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Abstract. Bulk density and organic matter content of soil are important soil attributes used in predicting the productivity potentials of soil and
overall soil quality. The distribution of soils bulk density and organic carbon in horizons of soil pedons under different three tree species (Hevea
brasiliensis - rubber, Pentaclethra macrophylla - oil bean and Irvingia gabonensis - ogbono) in Owerri, Southeastern Nigeria were investigated.
A random survey method was used in field sampling. In all, three profile pits were dug, one in each site. A total of 36 soil samples were collected and analyzed for the study. Samples were collected at different horizon levels (A, AB, Bt1 and Bt2). Three representative samples were
collected from each horizon. Bulk density, organic carbon and other routine analyses were performed using routine laboratory techniques.
Mean, coefficient of variation and correlation analyses were analyzed. From the results obtained bulk density increased with depth, ranging
from 1.05-1.81 g cm-3 in the rubber plantation, 1.02-1.70 g cm-3 in ogbono plantation and 1.11-1.57 g cm-3 in oil bean plantation. Bulk density
decreased with the increase the organic carbon content. However, mean bulk density values irrespective of tree species did not exceed critical
limits ranging from 1.28 to 1.32 g cm-3 as appropriate. Organic carbon ranged from 0.06-0.89 g kg-1 in rubber plantation, 0.42-0.87 g kg-1
in ogbono plantation and 0.72-1.25 g kg-1 in oil bean plantation. The epipedal horizons contained higher organic carbon than the endo-pedal
horizons. The average organic carbon contents of the pedons were lower than the critical value irrespective of the tree species. The oil bean
plantation had higher organic carbon and total nitrogen than the ogbono and rubber plantation while the ogbono plantation contained higher
available phosphorus than the other two plantations studied.
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Introduction
Bulk density and organic carbon are important soil properties used in soil quality assessment. In Southeastern Nigeria, there is a drastic decrease in soil organic carbon due to
increased deforestation, poor management practices and resultant erosion damages of soil resources (Oti, 2007). However, in the tropics, human activities have led to a decline in
organic matter (Mbagwu and Obi, 2003); resulting in adverse
changes in the soil properties, increased soil compaction, low
nutrient status and build-up of toxicities such as an excessive
concentration of heavy metals in soils. Bulk density affects vital soil attributes such as soil moisture content, organic matter content, infiltration rate, available water capacity, total porosity, root penetration and aeration porosity. However, these
roles depend on the relationship between bulk density and
soil organic matter. Soils rich in organic matter have lower
bulk density due to the low density of organic materials. Soil
bulk density values can, therefore, be a guide to quantifying
emission of greenhouse gases (Barros and Fearnside, 2015)
as well as a good measure of soil quality (Arshad et al., 1996).
Information on soil bulk density and organic matter are not
only necessary to make inferences on soil quality, but also it
is a pre-requisite to understanding soil productivity potentials
and fertility status, especially in this era of the global food
crisis.
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Generally, tree species influence soil properties through
the breaking up of compacted layers by roots, maintenance
of soil porosity, modification of soil temperature, reduction
of soil acidity (through the addition of base forming cations
by tree litter) and reduction of organic matter decomposition
rate by shading. These effects, however, affect soil carbon
accumulation and bulk density. Given the effect of soils bulk
density and organic carbon on other soil properties such as
soil microorganism activity, root depth restrictions, plant nutrient availability and key pedogenic processes, it becomes
imperative to investigate the influence of tree species on
these important soil quality parameters. Therefore, the objective of this study was to determine the effect of the different
tree species on soil bulk density values and organic carbon
contents.

Material and methods
Study area
The study was carried out in three different locations
(Ihiagwa, Emeabian and Agbala) in Owerri North South-eastern Nigeria. The sites are located between latitude 7o18′ N
and longitude 7o22′ E (Ihiagwa), latitude 7o9′ N and longitude
6o20′ E (Emeabiam) and latitude 6o21′ N and longitude 7o18′
E (Agbala). Soils of the area were classified as Ultisols (Acrisols) and are derived from the Coastal plain sand (Oligo-

