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A study to determine the variations in the physical and chemical properties of soils along two catenary 
landscapes was carried out in Upatabo, Ahoada West Local Government Area of Rivers State, Southern 
Nigeria. Two catenary landscapes (upper and lower slope) were identified in the study area. One profile 
pit was dug in each of the catenary landscapes to investigate the variation in the physical and chemical 
properties of the soils. The results revealed that catenary landscapes and parent materials greatly 
influenced soil depth, structure and particle size distribution. The soils were deep in the upper slope 
but shallow in the lower slope. Sand particles dominated the particle size fractions and were attributed 
to the landscape and parent materials. Soils of the study area were all sub-angular blocky with loamy 
sand to sandy loam texture. Soil reactions also indicated that soil pH ranged from strongly to 
moderately acidic (4.50 - 4.90) in both landscapes. Organic carbon, total N, available P and 
exchangeable cations (Ca, Mg and K) were low to very due to high rate of leaching and seasonal 
flooding. The soils properties also indicated that they are highly weathered, leached and poor in 
nutrient elements to support plant growth, thus strict soils management practice for sustainable 
agricultural production is imperative. 
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INTRODUCTION 
 
Soils vary in their morphological, physical, chemical, 
mineralogical and biological in properties. Soils differ in 
their characteristics primarily because of topography, and 
the type of parent material from which, they were formed. 
According to Juo and Moorman (2011), toposequence 
refers to a succession of sites from crest to a valley 
bottom which contains a range of soil that are 
representative of the landscape. Soil catena is a 
sequence of soil down a slope, created by the balance of 
processes such as precipitation, infiltration and runoff. 
Catena is form when the climate (precipitation) and 
evaporation is the same for the whole slope.  According  
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to Dihp (2015), Catena is an absolute term for a 
sequence of soils within a soil zone derived from similar 
parent materials, climate, and age, but having different 
soil characteristics due to variation in relief and drainage. 
Many approaches have been used to examine soil 
variations. Soil properties varies in vertical and lateral 
directions and such variations follow systematic changes 
as a function of the landscape (slope position), soil 
forming factors and/or soil management practices (land 
use) (Amusan et al., 2006; Mbagwu and Auerswald, 
1999). The productivity of any soil to a very large extent; 
depends on the physical and chemical properties of the 
soil. These properties are as a result of the interaction 
between the soil forming factors (parent material, relief, 
organism, climate and time) and other pedogenic 
processes, hence making soil to be heterogeneous. As a 
factor  of  soil  formation, topography, for  instance may  



 
 
 
 
speed up or delay climatic action on soil forming 
processes. Topography has influence on morphological, 
physical and chemical properties of soils and also affects 
its pattern distributions over landscape, even when the 
soils are derived from the same parent material. Studies 
have shown that, the extent of variability in soil properties 
may be significant even for a simple change in 
topography. Consequently, soils developed on upper 
slopes exhibit remarkable differences in properties from 
those on the summits or valley bottom, because of 
percolating water which tends to move laterally across a 
profile instead of vertically. Water velocity on a slope also 
affects the deposition of materials in suspension, sand 
drops out of suspension first, while clay size particles can 
be carried further away from the base of the slope before 
they are deposited. This kind of geological sorting brings 
about variation in soil physical and chemical properties in 
relation to landscape (Lawal et al., 2014). Soil properties 
such as structure, texture, porosity, water holding 
capacity, consistency, bulk density etc are greatly 
influenced by topographic position. Thus, evaluating 
agricultural land for sustainability, management practices 
require the knowledge of soil catenary as its affects the 
spatial variability soils and understanding the relationship 
of soil physical and chemical properties to toposequence. 
Topography is both an external and internal factor in 
pedogenesis processes as it influences soil formation. 
Thus, studying of soils of Upatabo in Ahoada West Local 
Government Area of Rivers State a long catenary 
landscapes is necessary. 
 
