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Abstract

Plant and soil are major parts of terrestrial ecosystem, and variations in vegetation cover may alter the
properties of soil, mostly the topsoil. Hence, this study investigated the influence of trees on soil
physiochemical properties. The study was done in the forestry and wildlife arboretum of the University
of Port Harcourt, Nigeria, and involved five tree species. Soil samples were gotten at two depths under
the selected tree species, and their physiochemical properties were analyzed. Analysis of variance was
performed on the data obtained, and the last significant difference at 5% was employed to separate the
means. Results indicated that; sand particles ranged from 78%-81% at 0-15 cm depth, bulk density
ranged from 1.29-1.70 gcm™ at 0-15 cm depth and 1.59-1.75 gecm™ at 15-30 cm depth, the maximum
pH (5.6) was recorded under Gmelina arborea at 15-30 cm depth while the lowest pH (4.6) was
recorded under Tectona grandis and Anona moricata at 15-30 cm depth respectively, the maximum
total nitrogen (44.5 g/cmol) was recorded under Gmelina arborea and Irvingia gabonensis at 0-15 cm
depth while its lowest value of 22.3 g/cmol was recorded under Anona moricata at 15-30 cm depth,
magnesium at 0-15 cm depth ranged from 2.15-3.30 C mol kg-1 and 1.20-1.45C mol kg-1 at 15-30 cm
depth, among others. It was concluded that selected tropical tree species in the Arboretum exerted some
level of influence on soil physiochemical properties in the following decreasing order; Gmelina
arborea > Nauclea dedirrichii > Tectona grandis > Irvingia gabonensis > Anona moricata.
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Introduction
Soil is one important habitat that stores converted organic materials, primarily regenerated
organic carbon (Salome et al., 2016; Vignozzi et al., 2018) 121271, In forest ecosystems, soil is
crucial for fertility and stability (Baveye et al., 2016; Lucas-Borja et al., 2018) [ 131 and it
either directly or indirectly controls or affects numerous cellular processes (Zhang & Liu,
2018) B9, physical (Biinemann et al., 2018) ¥ and chemical processes (Qiao et al., 2019) 191,
It was also reported by Wood (2018) 1> that forests, as ecosystem engineers, not only have
species-specific effects on soil physicochemical properties and soil communities, but they
also occupy around 7% of the entire global soil ecosystem, but also regulate climates,
mineral recycling and prevents soil erosion.
Plant and soil are essential parts of terrestrial ecosystem, and variations in vegetation cover
may alter soil properties, particularly in forest topsoil (Greiner et al., 2017; Zhang & Liu
2018) 1% 3% In turn, it is important to note that trees are vital in soil-formation, and tree
species can influence soil in a number of ways, such as nutrient intake and return, soil
organic matter dynamics, root-soil exchange that alters soil acidity, and erosion protection
(Vignozzi et al., 2018) 771,
Trees according to Sjoerd et al. (2018) 1?2 contribute differently in quality and amount to
soil, root architecture, and nutrient requirements, and the impact that each tree may have on
soil quality and biodiversity primarily explains the differences between exotic, native, and
agroforestry trees. Although Qiao et al. (2019) ! posited that different trees exhibits
species-specific effect on quality and quantity of soil, and may also alter biological, and
physiochemical properties of soil. Thus, it can be argued that aboveground and below ground
progressions of forest ecosystem control plant-soil feedback and influences the structure of
the plant community and nutrient recycling.
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Soil biological and physiochemical properties as well as
other associated processes can be exaggerated by trees, and
hence, stimulate the nutrient stock of the soil to the trees
(Lucas-Borja et al., 2018; Vogel et al., 2019) 13 28 It is
quite indicative that there is an inevitable relationship
existing between plant tree species abundance and the
physicochemical and nutrient properties of soil in many
areas (Wood, 2018; Curtin et al., 2021) 2% 6 This is so
because soil contains nutrients that are required by plants to
grow, provides strong physical structure for anchorage and
stability being in the soft sediments, and theaters an
imperative fertility and stability function in forest ecosystem
(Lucas-Borja et al., 2018) 3. Agroforestry crop production
systems are therefore crucial for enhancing soil quality and
nutrient movement.