cene Miocene; characterized by low cation exchange capacity
(CEC), low organic matter with high leaching of nutrient elements (Onweremadu et al., 2011). The three study sites are
located within the humid tropical climate with annual rainfall between 2200 and 2500mm and annual air temperature
between 26 and 31oC. The relative humidity is over 80% in
all the locations during the wet season and decreases during
dry periods of the year. There exists abundant sunshine in all
the study areas especially between November and April every
year. All the locations have rainforest vegetation consisting of
different plant species.
Field study
Three plantation sites namely rubber (Hevea brasiliensis), ogbono (Irvingia gabonensis) and oil bean (Pentaclethra macrophylla) plantations were randomly selected for the
study. The sites sizes were 300m x 300m for rubber, 300m x
300m for oil bean and 250m x 250m for ogbono, respectively.
The ages of the plantation sites were 10, 12 and 12 years
for Hevea brasiliensis, Irvingia gabonensis, Hevea brasiliensis and Pentaclethra macrophylla, respectively. The sites are
maintained organically by heaping debris within the root zone
of the trees. Three profile pits were dug (one on each plantation site) and described. Three samples from each horizon of
the individual profile (A, AB, Bt1 and Bt2) were collected. A
total of 36 soil samples were collected and analyzed in the soil
laboratory. Soil samples were air-dried, sieved and used for
varying laboratory analysis. Sand, silt and clay fractions were
determined by hydrometer method (Gee and Or, 2002). Core
method was used for bulk density determination (Grossman
and Reinch, 2000). Gravimetric method of Obi (1990) was
used for the determination of soil moisture content. Soil pH
was determined using 1:2.5 soil:liquid (water) ratio (Thomas,
1996). Available phosphorus (P) was extracted using BrayII solution (Olsen and Sommers, 1982). Exchangeable bases
were determined by the neutral ammonium acetate (NH4OAc
of pH 7) procedure (Thomas, 1996). Total exchangeable acidity (TEA) was determined by the procedure of Mclean (1982).
Wet digestion method of Nelson and Sommers (1996) was
used for organic carbon determination while total nitrogen
was determined by Kjeldah digestion method (Bremner and
Mulvaney, 1982).
Statistical analysis
Mean and standard deviation of the samples were calculated and variation among the properties of different soil
horizons was analyzed using the Coefficient of variation (CV).
Ranking of the coefficient of variation results was done using
the procedure of (Wilding, 1985). The functional relationships
among soil variables were detected using correlation analysis
(p<0.01, 0.05).

Results and discussion
Physical and chemical properties of soils. Results on
physical properties of soils are presented in Table 1. Soils
from the rubber plantation had an average moisture content
of 14.47%, bulk density of 1.28 g cm-3 and were dominated by

