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ABSTRACT
Soils are characterized and classified based on its unique properties. Detailed characterization
of four representative areas of Oron coastal plain soils in South —South, Nigeria was carried
out. Soil samples were collected from pedogenic horizons of soils in four sampling sites.
Routine analysis of soil properties was carried out in the laboratory with standard laboratory
procedures. Soil data was subjected to descriptive statistics using statistical analytical system.
The soils have a deep well drafted profile of about deep 200 cm. The soil texture varied in areas
ranging from loamy sand to sandy loam, sandy and sandy clay loam while bulk density
increased down the natural horizons. The pH varied between moderately acidic to strongly
acidic in the soils of the study area. The morphology of soils ranged in various colour matrix
of hues (10-7.5) and Chroma values (1-8) in all horizons. The soils were characterized by Dark
Brown (10YR3/3), Dark Greyish Brown (10YR4/2) and Yellowish Brown (10YR 5/4) to Grey
(7.5YR6/2). The soils had low concentrations of exchangeable cations (Ca, Mg, Na and K).
The Coefficient of variation (CV%) values ranged from 0.74 to 91.6 in Ca, Mg, Na and K. All
the parameters in the soils of the study area showed low and medium mean values except soils
of Esin Ufotl and 2 which showed high mean values of Na with Esin Ufot 2 having the highest
mean value of sodium to be 0.18 Cmol/kg. Suborder soils were classified as Grossarenic
Kandiaqualfs (CEC > 16 Cmol/kg) for Esin Ufotl.Esin Ufot2, Esuk Oronl while Esuk Oron 2
were classified as Typic Kandaquults (CEC < 16 Cmol/kg). A great importance in providing
adequate data to enable right decision taking in the choice of site for developmental projects

and crop production.
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INTRODUCTION

The study of soil is relevant in our times as it provides adequate data for decision
making on the choice of sites for certain projects and development. It is essential for soil
management and land use planning without proper understanding of soil characteristics; it
would be very difficult to manage soil as a natural resource (Idoga et al., 2005). Soils are end
products of the complex interaction among the factors of soil formation. The way and manner
these factors interact determine the kind and nature of soil that is formed. The type of soil
formed under a particular set of environment is a function of the parent material and time. Soil
physico-chemical properties and micronutrients vary in their contents from soil to soil and from
the parent material to the other. Coastal zone soils are found along rivers, lakes, lagoons.

There are fundamental challenges as regard to food security due to the result of ever-
increasing population and high demand for available food. Presently, there are increasing
importance on the use of coastal soils for food production and economic growth because of
their great potentials for agriculture (Nnabuihe et al., 2022). Soils are the bases for most
development projects. In order to ensure that soil is put to the most appropriate and sustainable
use, there is every need for characterization and classification of the soil.
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Soil characterization, soil classification and soil mapping provide a powerful resource
for the benefit of mankind, especially in the area of food security and environmental
sustainability (Esu, 2004). Soil classification is a major building block for understanding the
soil, classifying it and getting the best understanding of the environment. It is categorizing soils
based on their characteristics. Presently, information on characteristics of most coastal plain
soils especially in the study areas are scanty, which constitutes a serious problem for the
efficient management and utilization of these soils by farmers (Yakubu et al., 2008).

The study investigates the characteristics and classification of four pedons developed
on coastal plain soils of Oron, Akwa Ibom State in South- South Nigeria. In order to illustrate
the obvious need to increase our understanding soils. Coastal Plain Soils of Oron investigated
for this study were developed from the same parent material hence the need for representative
areas to be characterized specifically. The objective of this study was to characterize and
classify the selected coastal soils of Oron for arable crop production.

