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Short Research Article

ABSTRACT

Rainfall season changes in Nigeria affect soil chemical properties in tropical rain forest, the effect of
rainfall variation on soil chemical properties depend on its intensity, duration and time. However,
the report on the seasonal variation/changes in rainfall remained sketchy especially for the
rainforest zone in Nigeria. Due to this, in the Southern humid rainforest in southwestern, Nigeria,
assessment of seasonal changes on soil chemical properties was done. The study was done in Ala
Forest Reserve in Ondo State of Nigeria in 2010, 2011 and 2012. Twenty randomly selected
sampling plots were chosen at different seasons viz: January (considered as dry season), March
(onset of rainy season), June-July and September (peak of rainy season) and November (waning of
rainy season). At five selected locations, random sampling was done at the depth of: 0 —5 cm, 5 —
10 cm, 10 — 15 cm and 15 — 20 cm. Soil organic matter, soil pH, available phosphorus, total
nitrogen and exchangeable cations (Ca, Mg and K), increased during the peak of rainy season. Soll
nitrogen, organic matter and cation exchange capacity (CEC) decreased down the profile depths.
Dry season (January) and peak of rainy season (June/July and September) showed greater
influence on soil chemical properties. Phosphorus content was maximum in dry season (January)
and at the onset of rainy season (March). However, it remained lower at the peak of the rainy
season (June-July and September). On the other hand, soil organic matter and total nitrogen were
found to be low in dry season (January) as result of burning of the vegetation. At the peak of rainy
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period.

season (July and September), nitrogen content increased as a result of nitrogen fixation activities.
Also, the decrease in the total exchangeable bases (TEB) at the depths (10-20 cm) might be
attributed to their involvement in the tissue synthesis and stem elongation at this active growth

Keywords: Soil chemical properties; rainfall seasons; humid rain forest; sampling depths.

1. INTRODUCTION

Ala Forest covers 401km ? between latitudes 5°
12" and longitudes 6° 05" in the lowland forest
zone in Ondo State. It is contiguous with Akure-
Ofosu, Owo and Idanre forest reserves [1].

Dense vegetation and closure of tree canopy
afford the soil adequate cover, thereby reducing
the loss in nutrients that are essential for the
growth plants. At different level, vegetation also
covers helps in protecting the soil from harsh
climate, mostly rainfall and sunlight [2].

Available nutrients estimation in soil has genesis
of soil as well as ecological importance which is
partially controlled by forest and vegetation [2].

Soil nutrients may differ among similar
geographical area due to natural and/or man-
made interferences. Therefore, a complete

knowledge of spatial changes of soil nutrients is
necessary. A combination of factors such as
topography, rainfall, parent material and soil
management practices control the distribution of
nutrients in soils. Similar to this, land use
patterns and vegetation types play important role
in soil nutrient mineralization, transformation and
fertility potential. Changes as a result human
influence alter several processes in soil; physical
properties such as porosity, soil structure,
aggregate stability, soil depth, consistency and
water percolation, soil chemical properties such
as soil organic matter, nutrient content, total
exchangeable bases, availability and cycling, pH
and C: N) and biological soil properties such as
soil microbial population, soil faunal, biomass
productivity and carbon mitigation [2].

There are several reports present about the
effect of soil parameters in the composition and
distribution of in Nigerian savanna vegetation [3],
[4]. Soil texture, structure and mineral content
influenced vegetation associations within the
rainforest and tree species [2,5]. Phosphorus
mineralization—immobilization of organic
Phosphorus, are strongly influenced by seasonal
changes in rainfall, temperature, moisture, plant
growth, and by organic matter accumulation from
litter fall [6,7,8] and [9]. Soil properties and
biogeochemical processes are affected by land

cover [10,11]. In the tropical ecosystem, rainy
and dry seasons are characterized by a few
ecological conditions. This conditions set up
some series of processes which influence the
biotic and soil components of the ecosystem [9].
In the course of literature review, information of
seasonal variabilty on the soil chemical
properties in Nigerian tropical rainforest was
sketchy. Only limited information on the effects of
forest fire in the dry season is available [12].
Therefore, the present work focuses on to
document the seasonal dynamics on the
chemical properties in Nigerian tropical rainforest
ecosystem. This paper is therefore to bridge the
gap in this respect.

2. MATERIALS AND METHODS
2.1 Site Description

Ala Forest covers 401km 2. It is contiguous with
Akure-Ofosu, Owo and Idanre forest reserves [1].

