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Background: Many agricultural programs in a different part of 
Southern Nigeria and indeed Edo State have failed due to a lack 
of understanding of the soil environment within which these 
programs are executed.   
Objectives: This study was designed to evaluate the agricultur-
al potentials of degraded Ultisols in the humid ecological zone 
of Edo State. Objectives were set to determine the characteris-
tics of the soil, suggest alternative land use(s), and advise farm-
ers on the best management options for the study area . 
Methods: A representative profile was dug at the University of 
Benin Agriculture farm and Soil samples were collected from 
the profile horizons. The morphology, physical and chemical 
properties of the soil were evaluated and analyzed using stand-
ard procedures.  
Results: The result showed that the soil was generally sandy 
loam in texture but severely weathered. Analysis of bulk density 
revealed that the soil could hold and sustain crops for their 
growth and development. The Soil acidity was high as it ranged 
from pH 5.3 (subsoil) to 5.7 (topsoil). Furthermore, the ex-
changeable cations (Na, Mg, Ca, and K) showed no significant 
variation between the topsoil (0-18cm) and subsoil (18-145cm); 
and the base saturation was high (84.96-90.00%). Correlation 
analysis employed to show the relationship between the physi-
cal and chemical parameters of the soil revealed that Six (6) soil 
properties were positively significant while two(2) were nega-
tively significant. .  
Conclusions: The soil within the study area needs to be im-
proved to enhance its productivity and harness its full potential 
to support food production. Therefore the study recommends 
sound agronomic practices especially erosion control measures 
and further detailed studies to examine soil quality in specific 
periods for sustainable land use.  
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INTRODUCTION 

 Soil varies across different parts of the 
world and even from one part of a plot of land 
to another. This variation could be attributed 
to the nature of the location where they are 
formed, climatic condition of the area, activi-
ties of organism, relief, parent materials and 
time. According to Oko-Oboh (2014) every 
soil is suitable for specific purposes therefore 
using the soil for the purposes they are best 
suited for is required for precision  

management and conservation. At any giv-
en location, there are aspects of the natural 
environment such as landform and soil 
types that are invariant and stable, while 
others such as temperature, rainfall, and in-
cidence of pests and diseases vary with sea-
sons. Lack of information on both the con-
stant and varied characteristics or aspects of 
each specific location can frequently influ-
ence crop productivity.  
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 Nigeria is privileged to have an agricul-
turally suitable climate and an abundance of 
fertile soil. 
 Out of the 75 percent of suitable agri-
cultural land currently available in Nigeria, on-
ly 40 percent is cultivated (Omorogiuwa et 
al., 2014). According to Azad-Hossain (2013), 
the humid ecological zone is generally resource
-rich land that possesses abundant water sup-
ply, naturally fertile soils, and a favourable ter-
rain and climate.  
 Ultisols are acidic red soils that are al-
ways found in warm, temperate, humid cli-
mates and regions occupied with deciduous for-
ests (Yu et al., 2016). These special soil land-
scapes are majorly spread across tropical and 
subtropical areas. They are mainly found in 
some southern states of Nigeria such as Edo 
state and cover approximately seven zones 
which include central Benin and the extreme 
north (Dayou et al., 2017).Ultisols have natu-
rally poor physical characteristics as they also 
possess low pH, cation exchange capacity, and 
fertility.Ultisols also have low concentrations 
of Phosphorus (P) which results in frequent 
Phosphorus deficiency of plants (Wang et 
al., 2014). They are usually poor growing soils 
with low water holding capacity and can lead to 
anti-plant growth properties such as stunted 
growth and low plant yield. All these constitute 
a major developmental constraint to crop pro-
duction and food security. This study therefore 
examines the quality of soil in the study area to 
understand its implication on agricultural and 
provide necessary recommendations for profit-
able agricultural management. Previous studies 
conducted on utisols that have been reported 
include Mbagwu (1992), Rongzhong et al. 
(2019), Onweremadu (2007), Ngwu et al. 
(2007), and Obi (1999). Worthy of note is that 
significant studies are yet to be conducted on 
degraded Ultisols in the humid areas of south-
ern Nigeria, particularly in the study area. Sim-
ilarly, the weathering potentials of utisols in the 
study area are yet to be examined. Following 
the stated aim of this study, specific objectives 
were set to determine the different characteris-
tics of the soil, suggest alternative land use(s), 
and advise farmers on the best management 
options of the study area. 
 
