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Abstract: The use of forest resources requires accurate knowledge of land and soil properties. This 
necessitates detailed soil description and classification. This study was conducted to characterize and 
classify pedogenesis of Onigambari Forest Reserves in south-west Nigeria. A standard flexible rigid-
grid method of survey was used to establish the mapping units. Three profile pits were dug under each 
land use type (Teak and Gmelina plantations), making six pits in the location. The profile pits were 
sampled at the pedogenic horizons for physical and chemical properties analyses. Soils obtained were 
classified using standard methods. The soils were classified as order Alfisols. Based on the moisture 
regimes, the soil belongs to Udalfs and Aqualfs suborder. At the great group level, the soil fell into the 
Kandic horizon. Under teak plantation, pedons 1 and 2 were classified as Plinthic Kandiudalfs (Eutric 
Lixisols), pedon 3 as Arenic Kandiaqualfs (Gleyic Lixisols) while under Gmelina, pedon 4 was 
classified as Typic Hapludalfs (Ferric Lixisols), pedon 5 Typic Kandiudalfs (EutricLixisols) and pedon 
6 TypicKanhapluaqualfs (Gleyic Lixisols). At the soil series levels, pedons 1, 2, 4 and 5 belonged to 
Gambari series, pedons 3 and 6 belonged to Apomu series. Pedogenic processes identified were 
leaching, plinthization and desilication processes.
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1. INTRODUCTION
Foresters have always relied on the knowledge of 
chemical and physical properties of soils to assess 
the capacity of sites to support productive forests. 
Recently, the need for assessing soil properties 
has expanded because of growing public interest 
in determining consequences of management 
practices on the quality of soil relative to 
sustainability of forest ecosystem functions in 
addition to plant productivity (Karlen et al., 
1997). Pedogenesis can be defined as the process 

of soil development which was principally 
controlled by climate and vegetation (Bockheim 
et al., 2005).Plantation trees bring about 
changes in edaphic, microclimatic, flora, fauna 
and other components of the eco-systems, 
through biocycling of mineral elements and 
environmental modification (Shukla, 2009). 
These processes are carried out by the addition, 
removal,  leaching, transformation and 
translocation of matter through a myriad of 
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processes. All these processes affect horizon 
different iat ion (horizonat ion)  and soi l 
development (Simonson, 1959).
Certini et al. (2001) and Shukla (2009) observed 
changes in morphological properties with forest 
establishment. The most significant pedogenic 
process that takes place in forest soils is the 
addition of organic matter, which is also the early 
step in the horizonation of most soils. They also 
confirmed that organic acids released by 
decomposing litter have more weathering impact 
than the root exudates and favour the formation 
of A horizons. Soil colour depends on pedogenic 
processes and parent materials from which the 
soil is formed. The quantity and nature of organic 
matter affects its interaction with soil particles, 
thus influencing soil colour (Schulze et al., 
1993). Vegetation is a dominant factor in soil 
formation as it is the primary source of organic 
matter. Soil characterization and classification 
study under toposequence is essential to 
recognize the effects of these soil forming factors 
and processes on soil physicochemical and 
morphological properties and to draw promising 
management practices. This has not been 
properly addressed adequately studied on the 
basement of complex soils of forest reserves in 
south western Nigeria. This study is therefore, 

aimed at determining pedogenic processes and 
classifying the soils under teak and Gmelina 
plantations at the study site.

2.   MATERIALS AND METHODS

2.1 The Study Area
The study was conducted at Onigambari Forest 
Reserve. Gambari Forest in the Oluyole Local 
Government area of Oyo State is situated 
between the River Ona on the west and the main 
motor road from Ibadan to Ijebu-Ode on the east. 
Onigambari Forest Reserve is located between 
latitude 7°26' + 7°55'N and longitude 3°53' + 
3°90'E zones 31, and covering about 14,506.4 
ha. The topography of the reserve is generally 
gentle undulating. The average altitude is from 
121-152 m above the sea-level (Salami et al., 
2016).
The rainfall regime is double–peak and the mean 
annual rainfall is about 1300 mm. The mean 

oannual temperature is about 27 C, with no 
marked seasonal or monthly departure from the 
annual average. The parent rock is Crystalline 
and it is a part of the Pre-Cambrian series shown 
as “undifferentiated basement complex” on the 
geological map of Nigeria. Most of the original 
forest at Onigambari has been clear-felled and 
subsequently replaced with teak and Gmelina, 
established by the 'taungya system'.

Figure 1: Location map of Onigambari forest reserve 2.2 Field Studies
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Soil sampling was done using flexible rigid-grid 
sampling to cover the forest reserves. The digital 
elevation model of the study area was produced using 
Shuttle Radar Topographic Mapper at 90-meter 
resolution, using ArcGIS 10.2 software. Furthermore, 
the digital terrain of the study area was also produced 
in order to delineate the area that is upper, middle and 
lower slope which will help to determine the 
topography of the study area (figure 2). Three profile 
pits were dug on each land use (Teak and Gmelina 
plantation), totaling six profiles in the location. The 
profiles were described using the guidelines of FAO 
(2006). Sampling of each profile was carried out 
according to the pedogenic horizons.