2.2 Relief and Drainage

Most of the land of Ala forest reserve falls within
altitude of 250 meters above sea level. It is
composed of lowlands and rugged hills with
granitic outcrops [1].

2.3 Geology

The main geological formation of the reserve is
the pre-Cambrian Basement complex,
sedimentary and igneous rocks. This basement
complex includes the oldest rocks known in
Nigeria [1].

2.4 Rainfall and Temperature

Rainfall in this area is usually above 1500 mm
annually, distributed over ten months from
February to November. The rainfall expressed
two peaks viz ; June-July and September. The
rainfall within a year shows two maxima, the first
one of 1883.3 mm occurring in June -July, while
the second one with 2000 mm is in September.
The temperature was fairly constant for the years
and ranged between 17.4°C and 17.3°C for the
minimums, while the mean monthly maximum
temperature ranged between 27.5°C and 27.6°C.



2.5Plot Description and

Collection

Samples

The study site was located in the North-Eastern
of the reserve in 2010, 2011 and 2012. In the
location of the forest, one hectare (100m x 100m)
was separated and divided into 100 plots of 10m
x 10m.

Twenty plots were randomly selected at each
location for soil sampling at four different
sampling periods viz: January (dry season),
March (Beginning of rains), June/July and
September (peak of rains) and November (end of
rains). Soil samples were collected at four
different top soil depths; 0 — 5cm, 6 — 10cm, 11 —
15cm and 16 — 20cm at five randomly selected
locations of each plot for one mean sample.

2.6 Methods of Samples Collection and
Analysis

A Dutch auger was used to collect soil sample
which were carefully kept in well labeled plastic
bags and sent immediately to laboratory for
analysis.

(a) Particle size analysis

This was done by hydrometer method [13] using
sodium  haxametaphosphate  (calgon) as
dispensing agent.

(b) Chemical analysis

The soil samples were dried for few days sieved
to pass through 2mm mesh and chemically
analyzed. The pH (in water) was determined in a
1: 2.5 solution (soil: distilled water) and was
measured with a standard glass electrode. The
organic carbon content of the soil was
determined according to [14] dichromate
oxidation method. The percentage organic matter
content in the samples was calculated by
multiplying the values of organic carbon by the
conventional Van Bammeller factor of 1.724.
Total soil nitrogen was determined by Macro
Kjeldahl methods [15]. Available phosphorus was
extracted using Bray Il method [16] and
determined by spectrophotometer.

Exchangeable Na, K, Ca and Mg were extracted
with Bacl, 0.1m [17] and analyzed by atomic
absorption. Exchangeable acidity was
determined from 0.1 NaCl extracts and titrated
with 1.0N HCI.

Cation exchange capacity (CEC) was determined
by summing up total exchangeable bases
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(TEBS) and total exchangeable acidity (TEA),
which the base saturation = TEB/CEC X 100.

Where TEB = Total exchangeable bases
CEC = Cations Exchangeable capacity

2.7 Statistical Analysis

The data were subjected to two-way analysis of
variance (ANOVA) and means were separated
by Duncan New Multiple Range Test at 5% level
[18].

3. RESULTS

3.1 Effect of Dry Season (December -
February) on Soil pH, C, N and
Available Phosphorus

The effect of dry season on soil chemical
properties is shown in Table 1, also, Fig. 1,
shows the fluctuation of rainfall in the study area,
the driest months were December, January and
February. The mean value of rainfall recorded
during the study was 66.67mm. Dry season
significantly affect soil pH, soil carbon, total
nitrogen and available phosphorus within the
sampling depths, at p < 0.05 (Table 1). The
values of soil carbon, total nitrogen and available
phosphorus were higher at 0-5cm and 5-10cm.
However lower values of soil carbon; total
nitrogen and available phosphorus were
recorded at the lower depths. Soil pH was also
higher at upper depths compared to lower
depths.

In the same vein, significant differences were
observed for soil pH, soil organic carbon, total
nitrogen and available phosphorus throughout
the seasons. Dry season and at the beginning of
rains recorded higher values of available
phosphorous (Table 5).

3.2 Effect of Dry Season (December -
February) on Total Exchangeable
Bases Calcium, Magnesium,
Potassium, Sodium and (TEB, Ca, Mg,
K and Na)

Also, significant differences was observed for
calcium (Ca), magnesium (Mg), and potassium
(K) among the sampling depths (P < 0.05) in dry
season as well as sodium (Na) and total
exchangeable bases (TEB) (Table 1). Higher
values of all calcium, magnesium, potassium,
total exchangeable bases and sodium were
recorded at 0-5 cm and 5-10 cm. While lower



values of calcium, magnesium, potassium, total
exchangeable bases and sodium were sampled
at the depths of 10-15 cm and 15-20 cm.