2.0 METHODS 
2.1 Study area 
 This study was carried out on the Facul-
ty of Agriculture farm (AGRIC 305 farm) 

(Figure 1), University of Benin main campus, 
Ugbowo, Benin City, Edo state Nigeria. It is 
located within latitudes 06° 24’ 01.9” N and 
longitudes 05° 37’ 32.9” E. (Ikhile, 2016). 
The study area is plain; gently sloped from 
west to east with moderate erosion activities 
and occupies five (5) hectares of land. Field 
observation shows that the area was previous-
ly used for arable crop cultivation. However, 
as at the time of observation, the area is fal-
lowed with overgrown weeds and creeping 
legumes such as Pueraria phaseoloides and 
Centrosemepubescens. 

2.2 Data collection 

 Data for this study such as soil depths 
regarding the nature of the vegetation and 
land-use types; the physical characteristics of 
the soil were primarily sourced through direct 
field observation. The soil Physico-chemical 
characteristics were obtained from the labora-
tory analyses of soil samples taken from dif-
ferent depths of a single profile of 15m apart 
(sampling points) and at two depths of 0-
15cm (topsoil) and 15-30cm (subsoil).  

 A reconnaissance field survey was con-
ducted to get familiar with the study area and 
identify potential challenges to be encoun-
tered. Existing environmental information on 
the study area was also sought from various 
literatures. 

2.3 Fieldwork and soil sampling 

 The available soil survey report com-
piled by Okonsebor (2014) was obtained 
from the Soil science and Land Management 
Department. Soil details of the study area Pe-
don were correlated with the Ultisol and geo-
referenced using a hand-held Global Position-
ing System (GPS) and then dug. Various soil 
horizons of the pedon were identified and 
their boundaries marked. Morphological 
characteristics and field observation were car-
ried out according to FAO (2000) guidelines. 
A total of five samples soils were collected 
from different horizons of the soil identified 
in the profile, from the top to the bottom into 
a well-labeled polyethylene. The soil samples 
were then taken to the laboratory for analysis. 

2.4 Laboratory analysis 

 Soil Samples gotten from the genetic 
horizons of the pedon were air-dried, 
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crushed, and sieved through a 2-mm sieve for 
laboratory analysis. Particle size analysis was 
determined by hydrometer method using sodi-
um hexametaphosphate (Na6P6O18) as dispers-
ing agent (Okalebo et al, 2002) while bulk den-
sity was determined by collecting undisturbed 
core samples from each horizon using a core 
sampler (216cm3). 
  
2.5 Soil chemical analysis 
 Soil pH was determined in a 1:1 soil 
suspension ratio in water. The pH meter was 
calibrated using a pH 7 buffer solution. The 
meter was adjusted with the known pH of buff-
er solutions 4.0 and 9.2. Soil weighing 20g was 
transferred into a 100ml beaker. 40ml distilled 
water was added and stirred well with a glass 
rod. This was allowed to stand for half an hour 
with intermittent stirring. The glass electrode 
was immersed into the soil water suspension in 
the beaker and the pH value was determined 
and recorded from the automatic display of the 
pH meter. 
 Total Nitrogen (TN) was determined by 
Marco Kjeldahl digestion method. Exchangea-
ble  acids of Hydrogen (H+) and Aluminum 
(Al3+) were determined in KC1 extract by titra-
tion.  
 In determining Effective Cation Ex-
changeable Capacity (ECEC), the exchangeable 

acidity and the total exchangeable bases al-
ready determined were added. i.e.  
ECEC = exchangeable acidity + total ex-
changeable bases. 
 Exchangeable bases such as Calcium 
(Ca), Magnesium (Mg), Potassium (K), and 
Sodium (Na) were extracted within ammoni-
um acetate (NH4OAC) buffered at pH 7; 
K and Na were read on a flame photometer 
and Ca and Mg by Atomic Absorption Spec-
trometer. The exchangeable base and acid 
were summed to determine the Effective 
Cation Exchange Capacity (ECEC) 
(Anderson and Ingram, 1993). The Percent-
age of Base Saturation (BS%) was calculat-
ed using equation (I). 
Percentage of Base Saturation = 

