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ABSTRACT 

Characterization, classification and evaluation of some Wetland soils of Oguta, Imo State 

Southeast Nigeria were executed. The aim was to have baseline information that will 

assist farmers and other land users in well informed decision making. Four profile pits 

was dug on the study area Osse moto Oguta. Free sampling technique was used. With  

the aid of Global Positioning System (GPS) and soil sampling tools. Soil samples were 

collected based on the FAO guidelines for profile description. The results revealed that 

Loamy Sand is the dominant texture of   the soils of the area. Soil reaction (pH in water) 

varied from strongly acid to slightly acid (5.18 to 6.74), organic carbon varied from low 

to moderately low (0.02 to 1.12 %) in the study area. Total nitrogen varied from very low 

to low (0.003 to 0.050 %), available P varied from very low to low (0.70 to 11.20 ppm), 

exchangeable bases (Ca, Mg, k and Na) were generally low (Ca: 0.10 to 2.30 cmol/kg; 

Mg: 0.13 to 1.65 cmol/kg;  K: 0.117 to 0.142 Cmol/kg; and Na: 0.174 to 0.255 Cmol/kg). 

ECEC varied from very low to low (2.000 to 7.424 cmol/kg). Base saturation varied 

from very low to moderately low (13 to 68%). Good and appropriate knowledge of 

wetland is important for optimum use of the soils for arable crop production. On the 

account of all the soils properties studied, as criteria for the soil classification after 

careful examination, the soils were classified as Inceptisols (USDA) or Cambisols 

(FAO/WRB). The degree of variability among soil properties was ascertained using 

coefficient of variation, while the relationship existing between them was estimated 

using correlation matrix. The soils were evaluated to know its suitability for arable crop 

production, and was found to be moderately suitable. It was found out that the soil is 

suitable for agriculture, but cannot efficiently sustain arable crop production. 

Keywords: Wetland, wetland soils, soils, pedons, alluvium, floodplain, inceptisols. 
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CHAPTER ONE 

INTRODUCTION 

Wetland is defined as land that has the water table at near or above the land’s surface or 

which is saturated for a long enough period to promote wetland or aquatic processes as 

indicated by hydric soils, hydrophytic vegetation, and various kinds of biological activity 

that are adapted to the wet environment.(National Wetlands working group, 

1988).Wetland is an area of the land that has hydric soil and hydrophytic vegetation, 

typically flooded for part of the year, and forming a transition zone between aquatic and 

terrestrial systems (Brady and Weil, 2002). Wetlands are among the most productive and 

economically valuable ecosystems in the world. They provide critical ecosystem goods 

and services, including carbon storage, biodiversity conservation, fish production, fuel 

production, water purification, flood and shoreline protection, erosion control, and 

recreation (Moreno et al., 2012). Wetlands are considered to be marshes, peatlands, 

floodplains, mangroves, depressional wetlands and lacustrine wetlands-submerged 

permanently or periodically under flowing or still fresh, salty or brackish water. 

An environment without wetland is incomplete. Wetlands are vital to the health of our 

environment. They perform the same function for our ecosystem as kidneys do for 

human bodies, in that they filter and remove pollutants (Saltwater Recreational Fishing 

in Florida, 1993). They are natural systems worthy of careful evaluation for their 

biological, hydrological and socio-cultural values. Wetlands are complex environment 

because they provide critical ecosystem goods and services such as carbon sequestration, 

biodiversity, conservation, fish production, water purification, flood and shoreline surge 

protection, erosion control and recreation (Moreno et al., 2012).   According to Eshett 

(1993), wetland distribution in Nigeria cuts across vegetational, geological, 

topographical, soil, and political boundaries. Wetland ecosystems are fundamentally 

linked to hydrology, which creates the physico-chemical conditions that makes them 
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different from well drained terrestrial or fully aquatic deepwater systems (Mitsch and 

Gosselink, 2000).  

A wetland soil can be defined as soil with an aquic soil moisture regime (Soil Survey 

Staff, 1999). Wetland soils have  been defined by Van Breeman (1980) from  agricultural 

view point as soils that  are ponded  or water saturated during most of the time that they 

are, or could be used for food production, recognizing further that most of them are only 

seasonally flooded. The definitions above appear to be biased towards one specific use of 

wetland or another. A more appropriate definition of wetland will be that which 

considers wetland as purely an ecological habitat. Therefore, a wetland is, according to 

Ojanuga et al., (1996) a sizeable land that in a large part of it is permanently or 

seasonally flooded for a considerable period of the year, and that normally supports 

hydrophytic plants and animals. It is normally associated with a low lying topography.   

Different soil types exhibit diverse behaviors due to differences in micro-morphological, 

physical, chemical and mineralogical properties (Ukut et al., 2014). These variations are 

due to variations in soil forming factors and processes operating on different parent 

materials, under different climatic, topographic, and biological conditions over varying 

periods of time (Soil Survey Staff, 1993). According to Fagbami (1990), the diverse 

nature of soil is a major reason behind allocation of land to wrong uses.  

Soil characterization and classification contribute to the alleviation of adverse effect of 

soil diversity, and aid precision agriculture. They are the main sources of information for 

precision agriculture, land use planning and management (Ogunkunle, 1986). This is 

because, characterization and classification provide information for the understanding of 

the micro-morphological, physical, chemical, mineralogical and microbiological 

properties of the soil (Ogunkunle, 1986). 
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The soils of Oguta are formed from a simple pattern of sedimentary geological 

formation, consisting of alluvium parent material, with Aquic characteristics associated 

with wetness. An in depth study of the soil characteristics and classification will provide 

baseline information on the physical, chemical and mineralogical properties of soils for 

precision agriculture, land use planning and management. In response to the challenges 

posed by construction companies and oil companies in the area, as a result of huge oil 

and gas deposit, these soils have not had the benefits of adequate research which would 

supply basic data to help improve their management. Studies of various soil types in 

some parts of southeastern Nigeria (Obihara, 1961; Gallez et al., 1975; Udo, 1977; Juo 

and Moormann, 1980; Eshett et al., 1990; Onweremadu et al., 2007) have provided 

valuable information on the properties of soils of this region, but only little information 

is available in the literature regarding the wetland soils of Oguta. 

1.1   Objectives of the Study 

The major objective of this study was to characterize, classify, and evaluate some 

wetland soils of Oguta local government area of Imo State, Southeast Nigeria. 

1.2   The Specific Objectives of the study were to: 

1. determine the physical and chemical properties of the studied soils. 

2. evaluate the suitability of these soils for arable crop production. 

3. estimate how the soil properties relate with each other. And  

4. make recommendations on how to improve the fertility status of the soils for 

improved food production in the area. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1    What soil is  

Soil is one of the principal substrate of life on earth, serving as a reservoir of water and 

nutrients as a medium for the infiltration and breakdown of injurious wastes, and as a 

participant in the cycling of carbon and other elements through the global ecosystem. 

Soil is a product of evolution and changes over time. According to Brady and Weil 

(2010), soil is undoubtedly a most valuable and dependable natural resource which is 

used for many purposes such as agriculture, engineering, waste management, 

recreational activities etc, and therefore must be managed to maximize its conservation 

and productivity. Foth, (1984) defined soil as an unconsolidated mineral material on the 

earth’s surface that has been subjected to, and influenced by genetic and environmental 

factors of parent material, climate (including moisture and temperature effects), macro 

and micro organisms and topography, all acting over a period of time, producing a 

product (soil) that differs from the material from which it was derived in many physical, 

chemical, and biological properties and characteristics. Soils differ from their parent 

material (rock) due to interaction between the Lithosphere, the hydrosphere, the 

atmosphere, and the biosphere.  

The word ‘soil’ like many common words, has several meanings. In its traditional 

meaning, soil is the natural medium for the growth of land plants, whether or not it has 

discernible soil horizons. People consider soil important because it supports plants that 

supply food, fibres, drugs, and other wants of humans, and because it filters water and 

recycles wastes. Soil covers the earth’s surface as a continuum, except on bare rock, in 

areas of erpetual frost or deep water, or on the bare ice of glaciers. In this sense, soil has 

a thickness that is determined by the rooting depth of plants. 
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2.2   Wetlands  

Wetland is defined as “land that has the water  table at, near, or above the land’s surface 

or which is saturated for a long enough period to promote wetland or aquatic processes 

as indicated by hydric soils, hydrophytic vegetation, and various kinds of biological 

activity that are adapted to the wet environment.” Wetland is an area of land that has 

hydric soil and hydrophytic vegetation, is typically flooded for part of the year, and 

forming a transition zone between aquatic and terrestrial systems (Brady and Weil, 

2002). A wetland can also be defined as a land subject to excessive, to an extent that the 

wet conditions influence the possible land uses (Van Diepen, 1985; Andriesse, 1986). 

Wetlands are characterized by the presence of wetland hydrology, hydrophytic 

vegetation, and hydric soils (Cowardin et al., 1979), and are complex ecosystems that are 

poorly understood relative to terrestrial and aquatic systems (Thompson and Bell, 1998; 

Richardson and Vepraskas, 2001). Wetlands are frequently transitional landscapes 

between terrestrial and aquatic systems and therefore possess characteristics of both.  

Wetlands are among the most productive and economically valuable ecosystems in the 

world. They provide critical ecosystem goods and services, including carbon storage, 

biodiversity, conservation, fish production, fuel production, water purification, flood and 

shoreline surge protection and erosion control, and recreation (Moreno et al., 

2012).Wetlands are considered to be marshes, peatlands, floodplains, mangroves, 

depresional wetlands, and lacustrine wetlands-submerged permanently or periodically 

under flowing or still fresh, salty, or brackish water. 

 Generally speaking, a wetland is an area that is neither dry land nor open water. All 

wetlands are formed and sustained by the influence of water on land (Soil Survey Staff, 

1999). However, the depth and duration of water in different types of wetlands can be 

extremely variable. In some wetlands the water is at ground level, where the saturated 

soils stay wet most of the time, while other wetlands are inundated, with normal water 
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levels above ground. Many wetlands are dry for extended periods, but the same wetlands 

at other times may contain several feet of water. These are some of the reasons why it 

can be difficult to define and delineate a wetland.   

 According to Eshett (1993), wetland distribution in Nigeria cuts across vegetation, 

geological, topographical, soil, and political boundaries. In the past, a lot of wetlands 

were destroyed due to urbanization and industrialization. But recently, as the fact that 

wetlands are performing divers functions has been known to the public, the importance 

of protection and preservation of wetland has been emphasized. Certain plants do better 

than others in an environment that is generally or occasionally wet. Similarly, soils 

develop certain characteristic in response to periodic and sustained saturation.  Also, 

there are other physical traits such as water stains or special plant adaptation that indicate 

wet situation. 

Ojanuga et al., (1996) seems to imply a habitat largely unsuitable for agriculture by 

defining wetlands as ‘ground too wet to drain economically for growing upland 

agricultural crops.’ They further distinguished wetland from ‘wet-soil’. ‘Wet-soils are 

soils suitable for producing agricultural crops more productively when dried’. However, 

they recognized that the boundary between wetlands and wet soils can easily be shifted 

by public policy, technology and economics. For instance, ‘wet soils’ that can easily be 

drained for agriculture may be classified based on deliberate policy and economic 

consideration as ‘wetland’, if it would yield a greater income as a wildlife habitat. 

Wetlands are complex environments, they are valuable resource that has not received the 

attention that it deserves for far too long, and is currently degrading at an alarming rate 

which might soon get beyond control. 
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2.3   Wetland Soils 

A wetland soil can be defined as soil with an aquic moisture regime (Soil Survey Staff, 

1999).  Wetland soils have  been defined by Van Breeman (1980), from  agricultural 

view point as soils that  are pounded or water saturated during most of the time that they 

are, or could be used for food production, recognizing further that most of them are only 

seasonally flooded. The definition above appears to be biased towards one specific use of 

wetland or another. A more appropriate definition of wetland will be that which 

considers wetland as purely an ecological habitat.  