MATERIALS AND METHODS
The Study Area

The study was carried out in different areas which were representatives of the coastal
soils in Oron Local Government Area, South -South Nigeria. The areas were Esuk Oron |, Esuk
Oron 2, Esin Ufot 1 and Esin Ufot 2 all in Afaha Okpo District in Oron Local Government Area.
The study area lies between latitude 4° 81°N and 0° 14°N and longitude 08° 07° 60° E. Esuk
Oron 1 and Esuk Ufot 5° 50.5° N and 9° 8°10° E. The climate is sub humid tropical, having
distint rainy and dry seasons. The rainfall pattern is bimodal with peaks in July and September.
The mean annual rainfall ranges between 1,200 mm to 2,000 mm and spread between April to
early November. The average minimum and maximum temperatures are between 26° C and 30°
C. Soils of Esuk Oron 1 and 2 were derived from coastal swamps and have been altered by
constant deposits of sediments by the overflow of the river particularly during the rainy season
where as Esin Ufot 1 and Esin Ufot 2 were derived from the floodplains but soils of Esuk Oron
2 were predominantly sandy deposits found at the top soils. This was probably due to its
closeness to the river bank. The research was carried out in the dry season.

Soils of Esuk Oron 1 are dominated by marshy roots and have clayey feeling when
tourched” Evidence of redox reaction is noticed in the colour of soil. Esuk Oron 2 are deposits
of stony and sandy soils while Esin Ufot 2 soils 1 and 2 have been cultivated. Certain areas
were under fallow during the sampling period. Esin Ufot 1 were dominated with cassava plants
and many stands of oil palm. Soils were very marshy as the water table was very lowing that
area. For Esuk Oron 2 very high sand and stony soil structure was found around certain areas
(Bay). Far from the bay, farmers cultivated various crops like water leaf, maize etc.

Soil Sampling and Laboratory Analysis

Reconnaissance Visits were made to the project area, profile pits were dug, (one each
for the four different areas). Each profile pit was described and sampled according to genetic
horizons for characterization and classification (FAO, 2014). The soil samples were air dried
crushed and made to pass through 2.0mm mesh sieve. Samples were also collected with core
samples for bulk density and hydraulic conductivity. Particle size distribution was performed
using the Bouyoucous hydraulic method (Gee and Bauder, 1986). Particles were separated
using sieves into various sizes.

Bulk density was calculated using core method according to Grossman and Reineh
(2002). Total Exchangeable base (Ca, Mg, K and Na) was extracted with (IN NHs O Ac)
ammonium acetate of PH 7.0 (Thomas, 1982). Ca and Mg were determined by EDTA
complexion and metric titration while exchangeable potassium and sodium were determined
by flame photometry (Jackson 1962). Effective cation exchange capacity was obtained by the
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summation of exchangeable base and total exchangeable acidity. Base saturation was
calculated by dividing the total exchangeable bases by the effective cation exchange capacity
and multiplied by 100.
% BS =Total Exchangeable base x 100 ..(1)

ECEC

Analytical Technique

Data generated were analyzed using descriptive statistics (mean, mode, median and
standard deviation). Coefficient of Variation (C.V) as used by wilding (1985) (Table 2) was
used in the study to estimate the degree of variability existing among soil properties in the study
site. Comparisons were made from the results of the laboratory analysis of the pedons.
Percentage Coefficient of variation as determined using the equation.

% CV=SD x 100 ..(2)
Mean

Where SD=Standard Deviation X =Mean

i

TR

RESULTS AND DISCUSSION

Morphological Properties of Soils

The Morphological Properties of the Pedons in the Study Area is presented in Table 1.
The result shows that soils were characterized with Dark brown, dark grey, light greyish brown,
grey to yellowish brown colour matrix of hues (10 to 7.5).This is similar to the colour
description found in the study conducted by (lyanam et al., 2023) for wetland soils .The
Chroma values (of 1-8) were found in different horizons. These colours indicate redox reactions
which is very likely due to the parent material. These findings agree with the findings of
Nkhaloane et al. (2012) who reported that the changes in colour matrix of hues and chroma
values in all horizon may be due to the parent material.
Table 1: Morphological Properties of the Pedons in the Study Area

Horizon Depth (cm) Munsell Texture  Structure Consistence Boundary  Other features
Colour