sandy loam textures. Soils of the ogbono plantation were of
sandy loam textures with a mean moisture content of 9.43%,
mean bulk density of 1.32 g cm-3. The oil bean plantation had
a mean moisture content of 9.41% and mean bulk density of
1.30 g cm-3. However, the rubber plantation had the least bulk
density value (1.28±0.36 g cm-3) while the ogbono plantation
had the highest value (1.32±0.28 g cm-3). These soils were
below the critical limit of 1.75-1.80 g cm-3 (Soil Survey Staff,
2003) and the critical root-limiting values of 1.67-1.78 g cm-3
for fine sandy loam soils (Table 2); the values of which are
non-limiting to downward water movement, root penetration
and development, indicating the potential of the soil to support the production of plantation trees. Low bulk density is
beneficial to root activity, water infiltration into the soil, and
overall growth of plants (Attah, 2001). However, the bulk
densities of soils of the tree species were within the range
reported by Oguike and Mbagwu (2009) in some soils of the
coastal plain sands. The low bulk density values recorded in
this study showed that the soils were not compacted indicating the positive influence of plant litter on soil. However,
bulk density generally increased down the pit irrespective of
the tree species. Ahukaemere et al. (2013) showed that reduced bulk density at the epipedon was directly related to an
increased organic matter which played a significant role in
reducing soil compaction. From the coefficient of variation
result, bulk density values varied low - moderately among the
soil horizons (CV= >15<29%).
The pH of soils under the three different tree species was
slightly acidic with average values ranging between 5.28 and
5.43 (pH H2O) (Table 1). The acidic condition of the soils
studied reveals the inherent characteristics of soils of Southeastern Nigeria. Foth (2006), Abua et al. (2010) and Iwara et
al. (2011) reported similar findings in some soils of Imo State
Nigeria. Generally, the pH values obtained in this study across
the plantation trees fall within the range reported by Agbede
(2008) and Deekor et al. (2012) in some soils of South-eastern Nigeria. The coefficient of variation result showed that soil
reaction differed slightly across the tree species (CV<15%)
revealing the homogeneity among the soil horizons. The
acidic nature of the sites could be as a result of the uptake of
basic cations by the plants. Offiong et al. (2009) reported that
increase in soil pH increases soil biodiversity and mineralization of organic matter with an anticipated increase in soil carbon stock due to improved soil water infiltration and aeration.
The organic carbon and total nitrogen contents of the
soils ranged between 0.48 and 0.92 g kg-1; 0.03 and 0.10 g
kg-1, respectively. The surface horizons of the pedons had
higher organic carbon than the sub-surface horizons irrespective of the tree species. Also, there is variation in the
mean organic carbon of the soils of the different three species studied. The higher organic carbon content of the surface
horizon and the differences in organic carbon content of the
soils of the varying tree species are appreciable and may be
linked to the deposition of organic materials and plant litter
on the surface of the soil and the heterogeneity of tree species, microclimate and temperature regimes and other soil
conditions that favour rapid decomposition. Topsoil organic
carbon contents are directly related to organic carbon inputs
149
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(Dick and Gregorich, 2004) and there have been a number of
studies demonstrating improvements in soil quality and fertility after organic carbon additions (Schjonning et al., 1994;
Hayness and Naidu, 1998). Similarly, Donahue et al. (1990)
reported that most arable soils contain 1-5% organic matter,
which is mostly within the top 25cm of the soil, and that this
small amount can modify soil physical properties and strongly affect its chemical and biological properties. Another explanation for low organic carbon contents of the subsurface
horizons may be the absence of roots in the deeper layers of
the profile. Generally, the organic carbon contents of the soils
of the studied area were low compared with the rating of Esu
(1991) - organic carbon <10 g kg-1 = low, 10-15 = medium
and >15 = high. This showed the inherent poor fertility status
of the sites. The result of the coefficient of variation showed
moderate (in ogbono and oil bean) to high (rubber) variation
in the distribution of organic carbon down the profile.
The average available phosphorus content ranged from
11.65 mg kg-1 in rubber plantation to 21.00 mg kg-1 in ogbono plantation. Phosphorus availability in these soils was
moderate. The phosphorus content of the soils could be a
reflection of low organic carbon content of the soils. Organic
compounds in soils increase phosphorus availability by the
formation of organophosphate complexes that are more easily assimilated by plants, anion replacement of H2PO4 from

adsorption sites, the coating of Fe/Al oxides by humus to
form a protective cover and reduced P fixation (Yihenew and
Getachew, 2013). Soil total exchangeable bases consist of
the base forming cations namely calcium, magnesium, potassium and sodium and varied from 1.79-3.05 cmol+kg-1.
Soils of the oil bean plantation contained higher base cations
than other soils. Generally, the surface layer of the soil had
higher TEB than the sub-surface layer, a reflection of the high
concentration of organic carbon at the soil surface. This was
further proven by the result of the correlation analysis, which
showed a positive significant relationship between organic
carbon and the total base cations. The low concentration of
the base cations is a common phenomenon in the soils of
Southeastern Nigeria and is a result of the high leaching losses sustained in these soils, as well as the rapid mineralization
of organic matter.
Relationship between selected soil properties. The results
of correlation analyses (Table 3) showed that organic carbon
had significant relationship with clay (r= 0.604) (p<0.05), silt
(r = 0.604) (p<0.05), bulk density (r= - 0.588) (p<0.05), total
nitrogen (r= 0.847) (p<0.01), total exchangeable bases (r=
0.769) (p<0.01) and total exchangeable acidity (r= -0.550)
(p<0.05), respectively. These significant relationships indicate the influence of soil organic carbon on soil health. The
influence of soil carbon on soil compaction and soil texture
had been reported (Jobbagy and Jackson, 2000; Ahukaemere
et al., 2013). However, Rice (2002) and FAO (2005), reported
that the significant influence of clay on organic matter depends on two mechanisms – first, bonds between the surface
of clay particles and organic carbon retard the decomposition
process; second, soil with higher clay content increases the
potential of soil aggregate formation.

Conclusion
From the results obtained, it can be concluded that the
soils from the investigated three plantations with different
tree species - rubber (Hevea brasiliensis), ogbono (Irvingia
gabonensis) and oil bean (Pentaclethra macrophylla) had bulk
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density values which are non-limiting to root penetration and
development. The organic carbon contents of the soils of the
three plantations were critically low resulting in low nitrogen,
cation exchange and nutrient availability to the tested trees.
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