Figure 2: Digital Terrain Model of Onigambari 
Forest Reserve

2.3 Laboratory Analysis
The collected soil samples were air dried under room 
temperature. After air drying, some physical 
properties were carried out and subsequently sieved 
using a 2 mm sieve. The sieved soil samples were 
used for the laboratory determination of the soil 
properties. Particle size distribution was determined 
by the hydrometer method (Gee & Bauder, 1986). The 
soil pH was determined electrometrically in water 
using a ratio of 1:1 (10 g soil: 10 ml distilled water). 
Organic carbon was determined by the wet oxidation 
method (Walkley- Black, 1934) as described by 
Nelson and Sommers (1982). Total Nitrogen was 
determined using Kjeldahl digestion method. 
Exchangeable Ca, Mg, Na and K were extracted with 
1M ammonium acetate (1M NH OAc) solution 4

buffered at pH 7.0, as described by Anderson and 
Ingram (1993). Available phosphorus was extracted 
using the Bray No.1 method (Bray & Kurtz, 1945). 

Exchangeable acidity was determined by saturating 
the soil samples with potassium chloride solution and 
titrated with sodium hydroxide as described by 
Mclean (1965). Cation exchange capacity of the soil 
was determined with 1M NH OAc buffered at pH 7.0 4

(Chapman, 1965; Rhoades, 1982). The Effective 
Cation Exchange Capacity (ECEC) was obtained by 
the summation of exchangeable bases and exchange 
acidity (Somner & Miller, 1996).   The Bulk density 
was determined using the core method (Anderson & 
Ingram, 1993). Saturated hydraulic conductivity 
(Ks) was estimated by the constant head soil core 
method as described by Reynolds (2002).The total 
porosity of the soils was estimated from the bulk 
density (BD) of the soil by assuming that the particle 

-3.  
density (PD) of the soil was 2.65 gcm The electrical 
conductivity of the soil was taken using a standard 
electrical conductivity meter.

3.     RESULTS AND DISCUSSION
3.1 Soil Morphological Properties
3.1.1 The Morphological Properties of the Pedons 
under Teak (Tectona grandis) Plantation at 
Onigambari Forest Reserve 
The first pedon was in the upper slope of the 
toposequence. The soil was deep up to 150 cm depth. 
It had a colour variations ranging from dark brown 
(7.5 YR 4/4) on the surface to Yellowish red (5 YR 
4/8) and yellowish brown (10 YR5/6) in the subsoils 
(Table 1). The oxidation of Fe in both surface and 
subsurface soils is indicated by the yellowish and 
reddish colour. Similar findings were reported by 
Foth (1990), who claimed that the presence of iron 
compounds in various states of oxidation is what 
causes the reddish and yellowish colour.
The profile had a sandy loam texture on the surface 
soil, overlying sandy clay loam subsoils with clay 
content increasing with increasing profile depth. The 
pedon had structure that varied from very fine sub-
angular blocky on the surface soil to coarse sub-
angular blocky in the subsurface horizons. Iron-
manganese concretions were identified in the second 
and third horizons of the pedon. Black (5YR 2/1), 
common, medium and distinct mottles were 
observed at a depth of 45 cm to 150 cm. With an 
increase in depth, the mottles became many, very 
common, coarse and prominent with no changes in 
colour. The decreasing state of iron in the soil caused 
by alternating wet and dry circumstances over a long 
period of time may be the cause of the mottling that 
was seen in the soils (Eswaram et al., 2003).
The second pedon was in the middle slope of the 
toposequence also under teak plantation. The soil is 
characterized by sandy loam texture throughout the 
pedon. The soil was not deep due to the observance of 
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a large iron pan at depth 60 cm. The soil colour varied 
from brown (7.5 YR 5/4) on the surface to yellowish 
red (5YR 4/5) in the second horizon. The soil had a 
very fine single grained structure up to depth 60 cm. 
The second horizon was very stony, which gave it a 
very coarse single grained structure. Few, medium and 
distinct black (5 YR 2/1) mottles were observed in the 
second horizon while iron-manganese concretion 
were observed in the two horizons identified. Iron pan 
covers the largest part of the area, which made soil 
profile to be shallow.  
The third pedon was in the lower slope of the 
toposequence under teak plantation. The soil showed 
colour variation from dark brown (10 YR 4/3) on the 
surface, to light yellowish brown (10 YR 7/4) and 
yellow (10 YR 7/6). The soil was deep, but it was 
imperfectly drained with permanent water saturation 
at a depth of 150 cm, as at the time of profile sampling; 
whereas, sampling was done during the dry season 

Table 1:Morphological Characteristics of the Pedons under Teak Plantation at Onigambari Forest Reserve

 

SS/Topo

 

Horizon

 

Designation

Horizon 
Depth 
(cm)

Soil 
Texture

 

Soil 
Structure

 

Consistence Soil Colour  
(Moist)

Mottles Concretion Horizon 
Boundary

UPP A 0-45 SL FSAB L ,fr ,shd Dark 
brown(7.5YR4/4)

Absent Absent Cw

Btc1 45-85 SCL CSAB Fi,hd Yellowish 
red(5YR4/8)