        ………..  (I) 
 
2.6 Soil physical analysis 
2.6.1 Bulk Density 
 The Bulk Density (BD) as expressed in 
equation (II) was determined by the Coring 
method (Abu-Hamdeh, 1999). This was 
done by oven drying the collected undis-
turbed core samples to a constant weight at 
105 0C and dividing the oven-dried weight 
by the volume of the core sampler.   

Figure 1: Map of University of Benin showing Faculty of Agric farm (Source: Google Earth 

Imagery modified by Author, 2021) 
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BD =                                      ………….. (II) 
 
2.6.2 Particle size 
 Particle size was determined by the 
method as described by Gee and Or (2002). The 
percentage sand, silt, and clay were determined 
using the Bouyoucous hydrometer which al-
lowed the sedimentation at various intervals. 
Sodium hexametaphosphate was applied as the 
dispersant. 
 
2.6.3 Total porosity 
 Total porosity was derived from the re-
lationship of the particle to bulk density using 
the formula as expressed in equation (III) 
Percentage pore space = 

           ……………..  (III) 

Where; BD is the bulk density, and PD is the 
particle density. 
 The average particle density of 2.65Mg 
m-3for mineral soils was used for computation. 
 
2.7 Statistical analysis 
 The descriptive and inductive statistical  

methods were applied in this study. Primary 
Data collected from the laboratory was sub-
jected to statistical analysis using the SPSS 
16.0 version. Pearson’s Correlation coeffi-
cient statistical test was used to measure the 
statistical relationships between soil varia-
bles. A significant relationship was observed 
at 0.05 (2-tiled) level and 0.01 (2-tiled) level. 
 

4.0 Results and discussion  
 Results from the fieldwork are presented 
in this section. Tables and graphs were used 
in presenting the analysis. The chemical 
properties and physical characteristics of the 
soil sample from the study area are discussed 
below.  
  
Morphological properties of the soil 
 The soil occurs over unconsolidated 
sandstone, moderately leached, non-stony, 
deep (>145cm), and located on the upper 
slope (8%) in the toposequence. Figure 2 
shows the variety of colours and related soil 
properties. 

 

Figure 2: Profile showing different horizons (Source: Authors Field Work, 2021)  
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 From Table 1, it can be observed that 
the soils are weak, fine over a medium subangu-
lar blocky structure with dark reddish-brown 
colour (5YR 3/3, moist) in the first 42cm depth 
to dark yellowish-brown (10YR 3/4, moist) in 
the subsoil. The hue is a mixture of 2.5YR, 5YR 
to 10YR stipulating the dominant spectral col-
our of the soils of the area. 
 It can also be noted that the soil con-
sistency (moist) ranges from loose at the topsoil 
to fine at the subsoil specifying a weak cohesion 
of the soil. A close observation of the field tex-
ture shows that it is almost sandy loam. Most of 
the horizon boundaries are wavy, while the top 

horizon has many coarse roots. As it may be 
expected, there are few to no roots at the sub-
soils which are due to a preponderance of 
grasses and few shrubs in the study area. 
There were little or no fauna activities in the 
soil profile but there was evidence of mottles 
in the endopedon. This is evidence of the re-
dox condition of the soil as has been ob-
served by Ugwa et al. (2016).  
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Physical properties of the soil 
 Table 2 shows the physical characteris-
tics of the soil as observed. It can be observed 
that the distribution of the soil fraction ranges 
between 600-800 g kg-1 with a mean distribu-
tion of 678 g kg-1. The distribution of sand in 
the profile shows no pattern and seems to be 
similar to the work of Okunsebor (2014) who 
worked on similar soil. The same pattern fol-
lows the clay fraction that the Ap and Bt had 
250 g kg-1 each to the clay. In the endopedon, it 
fluctuates between 150-260 g kg-1. This fluctua-
tion in the clay fractions may be due to the ero-
sional circle in the upper slope of the area in 
which the profile is situated. 
 Generally, the silt content of the soil 
increased from the topsoil (70 g kg-1) to the 
subsoil (200 g kg-1) influencing the texture of 
the soil to be sandy loam. Soong and Lau 
(1977) had indicated that based on the different 
combinations of clay, sand and silt, soil texture 
is grouped into various textural classes. The 
bulk density values indicate that the soil was 
compact as they were generally high and 
ranged from 1.28-1.56m gm-3 with the lower 
value occurring at the topsoils and increasing 
gradually with soil depth. This might be due to 
a decrease in soil organic matter content and 
compaction due to the upper soil layers (Brady, 
2002). The porosity value was also high (41-
52%) as it seems to have an inverse relationship 
with the soil bulk density.  

