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Abstract 
Slight variation in a geomorphic surface has a great influence on soil 
properties. Based on this, the determination of soil physico-chemical 
properties in order to ascertain the extent of changes in soil 
characteristics along a toposequence is very important for adopting the 
most appropriate soil management and conservation strategy. In this 
study the effects of four slope gradient 6-8%, 4-6%, 2-4% and 0-2% on 
the properties of Anwai - Asaba flood plain was studied. Result showed 
that texture, total porosity, moisture content, total N, organic carbon, 
exchangeable Mg and CEC differed between soils of the slope classes 
investigated. While bulk density (1.75g cm'3) and sand fraction 
(82.67%) were highest in soils of 6-8% slope; soil from 0-2% slope class 
had the highest silt + clay fraction, organic matter (3.67%) and base 
saturation (58%). The variation in the soil properties along the 
toposequence is an indication of the significant movement of soil 
material down slope. The study recommends good management 
measures involving the use of organic manure/residue to improve soil 
structure and adequate soil cover at most times for the most degraded 
soil of the sloppy areas studied. 
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Introduction 

Soil forming factors relief, parent materials, climate, organism and time are the controlling factors 

on the spatial variation of soil properties (Sinowski and Auerwald, 1991). According to Gerard (1992), the 

relationship between soil properties and slopes are not necessarily simple and predictable. Although this 

relation is a paradigm in soil survey, it is rarely considered in analysis of spatial variability of soil 

properties. 

The amount of heat and moisture content of the soil depend on the slope and the spatio- temporal 

variability in soil properties, which exist because of several, reasons all relating to the activity of the soil 

forming factors. Soil on low land/flat lands differ from those on hill slopes because percolating water will 

tend to move laterally across the profile instead of merely downwards and, also because the surface soil 

will be subject to erosion. Top and Reynolds (1998) showed that, moisture distribution pattern in soil is 

greatly affected by slope configuration; also soil water in turn exert a strong influence on the transfer and 

storage of solutes, heat, air and even water itself within the profile. Mohanty et al (1998) also showed that, 

soil water content and soil temperature near the land atmosphere boundary interactively governs upward 

and down fluxes of water and energy. 

Many characteristics of floodplain soils are related to the nature of the landforms and each 

landform type is associated with a slightly different type of sediment and therefore the type of material 

differs quite considerably. The topographic and related hydrologic situations may influence nutrient status 

thereby, indirectly, affect the production and emission of green house gases like methane and nitrous oxide. 

Toposequence characteristics impact on environmental factors entails that different agricultural 

management practices must be adapted within each slope class to cushion the detrimental impact of these 

changes, since improper agricultural practices can exacerbate environmental problems associated with 

farming on a landscape with different slope gradients. 

Soil productivity management in different slope gradients and environmental conservation like 

erosion control will depend on the quantitative evaluation of the spatio-temporal variation in the soil. This 

kind of assessment can offer mankind (especially farmers and researchers) points were some manipulations 

of system can take place to limit or reduce the amount of soil degradation. The general objective of this 

study is to examine the effect of slope gradient on some soil properties of an Anwai floodplain. The study 

will identify different slopes on the same landscape and compare the physicochemical properties of soils of 

the different slope gradient.





 

Materials and Methods Description of 

the Study Area 

This study was carried out at Delta State University, Asaba campus, Anwai-Asaba. Asaba is 

geographically located at 06 0 14 E and 06 0 49 E of the equator. It has a total landmass of about 0.56 square 

kilometer (Oshimili South Local Government Secretariat, Asaba). 

Anwai has a pseudo-bimodal rainfall pattern from April to November with an annual rainfall of 

about 1500-2000mm spread between April and November. The actual amount of insulation received is 

attenuated by the effect of cloud cover, rainfall and harmattan haze. The maximum mean daily temperature 

range from 26° ~ 30°C. Relative humidity is quite high with about 60-66% in January (i.e. during dry 

season) and 80% during the wet season (Ministry of Aviation, Federal Secretariat, Asaba). The soil is 

Alfisol formed from coastal plain sands parent material. It is the most extensive of the tertiary sediments. 

