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ABSTRACT
Experiment was carried out at Ambrose Alli University Teaching and Research Farm, Ekpoma, 
Edo State, to determine the effect of cassava mill effluent (CASME) on microbial population and 
composition in a soil planted to maize (Zea mays) in the screen-house and field. In the screen-house, 
cassava mill effluent (CASME) had five levels (0, 20, 40, 80 and 120 ml/kg soil) that were fitted 
into Completely Randomized Design and replicated thrice. For the field experiment, CASME also 
had five levels (0, 2, 025; 4,050; 8,100 and 12,150 L/ha) fitted into Randomized Complete Block 
Design and replicated three times. In both experiments, maize variety Swan-1 was used as test crop. 
The number and types of bacteria were determined in composite soil samples before the CASME 
was applied, eight (8) weeks after application in the screen-house and in the field and at the end of 
the experiment (15 weeks after application in the field). Results revealed that the pre-treated soil 
had less populations of bacteria (31x103 cfu/g) and fungi (21x103 cfu/g) when compared to 16 x 104 

cfu/ml and 4x104 cfu/ml of CASME. At eight weeks in the screen-house, the population of bacteria 
and fungi increased with increased level of application. The species of bacteria and fungi that pre-
dominated were Bacillus subtilis and Aspergillus niger, respectively. In the field at eight (8) weeks 
and fifteen (15) weeks after application, results showed that the total viable counts for bacteria and 
fungi in soils increased with increased level of application of cassava mill effluent. Bacillus subtilis 
and Penicillium notatum were the dominant species of bacteria and fungi, respectively.  

INTRODUCTION

Improved soil fertility through the application 
of fertilizer is an essential factor that enables the 
world to feed the billons of people that are add-
ed to its population (Brady and Weil, 2002). Soil 
fertility is usually maintained by the addition of 
organic and inorganic fertilizer. 

Man’s industrial and economical activities 
usually produce wastes which eventually get 
disposed on land. Nigeria, which is the world 

largest producer of cassava, (Manihot esculenta 
Crantz) (FAO, 2004), has consistently generated 
so much wastewater from cassava mills which 
are normally  discharged on land or water in-
discriminately and this in turn affects the biota 
(Ogboghodo et al., 2001). Various studies by 
soil microbiologists on hydrocarbons degrada-
tion in soil revealed the presence of microflora 
in the soil that are capable of degrading a wide 
variety of hydrocarbons. However, heavy metal 
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load in the soil reduces the functioning of soil 
biota resulting in reduced microbial activity 
(Kandiler, 1996). 

Ogboghodo et al. (2006) reported that bac-
teria and fungi populations increased with time 
as rates of cassava mill effluent increased while 
some bacteria present at the beginning of the ex-
periment and up to the sixth week after pollu-
tion with the effluent became extinct at the end 
of the experiment. They also observed that the 
relative abundance of different microbial pol-
lutions of soil before pollution was in the fol-
lowing order: Klebsiella > Escherichia > Bacil-
lus >Pseudomonas. That of fungi was Mucor 
>Penicillium>Aspergillus. Ogboghodo et al. 
(2001) stated that although Mucor species were-
prominent fungi species, in both non-effluent 
and cassava mill effluent affected soils, it oc-
curred more frequently in the effluent treated 
soils. Other fungal isolates found in the soils 
included: Pennicillim spp, Aspergillus spp and 
Rhizopus spp. Only few workers have isolated 
microorganisms from soils affected with cas-
sava mill effluents. Therefore, the objective of 
this study was to assess the number and types of 
bacteria and fungi in the effluent affected soils 
cultivated with maize both in the screen-house 
and in the field. 

MATERIALS AND METHODS

The screen-house experiment was carried out 
before that of the field. Both experiments were 
carried out in the Teaching and Research Farm 
of Ambrose Alli University, Ekpoma, Edo State, 
Nigeria. Ekpoma is a town situated at about 
85km north of Benin City and south of Auchi 
in Edo state. It is located between latitude 60 41 
1N -  60 49 1N and longitude 60 00 1E – 60 14 1E. 

Experimental Methods: Core surface soil 
samples (0 - 15 cm) collected randomly from 

18 points from Ambrose Alli UniversityTeach-
ing and Research Farm were bulked together to 
form a composite sample. Cassava mill effluent 
was applied at treatment rates of 0, 20, 40, 80 
and 120 ml/kg of soil and fitted into Completely 
Randomized Design and replicated thrice. The 
treated soils were left for 3 weeks to equilibrate 
before maize seeds were planted. A total of 15 
plots cultivated with maize each measuring 2.25 
m2 were used for the field experiment. CASME 
was applied after land preparation at treatment 
rates of  0, 2,025; 4,050; 8,100 and 12,150 L/
ha. Plots were also left for three weeks before 
planting.

Chemical Analyses of the Effluent

Cassava mill effluent was analyzed for its 
chemical properties using standard laboratory pro-
cedures (Rhoades, 1982; Anderson and Ingram, 
1989). The parameters analyzed include pH, or-
ganic C, Total N and available P, exchangeable 
cations (Ca, K, Mg and Na), micro-nutrients (Mn, 
Fe, Cu) and heavy metals (Cr, Ni and Cd). 