Therefore, a wetland is further defined by Ojanuga  et al., (1996) as a sizeable land that 

is in a large part of it permanently or seasonally flooded for a considerable period of the 

year, and that normally supports hydrophilic plants and animals. It is normally associated 

with a low lying topography. The water saturation originates from either groundwater or 

water of the capillary fringe for some part of the year. 

In southeastern Nigeria, farmers have traditionally utilized both uplands and wetlands for 

cultivation, the wetlands are used predominantly for wetland rice cultivation. The soils of 

the southeastern Nigeria are highly weathered soils, ferralitic soils and hydromorphic 

soils. They are coarse textured, have cretaceous sandstone and Pleistocene 

unconsolidated costal sediments (Obihara, 1981). Wetland soils generally differ in clay 

mineralogy because of alluvium and neo-formation (Ogban et al., 2011). 

2.4    Importance of wetland soils 

Wetlands occupy an important transitional position between land and water and may 

have fresh, brackish or saline waters. They may be permanent, seasonal or temporary. 

While wetlands were once viewed primarily in terms of development, for example, as 

agricultural lands, their ecological value has now been more clearly identified. 

Depending on wetland location, class, and function, such values may include sustenance 
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of enormous numbers of waterfowl, source of fish production, storage and slow release 

of large quantities of water, erosion protection, places of beauty and recreational 

enjoyment (Saltwater Recreational Fishing in Florida, 1993). With the increasing 

competition for land, particularly in urban areas, changes to agricultural production 

techniques and increased demand for hydro-electric power, wetlands have continued to 

be impacted through dyking, filling, drainage, flooding, and other forms of conversion. 

Such use has caused the number and extent of wetlands to decrease substantially. 

2.5   Characteristics / attributes of wetland 

The following three characteristics of wetland have been identified by Scientist:- 

1. Presence of standing water, either at the surface or within the root zone, during 

all or part of the year. 

2. A unique soil type which is known as hydric soil. 

3. Presence ofhydrophytic vegetation and fauna which are adapted to surviving 

under unique saturated conditions (hydrophytes) and absence of flooding 

intolerant vegetation (Fajardo, 2006).Wetlands must have at least one or more of 

the following two attributes; 

1. At least periodically, the land supports predominantly hydrophytes; 

2. The substrate is predominantly un-drained hydric soil.  

2.6   Types of wetlands 

Two major types of wetlands are recognized. They are natural and man-made or 

constructed wetlands. 

2.6.1 Natural wetlands 

Natural wetlands are those occurring naturally. The occurrence of such wetlands in 

Nigeria has been associated with three landforms types, namely; inland depression, 

alluvial plains and coastal plains (Okusami and Rust, 1992). The natural wetlands thus 



9 
 

include rivers, lakes, floodplains, freshwater swamps, coastal swamps and deltas. 

Although natural wetlands habitats receives minimal anthropogenic disturbance. 

2.6.2 Man-made wetlands 

In order to realize all the beneficial effects of wetlands, Scientists and Engineers have 

begun not only to find ways to preserve natural wetlands, but also to construct artificial 

ones for specific purposes such as wastewater treatment as reported by Brady and Weil, 

(1999). Another reason for attempting the construction of wetlands is the provision of 

several regulations that guide the use of certain natural wetland areas, provided that an 

equal or large area of wetlands is constructed, or that previously degraded wetlands are 

restored. As would be expected, this process is termed wetland mitigation. Other types of 

wetland include marshes, peatlands, floodplains, mangroves, depressional wetlands, and 

lacustrine wetlands – submerged permanently or periodically under flowing or still fresh, 

salty or brackish water. 

2.7    Values of wetlands 

Wetlands perform more ecosystem services (e.g., water purification, aquifer recharge, 

climate regulation, long-term carbon storage, flood abatement, and habitat provision) per 

hectare than any other ecosystem type (Aselmann and Crutzen, 1989; Costanza et al., 

1997; Mitsch and Gosselink, 2000).The following are some of the values associated with 

wetlands; 

2.7.1 Ecological value 

Wetlands are vital to the health of our environment. They perform the same function for 

our ecosystem as kidneys do for human bodies, in that they filter and remove pollutants 

(Saltwater Recreational Fishing in Florida, 1993). As water passes through a wetland, 

much of the pollutants that are dissolved or suspended in the water become trapped by 

the wetland plants and soils. Here, many of these pollutants,which otherwise would 
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degrade surface waters, are actually converted into food material for aquatic organisms 

and some avian species. This filtering capacity of wetlands helps to keep surface water 

bodies suitable for swimming, fishing, and sometimes as a source of drinking water. 

Water quality is improved by the filtering ability of wetland vegetation growing around 

the shoreline. Because of the food and habitat provided by wetland plants, wetlands are 

also very beneficial for a diverse assortment of animals.  

Wetlands serve as nursery grounds for many of our commercially important fish, 

shellfish, and wildlife. Wetlands are also important because the amount of water that 

they can hold, and the manner and rate that water passes through them. 

2.7.2 Economic value 

Many of the ecological functions of wetlands have economic components. The economic 

importance of wetland is equal at least to the gross revenue it produces for a given 

industry, such as commercial fishing as we have at Oguta Local Government Area of 

Imo State. However, there are other economic values that are more difficult to quantify, 

such as related businesses (like sand dredging etc) and property values. 

 Loss of wetlands leads to proportionately reduced populations of fish and wildlife. The 

people of Oguta depend on healthy and diverse populations of fish and wildlife, not only 

because they provide the people with recreational opportunities and food, but also 

because they support commercial fishing, tourism, and recreation industries in the area. 

Without wetlands to reduce water pollution, the safety of some of our drinking water 

supplies would be threatened, bodily contact with polluted waters could pose a health 

hazard, and the smell of polluted waters would make waterfront propertyless 

attractive(Saltwater Recreational Fishing in Florida,1993).  
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2.7.3 Aesthetic value 

Wetlands have aesthetic value. Wetlands offer people a sense of both beauty and well-

being. It is comforting to spend time in these natural sites so as to enjoy the sounds, 

sights, and smells. But while a wetland may be beautiful, it is hard to assign a value to 

beauty. Each person has his or her own opinion about the natural beauty of wetlands and 

the relative worth of that beauty.  

Oguta wetlands do indeed have ecological, economic and aesthetic value. Oguta Local 

Government Area once had many more wetlands than it has today. In fact, more than 

half of the original wetlands in Oguta have been lost as a result of drainage, sand 

dredging, urbanization and development. These three factors can affect both property 

values and health care costs (Saltwater Recreational Fishing in Florida,1993).  

2.8   Wetland functions 

Wetland functions are defined as the capabilities of wetland environments to provide 

goods and services including basic life-support systems. Such functions may directly or 

indirectly provide benefits to society. A given wetland, based on its physical and 

biological characteristics, can, for example, support water storage, habitats, toxic 

buffering and flood control. Based on these functions, many benefits can be derived from 

the wetland: example, clean drinking water, a place to swim, take photos, hunt ducks, 

reduce flood damage downstream, reduce drought risk on adjacent fields etc. 

2.8.1 Function as Values 

Wetland functions provide many benefits to society. These benefits do have values; food, 

risk reduction, jobs, lifestyle, life support for humans and other species. Wetland 

functions may or may not provide benefits that are readily measurable. Many benefits 

deriving from a wetland may have no measurable immediate value to the society. The 

wetland may be physically remote or the function may not contribute to the sustenance 
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of a life form or product that clearly has a market value to society(Saltwater Recreational 

Fishing in Florida,1993).  

Generally, however, most wetlands contribute directly or indirectly to society’s well-

being and, hence, have some demonstrable value. Wetlands have very different values 

which vary in type and magnitude depending upon their location, effect upon society or 

ecological processes and their relationship to other wetlands. 

2.8.2 Life-support Functions 

Regulation functions relate to the capacity of wetlands to regulate and maintain essential 

ecological processes and life-support systems. Wetlands play an important role in the 

management of water flow within their drainage basins, often effecting flood peaks and 

storm flows, enhancing water quality, and buffering shorelines against erosion. The 

ability to reduce flooding depends upon the wetland’s size, shape, and location in the 

watershed (Saltwater Recreational Fishing in Florida, 1993). In addition, wetlands act as 

‘environmental filters’, particularly in agricultural and urban areas where runoff carries 

with it an excess of nutrients and often toxic chemicals.  

Also, wetlands are being recognized as an important ecosystem that provides essential 

functions in relation to hydrology, biogeochemistry, and habitat and food web support, 

which are valuable to humanity worldwide (Saltwater Recreational Fishing in Florida, 

1993).  

2.8.3 Hydrology   

Wetland hydrology is critical to the development and importance of wetlands and all 

other functions associated with it. The dominant sources of water to wetlands are 

precipitation, surface runoff, groundwater discharge, and high or overbank stream flows. 

Evaporation, transpiration, seepage to groundwater, and overflow result in loss of water 

in wetlands. The balance of water inputs and outputs determines the hydrology of 
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wetlands.  Wetland ecosystems are fundamentally linked to hydrology, which creates the 

physico-chemical conditions that make them different from well-drained terrestrial or 

fully aquatic deepwater systems (Mitsch and Gosselink, 2000). Thus, wetlands are 

naturally sensitive to changes in hydrology. Climate change and variability are the 

biggest factors affecting water availability and reliability. The ecological consequences 

of climate change on wetlands will depend largely on changes in hydrological regimes 

and more frequent or intense extreme weather events (heatwaves, droughts, storms and 

floods).  In relation to hydrology, wetlands provide the following functions, water 

storage and flood reduction, barriers to waves and erosion, maintenance of ground water 

table, maintenance of surface water level, and stable shores and storm protection (Mitsch 

and Gosselink, 2000).Wetlands also have a significant role in the hydrological cycle of 

whole catchments. For example, the draining of large wetlands may cause changes in 

moisture recycling and decrease of precipitation in particular months, when local 

boundary conditions dominate over the large-scale circulation. The manner in which 

humans adapt to a changing climate will also greatly influence the future status of 

wetlands. 

2.8.4 Biogeochemistry 

Biogeochemistry of wetland is controlled by flooding patterns, water level and quality, 

sedimentation and erosion, irrigation, drainage, and biomass. In relation to 

biogeochemistry, wetlands provides the following functions, maintenance of overall 

water quality, cycling and transformation of nutrient, and other elements, and 

accumulation of carbon / pet (Khan, 2012). 

2.8.5 Habitat and Food Web Supplier 

Wetland function on habitat and food web supplier include maintenance of productivity, 

maintenance of characteristic plant communities that serve as habitat, sustaining 
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anadromous fish and other wetland dependent aquatic species, and maintenance of 

biodiversity (Spray and McGlothlin, 2004). 

2.8.6 Carbon Sequestration 

Wetlands are not just among the most important, but also the most complex biomass in 

relation to the balance of carbon and greenhouse gases. They are different from other 

terrestrial biomass in that they have the ability to sequester large amounts of carbon in 

their waterlogged soils. In fact, they are net sinks for carbon dioxide and provide the 

largest below ground stores of carbon. This is a consequence of high primary production 

and the eventual decomposition of dead and decaying liter in the anaerobic region of the 

soils, where the normal production of carbon dioxide during decomposition is slowed or 

completely inhibited by the lack of oxygen, especially in cold conditions. The 

consequences of an increase in soil carbon storage will include increase in soil fertility, 

improved  land productivity for food production and prevention of land degradation. Any 

improvement in soil fertility management and land use will result automatically in higher 

amounts of carbon sequestered from the atmosphere and stored in soils (Okereafor et al., 

2015). 