Field Operation 

The field study commenced with a reconnaissance survey technique, which was adopted to 

delineate slope classes. From this reconnaissance survey the site was divided into four parts/blocks based on 

some observations. Each block was further divided into four slope classes based on slope gradient; the four 

slope classes are 6-8% (SL1), 4-6% (SL2), 2-4% (SL3) and 0-2% (SL). A free survey technique was 

adopted to choose the observation (sampling) points in each of the blocks. This was done randomly and 

eight random points that best represent each slope class was selected in each block. Soil samples were 

collected from 0-15 cm depth in these eight randomly selected points and were bulked to make a composite 

sample. The same procedure was followed in each block. Each block serves as a replicate. Soil samples 

were collected using simple sampling tools, spade and hand trowel. Also, core samples were collected from 

each block at each point that represented each slope class for the determination of some physical properties. 

The experimental design used for this study was randomized complete block design (RCBD). The soil 

samples were taken to the laboratory and spread out in thin layer on brown paper to air-dry at ambient 

temperature for five days. The dried soil samples were then crushed and sieved using a 2mm (number 10 

mesh) sieve, they were properly mixed and packaged for laboratory analysis. 

Laboratory Methods 

Particle size distribution was done using the hydrometer method (Bouyoucouse, 1960). Bulk 

density was determined using the core method (Stolte, 1997). Soil pH was determined in water at soil to 

water ratio of 1:1. Organic carbon content was determined by the dichromate wet oxidation method of 

Walkley and Black (1934), while the organic matter content was gotten by multiplying the figure of organic 

carbon by 1.724. Total N was determined by the Macro-Kjeldahl method (Jackson, 1962), available P was 

determined by using the Bray 1 method (Bray and Kurtz, 1945). Exchangeable cations (K, Ca, Mg and Na) 

was determined from the extractant obtained after leaching the sample with IN neutral ammonium acetate 

solution. Potassium and Na contents were determined using the flame photometer while Ca and Mg were 

estimated by the verseanate titration method. Effective cation exchange capacity (ECEC was obtained from 

the summation of the total exchangeable bases (TEB) and total exchangeable acidity (TEA). Base saturation 

was obtained as the percent ratio of the total exchangeable bases to the effective cation exchange capacity 

multiplying by 100: 

Base saturation = TEB/ECEC X 100 

Data collected from this study was analysed using the method of analysis for a RCBD and mean 

separation for significant differences was done using Ducan Multiple New range Test (Obi, 1986). 

Results and Discussion 

The soil of the four major slope gradients (6-8%, 4-6%, 2-4% and 0-2%) identified may be 

described as slopy, gently sloping, gently sloping and level areas respectively or soils of slope classes A, B, 

B and C respectively. Other properties of the soils of the different slope classes are described below.





 

Chemical Properties 

The soils are generally acidic and did not differ (P>0.05) between slope classes (Table 1) the acidic 

nature of the soil may be due to the kind of parent material from which the soil was formed and the degree of 

weathering and translocation of basic cations in the soil. Highest (P<0.05) organic mailer content of Ihe soil 

(3.67%) was found in soil from SI,4, this was higher Ilian 0.42%, 0.82%, and 1.2% for slope classes SLI, 

SL2 and SL3 respectively. This shows that apart from soil from SL4, soils from the other slopes classes 

have between low to medium organic matter contents with organic matter content increasing down the 

slope. The relatively high organic matter content of soil from SL4 slope class may result in higher 

agricultural productivity of the soil since high organic matter content of the soil has a high positive 

correlation with soil fertility. Young (1997) elucidated that, high soil organic matter status led to improved 

structural stability, lower bulk density and a balance between fine and coarse pores. These properties, he 

noted cause easy root penetration, resist erosion and provides a favourable soil moisture; all these translated 

to good crop yield. The total N content was found to be highest in soil from SL4 (Table 2) and it increased 

linearly with decrease in slope gradient. Scholes el al. (1994) had noted that soils with large amount of 

organic matter have high rates of N and P mineralization resulting in higher soil inorganic N and P contents. 

This may explain why soil from slope gradient SL4 (0-2%), with highest organic matter content had highest 

soil total N and available P. the exchangeable bases were generally, low in all the four slope classes except 

Mg in SL2, this may be related to the parent material from which the soil was formed and leaching effect. 

Akamigbo and Asadu (1983) noted that parent material influence soil texture, total exchangeable bases and 

total exchangeable acidity. The high and intense rainfall, which is a characteristic of the study area, could 

have resulted in leaching of basic cations down the soil profile. The CEC was highest in S14 (7.50 Cmol 

kg'1) and generally low across the four slope classes (Table 2). This may be an indication that the soils are 

highly weathered (Okunsanmi and Oyedinma, 1985). Generally, the quantity of ions that a soil retains 

against leaching is largely determined by the magnitude of the inherent ion exchange capacity of the soil. 

