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ABSTRACT

This study assessed the tree species composition and soil properties in a disturbed tropical rainforest (Osho Forest Reserve) 
in Nigeria. A systematic sampling method was adopted for tree species enumeration. Five line transects 1000 m long and 
500 m apart were evenly distributed in the forests. Four plots (50 m × 50 m) were laid alternately and at 250 m intervals 
along each transect. Soil samples were collected at #ve points from two depths in the di$erent land use types in the forest 
reserve. Twenty-four tree species belonging to 13 taxonomic families were identi#ed. Lamiaceae had the highest tree pop-
ulation (190 trees). The Simpson, Shannon–Wiener, and Margalef’s indices were 0.788, 2.052, and 4.016, respectively. In the 
0–15 cm depth, farmland had the highest bulk density (1.75 ± 0.33 g/cm3), while the secondary forest had the least (1.32 
± 0.12 g/cm3). Secondary forest had the highest organic carbon content (2.80 ± 0.49%) while farmland had the least (0.95 
± 0.33%). The soil organic carbon content of secondary forest was signi#cantly di$erent from other land uses. In the 15–30 
cm depth, farmland had the highest bulk density (1.79 ± 0.65 g/cm3), while Tetrapleura tetraptera plantation had the least 
(1.41 ± 0.54 g/cm3). Secondary forest had the highest organic carbon content (2.12 ± 0.75%), while farmland had the least 
(0.65 ± 0.10%). However, organic carbon did not signi#cantly di$er across land use types, except for secondary forest. The 
textural class in all the land use types was loamy sand. The study concludes that Osho Forest Reserve requires an immediate, 
intensive, and encompassing intervention to achieve restoration and rehabilitation.
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Introduction

Forests are essential to the world, covering around 30.6% of the planet’s total land area (FAO, 2018). They provide 
essential ecosystem services, which range from provisioning, regulating, cultural, and supporting (MEA, 2005). 
Tropical forests contain many of the global biodiversity hotspots in the world (Mittermeier et al., 2004). In Nigeria, 
lowland rainforests are characterized by dense vegetation, high annual rainfall, and high species diversity. They 
are home to a variety of tree species such as Lophira alata, Entandrophragma angolense, Holoptelea grandis, 
Milicia excelsa, Triplochiton scleroxylon, and Lovoa trichiloides, among others (Olajuyigbe, 2018; Olajuyigbe  & 
Adaja, 2014). Despite the abundance of biodiversity, human activities such as farming and urbanization have 
caused damage to these forest ecosystems (Boboye & Jimoh, 2016).

Trees play important roles in ecosystems by providing habitat and food for animals, contributing to the cycling 
of nutrients and water, and sequestering carbon. Soil properties are the key components of soil and play vital 
roles in the carbon cycle by providing energy for soil organisms, in%uencing water retention and availability of 
nutrients, and a$ecting soil fertility (Gerke, 2022). In recent years, the lowland rainforest in Nigeria has experi-
enced a signi#cant amount of deforestation and degradation due to land use changes, illegal logging, and the 
expansion of agricultural activities (Fasona et al., 2018; Oluwajuwon et al., 2021). This has led to a decrease in tree 
species composition and %uctuation of soil properties in the forests.

The loss of forests and trees is occurring at a disturbing rate due to numerous socioeconomic changes, such 
as infrastructure growth, the commercialization of agricultural production, and the rapid development of cities 
(Wajim, 2020). Replenishing these forests and planting new ones is proving to be di&cult due to a lack of knowl-
edge concerning most species and their growth requirements (Etuk et al., 2013). Ecologists often consider a 
high level of species diversity to be a desirable state since it allows them to study how disturbances a$ect biotic 
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life as well as the stability of the ecosystem (Moses & Anthony, 2015). 
The diversity of life forms may be either directly or inversely connected 
to tree species diversity, depending on the type of forest being stud-
ied, with transitional forests having diversity patterns across a variety of 
geographic scales.

The immense amount of human activity in Nigerian rainforest has had 
a great impact on its biodiversity. Despite this, the species composition 
in many gazette forests has not been properly documented (Adeyemi 
et al., 2013). For example, there are limited data on the condition of the 
trees in the Osho Forest Reserve, making it di&cult to manage the forest 
e$ectively. Furthermore, sections of the forest reserve have been con-
verted to monocultures of both indigenous and exotic tree species. This 
has created disturbances in the ecological balance of the reserve.