Microbiological Analyses of Effluent and Soil 
Samples

Microbiological analyses of cassava mill efflu-
ent was carried out. Soil samples were also ana-
lyzed for their microbiological properties before 
the application of cassava mill effluent, 8 weeks 
after application and at the end of the experiment 
(fifteen weeks after application). These were done 
according to the methods of Cowan and Steel 
(1993) and Robert et al. (2004). The bacterial iso-
lates were identified using standard biochemical 
tests (Robert et al., 2004; Cheesebrough, 2006). 
The test employed include morphological char-
acteristics, colonial, gram stain, catalase, urease, 
oxidase, motility and sugar fermentation (sucrose, 
fructose, manitol, lactose, glucose, galactose, and 
maltose). The fungal isolates were identified with 
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the aid of macroscopic and microscopic examina-
tions and confirmed using the Atlas of Mycology 
(Robert et al., 2004) based on morphology, and 
substrate mycelium. 

RESULTS AND DISCUSSION

The chemical properties of cassava mil efflu-

ent used are shown in Table 1. The results of the 
analyses of the fresh effluent and the soil before 
the effluent was applied to the soil planted to 
maize (Table 2) revealed that the soil had less 
populations of bacteria (31x103 cful/g) and fungi 
(21x103 cfu/g) when compared to 16 x104 cfu/ml 
and 4 x104 cfu/ml of cassava mill effluent. 

Abhanzioya, M.I. et al., Nigerian Journal of Soil Science, 26, 2016



167

At eight weeks in the screen-house, cassava 
mill effluent increased the population of bac-
teria and fungi in soils planted to maize as the 
level of application increased when compared 
to the control (Table 3). This could be regarded 

to as destabilization of the soil ecological bal-
ance as a result of effluent application. This was 
in agreement with what was earlier reported by 
Adesomoye et al. (2006). It was also observed 
that there were various types of bacteria species 
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with the highest at 20 ml/kg effluent rate. For 
bacteria, Bacillus subtilis predominated while 
for fungi, Aspergillus niger was the most fre-
quent and the order of abundance include Bacil-
lus subtilis> Proteus mirabilis > Enterobacter 
aerogenes. Environmental stress brought about 
by the application of cassava mill effluent could 
be responsible for the reduction in types of fungi 
species observed in the effluent affected soils. 
This was in line with what was reported by other 
workers (Adesemoye et al., 2006; Ogbohodo et 
al., 2006). 

In the field, the results of microbiological 
analyses of the various soil samples planted to 
maize at 8weeks after application of cassava 
mill effluent revealed that total bacteria and 
fungi populations obtained from the effluent af-
fected soils were more than that in soil without 
the effluent (Table 4). The total viable bacteria 
and fungi counts in the effluent affected soils  
increased with increased level of effluent appli-
cation with the highest counts of 126 x 103 L/ha 
when compared to the control of 31 x 103 and 

21x107 cfu/g respectively. It could be that the or-
ganisms present in the cassava mill effluent and 
organisms autochthonous to the soil engaged 
in competition after application of the effluent. 
Guided by the law of survival of the fittest (Ma-
digan et al., 2003), those that were not able to 
survive the new condition (pH 4.30) were prob-
ably eliminated. The relative abundance of fungi 
in soil were in the following order: Penicillium 
> Aspergillus> Rhizopus > Candida. This find-
ings was in conformity with what Ogbohodo 
et al. (2001) earlier reported with cassava mill 
effluent.The presence and abundance of Bacil-
lus subtilis observed in the effluent affected soil 
may be borne out of the fact that this organisms 
were indigenous to the soil. This was in agree-
ment with what was reported by Atlas and Bar-
tha, (2007).

At 15 weeks after application of cassava mill 
effluent, the total bacteria and fungi counts were 
high in effluent affected soils when compared 
to what were recorded in non-effluent affected 
soil (Table 5). However, the population of these 
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organisms declined when compared to what 
was obtained in 8 weeks after application. The 
highest bacteria and fungal counts of 115 x 106 

and 41 x 106 cfu/g were obtained at 12,150 L/ha 
CASME.

The relative abundance of bacteria in the ef-
fluent affected soil was in the following order: 
Bacillus > Klebsiella > Escherichia coli while 
that of fungi was Penicillium> Aspergillus > 
Microsporium and most fungi isolates were soil 
– inhabiting microorganisms (Atlas and Bartha, 
2007). Some bacteria and fungi species which 
were present at the beginning of the experiment 
up to 8weeks after application of the effluent be-
came extinct at the end of the experiment while 
new species of microorganisms were isolated 
from the effluent affected soil. This further con-
firmed the findings of Ogboghodo et al. (2006) 
when they used cassava mill effluent. 

CONCLUSION

Microbiological analyses of cassava mill ef-
fluent and soil sample before the application of 
the effluent showed that the effluent contained 
higher number of bacteria species (16 x104 cfu/
ml) and fungi (4 x104 cfu/ml) when compared to 
that obtained from the soil (31x103 and 21x103 

cfu/g). It was also observed that the soil had 
more diversity of bacteria and fungi species than 
that of the effluent. 

In the screen-house and in the field, the soil 
planted to maize at 8 weeks after the application 
of cassava mill effluent showed increased popu-
lation of microorganisms with increased level of 
effluent application. 

At 8 weeks, after the application of effluent, 
the soil planted to maize revealed reduction in 
bacterial species diversity while at 15 weeks, 
after the effluent application there was increase 
in the diversity of bacterial species. In the field 

experiment, Bacillus subtilis and Penicillium 
notatum predominated. In the screen-house, Ba-
cillus subtilis and Aspergillus niger were more 
frequent in soils planted to maize.
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