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The microbiological and physicochemical characteristics of wetland soils in Ikot Ekpene Local
Government Area were studied between May 2001 and June 2003. Total heterotrophic bacterial
count (THBC); total fungal counts(TFC) and total actinomycetes counts (TAC) were determined
from soil samples taken at 0-15 and 15-30 cm depths from Nyara Enyin, Ikot Oto, Ikot Ubo and Ikot
Osurua in the wet and dry seasons. Microbial isolates were characterized and identificd.
Physicochemical parameters (particle size, pH, EC, organic matter, %N, available phosphorus,
exchangeable acids, ECEC, % base saturation and micro-nutrients) were determined using standard
methods. The THBC of wetland soils in Ikot Ekpene ranged from 4.6 (+0.11) x 10°to 1.8 (£0.01) x
10" cfu g" in the wet season and from 2.6 (+0.111) x 10 to 1.4 (+0.22) x 10’ cfu g in the dry season,
while TFC ranged from 1.8 (:0.0") x 10* to 6.8 (+:0.04) x 10° cfu g" in the wet scason and from 1.0
(+0.01) x 10° to 4.6 (+:0.21) x 10° cfu g in the dry season. The TAC ranged between 1.2 (+0.22) x 10°
t0 6.0 (£0.01) x 10° cfu g in the wet scason and ranged between 1.0 (+0.02) x 10*and 2.6 (+0.17) x 10°
dug’ in the dry season. The bacteria isolated included the genera Acdinetobacter, Arthrobacter, Bacillus,
Clostridium, Enterobacter, Micrococcus, Serratia, Stapbylococens, Enterococous, and Pseudomonas. The fungal
isolates were of the genera Aspergillus, Fusarium, Penicilium and Mucor. Actinomycetes isolated were of
the genera Streptomyces and Norcadia. Physicochemical analyses showed the soil type as varying from
sandy to sandy clay loam and acidic. The results of chemical analyses showed that the wetland soils
can support sustainable agricultural activities; the vast expanse of wetland soils in Nigeria which
hitherto were regarded as wastelands can be productively exploited.

Key Words: Inland wetland soils, Microbiological and physico-chemical characteriitics,
Sustainable agriculture ' '

INTRODUCTION

Wetlands comprise soils with impeded drainage,

either because of flooding or because of a .

relatively high ground water table (Andriesse,
1986). They have been recognized as peatbogs,
swamps, tidal marshes, floodplains consisting
of recent alluvial dcposits bordering rivers,
inland valleys, shallow ponds, mudflats and
littoral areas of larger bodies of water (Gopal ¢
al, 1982). The wetlands in the world are
estimated at about 4-6% of the earth's land
surface (Mitsch, 1997). In Nigeria, wedands

* Corresponding Author

cover over 24,009km’, with the largest
concentration of natural wetlands being found
in the Niger Delta region of southern Nigeria
(Eshiett, 1992).

Akwa Ibom State lies entirely on the
coastal plain soils of South Eastern Nigeria
(Peters, 1989). Currently, wetland soils in Akwa
Ibom State provide areas where economic
activities such as gravel and fine sand extraction
and lumbering are carried out but little or no
crop production are practised (Eshiett, 1994).

. There is a paucity of information on the
microbiological and physicochemical
characteristics of the wetland soils in Ikot
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Ekpene LGA, Nigeria. The aim of this study
hich the potentials and management of thcsc
wetland soils can be achieved.

MATERIALS AND METHODS
Study Area

The inland wetland soils in Ikot Ekpene ate
locared along the Udo Nwankwo River Basin
(the section of Qua Iboe River that passes
thro igh Ikot Ekpene by the Akwa Ibom State
Polytechnic) (Fig. 1.0). The topography of the
study area 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
materials. Apart from the Polytechnic, the
Major Seminary in Akwa Ibom State is-also
located on this slop.

COLLECTION OF SAMPLES

Soil samples from this study area were collected
at two depths (0-15cm and 15- 30cm) from four
locations: Nyara Enyin, Ikot Oto, Ikot Ubo and
Ikot Osurua (Table 1.0) to represent the upper,
middle, lower and bottom slopes along a
transect according to the method of Anderson
and Ingram (1993). The samples were collected
during the wet (April - October) and dry
(November - March) seasons. Samples were
taken into labelled polythene bags and
transported immediately in ice-packed coolers
to the laboratory for microbiological and
physicochemical analyses.