2.9   Evaluation of Wetland 

In the past, wetlands have frequently been viewed as a detriment to economic 

development and impediment to progress, and a cost to efficient land use, or, as a source 

of land for development. While some wetlands are recognized as significant because of 

their uniqueness, others are also gaining importance due to cumulative losses of typical 

wetlands which reduce the overall number of wetlands approaching threshold limits for 

specific functions in some areas. According to Ottawa (1992), any evaluation of 

wetlands must consider uniqueness and relationship to all wetland functions. He further 

stated that there are two serious obstacles to wetland decision making and associated 

evaluation. First, there still persists a serious lack of knowledge and experience in 
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expressing wetland functions and their benefits to society in meaningful terms. A second 

major impediment to wetland evaluation relates to the fact that the majority of wetland 

benefits accrue to the public in general, and not exclusively to a particular landowner. 

Wetlands are complex environments (Ottawa, 1992). They require careful, rigorous 

examination to fully document their values. The values are often subtle or cumulative in 

their significance. Evaluation of such complex environments must change so that greater 

recognition is given to all values.      

2.10   Wetland Classes 

Despite continued detrimental impact to wetlands, each wetland class displays unique 

characteristics which sets it apart; biologically, and hydrologically. There are five 

wetland classes in Nigeria. These are bog, fen, swamp, marsh and shallow open water. 

Their development is influenced by several variables (hydrology, fauna, vegetation, 

soils, local climate, and landscape setting). Five wetland classes discussed in this work 

are;  

2.10.1 Bog 

Bogs are peat covered wetlands in which the vegetation shows the effects of a high water 

table and a general lack of nutrients. The surface waters of bogs are strongly acidic. They 

exhibit cushion – forming sphagnum mosses and health shrub vegetation both with and 

without trees.  

2.10.2 Fen 

Fens are peatlands characterized by a high water table, with slow internal drainage by 

seepage down low gradients. They may exhibit low to moderate nutrient content and 

may contain shrubs, trees or neither.  
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2.10.3 Swamp 

Swamps are wetlands where standing or gently moving water occurs seasonally or 

persists for long periods, leaving the subsurface continuously waterlogged. The water 

table may seasonally drop below the rooting zone of vegetation, creating aerated 

conditions at the surface. Swamps are nutrient-rich, productive sites. Vegetation may 

consist of dense coniferous or deciduous forest or tall shrub thickets. 

2.10.4 Marsh 

Marshes are wetlands that are periodically or permanently inundated by standing or 

slowly moving water and hence are rich in nutrients. Marshes are mainly wet, mineral 

soil areas. They are subject to a gravitational water table, but water remains within the 

rooting zone of plants for most of the growing season. There is a relativel high oxygen 

saturation. Marshes are characterized by an emergent vegetation of reeds, rushes, cattails 

and sedges (Saltwater Recreational Fishing in Florida, 1993). 

2.10.5 Shallow Open Water 

Shallow open water includes potholes, sloughs or ponds as well as waters along river, 

coast and lakeshore areas. They are usually relatively small bodies of standing or flowing 

water commonly representing a transitional stage between lakes and marshes. The 

surface water appears open, generally free of emergent vegetation. Impact of shallow 

open waters come generally from drainage for agricultural or urban development 

purposes as well as harbor, recreational and hydro-electric facilities development.   

2.11   Beneficial effects of wetlands to the society 

The beneficial effect of wetlands to the society is discussed under the following 

headings; 
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2.11.1 Life-Support Benefit 

The Life-Support benefit of wetlands are regulation / absorption and ecosystem health, 

which include flood control (lives saved), contaminant reduction, clean water, storm 

damage reduction, health benefits, erosion control, environmental quality, maintenance 

of ecosystem integrity, risk reduction  (and related option values). 

2.11.2 Socio-cultural Benefit 

The socio-cultural benefits of wetlands include science / information, aesthetic/ 

recreational and cultural /psychological. And they make the following impacts; greater 

understanding of nature, locations for nature study, research, education (field trips). 

Direct economic benefits to users’ personal enjoyment and relaxation, benefits to tourist 

industry, local economy, social cohesion, maintenance of culture, value to future 

generations, symbolic values (Saltwater Recreational Fishing in Florida, 1993).  

2.11.3 Production Benefit 

Here, consideration to made to subsistence and commercial production, which include 

food, fibre, self-reliance for communities, import substitution, maintenance of  traditions, 

products for sale, jobs, income, contribution to GNP. 

2.11.4 Products, Services and Experiences supported by Wetlands 

The following include the products, services and experiences that are supported by 

wetlands; climate regulations, toxics absorption, stabilization of biosphere processes, 

water storage, cleansing, nutrient cycling, food chain support, habitat, biomass storage, 

genetic and biological diversity. Specimens for research, zoos, botanical gardens, 

representative and unique ecosystems. Natural production of birds, fish, plants, (e.g. 

berries, rushes, wild rice). Non-consumptive uses such as viewing, photography, bird 

watching, hiking, swimming. Production of foods (e.g. fish, crops), fibre (e.g. wood 

straw), and soil supplements (e.g. peat). 
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2.12   Extent of Wetlands in Southeastern Nigeria 

Wetlands constituted about 22,859 km2 of the southeastern Nigeria (Chukwu et al., 

2009). They occurred on physiographic surfaces with 0-2 % slope. These include 

floodplains of the major rivers (Anambra, Cross River, Niger, Imo and Itu) and their 

tributaries. Others were upland depressions (concavities) and valley bottoms.  Three 

parent materials (Shale, Coastal plain sands and Alluvium) were associated with the 

wetlands. Chukwu et al., (2009) reported that in the interior, shale was predominant, and 

covered Umumbo-Adani. Balep and Igbo Breach Soil Associations in Enugu and cross 

River States.  Coastal plain sands occupied a small area (Oron Soil Association) in 

AkwaIbom State. Recent Alluvium stretches from the cross River floodplains at Okanga 

and Akwam in cross River state through the Niger floodplain at Nzam in Atani Soil 

Association, Anambra state, both in the derived savanna and extended to the Itu Bridge 

Soil Association, AkwaIbom State, in the rainforest zone. Other alluvial parent materials 

were Sombreiro Warri Deltaic Deposit, Mangrove Swamp Deposit and Beach sands.   

2.13   Threats to wetland 

Threats to wetland land use are climatic (mainly rainfall), hydrological, soil, biological, 

and socio-economic factors (Ogban et al., 2011). However, the major threats to the 

arable cropping systems in the wet lowlands are abundance of water and its management, 

weed, disease and pest control, and poor yielding crop varieties, especially Rice. 

Rainfall is favourable, but the excessive unpredictable seasonal deep flooding, and the 

associated high groundwater level, limits the exploitable area and directly affects the 

optimum uses of the wet soil resource (Ogban et al., 2011).  

Small changes in water levels or the influx of pollutants can have significant effects on 

the functions of wetlands. It is important to recognize that pollution, constructions, and 

aftermath anthropogenic activities etc, threatens wetland. 
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2.13.1 Pollution  

Although wetlands are good at filtering and attenuating pollutants, there are limits to 

these capabilities. If this natural system is overloaded, not only will pollutants reach open 

water-bodies, but the pollutants could damage the wetlands and reduce their filtering 

capacity. Some major sources of water pollution include sewage, industrial waste, and 

storm-water runoff.  Storm-water runoff for example, contains oils, greases, and heavy 

metals (from dairies and feedlots).  Some of these discharges are toxic to wildlife and 

people, while others contain materials that rob wetlands and surface waters of essential 

dissolved oxygen. Nutrient laden discharge promote the growth of nuisance vegetation, 

such as hydria and blue green algae, which can choke open waters and remove dissolved 

oxygen from the water when these plants die and decay.  

2.13.2 Constructions in wetlands 

At one time, vast areas of Oguta submerged lands were all but given away in order to 

promote development in what is believed to be wasteland to them, which gave rise to 

many industries like Agip, Chevron, and NNPC ventures that are operating in the area, 

that lead to incessant gas flaring, destroying environmental qualities (Ubuoh, 2010b). As 

a result, large areas of productive estuaries were lost to unregulated filling. Oguta has 

experienced a tremendous growth in population, and has enjoyed an associated boom in 

the building industry. As developing areas expand and land becomes more scarce, the 

price of uplands has increased dramatically, while the price of wetland acreage is still 

low. Therefore, wetlands are still being sought as building sites.  

Dredging, filling, and other construction activities in, on, or over wetlands and other 

surface waters can degrade or destroy wetlands. Hydrologic alterations, such as damming 

or channelizing streams, can also do a great deal of damage to wetlands. These 

alterations can destroy wetlands by adding too much water, removing too much water, 

altering the pattern of materials imported into or exported from the wetland, or the 
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frequency and duration of fluctuating water levels that are needed by certain types of 

wetlands. The altered flow patterns can also concentrate pollutants, cause erosion, cause 

sedimentation, and reduce valuable shallow water habitats (Brady and Weil, 1999). 

2.13.3 Aftermath anthropogenic activities in upland sites 

Activities that occur in uplands also can adversely affect wetlands and other surface 

waters. For example, land clearing may cause storm-water to run off the cleared land 

more quickly, causing erosion in the uplands, sedimentation in the wetlands, and 

turbidity in the open waters. This may also cause floodwaters to rise higher and more 

quickly than normal. The water level in wetlands and other surface waters can be 

lowered by wells, well fields, drainage canals, and ditches. Such activities can eliminate 

or reduce the acreage of wetlands, move the shoreline of lakes, and make wetlands 

susceptible to invasion by nuisance or exotic plants. Drainage ditches and canals also 

divert water from wetlands, thereby drying them out. In bypassing the wetlands, the 

accelerated storm-water runoff can cause increased flooding and erosion. Without the 

benefit of wetland treatment, more pollution will be transported downstream. Wetlands 

are habitats for many debilitating or fatal human and animal diseases too, namely, 

Schistosomiasis (bilharzias), Onchoceriasis (river blindness), Dracunculiasis (guinea 

worm), Trypanosomiasis (sleeping sickness), and malaria, and are a deterrent to wetland 

farming, and explain why these lands are fallow during the rainy season, especially 

(Ogban et.al., 2011). 

2.14   Ways to protect wetlands 

2.14.1 Minimizing Impacts 

Good planning and design are the best approaches to reduce or eliminate many of these 

adverse effects on wetlands. There are many ways to minimize the damaging effects of 

construction or other activities on wetlands and other surface waters. The key to 
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preventing damage from sewage and industrial waste is proper treatment and disposal. 

Better yet, conservation and pollution prevention may reduce the need for the discharge 

in the first place. 

Although few people can deliberately destroy a wetland, many of the routine, every-day 

activities of man can and do damage wetlands. A little thought before we wash our 

vessels, dispose of waste auto fluids, fertilize our lawns, or perform any number of other 

common chores can go a long way toward protecting local wetlands.   

2.14.2 Wise use of Fertilizers and Pesticides 

It is common to observe too much fertilizer, and large quantity of pesticides being 

applied on lawns and gardens. Also, excessive amount of water is applied. There should 

be soil testing before fertilizer application. These inputs should be judiciously applied 

and in accordance with official prescriptions and/or directives. This could help minimize 

the incidence of eutrophication or other adverse consequences on wetlands and 

associated aquatic life.Pesticides should be applied late in the afternoon or evening to 

reduce the danger to bees and other pollinators. Better yet, instead of using pesticides, 

buy disease and pest-resistant plants. Native plants are better adapted to survive with the 

insects and other pests that live in Oguta. Use pesticides only as a last resort. 

2.15   Effect of wetland on climate change 

Earth’s climate has varied naturally throughout its history, with cycles of warming and 

cooling. However, there is growing scientific evidence that human- induced climate 

change, primarily through increases in greenhouse gas concentrations resulting from 

burning fossil fuels and deforesting large areas of land, is occurring (Solomon et al., 

2007). Changes in the long term climate will be superimposed on large daily, seasonal 

and yearly variability, leading to significant changes in extreme weather events.  
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Further changes in climate may be rapid compared to historical changes, and climate 

system appears to be changing faster than earlier thought (Steffen, 2009).  Climate 

change is only one way in which the environment and human activities are affecting 

wetlands. Understanding the impacts of climate on Oguta wetland is essential to adapting 

to climate change and to making good planning decisions about our wetlands into the 

future. Wetlands influence climate through evaporative cooling, cloud formation, and 

precipitation. Wetlands also have a significant role in the hydrological cycle of whole 

catchments (Bullocks and Acreman, 2003).  