The higher CEC of soil from SL4 may be as a deposition of finer soil particles lost from soils of the upper 

slope class (SI-6-8%). According to Scholes et al. (1994), nutrient leaching results not only in declining soil 

fertility but also, in environmental problems caused by accumulation of nutrients in the ground water and 

the eutrophication of rivers and lakes: this environmental degradation could be minimized by preventing 

accumulation of water in the lower slope through adequate /good drainage and quality of nutrient input in 

the different slope classes as well as increasing the soil profile water holding capacity and ion exchange 

capacity by increasing soil organic matter content of the higher slope (6-8% ) class. The base saturation was 

found to be highest in SL4 and lowest in SL2 with values of 58 and 24 %, respectively. The lower percent 

base saturation of soil of higher slope gradient may be an indication of the proneness of the area to leaching 

and erosion. 

Physical Properties 

The physical properties of the soils are given in Table 2. Apart from soil of SLI (6-8%) slope class 

that is sandy loam (SL) in texture, other soils are sandy clay loam (SCL). Total sand fraction decreased 

linearly with decrease in slope percentage with soils of SL3 and SL4 having the lowest total sand content of 

69%. Highest total sand content of 82.7 % was found in SLI (6-8% slope class) soil. Moisture content was 

highest in the lower slope (SL4-0-2%). This may probably be as a result of deposition of finer materials, 

which has higher moisture retention property. Bulk density was higher in SLI (1.75g cm'3) when compared 

to other slope gradients - SL2, SL3 and SL4 that had 1.70, 1.65 and 1.60 g cm'3 respectively. The lower bulk 

density with decrease in slope gradient may probably be because of sorting out and deposition of finer 

materials down slope. 

Conclusion 

This study shows that, there is a great variation in the physicxo-chemical properties of soil of 

Anwai-Asaba toposequence, and soil degradation was more in soils of higher slope gradient (sloppy areas) 

relative to those of lower gradient (nearly level areas), hence farmers in the study area should seriously, take 

this into consideration in planning land use and conservation strategies. 
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Table 1: Effect of Slope Variation Along a Toposeqtience on the Soil Chemical 

Properties 

Soil Chemical Properties SL1 SL2 SL3 SL4 

PH (H2o) 4.63a 4.48a 4.78a 4.62a 

O.M. % 0.42c 0.82cb 1.27b 3.67a 

N (%) 0.24b 0.1b 0.09b 2.13a 

P(mg/kg') 31.3a 35.8a 33.61a 36.81a 

K (Cmol/kg1) 0.06a 0.08a 0.06a 0.06a 

Na (Cmol/kg1) 0.11a 0.27a 0.24a 0.24a 

 



 

 

Ca (Cmol/kg1) 0.60a 0.71a 0.71a 0.60a 

Mg (Cmol/kg1) 0.20d 2.31a 1.42b 0.90cd 

TUB (Cmol/kg1) 0.97b 3.37a 2.43 a 1.80b 

A1 (Cmol/kg1) 0.78b 1.58ab 1.68ab 2.40a 

11 (Cmol/kg1) 0.80a 0.59a 0.39a 0.77a 

TEA (Cmol/kg1) 1.58b 2.17ab 2.07ab 3.17a 

CEC (Cmol/kg1) 2.60d 5.80ab 4.50bcd 7.50a 

ECEC 2.60 5.75 4,50 4.97 

% BS 37.17ab 24b 53a 59a 

SL1 = 6-8% slope class, SL2 = 6-4% slope class, SL3 = 4-2% slope class, SL1 0-2 slope class. 

Table 2: Physical Properties ol'Soil Under the Different Slope Classes 

 



 

 

 

 

Treat 

meats 

Soil Parameter 

SL1 = Fine Coarse sand Total sand Silt Clay Texture Bulk density Total Moisture 

6-8% soil (%) (%)    (gem'3) porosity content 

slope (%)   
(%) (%)   (%) (%) 

class          

SI, 15.670 67.0a 82.7a 5.33a 1 1.7c Samly loam 1.75a 31,0b 31.8b 

Sl2 
25.67a 47.7b 73.3a  4.00a 22.7b Sandy clay loam 1.70a 36.3a 23.7d 

      
(SC L )  

   

Sl3 
21.67c 47.3b 69.0c 3.67b 27.3a SCL 1.65a 35.0a 25.6c 

Sl4 23.33b 45.75 69.0 4.433a 26.7a SCL 1.60a 34.7a 42.2a 

 


