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ABSTRACT

Studies were carried out (Laboratory and field) during the dry and wet seasons of 2010 and 2011
at the Akanga Forest planted with Teak (Tectona grandis) for the production of timber and poles.
The area prior to use was an undisturbed forest and planting was carried out from 1966 at an
annual interval to the year 1982.The intent of these experiments was to compare the changes in
chemical properties of soils at the different age series and to determine the influence of passage
of seasons on these properties. Soil samples were collected from three plantation age series
1979, 1980, 1981 and control. The samples were analysed using standard procedures .pH
decreased under the plantations and was higher in the dry season. Exchangeable cations recorded
higher values under the older age series and were higher in the teak plantations as compared to
the natural forests (control). This study showed that rainfall seasons have great effect on the
parameters studied .It was concluded that monoculture teak plantations may lead to soil
deterioration and consequent reduction in site quality. Monitoring of fast growing exotic
monoculture species of younger ages in order to determine the trend of nutrient reduction and the
gradual nutrient build-up with increasing plantation age is required.Thus, for a plantation site to
be sustainable, there should be no significant negative changes in soil physical, chemical, or
biological conditions . In managed forests, the inherent site potential is largely determined by
soil characteristics and climatic factors.
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1. INTRODUCTION

Tectona grandis L.f. (teak) is one of the world's finest hardwoods. Exotic tree species have been
found to have effects on soil properties differing from those of indigenous natural forests in
terms of organic matter accumulation, soil conditions and type of vegetation growing on the
forest floor. Changes in soil properties may either favour an increase in nutrient status of soil or
result in deterioration of nutrient status.

There has been a vigorous attempt to introduce exotic species of teak, tectona grandis in Nigeria
as viable alternatives to the indigenous sources of poles and timber for industrial uses. However,
the effect of these exotic species on the soils and the ecosystem in general have not been well
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understood. Tectona grandis growth is, however, dependent on site conditions, and relationships
have been established between various mineral nutrients, other fertility parameters and moisture
of soils and teak growth. The fast growth rates of most plantation tree species and their ability to
produce high amounts of biomass within a relatively short period of time have been noted as
probable reasons for the continued growth in plantation area. Higher biomass production per unit
area has been reported in forest plantation compared to natural forests (Evans 1999; Evans et al.,
2004). This high biomass production and fast growth rates of forest plantation species have
raised concern about the sustainability of forest plantation sites (Evans 1999; Mishra et al. 1997;
Onyekwelu et al. 2006). Thus, for a plantation site to be sustainable, there should be no
significant negative changes in soil physical, chemical, or biological conditions. In managed
forests, the inherent site potential is largely determined by soil characteristics and climatic
factors.

Kurmin Akanga, (Akanga Forest) was first established in 1966 with plantation number FP- PL-
01-66 in Obi Local Government Area of Nasarawa state .Teak (Tectona grandis) was planted for
the production of timber and poles. The area prior to use was an undisturbed forest and planting
was carried out at an annual interval to the year 1982.

Since the establishment of this plantation, no effort has been made to consider the effect of the
plantation on the physical, chemical and microbial properties and composition of the soils. This
research therefore intends to:

i.compare the changes in chemical properties of soil under teak,
ii.determine the soil organic matter accumulation under the tree cover
iii.determine the sustainability of this plantation site

iv.determine the influence of seasons on these properties at the different age series at the
Akanga Forest Reserve.

2. MATERIALS AND METHODS

The site for the study is an already established plantation of Tectona grandis located in Akanga
on Longitude 80 34’E and Latitude 80 18N within the Guinea Savanna of Nigeria which lies in
the central location of the country (Figure 1). The plantation is situated at Akanga in Obi Local
Government Area of Nassarawa state.The area fall within the Southern guinea vegetation zone
(Keay, 1989). Annual rainfall varies from 1143 mm — 1397 mm with the peak occurring in
August to September. The area is about 185m above sea level.

Site selection and demarcation

Three age series were considered for sampling based on location and less interference by
extraneous factors. Trees planted in the years 1979, 1980 and 1981 with a total hecterage of 78,
28 and 40 respectively were taken. Plots of 200m x 200m ware demarcated for sample
collection, in each plot 10 soil samples were randomly collected and bulked. Total numbers of
plots for the year 1979 were 1,950; 700 plots for 1980 and 1000 plots for 1981. 300 plots were
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selected for 1979, 110 plots for 1980 and 160 plots for 1981. Soil samples adjacent to the
plantation were also collected as control plots. Soils were collected at the depth of 0-20cm using
an auger. The sampling was restricted to this zone because it provides the bulk of plant nutrients
(Russell et al., 2007).