MICROBIOLOGICAL ANALYSIS

(i) Serial Dilution

Serial ten-fold dilutions of the soil samples were
made out 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
onto nutrient agar (Oxoid CM 314), reinforced
clostridial agar (Oxoid, CM 149, 151), malt
extract agar (Oxoid CM 151) and Sabouraud
dextrose agar plates in triplicates using the pour
plate methods of Collins and Lyne (1976) and
Harrigan and McCance (1976) and the spread
plate methods of Demain and Davies (1999).

- The soil plate techniques of Eka and Fogathy

(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 hrs and at ambient
temperature (28+2°C) for 48- 72 hrs for the
enumeration of total heterotrophic bacterial,
fungal and actinomycetes counts. Visible
discrete colonies in incubated plates were
counted and expressed as colony forming units
per gram (cfu/g) of soil samples.

(iii) Maintenance of Pure Culture

Discrete colonies were purified by repeated
sub-culture unto appropriate nutrient media.
Pute cultures were preserved on nutrient agar
slants and stored in the refrigerator (4°C+2°C)
and at ambient temperature (28°C+2°C) for
further tests.
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Table 1: Sampling Points and their coordinates
"SINo Sampling  Sampie Location Coordinates
Point (Code) Latitude I,.ongltgdo
1 ‘ | . ‘ "
2 Middle Slope  Ikot Oto (KTK) 7°40' 57" 5°10° 24"
3 . LowerSlope Ikot Ubo (KTU) 7°40' 35"  5°09' 56"
4 Bottom Slope kot Osurua (KTS) 7°40' 14"  5°08'22"
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(iv) Characterization and Identification
of Microbial Isolates.

Pure cultures of microbial isolates were
characterized based on cultural parameters,
microscopic techniques and biochemical tests
including catbohydrate utilization as described
by Cruickshank es a/ (1975). Identification of
the bacterial isolates was accomplished by
comparing the characteristics of the cultures
with those of known taxa using Bergey's
Manual of Determinative Bacteriology (Holt ¢f
al, 1994). Characterization and identification of
fungi was done according to Domsch et a/
(1980) and Barnet and Hunter (1987).
Actinomycetes were characterized and
identified according to the methods of Eka and
Fogathy (1972).

PHYSICOCHEMICAL ANALYSIS OF
SOIL SAMPLES

Particle size analyses of the soil samples were
done using the Bouyoucous Hydrometer
method (Bouyoucous, 1962). The pH was
determined according to the method of Udo
and Ogunwale (1986), while electrical
conductivity of the soil samples was
determined according to Jackson (1962).
Exchangeable cations were determined
accotding to the methods of Jackson (1962) and
AOAC (1990). Total nitrogen in the soil sample
was cletermined by Microkjedahl digestion and
distillation methods of Jackson (1962).
Available phosphotrus was determined by the
Bray No.1 method (Bray and Kurtz, 1945) and
blue molybdocolotimetric method (Mutphy &
Reiley, 1962). Effective cation exchange
capacity (ECEC) was determined according to
Peters (1989). Total organic matter (TOM)
contents of soil sample were determined using
the method of Walkley and Black (1934) while
micro nutrients (heavy metals) of the soil
samples were determined using the atomic
absorption spectrophotometer TUNICAM, AA
919 model) (AOAC, 1990). .
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STATISTICAL ANALYSIS

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

RESULTS

MICROBIOLOGICAL PROFILES
(a, Microbial Counts

- The total heterotrophic bacterial counts

(THBC), total fungal count (TFC and
actinomycete counts (TAC) obtained from the
surface (0-15cm) and subsurface (15-30cm) soil
samples at the various locations during the wet
anddry:  nsareas shownin Table 2. THBC
ranged fi_u 4.6 (£0.11) X 10° to 1.8 (+0.01) X
10" cfu/gand 2.6 (+0.11) X 10°to 1.4 (+0.22) X
0 cfu/g in the wet and dry seasons,
respectively. TFC ranged from 1.8 (+0.07) X 10°
t0 6.8 (+0.01) X 10° cfu/gand 1.0 (+0.01) X 10°
t0 4.6 (£0.21) X 10° cfu/g in the wet and dry
seasons respectively. TAC ranged between 1.2
(+0.22) X 10°and 6.0 (+0.01) X 10° cfu,/ g in the
wet season and ranged betwcen 1.0 (£0.02) X
10°and 2.6 (+0.17) X 10° cfu/g in the dry season.
THBC were highest in the surface (0-15cm) sail
samples than the sub-surface (15 - 30cm) soil
samples at all the locations while T AC were
lower than THBC and TFC at all locations
sampled.

