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Abstract: Soil biological and chemical activity in two texturally contrasting soils (Amaoba and Ajata soils)
exposed to agro industrial effluents were analyzed to ascertain the effects of these effluents on seil microbial
distribution and soil chemical properties (soil pH, organic carbon, total nitrogen available P and &xchangeable
basics) across three soil depths. The agro-industrial effluents were palm oil mill (POME)/’and gassava mill
(CME) collected from industries in Abia state. The bacterial and fungal distribution in the“effluent Soils and a
control soil were observed at three depths, the variations in the chemical properties at the\ three sampling
depths were statistically analyzed using a 2 X 3 X 3 factorial analysis of variance, whéresfaeter A represents the
type of effluent, factor B represent the depth of sampling and factor C representsgthe, treatmentireplicates and
significant treatment means were separated using F sp at five percent level of pfobability, The results indicate a
significant (P < 0.05) effect of the effluents on the soil chemical properties. The yalues for chemical properties
decreased with depth of sampling. The microbial diversity was higher in,soils‘€xposed to POME in the Ajata
soil than those exposed to CME, The bacterial populations identified Ainclude Klebstella Spp, staphylococcus
spp, E. Coli, Psuedomonas spp and Staph aureus for the different depthsyin both sample sites. Fungal
populations identified include Penicillum spp, Rhizopus Spp, Trichoderma sppp, Fusarium spp and mucor.
There were generally higher populations of these organisms at thei0-20cm depth. However the most frequent
occurring bacteria for the POME and CME affeCted “areaspwere)\Eschericha coli, pseudomonas spp, and
staphylococcus spp. While for fungi the most occurring spp were“Renicillum spp, Rhzopus spp, and Aspergillus
spp. There were significant differences in the soil chemical properties with respect to the parent material, type
of industrial effluent and depth of soil sampling. The microorganisms with the highest occurring frequency were
Penicillium spp, Rhizopus spp, Aspergillus spp,Escherishia coli Pseudomonas spp and Staphylococcus spp. The
microbial populations in the soil from different parent material responded to palm oil mill effluent (POM) and
cassava mill effluent (CM) as they, differed from these obtained in the control soil. Soil chemical properties of
the effluent soils also differed fromithe control seil:
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INTRODUCTION

The number and kinds ofamicrogrganisms present in a soil depend on many environmental factors
such as apiount anditypg of ‘nutrient, available moisture, level of aeration, pH and temperature (Blume
et al 2002). \Soil miCrobial populations are very diverse and play fundamental roles in the
decempositiop‘oforganic matter; however these microorganisms and their habitat face degradation or
extinctiomygnainly beecause of pollutant as well as improper soil management. (Amakiri and
Onefeghara,1983).4The increased production of wastes by agriculture and other industrial sector is of
great concernsince these wastes produce chemicals and other bye products that eventually find their
way into the soil. Reports by Enwezor et al,. (1989), and Okafor, (2007) suggest that the effects of
effluents on receiving soil range from introduction of clean water into the soil to the introduction of
salinity or sodicity into the soil or even the clogging of soil micro pores with solids. The soil thus
polluted results in the alteration of the ecosystem, reduction in agricultural activity and loss in soil
fertility. Among the pollutants that degrade the soil, cassava and palm oil effluent are the most
common in tropical rural communities, because cassava is one of the most common staple foods and
palm oil is a common cooking ingredient in tropical Africa (Ogboghodo et al., 2003).

Research reports by Ogboghodo et al., (2003 and 2006) suggested that effluents from cassava cause
soil degradation such as decreases in soil acidity, while effluents from palm oil mill can result in some
beneficial soil chemical and physical characteristics, such as increases in organic matter and water
holding capacity, but results in undesirable changes such as decrease in soil pH, increase in salinity
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(Kittikun et al., 2000). There is the need to ascertain the type and level of perturbation caused by these
effluents especially with respect to the microbial population of the soil. The objective of this paper
was to identify distinct bacterial and fungal populations in soils originating from two contrasting
parent materials exposed to agro industrial effluents from cassava and oil palm as well as ascertain if
the effluents had varied effects on soil chemical properties with depth.