Wetlands and climate are interconnected in complex ways, and any change in either can 

induce a change in the other. An increase in extreme droughts and floods will heavily 

stress organisms and add to human-induced stress factor. Climate has an overall role in 

controlling physical, chemical and biological processes and species composition in 

ecosystems, affecting their ecological structure, function and biodiversity. Significant 

and persistent changes in both the mean and the variability of climate variables 

determine the impacts of climate change on wetlands. The effect of wetlands on climate 

will vary by species and even within species depending upon geographic location.  

2.16   Soil classification/Taxonomy 

Soils in the field are heterogeneous, that is, the profile characteristics are not exactly the 

same at any two points within the soil individual in terms of an imaginary three-

dimensional unit called a pedon.  Pedon is the smallest sampling unit that displays the 

full range of properties characteristics of a particular soil.  The Pedon serves as the 

fundamental unit of soil classification. Contrivances made by men to suit their purposes 

are known as classification. A classification is an ordering or arrangement of objects in 

the mind and distribution of them into compartments. Classifications are not static but 

need to change as knowledge expands. Classification is the mirror in which the present 

condition of science is reflected, a series of classification reflects the phases of its 
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developments. According to Esu (1999). Soil classification is the systematic arrangement 

of soils into groups or categories on the basis of their characteristics. 

Taxonomy is a narrower term than classification. Taxonomy could be described as a 

theoretical study of classification, including its basis, principles, procedures, and rules. 

Taxonomy is the part of classification that is primarily concerned with relationships 

(Akamigbo, 2010).In wet environments (such as swamps and marshes), incomplete 

decomposition may allow organic parent materials to accumulate from the residue of 

many generations of vegetation. Although, it is the chemical and physical properties that 

most influence soil development. 

The soils of Osse Moto village, Oguta Local Government Area of Imo State 

Southeastern Nigeria are referred to as alluvial soils. The soils are formed from 

floodplains, with aquant characteristics (that is, characteristics associated with wetness). 

The soils have Ochric epipedon (light coloured, low organic carbon content etc), and 

Cambic subsurface horizon for all the pedons (that is, horizon that has been changed or 

altered by physical movement or by chemical reactions, generally nonilluvial 

(Akamigbo, 2010). The soils are developed in humid region, with weak to moderate 

horizon development, retarded because of cold climate, waterlogged soils, textures finer 

than loamy, that is, very fine sand (Soil Survey Staff, 1999). The soils therefore belong 

to the soil order Inceptisols (FAO, 2006).  

There are three general classes of alluvial deposits, they are; floodplains, alluvial fans, 

and deltas. 

2.16.1 Floodplains 

According to Montgomery (2000), the area in which water body spill over during flood 

is known as the flood plain. It constitutes the back bone of arable crop production in the 
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Southeastern Nigeria, where rainfall is seasonally well distributed for agricultural 

productivity. They form part of a large group called wet land soils (Akamigbo, 2011). 

Floodplain soils in the forest zones are used for the gathering of forest product such as 

bamboo, fish, crabs, firewood, etc. Rice and Sugar cane are also grown on them (Eshett, 

1993). According to (Ojanuga et al., 1996), these soils serve as important feeding, 

breeding and inhibiting areas for wildlife and are reserved for such purpose. Floodplain 

soils have been developed for fish farming or aquature. Unfortunately, the desirable 

properties of many alluvial soils have already led civilizations to cities and towns on 

floodplains. 

2.16.2 Alluvial Fans 

These are streams that leave a narrow valley in an upland area and suddenly descend to a 

much broader valley below deposit sediment in the shape of a fan, as the water spreads 

out and slows down. The rushing water tends to sort the sediment particles by size, first 

dropping the gravel and coarse sand, then depositing the finer materials towards the 

bottom of the alluvial fan.  

Alluvial fan debris is found in widely scattered areas in mountainous and hilly areas. The 

soils derived from this debris often prove very productive, although they may be quite 

coarse-textured (Brady and Weil, 2002). 

2.16.3 Delta Deposits 

A delta is a continuation of floodplain. It is clayey in nature and is likely to be poorly 

drained as well. Much of the finer sediment carried by streams is not deposited in the 

floodplain, but is discharged into the lakes, reservoir, or ocean into which the stream 

flows. Some of the suspended material settles near the mouth of the river, forming a 

delta. Such delta deposits are by no means universal, being found at the mouths of only a 

few rivers of the world (Brady and Weil, 2002). 
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Deltas marshes are among the most extensive and biologically important of wetland 

habitats. Many of these habitats are today being protected or restored, but civilizations 

both ancient and modern have also developed important agricultural areas.   

2.17   Soil characterization studies in Nigeria and Overseas that involved wetlands 

The early studies on the characterization and classification of soils of Southeastern 

Nigeria were based on the criteria of degree of weathering, profile morphology and 

nature of parent materials. The early investigations of soils of Southeastern Nigeria 

include Vine, (1954; 1956), Tinker and Zibor (1959), Obihara, (1961), Jungerius, (1964), 

and Floyd, (1969). 

Nevertheless, the most systematic current information on Nigerian soils is based on the 

reconnaissance soil survey of Nigeria project (scale 1:1,000,000) whose field work was 

completed in 1985 (FDALR, 1990;FGN, 1997; FAO, 2002). The reports were presented 

in 4 volume, each covering 4-6 states, with volume 4, comprising of Rivers, Akwa Ibom, 

Cross River, Imo, Anambra and Benue States (FDALR, 1990; Esu, 2004). 

Individual soil pedologists have gone ahead to independently characterize and classify 

the soils of different regions of Nigeria. While Eshett (1985) studied the soils 

characteristics and farming systems in Northern Cross River State of Southeastern 

Nigeria, Eshett (1987) and Akpan –Idiok et at., (2004) worked on the characterization 

and classification of the basaltic soils of Southeastern Nigeria. Dudal (1992) reported 

that mottling and grayish colour used in evaluating soil morphology neither indicate the 

duration of wetness nor reflect constraints. Recharge (1985) found saturation and 

morphological properties were not closely correlated for some claypan soils. Bouma, 

(1973) and Dudal, (1992) reported that sometimes current pedogenic processes cannot be 

distinguished from relict pedogenic events, because the wetness conditions which 

produced them no longer prevail.  
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Eshett (1995) classified soils over igneous and sedimentary Lithologies in Southeastern 

Nigeria. Asadu and Essiet (2001) characterized soils along an extinct river at Nsukka, 

Lekwa et al.,(2001) characterized and classified the soils of Igwu River Flood plains in 

Arochukwu Local Government Area of Abia State, while Ukaegbu and Akamigbo, 

(2004) studied the impact of physiography on the properties and use of soils in the Cross 

River plains of Abakaliki.  

Also, worthy of mention are the works of Ekwoanya and Ojanuga, (2001), Idoga and 

Ayuba, (2001) and Onweremadu et al, (2007), to mention but a few. Onweremadu et al., 

(2007) characterized soil properties of owner Managed Farms of Abia and Imo State, for 

sustainable crop production in Southeastern Nigeria and reported thus; Soils of the area 

are very sandy (total sand = 39-87 %), soils were strongly acidic (pH water = 4.0-5.6), 

the soils were generally low in available phosphorous, organic carbon and exchangeable 

basic cations. Sulphur content was fairly high, while carbon and exchangeable cation 

were limiting factors in the farms. Ogban, P.I. and Babalola, O. (2009) characterized and 

classified soils of inland valley bottom in sub-humid Southeastern Nigeria. The soils 

were derived largely from Alluvial, occasionally Colluvial materials and were classified 

as Inceptisols (Soil Survey Staff, 1998), according to FAO/UNESCO Legend (1998), the 

soils were classified as Gleysols, and Eutric. The aquic soil moisture regime places the 

soils in the Aquepts sub-order. At the great level, the soils are classified as Endoaquents, 

because they can be saturated for more than 90 consecutive days. Similarly, Chukwu et 

al., (2009) have studied wetland soils of Southeastern Nigeria, and reported that wetlands 

constituted about 22,859 km2 of the Southeastern Nigeria, they occurred on 

physiographyic  surfaces with 0 – 2% slope, and they include floodplains, upland 

depression and valley bottoms, with three parent materials (Shale, Coastal plain Sand 

and Alluvium). The soils were acidic in reaction, mean annual soil temperatures were 

over 220C, three soil orders were distinguished (Entisol. Inceptisols and Ultisols), the 
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soils were taxonomically classified as (Typic Dystropets, Umbric Kanhaplaquults, Typic 

Tropopsamments, Typic Kanhapluhumults and Tropofluvaquents), and FAO-UNESCO 

legend classifications of the soils, shows that the soils were (Glayiccambisols, Plinthic 

Cambisols, Eutric Cambisols, Glayic Cambisols, Mollic Gleysols, Dystric Gleysols and 

Mollic Fluvisols). While, Ukut et al., (2014) characterized and classified soils in steep 

sided hills and sharp-crested ridges of Akwa Ibom State, Nigeria and made the following 

findings; the soils of the area is acidic soil, soil pH varied from strongly acid to 

moderately acid (pH 5.1-5.8), exchangeable bases (Ca, Mg, Na and K) were generally 

low, the soils were classified as Typic Epiaqupets (USDA) or Cambisols (FAO/WRB) 

for poorly drained soils, and Typic Hapludults (USDA) or Haplic Acrisols (FAO/WRB) 

for well-drained soils. There is however the need to establish a current soil data bank in 

Nigeria where soil data can be stored and accessed when the need arises. 

2.18   Land Evaluation for Wetland Soils in Nigeria 

The occurrence of wetland soils in Nigeria has been associated with three different 

landforms namely; Inland depression, Floodplains and Coastal plains. Wetland soils in 

Southeastern Nigeria exhibit wetness characteristics such as mottling, or gleying in their 

profiles. Wetlands are grossly underutilized in Nigeria. The major wetland soils in 

Nigeria have been classified into Gleysols/Fluvisols and Alfisols, Inceptisols, Entisols, 

Histosols and Vertisols (Olaleye, 1998).  

Wetlands in Nigeria may be appropriately described as the ‘breedbasket’ in the land 

because they serve as the main source for growing crops and for water supply to 

livestocks. Wetland is however, very fragile ecosystem, and their conversion to crop-

land has resulted in many cases to severe ecological and environmental deterioration and 

degradation. This has often resulted in higher frequency and severity of flooding, 

drought and pollution. These process of assessing the wetlands to meet the user’s need is 
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called land evaluation, and this serve as the basis for proper land use planning (Fasina 

and Adeyanju, 2007). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1   Description of the Study Area 

3.1.1   The Study Site  

The study was carried out at Ossemoto village, Oguta Local Government Area of  Imo 

State Southeast  Nigeria. Osse Moto lies between latitudes 50 39’ North and 5o 44  North 

and between Longitudes 6o 45 East and 60 53’ East. Oguta is a town on the east bank of 

Oguta Lake in Imo state southeastern Nigeria.  The headquarters of Oguta local 

Government area is at Oguta1.  

3.1.2   Geology and Geomorphology 

The major geological formation of the area is Alluvium (Pettera et al., 1989). It lies 

within the lowland areas of southeastern Nigeria (Orajaka, 1975). Oguta wetland 

generally includes marshes, hydric soil, seepage slope, wet prairies, aquant and riverine 

swamps.  