 Evaluation of the soil development stages.
 The stages of soil development and age 
have been estimated in the past using some 
weathering ratios. Ajiboye, Ogunwale, and 
Adeloju (2015) reported that silt/ silt + clay 
ratio of 0.7 indicates moderate weathering, 
<0.7 for severe weathering, and >0.7 for in-
cipient weathering. Table 4.2 also shows that 
the value generally increases with soil depth. 
The highest value was recorded at 66 to 89 
cm soil depth and the observed pattern may 
be due to the absence of clay illuviation in 
the soil profile.  All the values show that 
they were less than 0.7. Therefore, the soils 
in that area are prone to severe weathering, 
giving credence to the report of clay activi-
ties. It seems that the silt/ silt + clay ratio of 
these soils presented a better picture of 
weathering stage of the soil development. 
Such practices as soil organic matter man-
agement and regular soil tests and planting 
of leguminous creeping crops are necessary 
for the management of the soils. 

 
Chemical properties of the soil. 
 Detailed chemical properties of the soil 
sample from the study area are presented in 
Table 3. 
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Table 3: Chemical characteristics of the soil  

Key:  
OC - Organic Carbon; TN-  Total Nitrogen;  BS-  Base Saturation  
ECEC- Effective Cation Exchange Capacity 
Ca- Calcium Mg- Magnesium Fe- Iron; Na- Sodium; K- Potassium; P- Phosphorous 
Mn- Manganese;  Zn- Zinc ; Cu-Copper  
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 From Table 3, the result shows that the 
pH of the soil ranges from 5.7 (topsoil) to 5.3 
(subsoils). Generally, the soil is acidic in all the 
depths which might be due to the sandstone of 
the parent materials. According to Esekhade et 
al, (2003), tree crops in Nigeria thrive better in 
soil with such a range of pH, therefore the acid-
ic nature of the soil may not pose any danger to 
crop production.  
 The Organic Carbon (OC) gives an esti-
mate of the organic matter in the mineral soil 
(Buol et al, 1973). Its values range from 2.8-
18.8g kg-1 with a mean value of 14.8 g kg-1. 
This value is considerable when compared with 
the threshold value of 10-15 g kg-1 (moderate) 
for productive soils (Adiukwu and Ali, 2013). A 
good relationship between organic carbon and 
Total Nitrogen has been established by Brady 
(2002). They are reciprocal and ranged from 0.3
-1.6 g kg-1. The moderate value of total nitrogen 
might have been due to the leguminous ground 
cover or perhaps, the previous intercropping in 
the study area. This has also been observed by 
Esekhade et al. (2003) and Ugwa et al. (2017). 
Phosphorus which is one of the macronutrients 
required in large amounts for crop growth is 
also considered low in all the soil horizons 
when compared with the critical value (15mg kg
-1) as presented by Adiukwu and Ali (2013) as 
its mean value in the study area is 3.14mg kg-1.  
 The soil’s Effective Cation Exchange 
Capacity (ECEC) ranges between 1.29-1.64 
Cmol kg-1. It decreases in value along with the 
soil profile following the pattern of the organic 
matter. This offers the contribution of organic 
matter to ECEC in the soils of the study area. 
The values of ECEC are lower than that report-
ed by Kamalu et al. (2018). The low ECEC ac-
cording to Kamalu et al. (2018) is attributed to 
the kaolinitic nature of the clay minerals having 
cations in the coastal region of southern Nige-
ria.  
 The values of the exchangeable cations 
(Ca, Mg, K and Na) are also presented in Table 
3. They cannot be said to be high in value but 
are influenced by the soil parent materials and 
organic matter. It might also be due to the high 
rate of rainfall prevalent in the study area there-
by subjecting the soil to excessive leaching. The 
Base Saturation (BS) found in the sample soil 
from the study area is higher than 80% and ac-
cording to Adiukwu and Ali (2013), it is rated 
very high. This value corresponds with the val-
ues in the works of Esekhade et al. (2003), Ug-
wa et al. (2016), and Oko-Eboh et al. (2018). 
 Apart from Iron (Fe) which shows the 