Studies (Ospina, 2017; Lucas-Borja et al., 2018; Qiao et al.,
2019) [18:13. 191 hag shown the influence of trees on biological
and physiochemical properties of soil in great altitude forest.
However, no study has investigated the changes in soil
physiochemical properties under selected tropical trees in
the arboretum of the University of Port Harcourt. The
current study seek to bridge this knowledge gap in the study
area and also determine specific tree species that best
improves soil physicochemical properties, in order to boast
agricultural productivity.

Anona moricata

Tectona grandis
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Methodology

Study Area

This study was carried out from January to August, 2024 at
the arboretum/research and teaching farm of the forestry and
wildlife department, faculty of agriculture, University of
Port Harcourt, Nigeria. The experimental location has an
average temperature of 27 °C, a relative humidity of 78%,
and an average rainfall of 2500-4000 mm. It is situated
between latitudes 400 31N and 50 OON and longitudes 6°
45"E and 70° E.

Port Harcourt metropolis is located at the sub equatorial
region of Nigeria, it experiences an average rainfall between
3,000mm to 4,500 mm yearly, with a bimodal seasonal
pattern, (dry and wet). Port Harcourt represents soils of
coastal plain sands (brown to dark brown), and these soils
have been reported to range from sands to sandy loam in the
top soil layer.

Selected Tree Species

The selected tree species for this study (plate 1) are Gmelina
arborea (Gmelina or Ghamher), Anona moricata (Graviola
or Soursop or Guyabano), Nauclea diderrichii (African
Peach or Opepe), Tectona grandis (Teak), and Irvingia
gabonensis (Ogbono or bush mango).

Irvingia gabonensis

Plate 1: Selected Tree Species

Soil Samples Collection

Samples of soil were taken at two depths (0-15 cm and 15-
30 cm) using soil auger and core samplers from the
rhizosphere of selected tropical tree species respectively.
Disturbed samples were collected using soil auger, at three
randomly selected points, not more than 4mm apart from the
trees (rhizosphere). Systematic method of random sampling
was applied in course of sample collection. Samples
collected at each depths were bulked and carefully placed in
a well labeled fresh polythene bags. Core samplers were
utilized in the collection of undisturbed soil sample from the
mapped out areas for physical analysis in the laboratory. A
total of 20 disturbed and 20 undisturbed core samples were
collected for chemical and physical analysis.

Soil Physical Parameters
Samples of soil were allowed to air dry at ambient
temperature, and sieved through a 2 mm and 4.75 mm sieve.

Determination of soil Texture

Samples of disturbed soil were allowed to air dry before
being passed through 2mm sieve to separate gravel from
fine earth. 50g of soil was used to determine particle size
distribution by the hydrometer method (Gee & Bauder,
1986) 31,

Bulk Density: Bulk density was computed with core
samples by the method of Grossman & Reinsch (2002) 1!
using the formulae:
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Mass of oven—dried soil (g)

Bulk density =
ulk de sity Volume of bulk soil (Cm3)

Total Porosity
Using core samples, total porosity was computed using the
core method described by Flint & Flint (2002) " as:

Volume of water at saturation (Cm?)
Volume of bulk soil (Cm3)

Total porosity =

Saturated Hydraulic Conductivity (Ksat)

Saturated hydraulic conductivity (Ksat) was computed using
the constant head core technique described by Reynolds et
al. (2002) 129, After the volume of water pouring out was
observed over time until the flow was constant, the flow rate
was calculated using the equation:

Where,

A is the cross-sectional area of the core (cm?), T is the time
(h), L is the length of the core (cm), Q is the amount of
water collected (cm®), and AH is the hydraulic head
difference (cm).

