and Nannipieri, 1995).

DETERMINATION OF UREASE CONCENTRATION
Urease concentration was determined as described by Hoffmann and Teicher (1961). The enzyme assay was based on
measuring the ammonium released using a spectrophotometer (Unico S1205 & S2100 + series) at 578 nm. Three
replicates of each sample were tested, and a control sample without urea was prepared.

DATA ANALYSIS
All experiments were carried out in triplicate. Descriptive statistics and analysis of variance were done using Statistical
Package for the Social Sciences (SPSS) version 20.

RESULTS
Varying amounts of cassava mill effluent was used in the study to determine the optimum amount of cassava mill
effluent that can be tolerated by the microbes in the presence of rock phosphate for efficient biodegradation process.
Heterotrophic bacteria load and phosphate-solubilizing bacteria at the beginning and day 16 of solubilization of 10 g
of RP with varying concentrations of CME in the soil is shown in Table 1. In all setups, microbial counts were higher
at day 16. The highest bacterial load of 28.30 ± 1.15 x 106 cfu/ml at day 16 was recorded for the soil sample mixed
with 600 ml of cassava mill effluent. The control had the least count of 5.23 ± 0.15 x 10 6 cfu/ml at day 16. The highest
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phosphate-solubilizing bacteria (PSB) count (12.60 ± 2.08 x 10 6 cfu/ml) was observed in the soil mixed with 400 ml
cassava mill effluent at day 16. The least count of 0.97±0.30 x 10 6 cfu/ml was from the control.
Table 2 showed the identified bacterial isolates from CME contaminated soil. The identified bacterial isolates were
Bacillus subtilis, Escherichia coli, Salmonella enterica, Staphylococcus aureus, Micrococcus luteus, Proteus mirabilis
and Pseudomonas fluorescens.
Changes in pH and available phosphorus at the beginning and at 16 days of solubilization of 10 g RP with
varying concentration of CME in the soil is presented in Table 3. The pH values were lower at 16 days compared to
the values at the start of the setups in most experimental setups except for soils mixed with 300 or 600 CME. The
highest pH at day 16 of solubilization was recorded for the setup containing 500 ml of CME (5.75 ± 0.03) while the
least was for soil with 200 ml CME. The levels of available phosphorus were found to be dependent on the
concentration of CME in the soil. Available phosphorus concentration in the contaminated soils after 16 days (Table
3) was highest in soils with the 400 ml of CME while the least was from the control with values of 126.00 ± 4.08 and
9.67 ± 2.93 mg/kg, respectively.
Acid phosphatase activity with varied CME in the soil medium is shown in Figure 1. Amongst the varied
CME contaminated soil, that with 400 ml CME gave the highest acid phosphatase activity of 9.54 ± 0.51 mgN/g/min.
The least acid phosphatase activity of 1.05± 0.41 mgN/g/min was from control soil.
Urease activity during solubilization of 10 g of RP with varying concentrations of CME in the contaminated
soil is shown in Figure 2. Soil with 400 ml of CME had the highest urease activity of 2.15 ± 0.22 mg/g/2h at day 16
of degradation while the control had the least urease activity of 0.06 ± 0.00 mg/g/2h.
Figure 3 shows cellulase activity with varied CME in the soil medium in the presence of RP. Here too, soil
with 400 ml CME had the highest cellulase activity of 15.24 ± 0.81 mg/g/6h and the control had least cellulase activity
of 1.51 ± 0.02 mg/g/6h.
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Table 1: Bacterial load and phosphate-solubilizing bacteria at days 0 and 16 of solubilization of 10 g of RP with
varying concentrations of CME in the contaminated soil. Values are means ± S.D. of three replicates
Heterotrophic Bacteria (x 106 cfu/ml)
Parameter
Day 0