Soil stability has numerous bene#ts including provision of nutrients to 
plants and improving water availability, which leads to enhanced soil 
fertility and increased food productivity as well as acting as a carbon 
reservoir. However, global issues such as climate change, biodiversity 
loss, and land degradation have led to soils becoming vulnerable (Lal, 
2013). Consequently, enhancing the soil properties remains a chal-
lenge, particularly impoverished and depleted soils in tropical climates 
(Smaling et  al., 1997). Anthropogenic activities cause changes to the 
soil structure, texture, aggregation, and soil organic carbon (SOC). These 

changes vary along the depths of the soil and should be considered in 
the Osho Forest Reserve.

Having reliable and accurate data is essential for a successful forest 
management strategy. Without such information, it is impossible to 
plan for the sustainable management of the forest (Al-Bakri et al., 2013). 
This research on a disturbed rainforest ecosystem is of great impor-
tance to the local and global community because it provides insight 
into the complex interactions between tree species composition and 
soil properties in the Osho Forest Reserve. Previous research in the Osho 
Forest Reserve focused on agroforestry practices (Azeez et al., 2017) and 
carbon stock estimates (Olayode et al., 2015). Hence, this research pro-
vides essential information on the tree species, diversity, and richness 
as well as the soil properties in the Osho Forest Reserve. In addition, the 
research provides an invaluable baseline for future studies, which could 
evaluate the e$ect of land use on the environment and measure the 
e$ectiveness of conservation e$orts.

Material and Methods

Study Area
The study was carried out in the Osho Forest Reserve, which is located 
in the Ido Local Government Area of Oyo State, Nigeria (Figure 1). It 
is situated between latitudes 7°00ʹ and 7°45ʹN and longitudes 3°00ʹ 

Figure 1. 
Map of Osho Forest Reserve (inset map of Nigeria and map of Oyo State)
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and 3°25ʹE. The ecological zone is the derived savanna, and the reserve 
had an original land area of 5180 ha, which was reduced to 3500 ha 
through the 1951 Amendment Order. The tropical climate of the Osho 
Forest Reserve is characterized by two seasons, namely dry and wet 
seasons. Two distinct wet seasons occur in the reserve—May to July 
and September to November—apart from the break in August. The 
major dry season occurs between December and March and is usu-
ally accompanied by northeast trade winds. The average annual rainfall 
is 1257 mm, while the relative humidity ranges from 84.5% between 
June and September and 78.8% between December and January. The 
annual maximum and minimum temperatures are 31.3 °C and 21.0 °C, 
respectively (Azeez et al., 2017). The Osho Forest Reserve harbors impor-
tant indigenous and exotic tree species which were planted under the 
Taungya farming system. The exotic species found in the forest reserve 
include Tectona grandis and Gmelina arborea. Some of the indigenous 
species are Terminalia spp., Treculia africana, and T. scleroxylon.

Sampling Procedure
A systematic sampling technique was adopted for sample plot allo-
cation. Five line transects, 1000 m (1 km) long and 500 m apart, were 
evenly distributed across the forests. Along each transect, four plots 
(50 m × 50 m) were laid alternately at 250 m intervals (Figure 2). A total 
of 20 sample plots were used in the study, implying that 1 ha was sam-
pled along each transect (i.e., four plots of 50 × 50 m = 1 ha).

Tree Species Measurement and Identi!cation
In the sample plots, all living trees with diameter at breast height 
(Dbh) ≥ 10 cm were enumerated. Tree growth variables (Dbh and total 
height) were measured using a diameter tape and Spiegel Relaskop. An 
experienced taxonomist was employed to identify trees to species level. 
Leaves, barks, %owers, and fruits of trees that could not be identi#ed on 

the spot were collected for identi#cation at the Forestry Herbarium of 
the Forestry Research Institute of Nigeria, Ibadan, Nigeria.