Aggregate Stability

Using the wet-sieving method, the mean weight diameter
(MWD) of water-stable aggregates was used to quantify
aggregate stability. This technique involved placing 50g of
4.75mm dry-sieved aggregates in the uppermost of a nest of
2.0, 1.0, 0.5, and 0.25mm sieves. A mechanical agitator was
used to vibrate the aggregates vertically in water 20 times
with a 4 cm amplitude after they had been pre-soaked by
capillary in distilled water for 15 minutes. Each sieve's
residual stable aggregates were weighed after being oven-
dried for 24 hours at 50°C. Water stable aggregates (WSA)
are represented by the percentage of stable aggregates on
each sieve, which is determined as:

WSA = 2% 120

mT 1
Where,
MT total mass of wet-sieved soil (g) and MR mass of
resistant aggregates (g). The formulae were used to
determine the stable aggregates' mean weight diameter
(MWD) as follow:

i, Xiwi

Where,

wi is the weight of aggregates in that size range as a
percentage of the dry weight of the sample analysed, and xi
is the mean diameter of each size fraction.

Water Holding Capacity
Water holding capacity was calculated with the Volume of
water at saturation using the formula:

Mw — Md

WHC (g) = Md

Where,
W.H.C is the water holding capacity, My is the mass of
oven-dried soil and My the mass of wet soil.

https://www.biologyjournal.net

Soil Chemical Parameters
Soil pH
A glass electrode in a 1:2:5 soil/water aqueous solution was

used to measure the pH of the soil samples (Mclean, 1982)
[14]

Total Organic Carbon
Organic carbon was computed using the Wet oxidation
dichromate method with H>SO4-K,Cr,O; followed by

residual titration with 1IN HCIl (Nelson & Sommer, 1996)
[16]

Total Organic Matter (TOM)

The Total Organic Carbon (TOC) was changed to Total
Organic Matter (TOM) by multiplying the TOC values by
the Van Bemelen factor of 1.724 (Van der Ploeg ef al.,
1999) [261,

Total Nitrogen

The total nitrogen was computed using the macro-Kjelhahl
digestion procedure as reported by Bremer & Mulvancy
(1982) 12,

Available Phosphorus
Available Phosphorus was computed using the Bray 11 soil
extract procedure as reported by McLean (1982) [14,

Exchangeable Cation (Ca, Mg, Na and K)

Mg and exchangeable CA were calculated using the EDTA
Complex onietric titration method and Exchangeable Na and
K was determined by flame photometry.

Cation Exchange Capacity
Cation Exchange Capacity (CEC) was determined by the
ammonium acetate displacement method.

Statistical Analysis

Data generated from the study was used for analysis of
variance, and the last significant difference at 5% was used
to separate the means.

Results

Soil Physical Properties

Results of the physical properties (Bulk density, particle
size, total porosity, hydraulic conductivity, and aggregate
stability) of the tested soil under selected tropical tree
species in the arboretum at 2 depths (0-15 cm and 15-30 cm)
are presented on Table 1. The selected tropical trees had
significant effect on the physical properties of the soil, and
the effect of selected tropical tree species on the particle size
distribution of the soil at two depths were statistically
different (p<0.05).

Sand particles ranged from 78%-81% at 0-15 cm depth, and
had a constant value of 72% at 15-30 cm depth respectively.
Silt particles ranged from 9-10% and 11-13%, at 0-15cm
and 15-30cm respectively, while clay particle ranged from
10-12% and 15-17%, at 0-15 cm and 15-30 cm depths
respectively (Table 1).