Day16

Phosphate-solubilizing Bacteria (x
106 cfu/ml)
Day 0

Day 16

RPCME0

3.73 ± 0.17

7.50±0.28

0.67±0.15

1.50±0.21

RPCME100

4.73 ± 0.88

9.93±1.45

1.10±0.06

4.30±0.58

RPCME200

6.07 ± 0.88

12.47±3.53

1.33±0.12

5.43±0.12

RPCME300

7.27 ± 0.88

15.07±0.88

1.93±0.20

6.67±0.23

RPCME400

8.90 ± 1.53

19.40±1.73

2.40±0.15

12.60±2.08

RPCME500

12.47 ± 0.88

25.67±2.18

3.03±0.88

12.07±0.88

RPCME600

13.50 ± 1.00

28.30±1.15

3.23±0.33

11.33±1.86

2.57 ± 0.17

5.23±0.15

0.23±0.07

0.97±0.30

Control

RP =Rock Phosphate, CME = Cassava Mill Effluent

Table 2: Identification of bacterial isolated from CME contaminated soil
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Isolates

Identity

A

Proteus mirabilis

B

Escherichia coli

C

Pseudomonas fluorescens

D

Micrococcus luteus

E

Staphyloccus epidermidis

F

Salmonella enterica

G

Bacillus subtilis
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Table 3: Changes in pH and available phosphorus at days 0 and 16 of solubilization of 10 g RP with varying
concentration of CME in the soil. Values are means ± S.D. of three replicates
Changes in pH
Available Phosphorus (mg/kg)
Parameter

Day 0

RPCME0

4.42 ± 0.02

RPCME100

Day 16

Day 0

Day 16

4.33±0.01

6.67±1.45

15.00±2.08

4.39 ± 0.02

4.17±0.03

11.00±0.58

43.00±0.58

RPCME200

5.25 ± 0.02

4.90±0.03

13.33±1.20

54.33±1.20

RPCME300

5.09 ± 0.30

5.11±0.02

19.33±2.00

66.67±2.03

RPCME400

6.02 ± 0.01

5.14±0.02

24.00±1.15

126.00±4.08

RPCME500

6.30 ± 0.15

5.75±0.03

30.33±0.88

120.67±0.88

RPCME600

6.29 ± 0.03

5.71±0.03

32.33±0.33

113.33±1.86

Control

4.37 ± 0.12

4.53±0.01

2.33±0.67

9.67±2.93

Acid phosphatase concentration
(mgN/g/min)

RP =Rock Phosphate, CME = Cassava Mill Effluent

Day 0

12

Day 16

10
8
6
4
2

Control

RPCME600

RPCME500

RPCME400

RPCME300

RPCME200

RPCME100

RPCME0

0

Soil comtaminated with CME
Figure 1: Acid phosphatase concentration in soils containing 10 g of RP mixed with varying concentration of CME.
Values are the mean of three replicates and error bars represent standard deviation
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Day 0

Day 16

2
1.5
1
0.5

Control

RPCME600

RPCME500

RPCME400

RPCME300

RPCME200

RPCME100

0

RPCME0

Urease activity (mg/g/2h)

2.5

Soil comtaminated with CME

Control

RPCME600

RPCME500

Day 16

RPCME400

RPCME200

RPCME100

RPCME300

Day 0

18
16
14
12
10
8
6
4
2
0

RPCME0

Cellulase activity (mg/g/6h)

Figure 2: Urease concentration in soils containing 10g of RP mixed with varying concentration of CME. Values are
the mean of three replicates and error bars represent standard deviation

Soil comtaminated with CME

Figure 3: Cellulase concentration in soils containing 10g of RP mixed with varying concentration of CME. Values
are the mean of three replicates and error bars represent standard deviation