Esin Ufot 1

A 0-25 10YR3/3 LS 2,me,g Fr Sc Few roots

Bt 25-45 10YR6/4  SL 2,me,g V.Fr W.g Few med.root

Bt 45-66 7.5YR6/4  SCL 2me,g Fm W.,g None

Bt 66-106 7.5YR6/2  SCL 2,me,g Fm - Water table

Esin Ufot 2

A 0-20 10YR4/3 LS 2mesbk Fr Sc Many fine roots

Btl 20-52 10YR4/2 LS 2mesbk Fr Sg Few med. roots

Bt2 52-85 10YR8/8 SCL 2mesbk Fr W Few med. roots

Bt 3 85-110 75YR6/8  SCL 2mesbk Fm - Water table

Esuk Oron

1AP 0-10 10YR2/3 SL 1fg Fr Sc Few roots

B 10-45 10YR5/4 SL 1fg Fr Wg Few med. roots

BC 45-80 10YR4/6 SCL 1fg S - Water table

Esuk Oron

2 Ap 0-15 10yr 2/3 SL 1fg Fr Wg Few loose roots

B 15-47 10yr 3/1 SL 1fg Fr g Few loose roots

C 47-90 10yr 4/3 SCL 1fg S - Water table

Textures:LS=Loamy Sand,SL=sSandy loam,SCL=Sandy clay loam.Structures:1fg=weak fine granules,2meg=moderate
medium granules

2mesbk=moderate mediun subangular blocky,Concistency:Fm=Firm,Fr=Friable,Boundary;Sc=Smoothclear,Sg =Smooth
gradual.g=gradual Wg=Wavy gradual
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The alternate wetting and drying conditions in these soils resulted in reduction and subsequent
release of iron oxide which circulated in the form of mottles in some part of the profiles and the
colour changes down the horizon. The structural development of the soils in the study site ranges
from weak fine granules to moderate medium granules and medium sub angular block. The soils
were friable and firm. Soils were observed to have dry consistence but as the depth decreased close
to the water table, they became moist and slightly sticky. These agree with the findings of lyanam
et al. (2023) that consistency, when moist became slightly sticky.

The low water table hydrology influences the soil structure of soils in coastal plain soils of
Oron. The general sandy nature of the top soil of Esuk Oron 2 when compared to other profiles could
be attributed to the constant overflow of the Oron River which deposits itself around the river banks.
Parent material and climate factors play a major role in determining the soil structure across the
different soil horizons,

Physical Properties of the Study Soils

The Physical Properties of the Study Soils is presented in Table 2. However, mean Sand,
Silt and Clay content ranged from 67, 16 and 20 respectively (CV% 9.13, 8.26 and 12.7) with
mean sand fraction greater than other fractions as presented in Table 2. This may be attributed
to deposition of alluvium sediments and distribution of soil separates which may have
influenced drainage characteristics of soil (Onweremadu et al., 2007). These may also be due
to the parent material in which the soils were formed (ljah et al., 2021). The drainage pattern of
soil ranged from well drained in the top soil to poorly drain in the deepest horizon. Variation in
the drainage pattern of these horizons could be due to the differences in clay content than the
surface horizon which invariably reduces infiltration rate (Senjobi and Ogunkunle, 2011). The
same results were found in Esin Ufot2 which had mean sand, silt and clay content of 72,17 and
16. This results was similar in range when compared with the research findings of soils in pedon
2 of a study carried out by lyanam et al. (2023) who reported CV% of 9.30,9.20 and 15. Mean
sand fraction was higher than silt and clay while mean silt content was slightly higher than
clay.

For Esuk Oron 1, the mean sand, silt and clay content ranged from 79,8 and 10%
respectively with sand fractions greater than all other fractions but clay content was higher than
silt. (CV% 0.25,56,2 and 34.0) while in Esuk Oron 2, the soils had higher sand than silt and
clay although clay is slightly higher than silt. CV% of 11.3,77.0 and 30.1) for sand silt and clay
respectively. Soil textural class ranged from sandy, sandy loam, loamy sand and sandy clay
loam. Esin Ufotl had sandy loam and sandy clay loam. Esin Ufot 2 had sandy, sandy loam and
sandy loam. The physical properties of Esuk Oron 2 had sand greater than fractions at the top
soil. This may be attributed to the deposition of soil separates which may have influenced
drainage characteristics of soils (Onweremadu et al., 2007).