5YR2/1c, 
m, d

Fe-Mn Cw

Btc2 85-150 SCL CSAB Vfi, hd Yellowish brown 
(10YR5/6)

5YR2/1 
m, cr, pr

Fe-Mn -

MDD A 0-30 SL SG l. fr Brown 
(7.5YR5/4)

- Fe-Mn Gs

Bc 30-60 SL SG l, fr Yellowish 
red(5YR4/6)

5YR2/1 
fw, me,d

Fe-Mn -

LS A 0-50 SL MSAB Fr ,shd Dark 
brown(10YR4/3)

Absent Absent Gs

Bc 50-97 SL MSAB Fr, shd Light yellowish 
brown(10YR7/4)

5YR2/1 
c, fi,d

Fe-Mn Gs

B2 97-150 SL CSAB Fi, shd Yellow(10YR7/6) Absent Absent -

(month of January). Black (5YR 2/1), common, fine 
and distinct mottles were encountered between 50 
cm and 97 cm depth. The occurrence of black (5YR 
2/1) mottle in the subsurface layer indicates poor 
drainage conditions.
 This pedon had sandy loam texture throughout the 
profile. The soil structure varied from medium sub-
angular blocky to coarse sub-angular blocky 
structure in the subsoils. 
The changes in chemical and mineralogical 
composition, topographic positions, soil organic 
matter, texture, parent materials and moisture 
regimes may all be contributing factors to the 
observed variations in soil colour within and across 
pedons. Dengizet al. (2012) reported a similar 
discovery and claimed that the difference in soil 
colour could be connected to OM, water logging, 
CaCO  buildup, and redox reaction in the soil.3

SL= Sandy loam; SC= Sandy clay; SCL= Sandy clay loam
‡ FSAB = Fine sub angular blocky;    MSAB = Medium sub angular blocky;   CSAB= coarse sub angular blocky
+ Fr = friable;   Fm = Firm;   l = loose;    hd= Hard;    shd = Slightly hard, s = soft, c= common, m= medium, d= 
distinct, m= many, cr= coarse, pr= prominent, gs= gradual smooth, cs= clear wavy, fw= few, me= medium

3.1.2 The Morphological Characteristics of the 
Pedonsat Onigambari Forest Reserve under 
Gmelina Plantation (Gmelina arborea).
The first pedon was located at the upper slope of the 
toposequence.  The surface soil colour was yellowish 
red (5YR 4/6) and it had the sandy loam texture. The 
soil surface was slightly stony and had medium 
subangular blocky structure. No mottles were 
observed but it can be deduced that prolong iron-
manganese concretions exposed to alternating wet 
and drying conditions, led to the formation of iron pan 

encountered. The second pedon was also in the 
middle slope under Gmelina plantation. Only two 
horizons were identified in this pedon due to the 
observance of yellowish brown plinthite nodules that 
form very hard iron pan at a depth below 80 cm. The 
soil is characterized by sandy loam epipedon 
overlying sandy clay loam subsurface horizon. The 
soil had colour variations from dark brown (7.5YR 
4/2) to reddish brown (5 YR 4/4). Many medium, 
prominent black (5 YR 2/1) mottles were observed at 

nddepth between 35 cm - 80 cm (i.e. 2  horizon). The 
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soil structure ranged from medium sub-angular 
blocky to fine single grain in the subsoils. The subsoils 
were very stony.  The third profile was located at the 
lower slope. The soil was deep and had colour 
variations from very dark brown (7.5 YR3/4) on the 
surface to brown (7.5YR 5/4) and light gray (10 YR 
7/1) in the subsurface soils. The soil is characterized 
by sandy loam in the first and second horizon 
overlying sandy clay loam subsurface soils. The soil 
had structure ranging from medium sub-angular 
blocky to single grained to thin platy in the subsoils. 
Black (5 YR 2/1), common and medium mottles were 
observed in the second horizon. Quartz igneous rock 
was encountered at depth 110 cm as shown in Table 2. 

The soils that were being studied had erratic A and B 
layers and varied in depth from somewhat shallow to 
deep (Tables 1and 2). The upper pedons on Gmelina 
plantation had the shallowest depths (0-30 cm) 
among the topographic positions. Generally, the 
thickness of the soils increases down topographic 
positions. Soils on all the topographic positions 
showed considerable similarity in the presence of 
colour variations, mottles and sequence of master 
horizons, where every pedon has B master horizon 
showing illuviation of silica, silicate clays, 
plinthization and iron-concretions, under A master 
horizon, altered by vegetations and other types of 
disturbance.