Laboratory Analysis

The soil samples were air-dried, crushed and sieved through a 2 mm sieve for laboratory
anal-ysis. The following determinations were carried out using standard procedures: Particle size
distribution was estimated by hydrometer method of Bouyoucos 1951. Core samplers were used
in taking samples and bulk density was determined and expressed as a weight of dry soil per unit
volume of moist soil (Campbell and Henshall, 1991). Total porosity (%)was computed from
those of bulk density value of 2.65gcm-3 (Vomocil, 1965). The soil pH was measured with a
glass electrode in a 1:1 soil-water suspension (Hendershot et al., 1993). Organic Carbon was
determined using the wet acid oxidation procedure. (Walkley and Black, 1934). Total Nitrogen
was determined by microkjeldahl method as reported by Page et al., 1982. Available Phosphorus
was extracted with Bray-1 extractant and the Concentration of P in the extract was determined
colorimetrically (Bray and Kurtz, 1945). Exchangeable bases were extracted using the Melich 3
extractant. Ca and Mg were determined by Atomic Absorption Spectrophotometer while Na and
K were determined using a flame photometer.

3. RESULTS AND DISCUSSION

Chemical properties of the experimental sites for the dry season of 2010 are shown in Table 5.
pH of the experimental sites was variable and ranged from 5.80 (moderately acid) at the 1979
plantation, this was followed by 5.90 at the 1980 plantation and 6.02 at the 1981 plantation. The
highest pH value of 6.21 was found at the control.

Percentage N was also variable with the least value of 0.84% at the 1980 plantation, this was
followed by 0.87% at the 1979 plantation, and 0.95% at the control. The highest value of 1.16%
was found at the 1981 plantation.

Percentage Organic Carbon recorded the least value of 6.76% at the control, followed by 7.66%
at the 1980 plantation, and 8.51% at the 1981 plantation. The highest value was found at the
1979 plantation with a value of 8.93%.

Available P at the experimental sites was found to be highest at the 1979 plantation with a value
of 7.95ppm; this was followed by 7.55ppm at the 1980 plantation, 6.02ppm at the 1981
plantation. The least value of Available P was found at the control with the value of 5.15ppm.

The exchangeable Cations of the experimental locations were variable. Ca content ranged from
3.20 Cmol/kg at the 1981 plantation, 3.86Cmol/kg at the control, 3.96 Cmol/kg at the 1980
plantation and the highest Value of 4.06Cmol/kg was found at the 1979 plantation. Magnesium
content recorded the highest value of 1.83 Cmol/kg at the 1979 plantation, this was followed by
1.73Cmol/kg for both control and the 1980 plantation while the highest value of 1.83Cmol/kg
was found at the 1979 plantation. Potassium content was found to be highest at the control and
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the 1979 plantation with a value of 0.34 Cmol/kg, this was followed by 0.32Cmol/kg at the 1980
plantation and 0.26 Cmol/kg at the 1981 plantation. The values for Sodium content were also
variable with the control and 1979 plantation having a value of 0.61Cmol/kg, followed by the
1980 plantation with a value of 0.60Cmol/kg while the least value of 0.46Cmol/kg was found at
the 1981 plantation.

The Cation Exchange Capacity at the experimental locations was also variable. The least value
of 6.76Cmol/kg was found at the control, followed by 7.66Cmol/kg at the 1980 plantation,
8.51Cmol/kg at the 1981 plantation and the highest value of 8.93Cmol/kg was recorded at the
1979 plantation.

Table 5: Chemical properties of soil at Akanga Forest Reserve in the dry season of the year

2010
Location pH %N % Av.P Exchangeable CEC
Org. (ppm)  Cations (Cmol/kg) (Cmol/kg)
c Ca Mg K
Na
Control 6.21 0.95 6.76 515 3.86 1.73 0.34 0.61 6.76
1979 5.80 0.87 8.93 795 406 1.83 0.34 0.61 8.93
1980 590 0.84 7.66 755 396 1.73 0.32 0.60 7.66
1981 6.02 1.16 851 6.20 3.20 152 0.26 0.46 8.51

Chemical properties of the experimental sites for the wet season of 2010 are shown in Table 6.
The pH of the experimental sites was variable and ranged from 6.01 at the 1979 plantation, this
was followed pH value of 6.09 at the 1980 plantation and 6.15 at the control and the highest pH
value of 6.21 was found at the 1981 plantation.