Soils of Esuk Oron 2 may also have the sandy top soil due to its closeness to the Oron
River which may have deposited itself on the sea shore or bay during its overflow stage
probably during the periods of high rainfall. The Sandiness of the soil is due to parent materials
and agrees with the findings of Eze et al. (2016) and Orimoloye et al. (2018) who characterized
some alluvial soils of southern Nigeria. Clay movement down the profile (argillic horizon) was
clear in most profiles but without defined pattern which could be due to eluviation and
illuviation, surface erosion or runoff, overflows of river banks or combinations of these process.

Mean bulk densities and saturated hydraulic conductivities ranged from1.40-
1.80g/cm3(cv%>0.11< 8.94),0.45-1,82cm/hr.(CV%>0.25< 11.30).Bulk density of soils are
influenced by organic matter content, compaction less aggregation, compaction of overlying
layers and clay movement down the profile (Ndukwu et al., 2009; Anikwe, 2010). Low bulk
density show that soils were not compacted (Esu and Ojanuga, 1986). The soils of Esuk Oron 2
had the lowest mean value for bulk density of 0.11g/cm when compared with other pedons

, although the bulk density was generally low in all horizons as shown in Table 2. This could
9%
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imply that the soils of Esuk Oron 2 were not compacted as postulated by Esu and Ojanuga
(1986). Esoaka and Esu (2000) While working on soils of central cross river had bulk density
values ranging between 0.88gcm? and 1.6gcm? with mean of 132gcm? . The soils of EsinUfot1
and 2 did not tally with the findings of Ernest and Onweremadu (2016) who stated that the bulk
density increased down the profile ,rather it increased down the horizon thereby creating low
porosity and less compaction of soil which made the soil loose and water logged causing
restrictions to root growth as only few crops can grow under water logged condition. Saturated
hydraulic conductivity is generally highest in top soils (Igwe and Akamigbo, 2001; Igbal et al.,
2005) this was evidence in soils of Esin Ufotl and Esuk Oron 2 probably due to the high sand
content.
Table 3: Physical Properties of the Study Area

Profile Horizon  Depth BD KS(cm/hr)  San  Silt  Clay Textural class
location (g/cm?®) d
EsinUfotl Ap 0-25 2.02 0.40 75 17 17 Sandy loam
Bt 26-45 1.89 0.49 65 15 20 Sandy clay loam
Bt, 45-66 1.60 0.66 68 14 18 Sandy loam
BC 66-102 1.72 0.32 59 17 24 Sandy clay loam
MEAN 1.80 1.63 67 16 20
CV% 8.94 28.0 913 826 127
RANKING LV MV LV LV MV
A 0-20 1.90 0.32 80 18 12 Loamy Sand
EsinUfot2 Bt 20-52 1.70 0.44 76 16 17 LoamySand
Bt; 52-85 1.88 0.52 64 18 18 SandyClayLoam
BC 85-110 1.64 0.55 66 16 18  Sandy Clay Loam
MEAN 1.78 0.45 72 17 16
CV% 7.80 19.77 930 920 156
RANKING LV MV LV LV MV
EsukOronl Ap 0-10 14 1.90 80 4 16 Sandy loam
B 10-45 1.52 2.64 82 15 13 Sandy loam
BC 45-80 1.44 0.70 76 4 10 Loamy sand
MEAN 1.45 1.75 79 8 10
CV% 3.80 457 025 562 340
RANKING LV HV LV  HV MV
EsukOron2 Ap 0-15 1.3 175 90 3 7 Sandy
Bt 15-47 1.44 1.90 68 18 15 Sandy loam
Bt, 47-90 1.47 1.82 80 5 12 Sandy Loam
MEAN 1.40 1.82 80 9 11
CV% 0.11 3.29 113 770 301
RANKING LV LV LV  HV MV

Chemical Properties of the study soils

The soil was generally acidic to moderately acidic (Table 3). This is as a result of heavy
rainfall resulting in leaching of basic cations from the exchange site. The findings from this
study is in consonant with the report of (ljah et al., 2021). The acidic nature of coastal soils
under the study area could also be attributed to oxidation of anions like nitrites and sulphides.
The results revealed a high acidic mean result of (pH. 5 - 6.40). According to a study by the
(lyanam et al., 2023) the pH values of wetland soils in the study area of south-south, Nigeria
ranged from 4.9 to 6.20 with mean value of 5.32 under wet conditions of soils. Mean results of
nitrogen contents of soils ranged from 0.32-0.40% (CV% 16.05-76.56%). Landon 1991
reported that interpretation of data on total nitrogen depends on the soil and its location. All the
pedons had low nitro gen content and this may be as a result of high nitrogen loss sustain in the

