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Abstract  An analysis of soil physico-chemical properties along the volcanic landscape catena in Kerang, Plateau State, 
Nigeria, was carried out to determine the level of soil variation along the landscape. Kerang volcanic landscape serves as a 
hub for agricultural activities on the Plateau. The performance of the crops on the volcanic landscape differs from one 
segment to another, the graduation in the crop performance as reflected by their height and vigor along the volcanic landscape 
brought about the need to examine the physico-chemical properties of soils in Kerang. To ensure large crop production and 
food security, there is a need to find out the variation in soil chemical properties along the landscape so as to be able to advise 
the farmers on soil management techniques and the type of crops to be grown on each segment to ensure sustained food 
production and food security in the region and in Nigeria at large. The study area covered a horizontal distance of about 2km 
and a vertical height of 160m. Five sampling points were identified; the crest, the side slope, upper foot slope, middle foot 
slope and the lower foot slope. A composite systematic sampling technique was adopted for the collection of the soil samples. 
The materials used include soil auger, hand trowel, measuring tape and polythene bags. The result of the laboratory analysis 
carried out showed considerable variation in the soil physico-chemical properties across the volcanic landscape. The results 
were further subjected to analysis of variance test at 0.05 confident level. This scenario indicates heterogeneity of the 
landscape implying that all crops can grow everywhere in the study area. 
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1. Background to the Study 
One of the striking observations that are unique of a 

typical volcanic landscape on the Jos Plateau is the 
graduation in crop’s performances as reflected by their 
height and vigor along a land catena (Olowolafe, 1995). 
Another obvious differentiating characteristic of the volcanic 
landscape on the Jos plateau in Nigeria is the extensive and 
intensive agricultural activities going on in the area (Kerang) 
during cropping seasons. The crops grown in the upper parts 
appeared relatively better than those in the lower part of the 
landscape. Since the underlying geology, climate, and 
agricultural land management practices are relatively 
uniform, the difference in the internal properties of soil 
across the landscape may have contributed to such variations 
(Olowolafe, 2001). 

These variations may have considerable consequences for 
crop production. Agriculture is and has always been an 
activity involving close interaction with the environmental 
factors. Soils, Climate, Topography, Hydrology and 
Biological conditions all  exert major control upon farming  
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operations, farming techniques and profitability of 
Agriculture. The importance of these variations in soil 
properties across a typical volcanic Landscape can only be 
seen in the magnitude of change and potential implications in 
the total crop yield per annum. 

If every other environmental factors is held constant, since 
the region is within the same geographic zone, then variation 
in the soil chemical properties which determines the level of 
soil fertility may have been responsible for such variation in 
crop performances across the volcanic land catena, hence the 
need to investigate the status of soil chemical properties 
across the volcanic land catena. To ensure soil good 
management techniques and environmental sustainability 
that could culminate into great crop yield, the status of soil 
chemical properties should be determined. 

Several approaches have been advocated to ensure high 
agricultural productions and environmental sustainability; 
such approaches according to Amuyou (2015) include 
precision agriculture. This concept is geared towards Site 
Specific Crop Management (SSCM). It is defined as 
matching resources application and agronomic practices 
with soil and crop requirements as they vary in space and 
time within a field (Whelan and Mcbratney, 2000). 

The main objective of this study is to find out the variation 
in soil chemical properties across the landscape and hence 
determine the level of soil fertility across the volcanic land 
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catena. According to Budelman et al., (1998), the soils of a 
catena are all derived from the same parent material, but 
topography and the movement of water could cause 
differences in its chemical properties over time hence 
reflecting in the performances of the crops on the volcanic 
landscape catena. He argued that the soils on the upper parts 
of the slope in the northern region of Sukumaland, Tanzania 
are typically well drained, light and sandy at the crest. 

Lufafa et al., (2003) and Fungo et al., (2011), argued that 
increased intensive cultivation of fragile landscape has led to 
severe soil degradation in the tropical environment. The 
rapid rate of soil loss and fertility decline in the tropical 
environment characterized by fragile topographic processes 
has led to food insecurity in developing countries (Amuyou 
et al., 2015). The management of an agricultural volcanic 
landscape intensively and extensively cultivated should have 
a functional relationship with the fertility status of the soil. 
According to Olowolafe et al., (1999), the double challenge 
of increasing food production to cover human need and 
preserving the natural resources on which agricultural 
production depends has led to the concept of sustainable 
agriculture. International agreement has been achieved on 
the core Land Quality Indicator (LQI) recommended for 
research on sustainable agriculture in the major 
Agro-Ecologic Zones (AEZ’s) of tropical, subtropical and 
temperate environments. These include nutrients balance, 
yield trends and yield gap, land use intensity land use 
diversity (agro-diversity). 