Percentage N at the experimental sites was also variable with the least value of 0.64% found at
the 1979 plantation, followed by 0.77% found at the 1981 plantation, and 0.81% recorded at the
control. The highest value of 0.88% was found at the 1980 plantation.

Percentage Organic Carbon recorded the least value of 7.63% at the 1979 plantation, followed
by 7.66% at the 1980 plantation, and 7.76% at the control. The highest percentage Organic
Carbon was found at the 1981 plantation with a value of 7.84%.
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Available P at the experimental sites was found to be highest at the control with a value of
9.00ppm; this was followed by 6.15ppm at the 1979 plantation, 6.00ppm at the 1981 plantation.
The least value of Available P was found at the 1980 plantation with the value of 5.40ppm.

The exchangeable Cations of the experimental locations were variable. Ca content ranged from
2.99 Cmol/kg at the control, then 3.27Cmol/kg at the 1980 plantation, 3.53 Cmol/kg at the 1981
plantation and the highest value of 3.60Cmol/kg was found at the 1979 plantation. Magnesium
content recorded the highest value of 1.63 Cmol/kg at the 1981 plantation, this was followed by
1.61Cmol/kg at the 1979 plantation and 1.40Cmol/kg at the 1980 plantation while the least value
of 1.19Cmol/kg was found at the control. Potassium content was found to be highest at the 1981
plantation with a value of 0.31 Cmol/kg, this was followed by 0.30Cmol/kg at the 1979
plantation and 0.26 Cmol/kg at the 1980 plantation and the least value of 0.19Cmol/kg was
found at the control. The values for Sodium content were also variable with the 1979 and 1981
plantations having a value of 0.44Cmol/kg, followed by the 1980 plantation with a value of
0.40Cmol/kg while the least value of 0.31Cmol/kg was found at the control.

The Cation Exchange Capacity at the experimental locations was also variable. The least value
of 7.63Cmol/kg was found at the 1979 plantation, followed by 7.66Cmol/kg at the 1980
plantation, 7.76Cmol/kg at the control and the highest value of 7.84Cmol/kg was recorded at the
1981 plantation.

Table 6: Chemical properties of soil at Akanga Forest Reserve in the wet season of the year
2010

Locatio pH %N % Org. Av.P Exchangeable CEC
C (ppm) Cations (Cmol/kg) (Cmol/kg)
Ca Mg K
Na

Control  6.15 0.81 7.76 900 299 11 01 0.3 7.76
9 9 1

1979 6.01 0.64 7.63 6.15 360 16 03 04 7.63
1 0 4

1980 6.09 0.88 7.66 540 327 14 02 04 7.66
0 6 0

1981 6.21 0.77 7.84 6.00 353 16 03 04 7.84
3 1 4
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Chemical properties of the experimental sites for the dry season of the second year of study 2011
are shown in Table 7. The soil pH of the experimental sites was found to range from 5.55 at the
1980 plantation, this was followed pH value of 5.98 at the 1979 plantation and 5.99 at the 1981
plantation and the highest pH value of 6.11 was found at the control.Percentage N at the
experimental sites was variable with the least value of 0.88% found at the control, followed by
0.91% found at the 1980 plantation, and 0.97% recorded at the 1979 plantation. The highest
value of 0.99% was found at the 1981 plantation. Percentage Organic Carbon recorded the least
value of 7.44% at the control, followed by 8.50% at the 1980 plantation, and 8.72% at the 1979
plantation. The highest percentage Organic Carbon was found at the 1981 plantation with a value
of 8.78%. While the Organic Matter content recorded the highest value of 1.67 at the 1979
plantation followed by 1.61 at the control, 1.55 at the 1980 plantation and the least value 1.48
found at the 1981 plantation. P at the experimental sites was found to be variable at the
experimental sites with the highest value 9.00ppm found at the 1979 plantation, this was
followed by 7.90ppm at the 1981 plantation, 7.40ppm at the 1979 plantation. The least value of
Available P was found at the control with the value of 6.88ppm.The exchangeable Cations of the
experimental locations were variable. Ca content ranged from 3.18 Cmol/kg at the control, then
4.00Cmol/kg at the 1979 and 1980 plantations, the highest value of 4.11Cmol/kg was found at
the 1981 plantation. Magnesium content recorded the highest value of 1.82 Cmol/kg at the 1981
plantation, this was followed by 1.81Cmol/kg at the 1980 plantation and 1.74Cmol/kg was found
at the 1979 plantation while the least value of 1.66Cmol/kg was found at the control. Potassium
content was found to be highest at the 1979 plantation with a value of 0.34 Cmol/kg, this was
followed by 0.33 Cmol/kg at the 1980 plantation and 0.32Cmol/kg was found at the 1981
plantation, while the least value of 0.31Cmol/kg was found at the control. The values for Sodium
content were also variable with control having the least value of 0.55Cmol/kg, followed by the
1981 plantation with a value of 0.56Cmol/kg and 0.60Cmol/kg was recorded for the 1979
plantation while the highest value of 0.61Cmol/kg was found at the 1980 plantation.