3.1.3   Topography 

The topography of the study area ranges from lowlands to undulating. The western part 

is low-lying and generally featureless, while the eastern and northern portion has a 

highly undulating topography interspersed with flat plains. This part is marked by 

spectacular gullies, with the main river, Njaba laden with sediment. 

3.1.5   Climate 

The climate according to the Koppen’s classification is Af with a short dry season 

extending from November to February and a long rainy season during the remainder of 

the year. Mean annual rainfall is about 2,120 mm per year, with a unimodal distribution 
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at the peak in September. The period between July and August is characterized by 

overcast skies and milder temperature (August break). The mean temperature ranges 

from 25oC to 28oC.  The dry season is dominated by dusty harmattan winds. The 

moisture regime is udic (that is, moisture regime in which the soil moisture control 

section is not dry in any part for as long as 90 cumulative days in normal years. It is 

common to the soils of humid climate that have well distributed rainfall), (Akamigbo, 

2010).  

3.1.6   Vegetation 

The archetype vegetation of the area is the Rain-forest, but this has been reduced to a 

mosaic of small plots of field crops (cassava, yams, cocoyams, vegetables), and 

agroforestry (Oil palms, Irvingia sp., Cola sp., Musa sp., etc). Whereas oil palm is grown 

in groves or plantations, the others are grown around homesteads. Except in the main 

urban communities, settlements are dispersed and field plots and agro forestry surrounds 

the homesteads. The area is characterized by abundance of many plant species. The 

vegetation is in layers or canopies with sun-loving ones appearing as emergent. There are 

also hardy trees in large mass. 

3.1.7   Hydrology and Drainage 

Oguta houses one of the largest natural lakes in southeastern Nigeria, located in a natural 

depression within the extended east bank flood plain of the River Niger downstream of 

Onitsha. The lake is source of municipal and domestic water forOguta community. It is 

also the receptacle of urban sewage from Oguta and the environs, and a trap for 

sediment. The alluvium underlying the area is a good aquifer that is annually recharged 

by rainfall and flood waters. 
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Fig. 1: Location Map of the Study Area 
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Fig 2: Geological Map of the Study Area 
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3.2   Field Work 

Free sampling technique was adapted for the survey. Profile pits were dug to a depth of 

about 200 cm.The materials used in carrying out the field work include; spade, hand 

trowel, cutlass, camera, global positioning system and munsell soil colour chart. The site 

and profile descriptions were based on the FAO guidelines for profile description (FAO, 

1998).  Properties such as soil colour, soil structure, soil texture, root consistency, 

horizon boundary and faunal activity were assessed as shown in Appendix 1.  

Delineation of horizon boundaries was accomplished before actual sample collection for 

laboratory analysis. Composite soil samples were taken from each constituent horizon, 

starting from the bottom horizon. The samples were placed in appropriately labeled 

polythene bags and transported to the laboratory. All the soil samples were air-dried 

under shade for three days, crushed with pistle and mortal and passed through a 2mm 

sieve prior to routine laboratory analysis. 

3.3   Laboratory Analysis 

Selected physical and chemical properties of the soil samples were determined in the 

laboratory. The samples were analyzed in accordance with standard laboratory 

procedures for the following parameters: 

3.3.1   Physical Properties 

3.3.2   Particle Size Distribution 

Particle size distribution was determined using the modified hydrometer method as 

described by Gee and Bauder (1986). 

3.3.3   Bulk Density 

Bulk density was determined by the procedure outlined by Arshad et al., (1996). It was 

calculated thus; 
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𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 (𝑔)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑜𝑟𝑒 𝑠𝑎𝑚𝑝𝑙𝑒𝑟(𝑐𝑚3)
  … … … … … … . (1) 

 

That is, B.D  =   
𝑊3−𝑊1

𝑟2ℎ
  

    

 

Where; 

B.D is bulk density 

W3 is the mass of oven dry soil 

W1 is the mass of core sampler 

3.3.4 Total Porosity 

This was computed from bulk density value thus; 

% 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 − [ 
𝐷𝑏  𝑋 100

𝐷𝑝1
]……………………. ……………… (2) 

 

Where; 

Db is bulk density g/cm3 

Dp is particle density g/cm3  

3.3.5   Moisture Content 

This was determined by the gravimetric method (Obi, 1990). And was calculated using 

the formula 

 

%𝑀𝐶 =  
𝑊𝑠−𝐷𝑠

𝐷𝑠
 𝑋 

100

1
… … … … … … ..   (3)  

 

Where: % MC means percentage Moisture Content 

Ws means weight of wet sample 

Ds means weigh of dried sample 
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3.3.6   Chemical Properties 

3.3.7   Soil pH Determination 

This was measured electrometrically using glass electrode pH meter both in distilled 

water and in 0.1N KCl suspension using soil-liquid ratio of 1:2.5 (Hendershot et al., 

1993) 

3.3.8   Organic Carbon 

Soil organic carbon was analyzed using the Walkley and Black wet digestion method as 

contained in Nelson and Sommers, (1982).  

3.3.9   Organic Matter 

This was computed by multiplying the value of Organic Carbon with Van Bermnerlens 

factor of 1.724. 

3.3.10 Total Nitrogen 

Total nitrogen was determined by the micro-kjeldahl digestion and distillation method as 

described by (Bremner and Mulvaney, 1982) 

3.3.11   Available Phosphorous 

Available Phosphorous was determined by the Bray-1 method as described by Kuo 

(1996). 

3.3.12   Exchangeable Bases 

The exchangeable bases (Ca, Mg, Na and K) were extracted with neutral normal 

ammonium acetate (NH4 OAC) buffered at pH 7.0 (Thomas, 1982). Exchangeable 

Calcium and Magnesium were determined in the extract by ETDA titration, while 

Potassium and Sodium were determined by the use of Flame Photometer (Udo et al., 

2009). 

3.3.13   Total Exchangeable Bases (TEB)  

This was gotten by summing up all the exchangeable bases (Ca, Mg, K, Na).  
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3.3.14   Exchangeable Acidity 

Exchangeable acidity (Al3+ + H+) and exchangeable Aluminum (Al3+) were determined 

by titration as described by Thomas (1996). The exchangeable Hydrogen was obtained 

by subtracting exchangeable Aluminum (Al3+) from exchangeable acidity (Al+3 + H+).  

3.3.15   Total Exchangeable Acidity (TEA) 

This was calculated by summing up exchangeable Aluminum (Al+3) and exchangeable 

Hydrogen (H+). 

3.3.16   Effective Cation Exchange Capacity (ECEC) 

This was obtained by the summation of all the exchangeable cations (Ca, Mg, K, Na) and 

exchangeable acidity (Al3+, H+). 

3.3.17   Base Saturation (BS) 

This was obtained by dividing the total exchangeable bases (TEB) by the corresponding 

effective cation exchange capacity (ECEC) value and multiplied by 100. Thus; 

% 𝐵𝑆 =  
𝑇𝐸𝐵

𝐸𝐶𝐸𝐶
 𝑥 

100

1
… … … … … … … … … … … … …   (4)  

3.3.18   Aluminum Saturation 

Percentage Aluminum saturation was computed thus; 

% 𝐴𝑙3+𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  
%𝐴𝑙3+

𝐸𝐶𝐸𝐶
𝑋 

100

1
………………….(5) 

3.4   Statistical Analysis 

The measured variables in the data set were analyzed statistically using Genstat- software 

according to the procedure of Wielding et al., (1994) who grouped coefficient of 

variability as: CV ≤ 15 %  low; CV > 15 ≤ 35 % medium; CV > 35 % high. The 

relationship existing among the soil properties was assessed using correlation analysis at 

5% level of significance. 
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CHAPTER FOUR 

Results and Discussion 

4.1   Morphological Characteristics 

Data on the morphological properties of the soils of the study site are   presented in 

Appendix 1 (soil profile description).  The soils are imperfectly drained, which is a 

characteristic of wetland soils.  Matrix colour (moist) was generally darker at the surface 

horizons, than at the sub-surface horizons. The matrix colour ranged from dark reddish 

brown (2.5YR ¾) for the surface horizons to brownish yellow (10YR 6/6) for the sub-

surface horizons in the studied pedons. Except for horizon Bt1 of pedon 1 and horizon A1 

of pedon 3, were light green (10 YR 7/2) and Pinkish grey (7.5 YR 7/2) were recorded 

respectively (Appendix 1). The light matrix colour recorded here could be attributed to 

low organic matter content of the soils, due probably to anaerobic reactions resulting 

from poor drainage created by high water table. The darker matrix colour at the surface 

horizon could have resulted from melanization of the soils due to accumulation of 

materials from the alluvial deposits by rivers in the study area. 

The consistence of the soils is examined by the trend of the particle size distribution 

down the profile. The texture of the soils ranged from sand to Loamy Sand. The structure 

and coarse nature of the soils explained why the soils were generally drained and prone 

to leaching, even erosion. All the soils were mottled, these morphological features 

observed is an indication of soil wetness brought about by oxidation-reduction cycles 

due to ground water fluctuation. Ahn (1970) and Smyth and Montogomery (1972) 

reported inter-relationship between these features.  

4.2   Physical Properties 

Table 4.1 shows some selected physical properties of the studied soils. In particle size 

distribution, sand –sized fractions predominated, followed by clay content.  This is 
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consistent with the report of Igwe and Stahr (2004) while silt-sized particles were lower 

in content (Igwe et al., 1995). Values of sand content ranged from 79 to 91%, Silt (0 to 

10%) and clay (7 to 17%). Wetland soils generally differ in clay mineralogy because of 

alluvium and neo-formation (Ogban et al., 2011). The high silt clay ratio (SCR) (CV= 

66, 49.4, 39.4 and 52.9) respectively (Table 4.1) is an indication of high weathering 

intensity. The results in (Table 4.3) indicate that there is a weak inverse relationship 

between percent Sand and percent Silt (r=-0.540, p=0.01, n=18), this is an indication that 

as sand is increasing; silt is decreasing and vice versa. Ahn (1979) reported highest 

acidity in sand- sized fractions of tropical soils.  This could be why soils of the area are 

popularly referred to as “acid sands.”High sand content coupled with heavy rainfall may 

have resulted in the exchangeable cations being leached out of the profiles. Particle size 

distribution followed no specific pattern (Table 4.1).  The predominant sandy nature of 

the soils, suggests low bulk density and high porosity. Loamy Sand texture dominates the 

horizons of the studied soils, with the exception of a few Sandy horizons (Bt2 of pedon 1; 

Bt2 of pedon 2 and Ap of pedon 4), (Table 4.1). The results show that pedon 4 had the 

highest mean bulk density of (1.61g/cm3), followed by pedon 1 (1.28g/cm3) and the 

lowest at pedon 3 (0.92g/cm3). Vertically down the profile, bulk density increased with 

depth in pedon 1. However, the bulk density followed no specific pattern inpedon 2, 3 

and 4 (Table 4.1). Clay accumulation and low organic matter content could have caused 

the recorded high bulk densities down the profile.  

The mean percentage moisture content was highest at pedon 1 (11.40%) and lowest at 

pedon 3 (9.75%).  This probably may have occurred due to high water table observed at 

the site. The results show that moisture content did not follow a regular pattern. This 

could be attributed to differential exposure of the various pedogenic horizons to drying 

effect of the sun and atmospheric air (evaporation). 



