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INTRODUCTION

ABSTRACT

Nine pedons of alluvial origin in the Lower Niger River floodplains of Nigeria were examined
for morphogenesis, physicochemical properties, mineralogical composition, and heterogeneity
of the parent materials. The soils were stratified with redoximorphic features observed in the
different layers reaching A-horizon with subsurface grayization. Soils that received annual allu-
vial enrichment were found to be structurally weak while others were moderately strong. Soil
characteristics showed varying degrees of heterogeneity with source of parent materials and
degrees of hydromorphism, moulding morphogenesis and gleization as major soil-forming pro-
cesses. Silt loam was the predominant soil texture except ELM3 and TFN3 dominated by sandy
loam and loamy sand textures. Soils were strongly acid to neutral [pH (H,0), 4.94-7.00], having
very low to medium organic matter (0.13-4.02 %), and low to very high K (0.1-2.13 cmol kg™).
Quartz dominated the identified mineral phases followed by kaolinite, indicating the domi-
nance of low activity clays and low ferromagnesian minerals presence. The presence of several
K-bearing minerals in the pedons (micas and feldspars) suggest that the K pool could naturally
be replenished. Textural diversity between the different SMUs is ascribed to different sources of
the water-borne sediments and the flow rate of the floodwater at the time of deposition of the
parent materials. Organic carbon distribution patterns indicated stratification and heterogeneity
of parent materials. Wetness, flooding, and soil chemical and physical fertility were major con-
straints to increased and sustainable crop production in the Lower Niger River floodplain soils.

Cite this article as: Dickson A, Aruleba J, Tate JO. Morphogenesis, physico-chemical prop-
erties, mineralogical composition and nature of parent materials of some alluvial soils of the
Lower Niger River plain, Nigeria. Environ Res Tec 2022;5:1:72-83.

ploited because of lack of understanding of their physical
and chemical properties and the changes they undergo un-

Floodplain soils, worldwide, are very useful for agricultur-  der intensive cultivation [2]. For instance, greyish coloura-
al production as they constitute a huge reserve of available  tion at lower depths have been associated with ground water
nutrients for utilization by crop plants [1]. The agricultural influence or poor drainage [3, 4] while [5] associated clear
potentials of alluvial soils however, have not been fully ex- and smooth horizon boundaries with some diffuse, wavy,
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Figure 1. Map showing soil mapping units for the study.

and gradual boundaries to recentness of the soils and young
soil development or rejuvenation processes. Two dominant
factors appeared to condition kaolinization process under
tropical conditions which included composition of the soil
solution in the weathering environment and mineralogical
composition of the weathering soil or parent rock. However,
warm soil temperatures are believed to cause marked disso-
ciation of soil water leading to a build-up of hydrogen ions
or lowering of the pH of the soil solution. Under such con-
dition, hydrolytic or H-weathering of silicates to kaolinite
progresses rapidly [6]. Texture, organic carbon distribution
and clay mineralogy are features commonly used as point-
ers to the homogeneity or otherwise of the parent materials.
Again, the very fine sand and fine sand proportions are used
to indicate lithologic discontinuities. Though, it is believed
that the floodplain soils of Bayelsa state have high agricul-
tural potentials, current information and knowledge on the
dominant soil forming processes, soil characteristics includ-
ing mineralogical composition, and the homogeneity of par-
ent materials or otherwise are inadequate. For instance, [7]
characterization and classification of alluvial soils of the Nun
River floodplains did not supply information on the mor-
phogenesis and/or mineralogical status of Bayelsa State soils.
Similarly, [8] classification of Ogochie River floodplain soils

in Imo State, Nigeria did not provide sufficient morphoge-
netic information that could be resourceful as an indicator
for proper policy formulation by government. Hence, the ef-
ficient management of the soils for increase and sustainable
crop production is constrained. The situation is further ex-
acerbated by smallholder farmers’ poor management prac-
tice of low to sub-optimal use of fertilizer inputs [9-11] that
neither mitigate the nutrient mining process nor adequately
guarantee the restoration of the fertility status [12]. With the
present drive of the world towards food security, the state
cannot be left behind and government is working towards
agricultural intensification in various parts of the state which
cannot be achieved with the present level of information and
knowledge on the soils. The aim of this study, therefore, is
to examine the morphogenetic features, physico-chemical,
mineralogical properties and nature of the parent materi-
als of soils of some selected communities earmarked by the
Bayelsa State government for agricultural intensification.