Soil Sample Collection
From the line transects, six land use types (secondary forests, T. gran-
dis plantation, G. arborea plantation, Anogeissus leiocarpus plantation, 
Tetrapleura tetraptera plantation, and farmland) were identi#ed in the 
study area. In each land use type, soil samples were collected at #ve dif-
ferent points (i.e., North, East, West, South, and center) from two di$er-
ent depths (0–15 cm and 15–30 cm). The samples were collected using 
a soil auger and stainless-steel soil cores.

Data Analysis

Frequency
This is the dispersion of individual tree species in the study area and was 
determined using Equation (1).

 Frequency Number of plots in which the species occurs
Totalnumber o

=
ff plots studied

 (1)

Relative Frequency
This is the degree of dispersion of individual tree species in the study 
area relative to the number of all species occurring in the study area.

 Relative frequency RF Frequency of individual species
Total fre

! " #
qquency of all species

 (2)

Relative Density
This is the numerical strength of a species in relation to the total num-
ber of individuals of all species in the study area.

Figure 2. 
Layout of sample plots in Osho Forest Reserve using systematic line transect sampling method
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Relative density RD Number of individuals of a species
Totalnumb

! " #
eer of species encountered in the study area

$100  

(3)

Relative Dominance
This is the coverage value (basal area) of a species relative to the cover-
age value (basal area) of all the species in the study area. It is usually 
expressed in percentages.

 Relative Dominance RDO! " # total basal area of a species
total basal aarea of all the species encountred

$100  

(4)

Important Value Index
It describes the overall importance of each species in the community.

Important value index (IVI) = Relative frequency + relative density + rela-
tive dominance (5)

Species Diversity
The species diversity indices were calculated using the Shannon–
Wiener’s index of diversity (Price, 1997).

 Shannon-Wiener’s Index of Diversity H =I! " # ! "
$t

s

PiIn Pi
1
%  (6)

where S = total number of species in the community; Pi = proportion of 
“S” made up of the ith species, and ln = natural logarithm.

Species Richness
Tree species richness in the area was calculated using Margalef’s index 
of species richness (Margalef, 1958).

 Margalef’s Index d! " # S
N

 (7)

where S = the number of tree species encountered and N = the total 
number of individuals of all the tree species in the area.

Basal Area
The cross-sectional area of tree stems at the breast height (1.3 m above 
the ground level).

 Basal area = Dbhπ 2

4  (8)

where ! " 22
7

 and Dbh = diameter at breast height.

Soil Bulk Density
The bulk density of the soil samples was determined using the core 
method (Grossman & Reinsch, 2002). The undisturbed core soil samples 
were taken to the laboratory and oven dried until a constant weight 
was attained. Soil samples were weighed on an oven-dry basis; the bulk 
density was calculated by dividing the weight of the oven-dried soil by 
the volume of the soil core, which is the volume of the steel tube. 

 Bulk density g cm Mass of oven-dried sample
Volume of soil sampe

/ 3! " #  (9)

Soil Organic Carbon
Soil organic carbon was determined using the wet oxidation method 
(Walkley & Black, 1934). Sub-samples (1 g) of the soil aggregates 
were oxidized using 10 mL of 1 N K2Cr2O7 solution and swirling the 
%ask gently to disperse the soil in the solution. Concentrated H2SO4 

(10 mL) was added into the suspension, and the solution was left for 
30 minutes. Distilled water (100 mL) was added to stop the reaction. 
Ferroin indicator (three to four drops) was added and titrated with 
0.5 N FeSO4. The organic carbon of the soil was calculated using the 
formula: 

Organic Carbon %  =
blank value titre value N of FeSO! " #! "$ $ $4 1 33 0. .0003 100$

weight of sample
 

(10)

Descriptive and Inferential Statistics
Mean, graphs, charts, and tables were used to summarize and present 
the data. One-way analysis of variance (ANOVA) was used to test the 
in%uence of land use on SOC at di$erent depths. The mean was sepa-
rated using Fisher’s least square di$erence, when the ANOVA test was 
signi#cant at α = 0.05.