soil through leaching of nitrates as well as the rapid mineralization of organic matter under the
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isohyperthemic soil temperature region (Eshiet et al., 1990). Total nitrogen is usually highest
in top soil decreasing down the profile (Ukaegbu and Ukamigbo, 2004). Available phosphorus
was generally low in soils of Esuk Oronl and 2 but higher in Esin Ufot 1 and 2. The mean
value of available phosphorus ranged from 2.40-10.30mg/kg. The result obtained from this
study was similar to that of the study carried out by lyanam et al. (2023) who observed, that
available phosphorous ranged from 7.15- 10.20mg/kg.

Mean value of sodium for Esin Ufot 1 and 2 and Esuk Oron 1 and 2 were 0.4 - 0.7
cmol/kg. Exchangeable magnesium ranged from 2.50 - 2.60 cmol/kg. Mean value of calcium
for the study was low as it ranged from 2.30 to 11.06. The values of exchangeable potassium
were low as it ranged from 0.11 to 0.18cmol/kg. Onyekwere et al. (2001) observed that the soils
of coastal zones of Ebughu in Akwa Ibom State had moderate to high levels of exchangeable
bases. They also stated that soils acidity, salinity and flooding conditions are major soil related
constraints of soil for improved agricultural production. The cation exchange capacity ranged
from 9.90 - 24.00cmol/kg (CV% 4.34 - 22.31). Soil become acidic quickly when CEC is low
(Chukwu et al., 2019). This could be a result of the strong acidity of the soils. Exchangeable
sodium percentage mean value ranged from 8 to 11%. The low ESP results agree with the
findings of Ogbodo (2011). The electrical conductivity was low with mean values ranging from
0.10 to 0.22 dS/m. The findings are in consonant with the report of Isaac et al. (2024) in soils
formed from coastal plain sand of Akwa Ibom State.

Soil Classification

Data collected from the study site were subjected to summary statistics such as Mean,
Coefficient of Variation (CV) was used to estimate the degree of variability existing among
soil properties in the study site. Coefficient of Variation is ranked as follows: low variation <
15percent, moderate variation15percent > 35 percent and high variability 35 percent (Wilding
et al., 1994). Soil classification according to the USDA Soil Taxonomy (Soil Survey Staff,
1999). Ultisols are soils that have an argillic or kandic horizon with low base saturation. Base
saturation in most ultisols decreases with increasing depth because the vegetation has
concentrated the bases at a shallow depth. The have dark brown, dark grey to yellow brownish
subsurface horizons, strongly acid to moderately acid 5.00-6.40 low base saturation. Suborder
Soils were classified as Aquults. Soils of Esin Ufot 2 and are classified as Grossarenic
kandiaqualfs (CEC>16cmol/kg) while Esin Ufot 2, Esuk Oron 1 and Esuk Oron 2 were
classified as Typic kandaquults (CEC<16cmol/kg). They were classified Typic because their
properties were typical in their groups.
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Table 3: Chemical Properties of the Study Area