highest amount in the study site soils, the oth-
er available micronutrients seem to be low. 
 They ranged in value as Fe>Zn> 
Mn>Cu. The critical value of the available 
micronutrient according to Amhakhian and 
Osenwota (2012) are Fe (5.0mg kg-1), Mn 
(2.5mg kg-1),Cu (2.0-3.0 mg kg-1) and Zn (0.8 
mg kg-1).  Zn is said to be high in the soils and 
may be prone to toxicity in the soil. Micronu-
trient deficiencies are attributed to the nutrient 
imbalance by heavy depletion of basic cation 
and phosphorus in the soil complex (Mpanda 
et al., 2016). 
 
Correlation matrix of the soil proportion 
 Table 4 shows the correlation matrix of 
the soil proportion in the study area. The ma-
trix reveals that six soil properties were posi-
tively significant while two were negatively 
significant. 
 The positively correlated properties are 
silt with clay (p<0.01), bulk density with pH 
(p<0.05, organic carbon with available P 
(p<0.01), Mn with Cu (p<0.05), Mn with Zn 
(p<0.01) and Cu with Zn (p<0.05).  
 The highly significant relationship be-
tween silt and clay suggests that at the topsoil 
the more there is silt, the more the clay would 
be in the soil complex. As the acid nature of 
the soil decreases, the more the value of the 
bulk density would increase. It signifies that 
the organic matter may not have been suffi-
cient in the topsoils. Furthermore, low organic 
matter in the soil has a negative value on 
available phosphorus and according to Brady 
(2002), an increase in the organic matter con-
tent of the soil improves the readily available 
content of the phosphorus status of the miner-
al soil. Apart from Fe, there is a preponder-
ance of Mn than Cu and Zn. These are micro-
nutrients. The significant positive relation-
ships observed in these micronutrients that are 
essential for crop function indicate that they 
are complementary. 
 Table 4 also shows the significant nega-
tive relationship that is between bulk density 
with total N (p<0.01) and between total N 
with pH (p<0.05). The significance of this is 
that the more the soil of the study site be-
comes alkaline, the more organic matter is 
been made available and may lower the bulk 
density value.  Compact soils have a negative 
influence on root development. Generally, soil 
tests in the study area and crop residue man-
agement may be essential in the management 
of these fragile Ultisols.  
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Conclusion 
 This paper successfully evaluated the 
morphology and physio-chemical properties of 
degraded utisols to determine their agricultural 
potential. Results revealed that the soil in the 
study area is severely weathered with attendant 
erosion activities. Evaluation of the chemical 
properties of the soil revealed that it is acidic in 
all the depths profile with a moderate value of 
total nitrogen. However, phosphorus, which is 
a macronutrient required in large amounts for 
crop growth and development was considera-
bly low as it decreased in value along with the 
soil profile and the pattern of organic matter. 
Statistical analysis revealed that the soil pH 
concentrations in the topsoil and subsoil were 
not significantly different as they were within 
moderate range for establishing tree crops like 
oil palm and rubber. The soil, therefore, needs 
to be improved to enhance its productivity and 
harness its full potential to support food pro-
duction. Erosion control measures should be 
the fundamental step towards achieving an im-
proved soil quality in the study area because of 
the amount of precipitation observed. Planting 
cover crops and tree crops, such as rubber and 
cocoa are also recommended because of the 
deep nature of the soil and the sloping nature of 
the area. The study, therefore, recommends 
regular appraisal of the fertility of the soil with-
in the study area for maximum agriculture 
yield  
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