Table 2: Morphological Characteristics of the Pedons under Gmelina Plantation at Onigambari Forest 
Reserve

SS/Topo  Horizon 
Depth 
(cm)

 

Horizon 
Designation  

Soil 
Texture  

Soil 
Structure  

Consistence  Soil Colour  (Moist) Mottles Concretion Horizon 
Boundary

UPP
 

0-30
 

Av
 

SL
 

MSAB
 

Fr, shd
 

Yellowish-
red(5YR4/6)

MDD

 
0-35

 
A

 
SL

 
MSAB

 
Fr, shd

 
Dark-
brown(7.5YR4/2)

Absent Absent Cs

 

35-80

 

Bc

 

SCL

 

SG

 

Fi ,shd

 

Reddish-
brown(5YR4/4

10YR5/8 Fe-Mn -

LS 0-22 A SL MSAB Fr, hd Very dark -
brown(7.5YR3/4

Absent Absent Cs

22-90 Bc SL SG l, Brown(7.5YR5/4) 5YR2/1 Fe-Mn Cs
90-110 Bt SCL PL Vfi ,hd Light-

gray(10YR7/1)
Absent Absent -

SL= Sandy loam; SC= Sandy clay; SCL= Sandy clay loam
‡ FSAB = Fine sub angular blocky;    MSAB = Medium sub angular blocky;   CSAB= coarse sub angular 
blocky
+ Fr = friable;   Fm = Firm;   l = loose;  hd= Hard;    shd = Slightly hard, s = soft

3.2 Soil Physical Properties
3.2.1 The Physical Properties of Pedons under 
Teak (Tectona grandis) Plantation at Onigambari 
Forest Reserve (Table 3)
The upper and lower slope pits were deep (150 cm 
depth each) while the middle slope pit was shallow, 
about 60 cm in depth, due to the presence of hard pan 
at this depth. The sand content of the soils was 
considered high, with values decreasing down the 
profile in the upper slope and fluctuating in the lower 
slope. The same content was observed in the two 
layers of the middle slope. In the higher slope, the silt 
content increased while decreasing in the middle and 
lower slopes of the profile.
The clay content increased down the profiles with 

increasing depth in all profiles. But there was no 
evidence of argilluviation in the middle and lower 
slope profiles. The textural class of the soils ranged 
from sandy loam to sandy clay loam and the texture 
does not change with depth in the middle and lower 
slope. The gravel content of the soils was considered 
high with values ranging from 109.5 – 754.5 g/kg. It 
increased by depth which, this is an indication that 
total pore space is reduced and plants are more likely 
to be susceptible to the effect of drought (McKenzie 
et al., 2002).
The bulk density of the soils ranged from 1.06 – 1.50 
g/cm3, which is a good indication that the soil is 
suitable for root growth and soil permeability 
(Cresswell & Hamilton, 2002). The bulk density 
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decreased with increasing depth in all profiles. For 
the optimal crop production, these values will enable 
root penetration, excellent aeration and water 
circulation (Esu, 2010).
 The electrical conductivity (EC) of the soils ranged 
between 1 and 3 dS/m. This is an indication of slightly 

Table 3: Physical Properties of Pedons under Teak Plantation at Onigambari Forest Reserve

     EC= Electrical conductivity

saline soil and with this condition, plant available 
water would not be affected and no cause for plant 
stresses (Krista, 2003). This range is classified as 
low by Havlin et al. (1999), which suggests that the 
soils are not affected by salt.

3.2.2 The Physical Properties of Pedons under 
Gmelina (Gmelina arborea) at Onigambari Forest 
Reserve (Table 4)
The depth of lower slope profile was 0 – 110 cm, 
while the upper and middle slope profiles were 
shallow with the upper slope too shallow at about 30 
cm, before hard pan/Iron pan was encountered. The 
soil was generally characterized by high sand content 
with the upper slope having 830 g/kg sand, while 
decreasing the profile of the lower slope, the value 
decreased the middle slope's profile.
The silt content fluctuated down the profiles while the 
clay content increased depth but, there was no 
evidence of argilluviation. The textural class of the 
soil ranged between sandy loam and sandy clay loam. 
The gravel content was generally high (930 – 803.0 
g/kg). The bulk density of the soil ranged between 

3
1.09 – 1.48 g/cm which indicates good soil suitable , 

for root growth. The bulk density decreased in the 
profiles. Because Kachinkii (1965) recommended 
over 50% for good soils, between 45 and 50% 
satisfactory soils, 40 to 45% for unsatisfactory soils, 
and under 40% and below for poor soils. Also, 
according to Brady and Weil (2002) the ideal total 
pore space values, which are acceptable for crop 
production are around 50%. The soils, both under teak 

and Gmelina plantations, have unsatisfactory 
porosity with values ranging from 40 to 45%. This 
could be ascribed to the high sand and gravel 
contents in the top soils and sub-soils, which largely 
include macro pores that typically cannot hold water 
against gravity and are typically filled with air.
The electrical conductivity value ranged from 1 – 9 
dS/m, the upper and middle slopes had between 1 -2 
dS/m (non-saline) while the lower slope values 
ranged between 1 and 9 dS/m, which is an indication 
that the soil is between non-saline and strongly 
saline. This can affect soil physical properties by 
causing fine particles to bind together into 
aggregates, a process known as flocculation. At the 
same time, this is beneficial in terms of soil aeration, 
root penetration, and root growth. Although 
increasing soil solution salinity has a positive effect 
on soil aggregation and stabilization, at high levels, 
salinity can have negative and potentially lethal 
effects on plants (Krista, 2003).
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Ksat= Hydraulic conductivity, CDR= Clay Dispersion ratio, EC= Electrical conductivity