Profile Horizon  Depth PH Org.M Total N Awvail Exc. Bases Exc. Acidity EC Esp/w
Location (cm) (H20) (%) (%) P (Cmol/kg) (Cmol/kg) ECEC Base ds/m
(mg/kg) Ca Mg K Na AL H
(Cmol/kg)
EsinUfotl Ap 10-25 6.40 3.50 0.40 10.30 215 2.60 0.20 0.06 2.80 0.73 255 74 0.09 10
Bty 25-45 6.20 3.20 0.24 10.20 2.20 2.60 0.19 0.06 2.50 0.80 26.20 72 0.10 12
Bt, 45-60 6.60 3.00 0.32 10.30 2.40 2.50 0.15 0.07 1.65 1.25 205 73 0.12 10
Bc 66-102 6.50 2.90 0.46 10.40 2.46 242 0.17 0.08 1.70 1.50 205 80 0.21 11
MEAN 6.40 3.20 0.40 10.30 2.30 2.50 0.17 0.07 2.20 1.07 23.20 75 0.13 11
CV% 2.34 7.31 23.57 0.68 0.74 3.24 1212 1237 2270 29.76 1157 4,16 36.4 7.87
RANKING LV LV MV LV LV LV LV LV MV MV LV LV HV LV
EsinUfot2  Ap 0-20 6.20 3.30 0.50 9.50 212 2.45 0.18 0.04 2.90 0.62 22.22 70 0.08 09
Bt 20-52 6.30 3.40 0.35 10.20 2.20 2.55 0.17 0.03 2.70 0.75 24.22 73 0.09 11
Bt; 52-85 6.28 3.25 0.42 10.15 2.25 2.60 0.18 0.03 2.50 1.10 25.00 74 0.10 12
Bt; 85-110 6.40 2.80 0.34 10.20 2.50 2.70 0.19 0.04 1.90 1.40 23.00 75 0.12 13
MEAN 6.30 3.20 0.40 10.00 2.30 2.60 0.18 0.04 25 1.00 24.00 73 0.10 11
CV% 1.13 1.66 16.05 2.96 0.91 9.85 3.88 1750 1496 30.60 4.75 2.50 15.00 13.60
LV LV MV LV LV LV LV MV LV MV LV LV LV LV
Esuk Oron1l Ap 0-10 452 2.14 0.25 2.56 1280 2.60 0.08 0.08 1.50 0.26 9.94 11 0.24 10
B 10-45 5.60 2.26 0.35 2.40 10.20 250 0.09 0.08 1.40 1.40 8.92 12 0.22 7
Bc 45-80 5.70 2.10 0.52 2.30 10.20 240 0.15 0.07 1.36 1.20 5.64 15 0.19 6
76.56 MEAN 5.30 2.20 0.37 2.40 11.06 250 0.11 0.07 1.40 1.00 8.20 13 0.22 8
CV% 10.09 3.31 30.17 0.49 11.03 3.20 30.0 2850 4.28 49.0 22.31 13.30 9.09 21.62
LV LV MV LV LV MV MV LV HV MV LV LV MV
Esuk Oron2 Ap 0-15 472 2.20 0.27 2.48 10.30 251 0.10 0.09 1.47 1.30 10.20 10 0.23 9
B 15-47 490 2.30 0.29 2.50 10.35 259 0.12 0.07 1.49 1.36 9.72 11 0.20 8
Bc 47-90 5.20 2.36 0.42 2.55 1040 2.62 0.14 0.04 1.50 1.40 9.80 13 0.18 6
MEAN 5.00 2.30 0.32 2.51 10.35 2.60 0.12 0.07 1.50 1.40 9.90 11 0.20 8
10.60 15.21 76.56 6.49 1.75 7.69 91.6 66.66 7.66 15.0 434 9.09 64.5 125
LV LV HV LV LV LV HV HV LV LV LV LV HV LV

Orgc = Organic Carbon, TN = Total Nitrogen, AVP = Available Phosphorus, Ca = Calcium, Mg = Magnesium K = Potassium, Na = Sodium, BS = Base Saturation, ECEC =
Effective Cation Exchange Capacity, TEA=Total Exchangeable Acidity.
LV=Low Variability, MV= Medium Variability,HV = High Variability.
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CONCLUSION AND RECOMMENDATIONS
It was observed that variations in various pedogenic physical and chemical properties
were found across the horizons of the four profile pits. The coastal soils of Oron have a very
low water table and as such a lot of chemical reactions take place within the soils which are
mostly oxidation and reduction. This is evidence by the various changes in soil colour and
presence of mottles. The low water table can be attributed to the presence and closeness of the
Oron River to the region of embankment as it overflows occasionally thereby depositing solutes
and increases the soil solution which later drains and is deposited lower down within the soil
profile, in coastal soils found within the study area. Climatic factors such as heavy rainfall and
humidity also plays a role in the soil forming processes. The coastal soils are adequate for
cultivation of lowland rice, vegetables and various crops that do well in water logged soils.
Although adequate drainage is recommended to avoid loss of crops and ultimate death of plants.
Mineral fertilizers and liming are also recommended for soils of the study area.
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