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Abstract: Studies were carried out on four pre-classified soils in the Derived Savannah of Southern Nigeria to
assess their productivity based on their physicochemical attributes. Inherent soil constraints which could affect
their productivity were identified and consequently appropriate management practices were recommended to
maximize their productive potential. For soils of Itagunmodi, Apomu and Iwo series liming was recommended
to increase the soil pH as well as the ECEC; also soil organic carbon levels should be increased. For Apomu,
Iwo and Odeyinka series appropriate erosion control measures should be taken and tillage should be limited
to only when soil is drier than its plastic limit. Specifically, for Apomu and Odeyinka series salinity effects
should be avoided. Fertilization with adequate amounts of nitrogen and phosphorus is recommended for soils
of Itagunmodi and Iwo series. In addition, high priority should be given to erosion control and maintenance
of surface cover in the case of Itagunmodi series because of the clayey texture of the subsoil.
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INTRODUCTION texture, pH,  organic  carbon, cation exchange capacity

Although most of the soils of the Derived Savannah fulfill  these  functions, the productive potential of a soil
in Southern Nigeria have been surveyed and classified is limited by its inherent constraints. Identifying and
[1,2]. There has not been any documented systematic managing these constraints is fundamental to sustainable
work aimed  at  identifying any inherent constraints production systems.
which might affect their productivity. Beyond taxonomic The present work tries to identify such soil
classification of soils, effort is rarely made to interpret constraints  that  are  inherent  in  the  soils of
such classification  in  terms of how soil constraints Itagunmodi, Apomu, Odeyinka and Iwo series, all of
might affect  sustainable  production of crops, forage or which are located in the derived savannah vegetation
pastures and how this information can provide guidance zone in Southern Nigeria. The aim is to facilitate the
on managing these constraints [3]. recommendation  of  ways  of  managing  such constraints

Soil as a component of the terrestrial ecosystem so   as to   maximize   the   productive   potentials   of
fulfills many functions including those that are essential these soils.
for sustaining plant growth. Some of the functions include Modal profile pits would be dug and described for
partitioning of applied water into drainage and/or run-off, the  various soils. Soil samples would be collected from
storage of plant-available water, supply of adequate the genetic horizons and then analyzed in the laboratory
oxygen to roots, provision of favourable conditions of to  provide  data  on  the physicochemical properties of
seedling establishment, storage of nutrients essential to the soils. From the soil attributes inferences would be
plant growth, suppression of plant pathogens and drawn on the soil quality and the soil constraints would
immobilization of contaminants. These functions be identified. Consequently, the assessment of the soil
constitute the criteria against which ‘soil quality’ is attributes would be based on the decision-support
assessed [4,3]. The attributes that are used to assess the framework called ‘Soil Constraints and Management
ability of a soil to fulfill these functions include soil Package (SCAMP)’ [3].

and soil depth. Because soils differ in their capacity to
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MATERIALS AND METHODS Laboratory   Analysis:   The  hydrometer  method [6] was

The study was carried out at pre-classified sites in separates: sand, silt and clay. Twenty mililitre of 4%
Ife, Apomu and Iwo towns, within latitudes 7°2  and 7°6 NaOH was used as a dispersing agent. The textural1 1

North and longitudes 4°2  and 4°7  East in the derived classes were designated according to Soil Taxonomy [7].1 1

savannah vegetation zone of Southern Nigeria. Modal The chromic acid digestion method [8] was used to
profile  pits  were  located, dug and described according determine the organic carbon of the soils. The soil pH was
to  the  standard procedure [5]. Soil samples were determined in 1:1 soil-water ratio and 1:1 soil-1 NKCl
collected from the genetic horizons of four soils, namely, suspensions [9]. 1 N NH OAc, pH7 was used to extract
Itagunmodi,  Apomu,  Odeyinka  and  Iwo  series  and the  exchangeable  bases.  Magnesium  was  determined
then subjected to laboratory analysis to obtain the by EDTA titration. Exchangeable acidity was extracted
physicochemical data of the soils. Itagunmodi series is using 1 N KCl [10] and then determined by titration using
derived from amphibolite and has annual rainfall of 0.05N Na0H using phenolpythalein indicator. Effective
1400mm. Apomu and Iwo series have a common parent cation  exchange  capacity (ECEC) was taken as the sum
material, coarse grained/gneiss, with annual rainfall of of the 1 N NH OAc, pH 7 extractable bases and the KCl-
1400 and 1100 mm, respectively. Odeyinka series is extractable acidity (E.A.).
derived from diorite gneiss and has annual precipitation
of 1200mm. RESULTS AND DISCUSSION 