Results

A total of 24 tree species spread across 307 individual trees from 
13 taxonomic families were identi#ed (Table 1). The highest mean 
heights were observed for Cordia millenii (23.10 m), Hildegardia barteri 
(19.40 m), and Albizia lebbeck (18.50 m); while the lowest mean heights 
were recorded for Ficus exasperata (8.32 m), Ceiba pentandra (8.50 m), 
and Morinda lucida (8.76 m). The tree species with the highest mean 
diameter were Khaya senegalensis (101.30 cm), C. millenii (98.45 cm), 
and Bombax bounopozense (78.43 cm), while F. exasperata (19.33 cm), 
Sterculia rhinopetala (19.45 cm), and Blighia sapida (27.40 cm) recorded 
the lowest (Table 1). The highest basal areas were recorded for T. grandis 
(21.50 m2), G. arborea (18.10 m2), and T. tetraptera (5.31 m2), while B. sap-
ida (0.03 m2), S. rhinopetala (0.04 m2), and Sterculia africana (0.06 m2) had 
the least. Tectona grandis had the highest relative density (29.41%), rela-
tive frequency (33.88%), relative dominance (38.41%), and important 
value index (IVI = 101.69). This was followed by G. arborea with a rela-
tive density of 25.40%, relative frequency of 28.01%, relative dominance 
of 32.33%, and IVI of 85.75. Anogeissus leiocarpa had a relative density, 
relative frequency, relative dominance, and IVI of 9.89%, 10.10%, 1.96%, 
and 21.96, respectively. Five di$erent species (B. sapida, C. pentandra, S. 
africana, S. rhinopetala, and Terminalia superba) had the lowest relative 
density (0.80%) and relative frequency (0.33%), while B. sapida, S. rhi-
nopetala, and S. africana had the lowest relative dominance of 0.05%, 
0.07%, and 0.11%, respectively (Table 1).

The Simpson (D) and Shannon–Wiener (HI) diversity indices were 0.788 
and 2.052, respectively. On the other hand, the species evenness (E) 
was 0.324, while Margalef’s index of species richness (d) was 4.016 
(Table 2).

There were 13 taxonomic families of tree species in the Osho Forest 
Reserve (Figure 3). Lamiaceae had the highest tree population (190 
trees), followed by Combretaceae (34) and Fabaceae (22). Sterculiaceae 
and Leguminaceae were both represented by 14 trees each. Moraceae 
was represented by 12 trees, Bombacaceae by 8 trees, Rubiaceae by 4 
trees, and Apocynaceae by 3 trees. Boraginaceae and Meliaceae had 
two representatives each. Malvaceae and Sapindaceae were the least 
represented species with one representative each.
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Fifteen trees (4.89%) were in the diameter class 10–19.99 cm, 18 trees 
(5.89%) in diameter class 20–29.99 cm, while 102 trees (33.22%) were in 
the diameter class 31–49.99 cm (Figure 4). Diameter class 41–50.99 cm 
had the highest number of trees (115), representing 37.46% of the tree 
population. Diameter classes 51–60.99 cm, 61–70.99 cm, and ≥81 cm 
recorded 28 (9.12%), 11 (3.58%), and 10 (3.26%) trees, respectively. The 
least number of trees (8) was recorded by diameter class 71–80.99 cm.

Eighteen trees or 5.86% were in the <10 m height class, while height 
classes 20–29.99 m and 30–39.99 m recorded 16 (5.21%) and 10 (3.26%) 
trees, respectively (Figure 5). Height class 10–19.99 m recorded the 
highest number of trees (259), which accounts for about 84.36% of the 
tree population. On the other hand, height class >40 m recorded four 
trees (1.30%).

In the 0–15 cm soil depth, farmland had the highest bulk den-
sity (1.75  ± 0.33 g/cm3) followed by T. grandis plantation (1.54 ± 
0.10  g/cm3), while  the secondary forest had the least bulk density 
(1.32 ± 0.12 g/cm3). The bulk density did not signi#cantly di$er across 
the land use types (Table 3). The secondary forest had the highest 
organic carbon content (2.80 ± 0.49%) followed by G. arborea plan-
tation (1.85 ± 0.63%), while farmland had the least (0.95 ± 0.33%). 
Only the organic carbon in the secondary forest signi#cantly di$ered 

from other land use types. The soil textural classi#cation in the 0–15 
cm depth showed that “loamy sand” was in all the land use types, 
with sand being the dominant particle size (ranged from 84.45% and 
89.17%), while silt ranged from 4.29 to 6.34%.

