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The microbiological and physico-chemical characteristics of wetland soils in Iru LGA were
determined between May 2001 and June 2003. Total heterotrophic bacterial counts (THBC), total
fungal counts (TFC) and total Actinomycetes cotints (TAC) were determined from soil samples
taken at two depths (0-15 and 15-30cm) from Uyo Itam, Okon Itam, Odiok Itam and Ntak Inyang in
the dry and wet seasons. Microbial isolates were characterized and identified. THBC of Itu wetland
soils ranged from 5.6 (_0 01)x10°to 1.8 (£0.15) x 10’ cfu/g in the wet season, and from 3.0 (+0.03) x
10°to 1.5 (+0.03) x 10’ cfu/gin the dryseason TFC ranged from 1.4 (+0.15) x 10°to 6.6 (+0.02) x 10°
cfu/gin the wet season and 1.0 (=-0.33) x 10 to 4.8 (+0.02) x 10* cfu/ gin the dry season. TAC rangcd
from 1.0 (0. 44) X 10°to 6.2 (+0.18) x 10° cfu/g in the wet season and from 0.4 (+£0.01)x 10°t0 3.0
(+£0.03) X 10° cfu/g in the dry season. Alaligenes, Arthrobacter, Elavobacterium, Bacillus, Clostridinm,
Enterobacter, Micrococus, Serratia, Staphylococcus, Enterococcus and Psendomonas were predominant bacteria,
while Aspergillus, Cladosporium, Fusarium, Penicillium and Rhizopus were the dominant fungal genera
isolated. Streptomyces and Norcardia were the actinomycetes isolated. Particle size and chemical
parameters (pH, organic matter, %N, available phosphorus, exchangeable acids, ECEC, % base
saturation and micro-nutrients) were also determined using standard methods. The particle size
analysis showed high sand fraction and low silt and clay. The pH was generally acidic and % organic
matter generally low at all locations. The soil showed low to moderate available phosphorus that
ranged between 28.2 (+0.04) and 51.81 (+0.12) nig/kg in both seasons. Calcium dominated the
exchangeable bases with low electrical conductivity and micronutrients. These results could
contribute to baseline data of the microbiological and physicochemical characteristics of Itu
- vetland soils thus providing the basis for its management for sustainable agricultural practices.
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INTRODUCTION

Wetlands are regarded as important transitional
ecosystems between open water and terrestrial
ecosystems, They comprise soils with impeded
drainage either because of flooding or because
of a relatvely high ground water table
(Andriesse, 1986; Edwards, 1990). In Nigeria,
wetlands cover over 24,009km’, with the largest
concentrations of natural wetlands in Southern

Nigeria. The Nigerian wetlands stand out as
reservoirs for different categories of wild life,
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marsh plants and mineral resources (Akpata
and Okoli, 1990; Eshiett, 1992, 1994) and are
generally unexploited.

Wetlands represent a complex habitat
where physiographic, edaptic (soil factors),
biotic and climatic factors interact according to
set natural laws, The knowledge of these laws is
r agricultural practices, there is 2 need to expand
arable crop cultivation into these unexploited
wetland resources in order to boost food
production for Nigeria's teeming population,
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basic to the use of wetlands, for man must be
able to control all of these factors in one
environment in order to exploit this vast but
hitherto neglected resource in a scientific or
sustainable manner to satisfy his wants
(Farahbakshazad ef a/, 2000). These days where
there is declining productivity from upland

agriculture because of continuous croppingasa-

result of limited land area for agricultural
practices, there is a nced to expand arable crop
cultivation into these unexploited wetland
resources in order to boost food production for
Nigeria's teeming population.

This study was necessitated by the
paucity of information on the microbiological
and physicochemical characteristics of the
- wetland soils in Itu, Nigeria. Field sampling of

the study area lasted two years (from May 2001

to June 2003) with a view to documenting the
baseline microbiological and physico-chemical
characteristics of this largely neglected and
hence unexploited ecosystem.