Percentage sand content was not significantly different at
the two depths, but sand content at 0-15cm depth was
statistically different (p<0.05) and higher than sand content
at 15-30 cm depth. Similarly, percentage silt content at 0-15
cm and 15-30 cm depth were not significantly different, but
silt at 15-30 cm depth was significantly higher than silt at O-
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15 cm depth. It was also observed from the result that the
Clay content at both depths were not significantly different
but the highest clay value of 17% was observed at depth 15-
30 cm for Anona moricata, and its lowest value of 10% at
depth 0-15 cm for Tectona grandis and Nauclea dedirichii.
The soils at 0-15 cm depth were predominantly sandy loam
while soils at the 15-30 cm depth were sandy-clay loam
(Table 1).

Bulk density had a range of 1.29-1.70 gcm™ at 0-15 cm
depth and 1.59-1.75 gcm™ at 15-30 cm depth. It was
significantly different at both depths, though the maximum
bulk density (1.75g/cm3) was observed at depth 15-30cm for
Anona moricata, while the minimum bulk density (1.29
gcm®) was observed at 0-15 cm depth for Gmelina arborea
(Table 1).

Similarly, Total porosity ranged from 56.4-66.0% and 48.6-
64.0% at both 0-15 cm and 15-30 cm depth respectively. It
was significantly different (p<0.05) at depth 0-15 cm with

https://www.biologyjournal.net

Gmelina arborea having a value of 61.1%; Tectona grandis
(61.5%), Nauclea dedirichii (60.8%), Irvingia gabonensis
(56.4%), and Anona moricata (66.0%) respectively, while at
depth 15-30cm Gmelina arborea had a value of 48.6%;
Tectona grandis (54.6%), Nauclea dedirichii (49.7%),
Irvingia gabonensis (58.8%), and Anona moricata (64.0%).
Generally, Total porosity values were higher at 0-15 cm
depth than at 15-30 cm depth (Table 1).

Saturated hydraulic conductivity had a range of 1.1-33.5 cm
h'! at 0-15 cm depth and 1.8-18.1 cm h™! at 15-30cm depth.
Generally, the permeability class of saturated hydraulic
conductivity test at 0-15 cm depth ranged from very slow,
slow, rapid to very rapid while it ranged from very slow,
slow, rapid to moderately rapid at depth 15-30 cm depth. It
was generally observed that the permeability class at 0-15
cm depth was generally faster than at 15-30 cm depth (Table
1).

Table 1: Soil physical properties as influenced by selected tropical tree species

Soil | Sand (%) | Silt (%) | Clay (%) | Texture | Bulk density (gem™) | Total porosity (%) I Ksat (cm h) | Permeability class
0-15cm
Gme 78a 10a 12b SL 1.29d 61.1b 17.8 Rapid
Tec 8la 9a 10b SL 1.45¢ 61.5b 33.5 Very rapid
Nuc 8la 9a 10b SL 1.32¢ 60.8b 6.2 Slow
Irv 80a 9a 11b SL 1.56b 56.4c 28.2 Rapid
Ano 80a 9a 11b SL 1.70a 66.0a 1.1 Very slow
15-30cm
Gme 72b 13a 15a SCL 1.62b 48.6d 8.9 Slow
Tec 72b 12a 16a SCL 1.63b 54.6¢ 2.4 Very slow
Nuc 72b 12a 16a SCL 1.61b 49.7d 1.8 Very slow
Irv 72b 12a 16a SCL 1.59b 58.8¢ 18.1 Rapid
Ano 72b 11a 17a SCL 1.75a 64,0a 12.6 Moderately rapid

At p<0.05, there was no significant difference between the means of the identical letters in the column and depth.
Key: Gme-Gmelina arborea, Tec-Tectona grandis, Nuc-Nauclea dedirrichii, Irv-Irvingia gabonensis, Ano-Anona moricata, Ksat-

Saturated hydraulic conductivity, SL-Sandy loam, SCL-Sandy clay loam.