MATERIALS AND METHODS

Description of the Study Areas
This study was carried out in Bayelsa State in the Niger
Delta region, Southern Nigeria. The study locations lie
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Figure 2. Scattered plot showing the distribution of soil pH, Available P, Total N, Organic C and C/N ratio of Elemebiri,

Odoni and Trofani soils.

between latitude 05° 22' 03.9" N and 04° 59' 08.9" N and
longitude 006° 30' 21.1" E and 006° 06' 54.1" E. The Ni-
ger River traverses Nigeria in a North-western to South-
ern direction with the attendant sediment load ensuring
that the delta platform ends up as flat terrain, making it
a unique geologic environment. The Niger River flows
southward and breaks up into two- the Forcados and Nun
Rivers in Bayelsa State, the Nun River, running north and
south down the middle of the Bayelsa State, which re-
mains the most direct tributary of the Niger while Forca-
dos River demarcates the western borders of the state. The
Elemebiri community by the Lower Niger River, Odoni
by Nun River and Trofani by the Forcados River (Figure
1) were chosen for the study due to the proposed agricul-
tural intensification.

Soil Sampling and Analyses

Following a detailed soil survey conducted on agricul-
tural lands from Elemebiri (ELM), Odoni (ODN) and
Trofani (TFN) using rigid grids, the SMUs were exam-
ined for morphogenetic features, physico-chemical prop-
erties, mineralogical composition and heterogeneity of
parent materials. The designation of the soil mapping
units (SMUs) were ELM1, ELM2 and ELM3 for Elemebi-
ri, ODN1, ODN2, and ODNB3 for Odoni soils and TFN1,
TFEN2 and TENS3 for Trofani, representing levee crest, le-
vee slope and floodplain, soil profiles described following
the procedures prescribed by the USDA Soil Taxonomy
[13] and the World Resource Base. Three representative
soil pedons were dug per location, one each on the levee
crest, levee slope and flood plain or recent alluvial soils
in the channel of the present active river. The soils were
morphologically described in-situ and samples collected

from the different horizons for physico-chemical proper-
ties following standard procedures. Using the geograph-
ic positioning system (GPS), coordinates of each SMU
boundaries and profile pit locations were taken during
the field survey. The soil samples collected were air-dried,
crushed and sieved to pass through a 2 mm mesh. Soil
analyses were carried out in the Green River Project lab-
oratory of the Nigerian Agip Oil Company and Zadell
laboratory, Port Harcourt, Nigeria. Standard laboratory
methods were used to determine the physical and chemi-
cal properties of the soil samples. Soil particle size analy-
sis was determined using [14] method, popularly known
as hydrometer method. Soil pH both in water and CaCl2
(1:2 ratio) was determined using glass electrode pH meter
and electrical conductivity determined using conductiv-
ity meter [15]. Organic carbon was determined using the
modified dichromate oxidation method of Walkley-Black
as described by [15] and the values obtained multiplied
by 1.724 to obtain organic matter, total N was determined
using macro-kjeldahl digestion-distillation method as
described by [16] and available P by Bray P-1 method
[17]. Exchangeable acidity was extracted with 1M KCl
and determined by titration with NaOH solution using
phenolphthalein indicator [18] and exchangeable Al with
0.01 M HCI [19]. Exchangeable cations were extracted
with neutral normal ammonium acetate solution as de-
scribed by [15] and potassium and sodium in the extract
measured by flame photometry and calcium and magne-
sium by atomic absorption spectrophotometry. Cation
exchange capacity (CEC) was by the summation method
[20]. The mineralogical study on the clay fraction of the
soils was carried out based on random powder analysis
using A PANalytical X’Pert Pro instrument (XRD) [21].
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Figure 3. Scattered plot showing the distribution of Exchangeable bases and particle distribution of Elemebiri, Odoni and

Trofani soils.
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Figure 4. X-ray diffractogram of Elemebiri, Trofani and Odoni soils.