The Cation Exchange Capacity at the experimental locations was also variable. The least value
of 8.50Cmol/kg was found at the 1980 plantation, followed by 8.72Cmol/kg at the 1979
plantation, 8.78Cmol/kg at the 1981 plantation and the highest value of 9.12Cmol/kg was
recorded at the control.
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Table 7: Chemical properties of soil at Akanga Forest Reserve in the dry season of the year
2011

Location pH %N % Av.P Exchangeable CEC
Org. (ppm) Cations (Cmol/kg) (Cmol/kg)
¢ Ca Mg K Na

Control 6.11 0.88 7.44 6.88 3.18 1.66 0.31 0.55 9.12

1979 598 097 8.72 740 400 1.74 0.34 0.60 8.72

1980 555 0.91 8.0 9.00 4.00 1.81 0.33 0.61 8.50

1981 5.99 099 8.78 790 411 182 0.32 0.56 8.78

Chemical properties of the experimental sites for the wet season of the second year of study 2011
are shown in Table 8. The soil pH of the experimental sites was variable and ranged from 5.58 at
the control, this was followed pH value of 5.77 at the 1980 plantation and 5.84 at the 1979
plantation and the highest pH value of 6.20 was found at the 1981 plantation.Percentage N at the
experimental sites was also variable with the least value of 0.76% found at the 1979 plantation,
followed by 0.83% found at the 1981 plantation, and 0.84% recorded at the control. The highest
value of 0.87% was found at the 1980 plantation. Percentage Organic Carbon was found to have
the least value of 7.84% at the 1979 plantation, followed by 7.95% at the 1980 plantation, and
8.16% at the 1981 plantation while the highest value of 8.32% was found for the control. While
the Organic Matter content recorded the highest value of 1.41 at the 1979 plantation, followed by
1.00 at the control and 0.92% at the 1980 plantation while the least value of 0.88 was found for
the 1981 plantation.Available P at the experimental sites was found to be variable, with the
highest value of 9.00ppm found at the 1980 plantation, this was followed by 7.40ppm for both
the 1979 and 1981 plantations. The least value of 6.88ppm was found at the control.The
exchangeable Cations of the experimental locations were variable. Ca content ranged from 3.13
Cmol/kg at the 1980 plantation, followed by 3.17Cmol/kg at the 1981 plantation, 3.24 Cmol/kg
at the control and the highest value of 3.30Cmol/kg was found at the 1979 plantation.
Magnesium content recorded the highest value of 1.51 Cmol/kg at the 1979 plantation, this was
followed by 1.45Cmol/kg at the 1981 plantation and 1.41Cmol/kg at the control while the least
value of 1.29Cmol/kg was found at the 1980 plantation. Potassium content was found to be
highest at the 1979 plantation with a value of 0.27 Cmol/kg, this was followed by 0.25Cmol/kg
at the 1981 plantation and 0.22 Cmol/kg at the 1980 plantation and the least value of
0.21Cmol/kg was found at the control. The values for Sodium content were also variable with
the 1979 plantation having the highest value of 0.41Cmol/kg, followed by the control with a
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value of 0.39Cmol/kg and 0.37Cmol/kg found at the 1981 plantation while the least value of
0.34Cmol/kg was found at the 1980 plantation.