Soil Chemical Properties

Results of the tested soil chemical properties: (pH, organic
matter, total nitrogen, available phosphorus, sodium,
potassium, calcium, magnesium, exchangeable acidity,
effective cation exchangeable acidity and base saturation)
under the selected tropical tree species in the arboretum are
presented in Table 2.

pH values ranged from 4.6-5.6 at 0-15cm and 15-30cm
depth and were not significantly different p<0.05. The
highest pH value of 5.6 was observed under Gmelina
arborea at 15-30cm depth while the lowest pH value of 4.6
was observed under Tectona grandis and Anona moricata at
15-30cm depth respectively, indicating that the soils under
the selected tropical trees are acidic (Table 2).

Organic matter content at 0-15 cm depth ranged from
4.86%-6.54% and 4.90%-5.49% at 15-30 cm depth
respectively. Organic matter at 0-15cm depth was not
significantly different, although it was significantly higher
than organic matter at 15-30cm depth (Table 2).

Total nitrogen ranged from 27.8-44.5 g kg!' at 0-15 cm
depth and 22.3-40.0 g kg!' at 15-30 cm depth. The total
nitrogen at both depths were significantly different with the
highest total nitrogen value of 44.5 g/cmol recorded under
Gmelina arborea and Irvingia gabonensis at 0-15cm depth
while its lowest value of 22.3 g/cmol was recorded under
Anona moricata at 15-30cm depth (Table 2).

Available phosphorus ranged from 53.25-67.80 mg kg! at
0-15 cm depth and 52.05-66.00 mg kg™' at 15-30cm depth

having its highest significant value of 67.80 g/cmol under
Irvingia gabonensis at 0-15 cm depth, and the lowest
statistical value of 52.05 g/cmol under Tectona grandis at
depth 15-30cm (Table 2).

Sodium at 0-15 cm depth had a range of 0.16-0.25 C mol kg~
!'while those at 15-30cm depth ranged from 0.15-0.17 C mol
kg!. Its values under the selected topical trees were not
significantly different (p<0.05) at 0-15cm depth, except
under Nauclea dedirrichii (0.16 C mol kg') which was
observed to be lower. Generally, sodium at 0-15cm depth
were significantly higher than sodium at depth 15-30cm
depth. Similarly, potassium values at 0-15 cm depth ranged
from 0.23-0.34 C mol kg™ and 0.12-0.16 C mol kg at 15-
30cm depth, and potassium at 0-15 cm depth was
significantly higher than those at 15-30cm depth (Table 2).
Values of calcium at 0-15cm depth ranged from 4.10-5.95 C
mol kg!, and were significantly different and stated as
follows; 5.95 C mol kg!' under Gmelina arborea, 4.10 C
mol kg under Tectona grandis, 4.35 C mol kg' under
Nauclea dedirichii, 5.55 C mol kg' under Irvingia
gabonensis, and 4.60 C mol kg'! under Anona moricata.
Calcium at 15-30 cm depth ranged from 2.80-3.50 C mol kg
I, and were not significantly different, although calcium
values at depth 0-15 cm were significantly higher than
values at 15-30 cm depth (Table 2).

Magnesium at 0-15 cm depth ranged from 2.15-3.30 C mol
kg and 1.20-1.45 C mol kg! at 15-30cm depth. Magnesium
at 0-15cm depth were significantly higher than Magnesium
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at depth 15-30 cm. Exchangeable acidity at 0-15 cm depth
ranged from 1.51-1.81C mol kg!' and 0.80-1.70 C mol kg!
at 15-30 cm depth, and where not significantly different at
both depths. Exchangeable Cation Exchange Capacity
ranged from 8.74-11.40 C mol kg™ and 5.32-6.81C mol kg"!
at 0-15 cm and 15-30 cm depth respectively. The highest
ECEC value of 11.40 C mol kg' was observed under

https://www.biologyjournal.net

Gmelina arborea at 0-15 cm depth while the lowest value of
5.32 C mol kg'! was observed under Nauclea dedirrichii at
15-30 cm depth. Percentage Base Saturation ranged from
72.8-86.3 at depth 0-15 cm, and 73.3-85.0 at depth 15-
30cm. with the highest BS of 86.3 observed under Gmelina
arborea at 0-15 cm depth while its lowest value of 72.8% at
the same depth (Table 2).