The  physicochemical  properties  that were needed
for the present study included soil pH (H O), organic The physicochemical properties of the four soils are2

carbon, extractable bases, extractable acidity, effective shown in Tables 1-4. Apomu, Odeyinka and Iwo series
cation  exchange capacity, base saturation, soil texture have sandy loam texture throughout their profile, so they
and soil depth. would have little resistance to root penetration. Also

Then     applying    the      ‘Soil      Constraints    and these soils are deep, so they are suitable for shallow as
Management Package’ (SCAMP) [3], the soil constraints well as for deep rooted crops. Odeyinka series has a
inherent in the individual soils were systematically heavier texture (sandy clay) in the subsoil, with loam
identified based on the afore-mentioned physicochemical surface horizon. This soil is less suitable for deep rooted
attributes  of  the soils. I nferences  were then drawn and crops. Root crops, for example, are not suited to clayey
recommendations made about how the individual soils soils because of harvesting difficulties. Clayey soils are
and their inherent constraints should be managed to unsuitable for crops that do not tolerate prolonged soil
maximize their productive potential. wetness; they have low permeability  and  this constraint

used to determine the percentage of the primary

4

4

Table 1: Physical and Chemical Properties of Itagunmodi Series
Soil depth (cm)
----------------------------------------------------------------------------------------------------------------------------------------

Properties 0-2- 20-56 56-100 100-140 140-180
pH (H 0) 5.78 5.60 5.61 6.00 5.952

Organic carbon (g kg ) 0.77 0.41 0.20 0.12 0.12-1

Ex. H 0.14 0.10 0.10 0.10 0.10+

Extractable bases (cmol kg ):Ca 0.75 0.75 0.80 0.85 0.70-1

Mg 0.95 0.55 0.44 0.23 0.78
Na 0.05 0.05 0.06 0.06 0.05
K 0.02 0.01 0.01 0.01 0.01
Extractable acidity (cmol kg ) 0.14 0.10 0.10 0.10 0.10-1

ECEC (cmol kg ) 1.91 1.46 1.41 1.25 1.64-1

Base Saturation (g kg ) 93.00 93.00 93.00 92.00 94.00-1

Sand (%) 30.00 48.00 46.00 46.00 48.00
Silt (%) 46.00 2.00 4.00 2.00 4.00
Clay (%) 24.00 50.00 50.00 52.00 48.00
Gravel (%) 4.00 6.00 14.00 6.00 21.00
Textural Class Loam Sandy Clay Sandy Clay Sandy Clay Sandy Clay 



Am-Euras. J. Agron., 2 (3): 124-129, 2009

126

Table 2: Physical and Chemical Properties of Apomu Series

Soil Depth (cm)
--------------------------------------------------------------------------------------------------------------------------------------------------

Properties 0-6 6-24 24-46 46-70 70-120 120-167 167-195

pH (H 0) 6.80 7.65 7.12 6.50 6.40 6.00 6.602

Organic carbon (g kg ) 2.93 0.20 0.12 0.04 0.04 0.08 0.08-1

Ex. H 0.10 0.10 0.10 0.10 0.10 0.10 0.10+

Extractable bases (cmol kg ):-1

Ca 2.80 0.80 0.50 0.50 0.85 1.35 0.90
Mg 2.40 0.93 0.40 0.31 0.50 0.59 0.43
Na 0.09 0.03 0.03 0.01 0.03 0.05 0.03
K 0.05 0.02 0.02 0.01 0.02 0.04 0.03
Extractable acidity (cmol kg ) 0.10 0.10 0.10 0.10 0.10 0.10 0.10-1

ECEC (cmol kg ) 5.44 1.88 1.05 0.93 1.00 2.13 1.49-1

Base Saturation (g kg ) 98.00 95.00 91.00 89.00 90.00 95.00 93.00-1

Sand (%) 58.00 86.00 84.00 86.00 76.00 64.00 72.00
Silt (%) 25.00 6.00 8.00 5.00 8.00 1.00 4.00
Clay (%) 17.00 8.00 8.00 9.00 16.00 35.00 24.00
Gravel (%) 6.00 12.00 29.00 45.00 71.00 70.00 69.00
Textural Class Sand Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam

Table 3: Physical and Chemical Properties of Odeyinka 

Soil Depth (cm)
------------------------------------------------------------------------------------------------------------------------------------------------

Properties 0-6 6-35 35-60 60-92 92-108 108-160

pH (H 0) 7.10 7.00 6.55 6.85 6.35 6.402

Organic carbon (g kg ) 2.27 0.20 0.16 0.16 0.04 0.04-1

Ex. H 0.14 0.10 0.10 0.10 0.14 0.14+

Extractable bases (cmol kg ):-1

Ca 2.00 1.10 1.25 2.25 3.25 3.50
Mg 1.71 1.32 0.93 1.82 2.95 4.35
Na 0.06 0.01 0.17 0.04 0.10 0.13
K 0.03 0.02 0.02 0.02 0.02 0.02
Extractable Acidity (cmol kg ) 0.14 0.10 0.10 0.10 0.14 0.14-1

ECEC (cmol kg ) 3.94 2.55 2.47 4.23 6.71 8.12-1

Base Saturation (g kg ) 97.00 96.00 96.00 98.00 98.00 98.00-1

Sand (%) 78.00 80.00 80.00 64.00 52.00 56.00
Silt (%) 10.00 8.00 8.00 8.00 24.00 16.00
Clay (%) 12.00 12.00 12.00 28.00 24.00 28.00
Gravel (%) 1.00 4.00 20.00 80.00 43.00 1.00
Textural Class Sand Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam

causes them to remain wet for a longer period than soils moderately suitable for cassava, soyabean, coconut and
of lighter texture [3]. By the SCAMP assessment, soils of citrus; but are marginally suitable for the production of
Apomu, Odeyinka and Iwo series are potentially highly peanut and cashew.
suitable for sustainable production of maize, cassava, Because Itagunmodi series have a loamy topsoil over
yam, peanut, soyabean, sugarcane, vegetables, coconut, clayey subsoil, these soils could be highly susceptible to
banana, plantain and citrus; but are moderately suitable severe soil degradation should erosion reduce the depth
for the production of cashew. Itagunmodi series are of the topsoil. Therefore high priority should be given to
potentially highly suitable for maize, sugarcane, erosion control using methods appropriate for the erosion
vegetables, coconut, banana and citrus; these soils are hazard  by  considering  the  slope  and observed erosion.
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Table 4: Physical and Chemical Properties of Iwo Series 

Soil Depth (cm)
-------------------------------------------------------------------------------------------------------------------------------------------------

Properties 0-20 20-33 33-58 58-82 82-103 103-132

pH (H 0) 6.40 6.30 6.40 4.50 5.00 4.502

Organic carbon (g kg ) 1.34 0.33 0.20 0.16 0.04 0.04-1

Ex. H 0.10 0.24 0.19 0.08 0.10 0.10+

Extractable bases (cmol k ):-1

Ca 1.90 1.25 0.85 0.75 0.35 0.30
Mg 1.33 0.98 0.97 1.20 0.70 0.41
Na 0.06 0.07 0.09 0.07 0.06 0.05
K 0.06 0.05 0.04 0.04 0.04 0.03
Extractable Acidity (cmol kg ) 0.10 0.24 0.19 0.19 0.24 0.33-1

ECEC (cmol kg ) 3.45 2.59 2.14 2.25 1.39 1.12-1

Base Saturation (g kg ) 97.00 91.00 91.00 92.00 83.00 71.00-1

Sand (%) 70.00 50.00 22.00 22.00 54.00 54.00
Silt (%) 13.00 9.00 5.00 3.00 9.00 5.00
Clay (%) 17.00 41.00 73.00 75.00 37.00 41.00
Gravel (%) 31.00 62.00 62.00 62.00 32.00 42.00
Textural Class Sand Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam Sandy Loam 