The 15–30 cm soil depth also followed the pattern of the 0–15 cm 
depth, farmland (1.79 ± 0.65 g/cm3), and T. grandis plantation (1.56 ± 
0.16 g/cm3) had the highest bulk density. However, T. tetraptera planta-
tion had the least (1.41 ± 0.54 g/cm3). The bulk density in the di$er-
ent land use types did not signi#cantly di$er (Table 3). Similar to the 
0–15 cm soil depth, the secondary forest had the highest organic car-
bon content (2.12 ± 0.75%), while farmland had the least (0.65 ± 0.10%). 

Table 1. 
Tree Species Composition and Growth Variables in Osho Forest Reserve

Species Family Frequency Mean Height (m) Mean Dbh (cm) BA (m2) RF (%) RD (%) RDO (%) IVI

Adansonia digitata Bombacaceae 5 13.40 43.10 1.42 2.14 1.63 2.54 6.30

Albizia lebbeck Leguminosae 6 18.50 38.66 1.20 1.07 1.95 2.14 5.17

Alstonia booneii Apocynaceae 3 14.20 43.56 0.95 1.60 0.98 1.70 4.28

Anogeissus leiocarpa Combretaceae 31 17.40 28.30 1.10 9.89 10.10 1.96 21.96

Antiaris africana Moraceae 3 10.40 67.20 0.67 1.07 0.98 1.20 3.24

Blighia sapida Sapindaceae 1 10.50 27.40 0.03 0.80 0.33 0.05 1.18

Bombax bounopozense Bombacaceae 3 18.45 78.43 0.61 0.80 0.98 1.09 2.87

Ceiba pentandra Malvaceae 1 8.50 38.50 0.35 0.80 0.33 0.63 1.75

Cordia millenii Boraginaceae 2 23.10 98.45 0.44 1.07 0.65 0.79 2.51

Daniellia oliveri Leguminosae 8 12.10 56.45 0.67 3.21 2.61 1.20 7.01

Ficus exasperata Moraceae 7 8.32 19.33 0.78 2.67 2.28 1.39 6.35

Gmelina arborea Lamiaceae 86 9.37 43.40 18.10 25.40 28.01 32.33 85.75

Hildegardia barteri Sterculiaceae 5 19.40 62.40 0.54 2.14 1.63 0.96 4.73

Khaya senegalensis Meliaceae 2 21.40 101.30 0.34 1.07 0.65 0.61 2.33

Morinda lucida Rubiaceae 4 8.76 34.23 0.43 1.87 1.30 0.77 3.94

Pterogota macrocarpa Sterculiaceae 2 10.32 45.43 0.21 1.07 0.65 0.38 2.10

Sterculia africana Sterculiaceae 1 12.50 33.30 0.06 0.80 0.33 0.11 1.24

Sterculia oblonga Sterculiaceae 5 10.33 37.80 0.43 2.14 1.63 0.77 4.54

Sterculia rhinopetala Sterculiaceae 1 9.50 19.45 0.04 0.80 0.33 0.07 1.20

Tectona grandis Lamiaceae 104 12.54 43.40 21.50 29.41 33.88 38.41 101.69

Terminalia ivorensis Combretaceae 2 14.50 28.77 0.07 1.07 0.65 0.13 1.85

Terminalia superba Combretaceae 1 10.40 31.45 0.39 0.80 0.33 0.70 1.82

Tetrapleura tetraptera Fabaceae 22 12.55 39.54 5.31 7.22 7.17 9.49 23.87

Treculia africana Moraceae 2 12.40 27.65 0.34 1.07 0.65 0.61 2.33

Note: BA = Basal area; Dbh = Diameter at breast height; IVI = Important value index; RD = Relative density; RDo = Relative dominance; RF = Relative frequency.

Table 2. 
Diversity Indices of Tree Species in Osho Forest Reserve

Diversity Indices Value

Simpson index (D) 0.788

Shannon–Wiener index (HI) 2.052

Evenness index (E) 0.324

Margalef’s index (d) 4.016
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The organic carbon was not signi#cantly di$erent across land use types 
except for the secondary forest which di$ered from others. The textural 
class in all the land use types was “loamy sand.” The percentage of clay, 
silt, and sand ranged between 5.72 and 8.22%, 4.70 and 6.04%, and 
84.25 and 89.37%, respectively (Table 3).