Olowolafe et al., (2001) who carried out a similar study on 
Vom and Miango volcanic land catena found out that, the 
soil pH decreases from the upper parts of the catena to the 
lower part. At the shoulder, back slope, foot slope and toe 
slope the pH he recorded were 5.9, 4.8, 4.5 and 4.4 
respectively. He equally observed that the organic matter 
content, potassium, calcium and magnesium generally 
decreases from the upper part of the catena to the lower part, 
showing that the farthest soil sample from the volcano 
contain low K, Ca and Mg. He however stated that this does 
not hold for the soil along the drainage channel because of its 
exceptional high content of sediments from upstream. 
According to Egawa (1977), Shoji et al., (1985), and 
Olowolafe (1995) the CEC of the soil derived from volcanic 
materials are greatly enhanced by their organic matter 
content. 

2. Methodology 
 The vertical height of the volcanic landscape from lower 

foot slope to the crest is about 160 metre while the 
horizontal distance covers about 2km from the lower 
foot slope to the crest. This was divided into five 
sampling points based on the various segments marked 
out along the catena which are: the crest, upper foot 
slope, side slope, middle slope and the lower slope. 

 Systematic composite sampling techniques were used to 
collect soil samples along the catena, this involved 

collection of four samples at every sampling point and 
mixed together and then a single sample taken from the 
mixture to represent that segment. At the end five 
samples were taken for laboratory analysis.   

 The materials used for data collection are; polythene 
bags, hand trowel, soil auger and measuring tape.  

 Laboratory analyses was carried out on the soil samples, 
using laboratory standard procedure, particles size 
analysis was made by using hygrometer described by 
Gee and Bauder (1986). Measurement of pH was done 
in a 1:2.5 suspension water, organic matter was 
determined by dichromate oxidation method as 
described by Nelson and Somers (1982). 

 The extraction of Ca, Mg and K was made using IN 
ammonium acetate at pH 7.0 (USDA 2004). Ca and Mg 
were measured by using an Atomic Absorption 
Spectrophotometer (AAS) while K was measure with 
the aid of flame photometer.  

 Available Phosphorus was extracted using diluted 
HCL/NH4F as described by Bray and Kurtz (1982).  

 The total Nitrogen was determined following the regular 
Kjeldahl method (Bremner and Mulvaney 1982). 

 An analysis of variance was carried out to determine the 
level of variation in OM, pH, Ca, AP, K, Na, Mg and 
TN across the five positions which are the crest, side 
slope, upper foot slope, middle foot slope and the lower 
foot slope. 

3. The Study Area 
Kerang is well situated in the central part of Jos Plateau. 

The study area is located on the latitude 9° 20’N and 9° 25’ N, 
Longitude 9° 15’ E and 9° 20’E. The area stands out in the 
central region of Jos Plateau with an elevation of 1388m 
above mean sea level. 

The geology of the area is mainly that of newer basalt, 
pumice, lava flow and as deposits. The newer basalts occupy 
nearly 388.5km2 in the western and southern Plateau and 
covers considerable large area below an escarpment in the 
west and south east. Beyond these areas, newer basalt 
extended eastward to Shemankar valley (Falconer, 1921). 
The cones tends to be aligned in the direction of 
north-north-east and north-north-west corresponding to the 
numerous diorites dykes which are probably of older basalt 
of western plateau and the Panyam- Kerang volcanic line as 
described by Falconer (1921). There are six volcanoes in the 
study area with lengths of about 29.5km. Dyke spring water 
came out of one, which explains the location of Spring Water 
of Nigeria Kerang, Nigeria. (SWAN), a famous water 
Bottling Company in Nigeria. 