() Microbial Isolates from Inland
Wetland Soils

The bacterial isolates from Ikot Ekpene
wetland soils belonged to the genera
Acinetobacter, Aribrobacter, Bacillus, Clostridium,
Enterobacter, Micrococcus, Serratia, Staphylococcus,
Enterococcus and Psendomonas. Fungal isolates of
the wetland soils were members of the genera
Aspergillus, Fusarium, Penicillium and Mucor while
actinomycetes isolated belonged to the genera
Streptomyces and Norcadia.
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PHYSICOCHEMICAL ANALYSES

(a) Particle Size Distribution

The physical characteristic of the inland
wetland soils showed it to be dominated by high
sand fraction in both seasons (Table 3.). The
percentage sand fraction ranged from 68.8
(+0.2) to 90.8 (+0.2) % in the wet season and
70.4 (+0.06) to 91.8 (+0.04) % in the dry season.
Silt was the least, ranging from 2.4 (+0.02)% to
12.4 (+0.01)% at all locations in the two seasons.
The silt components were generally found to be
higher in the subsurface soils than surface soils.

(b) The Chemical Analysis of Wetland
Soil

The chemical analysis of the wetland soils in
both seasons is as presented in Tables 42 and b.
The pH ranged between 5.4 (+0.01) and 5.8
(£0.01), organic matter, 1.61 (+£0.17) to 4.93
(+£0.01)%; nitrogen, 0.04 (£0.02) to 0.14
(+0.02)%; available phosphorus; 23.72 (+0.07)
to 50.31 (+0.4) mg/kg.

() " Micronutrient of Wetland Soils

The analysis for the micronutrient content of
the wetland soils is as presented in Table 5, Iron
had the highest concentration with a range from
32.1 (+0.00) to 39.5 (+0.00) mg/kg and copper
was least, with a range from 0.9 (£0.03) to 1.7
(+0.01) mg/kgin both seasons.

DISCUSSION ‘

This work on the microbiological and
physicochemical studies of Inland wetland soils
in Ikot Ekpene, was designed to document the
microbiological and physicochemical

characteristics with a view to providing some -

baseline data for effective management for
sustainable agricultural development.
Population increase, and increased
industrialization and urbanization have put so
much pressure on existing agricultural lands
leading to declining productivity from upland
agricultural practices due to continuous
cultivation. There is the compelling need

thercfore to explore the possibility of utilizing

the hitherto vast and unexploited wetlands for
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sustainable agricultural production to address
the food security problems in Nigeria.

The activities of soil microorganisms
influence the physical, chemical and
mineralogical properties of soils (Atlas and
Bartha, 1998). Studies by a number of workers
have shown that the characteristic of a wetland
vary widely in accordance with the multi-licity
and diversity of ecologies with whica the
wetlands are associated (Eshiett, 1992; K amalu
and Isirimah, 1992; Eshiett, 1994).

The microbial counts of wetland soils
of Ikot Ekpene Local Government area,
compared favourably with microbial counts of

wetland soils of Eket (Udotong and

Akpanekon, '2006a) and ltu (Udotong and
Akpanckon, 2006b) in particular and the Niger
Delta region (RPI, 1985), in general. A decrease
in microbial counts with increase in soil depth
obtained in both seasons during this study is
normal and could be attributed to the greater
availability of oxygen and other favourable
growth factors such as soil organic matter, etc.,
at the surface soil than at the sub-surface soil
levels (Brady, 1984; Alexander, 1985). The
slight variations in the microbial counts of both -
seasons could be attributed to factors such as
climatic changes, which in turn bring about
changes in the wetland soil properties.

~ The microbiological study of the inland
wetland soils has shown that the soils of Ikot
Ekpene play host to various genera of bzcteria,
fungi and actinomycetes which play critical
roles in biogeochemical cycling and hence soil.
fertility (Brady, 1984; Alexander, 1985; Atlas
and Bartha, 1998). Species of the genera
Arthrobacter, Bacillus, Clostridium and Pseudomonas
are known to be actively involved in
biogeochemical cycling of some minerals
(Alexander, 1985; Atlas and Bartha, 1998).
These microbial isolates from the inland
wetland soils under study compare favourably
with isolates obtained from wetland soils of
Eket, Itu and the Niger Delta region (Udotong
and Akpanekon, 2006a,b; RPI, 1985). These
organisms have also been isolated from normal
agricultural soils within the Niger Delta region
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TABLE 22 MICROBIAL COUNT OF ISOLATES FROM IKOT EKPENE WETLAND SOIL

Sample Depth THBC) (TAC) (TFC)