39 
 

 

Table 4.1:  Some Selected physical properties of the studied wetland soils 

Horizon Depth(cm) BD(g/cm3) TP (%) MC (%) % Sand  % Silt % Clay SCR TC 

Pedon 1 

Ap 0-20 1.02 62 10 81 2 17 0.12 Loamy Sand 

AB 20-35 1.13 57 13 79 4 17 0.24 Loamy Sand 
Bt1 35-85 1.22 54 11 85 0 15 0 Loamy Sand 
Bt2 85-99 1.27 52 10 91 4 5 0.27 Sand 
Bt3 99-200 1.75 34 13 87 2 11 0.18 Loamy Sand 

 
Mean 1.28 52 11 84.6 2.4 15 0.16 

 

 

%CV 21.9 20.5 13.3 5.6 69.7 16.3 66 

 
 

Ranking Medium Medium Low. Low High Medium High 
 Pedon 2 

Ap 0-25 1.28 52 11 81 8 11 0.72 Loamy Sand 
AB 25-52 1.29 51 10 85 4 11 0.36 Loamy Sand 
Bt1 52-85 1.29 51 10 83 4 13 0.31 Loamy Sand 

Bt2 85-150 1.18 55 9 83 8 9 0.89 Sand 

 

Mean 1.26 52.25 10 83 6 11 0.57 

 
 

%CV 4.2 3.6 8.2 2 38.5 14.8 49.4 
 

 
Ranking Low Low Low Low High Low High 

 Pedon 3 
Ap 0-25 1.26 52 11 83 4 13 0.31 Loamy Sand 

AB 25-55 0.81 69 9 84 5 11 0.36 Loamy Sand 
Bt1 55-90 0.93 65 10 83 6 11 0.55 Loamy Sand 
Bt2 90-200 0.915 65.25 9.75 81 8 11 0.72 Loamy Sand 

 
Mean 0.92 65.25 9.75 82.75 5.5 11.5 1.94 

 

 

%CV 27.9 14.9 9.8 1.5 34.8 8.7 39.4 

 
 

Ranking Medium Low Low Low Medium Low High 
 Pedon 4 

Ap 0-20 1.24 53 9 91 2 7 0.29 Sand 

AB 20-55 1.31 51 11 79 6 15 0.4 Loamy Sand 

Bt1 55-90 1.27 52 12 81 6 13 0.46 Loamy Sand 
Bt2 90-180 1.2 54 10 79 10 11 0.91 Loamy Sand 

 
Mean 1.61 52.5 10.5 82.5 

 
11.5 0.52 

 

 

%CV 3.7 3.7 12.2 7 54.4 29.7 52.9 

 
 

Ranking Low Low Low Low High Medium High 
 

 

Where: 

SCR = Silt Clay Ratio, TC= Textural Class, BD = Bulk Density, TP = Total Porosity, MC = Moisture Content  
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4.3   Chemical Properties 

The results of the laboratory analyses for the chemical properties are shown in Table 4.2. The 

soils were strongly acid to slightly acid, except for few horizons (Bt of pedon 1; Ap of pedon 3 

and Btg of pedon 4) with values that fall within the range of 6.5 to 7.3 which according to 

Fitzpatrick (1990) rating, is neutral. The pH (H2O) values ranged from 5.18 to 6.74, while pH 

(kcl) ranged from 4.46 to 5.9. The pH in kcl is lower than the pH in water, indicating that the kcl 

brought more of the acidity to the soil solution, leading to the exchange complex being 

dominated by Al3+ and H+ ions. The acidic pH values agree with the assertion of (Udo 1980; and 

Eshett et al., 1988)   that such reaction is characteristic of soils in Nigeria’s South-eastern region 

and is the result of acidic nature of parent rocks, coupled with the influence of leached profiles 

under higher annual rainfall conditions. Most tropical soils, particularly soils of Southeastern 

Nigeria are acidic. This is more or less as a result of poor management practices coupled with 

leaching resulting from heavy rainfall experienced in the area which washes away basic cations, 

leaving behind acidic ions in the soil.  

Organic carbon content was generally low, in line with the report of Igwe and Stahr (2004). The 

organic carbon decreases with depth. This is an indication of continuous decomposition of 

organic materials; a fluvic property (Soil Survey Staff, 1996).  Organic matter have been 

reported to have positive influence on the ECEC (r=0.245), base saturation (r=0.260), structure, 

buffering capacity and water holding capacity of soils. The organic matter content in the surface 

horizon of all the pedons can sustain arable crop production. The mean percentage organic 

matter was 0.54%, 0.20%, 0.32% and 0.43% in pedons 1 to 4 respectively.  

Percentage total nitrogen was very low. The mean values for pedons 1, 2, 3 and 4 were 0.017%, 

0.011%, 0.018% and 0.024% respectively.  This low level of total nitrogen status could be 
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attributed to indiscriminate bush burning in the area which according to Lal (1974), hastens 

volatilization of available nitrogen. Aside bush burning, leaching, coupled with  intermittent 

flooding and drying which is known to favour nitrogen  loss through nitrification – 

denitrification process (Wong et al.,1991), may have contributed to the nitrogen level. The 

relationship between organic carbon and total nitrogen has been established (Adeyanju, 2005); 

(r=0.558,p=0.05, n-18).  Available Phosphorous in the studied soils is low. The low level of 

available P is due to the low level of organic matter, because organic matter is a major source of 

phosphorous. The level of potassium is low and this promotes phosphorous fixation.  The 

organic carbon content observed in these pedons may have resulted in low phosphorous status in 

the soils.  Ogbanet al., (2011) reported that available Phosphorous is generally low for all the 

wetland soils, with average values less than 15mg/kg. 

Calcium and Magnesium are the predominant exchangeable bases. The cation distribution is in 

the order: Ca >Mg >Na >K in all the soils, except for pedon 4 which exhibits a different pattern 

(Table 4.2). The exchangeable bases are low. This may be due to the nature of the parent 

material in the location, intense leaching, weathering etc and hence, low inherent fertility status 

with regards to the major and micro nutrients. This was in agreement with the findings of 

Olaleye (1998);Fasina and Adeyanju (2007).  

Effective Cation Exchange Capacity (ECEC) was low for all the pedons ranging from 3.672 to 

7.424 cmol/kg . These are in line with the values reported for most Nigerian soils (Ogunwale and 

Ashaye, 1975). The ECEC value is low but not too low compared to other soils of the humid 

tropics. The reason could be attributed to high leaching and low organic matter content of the 

soils.  
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Percentage base saturation varied from 21 to 68% in all the horizons of the studied soils. 

According to FAO (2004),  interpretation guide for evaluating analytical data, the percentage 

base saturation of the studied soils ranged from low to high (Table 4.2). Considering the mean 

values of the percentage base saturation (51%, 34.5%, 43.5% and 39.5% respectively for pedon 

1–4)  as shown in Table 4.2.  The soil is therefore classified as Inceptisols (Soil Survey Staff, 

1999). The highest mean value of base saturation recorded at pedon1 (51%) is in connection with 

the higher distribution of TEB over TEA, compared to the other 3 pedons were their TEA are 

higher than their TEB, which could be as a result of anthropogenic activities going on in those 

pedons. 

 Exchangeable aluminum, a non-essential element whose presence in large amounts in the soil 

solution is detrimental to proper root functioning and good crop yield, was low in the soils. The 

mean values are 1.90, 2.93, 2.07 and 1.55 cmol/kg for the four profiles respectively. It followed 

therefore, that the chances of this cation attaining toxic levels of saturation in soil solution is 

very low. This will augur well for food crop cultivation on these soils (Eshett et al., 1988).     
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Table 4.2:  Some selected chemical properties of the studied wetland soils. 

Horizon 
Depth 
(cm) 

pH 
(H2O) 

pH 

KCl 
TN 
 

OC 
(%) 

OM 
 

Avail. P 
(mg/kg) 

Ca 
 

Mg 
 

K 
 

Na 
 

Al3+ 

(cmolkg-1) 
H+ 

 
TEA 
 

TEB 
 

ECEC 
 

% Al3+ 

 
%BS 
 

Pedon 1 

Ap 0-20 5.53 4.84 0.016 1.12 1.93 7.7 1.5 1.39 0.131 0.189 2.52 1.28 3.8 3.208 7.008 36 46 
AB 20-35 6.06 5.37 0.042 0.36 0.63 11.2 1 0.25 0.135 0.191 2.68 0.72 3.4 1.576 4.976 54 32 
Bt 35-85 6.74 6.1 0.01 0.04 0.07 5.6 2.3 1.01 0.138 0.21 1.4 1.6 3 3.658 6.658 21 55 
Btg 85-99 5.35 4.46 0.008 0.02 0.03 3.5 2 1.27 0.139 0.209 1.48 0.72 2.2 3.618 5.818 25 62 

Btn 99-200 6.46 5.57 0.007 0.02 0.03 2.1 1.1 0.76 0.129 0.203 1.4 0.08 1.48 2.192 3.672 38 60 

 
Mean 6.03 5.27 0.0166 0.31 0.54 6.02 1.58 0.94 0.134 0.200 1.90 0.88 2.78 2.850 5.626 34.8 51 

 %CV 9.8 12.1 88.1 95.6 95.2 59.6 35.6 48.5 3.2 4.9 34.1 66.5 33.7 32.5 23.9 37.1 24.1 
 Rank Low Low High High High High High High Low Low Low High Low Medium Medium High Medium 

Pedon2 

Ap 0-25 5.18 4.29 0.027 0.32 0.55 9.1 1.3 1.01 0.142 0.206 3 0.6 3.6 2.658 6.258 48 42 
AB 25-52 6.01 5.12 0.01 0.08 0.14 4.9 1.5 0.38 0.137 0.211 3.08 1.12 4.2 2.228 6.428 48 35 
Bt 52-85 6.04 5.14 0.004 0.04 0.07 6.3 0.1 0.13 0.142 0.22 3.84 0.16 4 0.592 4.592 84 13 

Btg 85-150 6.39 5.49 0.003 0.02 0.03 7 2.1 0.89 0.136 0.221 1.8 1.8 3.6 3.347 6.947 26 48 

 
Mean 5.91 5.01 0.011 0.12 0.20 6.83 1.25 0.60 0.139 0.215 2.93 0.92 3.85 2.206 6.056 51.5 34.5 

 %CV 8.7 10.2 91 92.8 25.6 67.1 69.2 2.3 3.4 28.3 76.7 7.8 53.8 53.1 16.8 46.6 44.3 

 Rank Low Low High High Medium High High Low Low Medium High Low High High Medium High High 

Pedon 3 
Ap 0-25 6.67 5.95 0.035 0.4 0.69 7.7 2 1.52 0.117 0.227 1.8 1.76 3.56 3.864 7.424 24 52 
AB 25-55 6.05 5.1 0.01 0.1 0.17 4.9 0.8 0.76 0.121 0.242 1.4 2.4 3.8 1.923 5.723 24 34 

Bt 55-90 6.2 5.25 0.021 0.22 0.38 5.8 0.3 0.25 0.122 0.245 3.48 0.08 3.56 0.917 4.477 78 20 
Btg 90-200 6.49 5.51 0.004 0.02 0.03 0.7 1.7 1.52 0.122 0.255 1.6 0.12 1.72 3.597 5.317 30 68 

 
Mean 6.35 5.45 0.018 0.19 0.32 4.8 1.2 1.01 0.121 0.242 2.07 1.09 3.16 2.575 5.735 39 43.5 

 %CV 4.4 6.8 77.9 89.3 90.4 61.9 65.6 61.4 2 4.8 46.1 97.6 30.6 54.4 21.6 67.1 48.1 

 Rank Low Low High High High High High High Low Low High High Medium High Medium High High 

Pedon 4 
Ap 0-20 6.15 5.2 0.05 0.56 0.97 4.9 0.5 1.65 0.126 0.174 1 0.8 1.8 2.45 4.25 24 58 
AB 20-55 6.34 5.74 0.031 0.3 0.52 4.9 1.5 1.01 0.129 0.185 2.4 1.4 3.8 2.824 6.624 36 43 

Bt 55-90 5.78 5.08 0.003 0.02 0.03 4.2 0.5 1.27 0.134 0.175 1.4 2.32 3.72 2.079 5.799 24 36 

Btg 90-180 6.61 5.91 0.013 0.12 0.21 10.5 0.3 0.19 0.136 0.186 1.4 1.6 3 0.812 3.812 38 21 

 
Mean 6.22 5.48 0.024 0.25 0.43 6.13 0.7 1.03 0.131 0.18 1.55 1.53 3.08 2.041 5.121 30.5 39.5 

 %CV 5.6 7.2 85.4 80.4 95.2 47.9 77.4 32.4 3.6 3.5 36.3 80.4 20.4 42.8 33.6 60.3 50.2 

 Rank Low Low High High High High High Medium Low Low High High Medium High Medium High High 
 

Where: TN = Total Nitrogen; OC = Organic Carbon; OM = organic Matter; Avail. P. = Available Phosphorous; Ca = Calcium; Mg = 

Magnesium; K = Potassium; Na = Sodium; Al3+ = Aluminium Ion; H+ = Hydrogen ion; TEA = Total Exchangeable Acidity; TEB = 

Total Exchangeable Base; ECEC = Effective Cation- Exchange Capacity;  %Al3+  Sat. = Percentage Aluminium Saturation; %BS = 

Percentage Base Saturation.  
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4.4   RELATIONSHIP BETWEEN SOIL PROPERTIES 

A correlation matrix of soil properties of the studied wetland soil is presented in Table 4.3. Soil 

reaction (pH) showed strong negative correlation with Organic matter(r = -0.620, p = 0.01, n = 

18) indicating that an increase in organic matter, will lead to a decrease in soil pH. 

