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ABSTRACT: This experiment examined the impact of management techniques for sustaining the
forest soils nutrient status using a comparative study of soil chemical and physical properties of different
forest types in Onigambari Forest-Reserve. Soil sampling was conducted in two sections representing two
forest types; Tectona grandis (TG) plots and the natural vegetation (NV) within Onigambari Forest-
Reserves. Each section, segmented into a 10m-by-10m quadrat size. Twenty samples were collected at
random in each plot in quadruplicate from the surface (0-15cm) and subsurface (15-30cm) depth. The
composite samples were air-dried, prepared for physical and chemical analyses. Data collected were
subjected to ANOV A, means were compared using student’s t-test (p < 0.05) using JMP Pro 14. The results
showed that the means of chemical and physical properties in both forest plantations varied with depth.
The pH increases with depth from 5.95 to 6.15 in TG and 6.15 to 6.25 in NV forest at 0-15cm and 15-
30cm, respectively. However, NV had the highest amounts of organic carbon content, Total-Nitrogen, and
exchangeable cations decreased with depth at both forests. Phosphorus content increased from 9.43(0-
15cm) to 10.95(15-30cm) at TG forest and 2.7 (0-15cm) to 5.9 (15-30cm). Sand content was higher at the
TG forest, while higher clay and silt contents were observed in NV. Organic-matter and organic-carbon
content were observed to be higher in the surface layer compared to the sub-surface layer in both forests
studied. In conclusion, the Natural vegetation soils possess more nutrients than Tectona grandis soils.

Therefore, afforestation should be encouraged.
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Soils physical properties that includes texture,
structure, porosity, density, aeration, temperature,
water retention, and movement which can be modified
by series of operations within the forest environment
such as harvesting operations, shifting cultivation, and
forest fires develop under natural conditions by the
influence of permanent vegetation over a long period
of time and thus affects every aspect of soil fertility
and productivity because of its influence at
determining the ease of root penetration (Oswald,
2013). Forest soils have important indices of the
chemical behavior which consist of pH, cation-
exchange capacity (CEC), anion-exchange capacity
(AEC), base saturation (BS) percentage, exchangeable
sodium percentage (ESP), electrical conductivity, and
redox potential which characterize the forest soils and
affect the growth and distribution of forest tree
species. Studies have shown that there remain only a
few landscapes on Earth which are currently in their

natural state (Opeyemi, 2008). Due to anthropogenic
activities, the Earth’ surface is being significantly
altered and the presence of man on the Earth and his
use of land has had a profound effect upon the natural
environment (Haque and Basak, 2017; Njike, et al.
2011). As a result, since the early 1980s, vast
transformations have occurred in the land use and land
cover patterns as evidenced by persistent expansion in
cultivated land, decrease in natural woodland and
grassland in the world (Emenyonu et al, 2015; Njike,
et al. 2011). It can therefore be stated that the land use
and land cover pattern of a region is an outcome of
natural and socio-economic factors and their
utilization by man in time and space. This situation is
worsened by the lack of information about the
potential of land which results in land management
model that is not relevant to the suitability and socio-
economic conditions of the society (FAO, 2011; Thuo,
2013). In the same vein, competition for land is
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becoming intense with the continuous rise in human
population and urbanization with continuous use of
land for agricultural activities year after year
(Agyarko, et al., 2014). In recognition of the current
global food crises, Nigeria currently pursues policy of
expanding the land area under cultivation without
deforestation and negative influence on the ecosystem
as well as intensifying crop productions by continuous
cropping system of which certain arable crops due to
their importance globally are included (Nwite, et al.,
2017). Therefore, adoption of more sustainable
strategies for the maintenance of soil fertility under
such conditions becomes imperative to sustain crop
yield. It is therefore imperative to understand the
influence of tree species on nutrient status of forest
soils and other properties. The specific objective of
this study is to suggest the management technique
needed to sustain the nutrient status of the forest soils.