Discussion

Species composition and biodiversity in forest ecosystem are indica-
tors  of ecological functioning and processes (Moshood et  al., 2022; 
Naidu & Kumar, 2016). The 24 tree species from 13 taxonomic fami-
lies identi#ed in the Osho Forest Reserve were lower than the 55 spe-
cies (20 families) in the Shasha Forest Reserve, 54 species (24 families) 
reported in the Ala Forest Reserve, and 41 species (21 families) in the 
Omo Forest Reserve (Adekunle, 2006). It was also lower than the 64 tree 
species (23 families) in the Old Oyo National Park (Adeyemi & Taofeek, 

2020), 89 tree species (30 families) in the Ogun River Watershed (Asinwa 
et al., 2018), 48 tree species in the Arinta Watershed Forest (Olajuyigbe & 
Akwarandu, 2019), and 60 species (22 families) in the Eda Forest Reserve 
(Olajuyigbe & Jeminiwa, 2018). It was however higher than the 10 spe-
cies (8 families) reported by Ibe et al. (2014) in Ohaji/Egbema Watershed 
in Imo State, Nigeria.

The sparsity of trees in the forest reserve reveals the level of disturbance 
and degradation that had been previously reported by earlier research-
ers for forest reserves in Oyo State (Haastrup et  al., 2020; Salami & 
Akinyele, 2017). Osho Forest has about eight neighboring communities 
that depend on it for active farming activities and fuel wood extraction. 
This has impacted the species composition since trees are removed for 
agricultural expansion. Four species (A. leiocarpa, G. arborea, T. grandis, 
and T. tetraptera) were relatively abundant in the reserve, because they 
were planted by the state government. However, none of the species 

Figure 3. 
Taxonomic families of tree species in Osho Forest Reserve

Figure 4. 
Diameter at breast height (Dbh) distribution of trees in Osho Forest Reserve
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in the secondary forest appeared up to ten times in the sampling plots, 
indicating high level of disturbance. 

The Shannon–Weinner index (HI = 2.052) reported was lower than 
the 3.74 reported by Adekunle et al. (2013) in the Akure Strict Nature 
Reserve, 3.65 reported by Olajuyigbe and Adaja (2014) in the Akure-
Ofosu Forest Reserve, 3.56 reported by Salami and Akinyele (2017) in 
the Gambari Forest Reserve, and 3.14 reported for the secondary forest 
in the Eda Forest Reserve (Olajuyigbe & Jeminiwa, 2018). It was however 
higher than the 1.94 reported in the Kurba Forest Reserve (Salami et al., 
2022) and 1.45 in the Dabagi Forest Reserve (Shamaki et al., 2015). The 
HI in the study area is a further indication of the level of disturbances. 
These disturbances include illegal felling, deforestation, and agricultural 
expansion. According to Magurran (2004), the value for HI might range 
from 0 to 7, with 0–2 as low diversity, 2–3 as moderate diversity, and 
above 3 as high diversity. Based on this, the study area is moderately 

diverse. The IVI which combines the attributes of relative density, rela-
tive frequency, and relative dominance (Olajuyigbe & Adaja, 2014) indi-
cates the importance of a species in the ecosystem. Tectona grandis 
followed by G. arborea and T. tetraptera recorded the highest IVI. The 
T. grandis and G. arborea are exotic species, while T. tetraptera is a native 
plant. These plantation species have become part of the forest ecosys-
tem as their high IVI indicates their ecological success (Bello et al., 2022).