There was a strong positive correlation between bulk density and moisture content (r = 0.595, p 

= 0.01, n =18) which means that an increase in moisture content, will lead to an increase in bulk 

density. Bulk density and total porosity showed a very strong negative correlation (r = -0.999, p 

= 0.05, n = 18) indicating that when the bulk density is increasing, total porosity will be 

decreasing. The results also showed that total porosity had a strong negative correlation with 

moisture content (r = -0.589, p=0.01,n =18).  This implies that as moisture content is increasing, 

total porosity is decreasing.  There was a weak negative correlation between potassium and total 

porosity (r = -0.495, p = 0.01, n = 18), indicating that as porosity is increasing, potassium one of 

the major nutrients decreases. 

Available P correlated positively strong with %sand (r = 0.525, p= 0.01, n =18) and negatively 

strong with base saturation (r = -0.532, p = 0.01, n = 18) indicating that as available P is 

increasing, percent sand is as well increasing, whereas, as available P is increasing, percent base 

saturation is decreasing, and is in line with the findings of Ogbanet al., (2011).  Calcium showed 

varied positive correlation coefficient with soil properties as follows: Magnesium (r = 0.480, p = 

0.01, n =18), Effective Cation Exchange Capacity (r = 0.740, p = 0.05, n = 18), and base 

saturation (r=0.696, p = 0.01, n = 18). Very strong positive correlation was observed between 

Magnesium and base saturation (r = 0.804, p = 0.05, n = 18) indicating that an increase in 

Magnesium leads to increase in base saturation which agrees with the existing realities  that 

magnesium is one of the major factors that contributes to base saturation. While the results 



45 
 

showed a weak positive correlation between Magnesium and the following soil properties; sand 

(r = 0.421, p = 0.01, n =18) and   ECEC (r = 0.428, p = 0.01, n = 18).   

Sodium shows weak negative correlation with potassium (r=-0.404, p=0.01, n=18), which 

implies that as sodium is increasing, potassium will be decreasing. A strong positive correlation 

was recorded between ECEC and TEA (r = 0.506, p = 0.01, n = 18). This implies that a decrease 

in Total Exchangeable Acidity (TEA), will lead to decrease in Effective Cation Exchange 

Capacity (ECEC). This is one of the reasons that made the studied soils unable to efficiently 

sustain arable crop production.  

Base saturation correlated positively strong with sand (r=0.590. p=0.01, n=18) and negatively 

strong with TEA (r = -0.688, p = 0.01, n = 18). TEA had a strong negative correlation with 

percent sand (r = -0.599, p = 0.01,n = 18). Also, there is a strong negative correlation between 

sand and silt at 5 % probability level (r = -0.540, n = 18), indicating that as percent sand is 

increasing, percent silt is decreasing and vice versa.    
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Table 4.3: Correlation Matrix of the studied soil properties 

Property PH BS OM AV.P Ca Mg ECEC Al.Sat. BD TP %SAND %SILT %CLAY 

PH 1              

BS 0.071ns  1            

OM -0.289ns  0.047ns 1           

AV. P -0.098ns  -0.532* 0.382ns 1          

Ca 0.097ns  0.696* -0.003ns -0.157ns 1         

Mg -0.109ns  0.804** 0.330ns -0.398ns 0.480* 1        

ECEC -0.141ns  0.260ns 0.245ns 0.093ns 0.739** 0.428* 1       

Al.Sat. -0.150ns -0.716** 

 

-0.016ns 0.245ns -0.557* -0.728** -0.391ns 1      

BD -0.158ns  0.073ns -0.330ns -0.244ns -0.143ns -0.201ns -0.360ns -0.059ns 1     

TP 0.147ns  -0.054ns 0.348ns 0.234ns 0.159ns 0.224ns 0.378ns 0.051ns -0.999** 1    

%SAND -0.075ns  0.590* -0.135ns -0.525* 0.232ns 0.421* -0.117ns -0.340ns 0.253ns -0.254ns 1   

%SILT -0.096ns  -0.527* -0.240ns 0.368ns -0.339ns -0.389ns -0.110ns 0.229ns -0.149ns 0.134ns -0.540* 1  

%CLAY -0.205ns  -0.061ns 0.295ns 0.249ns 0.271ns -0.049ns 0.350ns 0.067ns -0.113ns 0.130ns -0.333ns -0.310ns 1 

 

Where: *=significant at 0.01 probability level. **=Significant at 0.05 probability level. ns=Significant,  BS =  Base saturation, OM 

= Organic Matter, Av. P. = Available Phosphorus, Mg = Magnesium,  ECEC = Effective Cation Exchange Capacity, Al. Sat. =  

Aluminium Saturation, BD = Bulk Density,    TP = Total Porosity  
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4.5 Soil Classification 

Based on the physical, chemical and morphological characteristics of the studied soils, the 

soils were classified using USDA Soil Taxonomy (2010) and WRB (2007). The soils of 

Osse Moto village, Oguta Local Government Area of Imo State Southeast Nigeria are 

referred to as alluvial soils. The soils were formed from floodplains, with aquant 

characteristics (that is, characteristics associated with wetness). The soils 

haveOchricepipedon (light coloured, low organic carbon content etc), and Cambic 

subsurface horizon for all the pedons (that is, horizon that has been changed or altered by 

physical movement or by chemical reactions, generally nonilluvial (Soil Survey Staff, 

1999). The soils are developed in humid region, with weak to moderate horizon 

development, retarded because of cold climate, waterlogged soils, textures finer than loamy, 

that is, very fine sand. The soils therefore belong to the soil order Inceptisols (FAO, 2006). 

The soils had Udic moisture regime (that is, moisture regime in which the soil moisture 

control section is not dry in any part for as long as 90 cumulative days in normal years), and 

Iso-hyperthermic temperature regimethat is, they have a mean annual rainy season 

(Summer), June, July and August, and dry season (winter), December, January and 

February, with temperature difference less than 5oC. (Soil Survey Staff, 1999). The soils 

therefore, belong to the sub order Aquepts;  great group fluvaquepts; sub group 

endoaquepts; family Fluvaquentic endoaquepts (pedon 1); Aeric eppiquents (pedon 2); 

Aquandic endoaquepts (pedon 3) and Fluvaquentic endoaquepts (pedon  4); the soils belong 

to the lake series (because Oguta houses one of the natural lakes in South-east Nigeria 

located in a natural depression within the extended east bank floodplain of the River Niger 

downstream of Onitsha.  In the World Reference Base system, the soils are classified as 

Cambisols. 
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4.6 Fertility Evaluation of the wetland soils for arable crop production 

Based on the fact that the studied soils were generally acidic, moist, and coarse in texture, 

with textural class of loamy sand and sand. In line with FAO (2004), the soils are low in 

fertility and cannot efficiently sustain arable crop production as shown in the interpretation 

guide for evaluating analytical data (Appendix II). The soils therefore, are grouped in S2 

category as moderately suitable for arable crop production. 
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CHAPTER FIVE 

5.1   Summary/Conclusion 

Soils of Osse Moto village, Oguta local Government Area of Imo State Southeastern Nigeria 

were studied with primary objective of characterizing and classifying the soils, using USDA 

Soil Taxonomy and World Reference Base systems and evaluating them for appropriate land 

use type. Also, the study aimed at estimating the degree of variability among soil properties, 

determining the relationship among them, and evaluating their suitability for arable crop 

production. Making recommendations on how to improve the fertility status of the soils for 

improved food production in the area was also of importance. 

The study was carried out between April and August, 2015.  Loamy sand dominates the soils 

of the area. Soil reaction (pH in water) varied from strongly acid, to slightly acid. Organic 

carbon varied from low to moderately low in the soils. Total nitrogen varied from very low 

to low (0.003 to 0.050%). Available Phosphorous was low, with mean range from 4.80 to 

6.13ppm. Exchangeable bases (Ca, Mg, Na and K) were generally low in the soils. ECEC 

varied from very low to low (2.00 to 7.424 cmol/kg). Base saturation varied from very low 

to moderate (13 to 68%). The soils of the area were classified as Inceptisols (USDA) or 

Cambisols (FAO / WRB). 

The soils are moderately low in physical and chemical fertility, and may require fertilizer 

supplements for sustainable crop production if the wetland soils are to be used as intensively 

managed agro-ecosystems. Planned exploitation of the wetlands will boost food production 

and the productivity of farmers and other land users. The degree of variability among soil 

properties was ascertained using coefficient of variation, while the relationship existing 

between them was estimated using correlation matrix. The soils were evaluated to know its 

suitability for arable crop production, and was found to be moderately suitable. It was found 
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out that the soil is suitable for agriculture, but cannot efficiently sustain arable crop 

production.  Good and appropriate knowledge of wetland is important for optimum use of 

the soils for arable crop production.  

5.2 Recommendation 

Intensive crop production on the wetlands requires the application of optimum rates of N 

and P fertilizers on the soils derived from recent alluvium.  Constant inputs of organic and 

mineral fertilizers will be required to enhance soil fertility and improve crop yield. 

Liming is recommended on the studied soils. Crops that requires very low amount of P are 

recommended for planting on the area, and phosphorous carrier fertilizers are required in 

higher amount in the field.  

Conservation tillage should be practiced in the area, not only to improve the soil fertility but 

also to conserve both the physical and chemical fertility of the soils, and to sustain crop 

production in the area. It is recommend that the soils be fallowed during the rainy season, 

and farmed in a diverse way during the dry season, when they may be the only place with 

enough water to support crops.  

I also recommend that further studies be carried out on the effect of climate on wetland soils, 

to ascertain their suitability not only for arable crop production, but also as a foundation and 

construction materials. 

5.3 Contribution to knowledge 

The work will help in solving land use management problems. It will assist in precision 

agriculture and also in solving soil diversity problems. 
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APPENDIX 1 

SOIL PROFILE DESCRIPTIONS 

Pedon 1 

Location: Osse motor village, 6km east of Oguta Imo Stata, Nigeria. 

Topography: Undulating with gentle slope. 

Physiographic position: Mid-slope. 

Parent Material: Alluvium, derived from flood plains. 

Drainage: Well-drained. 

Vegetation/ Land Use: Bush fallow, with shrubs and some wild oil palm trees. 

Soil Classification: Ochric epipedon, Cambic subsurface horizon, Loamy Sand, 

mixed, Udic, Isohyperthermic. 

Profile description:    

Ap (0-20cm); Dark reddish brown (2.5 YR 3/4, moist); loamy sand, fine 

angular, very friable (soft when dry), slightly sticky and slightly plastic, many 

fine pores, many horizontal/oblique fibrous roots, no mottles, no stone, no 

gravel, diffused boundary. 