Table 4: Physical Properties of Pedons under  Gmelina Plantation at Onigambari Forest Reserve

33

3.2.2 The Chemical Properties of Pedonsunder 
Teak Plantation at Onigambari Forest Reserve 
(Table 5)
The reaction of the soil profiles ranged from 
moderately acidic to slightly acidic (pH 5.8 – 6.5). In 
the range of 0.08 to 0.11%, the total nitrogen contents 
of the soil are very low and low. Between 0.1 and 0.2% 
of total nitrogen is regarded as low, and less than 0.1% 
as very low (Landon, 1984). The high temperature of 
the tropical environment, which causes a rapid loss of 
soil nitrogen owing to volatilization, is one of its 
primary characteristics (Olowolafe & Dung, 2000). 
Leaching caused by periods of heavy rainfall in this 
environment also contributed to nitrogen losses.
The percentage of organic matter ranged between 1.2 – 
1.77 which were considered to be low in all the pedons. 
Available phosphorus ranged from low to medium, 
with values ranging from 7.15 – 10.89 mg/kg. The 
exchangeable cations generally ranged from low to 
moderate. Effective cation exchange capacity was 

1
considered to be very low, less than 16 Cmol/kg- ; the 
percentage base saturation values were generally high 
(> 50%).
3.2.3 The Chemical Properties of Pedonsunder 
Gmelina at Onigambari Forest Reserve
The pH of the soil ranged from moderately acidic to 
slightly acidic (pH 5.8 – 6.2) (Table 6). The nitrogen 
contents of the soils were low with value ranging from 
0.1 – 0.17%. The organic carbon content ranged from 
low to moderate with values ranging between 0.88 and 
1.57%. The values increased in depth.  The outcomes 
are in line with the conclusions of Wakene and Heluf 
(2003), who indicated that anthropogenic activities and 
continuous cultivation caused OC oxidation and 
subsequently led to a decrease in TN. The available 
phosphorus contents of the soils were moderate with 

-1values ranging from 9.34 – 16.58 mgKg Generally, .

the exchangeable cations contents ranged from 
2+moderate to very high except for calcium Ca  ,

which was considered low in the soil. The 
2+ -exchangeable Ca  ranged from 2.09 – 3.70 Cmolkg

1 -1. The CEC clay ranged from 3.38 – 6.98 Cmolkg  
while the effective cation exchange capacity 

-1(ECEC) ranged between 7.16 and 19.75 Cmolkg . 
The soil's CEC is typically thought to be poor both 
under teak and Gmelina vegetations. Between 7.16 
to 19.75 cmolkg-1 were the values. According to 
Jim (2003), the low CEC values from all the pedons 
are a reflection of the low levels of soil organic 
carbon and kaolinitic clay. From the obtained, it was 
observed that all pedons had high percent-based 
saturation (>50%). This does not imply that the soils 
have high levels of basic cations, but rather, it shows 
that the exchange site will be easily saturated due to 
the kaolinitic clay's low capacity to adsorb cations 
and the few available bases (Kparmwanget al., 
1998).
Micronutrients
All pedons' available micronutrient contents (Fe, 
Mn, Zn, and B) exhibit erratic trends with respect to 
soil depth and slope (Table 5 and 6). All of the 
pedons had extremely high concentrations of 
available Fe and Mn, compared to Zn and B. The 
amount of organic matter in the soil, the reactivity of 
the soil and the amount of clay, are the three main 
factors that affect the micronutrient content of soils 
(Fisseha, 1992).
The range of Fe, Mn, Zn and B concentrations in all 

-1 -1the pedons was 23.04 mgkg  to 31.96 mgkg , 41.56 
-1 -1 -1 -1

mgkg  to 63.32mgkg , 12.43 mgkg  to 22.98 mgkg  
-1and 0.26 to 0.39 mgkg  respectively (in the teak 

-1 -1plantation) and 16.58mgkg  to30.52 mgkg , 54.31 
-1 -1 -1 -

mgkg  to 96.39 mgkg , 15.60 mgkg  to 21.65 mgkg
1 -1 -1and 0.33 mgkg  to 0.59 mgkg  respectively under 
Gmelina plantation.
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Table 5 : Chemical Properties of Pedonunder Teak Plantation at Onigambari Forest Reserve

CEC =Cation exchange capacity, OC= Organic carbon, OM= Organic matter, N= Nitrogen, P= Phosphorus, K= 
Potassium, Ca= Calcium, Mg= Magnesium, Na= Sodium, H= Acidity, ECEC= Effective cation exchange 
capacity, B.S %= percent base saturation.

          Boron, Mn=Manganese, Fe=Iron, Zn=Zinc.

Table 5: Chemical Properties of Pedon under Teak Plantation at Onigambari Forest Reserve cont'd

Table 6: Chemical Properties of Pedons under Gmelina Plantation at Onigambari Forest Reserve

33
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CEC = Cation exchange capacity, OC= Organic carbon, OM= Organic matter, N= Nitrogen, P= Phosphorus, K= 
Potassium, Ca= Calcium, Mg= Magnesium, Na= Sodium, H= Acidity, ECEC= Effective cation exchange 
capacity, B.S %= percent base saturation.