RESULTS AND DISCUSSIONS

Morphological Properties

Morphological characteristics of the Elemebiri, Odoni and
Trofani soils are presented on Tables 1, 2, and 3, respec-
tively. The soils were generally deep, no much variation in
soil colour as most of the SMUs have Hues of 10 YR ex-
cept some SMUs in Odoni dominated by hues of 7.5 YR.
At the 18-31cm depth of the ELM3, few, medium, distinct
2.5 YR 3/3 mottles were observed and at the 38-69 cm
depth of TEN3, many, medium, distinct, 10 YR 3/3 mot-

tles were observed. The zone of water saturation during
the flood season was at the soil surface for ELM3, ODN3
and TEN3, about 40 cm from the mineral soil surface for
ELM2, ODN2 and TFN2, and at about 118 cm for ELM]1,
117cm for ODNI1 and 140cm for TEN1 (Tables 1, 2, and
3). All the studied profiles were considered hydromorphic
because of the presence of mottles except ELM3 and TFN3.
Since there was no perched water table below the 18-31cm
depth of ELM3 and the 38-69 cm depth of TFN3, which
were the observed mottled layers and no mottles occurred
below them, the mottling in these layers was ascribed to
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Table 4. Percentage distribution of clay mineral types in the soil mapping units
SMU Percentage mineral in the soil

Quartz Kaolinite  Vermiculite Biotite Muscovite  Microline Albite  Anorthite  Chlorite Zeolite
ELM1 46.1 15.1 nd nd 11.2 13.6 14 nd nd nd
ELM2 41.2 20 nd nd 11.3 18.3 9.2 nd nd nd
ELM3 51.1 9.9 0.4 nd 9.1 nd 12.4 17.1 nd nd
ODN1 57.6 8.3 0.1 nd 5.8 13.5 6.7 8 nd nd
ODN2 60.9 4 0.1 nd 5.8 11.9 6.4 10.9 nd nd
ODN3 48 154 nd nd 8.6 14.4 7.2 6.4 nd nd
TEN1 41.4 19.2 0.6 1.8 9.5 14.7 12.8 nd nd nd
TFN2 46.2 22.6 0.4 1.1 8.7 129 8.2 nd nd nd
TFN3 51.8 8 0.2 2.5 6 20.3 11.1 nd nd nd

nd: Not detectable.

the parent materials of the specific layers which indicated
heterogeneity in parent materials of the specific SMUs. No
saturation zone was found in any of the profiles during the
dry season. All the profiles therefore were considered to be
influenced by an annual cycle of wet/dry soil moisture re-
gimes which qualified as ‘udic’ moisture regimes [13]. The
drainage condition of the profiles was dictated by the rainy
season and the annual Niger River floods. Subsurface grey-
ization (gleys) was a notable morphometric feature in the
levee slope soils (ELM2, ODN2 and TFN2) and ODN3 of
the flood plain. Regular decrease of organic carbon down
the profiles with hydromorphism within the surface 50 cm
was observed for ELM2, ODN2 and TFN2 and within 5 cm
for ODN3. The presence of mottles in these soils indicat-
ed fluctuation of ground water table while the presence of
gleys in the lower horizons of ELM2, ODN2 and TFN2 in-
dicated perennial hydromorphism as noted previously by
[5]. Greyish colouration at lower depths is associated with
ground water influence or poor drainage [3] and/or such
soil layer is subject to groundwater influence in most part of
the year [4]. The pedons showed mostly clear and smooth
horizon boundaries with some diffuse, wavy, and gradual
boundaries, reflecting the recentness of the soils and young
soil development or rejuvenation processes [5] and differ-
ent seasons of deposition of the parent materials. Moreover,
no clay movement from A to B horizon was noticed con-
firming young soil development or rejuvenation processes.
Similarly, cutans (clay skins) were absent on ped surfaces as
there was no illuvial accumulation of clays in the pedons.
The presence of many mica flakes in the profiles corrobo-
rated the incipient nature of the soils. Surface and subsur-
face texture of the SMUs was fairly uniform, dominated by
silt loam and silty clay loam except ELM3 and TFN3 domi-
nated by sandy loam and loamy sand. The ELM3 and TFN3
SMUs, of recent alluvial soils in the channels of present
active rivers received annual alluvial materials enrichment
from the yearly floods and were structurally weak. Structur-
al development in the other SMUs was moderately strong.