MATERIALS AND METHOD

STUDY AREA

The study area comprises wetland sites
distributed along Uyo Itam, Okon Itam, Odiok
Itam and Ntak Inyang in Itu Local Government
Area (Fig 1). Topography of the sampling
locations can be described as being nearly level
to gently undulating slopes of 0-3°, which
provides a very stable physiographic
environment for relatively uniform parent
material (Peters, 1989). Within this study area is
the proposed Ibom Science Park and Akwa
Ibom State Government (AKSG) Sanitary
Landfill. The study area is therefore significant
industrially.

SAMPLE COLLECTION

Soil samples were collected at (2) depths (0-
15¢m and 15-30cm) from 4 locations: Uyo Itam
(UT), Okon Itam (KT), Odiok Itam (DT), and
Ntak Inyang (NT) along a transect (Table 1) in
Itu Local Government Area according to the
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method of Anderson and Ingram (1993). The
samples were collected during the wet and dry
seasons into labelled polycthylene bags and
taken in ice-packed coolers to the laboratory for *
microbiologicaland physicochemical analyses.

- MICROBIOLOGICAL ANALYSIS

(i) Serial dilution

Serial ten-fold dilutions of the soil samplcs-werc
made according to the methods of Collins and
Lyne (1976) and Harrigan and McCance (1976).

(ii) Inoculation and Incubation

One milliliter of appropriate ten-fold serial
dilutions of the soil samples were inoculated
unto nutrient agar (Oxoid, CM 314), Reinforced
Clostridial Agar (Oxoid CM 149, 151), Malt
Extract Agar (Oxoid CM 151) and Sabouraud
Dextrose Agar plates in triplicate using the pour
plate methods of Collins and Lyne (1976),
Harrigan and McCance (1976), and the spread
plate methods of Demain and Davies (1999).
Soil plate technique of Eka and Forgathy (1972)
and Demain and Davies (1999) were also used
for the isolation of actinomycetes using Starch
Nitrate Agar. Inoculated plates were incubated
at 37°C for 18-24 h and at ambient temperature
(28+2°C) for 48-72 h for the enumeration of
total heterotrophic bacterial, fungal and
actinomycetes counts. Visible and discrete
colonies in incubated plates were counted and
expressed as colony forming units per gram
(cfu/g) of soil samples.,

(ili) Maintenance of Pure Culture
Discrete colonies were purified by repeated sub-
culture unto appropriate agar media. Pure
cultures were preserved on nutrient agar slants
and stored in the refrigerator (4°C+2°C) and at
ambicnt temperature (28+ 2°C) for further
tests.
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Fig. 1: Ity Local Government Area shawing Sampling Sites
Table 1 Sample Points and their and their coordinates
S/No Sampling Point Sample Coordinates
Location/Code Latitude Longitude
1 Upper slope Uyo Itam (UT) 7°56' 53" 5906' 53"
2  Middle slope Okdn Itam (KT) 7°56' 28" 5% 08" 12"
3 Lowerslope Odiok Itam (DT) 7°55' 47" 5% 05' 36"
4  Bottom slope Ntak Inyag (NT) 7°55' 26" 5% 04' 27"

Characterization and Identification of Microbial Isolates

1600

Pure cultures of microbial isolates were characterized based on cultural parameters, microscopic
techniques and biochemical tests including carbohydrate utilization as described by Cruickshank ef
al. (1975). Identification of bacteria was accomplished by comparing the characteristics of the
culture with those of known taxa using Bergey's Manual of Determinative Bacteriology (Hole ef 4/,
1994). Characterization and identification of fungal isolates was done according to Domsch e a/
(1980) and Barnett and Hunter (1987). Actinomycetes were characterized and identified according
to the r ethods of Eka & Fogathy (1972). p @ S
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PHYSICOCHEMICAL ANALYSIS OF
SOILSAMPLES