Significant differences were noticed for the
exchangeable acidity (EA) and cation exchange
capacity (CEC) (sampling depths P< (0.05))
(Table 1) during dry season [19]. The recorded
highest values was 0.19 cmol/kg soil in 0-5cm
depth for pH, while the highest value of 5.52
cm/kg of soil was recorded from 5 -10cm depth
(Table 1).

Across the seasons, there were significant
differences in both exchangeable acidity (EA)
and CEC. Dry season and the onset of rainy
season as well as peak of raining season and
end of rains did not affect exchangeable acidity
(EA) cation exchange capacity (CEC)
significantly (Table 5).

3.3 Effect of Beginning of Rainy Season
(March) on Soil pH, C, N and
Available Phosphorus

Table 2 shows the effect of beginning of rainy
season on soil chemical properties; also, Fig. 1
shows the fluctuation of rainfall in the study area,
with March as the beginning of rainy season. The
mean value of rainfall recorded during the study
was 416.7mm. Beginning of the rainy season,
(March-October) influenced soil pH, soil carbon,
total nitrogen and available phosphorus
significantly in the sampling at p < 0.05 (Table 2).
Also significant differences were also observed
among the sampling depths for the properties
considered during the beginning of rainy
season. Values of soil carbon, total nitrogen and
available phosphorus increased at 0-5 cm and 5-
10 cm.

Across the seasons, soil pH, soil organic carbon,
total nitrogen and available phosphorus show
significant differences.

3.4 Effect of Beginning of Rainy Season
(March-October) on Total Exchange
Bases, Calcium, Magnesium,
Potassium, Sodium and (TEB and
Ca, Mg, K, Na)

Significant differences were observed for calcium
(Ca), magnesium (Mg), total exchangeable
bases (TEB) and potassium (K) among the
sampling depths in dry season. However, in rainy
season did not have significant effect on sodium
(Na) (Table 2).
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At the beginning of rains (May) (Table 2), sodium
did not show any significant differences in the
sampling depths. Calcium, magnesium,
potassium and total exchangeable bases were
statistically different in the sampling depths.
Different seasons also influenced calcium,
magnesium, potassium and total exchangeable
bases statistically. The value of calcium was
high at the peak and waning of rainfall while
potassium and total exchangeable bases were
higher at the onset of rainy season.

Significant differences were observed for
exchangeable acidity (EA) and cation exchange
capacity (CEC) (Table 2) in the sampling depths.

Across the seasons, there were significant
differences in exchangeable acidity (EA) and
cation exchange capacity (CEC).

3.5 Effect of Peak of Rainy Season
(June/July to September) on Soil pH,
C, N and Available Phosphorus

Tables 3 and 4 show the effect of the peak of
rainy season on soil chemical properties, also,
Fig. 1, shows the fluctuation of rainfall in the
study area, with June/July as the peak (1) and
September as peak (2) of rainy season. The
mean values of rainfall recorded during the study
were 1883.3mm and 2000mm respectively. Peak
of rainy season (June-September) influenced soil
pH, soil carbon, total nitrogen and available
phosphorus in the sampling depths, at p < 0.05
(Tables 3 and 4). Values of soil carbon, total
nitrogen and available phosphorus were higher
at 0-5 cm and 5-10 cm as opposed to lower
values recorded at 10-15 cm and 15-20 cm
depths. In comparison between the two peaks of
the rains, values recorded in June/July were
higher than what were recorded in September.

In the same vein, peak of rainy season show on
soil pH, soil organic carbon, total nitrogen and
available phosphorus across the seasons except
between June/July and September (C and D).

3.6 Effect of Peak of Rainy Season
(June/July to September) on Total
Exchangeable Bases, Calcium,
Magnesium, Potassium, Sodium (TEB,
Ca, Mg, K and Na)

At peak of the rainy seasons (June-September),
significant differences was observed for calcium
(Ca), magnesium (Mg), total exchangeable



bases (TEB) and potassium (K) among the
sampling depths (P < 0.05) . However, there was
insignificant effect of peak of rainy season on
sodium (Na).