Physico-Chemical Properties

The texture of the soils was dominantly silt loam followed
by silty clay loam and loam except ELM3 and TEN3, domi-
nated by loamy sand and sandy loam (Figure 3). The domi-
nance of sand in ELM3 and TFN3 (Figure 3) indicated that
the SMUs have high infiltration rate and low water hold-
ing capacity with possibility of moisture stress during dry
months [22, 23]. The clay distribution within ELM1, ELM2,
ODN1, ODN2, ODN3, TEN1 and TFN2 SMUs was irreg-
ular. Reported [24] irregular distribution of clay within the
subsoil of three pedons, characteristic of cambic horizon.
Though the distribution of silt/clay ratio was also irregu-
lar with depth, silt/clay ratios generally increased with in-
crease in silt content and vice versa. Higher silt/clay ratio
in the surface layers reflected annual alluvial enrichment of
the surface through deposition by the annual floods. Re-
port [25] indicated that soils with silt/clay ratios below 0.15
indicated that such soils are of old parent material, while
those above 0.15 are of young parent materials with low de-
gree of weathering. Recorded [24] silt/clay ratio of <1.00 in
Southern Guinea Savanna soils in Nigeria and concluded
that the soils have undergone ferralitic pedogenesis. All the
SMUs recorded silt/clay ratios far above unity confirming
that the soils are young with weatherable minerals and have
not gone through ferralitic pedogenesis.

The SMUs were moderately acidic to neutral, pH (water)
ranging from 5.31 to 7.00 for Elemebiri soils, 5.33-6.70 for
Odoni soils and 5.30-6.80 for Trofani soils, respectively
(Figure 2). The pH of the soils generally increased with soil
depth due to less H+ ions released from organic matter de-
composition as organic matter decreased irregularly (Fig-
ure 2) with increase in depth [26]. Reported [27] pH of 6.0
to 7.0 as the optimum pH for most agricultural crops while
[28] and [29] gave 5.5 to 7.0 as the preferred range for most
crops. Among the SMUs, the surface layers of ELM1 and
ELM2 fall below the FAO preferred pH range as reported
by [28]. This is an indication that the SMUs need some form



80

Environ Res Tec, Vol. 5, Issue. 1, pp. 72-83, March 2022

of soil amendments. Attributed [5] increase in soil pH with
depth to ferrolysis which is acidification of topsoil caused
by continual displacement of bases by ferrous ion during
the reduction phase associated with annual flooding. The
study area is prone to high rainfall and flooding therefore,
there is possibility of ferrolysis. Usually, ApH value is used
to estimate the presence of negatively charged clay colloids
in soils [30]. Positive ApH values were obtained for all the
soils indicating that the soils were all negatively charged.