AB (20-35cm): Dark reddish brown (2.5 YR 3/4 moist); loamy sand, fine 

granular, very friable (soft when dry), slightly sticky and slightly plastic, many 

fine pores, many fibrous roots, few mottles, no stone, no gravel, clear smooth 

boundary. 

Bt (35-85cm): Light green (10 YR 7/2, moist); loamy sand, sub-angular 

blocky, very friable (soft when dry), slightly sticky and slightly plastic, few 

pores, few roots, few mottles, no stone, no gravel, clear boundary. 

Btg (85-99cm): Reddish yellow (7.5 YR 6/6, moist), sand, sub-angular blocky, 

very friable (soft when dry), slightly sticky and slightly plastic, few pores, few 

roots, few mottles, no stone, no gravel, diffused boundary.  
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Btn (99-200cm): Yellowish red (7.5 YR 6/8, moist), loamy sand, sub-angular 

blocky, very friable, few pores, no root, few mottles, no stone, no gravel, clear 

smooth boundary. 

Pedon 2 

Location: Osse motor village, 6km east of Oguta Imo State, Nigeria. 

Topography: Undulating with gentle slope. 

Physiographic position: Mid-slope. 

Parent Material: Alluvium, derived from flood plains. 

Drainage: Well-drained. 

Vegetation/ Land Use: Bush fallow, with shrubs and some wild oil palm trees. 

Soil Classification: Ochric epipedon, Cambic subsurface horizon, Loamy Sand, 

mixed, Udic, Isohyperthermic. 

Profile description:   

Ap (0-25cm); Brown (7.5 YR 5/4, moist), loamy sand, fine granular, very 

friable (soft when dry), slightly sticky and slightly plastic, many fine pores, 

many horizontal/oblique fibrous roots, no mottles, no stone, no gravel, clear 

boundary. 

AB (25-52cm): Pale brown (10 YR 6/3, moist), loamy sand, sub-angular 

blocky, friable (soft when dry), slightly sticky and slightly plastic, many fine 

pores, many roots, no mottles, no stone, no gravel, smooth boundary. 

Bt (52-85cm): Pale brown (10 YR 6/3, moist), loamy sand, sub-angular blocky, 

very friable (soft when dry), slightly sticky and slightly plastic, few pores, 

many  fibrous roots, few mottles, no stone, no gravel, clear smooth boundary. 

Btg (85-150cm): Reddish yellow (7.5 YR 6/8, moist), Sand, sub-angular 

blocky, very friable ( hard when dry), slightly sticky and slightly plastic,  few 

pores, few fibrous roots, few mottles, no stone, no gravel, clear smooth 

boundary.  

Pedon 3 
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Location: Osemotor village, 6km east of Oguta Imo Stata, Nigeria. 

Topography: Undulating with gentle slope. 

Physiographic position: Mid-Slope. 

Parent Material: Alluvium, derived from flood plains. 

Drainage: Poorly drained. 

Vegetation/ Land Use: Bush Fallow, with shrubs, scanty cassava plants and 

some wild oil palm trees. 

Soil Classification: Ochric epipedon, Cambic subsurface horizon, Loamy Sand, 

mixed, Udic, Isohyperthermic. 

Profile description:   

Ap: (0-25cm); Yellowish brown (10YR 5/4 moist), loamy sand, fine granular, 

very friable   (hard when dry), very sticky and very plastic, many  fine pores, 

many fibrous roots, no mottles, no stone, no gravel, clear smooth boundary. 

AB (25-55cm); Pinkish grey (7.5 YR 7/2 moist), loamy sand, granular, very 

friable (loose when dry), slightly sticky and slightly plastic, many fine pores, 

many horizontal / oblique fibrous root, few mottles, no stone, no gravel, clear 

boundary. 

Bt (55-90cm); brownish yellow (10 YR 6/6 moist), Loamy sand, sub-angular 

blocky, very friable (soft when dry),  slightly sticky and slightly plastic, many 

fine pores, many fibrous roots, few mottles, no stone, no gravel, clear smooth 

boundary. 

Btg (90-200cm); Reddish yellow (5 YR 7/8 moist), Loamy sand, sub-angular 

blocky, very friable ( hard when dry), very sticky and plastic, few pores, many 

fibrous roots, no mottles, no stone, no gravel, clear smooth boundary. 

Pedon 4 

Location: Osse motor village, 6km east of Oguta Imo State, Nigeria. 

Topography: Undulating with gentle slope. 

Physiographic position: Mid-Slope. 
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Parent Material: Alluvium, derived from flood plains. 

Drainage: Poorly drained. 

Vegetation/ Land Use: Bush Fallow, with shrubs and some wild oil palm trees. 

Soil Classification: Ochric epipedon, Cambic subsurface horizon, Sand, mixed, 

Udic, Isohyperthermic. 

Profile description:   

AP (0-20cm); Dark brown (7.5 YR 4/2 moist), sand , fine granular, very friable 

(soft when dry), slightly sticky and slightly plastic, many fine pores, many 

horizontal/oblique fibrous roots, no mottles, no stone, no gravel, clear 

boundary. 

AB (20-55cm); Brown (10 YR 5/3 moist), Loamy sand, fine granular, very 

friable ( soft when dry), slightly sticky and slightly plastic, many fine pores, 

many fibrous roots, no mottles, no stone, no gravel, clear smooth boundary. 

Bt (55-90cm), Pale Brown (10 YR 6/3 moist), Loamy sand, sub-angular 

blocky, very friable (soft when dry), slightly sticky and slightly plastic,  few 

fine pores,  few fibrous roots, few mottles, no stone, no gravel, clear boundary. 

Btg (90-180cm); Reddish yellow (7.5 YR 7/8 moist), Loamy sand, sub-angular 

blocky, very friable (soft when dry), slightly sticky and slightly plastic, few 

fine pores, few fibrous roots, many mottles, no stone, no gravel, clear 

boundary.  
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SOIL PROPFILE DESCRIPTIONS 

PROFILE ON OGUTA 

(A) General site information 

 Date examined   Saturday 23rd May, 2015 

Author of description  Okereafor, D.O; DrNkwopara U.N and Prof. E.T. 

Eshett 

Location     Osse Moto Oguta LGA, Imo State    

Elevation     Below 100m 

Land form      Plain 

Topography    Flat 

Slope percent    0-1% 

Climate    Humid Tropics 

Vegetation / land use                Rain forest; yam, cassava, cocoyam and vegetable 

farm; and agroforestry (Oil palm, Cola sp., Musa sp. 

etc) 

Micro relief    Yam /Cassava mounds / heap, fluted pumpkin. 

Erosion    Nil 

Human influence   Farming and industrial activities 
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(B) General information on Soil 

Parent material    Alluvium, derived from flood plains 

Moisture status     Moist 

Drainage      Imperfectly drained 

Depth of water table     not encountered 

Surface stoniness     not encountered 

Rock outcrop      Nil 

C) GENERAL DESCRIPTION OF THE PROFILE. It is a four layered soil profile. 

D) Brief description of the horizons 

PIT 1 

HORIZON DEPTH DESCRIPTION 

AP 0-20cm 2.5yr, ¾ dark reddish brown, friable, many fibrous roots, Many pores, 

no stone, no gravel, no mottles, diffused boundary, granular, moist.  

AB 20-35cm 2.5yr, ¾ Dark reddish brown, moist, plastic, and sticky, granular, many 

fibrous roots, many pores, no stones, no gravel, few mottles, clear 

boundary. 

Bt 35-85cm 10yr, 7/2 light green, moist, plastic and sticky, sub angular blocky, few 

roots, few pores, no stone, no gravel, few mottles, clear boundary. 

Btg 85-99cm 7.5yr, 6/6 reddish yellow, moist, plastic and sticky, sun-angular blocky, 

few roots, few pores, no stone, no gravel, diffused boundary. 

Btn 99-200cm 7.5yr, 6/8 yellowish red, moist, plastic and sticky, sub-angular blocky, 

no roots, few mottles, no stone, no gravel, diffused boundary.   
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PIT 2 

AP 0-25cm 7.5yr, 5/4 brown, moist, granular, plastic and sticky, 

many fibrous roots, many pores, no mottles, no stone, no 

gravel, clear boundary. 

AB 25-52cm no gravel, clear boundary. 

10yr, 7/3 very pale brown, plastic and sticky, granular, 

many roots, many pores, no mottles, no stone, no gravel, 

clear boundary. 

 

Bt 52-85cm 10yr, 6/3 pale brown, moist, plastic and sticky, sub-

angular blocky, few mottles, many fibrous roots, few 

pores, no stone, many gravel, clear boundary. 

 

Btg 85-150cm 7.5yr, 6/8 reddish yellow, moist, plastic and sticky, sub-

angular blocky, few mottles, few fibrous roots, few pores, 

no gravel, no stone, clear boundary. 
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PIT 3 

AP 0-25cm 10yr, 5/4yellowish brown, moist, plastic and sticky, many 

fibrous roots, many pores, no mottles, granular, no stone, no 

gravel, clear boundary. 

AB 25-55cm 7.5yr, 7/2 pinkish grey, moist, plastic and sticky, clear 

boundary, many roots, many pores, few mottles, no stone, no 

gravel. 

Bt 55-90cm 10yr, 6/6 brownish yellow, moist, sticky and plastic, many 

roots, many pores, sub-angular blocky, few mottles, clear 

boundary, no stone, no gravel. 

Btg 90-200cm 5yr, 7/8 reddish yellow, moist, plastic and sticky, many fibrous 

roots, no mottles, few pores, sub- angular blocky, clear 

boundary, no stone, no gravel. 

Pit 4 

AP 0-20cm 7.5yr, 4/2 dark brown, moist, plastic and sticky, granular, many 

fibrous roots, many pores, no mottles, clear boundary, no stone, 

no gravel. 

AB 20-55cm 10yr, 5/3 brown, moist, plastic and sticky, granular, many roots, 

many pores, no mottle, clear boundary, no stone, no gravel. 

Bt 55-90cm 10yr, 6/3 pale brown, plastic and sticky, moist, few roots, few 

mottles, few pores, sub-angular blocky, clear boundary, no 

stone, no gravel. 

Btg 90-180cm 7.5yr, 7/8 reddish yellow, moist, sub-angular blocky, few roots, 

many mottles, few pores, clear boundary, no stone and no 

gravel.  
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APPENDIX II 

Interpretation guide for evaluating analytical data 

a) Exchangeable  Cations     

Ca2+ Mg2+ K+ Na+ (cmol/kg) Class  

<2 <0.3 <0.2 <0.1 Very low 

2-5 0.3-1 02-0.3 0.1-0.3 Low 

5-10 1-3 0.3-06 0.3-0.7 Moderate  

10-20 3-8 0.6-1.2 0.7-2 High  

>20 > 8 1.2-2 >2 Very high 
 

b) Percentage Base Saturate (%) 

Range  Class  

0-20 Very low 

20-40 Low  

40-60 Moderate  

60-80 High  

> 80 Very high  
 

e) Soil pH 

Range  Rating  

< 4.5 Extremely acidic 

4.5-5.0 Very strongly acidic 

5.1-5.5 Strongly acidic 

5.6-6.0 Moderately acidic 

6.1-6.5 Slightly acidic 

6.6-7.5 Neutral  

7.6-7.8 Slightly alkaline 

7.9-8.4 Moderately alkaline 

8.5-9.0 Strongly alkaline 

> 9.0 Very strongly alkaline 
Source: FAO, (2004).  

  

c) Organic Matter Rating (%) 

Range  Class  

< 2 Very low 

2-4 Low  

4-10 Medium 

10-20 High  

> 20 Very high  

d) Organic Carbon (%) 

Range  Class  

< 0.4 Very low 

0.4-1.0 Low  

1.0-1.5 Moderate  

1.5-2.0 High  

2.0 Very high  
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APPENDIX III 
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