Table 2: Soil chemical properties as influenced by selected tropical tree species

Soil pH Organic matter TN Avail. P Nat | K* [ Ca* | Mg* | EA | ECEC BS
(H20) (%) (gkgh | (mgkgh (C mol kg!) (%)
0-15cm
Gme 5.2a 6.54a 44.5a 64.75a 0.25a 0.34a | 595a | 3.30a | 1.56a 11.40a 86.3a
Tec 5.0a 6.26a 31,0c 53.25¢ 0.22a 0.23a | 4.10b | 2.15a | 1.81a 8.74b 79.3b
Nuc 4.8a 6.30a 33.0e 66.85a 0.16ab | 0.32a | 4.35b | 2.45a | 1.77a 9.05b 72.8b
Irv 5.2a 6.24a 44.5a 67.80a 0.19a 0.31a | 5.55a | 2.75a | 1.51a | 10.31b | 85.4a
Ano 5.2a 4.86b 27.8¢ 63.70a 0.21a 0.23a | 4.60b | 2.30a | 1.57a 8.91b 82.4a
15-30cm
Gme 5.6a 5.35b 31.5¢ 66.00a 0.17ab | 0.16b | 3.05¢ | 1.20b | 1.67a 6.25¢ 73.3b
Tec 4.6a 5.38b 35.0e 52.05¢ 0.17ab | 0.14b | 3.35c | 1.45b | 1.70a 6.81c 75.0b
Nuc 4.6a 5.49b 40.0b 57.35b 0.15ab | 0.12b | 2.80c | 1.45b | 0.80b 5.32¢ 85.0a
Irv 4.7a 5.36b 29.0c 54.15¢ 0.15ab | 0.13b | 3.20c | 1.30b | 1.53a 6.31c 75.8b
Ano 4.6a 4.90b 22.3cd 54.7¢ 0.16ab 0.12b | 3.50c | 1.45b | 1.22a 6.45¢ 81,1a

At p<0.05, there was no significant difference between the means of the identical letters in the column.
Key: Gme-Gmelina arborea, Tec-Tectona grandis, Nuc-Nauclea dedirrichii, Irv-Irvingia gabonensis, Ano-Anona moricata, TN-total
nitrogen, EA-exchangeable acidity, ECEC-effective cation exchange capacity, BS-base saturation.

Water stable aggregates and aggregate stability of the
soil as influenced by the forest tree species

Results on Water stable aggregate and aggregate stability at
sizes (4.75-2.0, 2.0-1.0, 1.0-0.5, 0.5-0.25, and < 0.25 mm),
is shown in Table 3. Aggregate size 4.75-2.0 ranged from 9-
37mm and 2-8mm at O0-15cm and 15-30 cm depth
respectively. Aggregate size 4.75-2.0 at 0-15 cm depth was
significantly higher than those at 15-30cm depth. Aggregate
size 2.0-1.0 ranged from 8-14mm and 2-7mm at 0-15cm and
15-30 cm depth respectively. Aggregate size 1.0-0.5 at 0-15
cm depth ranged from 10-18 mm while those at 15-30cm
depth ranged from 10-21mm. aggregate size at both depths
were significantly different (p<0.05). Aggregate size 0.5-

0.25 ranged from 15-27mm at 0-15 cm depth, while at 15-30
cm depth, it ranged from 36-45mm. although Aggregate size
at 15-30 cm depth was significantly higher than those at 15-
30 cm depth (Table 3).

The aggregate size < 0.25 ranged from 25-45 mm at 0-15
cm depth while those at 15-30cm depth ranged from 22-43
mm. The highest Aggregate of 45 mm was observed under
Tectona grandis at 0-15 cm depth, while the lowest
aggregate of 25mm was observed under Anona moricata at
the same depth. Mean Weight Diameter at 0-15 cn depth
ranged from 0.75-1.67 mm and 0.45-0.71 mm at 15-30 cm
depth. MWD at both depths were significantly different
(p=<0.05) [Table 3].