Table 6: Chemical Properties of Pedon under GmelinaPlantation at Onigambari Forest Reserve cont'd 

3.3 Soil Classification
The soils of the study area were classified using 
the USDA Soil Taxonomy (Soil Survey Staff, 
2010, 2014) and FAO/UNESCO (2014).  The 
differentiat ing propert ies  used for  the 
classification included some morphological, 
physical and chemical properties. the pedons 
exhibit Ochricepipedon and clearly expressed 
Kandic and ArgillicBt horizons. The soils had 
high base saturation, low CEC and clay content 
increases with depth, regular decrease in organic 
carbon with increasing depth. This meets the 
requirements of soil order Alfisols. The moisture 
regime is Udic and this puts the pedons into 
suborder Udalfs. 
3.3.1 Profile1—has Argillic horizons with 
concretions, CEC < 16 cmol/kg, ECEC >16 
cmol/kg; putting it under order Alfisol, suborder 
Udalfs having Udic moisture regime and Base 
saturation greater than 50% (97.34%). Increase 
in silt content with increasing depth with iron-

nd rd
manganese concretion identified at the 2  and 3  
horizons put it under great-group Kandiudalfs 
and  sub-group   P l in th ic  Kandiuda l f s 
(EutricLixisols) Sedentary soil and soil colour 
ranged from dark brown to yellow-red and 
yellowish-brown. Mottles were observed at 
depths (45 – 150 cm). The soil had a sandy loam 
texture overlying sandy clay loam with clay 
content increased down the profile. This sand 
content was high and decreased in the profile 
while the silt content increased down the profile. 
The gravel content was high and increased with 

increasing depth (Gambari series).
Profile 2--- has placic horizons, CEC 6.21 
cmol/kg, ECEC 10.58 cmol/kg, Base saturation 
97%, Udic moisture regime. This meets the 
requirement of order Alfisol and sub-order 
Udalfs, with the soil having 25% or more 
plinthite which has led to large iron pan, 
therefore putting the soil at great group 
Kandiudalfs and Plinthic Kandiudalfs sub-
group.  Sedentary soil; the soil was not deep due 
to large iron pan/ironstone at a depth 60 cm. The 
soil colour varied from brown to yellowish-red. 
Mottles and Fe-Mn concretions were observed.  
Soil texture was sandy loam throughout the 
profile. Consistency was loose and friable 
throughout. Second horizon was very stony and 
large iron pan covers the largest part of the area, 
which made soil profile to be shallow, therefore, 
classified as Gambari series.
Profile 3—this pedon classified as order Alfisol 
for the same reasons as pedon 1 and 2. The 
presence of aquic moisture regime places this 
pedon in sub-order aqualfs, great-group 
Kandiaqualfs and Arenic Kandiaqualfs sub-
group. The soil showed colour variations from 
dark brown to light yellowish brown and yellow 
in the subsoil. Mottles were observed. The soil 
was deep but imperfectly drained with 
permanent water saturation at a depth of 150 cm. 
It had sandy loam texture throughout. The sand 
content was high; silt content decreased while 
clay content increased with increasing depth, 
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the gravel content was also high, therefore 
classified as Apomu series. Pedon 4 is also 
classified as order Alfisol and sub-order Udalfs 
for the same reasons as pedon 1 to 3 above. The 
predominance of plinthite  in the surface horizon, 
which had led to hardpan places this soil in the 
great group Hapludalfs and Plinthic Hapludalfs 
sub-group, Plinthosol (FAO/WRB, 2014). The 
soil was to too shallow, a large iron pan was 
encountered at a depth 30 cm. this soil colour was 
yellowish red. It had sandy loam textured soil 
surface which was slightly stony. It has high sand 
content with fluctuating silt content while clay 
content increased with increasing depth. The 
textural class ranged from sandy loam to sandy 
clay loam and therefore, classified as Gambari 
series. 
Profile 5 classified as order Alfisol and sub-orders 
Udalfs, great-group Kandiudalfs for the same 
reasons as other pedons above. There was 
presence of plinthite in the sub-surface horizons 
with sharp increase from a depth of 30 cm and a 
value exceeding 60%, placing this pedon in the 
sub-group Plinthic Kandiudalfs. According to 
FAO/WRB(2014), the soil is classified as 
Plinthosol. The soil colour ranged from dark 
brown to reddish brown. Very hard iron pan was 
encountered at a depth below 80 cm. Mottles were 
present, had sandy loam overlying sandy clay 
loam and subsoil was very stony. Sand content 
decreased down the profile while clay content 
increased with increaseing depth and fluctuating 
silt content, therefore classified as Gambari 
series. 
Profile 6 are classified as Alfisols, sub-order 
aqualfs having an aquic moisture regime. It is 
placed under Kanhapluaqualfs at great-group 
level and Typic Kanhapluaqualfs at sub-group 
level.  Hill-wash soil, deep, colour varied from 
very dark brown to brown and light gray. Mottles 
were observed. The soil is characterized by sandy 
loam and sandy clay loam.  Quartz was 
encountered at 110 cm depth. Sand content 
decreased down the profile, silt content fluctuates 
while clay content increased with increasing 
depth, and itis therefore classified as Apomu 
series.

