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The research was conducted to assess the variation in soil chemical properties along a toposequence 
in Forest Ecological Zone of Delta State. Soil sample were collected from 0 - 15 cm depth at each 
topographic unit, namely, upper slope, middle slope and valley bottom, these were put in plastic bags, 
labeled and sent to the laboratory for proper analysis. The soils were analyzed for pH, organic matter, 
available P and exchangeable bases. The results show that chemical properties of soils along a 
topsequence in Forest Ecological Zone of Delta State vary according to their position on the slope. 
These variations in soil properties along the topsequence are likely to affect particular land uses as the 
potential for crop production vary from crest to valley bottom due to differences in the soil chemical 
properties. 
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INTRODUCTION  
 
Soil represents a dynamic system where series of 
changes or processes operate constantly affecting its 
composition and condition (Rhode, 1961). Soil has 
sustained the human race through giving people a world 
to work on. It is constantly changing due to different 
factors that influence it. Soil is often seen as a ‘natural, 
three dimensional body that has formed at the Earth’s 
surface, through the interactions of soil forming factors 
such as climate, biota, relief, parent materials and time’ 
(Schaetzl and Anderson 2005). 

An examination of the properties of soils and their 
response to management is required in agriculture for 
decision making with regards to agricultural productivity. 
Chemical properties of the soil are determined by the 
reactions, characteristics and the manner in which they 
are held and arranged in the soil (Ufot, 2012).  

The chemical properties of the soil are associated with 
the chemistry of the soil (Wikipedia, 2011).  Some of 
these chemical properties include mineral elements, 
cation exchange capacity of the soil, pH, soil organic 
matter content and cation exchange capacity among 
others. Havlin et al. (2006) reported that Cation exchange 
capacity is one of the most important soil chemical 
properties influencing nutrient availability and retention in 
soil.  

The objective of this study was to assess variation in 

The chemical properties of soil along a topsequence at 
Agbor in Forest Ecological Zone of Delta State. In an 
attempt to carry out this assessment, some selected soil 
properties (pH, organic carbon, organic matter, available 
phosphorus, potassium, calcium content, magnesium, 
sodium, total exchangeable bases and cation exchange 
capacity) which are related to soil chemical properties will 
be investigated within the sampled locations. 
 

The objectives of this work are: 
 
1. To evaluate the chemical properties of soil along 
the topsequence 
2. Investigate the relative changes in the chemical 
properties of soil the along the topsequence 
3. To determine the impact of topsequence on the 
chemical properties of the soils of the study area. 
 
 

MATERIALS AND METHODS 
 

Site description 
 

The site is located at Agbor in Ika-South Local 
Government Area of Delta State Nigeria. Agbor falls 
within latitude 6.15°N and longitude 6.12°E. The topo 
sequence is 582 m long with elevation ranging from152  



 
 
 
 
m above sea level to 109 m above sea level which 
terminate at the Orogodo river. 

The climate of the study area is characterized by heavy 
precipitation of over 2400 mm per annum with high 
temperature and relative humidity, the mean annual 
temperature of the area is 22.3°C and relative humidity of 
69%. Three top units were chosen for sample collection. 
(Crest, Middle Slope and Valley Bottom) The vegetation 
of the area is tropical rain forest consisting mainly of trees 
and grasses. 
 
 

Sample collection and preparation for laboratory 
analysis 
 
The toposequence were marked into three topographic 
levels Up, Mid and V, these represents the crest, middle 
slope and valley bottom. Soil samples were collected 
from top depth with core sampler in quadruplicate from 
each level at random, making a total of four samples from 
each topounit and a grand total of twelve core samples 
from the toposequence and these were used for 
laboratory analysis. The soil samples collected from each 
of the three topographic levels were air dried sieved 
through a 2mm mesh and labeled before laboratory 
analysis. 
 
 

Laboratory analysis 
 
Soil pH was determined in both distlled water (H2O) and 
0.1 N potassium chloride (KCl) solution using a soil: liquid 
ratio of 1: 2.5 in each case and read-off a Beckman 
Zerometer pH meter after equilibrating for 30 min. 
Organic carbon was determined by wet dichromate acid 
oxidation method (Bremmer, 1982). Available 
phosphorus was extracted with Bray l solution measured 
by the molybdenum blue method on technician auto-
analyzer as Olsen and Sommer (1982). 

Exchangeable bases (Ca, Mg, and K) were extracted 
with IN NH4OAC pH7.O (Ammonium acetate) according 
to Anderson and Ingram (1993) with an absorption 
spectrophotometer, while Na was by the use of a flame 
photometer. 

The cation exchange capacity was carried out with the 
use of one normal ammonium acetate (NH4 OAC) at Ph 
7 leaching (Chapman, 1965). In this method 0.1 N KCL 
solution was used to counter-leach, and from the KCL 
leachate, cation exchange capacity was determined by 
titration with standard 0.1 N NaoH solution. Effective 
Cation Exchange Capacity (ECEC) was calculated by the 
summation of exchangeable acidity and exchangeable 
bases (Anderson and Ingram, 1993). 
 