The Cation Exchange Capacity at the experimental locations was also variable. The least value
of 7.84Cmol/kg was found at the 1979 plantation, followed by 7.95Cmol/kg at the 1980
plantation, 8.16Cmol/kg at the 1981 plantation and the highest value of 8.32Cmol/kg was
recorded at the control.

Table 8: Chemical properties of soil at Akanga Forest Reserve in the wet season of the year
2011

Locatio pH %N % Org. Av.P Exchangeable Cations CEC
Cmol/k
n C (ppm) (Cmol/kg) (Cmolrkg)
Ca Mg K
Na
Control  5.58 0.84 8.32 6.88 324 141 021 0.3 8.32
9
1979 5.84 0.76 7.84 740 330 151 027 04 7.84
1
1980 5.77 0.87 7.95 9.00 313 129 022 0.3 7.95
4
1981 6.20 0.83 8.16 740 317 145 025 0.3 8.16
7

In the present study pH decreased under the plantations. Soil pH under trees generally
decreased as a result of organic acids released by decomposing litters and exchangeable cation
uptake. Similar decrease in soil pH was observed by Russell et al. (2007), which were attributed
to advanced weathering of the soil and cation storage by tree biomass.

High surface nutrient contents was also reported by Owusu-Bennoah et al. (2000), which
wasascribed to the ion - pump effects of vegetation. Similar results have been observed by
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Chaubey et al., (1987), who observed a decrease in soil pH under teak plantations compared with
soil under adjoining natural forest. These workers also observed that pH under both areas
decreased with increasing age of plantation. A decrease in soil pH has also been observed under
teak plantations as compared with adjoining natural forest dominated by Dipterocarpus .
Chaubey et al., (1987) observed that the pH in soil under plantation monocultures varied
depending on the intrinsic pH of the soil and the type of tree species growing on the site.

Soil organic carbon is directly related to soil fertility in that it is the organic carbon present in
soil that is eventually converted to nitrate for plant uptake (Unanaonwi, 2009). This implies that
the more the organic carbon contents of a soil, the more the nitrogen content of the soil, and the
more fertile the soil will be.

Results from the study reveals that, Percentage Organic Carbon was highest (8.93%) in soils
under the 1979 plantation as compared to the control plots (6.76%). Turner and Lambert (2000)
found that soil organic C under Pinus was lower than that under adjacent native forest. In a
chronosequence study under P. radiata andE. grandis, Turner and Lambert (2000) observed an
ongoing decline in soil organic carbon for 12 years; thereafter, soil C stabilized and increased
nearly age 20 years. Paul et al., (2002) reviewed 43 published studies, and noted a soil C decline
of 3.46% per year following afforestation; however, when plantations were established on ex-
cropped land in tropical and subtropical regions, an accumulation of soil C was observed.
Hartemink (2003), also looking at cross-country studies of tropical regions found either a decline
or increase in soil attributes depending on stand types including Pinus, Eucalyptus, Acacia, and
Casuarina genera. Therefore, we conclude that carbon sequestration in forest soils is markedly
variable depending on tree species, soil type, and climate.

Chaubey et al., (1987) reported that Teak plantations had significantly higher Mg and K (B
horizon) and Ca (O/A horizon) concentrations than the undisturbed forest. This trend suggests
that exchangeable base concentrations increase when land use changes from undisturbed forest
to pasture, then pasture to plantation, with the most pronounced effect of this in teak plantations
exhibiting more high fertility plots than other land uses. Soil organic carbon concentration was
similar for all land uses except for a significantly lower concentration in teak plantations than in
active pasture (O/A horizons). These results suggest that teak plantations may be advantageous
for increasing soil fertility but, with respect to restoration of undisturbed forest conditions,
present significant deviations in soil chemistry.

Belsky (1994) also reported higher levels of organic matter for the soil under the canopy of
Acaciatortilis in semi-arid savanna in East Africa than in open grassland. Pandey (1983)
observed that organic matter was higher under the canopies of Acacia nilotica in India, while
Young (1997), who reviewed several studies, reported a significant build-up of organic matter
under the canopies of various trees, including Albizia saman, Adansonia digitata, Parkia
biglobosa and Faidherbia albida.