4   CONCLUSION
The results of the study showed that the 
dominant pedogenic processes under plantations 
were leaching, plinthization and desilication.  
The largest part of the soils was occupied with 
large iron pans. The soil was to too shallow 
especially the upper and middle slopes under 
both plantation (land use type). The gravel 
content was high and increased with increase in 
depth. This study suggests that appropriate soil 
management need to be adopted to avoid 
impedance to root growth or restriction of root 
growth.

REFERENCES
Anderson, J. & Ingram, J. (1993). Tropical Soil 

Biology and Fertility: A Handbook of 
Methods. Second Edition, Centre for 
B i o s c i e n c e s  a n d  A g r i c u l t u r e 
International (CABI), Wallington, 221. 

Bockheim, J.G., Gennadiyev, A.N., Hammer, 
R.D. & J.P. Tandarich.  (2005). 
Historical development of key concepts 
in pedology. Geodermal. 124. 23-36.

Brady, N.C. & Weil, R.R.(2002). The Nature and 
Properties of Soil, 13th Ed. Preason 
Education, Asia.

Bray, R.H. & Kurtz, L.T. (1945). Determination 
of total organic and available forms of 
phosphorus in soils. Soil Science. 59:39-
45.

Certini, G., Maria, Y., Fernandez, S., Giuseppe, 
C.  & Ugolini ,  F.C.  (2001).  The 
contrasting effect of broom and pine on 
pedogenic processes in volcanic soils 
(Mountain Etna Italy). Geoderma 102: 
239-254.

Chapman, H.D, (1965). Cation Exchange 
Capacity. In: C.A. Black, et al. (Eds.), 
Methods of Soil Analysis. Agronomy 9, 
American Society of Agronomy. Inc., 
Madison, Wisconsin, pp. 891–901. 

Cresswell, H.P & Hamilton, (2002). Particle 
Size Analysis.  In:  Soil  Physical 
Measurement and Interpretation for 
Land Evaluation. (Eds. NJ McKenzie, 
HP Cresswell and KJ Coughlan) CSIRO 
Publishing: Collingwood, Victoria. pp 

36 Technoscience Journal for Community Development in Africa



224-239.
Dengiz, O.,Zaglam, M. &Sarioglu, F.E.(2012). 

Morphological and physiochemical 
characteristics and classification of verti 
soils developed on deltaic plain. Open J 
soil Sci .2:20-27 

Esu, I. E.  (2010). Soil characterization, 
classification and survey. Heinneman 
Educational Books Publishers, Nigeria. 
232pp.

Eswaran, H., Bienforth, F. H., & Reich, P. (2003). 
A global assessment of land quality. In: 
Wiebe (ed.) land quality, Agricultural 
p roduc t iv i ty  and  food  secur i ty : 
Biophysical processes and economic 
choices at local, regional and global 
levels. Publ. Edward Elgar Northampton, 
MA. USA, pp 112-132.

FAO, IUSS Working Group WRB (2006).  World 
ndreference base for soil resources 2006, 2  

edition. World soil Reports No.103, FAO, 
Rome.

FAO, (2014). Guidelines for soil profile 
th

description, 4  edition. World Soil 
resources Report No 106, Rome, 193pp.

Foth, H.D.(1990). Fundamentals of Soil Science. 
(8th) ed. John Wiley and Sons, Inc; New 
York, USA.

Fisseha I. (1992). Macro and micronutrients 
distribution in Ethiopian Vertisols 
landscapes. Ph.D. Dissertation submitted 
to Institute fur 

Gee, G. W. & Bauder(1986). Particle Size 
Analysis. In: Dane, J.H, and Topp, G.C. 
(editions). Soil Science Society of 
America Book Series No. 5. ASA and 
SSSA, Madison, WI. pp 255-293. 

Havlin, J.L, Beaton, J.D, Tisdale, S.L. & Nelson, 
W.L. (1999). Soil fertility and fertilizers. 
Prentice Hall, New Jersely. pp. 345-355. 

Jim, C.  (2003). Quantitative assessment of the 
treescape and cityscape of Nanjing, 
China. Landscape Ecology18, 395–412. 
https://doi.org/10.1023/A:1026146123459.

Kachinskii, N.A. (1965). Soil Physics: P. I. 
Moscow, In: Zonn, S.V (1986). Tropical 
and sub-tropical soil science: Moscow: 

Mir Publishers.
Karlen, D. L., Mausbach, M. J., Doran, J. W., 

Cline, R. G., Harris, R. F., &  Schuman, 
G. E. (1997). Soil quality: a concept, 
definition, and framework for evaluation 
(a guest editorial). Soil Science Society 
of America Journal61(1), 4-10.

Kparmwang, T. (1998). Characterization and 
classification of basaltic soils in the 
Northern Guinea Savanna zone of 
Nigeria. Unpublished PhD. Thesis, 
Ahmadu Bello University Zaria 176pp.