MATERIALS AND METHODS

Study Sites

Two study sites namely Ajata Umuahia Ibeku and Amaoba—ime Ikwuano were used for this study,
both are located on latitude 5 ©321°51° N and 5°27°N and longitude 7°33’34’E and 7° 32’E
respectively in Abia State in South Eastern Nigeria. The Ajata Ibeku were under lain by Bende-Ameki
formation (coarse sand stones interrelations of shales and thin shelly lime stones), the Amaoba —ime
soils formed from Benin formation (Coastal plain sands) The study area falls withinsthe Humid
tropical climate with marked wet and dry seasons of nine and three months duration’” respectively,
annual temperature varies between a minimum of 22°C and a maximum of 32°C. (NRCRI, 2005)
Field Sampling

Soil samples were collected in triplicate at three depths; 0-20cm, 20-40cm and“40=-60e¢m from fields
contaminated with cassava and palm oil effluents, and a field used as themeontrol site located 100
meters away from the contaminated site. The samples were _collectedfusing auger samplers at the
selected depths into properly labeled poly bags for laboratory analysis. Inthe laboratory the soils were
air dried and passed through a 2mm mesh and the sample$ for microbialdanalysis weighed out into
open-ended perforated containers and kept in the fridge While those fak.chemical analysis were stored
the poly bags in the laboratory cupboard pending analysis.

Laboratory Analysis

The air dried and sieved soil samples were used for-the determination of the soils physicochemical
properties as follows; Particle size using hydrometer methad (Bouyoucos 1951), soil pH was
determined in KCI using a soil: liquid suspension ratio of 1:2.5 soil to water ratio (Thomas, 1996).
Soil organic carbon was determined by wet{oxidation method as modified in Nelson and Sommer
(1982). The exchangeable cations in the soilsjwere extracted with neutral ammonium acetate (Feech,
1965), exchangeable sodium was meastired with the flame photometer, while Mg was determined by
the EDTA titration method (Mehliclt, 1978)lExchangeable acidity was determined by the method of
Mclean (1965). The effective cation exchange capacity (ECEC) was estimated as the sum of
exchangeable metallic cations@nd the exchangeable acidity was computed using the equation:

ECEC=TEB+EA...... 0 . eqn. 1
Soil Microbial Analysis

Total heterotrophic{bacterial and” fungal loads were determined on nutrient agar and saboraund
dextrose agar-respectively following the method described by Okereke et al (2007). Tenfold serial
dilution”of each soil samples was prepared and appropriate dilutions were inoculated on the various
megdia bising spread plate“techniques. For spore bacterial count the serially diluted samples were kept
in water bath at 80°Cfor 10 minutes before plating on a meat peptone agar and after incubation at
37°C for 48his emerging colonies were counted and expressed as spores (Angerer et al.,1998). While
the saboraundidextrose agar plates were incubated at room temperature (25-32°C for 2-5 days).

Microbial Characterization

The isolation of bacteria and fungi followed the methods described by Adarsh et al (2007). From the
serially diluted samples 0.1ml of the appropriate dilutions were transferred to the nutrient agar plates
and spread evenly using the flamed glass hockey. After incubation (37°C for 24hrs) the culture plates
were examined closely for the presence of distinct colonies. Inoculates were collected from such
distinct colonies and inculcated into sterile agar plates following strict asepsis to obtain pure cultures.
After incubation the resulting sub-cultures were examined for uniformity and used for microbial
characterization and subsequent identification.

Statistical Analysis

Soil data on chemical properties such as exchangeable bases, available phosphorus, effective cation
exchange capacity, percent base saturation, organic carbon and soil pH were subjected to analysis of
variance using a 2 X 3X 3 factorial in RCBD, where factor A represents the type of effluent, factor B
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represent the depth of sampling and factor C represents the treatment replicates and significant
treatment means were separated using F sp at five percent level of probability.