Code  (cm) (X10%, 107 cfu/g) _ (10" cfwg) (X10" cfuig)
Wet Season  Dry Season Wet Season Dry Wet Season Dry
Season Season
"KIN 0-15 1.08+0.22X107 7.8+0.08x10" 3.4+053 224011 4.8+0.01 1.8+0.38
KN 15-30 4.640.11x10*  2.640.11x10° 1.4+053 124001 2.0+0.12 1.0:0.01
KTK 0-15 1.4+0.04x10° 1.0+0.17x10" 4.2+0.44 204012 5.0+0.01 2.6+0.24
KTK 15-30 6.2+0.03x10" 4.2+0.32x10° 1.8:0.44 1.240.13 2.8+0.05 1.4+0.11
KTU 0-15 1.6+0.01x10"  1.2+0.15x10" 6.0+0.01 2.6+0.17 6.8+40.04 3.8+0.08
KTU 15-30 9.4+0.07:10° 52+0.03x10° 2.2:0.11 1.6+0.11 3.6+0.01 2.0+0.23
KTS 0-15 1.8:0.01x107 1.430.22x10° 3,04044 1.8+0.15 4.8+0.19 4.6+40.21
KTS 15-30 9.4+0.00x10° 6.8+0.11x10°* 1.2+0.22 1.040.02 1.8+0.07 2.6+0.18

K

TN = Nyara Enyin; KTK = Ikot Oto; KTU = Ikot Ube; KTS = Ikot Osurua; THBC = total Heterotrophic
Bacterial Count; TFC = Total Fungal Count; TAC = Total Actinomycetes Count.

TABLE 3: PARTICLE SIZE DISTRIBUTION OF IKOT EKPENE WETLAND SOIL

Sample  Depth Sand (%) Clay (%) Silt (%)
Code  (Cm) - Wet Dry Wat Dry Wet Dry
Season  Season  Season  Season  Season  Season
KTiN 0-15 90.8+02 91.8+0.04 6.8+0.02 5.8+0.02 2.4+0.02 2.640.0
KT 15-30 86.8+0.2 86.010.01 10.840.02 9.6+0.01 2.4+0.02 4.6+0.01
KTK 0-15 84.4+0.05 84.410.03 11.4+002 10.2+0.04 4.2+001 54+0.02
KTK © 15-30 7244012 724$005 184#0.07 18.040.03 11.2+0.02 11.840.12
KTU 0 -15  78.4:0.02 7804001 1141001 112402 10.2:0.01 10.8+0.2
KTU 15-30 70.4+0.01 704+0.08 19.4+0.03 18.0+0.02 10.2+0.05 11.6+0.02
KTS 0-15 72.8+0.01 738+0.02 14.8:+0.01 14.640.01 12.4+0.01 11.6+0.04
KTS  15-30 688002 708+0.04 20.8:0.05 186+0.04 10.4:000 10.6+0.08

KTN = Nyara Enyin; KTK = Ikot Oto; KTU = Ikot Ubo; KTS = Ikot Osurua;

Each valueis £
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TABEL4B: CHEMICAL ANALYSIS OF IKOT EXPENE WETLAND SOIL (DRY SEASON) |

Sample [Depth [ |EC(sm) |Orgame  [NW AP |G & K A [ECEC [B3MW)
fem) Watter (%) (mafkg) | {Omolg) |
05| 54001 005000 1194000 00640 | 2500|2500 | 1240 | 007000 | 008006 | 13000 | S0 80740

15-3 (54001 1004000 [1510.47 | 004002 | 02000 |1%:000 13000 10074002 | 0.06:0.09 | 3294000 | 6684000 { 5. 8:0.14

0-15 (55001 (0RAM 123002 (006000 | Q0400|3600 | 120:000 | 007004 | 010005 | 0000 | 4t0:00m 572405
5-0 85401 |0BAM 17003 004002 | 04000 {26100 | 131000 | 00201 {05007 |22000 6374000 | 6544000
0-15 |60 (0840 129000 01000 |10 2900 [12:008 |00500 | 0802 |20 4000 | 702400

150 156000 (003000 (236002 |007:000 | 5400 2400 112000 (007-000 | 008000 | 223000 | 58540 | 806800

0-15 |55:001 003000 223001 0124002 | 0100 |3%:004 | 180:000 | 006:000 0124000 | 274000 | 804+0.00 | 664000

5- |5500 J0WAN 267000 00000 | 274 | 17401 [ 1001 |005002 |02 | 27000 |55008 | 5700

g
CEEEEEEE N

KTN = Nyara Enyin; KTK = Ikot Oto; KTU = Tkot Ubo; KTS = kot Osurua;