The climate is determined by two main factors; its high 
altitude and its position across the path of seasonal migration 
of the Inter-Tropical Convergence Zone (ITCZ). On account 
of its altitude the region experiences lower temperature than 
anywhere else in Nigeria. It has a mean annual rainfall of 
about 1, 260mm with its peak around July. The mean annual 
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temperature is about 22°C with mean monthly temperature 
of about 19.5°C. the coolest month is December when the 
cool and dry north-easterlies a tropical continental air mass 
come upon it with the temperature dropping to about 16°C in 
some cases.  

4. Discussion of the Results 
Soil Properties 

Based on the results of the soil analysis, there are 
considerable variation in soil properties which could be 
responsible for graduation in crop performances and crop 
production along the catena.  

Table 1.  Showing Soil Physico-Chemical Analysis 

Landscape 
Segments 

Soil 
Variables 

Crest 
Side 
Slope 

Upper 
Foot 
Slope 

Middle 
Foot 
Slope 

Lower 
Foot 
Slope 

Clay (%) 7 15 23 26 24 

Silt (%) 12 16 22 42 30 

Sand (%) 81 69 55 32 46 

Textural Class Loamy 
Sand 

Sandy  
Loamy 

Sandy  
Loamy  
Clay 

Loamy 
Sand 

Loamy 
Sand 

Ph (H2O ) 7.00 6.90 6.80 5.60 6.50 

Ph (CaCl2) 5.70 5.80 5.80 5.40 5.90 

Om (%) 4.35 3.43 2.47 6.22 3.24 

Tn (%) 15.8 12.3 10.5 24.5 14.0 

Ap (Ppm) 17.50 4.38 4.38 2.65 2.63 

Ca (Cmol/Kg) 26 18 14 16 16 

Mg (mol/Kg) 8.95 11.08 10.28 11.35 8.81 

K (Cmol/Kg) 0.46 0.82 0.44 0.82 0.72 

Na Cmol/Kg) 0.35 0.28 0.32 0.28 0.65 

Field survey: 2015 

Clay  
Table 1 shows that the clay and silt increases from the 

crest through the side slope down to the middle foot slope 
and reduced at the lower foot slope. Clay is 7% at the crest, 
15% at the side slope, 23% at upper foot slope, 26% at 
middle foot slope and dropped to 24% at the lower foot slope. 
Analysis of variance shows that clay has a mean value of 
19.00 and standard deviation of 7.906.  
Silt 

Silt at the crest is 12%, at the side slope 16%, at the upper 
foot slope is 22%, at the middle foot slope is 42% and 
dropped to 30% at the lower foot slope. Sand, in contrast, 
decreases from the crest down to the middle foot slope. The 
analysis of variance shows 24.400 as the mean value and 
standard deviation of 11.950.    
Sand 

Sand particles at the crest is 81%, at the side slope 69%, at 

the upper foot slope 55%, at the middle foot slope 32%, and 
increased to 46% at the lower foot slope. This explain why 
the lower foot slope has high water holding capacity, because 
of high clay and silt content, with reduced sand particles 
which creates a wet conditions. This is the opposite of what 
is obtained at the crest with high content of sand particles 
with low clay and silt contents. This condition will allow 
water to infiltrate the soil downward easily at the crest, 
which definitely keeps the crest dry always except during the 
wet season. Therefore one can infer that water loving crops 
will do well at the lower foot slope than at the crest. The 
dominant textural class of sandy loam is at the crest and side 
slope while sandy clay loamy is at the upper foot slope and 
loamy sand is at both the middle and lower foot slopes.  
Organic Matter 

The soil organic matter content (OM) varies along the soil 
catena as shown in table 1. The soil organic matter is higher 
at the middle foot slope with 6.22%, at the crest it is 4.25%, 
3.43% on the side slope, 2.47% on the upper foot slope and 
3.24% on the lower foot slope. Organic matter is higher at 
the middle foot slope than the crest and the lower foot slope, 
this may have been due to the fact that middle foot slope has 
more clay soil than the crest, based on this it would have 
encouraged more microbial activities which may have 
helped in breaking down of vegetal., and other organic 
materials into organic matter, making it to be higher. This is 
in conformity with the finding of Aweto et al., (2010) who 
carried out a study on catenary variations of soil properties 
under oil palm plantation in south western Nigeria and found 
out that soil organic matter and micronutrients were higher at 
the middle of the slope than the lower foot slope. He added 
that in addition to high percentage of clay soil, that there is a 
slight concavity in the middle foot slope which would help in 
trapping of sediments and nutrients transported from upper 
slope into the middle slope segment. This may have 
enhanced organic matter, clay and nutrients levels in the 
middle part of the catena. 