During this season, (September C) (Tables 3 and
4), there were significant differences among the
sampling depths for calcium, magnesium,
potassium, and total exchangeable bases. While
values of sodium remained constant down the
sampling depths. Calcium, magnesium,
potassium and total exchangeable bases were
higher at 0-5 cm and 5-10 cm, they were
however lower at 10-15 cm and 15-20 cm.

There were significant differences in the values
of calcium, magnesium, potassium and total
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exchangeable bases across the seasons. In
contrast, no significant differences were recorded
between June/July and September.

Significant  differences were observed for
exchangeable acidity (EA) and cation exchange
capacity (CEC) in the sampling depths (P < 0.05)
(Tables 3 and 4).

The exchangeable acidity (EA) value showed
significant differences in the sampling depths (0-
5cm ) with the maximum value of 0.29 cmol/kg of
soil. Also CEC values were high during this
period, with the highest value recorded at 0-5cm
depth (Tables 3 and 4).
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Fig. 1. Rainfall data (mm) for 2010, 2011 and 2012
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Across the seasons, both exchangeable acidity
(EA) and CEC were significantly affected except
between dry season and beginning of rains as
well as between the peak of rains and end of
rains (Table 6).

3.7Effect of End of Rainy Season
(November) on Soil pH, C, N and
Available Phosphorus

Table 5 shows the effect of end of rainy season
on soil chemical properties, also, Fig. 1, shows
the fluctuation of rainfall in the study area, the
November as end of rainy season. The mean
value of rainfall recorded during the study was
300mm. End of rainy season (November)
showed profound influence on soil pH, sail
carbon, total nitrogen and available phosphorus
in the sampling depths , at p < 0.05 (Table 5). f
Soil carbon, total nitrogen and available
phosphorus were found to be higher at 0-5 cm
and 5-10 cm in contrast to low quantity recorded
from 10 -15 cm and 15-20 cm.

In the likely manner, dry and beginning of rainy
seasons affect soil pH, soil organic carbon, total
nitrogen and available phosphorus significantly,
however, peak and end of rainy seasons did not
affect pH, N and C/N significantly.

3.8 Effect of Rainy Season Waning
(November-February) on Calcium,
Magnesium, Potassium, Sodium and
Total Exchange Bases (Ca, Mg, K, Na
TEB)

Among the sampling depths (P < 0.05) and total
exchangeable bases (TEB), significant
differences were recorded for calcium (Ca),
magnesium (Mg), and potassium (K). However,
sodium showed no significant difference between
5-10 cm and 10-15 cm during this season (Table
5). Higher values of these parameters were
recorded at 0-5 cm and 5-10 cm during this
period.

Calcium, magnesium, potassium and total
exchangeable bases were affected significantly
by the dry and the beginning of rainy seasons, in
contrast, no significant differences were found
among the peak and end of rainy seasons
(Table 6).

Significant differences in the sampling depth of
0-5¢cm (P < (0.05) was recorded for the
exchangeable acidity (EA) and cation exchange
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capacity (CEC) (Table 5) with the maximum
value of 0.29 cmol/kg soil, for CEC. A maximum
value of 8.06 cmol/kg of soil was recorded from
0-5cm depth (Table 5).

Across the seasons, both exchangeable acidity
(EA) and CEC were significantly affected.
However, peak of rainy season and end of rains
did not affect both exchangeable acidity (EA)
cation exchange capacity (CEC) significantly
(Table 6).

4. DISCUSSION

4.1 Seasonal Patterns and Sampling
Depths on, Organic Carbon, soil pH,
Total Nitrogen and Available
Phosphorus

Findings showed that rainfall dynamics affect the
distributions of soil pH, carbon, soil organic,
exchangeable cations, total nitrogen and
available phosphorus in all the seasons and soil
depths.

4.2 Soil Reactions (pH)

High rainfall is related to acid dilution, thus
lowering the soil acidity down the profile recorded
at the beginning and peak of rains [20]. This is in
line with the results of this study showing that soil
pH becomes less acidic down the depths. Lack
or little in dry season (November-February) and
in the beginning of rainy season might be
accounted for the distribution of soil pH down the
soil depth. This had lead to the little or no
movement of cations down the soil depths at
these periods. In contrast, soil pH tends to
decrease down the sampling depths peak of
rainfall (June-September) and end of rains
(November) , due to vertical movement of
dissolved cations as a result, soil acidity
increased down the depths. The annual
occurrence of forest fire in the area might have
caused the soil pH changes over the seasons,
the ash released from the accumulated litter
following forest fire in January, could have
caused a slight increase in the soil pH [21].