Table 3: Water stable aggregates and aggregate stability of the soil as influenced by forest tree species

. Aggregate sizes (mm)
Soil 47520 |  20-1.0 | 1.0-05 0.5-0.25 [ <025 MWD (mm)
0-15 cm
Gme 23b 8b 14c 27¢c 28d 1.10b
Tec 9c 9b 14c 23c 45a 0.75¢
Nuc 20b 11b 18b 24c¢ 27d 1.13b
Irv 17b 14a 16b 27¢ 26d 1.07b
Ano 37a 13a 10c 15d 25 1.64a
15-30 cm
Gme 3c 3¢ 12¢ 39b 43a 0.49cd
Tec 2c 2c 10c 45a 41a 0.45cd
Nuc 5¢ 7b 2la 45a 22cd 0.66d
Irv 4c 6bc 16b 36b 38b 0.58d
Ano 8b 7b 13c 41a 3lc 0.71c

At p<0.05, there was no significant difference between the means of the identical letters in the column.
Key: Gme-Gmelina arborea, Tec-Tectona grandis, Nuc-Nauclea dedirrichii, Irv-Irvingia gabonensis, Ano-Anona moricata, MWD-mean

weight diameter.

Discussion

The particle size distribution (Table 1) shows no statistical
difference in the textural class of the soil under selected
tropical tree species at 0-15 cm depth and also at 15-30cm
depth. Generally, all samples from the selected tropical tree
species at both depths were dominated by high sand

fractions followed by clay and finally silt. This could be that
the formation of sandy soils in the studied area may have
resulted from the weathering of parent materials that are rich
in quartz, such as granite and sandstone (Biinemann er al.,
2018) B!, The soil at 0-15cm depth were generally Sandy
loam, while soil at 15-30cm depth were sandy clay loam
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(Table 1). This result is in consistent with those of Orji &
Ikechi (2018) ') who showed high sand content of 84% in
planted forest soil.

The experimental result clearly revealed that bulk density
varied with depth and tree species abundance (Table 1). It
was also observed from the result in Table 1 that an increase
in the organic matter content of the soil, led to a
corresponding increase in the bulk density and vice versa.
This could be as a result of increased plant litters and
deposit on the soil surface, which may have led to increase
organic matter thereby reducing bulk density. This view is
in synchrony with the earlier results of Buraka et al. (2016)
41" who posited that higher organic matter in the topsoil
makes the soil loose, porous and well aggregated, thereby
reducing bulk density. Reduction in bulk density from the
result agrees with those of Qiao et al. (2019) !9, Also,
Sjoerd et al. (2018) ?, reported that bulk density was
lowest in plantation soil because of enhanced organic
matter. Lower bulk density increases infiltration,
percolation, aeration, and is also shown to promote tree
growth.

Total porosity was significantly different under the selected
tropical tree species. Each specie had specific effect on the
total porosity. The increased total porosity observed from
the result (Table 1) may be due to the tree rooting system, or
the leave size and canopy. This result is in consonant with
those of Udom & Kamalu (2016) and Udom & Benwari
(2019) 241 who postulated that fine particle fractions in the
soil is responsible for high total porosity.

Saturated hydraulic conductivity (Ksat) had different
permeable classes in relation to selected tropical tree,
although they were generally higher at topsoil than at
subsoil (Table 1). The high value of hydraulic test observed
could be attributed to the fact that compared to soils under
other plant types, forest soils are linked to higher rates of
water infiltration and reduced creation of surface runoff
(Chandra et al., 2016) B, Accordingly, the Millennium
Ecosystem Assessment has determined that trees are
essential for providing the ecosystem services of water
purification and regulating water. The difference in
permeability class could be related to difference in canopy
and litter on the soil surface as Udom & Adesodum (2016)
posited that topsoil has good structure and macro pores than
subsoil.