Analysis of variance shows that clay has a mean value of 
19.00 and standard deviation of 7.906, Silt has a mean value 
of 24.400 and standard deviation of 11.950 while sand has a 
mean value of 56.600 and standard deviation of 19.165. They 
all showed significant variation at 0.05 percent confident 
level (see appendix 1). These variations may perhaps due to 
different nature of the volcanic materials across landscape. 
The weathered product of these different volcanic materials 
varies in their abilities to form complexes with organic 
matter (Olowolafe, 2001). Dudal (1976) also observed 
similar result in a study carried out on a volcanic landscape 
in Indonesia. Among the vital roles of organic matter in the 
tropical soils are improvements of water holding capacity, 
enhancement of CEC, improvement of soil structure, beefing 
up the soil pH level and releasing of some plant nutrients. 
Soil pH   

The soil analysis also shows considerable variation in soil 
pH across the landscape segments as shown in table 1. 
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Considering pH (Cacl2) and pH (H2O), generally the soil pH 
can be regarded as moderately acidic except on the middle 
foot slope where the soil pH is 5.4. Analysis of variance 
showed 6.560 as the mean value for pH (H2O) and 0.568 as 
the standard deviation while pH (CaCl2) has 5.720 as the 
mean value and standard deviation of 0.192. This may have 
influence on the availability of nutrients to the crops.  
Total Nitrogen 

The total nitrogen (TN) is higher at the middle foot slope 
with about 24.5%, at the crest 15.8%, at the side slope 12.3%, 
at the upper foot slope 10.5% and 14.0% at the lower foot 
slope. The mean value for (TN) is 0.154 and standard 
deviation of 0.054 at 0.05 confident levels. The total 
Nitrogen shows variation but not in ascending or descending 
order. It is highest at the middle foot slope and low at the 
upper foot slope and at the side slope but increases at the 
crest and at the lower foot slope. According to Majaliwa   
et al., (2015) in a similar study carried out in Bufundi, 
Uganda, observed that land use, change in natural vegetation 
and general interactions of environmental factors that occur 
on the slope had significant effects on the soil and therefore 
could cause this type of variation. 
Available Phosphorus 

The available phosphorus also decreases from the crest 
down to the lower slope. At the crest the available 
phosphorus is 17.50ppm, 4.38ppm at the side slope, 4.38ppm 
at the upper foot slope, 2.65ppm at the middle foot slope and 

2.63ppm at the lower foot slope. The mean value for AP is 
6.308 and the standard variation is 6.317. Other macro 
elements determined in this study e.g. calcium (Ca), 
magnesium (Mg), potassium (K) and sodium (Na) showed 
considerable variation across the landscape segments.  
Calcium 

Calcium (Ca) at the crest is 26Cmol/kg, at the side slope 
18Cmol/kg, at the upper foot slope 14Cmol/kg, at the middle 
foot slope 16Cmol/kg and at the lower foot slope 16Cmol/kg. 
The mean value is 18.000 while the standard deviation is 
4.690.  
Magnesium    

Magnesium (Mg) at the crest is 8.95Cmol/kg, at the side 
slope 11.08Cmol/kg, at upper foot slope 10.28Cmol/kg, at 
the middle foot slope 11.35Cmol/kg and 8.81 at the lower 
foot slope. The mean value is 10.094 and the standard 
deviation of 1.177. Potassium (K) at the crest is 0.46, at side 
slope 0.82 at upper foot slope 0.44, at middle foot slope 0.82 
and 0.72 at the lower foot slope. The mean value for K is 
0.652 and 0.189 standard deviation. Sodium (Na) at the crest 
is 0.35Cmol/kg, at the side slope is 0.28Cmol/kg, at the 
upper foot slope is 0.32Cmol/kg, at the middle foot slope it is 
0.28Cmol/kg and 0.65Cmol/kg at the lower foot slope. When 
subjected to analysis of variance it gives a mean value of 
0.376 and standard deviation of 0.156 (see Appendix 1). All 
these variation may have contributed significantly to the 
variation in crop production across the landscape segments.  