MATERIALS AND METHODS

Study Area: This study was carried out in Onigambari
Forest Reserve. This is a tropical deciduous lowlands
forest and characterized by undulating topography,
lying at an altitude between 90m and 140m above sea
level. It is situated in the southern part of Ibadan,
Nigeria. It is bounded on the west by River Ona and
the east by the main road of Ibadan to ljebu-ode,
located on latitude 70 25° and 7 0 55°N, longitude 30
53 and 30 9’E. Onigambari Forest Reserve covers a
land area of about 17,984ha, which is divided into
natural and plantation forests. The natural forest is
made up of indigenous species such as Irvingia
garbonensis, Treculia africana, Terminalia spp,
Triplochiton scleroxylon, among others while the
latter consists mainly of exotic species such as
Gmelina arborea and Tectona grandis. The annual
rainfall ranges between 1200mm to 1300mm from
March to November, while the dry season is from
December to February with low relative humidity and
an average annual temperature of 26.40C
(Akinyemi et al., 2012; Larinde and Olasupo, 2011;
Aluko, 1993).

Soil sampling: Soil samplings were conducted in two
compartments representing two forest types; Tectona
grandis plots and the natural vegetation in Onigambari
Forest Reserves. Each plot was segmented into 10 m
by 10 m quadrat size, twenty samples were taken at
random in each plot from the surface (0 to 15 cm) and
subsurface (15 to 30 cm) depth. The composite
samples were air-dried, ground, and passed through a
2 mm sieve for laboratory analyses.

Laboratory Analysis: Particle size was determined
using the improved hydrometer method by Bouyocous
(1962). The pH was determined electrometrically
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using a glass electrode in a soil-water suspension (a
ratio of 1. 2 soil: water). Total nitrogen was
determined by the micro Kjeldahl method, according
to Bremner (1965). The organic matter content of the
soil was determined using the chromic acid digestion
method (Walkley and Black, 1934). Phosphorus was
extracted by the Bray | method (Bray and Kurtz, 1945)
and determined by the vanadomolybdate method.
Exchangeable Ca, Mg, K and Na were extracted with
1 N NH40AC. Potassium and Na were determined
using flame photometers, while atomic absorption
spectrophotometer was used to determine Ca and Mg.
Iron, Zn, and Mn were extracted in 1 N NH40AC
while Copper was extracted using a mixture of 1 N
NH40AC and 0.01 M EDTA (Ellis, 1968; Osiname,
1972) and determined using atomic absorption
spectrophotometer.

Data Analysis: Result generated from the laboratory
analysis was subjected to analysis of variance
(ANOVA), and the means were compared using
student’s t-test using JMP PRO 14 software for SAS.

RESULTS AND DISCUSSION

Tables 1 show the average physical and chemical
properties of the top and subsoil samples collected
across the study areas. The mean value of the soil
physical properties revealed that the values of the sand
contents ranged from 72 — 83% at the topsoil 0-15cm
and 69.5 - 80.99% at the subsoil. The value decreased
with increasing depth and followed an irregular
pattern. Olowoyo et al (2013) attributed the higher
content of sand in the surface horizon to the
translocation of colloidal clay particles deep into the
profile with percolating water and selective erosion
and transportation of fine particles to the lower slope
position during the heavy downpour. The silt contents
of the soil ranged from 7 — 11.5% at the topsoil and 7.5
—11.0% at the subsoil. An outstanding feature of these
soils irrespective of their location is their low to
moderate silt content at the surface. According to
Adeola and Tubonem (2017), this characteristic
distinguished the soils of granite and gneiss rock
complex origin from other soils of southwestern
Nigeria. The content of silt in the soils was
comparatively lower than those of the sand fraction.
Adeola and Tubonem (2017) and Fasina et al 2007
also reported that soils mostly derived from basement
complexes in southwestern Nigeria had low silt
content. The clay content ranged from 10.0- 16.5% at
the topsoil and from 11.5 — 19.5 % at the subsoil.
Generally, the clay content increased with depth to a
maximum. A similar trend was observed by Oyebiyi et
al (2018) in soils of Ife and Ondo areas of
southwestern Nigeria. The lower clay content in the
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surface horizon could be attributed to the sorting of
soil material by biological and agricultural activities,
clay migration, or surface erosion by run-off or a
combination of these (Malgwi et al., 2000). The pH
of the soils studied ranged from 5.98 — 6.23 and it falls
within the neutral to very strongly acid class
(Oyebiyi et al, 2018). Soil pH was observed to
increase or decrease irregularly across the sampled
area. Similar trends have been observed and reported
by Sharu et al. (2013) and Fasina et al. (2007).
According to Sharu et al. (2013), the preferred range
of pH for most crops is 5.5-7.0. Generally, there was a
higher accumulation of bases in the surface horizon of
the soils and the total exchangeable bases decreased
with soil depth except in some cases owing to nutrient
bicycling (Ajiboye and Ogunwale, 2010), and it could
be due to differential weathering that had taken place
or as a result of plant uptake and leaching losses.
Unlike in most tropical soils, the exchangeable sites of
the soils studied were dominated by exchangeable
calcium and magnesium. The soil organic matter
(SOM) content ranged from 1.03 to 3.73% in the soils
under investigation at both the topsoil and subsoil and
generally with increasing soil depth. Fawole et al
(2016) classified percentage SOM into low (0 - 1.5%),
medium (1.5 - 2.5%) and high (>2.5%). The SOM
content was higher in the soil surface than the subsoil,
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possibly as a result of more decomposable plant
materials on the surface soil and that the surface
horizons are the points where decomposition and
humification of organic materials take place. The low
organic matter obtained may be partly due to high
temperature and relative humidity effects, which
favour rapid mineralization of organic matter (Fawole
et.al, 2016; Fashina et al., 2007). The soil total
nitrogen level is critically low with all the values less
than 1g/kg. The total nitrogen of the surface soils was
from 0.05 to 0.19%, and subsurface soils were from
0.05 to 0.12%. The probable reasons for the low value
of nitrogen in the soils may be due to the rapid rate of
soil organic matter decomposition, high rate of
leaching, and loss to soil erosion (Solarin and
Ayolagha, 2006). Similar results of very low to low
nitrogen values were reported by Fasina et al. (2007)
for some soils in southwestern Nigeria. The
distribution of the Extractable Micronutrients contents
of the soils at both the surface and subsoil was
irregular as observed. The concentration of Fe and Mn
was found to be higher in all the profiles examined,
this could either be due to the mineral composition of
the underlying rock and the transported materials,
uptake of essential nutrients by plant, leaching of
exchangeable cations through heavy rainfall, or by
erosion or a combination of these factors.