 
MATERIALS AND METHODS  
 
Brief description of the study area 
 
The study area is located in Upatabo, Ahoada-West 
Local Government Area of Rivers State. The 
geographical coordinates of the study area lies between 
latitude 5’80’71°N and longitude 6”66’23°E. According to 
Nwaogu (2001), the area has an annual rainfall 
distribution of 2000 to 3000 mm per annum with an 
annual temperature of 25 - 27°C. Soils of the study area 
are the mangrove swamp and high productive alluvial 
soils. The natural vegetation of the areas is rainforest 
vegetation with some species of grasses such as 
elephant grasses etc. The study area lies along the 
humid tropics coastal region. Upatabo is situated in the 
rainforest belt. Common community crops produced in 
the area are oil palm, oranges, plantain, banana and 
guava, yam, cassava, potato, coco yam, maize and 
vegetables (Figure 1). 
 
 

Field studies  
 
The land of Upatabo in Ahoada-West Local Government 
Area of Rivers State was used for this study. Two  
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mapping units based on catenary landscapes of the study 
area were identified.  For each of the mapping units, one 
profile pits were dug. The first pit was is a forested land 
(upper slope), while the second profile pit was dug in the 
valley bottom (lower slope). Each of the pit was described 
using FAO guidelines (1990) and soil samples were also 
collected for routine laboratory analysis. A hand-held 
Global Positioning System (GPS) was used to determine 
the geographical coordinates of each of the profile pit 
locations. Soil samples were collected from two profile 
pits at different horizons. 
 
 
Soil sampling procedure 
 
Soil samples were collected from the two profile pits at 
different horizons. Samples were taken from the bottom 
of the profile to the top to avoid contamination. Soil 
texture was determined using the field method (hand 
feeling) and soil colours were determined using the 
Munsell colour chart. Soil samples collected from each 
identified horizons from each profile, were bagged and 
well labeled. All samples were air dried and passed 
through a 2mm sieve and labeled properties for routine 
soil analysis. Soil samples were also taken using a core 
sampler for bulk density determination. 
 
 
Laboratory analysis 
 
Soil samples collected from the various horizons of each 
pedon was used for the determination of the 
physicochemical properties of soils of the study area. 
Particle size distribution of sand, clay and silt were 
determined by hydrometer method of soil mechanical 
analysis as described by Blake and Hartge (1986). Bulk 
density was also determined by the method described by 
Blake and Hartge (1986). Soil textural class was 
determined using the Textural triangle. Soil reaction (pH) 
was determined in distilled water at a ratio of 1:1 
soil/water using glass electrode pH meter. Organic 
carbon was determined using wet oxidation method by 
Walkley and Black (1934) and organic matter was 
determined by multiplying organic carbon by the value 
1.724. Total nitrogen was determined by the micro 
kjeldahl method as described by Black (1965). Available 
phosphorus was determined in the soils by the method 
use by Bray and Kurtz (1945) Exchangeable cations (Ca, 
Mg and K) were determined volumetrically by the EDTA 
method, while potassium and sodium were determined by 
Flame photometry (Jackson, 1965). 
 
 
Statistical analysis 
 
Mean were separated using simple arithmetic mean. 
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Figure 1. Map showing some communities in Ahoada West LGA, Rivers State. 

 
 