 
RESULTS 
 
Data related to chemical characteristics are presented in 
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Figure 1, Soil PH in water range from 4.8 to 7.3 with a 
mean of 5.0 to 7.1 in all the soils along the topsequence, 
thus indicating very strong acid to slightly neutral soils 
reactions. However, pH in KCl range from 4.2 to 6.9 in all 
the soils of the study area with a mean of between 4.6 to 
5.1, indicating very strongly acidic to strong acidic soil 
reactions. 

Organic carbon content of the soil increased along the 
topsequence from the crest to the valley bottom with a 
mean of 0.642% at the crest, 0.89% at the middle slope 
and 1.47% at the valley bottom. This trend of organic 
carbon content may indicate that the soil materials are 
fluvial in nature. 

Available phosphorus range from 7.46 to 82.07 ppm in 
all the soils along the study area, with a mean of 10.96 
ppm at the crest, 12.82 ppm at the middle slope and 
66.22 ppm at the valley bottom. The soils are expected to 
show nutritional deficiencies for phosphorus both at the 
crest and middle slope. 

Low to moderate values of Ca were recorded in the 
soils. The values are between 1.4 meq/100 g soil to 14.8 
meq/100 g soil along the study area, with a mean of 2.1 
meq/100 g soil at the crest, 2.5 meq/100 g soil at the 
middle slope and 9.5 meq/100 g soil at the valley bottom. 

The soils are expected to show nutritional deficiencies 
for Mg as very low to moderate amounts of this ion occur 
in the soils. The values range between 0.2 meq/100 g soil 
to 2.4 meq/100 g soil in all the soils studied. The 
determined values show a mean of 0.6meq/100g soil at 
the crest, 0.8meq/100g soil at the middle slope and 1.9 
meq/100 g soil at the valley bottom.  

K, showed little variation 0.3 meg/100 g on the upper 
slop and 0.32 at middle slop but highly variable value of 
0.85 meq/100 g at the valley bottom. The results showed 
that Na was consistently least variable along the 
topsequence and at all depths with value of 0.20 
meq/100 g, 0.32 meq/100 g and 0.45 meq/100 g at the 
upper slop, middle slop and valley bottom respectively. 

The exchangeable bases (Ca, Mg, Na and K) were 
found to be within low to moderate condition, it is most 
likely responsible for the low CEC and probably indicative 
of effect of erosion along the topsequence (Figure 2). 
 
 
Summary and conclusion  
 
The study revealed that the Soil chemical properties 
exhibited little to moderate variation from upper slop to 
valley bottom, organic carbon and organic matter 
increased with increased slope gradients as recorded in 
values of organic carbon and organic matter (1.47 and 
2.55%) which were highest in the valley bottom, available 
phosphorus were moderate to high in status, Sodium was 
found to be the least variable along the topsequence 
while  exchangeable bases and cation exchange capacity 
increased with depth from the crest to the valley bottom,  
this could be due to the relocation of topsoil materials  
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Figure 1. Soil pH, Organic Carbon, Organic matter and Available Phosphorus. 

 
 

 
 
Figure 2. Soil calcium, magnesium, potassium sodium, total exchangeable baes, cation exchange capacity and hydrogen 
ions. 

 
 
from the upper slop to the valley bottom as a result of 
cultivation or geomorphological processes that involves 
the mechanical movement of soil materials. which may 
have influenced the variation in the distribution of soil 
chemical properties across the different slop positions (i.e 
the crest, middle slop and valley bottom). These 
variations in soil chemical properties are likely to affect 
particular land uses as the potential for crop production 
vary from crest to valley bottom due to differences in the 
soil chemical properties in Forest Ecological Zone of 
Delta State. 
 
 
REFERENCES 

 
Anderson, J.M and Ingram, J.S. (1993). Tropical soil 

Biology and Fertility. A handbook of Methods (2
nd

 ed). 
Information press. UK. pp. 221. 

Bremner, J.M. (1982). Inorganic nitrogen. In: Page, A.L., 
Miller, R.H. and Keeney, D.R. (eds.) Methods of Soil 
Analysis, Part 2. Second Edition. American Society of 
Agronomy, Madison. 

Chapman, H.D (1965). Cation Exchange Capacity in 
Methods of soil Analysis Part II, Agronomy No.9, Black 
C.A (ed). American Society of Agronomy Madison, 
Wisconsin, pp 891-901 

Havlin, J.L., Beaton, J.D., Tisdale, S.L and Nelson, W.L. 
(2006). Soil Fertility and Fertilizer. An introduction to 
nutrient management 7

th
 edition Pearson, prentice Hall 

Publisher, New Delhi. India pp. 515. 
Olson, G. J and Sommers, L.E (1992). Phosphorus in 

Page A.L., Miller, R.H and Keeney, D.R (eds). Method 
of soil analysis Part II 2ND edition. America society of 
Agronomy Madison, Wisconsin USA.pp402-403. 

Ufot, U.O (2012). Soil and Environment for Colleges and 
Universities, Shadow Publishers, Owerri Nigeria. 

 
 
 
 
 
 
 
 