Table 1a: Physical and Chemical properties of various plantations under investigation at Onigambari Forest Reserve (Topsoil)

Plantations

Teak 1 Band Clay 5t Ph  OC OM TW Ha ©Ca Mg E Fe Cou Mn ZFn P

A T4.5 150 105 592 046 1.14 008 123 420 385 010 1200 030 33353 48 3927
E T4.5 150 105 608 192 331 017 115 4469 355 0089 160 04 76 493 1276
C 205 13 &5 528 132 227 011 127 3189 257 Q.45 19 05 &8 348 641
D B4.5 11 45 391 148 29F 015 118 429 29§ 003 16 04 361 41 344
Wean T8.5 135 B0 580 140 243 012 121 412 328 007 1825 040 &1.55 435 719
Teak I

A B1.5 9 85 583 078 134 007 106 1289 227 007 12 04 338 33 1371
E 24.5 11 45 630 036 0462 003 120 0480 171 0067 55 0.7 24% 11 1833
C B0.5 11 B3 54% 0446 079 004 127 108 247 0050 14 7 34 32 117
D 24.5 ] &5 621 080 138 007 13% 070 124 00051 36 05 315 31 1185
hlean B3.00 10 T 598 0480 103 005 123 092 200 006 202325 043 3095 2488 1152
NF

A T4.5 13 125 649 211 345 018 125 489 572 0148 16 [ X S T3 445
E G35 19 125 582 313 540 027 128 420 343 0323 16 0.5 B3 1.8 133
C T15 17 105 548 1464 282 0.14 134 3080 278 014 12 1.1 581 464 144
D T15 17 105 471 176 303 015 133 7.78 T7.17 0208 13 08 113 94 140
hlean T1.0 165 115 §.03 2.1 373 0.1% 130 501 527 Q.17 1435 075 §328 623 2171

Table 1b: Physical and Chemical properties of various plantations under investigation at Onigambari Forest Reserve (Subsoil)

FOREST rH 0.C oM TH Ha Ca Mg K Fe Cu Mn Zn p Sznd

Tectonia erandis (3-13cm) 5953 099 1.72b 0.093z2 1.23a 2.52ab 2.88bc 0.07bc 23732 0.4%a 46.253h 3.52ap 9.43ab BOV3:
Tectonia grandis (15-30cm) 6.152 0.82b 1.353%b 0072 1534a 1.87h 223c 0.08c 2682z 04602 4718k 2.90b 1093z 7623ab 14302
Matural vegatation (0-13cm) $.15a 2182 3.73a 0.192 130a 3.01a 327a 0172 14232 0753 8328z 623a 2.7l 7i.0bc
Matural vegetation (0-15cm) §.353 137ab 2353k 0.12a 140a 2.17b 4.03ab 0.11b 20325z 0.50a 47.43b 4.63ab  5.00ab §0.5c

Mean 413 134 22% 012 132 2188 335 01 213 039 3603 432 7.25 7463

5E 011 024 041 002 01 027 036 001 433 011 2435 024 1.83 1.53

*Means with same alphabets are not significantly different from one another (p < 0.05); *S.E = standard error
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Table 2: shows the Physical and chemical characteristics of soils at various depths.