The acidic nature of the soil (pH range: 4.6-5.6) under all
selected tropical tree species at two depths (Table 4.2) may
be related to the great extent of leaching of bases from the
surface soil as a result of heavy downpour of rain in the
area. Lang et al. (2020) ® claimed that soil pH can
somewhat change the amount of nutrients in the soil, which
in turn shapes the diversity or composition of the flora. The
relative acidity observed in this study (Table 2), could be as
a result of decomposition of plant residue or organic waste
into organic acids. Arguably, the top soil showed acidity
nature which may also be due to formation of organic acid
from the higher amount of partially decomposed organic
matter on the forest floor. The result is similar to the
findings of Grace et al. (2019) ) who reported a pH less
than 5.5 in tropical forest.

The organic matter content of the soils was not significantly
different at the topsoil, but it was significantly different
from those at the subsoil (Table 2). This is so because
divergence in soil characteristics might affect the soil
microbial community because forests with diverse tree
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species have varied litter quality and root exudates (Chandra
et al., 2016) . Though organic matter at 0-15cm depth
were significantly higher than those at the 15-30cm depth.
This could be as a result of accumulation of plant materials
and litters at the topsoil leading to concentration of
microorganisms at the topsoil. Udom & Benwari (2019) 24
reported that that increase in soil organic matter, increases
the capacity of soil to buffer pH.

Total Nitrogen levels were significantly different under
selected tropical tree species and also at various depth. The
total Nitrogen were generally high under the selected tree
species (Table 2). This could be due to the fact that tropical
forests show preference for NH** (Min et al. 2017). Also, all
selected tropical tree species showed high value for TN
which indicates high intake rate of these inorganic forms of
N (NH* and NO*) and organic form (glycin) from the soil.
Previous studies reported higher percent total nitrogen
values (0.18-0.70%) under Gmelina arborea plantation than
the values obtained in this research (Grace et al. 2019) P,
Available phosphorus were significantly different under the
different tree species, ranging from 53.25-67.80 mg kg™ at
0-15 c¢cm and 52.05-66.00 mg kg™!' at 15-30 cm. Available
phosphorus value were high under the tree species (Table 2).
This could result from phosphorus being readily available in
inorganic forms, or it could be due to increased tree species
diversity, annual litter input and soil organic carbon
(Chandra et al. 2016) Bl. This could also be as a result of
weathering of parent material, and contradicts the findings
of Grace et al. (2019) P! that showed that available
phosphorus range of 0-4.57 mg kg'. Arguably, available
phosphorus tend to decrease with increasing depth.
Exchangeable cations decreased with increasing depth, and
were not significantly different at each depth (0-15 cm and
15-30 cm) [Table 2]. This result align with those of
Biinemann et al. (2018) B who posited that the
concentration of exchangeable acids and bases in the soil
affects its pH, which decreases when Al* + H* increases and
Ca, Mg, and K decreases.

Conclusion

Agroforestry systems integrate trees with agricultural crops,
and have the potential to enhance soil fertility, maintain the
soil organic matter status, promote efficient nutrient cycling,
reduce erosion, improve water quality, enhance biodiversity,
increase an esthetics, and over the long-term are also
sustainable and appropriate for soil fertility conservation
and improve soil health, and sequester carbon. This study
showed that selected tropical tree species in the Arboretum
exerted some level of effects on soil physical and chemical
properties in the following decreasing order; Gmelina
arborea > Nauclea dedirrichii > Tectona grandis > Irvingia
gabonensis > Anona moricata. These effects helps to define
the quality of soil within the study area, highlighting that the
soil will be good for agricultural practices hence increase
productivity and effective land management. There is the
need for farmers and agriculturist to inculcate agroforestry
system of agriculture, because trees species have long term
effects on soil physicochemical properties compared to
other annual crops.
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