N=Nitroger; Av.P = available phosphorus; Ca = Calcium; Mg = Magnesium; Na = Sodium; K = Potassium; EA = exchangeable acids;
ECEC = Exchangeable cation exchange capacity; B.S = Base satu-ation.
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TABLE 5: MICRONUTRIENTS OF IKOT EKEPENE WETLAND SOIL (WET AND DRY SEASON)

| Sample Depth | Copper (Cu) (mg/kg) | Zinc (Zn) (mghkg) |Iron (Fe) (mg/kg) | Manganese (Mn)
Code | (Cm) - (nglkg)
Wet Dry (Wet (Dry [Wet . |Dry Wet  |Dry
& season | sSeason | season |season |season |season .|season | Season
KTN 0-15 |1.01:0.08 |09+0.03)|3.6+0.01 | 36000 [ 38:3+0.00 | 326+0.05 |5.110.08 |5.1+0.07
KN 15-30 | 1.1+0.01 0.9+0.03 | 3.8+0.01 |3.6+0.00| 39.5:0.00 | 32.140.00 |5.140.08 |5.0+0.01
KK [0-15 [13:001  |1.0:008|39+0.01 |3540.01|35.1+0.00|322:001 |82+40.00 |7.1+0.05
KTK  |15-30 |1.3:0.01 | 1.0:0.01{39:0.03 |35+0.01 [351:0.00|324+0.00 [8.2+0.00 |7.5¢0.05
KTU  |0-15 [17:001  |1.0:0.03|6.7+0.02 |48+0.11|34.8:0.02 | 3244000 {10.0+0.00 | 10.0+0.01
KTU 15-30 |1.7+0.01 1.0+0.02 | 6.740.02 | 5.0+0.02 | 35.0+0.00 | 32.8+0.00 | 10.0:0.00 | 10.0+0.02
KTS 0-15 |1.5+0.01 1.0£0.43 [ 5.1+0.01 |4.6+0.00 | 39.3+0.00 | 32.4+0.00 |10.2+0.00 | 10.2+0.03
KTS 15-30 | 1.5+0.04 0.8+0.03|5.3+0.01 | 4.7+0.04 | 38.3+0.00 8..&.09 10.5+0.03 | 10.440.02

KTN = Nyara Enyin; KTK = lkot Oto; KTU = Ikot Ubo; KTS = kot Osurua;
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(Udotong, 2000).

The physicochemical analysis of the
wetland soils also showed the soil texture to be
such as provides good rooting environment for
crops and good aerobic conditions for the
proliferation of microorganisms (Brady, 1984).
These results followed the same trend for
wetland soils in Southern Nigeria (Esshiet,

1994). The wetland soils are generally acidic.

with pH ranges of normal agricultural soils.
Acccrding to Landon' (1984), solubilities of
certain elements in quantities toxic to growth
of plants is uncommon for soils with these pH
ranges. These pH ranges also favour
nitrificaion and nitrogen fixing activities.
The wetland soils under study generally

have low levels of organic matter and total
available nitrogen. Nitrogenous fertilizers arc
therefore recommended as good source of
nitrogen for these soils. Crop residues should
be ploughed back into the soil after harvesting
of crop, to help maintain high level of soil
organic matter. Organic matter and nitrogen
- serve as the main source of energy for
microbial activities and tend to primarily
encourage above<ground vegetative growth
(Nester e# a/, 1983; Brady, 1984).
The ECEC of the wetland soil showed

low values below the crtical value of 20.0

mg/kg by FAWR (1990). This implies that the
soils have poor capacity .to store nutrients for
crop use. Ability to maintain high organic
matter level can help such poor soil state.
Available potassium, sodium and phosphorus
levels in these soils have been shown to
promote proper growth of crops. (Fagbami,
1994).

Statistically, the physicochemical
analysis of tue inland wetland soils of Ikot
I:Kpene showed no correlation in interactions
involving soil pH and season as well as particle
size distribution and season.

The micronutrients were significantly
ditterent (p > 0.01); also interactions between
micronutrients and seasons as well as sampling
locations were significantly different (P>0.01).
There was significant difference among
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microorganisms isolated from the wetland soils
of Tkot Ekpene Local Government Areaat (P >
0.01). Interaction between microbes and
seasons as well as microbes and depths both
revealed significantdifferences (P> 0.01).

CONCLUSION

- The results of the present study have shown

that the microbiological and physicochemical
characteristics of the vast inland wetland soils
in lkot Ekpene can support sustainable
agricultural activities. With effective
soil conservation/management strategies,
these hitherto unexploited wastelands can be
put to effective/productive agricultural use.
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