RESULTS AND DISCUSSIONS

The textural class of soils used in the study was sandy loam for soils collected from Amaoba and clay
loam for soils collected from Ajata site. The soil properties varied with depth and the statistical
analysis showed the effluents had significant effect on soil chemical properties studied (Tables 1 and
2). The effect of the effluents on microbial composition (Table 3) indicated that the microbial
diversity of the effluent contaminated soils were higher than that of the unaffected soil. The bacterial
classes identified include Klebsiella Spp, staphylococcus spp, E. Coli, Psuedomonas spp and Staph
aureus for the different depths in both sample sites. Fungal populations identified include Penicillum
spp, Rhizopus Spp, Trichoderma sppp, Fusarium spp and mucor. There were generally higher
populations of these organisms at the 0-20cm depth. However the most frequent occursing bacteria
for the POME and CME affected areas were Eschericha coli, pseudomonas spp, and staphylococcus
spp. While for fungi the most occurring spp were Penicillum spp, Rhzopus spp, and Aspergillus spp.

Generally the effluents increase in the composition of the identified organismdin the‘soil“ecosystem
could be associated with increases in soil chemical properties such as pH, organicyearbon and total
nitrogen. This observation agrees with the research results of Ogboghodé“etyal 2003 and 2006, and
confirms the report of this study that the studied effluents increased the growth of the
microorganisms. The population of the microorganism was, higher,in sols contaminated with POME
and higher for the Ajata soil. This is attributable to thedfact that bacterial'diversity and microbial
biomass are significantly affected by particle size, as indicated in thewreport of Sessitchi et al (2001),
thus the clay loam soil (Ajata) resulted in higher diversity and biomassthan the silt or clay soil. The
population of microorganisms for both sites andéeffluents decreased with increasing depth which is
expected as more microbial species occupy the Tirst 0=15emydepth of agricultural soils, the decrease in
microbial composition and population can also be associated*with decrease in soil pH, organic carbon
and total nitrogen. This observation agree with research reports (Sylvia et al,. 2005) that indicate that
higher acidic conditions down the profile results in microbial population decreased down the depth.
For both sites under study, most of the soil migrobes could not survive high acidic conditions obtained
with deeper depth of sampling. The reports Q@gboghodo et al (2003 and 2005 ) also supports the
observation that soil pH influenced soil nutrient availability and biological activity such that soils with
larger quantity of free H+ ions reduces bacterial activity as well organic matter decomposition and
nutrient content of soils, becatise these nutrient jelements boast biological activities in the soil. An
assessment of the type of baeteria and fumgi présent in the different site (Table 3) indicated that both
study soil had similar contentief, microbial species, however the species differed for the two sites with
differences in efflueptftype, whemyeompared with the control sites. This is expected as the effluents
introduced 4diversefcarbonisouree which would encourage microbial growth and inoculation, as
indicated/by favorable and significant effects of the effluents on soil chemical properties studied. Both
effluents had significantyeffects on soil pH with sampling depths (Tables 1 and 2). The pH values
deereases, with depth, for both contaminated soil. This increase in soil acidity with effluents is
attributablé'to probaply the release of OH —ions or H+ ions by the effluents. Other studied properties
such as orgamic .arbon, available phosphorus, total nitrogen and percent base saturation also
decreased with depth. It is possible that the heterotrophic bacteria obtained newer sources of energy
from the biodegraded effluence as a source of food and thus immobilized the nutrients during
fermentation; this also explained the different effects of the effluents on some chemical constitution or
content of the soil. The effluents effects varied with depth as indicated by statistical significance of
the interaction between soil depth and the treatments applied suggesting that effluents produced more
effect on the soil surface than on the subsurface.

The POM gave a significant effect on soil pH, organic matter, and available phosphorus, total
nitrogen and exchange able acidity at p< 0.05 for both soils. A comparison of the two soil types
indicated that there was no significant difference in the effect of the treatment on the soils types that is
the effleunts (POM and CM) had similar effect on soil characteristics irrespective of the parent
material and soil texture. This observation contradicts the indications that the capacity of a soil to
sequester carbon is controlled and influenced solely by the soil texture, which is attributed to the
capacity of clay particles to physically protect recent organic additions to soils and form stabilized
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organo-mineral complexes with the humus fraction while the sandy soil which are well aerated with
low and non-reactive surface areas are not able to stabilize organic matter to the same extent as clays
or loams, This observation suggest that the primary factor of carbon sequestration in the soil is the
availability of carbon sources while the clay mineralogy come in as a secondary determinant.
Therefore it is expected that the effluent soils used in this study would produce different degree of
carbon available for microbial activity and this would result in differences in the chemical properties
studied. Moreover, the percent clay content for the two soils used for the study was significantly
different, with values ranging between 7- 15 for the soils in Amaoba while for the Ajata soils values
ranged as high as between 36-75%, exchangeable Ca (Cmol/kg) was on the average high in the Ajata
soil ((10-20) but moderate in the Amaoba soil (5-10), however, percent base saturation was higher in
the Amaoba soils (83%-90% but low in the Ajata soil (22%-36%). Therefore a combination of these
variations could explain the observed differences in microbial compositions with respect to the carbon
availability.