 
RESULTS AND DISCUSSION 
 
Morphological properties 
 
Morphological properties of soils in study area are 
presented in Table 1. From the table, results shows that, 
in pedon 1 (upper slope), soil colour under moist 
condition varied from dark brown (7.5 YR 2/0) to pale 
yellow (5 Y 7/2); while in the lower slope, soil colour 
under moist condition varied from dark brown (2.5 YR 
5/0) to reddish gray (10 YR 6/1). The dark brown 
colouration observed at the surface horizons of both 
landscapes, indicated the present of organic matter. The 
yellow to pale yellow colour in pedon1 and the reddish 
gray colour with mottles observed in subsurface horizons 
in both landscapes are largely due to seasonal flooding 
and fluctuation of the water table indicating the present of 
weathered mineral. This is in line with the observation of 
Mobrge and Esu, 1991 and Akamigbo et al (2001), who 
reported similar on soil colour of the same landscapes. 
Soil texture were largely sandy loamy in both landscapes 
except in the Ah-horizon of the upper slope (pedon1) that 
was loamy sand. The textural class was largely 
influenced by the types of parent materials (coastal plan 
sands and alluvium) in the study area. Soil structure 
ranged from weak crumby to sub-angular blocky in upper 
slope; while it was sub-angular blocky in all horizons in 
the lower slope (pedon 2). Soils of the upper slope were 
all well drained soils; while that of the lower slope was 
poorly drained due to fluctuation in the water table due to 

seasonal flooding in the area. Consistence of soils in both 
landscapes was friable to firm consistence.   
 
 
Physical characteristics 
 
Results of the physical properties of soils in the study 
area are shown in Table 2. Soils depth varied between 70 
and 200 cm in pedon 1 and 2. Pedon 1 was very deep 
(200 cm), but pedon 2 was moderately deep (70cm) due 
to obstruction as depicted by of depth to the water table. 
This in line with similar findings of Yaro (2005) and Idogu 
et al (2007). Result of particle size distributions also 
shows that sand fractions was dominant and ranged 
between 746 to 806 g/kg in upper slope (pedon 1) and 
685 to 726 g/kg in  lower slope (pedon 2) with mean 
value of 761 g/kg in upper slope and 706 g/kg in lower 
slope (pedon 2) respectively. Sand particle decreased 
down the profile depth in both landscapes. The 
domination of sand fractions was in line with the report of 
Odunze (2006) and Obi and Akinbola (2009), who 
reported that sand fraction dominated particle size of 
soils formed on basement complex of different part of 
Nigeria. The increase in sand fractions could also be 
attributed to the type of parent material from which the 
soils was formed, that greatly influenced the nature of 
particle size distribution in the soils as reported by 
Maniyunda and Gwari (2014) and Maniyunda (2018). Silt 
content of the soils ranged from 72 to 112 g/kg in the 
upper slope with mean value of 92 g/kg and varied from  
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Table 1. Morphological characteristics of soils of the study area. 
 

Pedon Horizon Depth(cm) Soil Colour Texture Structure  rainage Consistence Rootlet 

                                                                                              Pedon 1 (Ubala) 

Ubala Ah 0 - 33 7.5YR 2/0 Dark brown  LS Crumby WD Friable Few 

 Bt1 33 - 48 2.5YR 6/2  Olive       SL SAB WD Friable Few 

 Bt2 48 - 89 5Y7/6 Yellow SL SAB WD Firm Few 

 C 89 - 200 5Y7/2 Pale yellow SL SAB WD Very Very few 

                                                                                        Pedon 2 (Obodoku) 

Obodoku Ah 0 – 6 2.5 YR2.5/0 Dark brown     SL SAB PD Friable Few 

 B 6 - 30 5YR 3/2 Dark reddish brown    SL SAB PD Firm Few 

 Bw 30 – 70 10YR6/1 (Reddish gray)                                                                SL SAB PD Firm Few 
 

WD = well drained, PD= poorly drained, SAB = Sub- angular blocky, LS = loamy sand, SL= sandy loam. 

 
 

Table 2. Physical properties of soils of the study area. 
 