Because of their sandy loam texture, Apomu, Odeyinka range 6.6-7.5. This pH range is optimal for the growth of
and Iwo series could be highly  susceptible  to  water most plant species. However, Mn toxicity may limit yield
erosion  and  may be hard-setting especially if finer. The in waterlogged soils with high reducible Mn contents.
management implication is to till the soil only when drier Management activities to ameliorate these soils should
than its plastic limit, to take appropriate erosion control ensure that there are no nutrient deficiencies (e.g., P, N,
measures and also maintain surface cover. Zn, Mo) or salinity effect. The pH (H 0) values for the

Considering  the  mean pH value for each profile, all horizons of Odeyinka profile ranged between 6.4-7.1. The
the soils were acidic, having a pH (H 0) value less than 7.0 plant growth and yield implications as well as the2

and base saturation less than 100% [11]. The acidic necessary management considerations are similar to those
nature  of  these  soils  could  be attributed partly to the for Apomu series. With respect to pH distribution, Iwo
high precipitation in the humid tropic. It has been reported profile appears to fall into two categories: the 0-58cm
that in regions of high rainfall, soils, even from alkaline depth had pH range, 6.3-6.4; while the 58-132cm layer
parent materials, become acidic by the leaching away of appeared distinctly more acidic, with a pH range, 4.5-5.0.
the basic cations (Ca , Mg , K , Na ) by rainwater and Hence, for the depth 0-58cm, the soil has similar growth++ ++ + +

the replacement of many of them by H  [12]. The pH (H 0) and yield implications as well as amelioration measures+
2

of the horizons of Itagunmodi profiles ranged between similar to those for Itagunmodi soils. When considering
5.6-6.0, thereby falling within the  SCAMP  diagnostic this soil (Iwo series) for tree crops (needing deep soil
range  5.6-6.5. In this pH range, optimum plant growth can valume) the yield and management implications of the pH
be obtained for many acid-tolerant cultivars, but adequate of the 58-132cm section are as follows. This pH (4.5-5.0)
amounts of N and P must be made available. Also, falls within the SCAMP diagnostic range, 4.6-5.5. This pH
manganese (Mn) toxicity may still limit yield in range denotes significant soil acidification. Amelioration
waterlogged soils with high reducible Mn contents [3]. of this soil is necessary to maintain productive yields. The
Management activity for the amelioration of these soils is land may be planted to acid-tolerant species.
economically viable; liming should be practiced, the Itagunmodi, Apomu and Iwo series had exchangeable
strategies for which should be determined according to bases mean values of 1.43, 1.89 and 1.94 cmol kg
the crops being grown. The pH (H 0) of the soil horizons respectively, while Odeyinka series had a mean value of2

of Apomu series ranged from 6.0-7.7, with an average 4.55 cmol kg . However, this is contrary to the expected
value of 6.5. This falls within the SCAMP diagnostic since Itagunmodi series is derived from a basic parent

2

-1

-1
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material (i.e. amphibolite) and therefore should have tillage farming systems to reduce loss of  soil  organic
higher contents of exchangeable bases than Apomu, Iwo carbon from cultivation, using strip and alley cropping
and Odeyinka soils which were developed on acidic and  applying  organic  materials  (such  as  animal
parent materials (granite/gneiss). This could be due to manure,  composted   municipal   waste, sewage sludge
leaching of bases by the high precipitation of the region. and locally available industrial organic wastes) obtained
Birkeland [13] had reported a gradually diminishing from off site.
influence of the parent rock or mineral with increasing
leaching. CONCLUSION

The cation exchange capacity (CEC) of soils
commonly ranges from 3 to 50cmol kg  [4]. Comparatively, The study has shown that both chemical and-1

therefore, the  four soils-Itagunmodi, Apomu, Odeyinka physical properties which affect soil productivity varied
and Iwo series-had low CEC. This could be attributed to among the four soils even though they were in the same
the fact that soils of the humid tropics are characterized vegetation zone, i.e. Derived Savannah in southern
by low organic matter and clay and oxides and hydroxides Nigeria. All the soils had some inherent constraints that
of iron and aluminium, with very little 2:1 clay minerals. could adversely affect their potential productivity.
The clay is predominantly kaolinitic [14]. A low effective Therefore, if the productivity of these soils is to be
cation exchange capacity (< 4 cmol kg ) implies a low maximized these constraints would have to be ameliorated-1

capacity for holding cations against leaching. Hence through appropriate management practices as have been
applying high rates of a cation such as K  in fertilizer indicated in this work. +

increases the likelihood of losses due to leaching.
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