CONCLUSION

This study indicated that the microbial populations in the soil from differefAt<pasent, material
responded to palm oil mill effluent (POM) and cassava mill effluent (CM) as they differedfrom those
obtained in the control soil. Soil chemical properties of the effluent soils also differedhftom the control
soil which could explain the observed variation in soil properties and influence on the composition of
the microbial community as well as contribute to the population of the piicrobial community. The
microbial populations were higher in soils contaminated with POM andiglay loam soils than CM and
the sandy loam soil. We also observed significant interaCtion between seil'depth of sampling and
values of selected chemical properties which explained the, observed Wariations in the population of
soil organisms. POM gave a significant effect on sgil pH, organic matter,”available phosphorus, total
nitrogen and exchangeable acidity (p<0.05) in both soils used in this ‘study, also the population of
microorganism decreased for both sites and efflUentswithpincréasing depth.

Tablel. Physicochemical properties of soils contaminated with cassava mill effluents

Dept | San | Silt Clay | OC | pH | Tot | Avail, | Ca Mg Na K EA ECEC BS
h d % % % H, al P Cmol/k | Cmol/ | Cmol/ | Cmol/k | Cmol/kg | Cmol/kg | %
(cm) | % O N ma/kgy\| g kg kg g
AMAOBA PARENT MATERIALS
0-20 | 89. 320 | 780 |19 |68 | 04 28100,.118.62 2.88 0.05 0.10 1.28 12.93 90
00 8 0 0
20- 80. | 720 | 125 | 1.7 | 6.2 | &0 | 14.00 | 633 2.80 0.06 0.10 1.60 10.89 85
40 30 0 8 6 7
40- 75. | 910 | 155 | 1.24 (6.2 | 0.0| 2500 |4.02 2.40 0.006 | 0.09 1.28 7.79 83
60 40 0 4 0 8

AJATA PARENT MARERIALS
0-20 | 40. 238 | 3607 41 | 52 |g02 | 48 12.35 2.08 0.11 0.27 26.10 40.81 36
20 0 0 2 Q 1
20- 33417209 | 456 4 28° w51 | 0.1 | 46 8.30 1.80 0.09 0.24 25.70 36.13 29
40 50 0 0 9 0 0
40- 10. 1418y | 752 {{m0” | 48 | 0.1 | 0.8 5.02 1.60 0.08 0.23 23.90 30.83 22
60 00 0 0 1 0 4
LSD 0.05: 0.12 0.16 0.15 0.59 1.33 0.15 0.07 0.01
0.26 241 094

Table2. Physicachemical properties of soils contaminated with palm oil mill effluents

Sand |Silt |Clay |OC |pH [Total |Avail.P |Ca Mg Na K EA ECEC |B
Depth (% % |% |% |[HO N mg/kg |Cmol/ |Cmol/ |Cmol/k |Cmol/k |Cmol/k |Cmol/k |S
(cm) kg kg g g g g %

AMAOBA PARENT MATERIALS
0-20 [88.86(5.28 [10.86(2.24|6.36 |0.08 |36 15.15 |5.33 |0.07 0.11 1.44 22.1 93
20-40 |[85.86(7.25 [8.86 [2.19|6.32 |0.05 |31 11.42 |4.20 |0.05 0.12 1.92 17.71 |89
40-60 |77.86|7.28 |14.86|1.88|6.26 |0.04 |29 9.32 [2.50 |0.06 0.09 1.60 1411 |84
AJATA PARENT MATERIALS
0-20 |32.6 |23.31(43.3 |4.31|6.23 |0.25 |5.14 14.02 |2.70 |0.17 0.22 24.7 41.81 |40
20-40 |31.9 |22.5 |45.60|3.01|6.10 |0.17 |4.90 10.70 |2.40 |0.09 0.19 24.6 37.98 |35
40-60 |10.3 |14.80|24,9 |1.5416.08 [0.16 |1.01 740 |1.80 |0.08 0.16 23.4 |32.76 |29
LSD 0.050.12 0.16 0.15 0.59 1.33 0.15 0.07 0.01 0.26 141 094
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Table3. Classification and distribution of microorganism with depth at study site