Percentage N was variable during the study period, highest value of 1.16 was found under the
1981 plantation in the dry season and 0.88 was recorded in the 1980 plantation during the wet
season. Generally, the least values for this parameter were obtained at the control. Nitrogen
accounts for up to 3% of all plant compounds. It is the most abused and misused production
input in growing crops. The key to reducing nitrogen growing costs is to reduce nitrogen losses.
The present nitrogen recommendations in most growing situations are based upon experience
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and are usually in excess of specific plant requirements. Nitrogen losses come about by reduced
aeration and higher compaction in soil. Nitrates can be lost by being converted to gaseous
nitrogen by anaerobic microorganisms in soils. Higher total N in the natural forest's top soil
layers as compared with plantations of fast-growing species has been reported elsewhere
(Chaubey et al., 1987) and may be related to higher demand and uptake of N by young teak. The
slightly higher total N in the natural forests may also be attributable to their greater species
diversity of vegetation cover and presence of more organic matter (Lundgren 1978, Maro et al.,
1993). Similar results have been observed in Madhadya Pradesh, India (Chaubey et al 1987).

When phosphorus intake is deficient, plants will produce red and purple leaf colors and exhibit
stunted root and top growth. Most synthetic phosphate fertilizers, when added to the sail,
undergo a degree of phosphate fixation with other soil elements. The degree of fixation depends
upon the chemical nature of the soil. High sodium levels reduce phosphorus availability.
Bioorganic phosphates are chelated in organic complexes and designed to favour microbiological
activity that converts phosphorus to a more available form for plant use, thereby, preventing
losses by fixation. In the present study, Available P at the experimental sites was found to be
variable, with the highest values recorded in the plantation. The least value was found at the
control. Increased availability of P has been observed under the teak plantations than under
adjoining natural forests (Chaubey et al., 1987) and under Gmelina arborea plantation as
compared to lowland natural forests (Egunjobi 1991). In contrast several workers have reported a
decrease in available P in teak plantations than natural forests. Decrease in available P in teak
plantations may be indicative of higher P uptake by teak and immobilisation within young and
semimature teak biomass. Decrease in available P may also be due to cutting natural forest and
burning during site preparation and occasional fires in teak plantations. Egunjobi (1991)
suggested that cutting and burning of forests result in quick scarcity of P in tropical soils due to
destruction of mechanism of P mobilisation when the natural forest is cut and burned. Decrease
in available P in broad-leaved tree plantations as compared to natural forests has been observed
in Nigeria (Adejuwon & Ekanode 1988). Egunjobi 1991 observed that Bray's P decreased when
virgin tropical rain forests were replaced by plantation crops including teak. Decrease in
available P has also been observed in Cupressus lusitanica plantations in Kenya (Robinson
1967), under Pinus caribaea and cocoa plantations in Nigeria (Egunjobi 1991), and under teak
plantations in Tamil Nadu in India (Prasad et al., 1985) as compared to natural forests.

The exchangeable Cations of the experimental locations were variable. Ca content ranged from
3.13 Cmol/kg at the 1980 plantation, followed by 3.17Cmol/kg at the 1981 plantation, 3.24
Cmol/kg at the control and the highest value of 3.30Cmol/kg was found at the 1979 plantation.
Magnesium content recorded the highest value of 1.51 Cmol/kg at the 1979 plantation, this was
followed by 1.45Cmol/kg at the 1981 plantation and 1.41Cmol/kg at the control while the least
value of 1.29Cmol/kg was found at the 1980 plantation. Potassium content was found to be
highest at the 1979 plantation with a value of 0.27 Cmol/kg, this was followed by 0.25Cmol/kg
at the 1981 plantation and 0.22 Cmol/kg at the 1980 plantation and the least value of
0.21Cmol/kg was found at the control. The values for Sodium content were also variable with
the 1979 plantation having the highest value of 0.41Cmol/kg, followed by the control with a
value of 0.39Cmol/kg and 0.37Cmol/kg found at the 1981 plantation while the least value of
0.34Cmol/kg was found at the 1980 plantation. Study of a 28-year-old even-aged contiguous
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monocultures located in the lowland rain forest belt of southwestern Nigeria, consisting of teak,
idigho (Terminalia ivorensis), opepe (Nauclea diderrichii) and gmelina (Gmelina arborea)
revealed significant losses in soil calcium and available phosphorus (Okoro et. al., 2000).
However, the effective cation exchange capacity and magnesium contents of the soils were not
affected by plantation activities.