Organic matter content of the soils, generally, was low to
moderate, ranging from 0.19-3.88%, 0.13-4.02% and 0.37-
2.76% for the Elemebiri, Odoni and Trofani soils, respective-
ly (Figure 2). Generally, organic carbon and indeed organic
matter levels decreased irregularly with soil depth which
agreed with the reports of previous authors in Nigeria [31,
32] and [30] in Ethiopia. Also reported [5] organic C de-
crease with soil depth for Bangladeshi soils and low organic
C content was attributed to rapid decomposition of organ-
ic matter under hyperthermic temperature regime. For the
soils under consideration, low organic matter concentration
was attributed to low biomass return to the soils owing to
short fallow periods coupled with the cultural practice of
bush burning which destroys organic materials. It is neces-
sary to note that organic matter mineralization rate in the
soils is high due to high temperatures and heavy rainfall as
the SMUs belong to the iso-hyperthermic soil temperature
regime. Low N values was traced to high rate of organic
matter decomposition and mineralization as well as leach-
ing, coupled with intermittent flooding and drying which is
known to favour N loss through nitrification-denitrification
processes [29]. Reported [33] that soils with less than 0.07%
total N have limited N mineralization potential, whereas
those having values greater than 0.15% would be expected
to mineralize sufficient amount of N during the succeeding
crop cycle. Based on this, the surface layers of ELM1, ELM2,
ODN2, ODN3, TEN1, and TFN3 are likely to have reason-
able mineralization potential while the mineralization po-
tential of ELM3, ODN1 and TFN2 was low.

Available P distribution apparently decreased with depth
in ELM and ODN with an inconsistent distribution pattern
in TEN soils. Available P concentration in ELM and ODN
agreed with the results of [34] in a study of soils along a
toposequence in Ethiopia that reported available P showing
an increasing trend down topographic position and a de-
creasing trend with depth which they attributed to increase
in clay content and decrease in soil organic matter content.
Whilst the inconsistency in distribution of available P in
TEN with an expected distribution pattern of organic mat-
ter in the same SMU, the result, however, could be attribut-
ed to the differences in source of parent material. Similar
variations were observed in ELM soils where organic mat-
ter was seen to be inconsistent with available P distribution.
Moreover, the distribution of P within the profiles showed
no regular pattern of decrease which agreed with the find-

ings of [35]. This could be due to P fixing capacity and the
slow release by the soils as a result of the relatively high level
of iron and aluminum oxides in the soils. Low P availability
in tropical soils can as well be attributed to the nature of the
chemical forms of soil P and the high content of oxides of
Fe and Al which are associated with high P fixation.

Exchangeable K varied from 0.18-1.81 cmol kg in Eleme-
biri, 0.10-2.13 cmol kg in Odoni and 0.14-1.88 cmol kg™
in the Trofani soils (Figure 3). Also, the ECEC values were
low, ranging from 1.49-6.11 cmol kg' in Elemebiri soils,
2.47-8.06 cmol kg' in Odoni soils, and 2.79-6.37 cmol
kg! in Trofani Exchangeable Ca®* dominated the exchange
complex of the SMUs followed by Mg**. Cation ratios are
helpful in identifying soil structural problems. In the SMUs,
Ca*/Mg* ratio of most of the layers was above unity. Re-
ported [5] Ca**/Mg* ratios of less than unity in Bangla-
deshi soils, attributing this development to loss of Ca** due
to gleization. Reported [26] that Ca?*/Mg?* ratio in soils de-
creases with increasing maturity. The low Ca?*/Mg?* ratios
recorded in the SMUs was rather ascribed to the inherently
low concentration of ferromagnesian minerals that supply
Ca and to a lesser extent, possible loss of Ca by gleization
as noted previously by [5]. Low exchangeable bases in soils
(Ca, Mg, K and Na) have been attributed to acidifying
properties of organic matter, high aluminium concentra-
tion and leaching loss of exchangeable bases [36]. The low
exchangeable Ca and Mg in these soils was attributed to the
inherently low concentration of ferromagnesian minerals,
low nutrient retentive capacity, high exchangeable Al and
leaching losses due to the high rainfall. Based on the cate-
gorisation of [28], it is obvious that K in most layers of the
pedons was medium to very high.

The exchange acidity of 45% of the soils was 2.0 cmol kg™
and above suggesting that 45% of the soils were slightly
to strongly acidic [8], Odoni soils having higher total ex-
change acidity.