[1]

[2]

[3]
[4]
[5]
[6]
[7]

Study | Contamin| Depth of Class of microorganism
site ation Sampling Bacteria Fungi
Amaob | Control 0-20 Klebsiella spp, Staffaureus, E. Coli, Penicillium Spp, Rhizopus spp,
Pseudomonas spp and Streptomyces | Aspergillus and Trichorderma spp
20-40 E. Coli, Psueudomonas, spp and Penicillium Spp, Aspergillus spp
Staphylococcus Spp and fusarium spp
40-60 E. Coli, Psueudomonas, spp and Penicillium Spp, Rhizopus spp and
Staphylococcus Spp Aspergillus spp
POM 0-20 Psueudomonas spp, Bacillus, E. Coli, | Fusarium spp Aspergillus spp and
and Staphylococcus Spp Trichorderma spp
20-40 Staphylococcus Spp, E. Coli, Penicillium spp Mucor and
Psueudomonas, spp and Aspergillus spp
40-60 E. Coli and Staphylococcus Spp Penicillium Spp, Aspetgillus spp
CM 0-20 Psueudomonas spp, Bacillus, E. Coli, | Rhizopus spp Penicillium Spp and
and Staphylococcus Spp Aspergillusespp
20-40 Psueudomonas spp, E. Coli, and PenicilliuméSpp and  Aspergillus
Staph aureus spp
40-60 Klebsiella spp, Staph aureus Penigillium Spp and Trichorderma
Pseudomonas spp aureginos spp
Ajata | Control 0-20 Klebsiella spp , staph aureus Rhizapus spp/Penicillium Spp and
soil Pseudomonas spp auregifios Aspergillus spp
20-40 E coli, staphylococcus spp Rhizopus spp Penicillium Spp and
Pseudomonas spp, Streptomyces Aspergillus spp
40-60 Staphylococcus(spp, E coli Penicillium Spp
Pseudomonads‘sppi(seanty)
POM 0-20 E coli, staphylococcus‘spp Rhizopus spp, Mucor, Trichoderma
Pseudomonas spp, Klebsiella spp spp . Penicillium
20-40 Staph aureus, E. coli and Klebsiella Aspergillus spp Penicillum spp
spp
40-60 E coli, staphylococcus spp Aspergillus spp, Rhizopus spp
Streptococcus
CM 0-20 E coli'staphylococcus spp Aspergillus spp, Rhizopus spp
Pseudomonas spp, Fusarium spp and Penicillium spp
20-40 Staphtaureus, E. cali , Klebsiella spp Rhizopus spp and Mucor
40-60 E. coli; Stdph adreus Pseudomonas | Fusarium spp and Penicillium spp
spp
REFERENCES

Adarsh, V. K."Madhusmita, M Sanhita C.m Sadarshan , M. Thakur, A. R and Chaudhury, S. R.
2007. Studies on metal microbe interaction of ther three isolates from Culcutta Wetland. Online
Journal of Biological Scuence 7(2):80-88

Amakigi J. O. gnd Onofeghara, F. A. (1983), Effect of crude oil pollution and growth of Zea
Mays, ‘Abelmeschis esculentus and capsicum frutescens. Oil and Petrochemical Pollution. 1, 199
— 205.

Angerer, J., Schildbach, M. and Kramer, A. (1998). S-P toluylmercapturic acid in the urine of
workers exposed to toluene: a new biomarker for toluene exposure, Arch, Toxicol.,72:119
Blume, E. Bischoff, M. Reichert, J. M. Moorman , T. Konopka, A. Turco, R, F. 2002. Surface
and subsurface microbial biomass community structure and metabolic activity as a function of
soil depth and season. Applied Soil Ecol. 20: 171-181

Anderson, J. M. and Ingram, J.S. (Ed.). (1993). Tropical Soil Biology and Fertility. Pp. 221.