Pedon  
Horizon  

designation 

Depth 

(cm) 

g/kg 

Sand        Silt         Clay 
Textural class 

Bulk density 

Mgm
-3
 

Pedon 1 (Upper slope) 

Ubala Ah 0 - 33 806 112 82 LS 1.36 

 Bt1 33 - 48 746 112 142 SL 1.60 

 Bt2 48 - 89 746 72 182 SL 1.71 

 C 89 - 200 746 72 182 SL 1.64 

Means   761 92 147  1.57 

        

Pedon 2 (Lower slope) 

Obodoku Ah 0 – 6 726 92 182 SL 1.37 

 Bt 6 - 30 706 112 182 SL 1.48 

 Bw 30 – 70 686 172 142 SL 1.59 

Means   706 125 168  1.48 
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92 to 172 g/kg in lower slope (pedon 2) with mean value 
of 125 g/kg. There was a decreased in silt content down 
the profile for the both upper and lower slope. This 
decrease in silt content down the profile could be 
attributed to pedogenic processes of illuviation and 
eluviations, thus contributing to high value of silt in the 
surface horizon in both landscapes (Esu, 2008). Soil clay 
content also ranged from 82 to 182 g/kg in the upper 
slope and 142 to 182 g/kg in the lower slope. In pedon 1 
(upper slpoe), there was an increase in clay content 
down the depth of the profile, this might be as a result of 
argilluviation process in the soils as reported by Obi and 
Akinbola (2009). The variations in the clay content of 
soils, could be attributed to the type of parent material 
and sometime, the weathering of sand and silt particles to 
formed clay. This is also in conformity with the findings of 
Manuyunda (2018). However, in the lower slope, there 
was a contradicted decrease in clay down the profile 
depth, instead of an increase. This decrease in clay 
content down the depth of the profile could be attributed 
to seasonal flooding experienced within the lower slope 
(pedon 2). This seasonal flooding enhanced the process 
of eluviations of clay in suspension to the surface soils 
horizons, resulting to a decrease in clay content down the 
depth of the profile. The textural class ranged from loamy 
sand to sandy loam in the upper slope (pedon 1) and 
they were all sandy loam in pedon 2. The textural class of 
soils found in the study area depicts the parent materials 
from which the soils were formed. Bulk density ranged 
between 1.36 to 1.64 Mgm-3 in upper slope with mean 
value of 1.57 Mgm3; while in the lower slope, bulk density 
varied from 1.37 to 1.59 Mgm-3 with mean value of 1.48 
Mgm-3. There was also an increase in bulk density down 
the depth of the profile in both landscapes except in C-
horizon in upper slope (1.64 Mgm-3). This could be as a 
result of decrease in organic matter content, less 
aggregation and rich penetration and compaction caused 
by the weight of overlying soil layers. The bulk density of 
the soil is higher in upper slope (Pedon 1) (Table 2). 
 
 
Chemical properties 
 
The chemical properties of soils in the study area are 
presented in Table 3. Soil reaction (pH), ranged from 
4.50 to 4.90 with a mean value of 4.72 (very strongly 
acid) in the upper slope (pedon 1), but varied between 
4.50 t0 4.80 with value of 4.63 (very strongly acid) in the 
lower slope. There was an increase in pH in the Bw 
horizons in the lower slope. This could be attributed to 
leaching of soluble bases down the depth of the profile, 
thus increasing the pH level from 4.50 to 4.80. The soils 
reaction experienced in the area could be as a result 
seasonal flooding caused by high rainfall experienced in 
the study area. It could also be attributed to the type of  

 
 
 
 
soil texture in the area, encouraging excessive leaching 
of basic cations down the profile depth. However, the 
level of soil acidity was within the ranged that can support 
the growth and development of plant as reported by 
Fasina et al (2007). Organic carbon content of soils in the 
upper slope (pedon1) ranged from 0.40 g/kg to 0.94 g/kg 
with mean value of o.41 g/kg and 0.20 to 3.24 g/kg in the 
lower slope (pedon 2) averaging 0.47 g/kg. The value of 
organic carbon in the study area were rated very low to 
low. There was also an increased in organic carbon 
content in Ah-horizon in the lower slope as a result of the 
influx of organic matter in the lower slope due to seasonal 
flooding experienced in the lower slope. It was also as a 