MINERALOGICAL COMPOSITION

Table 4 shows the variation in the composition of clay min-
eral assemblage in the pedons. Ten different mineral phases
were identified in the nine locations, kaolinite, quartz, mus-
covite (KAL(AISi,O, )(OH,F), and albite (NaAlSi,O,) iden-
tified in all the locations. Quartz was the dominant mineral
in the locations while kaolinite was easily detectable and
dominated the clay fraction. Microline was detected in all
the locations except ELM3. The occurrence of vermiculite
and biotite was low, vermiculite, detected only in ELMI,
ELM2 and ODN3 and biotite, in Trofani soils (TFNI,
TEN2 and TEN3) only. The X-ray diffractograms of the
pedons are presented in Figure 4. The dominance of silt-
sized quartz fraction in the clay mineral assemblage further
confirmed the assertion that the soils were recent in origin.
Kaolinite, muscovite, microline (KAISi,O,) and albite of the
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plagioclase group were also prominent (Table 4). Anorthite
[Ca (ALSi,))O,], another mineral of the plagioclase group
was present in ELM3 out of the nine locations. There was
also vermiculite, an interstratified clay mineral, present in
six (ELM3, ODN1, ODN2, TEN1, TEN2, and TFN3) SMUs
though not in large quantities and biotite [K(Mg.Fe),(Al-
§i,0,,)(OH,F),] in TEN1, TEN2, and TEN3. These findings
corroborate an earlier report by [37]. It was further reported
that kaolinite, quartz, mica, vermiculite and interstratified
or mixed layer silicates were present in the clay fractions
of Mbiama-Kaiama soils of the same meander belts region
of Bayelsa State. Similarly [38], identified quartz, kaolinite,
illite, smectite, vermiculite and interstratified types as com-
mon minerals in the silt-clay fraction of floodplain soils in
Kogi State. In the [39] characterization of clays in Oduk-
pani, South-eastern Nigeria reported that Kaolinite is the
dominant clay mineral.

Another major observation in the clay mineralogy of the
soils was the near absence of ferromagnesian minerals in
the soils. The only minerals of the ferromagnesian fami-
ly were vermiculite and biotite (Table 4) whose quantities
were low. This may account for the low levels of basic cat-
ions such as Mg and Ca in the soils. Consequently, Mg:K
ratio in the soils was low which placed most of the pedons
in the marginally suitable class for oil palm production.
However, the presence of several K bearing minerals in the
pedons such as the micas (biotite and muscovite) and the
feldspars suggest that the K pool in the pedons could natu-
rally be replenished. This agreed with the medium to high K
concentration results recorded in most of the pedons.

Among the silicate clay minerals, kaolinite was dominant
(Table 4) which agreed with findings of [39]. Kaolinization,
therefore, is the dominant clay forming process in these
pedons hence the dominance of kaolinite among silicate
clays in all the pedons. Vermiculite and biotite, the only
ferromagnesian minerals detected were low and were not
detected in most of the pedons which could be evidence
that parent materials are heterogenous. The near absence of
ferromagnesian minerals in the clay mineralogical compo-
sition of the soils and the dominance of kaolinite implied
that the soils are dominated by low activity clays (LAC)
and can easily be eroded. Consequently, split application of
recommended fertilizers rates is suggested to avert leach-
ing loss of nutrients when applying fertilizer. In addition,
cultural practices such as bush burning that destroy soil or-
ganic matter should be avoided to maintain organic matter
levels in the soils.

Soil Properties and Nature of the Parent Materials

Texture (Figure 3), organic carbon distribution (Figure 2)
and clay mineralogy (Table 4 and Figure 4) are features com-
monly used as indicators of the homogeneity or otherwise of
the parent materials. The very fine sand and fine sand pro-
portions are used to indicate lithologic discontinuities with-