The Cation Exchange Capacity at the experimental locations was also variable. The least value
of 7.84Cmol/kg was found at the 1979 plantation, followed by 7.95Cmol/kg at the 1980
plantation, 8.16Cmol/kg at the 1981 plantation and the highest value of 8.32Cmol/kg was
recorded at the control.

In general, however, there was an increase in exchangeable cations in the teak plantations as
compared to the natural forests (control). G. arborea, Egunjobi 1991 also observed that
exchangeable K, Ca, and Mg increased compared with natural forests. Chaubey et al., (1987)
observed that exchangeable K was higher under teak plantations than under adjoining natural
forests. Results of the present study and those in the literature show that the effect of plantation
forests on soil differ from one geographical region to another when the same tree species is
involved. Some reasons which may explain these differences have been summarized Peng et al.,
(2004).

The soil pH over the seasons was higher in the dry season this might be attributed to the little
rainfall and probably due to the bush burning occurring between December and January which is
an annual occurrence in the savanna woodland, while the ash released from the accumulated
litter following burning in January, caused a slight rise in the soil pH. In the same vein, the
dissolution of the ash after early rains in May could be the major reason for slight increase in soil
pH (Fatubarin and Olojugba, 2014).

Nitrogen is easily lost from system during an intense fire, as it volatilizes at temperatures as low
as 200°C (White et al., 1973) which could probably be the reason for the low Nitrogen content in
the dry season and also through increased leaching of Nitrates during early rains as a result of the
absence of vegetation cover, while the increased Nitrogen content could be attributed to the
increase in activity of nitrogen fixing microbes (Zeng et al., 2009). Evidence also exist that
increased biological nitrogen fixation along with increased mineralization rates occur during the
wet season which has resulted in increased Nitrogen content at this time (Zeng et al., 2009).

During the wet season, the exchangeable bases (calcium, magnesium, potassium, sodium) were
low and this could be attributed to these elements being utilized by the regenerating plants, since
these are reputed for their vigorous regeneration and growth following annual fires (Hopkins,
1974). Considering the importance of these elements in tissues synthesis, there are enough
indications to show that the disappearance of these elements could be due to the synthesis of
plant tissues in newly flushing suckerings and sprouts from the plants of the herbaceous layer
and possibly the flowers of ligneous savanna plants (Hopkins, 1974). At the end of rains,
however, the vigorous tree growth might have been decreased which accounted for high
exchange bases.
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A large portion of the nutrient reserve in most forest ecosystems is contained in the organic
material on the forest floor (Wagner et al., 2004). While the decrease might be attributed to the
growth of plants and accumulation of biomass during growing season (Styles and Coxon, 2007).

The increased cations exchange capacity during the dry season might be due to condusive
environmental conditions which favour rapid decomposition of dead plant materials that lead to
accumulation of soil organic matter (Fatubarin, 1980).

It was observed that there were decline in the soil nutrients during the wet season, which also
coincided with the active growth period of forest trees. Therefore, the limitation of N, P, Ca, Mg,
K, to tree growth is most likely to occur (Chen et al., 2003). Protection of the litter layer is
strongly recommended to ameliorate soil degradation and nutrient limitation in the study area,
since litter layer was not only the main source of soil organic matter and available nutrients, but
also the regulator of soil microbial activity (Chen et al., 2003).

Teak is a calcicolous species and requires a relatively large amount of soil Ca for its growth and
development (White 1991, Tewari 1992). Of the various mineral elements needed in adequate
quantities for the proper development of teak, Ca is regarded as the most important for regulating
physiology (Bebarta 1999). In particular, the amount of nutrient uptake by young teak trees is
much more than the amount of nutrients returned to the soil. According to George and
Buvaneswaran (2001), about 75-85% of nutrients absorbed from soil were retained in two-year-
old teak stands and only 15-25% of nutrients were returned to the soil. However, they also
observed that about 66—77% of nutrients absorbed in 20- year-old teak plantations were returned
to the soil.

It was concluded that there were changes in chemical properties of soil under teak, these changes
were significant and resulted into nutrient accumulation as well as soil organic matter . The
plantation is thus sustainable. The seasons had profound influence on the soil properties at the
different age series
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