result of the redistributive effect of slope as reported by Esu 
et al. (2008). Total nitrogen varied from 0.06 to 1.12 g/kg 
in the upper slope with mean value of 0.08 g/kg and 
ranged from 0.01 to 0.06 g/kg in the lower slope 
(pedon2), with mean value of 0.04 g/kg. These values 
were rated very low in both landscapes. There was 
increase in the levels of total nitrogen down the depth of 
the profile in the upper slope. This observation could be 
attributed to high rate of leaching caused by excessive 
rainfall in the study area. This is in tandem with findings 
of Esu (2008). The value of available phosphorus (P) 
ranged from 1.75 to 7.01m/kg in the upper slope 
averaging 3.94 m/kg and 7.01 t0 8.77 m/kg in the lower 
slope, averaging 7.59 m/kg. The pattern of distribution of 
available in both landscapes indicated the pattern of 
rainfall that encourages leaching and seasonal flooding 
experienced in the area. Total exchangeable acidity 
ranged from 2.48 to 4.16 cmol/kg in upper slope with 
mean value of 3.46 and 3.20 to 4.48 cmol/kg averaging 
3,68 cmol/kg in the lower slope. For exchangeable bases, 
calcium (Ca) varied from 0.80 to 2.20 cmol/kg with mean 
value of 1.25 cmol/kg in the upper slope (pedon 1) and 
1.00 to 1.40 cmol/kg in the lower slope (pedon 2). 
Exchangeable magnesium (Mg) ranged from 0.60 to 2.40 
cmol/kg with mean value of 1.60 cmol/kg in the upper 
slope, averaging 1.60 cmol/kg, and 0.60 to 1.40 cmol/kg 
with mean values of 106 cmol/kg in the lower slope; while 
exchangeable potassium varied from 2.05 to 3.28 
cmol/kg averaging 2.39 cmol/kg in the upper slope and 
1.69 to 2.82 cmol/kg in the lower slope with mean value 
of 2.46 cmol/kg. Generally, the values of exchangeable 
cations were rated low to moderate. It was also observed 
that exchangeable cations levels increased down the 
profile depth in both catenary landscapes. This could be 
attributed to the excessive rainfall experienced in the 
study area leading to high rate of leaching of soluble 
bases down the depth of the profile in both landscapes. 
This is in conformity with the finding of Enwezor (1981). 
 
 

Conclusion 
 

Variations exist among soils on a catenary landscapes. 
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Table 3. Chemical properties of the soils. 
 

Ubala                                                                         Pedon 1 (Upper slope) 

   OC TN    Mg K 

Designatiom 
horizon 

Depth 
(cm) 

pH 
(H2O) 

g/kg Av. P 
m/kg 

TEA Ca cmol/kg 

Ah 0 - 33 4.60 0.94 0.06 7.01 2.48 2.20 2.20 2.10 
Bt1 33 - 48 4.90 0.45 0.93 1.75 4.00 0.80 2.40 2.15 
Bt2 48 - 89 4.90 0.18 1.12 1.75 3.20 1.20 0.60 2.05 
C 89 - 200 4.50 0.40 0.11 5.26 4.16 0.80 1.20 3.28 
Means  4.72 0.41 0.08 3.94 3.46 1.25 1.60 2.39 
          

Pedon 2 (Lower slope) 

Ah 0 – 6 4.50 3.24 0.05 7.01 4.48 1.40 1.40 2.87 
Bt 6 - 30 4.60 0.98 0.06 7.01 3.20 1.00 0.60 1.69 
Bw 30 – 70 4.80 0.20 0.01 8.77 3.36 1.00 1.20 2.82 
Means  4.63 0.47 0.04 7.59 3.68 1.13 1.06 2.46 

 
 
This also influences the soil depth, texture, structure and 
potentials for agricultural production. Soils on upper slope 
were considered to be well drained soils with good 
drainage condition suitable for crop production. Unlike 
pedon 1(upper slope), the lower slope (pedon 2) are 
poorly drained and unsuitable for crop cultivation, thus, 
there was urgent need to apply strict measures to 
improve the drainage and fertility condition of the soils as 
affected by landscapes. 
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