in individual soil profiles because these two size fractions
form the greatest percentage of the sand fraction, and are as-
sumed to be made up of quartz and other resistant primary
minerals. Though sand was not separated into fine, medium
and coarse in this study, the distribution pattern of sand in
some of the SMUs presented a lot about the parent materi-
als. Figure 3 indicated significant change and differences in
the distribution pattern of sand in the different horizons of
ELM3, ODNI1, ODN2, TFN2, TFN3, and to a lesser extent,
ODN3 and TFN1. Similar observation was made in the dis-
tributional pattern of silt and in particular clay in the soils.
The textural diversity observed between the different SMUs
was ascribed to differences in the sources of the water-borne
sediments and flow rate of the flood water at the time of
deposition of the parent materials. Whereas the parent mate-
rials of ELM3 and TFN3 were deposited during the period of
high flood as they are recent alluvial soils from the channels
of present active Niger and Forcados Rivers and dominantly
constituted by sand-sized particles (sandy loam, loamy sand
and sand), other profiles were dominated by silt loam, silty
clay loam and loam. The finer soil particles, in suspension,
probably were transported for longer period of time over
greater distances and deposited at low flood period when
there was less turbulence than the case of ELM3 and TFN3,
deposited during the high flood water under high current.
Reported [24] higher amount of silt in JG3 profile of South-
ern Guinea Savannah of Nigeria and linked it to the seasonal
depositional effect of the seasonal stream and the Suleja wa-
ter reservoir inundating the JG3 area. The 0-11 cm layer of
ELM2 seems to be of different parent material from the rest
of the horizons as the proportion of sand in this layer was
79% as compared to other horizons with 40% or less sand.
The high concentration of sand in this layer cannot be as-
cribed to clay eluviation or surface erosion. The dominance
of sand in the two bottom layers of ODN2 also showed that
these layers were of different parent material (Figure 3).

Organic carbon distribution pattern in the soils (Figure 2)
indicated stratification. Irregular decrease in organic mat-
ter content with depth was consistent with the properties of
fluvents [13]. The organic C distribution pattern in ELM1,
ELM2, ELM3, ODN2, ODN3, TEN1, TEN2 and TFN3 did
not suggest uniform parent materials with the observed
abrupt increase in organic C in some horizons down the
profile of some SMUs. As shown on Figure 2, organic C
abruptly increased from 0.7% in the 90-118 cm layer to
1.07% in the 150-200 cm layer of ELM1, 0.11% in the 42—
57 cm layer to 0.16% in the 88-106 cm layer of ELM2, 0.2%
in the 21-37 cm layer to 0.73% in the 79-149 cm layer of
ODN2, 0.31% in the 25-41 cm layer to 0.99% in the 41-48
cm layer and 0.31% in the 48-56 cm layer to 0.86% in the
122-200 cm layer of ODN3, 0.21% in the 55-140 cm layer
to 1.04% in the 150-200 cm layer of TFN2 and 0.30% in
the 38-52 cm layer to 0.68% in the 52-69 cm layer of TFN3
which probably indicated heterogeneity.
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CONCLUSIONS

The floodplain soils of the Lower Niger River and the two
major tributaries (Nun and Forcados) showed some degree
of differences in morphological, physical, chemical and
mineralogical characteristics, as well as heterogeneity of
parent materials. The source of parent materials and degree
of hydromorphism, being the major factors moulding mor-
phogenesis. Parent materials were of mixed origin and the
soils were at an initial stage of development. Seasonal inun-
dation by the flood water and dryness in the dry season set
the stage for alternate oxidation and reduction, providing
the most distinguishing feature of the pedochemical envi-
ronment. Subsurface grayization was a notable morphomet-
ric feature and gleization, a major soil forming process. The
SMUs were dominated by quartz and low activity clays, ka-
olinization, being the dominant clay mineral forming pro-
cess. The study, however, found out that flooding, wetness
and soil fertility are major constraints to agricultural inten-
sification that must be addressed should government de-
sire achievable results for sustainable crop production. The
findings therefore, provides a robust and reliable guide for
the Bayelsa State government to draw effective agricultural
policies not only for sustainable crop production ventures
within these affected areas but for the state at large as soils
of the entire state are likely to have similar parent materials.
Further morphological and mineralogical studies are there-
fore recommended on a larger scale so as to provide both
State and the Federal governments the needed information
for proper agricultural intensification programmes.
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