On tree population basis, the Osho Forest Reserve is dominated by 
Lamiaceae, given that the two most abundant species (T. grandis and 
G. arborea) belong to this family. On tree species basis, Sterculiaceae 
was the dominant species, followed by Moraceae and Combretaceae. 
This agrees with Haastrup et  al. (2020) and Nurudeen et  al. (2017) 
who reported that the Gambari Forest Reserve was dominated by 
Sterculiaceae family. However, it disagrees with Ihenyen et al. (2009) and 
Adeyemi and Taofeek (2020) who reported Fabaceae as the dominant 

Figure 5. 
Height distribution of trees in Osho Forest Reserve

Table 3. 
Physical Properties of Soil in Di"erent Land Use and at Di"erent Soil Depths (0–15 cm and 15–30 cm) in Osho Forest Reserve

Land Use Bulk Density (g/cm3) Organic Carbon (%) Clay (%) Silt (%) Sand (%) Textural Class

0–15 cm

Secondary forest 1.32 ± 0.12a 2.80 ± 0.49a 8.43 ± 0.65 5.32 ± 0.32 86.25 ± 0.34 Loamy sand

Tectona grandis plantation 1.54 ± 0.10a 1.69 ± 0.50b 9.21 ± 0.45 6.34 ± 0.12 84.45 ± 0.55 Loamy sand

Gmelina arborea plantation 1.42 ± 0.23a 1.85 ± 0.63b 5.48 ± 0.35 4.92 ± 0.44 89.60 ± 0.74 Loamy sand

Anogeissus leiocarpus plantation 1.40 ± 0.29a 1.46 ± 0.94b 6.48 ± 0.52 4.29 ± 0.56 89.23 ± 0.93 Loamy sand

Tetrapleura tetraptera plantation 1.40 ± 0.63a 1.53 ± 0.82b 5.98 ± 0.74 4.85 ± 0.54 89.17 ± 1.43 Loamy sand

Farmland 1.75 ± 0.33a 0.95 ± 0.33b 7.54 ± 0.23 4.93 ± 0.11 87.54 ± 2.10 Loamy sand

15–30 cm

Secondary forest 1.42 ± 0.18a 2.12 ± 0.75a 8.22 ± 0.59 5.99 ± 0.22 85.79 ± 0.21 Loamy sand

Tectona grandis plantation 1.56 ± 0.16a 1.11 ± 0.86b 9.71 ± 0.37 6.04 ± 0.19 84.25 ± 0.60 Loamy sand

Gmelina arborea plantation 1.51 ± 0.55a 1.04 ± 0.32b 6.84 ± 0.27 4.92 ± 0.51 88.24 ± 0.84 Loamy sand

Anogeissus leiocarpus plantation 1.45 ± 0.67a 1.23 ± 0.86b 6.23 ± 0.81 4.84 ± 0.96 88.93 ± 0.61 Loamy sand

Tetrapleura tetraptera plantation 1.41 ± 0.54a 1.53 ± 0.52b 5.72 ± 0.52 4.91 ± 0.82 89.37 ± 1.22 Loamy sand

Farmland 1.79 ± 0.65a 0.65 ± 0.10b 7.40 ± 0.91 4.70 ± 0.19 87.90 ± 0.36 Loamy sand

Note: Means with the same letter(s) in the same column are not signi#cantly di$erent from each other.
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family in the Ehor Forest Reserve and the Old Oyo National Park, respec-
tively. The poor representation of some families may be attributed to 
anthropogenic activities which may have prevented natural regenera-
tion from seeds of mother trees, which had been felled and removed 
from the forest (Adeyemi & Taofeek, 2020).

The diameter distribution of trees formed an upside-down “U” curve, 
which indicates that the diameter classes 31–40.99 cm and 41–50.99 
cm were the most represented. This disagrees with the upside-down 
“J” curve that was observed by Olajuyigbe and Akwarandu (2018). The 
abundance of trees in the middle and upper diameter classes more 
than in the lower diameter classes indicates that the natural regener-
ation of trees will be di&cult. Conversely, the low frequency of trees 
in the 51–60.99 cm diameter class and above is a clear indication of 
the high level of disturbance (Olajuyigbe & Adaja, 2014). The overall 
mean basal area of 55.98 m2 reported in the study was higher than the 
28.89 m2 reported by Adeyemi and Taofeek (2020), 31.06 m2 reported 
by Olajuyigbe and Akwarandu (2018) but similar to 54.2 m2 reported 
by Addo-Fordjour et al. (2009). This implies a better structural diversity 
and indicates the presence of grounded root architecture for nutrient 
absorption (Adeyemi & Taofeek, 2020). 