DISCUSSION
The impact of CME supplementation with phosphate rock resulted in increased bacterial load when compared with
the soil without CME and RP in this study. Increase in bacterial load when compared to soil without CME and RP
could be attributed to increased concentration of growth limiting nutrients lacking in the control. The increase in
heterotrophic bacterial growth observed was directly proportional to the concentration of cassava mill effluent in the
setup, while the control had very minimal growth. The highest growth was in soil mixed with 400 ml CME. The results
obtained, support the assertion that the effluents though toxic are rich in nutrients and are capable of supporting the
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growth of microbes tolerant to or capable of degrading its toxic components (Oshoma et al., 2019). The high level of
microbial growth as seen in the treatments but not in the control could also be due to the rock phosphate added to the
treatments.
Phosphate-solubilizing microorganisms are made up of various groups and species of microorganisms, which
not only assimilate phosphorus from insoluble forms of phosphates, but also cause a large portion of soluble
phosphates to be released in quantities in excess of their requirements (Sagervanshi et al., 2012). They possess the
ability to convert the insoluble phosphate into soluble forms by secreting organic acids resulting in improved
phosphate availability to plants. Sagervanshi et al. (2012) noted that seed or soil inoculated with some strains of
microbes improved the solubilization of fixed soil phosphorus. The increased number of these phosphate-solubilizing
bacteria as observed in this study, improved the physicochemical, biochemical and biological properties of rockphosphate amended soil (Oshoma et al., 2019).
Also, the growth of bacterial in the cassava mill contaminated environment could imply that these microbes
are utilizing the cassava mill effluents as a medium for growth; thus, implicating the bacteria adapting and
subsequently degrading the contaminant (Oviasogie et al., 2014). Enerijiofi et al. (2017) reported that cassava mill
effluents are rich in organic matters that can be metabolized by microbial enzymes. They also posited that the cassava
mill effluents also serve as primary carbon and energy source for the microorganisms. However, Ajuzie et al., (2015)
have reported that although microbes are found to live in cassava mill effluent-polluted environments, this is not a
direct indication that the effluent serves as the primary carbon and energy sources utilized by the microbe but could
be a secondary carbon and energy source.
Phosphorus is an essential macronutrient required by microorganisms for growth and metabolic activities
(Cao et al., 2002). The major source of phosphorus is phosphate rock (PR), a phosphate-bearing mineral which is a
finite and non-renewable natural resource. Phosphate-solubilizing fungi (PSF) possess the capability to change the
insoluble form of phosphorus into soluble one, resulting in the availability of phosphorus for optimum growth and
improvement of environments (Vyas and Dave, 2010). The results obtained in this study have shown the capacity of
certain microbes to adapt to the toxic nature of cassava mill effluents in order to metabolize and probably degrade it.
The bacteria in the rock phosphate amended in the CME-contaminated soils increased in population. The counts were
higher in CME-contaminated soil with a concentration of 400 ml than other contaminated soils. Similar investigation
attributed the proliferation to bacteria growth, which utilized the organic matter from the CME (Enerijiofi et al., 2017).
The bacterial population of CME-contaminated soils revealed that the added RP elevated the population. Phosphorus
is a necessary nutrient for bioremediation of polluted environments which is required as phospholipids for the
synthesis of nucleic acids, cell membranes and energy generation (Bashir et al., 2018).
Phosphate solubilization and available phosphorus was higher in soils amended with rock phosphate and
CME compared to unamended soil where the increase was just slight. The difference could be attributed to the fact
that, in unamended soil, there was no much residual phosphorus in the medium for the bacterial cultures to utilize,
resulting in low concentration of the phosphorus in the medium. This agrees with findings of Khan et al. (2014) who
reported that during mineralization of rock phosphate, living organisms have the ability to transform the inorganic
forms of phosphorus to organic phosphate which are then incorporated into their living cells. Phosphate solubilization
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rate is greatly influence by the ability of microorganisms to produce organic acids from the carbon source substrate
(Agyarko et al., 2017), such as acetic, lactic and citric acid, thus, dropping the pH of the medium. These organic acids
solubilize rock phosphate using acidification, chelation and exchange reactions (Arumanayagam and Arunmani,
2014). Therefore, the rock phosphate amendment could have to have provided additional phosphorus source during
solubilization and utilization, making net available phosphorus to be higher in the treated soil media compared to the