Particle size analysis was done using the
Bouyoucous Hydrometer method (Bouyoucous,
1962). The pH of soil samples was determined
according to the method of Udo and Ogunwale
(1986) while electrical conductivity of the soil
samples were determined according to Jackson
(1962). Exchangeable cations were determined
according to the methods of Jackson (1962) and
the Association of Official Analytical Chemists,
AOAC (1990). Total nitrogen in the soil sample
was determined by Microkjedahl digestion and
distillation methods of Jackson (1962). Available
phosphorus was determined by the Bray No.1
method (Bray and Kurtz, 1945) and blue
Molybdocolorimetric method (Murphy and
Riley, 1962). Effective cations exchange capacity
was determined using the method of Peters
(1989). Total organic matter contents were
determined using the method of Walkley and
Black (1989), while the micronutrients (heavy
metals) content of the soil were determined
using atomic absorption spectrophotometer,
AAS (UNICAM AA 919 model) (AOAC, 1990).

STATISTICAL ANALYSIS

The statistical analysis employed in this work
included standard deviation, analysis of variance
and correlation analysis (Sokal and Rohlf, 1981).

RESULTS
MICROBIOLOGICAL
ANALYSIS -

(a) Microbial counts

The microbial counts of the wetland soils of 1tu
are as shown in Table 2, Total heterotrophic
bacterial counts (THBC) ranged from 5.6
(+0.01) x 10° to 1.8 (+0.15) x 10" cfu/g in the wet
seasonand from 3.0 (+:0.03) x 10°to 1.5 (+0.03)
10 in the dry season. Total fungal counts (TFC)
ranged from 1.4 (+0.15) x 10°t0 6.6 (+0.02) x 10"
cfu/g in the wet scason and from 1.0 (£0.33) x
10° to 4.8 (+0.02) x 10" cfu/g in the dry season.
Total actinomycetes counts (TAC) ranged from
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6.6 (+0.02) x 10° cfu/g in the wet season and
from 1.0 (+0.33) x 10° to 4.8 (+0.02) x 10° cfu/g
in the dry season. Total actinomycetes counts
(TAC) ranged from 1.0 (+0.44) x 10° to 6.2
(£0.18) x 10° cfu/g in the wet season and from
0.4 (£0.01) x 10° to 3.0 (+0.03) x 10°cfu/g in the
dry season. Microbial counts were found to be
higher in surface soil samples (0 - 15cm) than
sub-surface soil samples in both seasons.

(b)

Bacterial isolates of wetland soils in Itu LGA,
Nigeria were predominantly of the genera
Alealigenes, Arthrobacter, Flavobacterium, Bacillus.
Clostridium, Enterobacter, Micrococeus, Serrati
Staphylococcus, Enterococcus and Pseudomone s, The
fungal isolates were mostly of the genera

Microbial Isolates

Aspergillus, Cladosporisim, Fusarium, Penicillium and

Rhizopus while Actinomycetes were of the genera
Streptomyces and Nocardia. These isolates have also
been isolated from normal agricultural soils of
the Niger Delta Region (RPI, 1985; Udotong,
2000).

PHYSICO-CHEMICAL ANALYSES

(a)  Particle Size Distribution

The particle size distribution of the wetland soils
is as shown in Table 3. It revealed the wetland
soil as having high sand fraction that ranged
between 72.0(+0.15) and 91.6(+0.17)%, with
clay that range of 5.6 (+0.01) to 18.4 (+0.05) %
in both seasons silt that ranged between 2.(
(£0.03) and 11.0 (£0.04)%.