Plamtation
Teak ]l Sand Clav Sik pH ©OC OM T Ns Ca ME K Fe Cu  Mn In P
A 615 20 B35 800 082 158 008 136 23% 3485 0067 19 oAy 504 22 021
E d8.5 17 145 420 140 241 012 134 33% 206 0111 13 0.8 100 44 318
C 805 13 65 622 070 120 008 1.17 239 197 0051 25 0.4 568 £ )
D 745 13 125 408 1.12 183 010 123 32% 270 045 13 04 e 245 235
Wean 71.5 18 105 415 1035 178 009 1275 2865 23505 017 175 055 86775 325 1.888
Teak 2
A 805 13 65 576 082 141 007 1487 08% 184 0037 20 08 313 37 1044
E 2443 11 45 4625 032 055 003 132 030 138 00435 82 045 215 1.1 2638
C 745 11 145 £.05 O3F 045 003 118 08% 188 0030 16 1.1 212 23 1354
D 245 11 45 4610 082 141 007 141 140 211 0051 47 03 341 31 283
Wean 8080 115 7.5 404 059 101 005 140 087 185 004 3625 0485 2753 255 1335
NF
A T45 11 145 685 1.22 2.10 011 127 170 345 0Q.080 354 03 484 4§52 358
E &65 27 65 602 1486 286 014 188 220 5485 0.14%8 24 0.8 488 31 1232
C T0.5 21 B3 571 0BG 148 007 1.1B 230 243 005 14 0.3 404 44 092
D &6.5 18 145 8§44 172 286 0.15 127 249 440 0156 © 08 431 486 6.78
#0.5 105 110 &34 137 235 012 140 217 405 011 2035 Q.50 4743 4485 590

hean

Relationship between the soils’ physical and chemical
properties: Table 2 shows the physical and chemical
characteristics of soils at various depths under the
Tectonia grandis vegetation and Natural Forest. For
Tectonia grandis; the pH, although not significantly
different, increased from 5.95 (surface) to 6.15
(subsurface) while organic carbon OC decreased by
83%, total nitrogen also decreased by 74%, while
about 81% decrease was observed for Organic matter
from surface to subsurface. The concentrations of
exchangeable cations also decreased with depth; Ca
content at both depths were not significantly different
from one another while K and Mg content was slightly
higher at the surface compared to the subsurface. Zinc
concentrations also decreased with depth, with surface
depth having a slightly higher amount. Fe, Mn and P
increased with depth while sand content decreased
significantly, clay content was not significantly
different but higher amounts were observed at the
subsurface.

Moreover, for natural forest; the pH, although not
significantly different, increased from 6.15 (surface)
to 6.25 (subsurface) while organic carbon OC
decreased by 63%, total nitrogen also decreased by
64%, while about 63% decrease was observed for
Organic matter from surface to subsurface.  The
concentrations of exchangeable cations also decreased
with depth; Ca content at both depths were
significantly different from one another while K and
Mg content was significantly higher at the surface
compared to the subsurface. Zinc concentrations also
decreased with depth with surface depth having a
slightly higher amount (6.23) compared to subsurface
(4.63). Fe and P increased with depth while sand
content decreased significantly, clay content was not
significantly different but higher amounts were

observed at the subsurface. And lower amount was
observed for silt.

Conclusion: In this study, the aim was to assess the
impact of management techniques for sustaining the
forest soils nutrient status using a comparative study
of soil chemical and physical properties of different
forest types in Onigambari Forest-Reserve. The
physical and chemical properties of soils of the natural
forest were higher than that of Tectonia grandis.
Therefore, it is important to re-examine the
management practices for Tectonia grandis vegetation
in order to improve soil properties. Therefore, we
suggest reduction of human activities and controlled
felling of this species should be encouraged.
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