Bouyoucous, G. H. (1951). A recalibiration of the Hydrometer method for making mechanical
analysis of soil. Agron. Journal 43:434 — 438.

Bremmer, J.M. and Mulvaney, C.S. (1982). Nitrogen Total. In: Page et al (eds) Methods of Soil
Analysis Part 2. 2" edition,. ASA Soil Sci. Soc. America Journal. Madison, Wisconsin Pp 595-
624.

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 5



Eneje Roseta. C & Uzuegbu Obinna . F

[8] Enwezor, W. O. Udo, E. J., Uzoroh, N. J. Ayotade, K. A. Adeputu, J. a., Chude, V. O. and
Udegbe, C. I. 1989. Fertilizer use and management practices in crops Series No. 2.pp 81-82.

[9] Feech, M., (1965). Exchangeable Cations in Method of Soil Analysis.

[10] NRCRI (2005) Nation Root Crop Research Institute Umudike. Bulletin.

[11] Kittikun, A. H., G. Srisuwan and A. Krause 2000. Environmental Management for oil mill

material flow analysis of integrated biosystem. P 11. 2000. Retrived May 23 from
http/iasunuedu/proceedings ic-mfa/kittikun /paper htim

[12] Mclean, E. O. (1965). Aluminum. In: C. A. Black (ed) Methods of Soil Analysis. Agronomy
No 9 Part 2. American Society of Agronomy, Madison, Wisconsin, Pp 978-998.

[13] Mehlich, A. (1978). New extractant for soil test evaluation of phosphorus, potassium, calcium,
sodium manganese and zinc. Commun. Soil Sci. Plant Anal. 9(6): 455-476.

[14] Nelson, D. W. and L.E. Sommers (1982). Organic Carbon. In> page A.L. (ed) Method of Soil
Analysis No. 9 Asainc Soil Sci. Society American Madison. Washington D.C. Pp. 57Q — 571.

[15] Ogboghodo, I.A., A. P., Ohuwafemi and C.A. Unigbe 2003 effect of pollutingfseil with cassava
mill effluent on some soil properties N.G.J Applied Sci. 21:62-67.

[16] Ogboghodo, I.A.; Iruaga, E.K.; Osemwota, 1.0. and Chokor, J.U. (2004)."AnAssessment of the
Effects of Crude Oil Pollution on Soil Properties, Germination and Growth of maize (Zea mays)
using two Crude types — Forcados light and Escravos light, Journalfof Envirgnmental Monitoring
and Assessment 96 (1-2): 143-152.

[17] Ogbohodo, L. A. Oluwafemi, A. P. and Ekeh, S. Mg2006 Effect or polluting soil with cassava
mill effluent on bacteria and fungi populations of a soilicultivatedwith maize. Environ. Monitory
Assessment 166: 419-425

[18] Okafor, E. C. and Opuene, K. 2007 Preliminaty assessment of trace metals and polycyclic

aromatic hydrocarbons in the sediments. Int. Jour.Enwiton Sci. Tech. 4:233-240.
[19] Okereke, J. N.; Obiekezie, S. O. & Obasi, K. O. (2007). Microbial flora of oil spilled sites in
Egbema, Imo State, Nigeria, Academic Journals.

[20] Sylvia, D. M. Fuhrmann, J. F. Hartel, P5G. and D. A. Zuberer 2005. Principles and applications
of soil microbiology “New Jersey, Pearson Education Inc.

[21] Sessitchi, A., Weilhartef, JA. GerzabgkypM. H. 2001. Microbial population structures in soil
particle size fractions of a“loeng term fertilizer field experiment. Applied and Environmental
Microbiology. 67: 4215- 4424

[22] Thomas, G.W. 1996. /Sail pH and Soil Acidity: In Method of Soil Analysis. Part3. Chemical
Methods. Soil Science Se@eiety of ‘America and American Society of Agronomy Inc. Maidson,
Wisconsin, USA®Pp475-483

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 6