(b)  Chemical Analysis
Tables 4a, and 5 show the result of chemical

* analyses of Itu wetland soils in the wet and dry

seasons. The pH ranged between 5.4 (+0.01) to
5.8 (+0.02), organic matter ranged from 1.06
(+0.06) to 5.33 (+0.2) % while % nitrogen
ranged from 0.03 (£0.01) to 0.15 (+£0.03) %. It
also showed moderate available phosphorus that
ranged between 28.2 (+0.04) and 51.81 (+0.12)
myg/ kg and low micronutrients.

o
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TABLE 3: PARTICLE SIZE DISTRIBUTION OF ITU WETLAND SOIL IN THE

WET AND DRY SEASONS
Sample  Depth SAND (%) CLAY (%) SILT (%)
Code (C™m)
* Wet Dry Wet Dry Wet Dry
Season  Season Season Season Season Season
uT 0-15 91.6£0.17 9141006  6.840.01 5.6£0.01 20$0.03  3.4:0.04
uT 15-30  89.6:012 890+ 004 84005  72:003 2002 382002
KT 0-15 67.6¢ 0.17 876+ 0.11 1042006 94:002 2.0:02 3.0:£004
KT 15-30 8161012 810:012 1442008 120:004 40:02 50t 0.10
DT 0-15 84.6:001 846010 106:005 96 +002 48+005 58+ 05
DT 15-30 7761003 776+003 1541012 1402010 7.0% 002 84+ 006
NT 0-15 7821004 782+004 1241001 116+002 90 001 10.2£0.02
NT 15-30 720405 720%015 1844005 17.0:+ 003 10.0+ 0.10 11.0+0.04

UT = Uyo Itam; KT = Okon Itam; DT = Odiok Itam; NT = Ntak Inyang;
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TABLE 5: MICRONUTRIENTS OF [TU WETLAND SOILS IN

WET AND DRY SEASONS
Sample DEPTH COPPER (Cu) ZINC (Zn) IRON (Fe) MANGANESE (Mn)
Code (CM) (mg/kg) (mg'kg) (mgfkg) (mg/kg)
Wet Dry Wet Dry Wet Dry Wet Dry

Season _ Season Season Season  Season _ Season __Season _ Season
0-15 06£001 07£0.01 3.2+0.10 3.2+40.01 38.0:+0.02 36.0:+0.07 2.5+0.00 2.0+0.00

15-30 07#000 0.7+001 3.3:0.00 32:001 38.0:0.02 36.2:001 1.6+0.00 1.8:0.01
0-15 08+0.00 07+0.01 364001 324002 39.2¢0.00 36.2¢40.05 4.7¢0.03 4.2:0.00
15-30 0.80£.00 0.7+0.01 34+0.00 32:0.05 39.2¢0.07 36.240.01 4.7£0.07 4.2:0.00
0-15 064000 074001 36£0.00 33000 39.640.05 36.5:0.00 4.7+0.01 4.5:0.01
15-30 074000 082001 341000 34004 39.6¢0.05 36.5¢0.01 4.7:0.02 4.52007
0-15  0.9+001 08:0.01 3.7:004 341000 3941000 36.7¢0.00 5.0:0.00_ 4.5:0.05
15-30 081000 08:0.01 37+0.04 35:0.04 3941000 36.9:002 5.1+008 4.7:0.05

22993355
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UT = Uyo Itam; KT = Okon Itam; DT = Odiok Itam; NT = Ntak tnyang
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DISCUSSION

The study was designed to document the
microbiological and physicochemical
characteristics of the wetland soils in Itu with a
view to determining the potential use of such
hitherto neglected natural resource/ecosystem.

, The microbial counts obtained from this
study compared favourably with microbial
counts of wetland soils in Eket, Nigeria
(Udotong and Akpanekon, 2006a) and Ikot
Ekpene (Udotong & Akpanekon, 2006b) in
particular and the Niger Delta Region (RPI,
1985; Udotong, 2000) in general. The results
from these studies showed a decrease in the
microbial counts with increase in soil depth:
microbial counts were higher in surface soils (0 -
15¢m) than in the sub-surface soils (15-30cm).
This could be attributed to the higher availability
of favourable growth factors such as organic
matter and oxygen at the surface soil (0-15cm)
than at the sub-surface soil levels (15-30cm). It
also showed increase in the microbial counts
during the wet scason and a decrease in the dry
season. This also could be attributed to the slight
variations in the properties of the wetland soils
due to climatic changes in both seasons
(Higashida and Takao, 1985).