Soil bulk density re%ects the soil’s ability to provide structural support, 
water and solute movement, and soil aeration. The study observed no 
signi#cant di$erence in the bulk density across land use types, with 
farmland having the highest bulk density. According to Brady and Weil 
(2016), bulk density is changed by crop and land management prac-
tices, which a$ect soil cover, organic matter, soil structure, and porosity. 
High bulk density has been observed in cultivated lands (Celik, 2005; 
Onwuka & Adesemuyi, 2019). This is probably due to the mechanical 
disturbance of pore arrangements by tillage. Cultivation destroys soil 
organic matter and weakens the natural stability of soil aggregates, 
making them susceptible to damage by water and wind (Brady & Weil, 
2016). In general, soils that are porous, loose, and rich in organic matter 
usually have lower bulk density. It, therefore, follows that the secondary 
forest was the richest in organic matter with the lowest bulk density 
(Olujobi et al., 2022; Onwuka & Adesemuyi, 2019). The study also shows 
that bulk density increased as soil depth increased in all the land use 
types. This agrees with the #ndings of Khresat et al. (2007) in the native 
forests of the Mediterranean region of northwestern Jordan; Mhawish 
(2015) within an agricultural ecosystem in Jordan, and Olujobi et  al. 
(2022) in the Akure Forest Reserve.

According to Brady and Weil (2016), the bulk density of soil generally 
increases as its depth increases due to less pore space, less organic 
material, clumping, and root penetration in the lower layers. In addition, 
the subsurface levels are pressed down by the weight of the layers of 
soil that are above them. The soil texture observed in all the land use 
types was loamy sandy and the proportion of sand was high in all the 
land use types. This agrees with the #ndings of Falade and Taiwo (2020) 
in Osun Osogbo sacred grove and Olujobi et  al. (2022) in the Akure 
Forest Reserve. This may also have in%uenced the relatively high bulk 
density of the soils since the total pore space in the sand is less than that 
of silt and clay. Soils with #ne textures such as silt and clay have good 
structure and lower bulk density compared to sandy soils.

The highest SOC was recorded in the secondary forest, while farmland 
had the least at both depths. The SOC recorded for the secondary forest 
(2.80%) in the 0–15 cm was similar to the 2.97% recorded for forestland 
in Umuahia South Local Government (Onwuka & Adesemuyi, 2019). 
Anikwe (2010) also observed the highest SOC in forest land use and 
the lowest SOC in conventionally tilled and continuously cropped plots 

in southeastern Nigeria. This result also agrees with the #ndings of Lal 
(2002), Ufot et al. (2016), and Wasige et al. (2014). This may be attrib-
uted to the high aboveground biomass and the continuous input and 
decomposition of litter and roots in the secondary forest (Kleber et al., 
2011). The SOC pool decreased with soil depth in all the land use types. 
The high carbon input, biomass activity at the soil surface, and fast car-
bon turnover in tropical soils could be responsible for this.

Conclusion and Recommendations

Anthropogenic factors are the major sources of forest degradation 
in the tropics. Agricultural expansion and illegal harvesting of trees 
remain arguably the two major factors ravaging the forest reserves 
in developing countries including Nigeria. This study examined the 
tree species composition and SOC in the Osho Forest Reserve, Oyo 
State, Nigeria. The study identi#ed a total of 24 tree species belong-
ing to 13 taxonomic families. Combretaceae, Fabaceae, Sterculiaceae, 
Leguminaceae, Moraceae, Bombacaceae, Rubiaceae and Apocynaceae 
were the most represented taxonomic families in the study area. It 
was established that T. grandis, G. arborea, T. tetraptera, and A. leiocarpa 
were the most abundant in the forest reserve. Farmland and second-
ary forest had the highest bulk density and SOC. Loamy sand was the 
textural class in all the land use types. The study established that land 
use types have signi#cant e$ects on soil properties at di$erent soil 
depths; hence, a comprehensive study on the in%uence of land use 
types on soil properties should be conducted in other forest reserves 
in the rainforest ecosystems. The study, therefore, recommends that 
urgent steps be taken by stakeholders to control degradation in the 
Osho Forest Reserve.
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