 

 

 

Figure 1.  Variation in Chemical Properties 
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Figure 2.  pH Values across the Landscape 

 

Figure 3.  The Cross Section Showing the Variation in Slope along Kerang Volcanic Landscape, Jos Plateau 

One-way ANOVA: CLAY (%), SILT (%), SAND (%), pH (H2O), pH (CaCl2), OM (%), ...  
 
Source  DF       SS      MS      F      P 
Factor  11  13985.3  1271.4  23.90  0.000 
Error   48   2553.5    53.2 
Total   59  16538.8 
S = 7.294   R-Sq = 84.56%   R-Sq(adj) = 81.02% 
 
Individual 95% CIs for Mean Based on Pooled StDev 
Level             N    Mean   StDev  ---+---------+---------+---------+------ 
CLAY (%)          5  19.000   7.906           (---*--) 
SILT (%)          5  24.400  11.950              (--*--) 
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SAND (%)          5  56.600  19.165                              (--*---) 
pH (H2O)          5   6.560   0.568     (--*---) 
pH (CaCl2)        5   5.720   0.192     (--*--) 
OM (%)           5   3.942   1.439    (--*--) 
TN (%)            5   0.154   0.054  (--*--) 
AP (ppm)          5   6.308   6.317     (--*--) 
Ca (meg/100g)     5  18.000   4.690           (--*--) 
Mg (meg/100g)     5  10.094   1.177       (--*--) 
K (meg/100g)       5   0.652   0.189  (--*---) 
Na (meg/100g)     5   0.376   0.156  (--*--) 
                                  ---+---------+---------+---------+------ 
                                    0        20        40        60 
Pooled StDev = 7.294 
 
One-way ANOVA: pH (H2O), pH (CaCl2), OM (%), TN (%), AP (ppm), ...  
 
Source  DF       SS      MS      F      P 
Factor   8  1296.76  162.10  22.18  0.000 
Error   36   263.12    7.31 
Total   44  1559.88 
S = 2.703   R-Sq = 83.13%   R-Sq(adj) = 79.38% 
 
Individual 95% CIs For Mean Based on Pooled StDev 
Level             N    Mean  StDev  ----+---------+---------+---------+----- 
pH (H2O)         5   6.560  0.568             (---*---) 
pH (CaCl2)       5   5.720  0.192           (----*---) 
OM (%)           5   3.942  1.439        (----*---) 
TN (%)            5   0.154  0.054  (---*---) 
AP (ppm)        5   6.308  6.317            (----*---) 
Ca (meg/100g)      5  18.000  4.690                                (---*---) 
Mg (meg/100g)       5  10.094  1.177                   (---*---) 
K (meg/100g)         5   0.652  0.189   (---*---) 
Na (meg/100g)      5   0.376  0.156   (---*---) 
                                 ----+---------+---------+---------+----- 
                                   0.0       6.0      12.0      18.0 
Pooled StDev = 2.703 
 
 

5. Observations 
i. There are variations in soil fertility variables (total 

nitrogen, available phosphorus and other exchangeable 
cations) from the crest to the lowest parts of the 
landscape. 

ii. The performances of the crops grown on the Kerang 
volcanic landscape varied from the crest to the lower 
foot slope, which confirms the finding of Olowolafe, 
(1995) and Budelman (1998).  

iii. The soil organic matter is higher at the middle foot 
slope with 6.22%, this shows that there are more 
microbial activities at this segment which helps in 
breaking down of organic materials than the other 
segments. 

iv. Clay and silt are higher at the middle and lower foot 
slope which also shows that the water holding capacity 
of these segments will be higher and will tend to attract 

crops that love water. 

6. Recommendations  
a. Farmers should be properly educated on the variation in 

soil physico-chemical properties which determines the 
level of soil fertility across the landscape so as to guide 
them on the type of crop to cultivate at certain segment 
of the landscape. 

b. The uneducated farmers should be properly taught the 
best practices of sustainable agriculture particularly in 
the aspect of land management and soil conservation. 

c. The farmers could improve on their remedial actions 
against soil erosion to minimize the movements of soil 
fertility variables from one segment into another, which 
could have course the current variations in soil 
properties across the volcanic landscape catena. 

d. Farmers are advised to carry out practices such as 
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adding crop residues, house hold manure and animal 
manure to the soil and the general maintenance of soils 
surface roughness using minimum tillage system, all to 
help in the controlling run-off water and to improve 
infiltration. 
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