The bacteria, fungi and actinomycetes
isolated from the wetland soils of Itu Local
Government Area, Nigeria, compared
favourably with the microbial isolates from the
wetland soils of Eket, Nigeria (Udotong and
Akpanekon, 2006a) and Ikot Ekpene (Udotong
& Akpanekon, 2006b) in particular and the
Niger Delta region (RPI, 1985; Udotong 2000) in
general. The microbial isolates obtained from
the wetland soil under study in both seasons have
been shown to play important roles in plant
development as in relation to organic matter
decomposition, soil stabilization and mineral
cycling activities (Atlas and Bartha, 1998).
Species: of the genera Bacillus, Psendomonas,
Protens, Alcaljgenes. Clostridium and  Arthrobacter
have been involved in mineral cycling activities
(Nelson and Myers, 1992; Atlas and Bartha,
1998. The occurrence of some of these isolates
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like Pseudomonas, Bacillus and Micrococens have
implicated in crude oil biodegradation (Antai and
Mgbomo, 1982; Udotong, 2000).

The particle size distribution of the
wetland soil showed that the soil texture provides
good drainage and good rooting environment for
crops as well as good aerobic conditions for the
proliferation of microbes (Landon, 1984), Since
the surface soil is fragile and is prone to erosion,
minimum or zero tillage, contour tillage, strip
cropping and terracing could be employed along
the slopes of these wetland soils (Akinsanmi,
1991). The pH of the wetland soils under study
also showed the soils to be generally acidic, tH*~
pH range of 5.4 at Uyo Itam, Okon Itam, Odic..
Itam and Ntak Inyang is known to favour the
growth of most crops and major biogeochemical
cycling processes. Most importantly the soil with
this pH, range will favour the cultivation of
upland rice.

Chemical analyses results of the wetland
soils showed low levels of organic matter as well
as total available nitrogen. To help maintain a
high level of soil organic matter and nitrogen,
crop rotation practices during which cover crops
are ploughed into the soil should be encouraged.
Crop residues should also be ploughed into the
soil after harvesting. The application of nitrogen
fertilizers to these soils would also help correct
this deficiency. Available phosphorus, potassium
and sodium in the wetland soils under study arr -
typical of some agricultural soils in the Niger
Delta Region and can therefore support
extensive ' sustainable agricultural practices
(Fagbami, 1994; Obi, 1984). The soils also

2

" showed high percentage base saturation, which

expresses low degree of leaching indicating its
suitability for crop production, if properly
managed.

Statistically, there was significant
difference between the microbes isolated from
the wetland soils under study at P>0.05.
Interactions between microbes and seasons as
well as microbes and soil depths were
significandy different at P>0.05 and P>0.01
respectively. Interactions between microbes and
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the wetland soils under study at P>0.05.
Interactions between microbes and seasons as

well as microbes and soil depths were

significantly different at P>0.05 and P>0.01
respectively. Interactions between microbes and
sampling locations were significantly different
P>0.05. Micronutrients of the wetland soils
were significantly different P>0.01 while
interactions between micronutrients and
seasons as well as micronutrients and sampling
locations were significantly different at P>QO.01
and P:>O.001 respectively. There was no
correlation in interactions involving soil pH and
seasons as well as soil particle size distribution
and seasons.

CONCLUSION

s+ pancity of information on the
microbiological and physicochemical
characteristics of wetland soils in Itu, Nigeria
had contributed to the neglect of this important
ecosystem. The result of this study has however
provided some baseline data on the
microbiological and physicochemical
characteristics of wetland soils in Itu, thus
providing the basis for the management of
wetland soils in Itu for sustainable agricultural
development.

REFERENCES ' #

Akinsanmi, O.7(1991). Senior Secondary
Agricultural Science (3rd  edition) Chee
Leong Press, Malaysia. Pp. 40-43.