unamended medium (Gupta et al., 2007; Sharma et al., 2013; Gomes et al., 2014).
The pH of the CME-contaminated soil amended with rock phosphate reduced while that of the control
increased. The pH of cassava mill effluents has been found to be acidic, the probable reason for the further decrease
in the pH of the setups could be due to the production of organic acids by the microbes involved in the phosphate
solubulization activity within the CME contaminated soils amended with rock phosphate. This observation supports
the high bacterial count recorded in this study with the CME contaminated soil. Oshoma et al. (2017) have suggested
that the nature of contaminants and density of microbial diversity can alter the microbial activity in soil, especially the
pH and enzymatic activities, thereby resulting in observable changes in the compositional structure and nature of the
soil. This agrees with the work of Sane and Mehta (2015), who have documented that phosphorus-solubilizing
microorganisms are reported to dissolve insoluble phosphates by the production of inorganic or organic acids there by
decreasing the pH of the environment.
The rock phosphate-amended soils had higher amounts of available phosphorous compared to the control
that had no rock phosphate added. It was observed that the setup with 400 ml cassava mill effluent had the highest
amount of available phosphorous (mg/kg), which is good to the environment since phosphorus is required for
microbial growth and development (Bashir et al., 2018).
Microbial activities, conditions and biological interactions in the soil are good indicators for monitoring
enzymatic activities of polluted soil (Igbinosa, 2015). Soil enzymes are important for catalyzing innumerable reactions
necessary for life processes of microbes in soils, decomposition of organic residues, cycling of nutrients and formation
of organic matter and soil structure (Mohamed et al., 2012). They help in the biochemical transformations of pollutants
in the soil and also function as a measure of soil fertility (Acosta-Martínez and Tabatabai, 2000). Enzyme activities in
soil have also been related to active soil biomass and may be used as a sensitive indicator of soil quality (Ciarkowska
and Solek-Podwika, 2012). Enzymatic activities can reflect the biological state in the soil. The acid phosphatase which
is the enzyme responsible for the breakdown of rock phosphate (Aseri et al., 2009), had its highest activity recorded
in the bioremediation setup with 400ml cassava mill effluent. This reason for this could be that 400ml cassava mill
effluent was the optimum tolerable concentration of the pollutant. It could as well be the maximum concentration of
the effluent that the microbes could endure while showing peak remediation activity. Furthermore, the production of
phosphatase suggested a potential application as biofertilizer in the CME contaminated soil (Jena and Rath, 2014).
Soil urease activity is also closely related with soil salinity in saline soils and can be used as an index to determine the
level of soil degeneration and reclamation and availability of nitrogen (Jena and Rath, 2014). Ureases are one of the
essential enzymes in the soil and used as an indicator of overall soil microbial activity. The urease activity revealed
an increase from the rock phosphate amended soil than the control. The 400 ml cassava mill effluent contaminated
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soil had the highest urease activity. This implies that amendment of contaminated soil with rock phosphate will aid
fertility of such contaminated soil (Maharana and Patel, 2013).
As observed in this study, soil with 400 ml cassava mill effluent had the highest cellulase activity. The
presence of utilizable polysaccharides in cassava mill effluents could be the reason why it supports microbial
proliferation. Microbes growing on lignocellulosic materials have the ability to breakdown the polymer units of the
polysaccharides into simple sugars (Adetunji et al., 2017). The utilization of polysaccharides, such as cellulose in
cassava mill effluents involves production of the enzyme cellulase. The amount of cellulase produced by indigenous
microorganisms in an environment is determined by the availability of raw material or substrate available (Maharana
and Patel, 2013). The proliferation of microbes within the effluents in addition to the presence of these sugars and
rock phosphate further enhanced growth and metabolism. This study has shown that indigenous bacteria have the
capability of enhancing the bioremediation of CME-contaminated soils in the presence of rock phosphate.

CONCLUSION
The study revealed that rock phosphate could supply phosphorous, as a limiting nutrient whose deficit could influence
negatively on microbial growth and metabolisms. The solubilized rock phosphate is subsequently made available and
acts as a good biostimulant for supporting the growth of bacteria in cassava mill effluent contaminated soil. Also, the
amended soil with RP enhanced enzymatic activity, hence, improvement of soil fertility. Subsequently, bioremediation
and land reclamation of CME-polluted soil can be enhanced.
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