Krista, P.E. (2003).  The Basics of Salinity and 
Sodicity Effects on Soil Physical 
Properties (Information Highlight for 
the General Public). Adapted from a 
paper by Nikos J. Warrence, Krista E. 
Pearson  and  James  W.  Bauder. 
http://waterquality.montana.edu/docs/
methane/basics_highlight.shtml

Landon, J.R. (1991). Booker tropical soil 
manual. A handbook for soil survey and 
agricultural land evaluation in the 
tropics and sub tropics.John Wiley and 
Sons, New York. pp. 94-95. 

McLean, E.O.(1965). Aluminum. pp. 978-998. 
In: C.A. Black (eds.). Methods of Soil 
Analysis .  Agron.  No.9.  Par t  I I . 
Am.SocAgron, Madison, Wisconsin. 
USA. 

McKenzie, N., Coughlan, K. &Cresswell, H. 
(2002). Soil Physical Measurement and 
Interpretation for Land Evaluation. 
CSIRO Publishing: Collingwood, 
Victoria.

Nelson, D. W. &Sommers, L. E. (1982). Total 
carbon, organiccarbon and organic 
matter. In: Methods of Soil Analysis 
(Eds A.L. Page, R.H. Miller, D. R. 
Keeney). ASA Press, Madison, WI, 
USA.

Olowolafe, E. & Dung, E. (2000). Soil derived 
from biotitegranites on the Jos Plateau, 
Nigeria: Their nutrient status and 
m a n a g e m e n t  f o r  s u s t a i n a b l e 
Agriculture. Resourcesconservation 

37Characterization and pedogenetic study of soils of onigambari forest reserve in south-west nigeria / Khadijat Oyebisi Alabi, et al.

https://doi.org/10.1023/A:1026146123459
http://waterquality.montana.edu/docs/methane/basics_highlight.shtml
http://waterquality.montana.edu/docs/methane/basics_highlight.shtml
http://www.publish.csiro.au/pid/3147.htm
http://www.publish.csiro.au/pid/3147.htm


and Recycling. 29 (3): 231 – 244.
Reynolds, W.D.& ELRICK, D.E., (2002). 

Constant head soil core method. In: 
Dane, J.H., Topp, G.C (Eds), Methods of 
Soil Analysis, Part 4: Physical methods. 
SSSA Book Series 5. Soil Science Society 
of America, Madison, Wisconsin, pp. 
804-808.

Rhoades, J.D.(1982). Cation Exchange 
Capacity. In: A.L. Page (Ed.) Methods of 
Soil Analysis, Part 2 Chemical and 

nd
Microbiological Properties, 2  Edition. 
Agronomy 9: 149 – 157.

Schoenholtza S. H., Miegroetb, H. V. and Burger 
J.A., 2000. A review of chemical and 
physical properties as indicators of forest 
s o i l  q u a l i t y :  c h a l l e n g e s  a n d 
opportunities. Department of Forestry, 
Mississippi State University, USA 

Schulze, G. Darrel, Jeffrey, L. Nagel, George E. 
Van Scoyoc, Tracey L. Henderson, 
Marion F. Baumgardner, D.E. Stott. 
(1993). Significance of Organic Matter in 
d e t e r m i n i n g  s o i l  c o l o u r s . 
https://doi.or/10.2136/sssaspecpub31.c5.

Shukla, P.K.  (2009). Nutrient dynamics of teak 
plantations and their impact on soil 
productivity. A case study from India. 
XIII World Forest Congress. Buenos 
Aires Argentina: 18-23.

Simonson, R.W.(1959). Outline of a generalized 
theory of soil changes. Soil Science 
Society. America Proceedings 23: 152-
156.

Soil Survey Staff(2010).   Key to soil Taxonomy 
th

9  Edition. United State Department of 
A g r i c u l t u r e ,  N a t u r a l  R e s o u r c e 
conservation service, 1 – 332pp.

Soil Survey Staff(2014). Key to soil Taxonomy 
th

12  Edition. United State Department of 
A g r i c u l t u r e ,  N a t u r a l  R e s o u r c e 
conservation service, NRCS, 1 – 372pp

Salami, K. D., Akinyele, A. O., Adekola, P. J. 
&Odewale, M. A. (2016).Tree species 
composition and regeneration potential 
of Onigambari Forest Reserve, Oyo 
State.  Direct Research Journal of 
Agriculture and Food Science. 4 (3): 
pp39 -47.

Sumner, M.E. & W.P. Miller. (1996). Cation 
exchange capacity, and exchange 
coefficients. In: D.L. Sparks (ed.) 
Methods of soil analysis. Part 2: 
Chemical properties (3rd ed.). ASA, 
SSSA, CSSA, Madison, WI.

Wa l k l e y,  A .  &  B l a c k  C . A . ( 1 9 3 4 ) . A n 
examination of the Degtjareff method for 
determining soil organic matter and 
proposed modification of the chromic 
acid titrati.3on method. Soil Science, 
37:29-38. 

Wakene, N. & Heluf, G. (2003). Forms of 
phosphorus and status of available 
micronutrients under different land-use 
systems of Alfisols in Bako area of 
Ethiopia. J. Ethiopian Nat. Res., 5: 17-37

38 Technoscience Journal for Community Development in Africa

https://doi.or/10.2136/sssaspecpub31.c5