#!-pata, T. V. I and Okoli, D. U, U. (eds) (1990).

© Nigerian Wetlands Emmi Press,
Samanda, Ibadan. Pp. 1-42;

Anderson, ]. M. and Ingram, J. S. I (1993).
Tropical Soil Biology and Fertility: A
Handbook of ~ Methods. (2nd edition).
C. A. B. International, United
Kingdom. Pp.47-49. .

Andriesse, W. (1986). Area and distribution: The
\Wetland and Rice in Sub-Saharan Africa In:
Juo, A. S. R. and Lowe, J. A. (eds).
International Institute of Tropical
Africa (IITA), Ibadan, Nigeria pp.
15-29.

1608

Antai, S, P. and Mgbomo, E. (1989).

Distribution of hydrocarbon utilizing
bacteria in oil spill areas. Microbios
Letters 40: 137 - 143,

Association of Official Analytical Chemists
(AOAC) (1990): Methods of Analysis
(12th  edition), AOAC, Washington
D.C. :

Adas, R. M. and Bartha, R. (1998). Microbial
Ecology: Fundamentals and
Applications - (4th edition).
Benjamin/Cummings Publishing
Company, California pp. 511-602,

Barnet, H. L. and Hunter, B, B. (1987,
Illustrated Genera of Imperfect Fungi
(4thedition). Macmillan Publishing
Company, U.S. A

Bouyoucous, G. ]. (1962). Improved

' hydrometer method for making particle
Size analysis of soils. Agronomy Journal
54: 464-465

Bray, R. H. and Kurtz, L. T. (1945).
Determination of total organic and
available forms of phosphorus in soils.
Soil science 59: 39-54. .

Collins, C. H. and Lyne, P. M. (1976).
Microbiological Methods. Butterworth and
Company Limited, Great Britain.

Cruickshank, R; Duguid, J. P, Mamion, R. P, and
Swain, R. H. A. (1975). Medical
Microbiology 1/ Churchill; Livngstone,

~ London. :

Demain, A. L. and Davies, }. E. (eds) (1999).
Mannal of  Industrial Microbiology. and .
Biotechnolgy (2nd edition). American
.Societyfor ~ Microbiology Press,
Washington, DC,

Domsch, K. H, Gams, H., and Anderson, T, H.
(1980). Compendinum of soil Fungi.
Academic Press, London and New
York.

Edwards, A. W. A. (1990) Wetlands in
Southern Nigerian. Nigerian Wetlands.
In Akpata, T. V. 'l and Okoli, D. U. U.
(eds) Emmi Press Samanda, Ibadan pp.
27-34.



Udotong, 1. R. and Akpanckon Nig. J. Microbiol. 2007 21: 1598-1610

Eka, O. U and Fogathy, N. M. (1972).
Descriptive. studies on a
Streptomyces Species: part 1
Description and some properties of
the microorganisms West African Journal
of Biological and Applied Chemistry 3 (5):7-
11

Eshictt, E. T. (1992). Physiochemical,
morphological and mineralogical
characteristics of selected humid
region profiles in Sourtheastern
Nigeria. In Kimble, J. M. (ed).
Proceedings of the Eight
International Soil Correlation Meeting
on Characterization, Classification and
Utilization of wet soils. Soil
Conservation Service, USA.

~ Eshiett E. T. (1994) The wetlands of Nigeria~

Distribution, characterization and .

traditional land use practice.
Proceedingof the2lst A n n u a |

- Conference of the soil Science society
of Nigeria. University of Uyo, Akwa
Ibom State. 30th Jan - 4th Feb. 1994. pp
1-19.

Fagbami; A (1994). Distribution and
characterization of the Nigerian oastal
soils and their management for
sustainable agriculture. Paper
presented at the 21st Annual
Conference of Soil Science Society of
Nigeria, Universityof Uyo. 30th Jan -
4th February. '
coastal soils and their management for
sustainable agriculture. Paper
presented at the 21st Annual
Conference of Soil Science Society of
Nigeria, University of Uyo. 30th Jan -
4th February.

Farahbakhshazad, N; Morrison, G. M. and
Filho, E. S. (2000) Nutrient temoval
in a vertical up flow wetland in
Piracicaba, Brazil. AMBIO 29 (2): 74-
77.

Federal Ministry of  Agriculture, Water
Resources and Rural Development

160¢

(FAWR) (1990). Literature review on soil
Sertility investigations in Nigeria (FAWR).
Lagos, Nigeria. -

Harrigan, W. F. and McCance, M. E. (1976).
Laboratory Methods in Food and Dairy
Microbiology. Academic Press, London.

Higashida, S. and Takao K. (1985). Seasonal
fluctuation patterns of microbial
numbers in the surface soil of a
grassland. Soi/ Science and Plant Nutrition
31:113-121.

Holt, ]. G; Kieg, N. R; Sneath, P. H. A,; Staley, .
T. and Williams, S. T. (1994). Bergy's
Manual of Determinative Bacteriology (9th

edition) Williams and Wilkins -

Publishers, Baltimore, USA.

Jackson, M. L. (1962). Soi/ Chemical Analysis. .

Prenctice Hall, Englewood Cliffs, New
Jerseypp. 110-112,

Landon, J. R. (ed.) (1984). Booker Tropical Soil
Manual: A Handbook for Soil Survey and
Agricultural Land Evaluation in the Tropics
and Sub-tropics. Booker Agriculture
International Limited, England pp. 113-
157.

Murphy, . and Reiley, ]. P. (1962). Trace metal
speciation analytical Methods and
problems. Analytical Chemisty, Act 227.
pp. 31-36.3.

Nelson, K. H. and Myers, C. R. (1992).
Microbial reduction of
manganese and Iron: New approaches
to carbon cycling. .Applied and
Environmental Microbiology. 58:439-443.

Obi, M. E. (1984). Physical properties
of wetland soils. A paper presented at
the 12th Annual Conference of Soil
Science Society of Nigeria, Port
Harcourt. 14th- 19 October 1984.Pp1-
4.

Peters, 5. W. Led 1989. Akwa Ibom ¢tate:
Physical Background, soils, land use and
Ecological problems: Technical Report
on Soil and Land Survey. Pp. 60-120.

RPI (1985). Environmental Baseline Studies for
the establishment of control criteria

=



Udotong, L. R. and Akpanckon Nig. J. Microbiol. 2007 21: 1598-1610

and standards against petroleum -

related pollution in Nigeria. Final

Report submitted to the Nigerian
National Petroleum Corporation
(NNPC), Lagos.

Sokal, R. R. and Rolf, EJ. (1981). Biometry: The
Principle and Practice of ~Statistics in
Biological Research (2:'d edition). W, H.
Freeman Company, New York, US.A.

Udo, E. J. and Ogunwale, J. A. (1986). Laboratory
Manual for the Analysis of Soil, Plant and
Water Samples (2nd edition). University
Press, Ibadan.

Udotong, I. R. (2000). Environmental
Monitoring and Effect of Petroleum

Production Effluent on some biota of -

the lower Qua Iboe River Estuary. Ph.D
Thesis, Rivers State University of
Science & Technology, Nkpolu, Port
Harcourt, Nigeria. )

Udotong L. R. and Akpanekon, O. J. (2006a)
Microbiological and physicochemical
studies of wetland soils in Eket, Nigeria.,
inpress.

Udotong, 1. R. and Akpanekon O. (2006 b):
Microbiological and physicochemical
studies of inland wetland soils in Ikot
Ekpene, Nigeria. In press

Walkley, A and Black, 1. A. (1934). An
examination of the method for
determining soil organic matter and a
proposed modification of the chromic
and titration method. Soil Science
37:29-38.

1610