4.3 Organic Matter

The patterns of total carbon and soil organic
matter varied between seasons show a
decreasing pattern in depths and across the
seasons. At the peak of the rains, decomposition
was encouraged thereby releasing more organic



matter. A favorable environment for microbial
activity was created resulting in rapid
decomposition which further changes the total
carbon in the soils [22]. Low rains as well as
frequent fire in the area could have caused the
low percentage of soil organic carbon in the dry
season of the year (November-February). The
decrease in soil organic carbon down the profile
might be due to little or absence of soil
microorganisms that are responsible for the
decomposition (Tables 1, 2, 3 and 4). Very high
rainfall observed at the peak of rains (June-July
to September), enhanced better decomposition
and accumulation of soil organic carbon, which
might be a reason of the distribution of organic
carbon across the seasons [21].

4.4 Total Nitrogen

Variable results were reported by many workers
in relation to seasonal and fire effects on the
nitrogen content of soil [23]. In this study, the
different amount and patterns of rainfall had
resulted in different pattern of total N content.
This variation might be due to fluctuations in

water table leading to differential in litter
decomposition and subsequently nitrogen
mineralization [2]. Intensive fire leads to

volatilization of nitrogen which is easily lost from
system as low as 200°C [24]. This accounted for
low nitrogen content in January (dry season)
(Table 1). The actual nitrogen loss occurred due
to volatilization was estimated to range from 75
kg/ha [25] to 907 kg/ha [26]. The decreased in
soil nitrogen in March (beginning of rains) (Table
2), might be due to increased in the leaching of
Nitrates during this period as a result of absence
of vegetation and organic matter layer which led
to increased infiltration rates [2]. While the At the
onset of rains (June-July to September) (Tables
3 and 4) and at the waning of rains in November
(Table 4), nitrogen contents were increased,
which could be as a result of increased activity of
nitrogen fixing microbes. Low rainfall which
reduced mineralization as well as the distribution
of soil organic matter in the area might have
accounted for low total nitrogen distribution
during the dry season and at the beginning of
rains. However, the moderate total nitrogen
recorded during the peak of rainfall (June/July
and September) (Tables 3 and 4) might be
interlinked with the high rate of mineralization
due to high rainfall [27].

4.5 Exchangeable Cations

In this study, the concentration of Ca, Mg, K, Na
and TEB decreased, indicating that the exchange
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site was dominated by H+ and AI3+. There is
possibility that these basic cations were being
eroded and leached since high rainfall occurred
during these periods. This findings were in
agreement with NurQursyna et al. [28], they were
of the opinion that high precipitation might lead to
decrease in exchangeable bases. The decrease
in the total exchangeable bases (TEB) during the
peak of rainy season at the depths of 10-20 cm
could be attributed to the use of these elements
for tissue synthesis during this period. There
were decline in the soil nutrients (exception: soil
nitrogen) at the peak of rainy season, which
coincided with the active growth and usage of
mineral elements of forest trees [29].
Conservation of the organic matter layer is
recommended to reduce soil degradation and
nutrient depletion in the study area, since the
organic matter layer was not only the main
source of soil nitrogen and available nutrient
elements, but also enhanced the activity soil
microbial [29].

4.6 Available Phosphorus

In most forest ecosystems, a considerable
amount of the nutrients remain reserved in the
organic material on the forest floor [30]. Forest
fire might be responsible for the slight increase in
phosphorus in dry season (January) (Table 1)
and in March (beginning of rains) (Table 2), as
reported by De Ronde, [31] who found that a
high intensity wild fire resulted in an immediate
increase in phosphorus level in the southern
Cape Forestry Region of South Africa [32].
Available phosphorus level was fairly constant in
dry season (January) and at the beginning of
raining season (March) (Table 2) and decreased
sharply during the peak of rainfall (September)
(Tables 3 and 4) as a result of growth of plants
and accumulation of biomass during growing
season [33].

Cation exchange capacity (CEC) was low in the
entire area which might be due to the soaill
organic carbon distribution as well as low
activity clays [23]. Excessive amount rainfall
between June and September may be a reason
for this. This study took place in a humid forest,
where, organic input from the litter was identified
as a major factor to the increased available P
which was low, this was consistent with the
previous submissions [30] at the peak of
raining season. As reported by Olojugba [24],
due to the change in the clay type and the nature
of parent material, the low CEC might have
resulted.
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Table 1. Effect of rainfall seasonal dynamics on some soil chemical properties during Dry season (December-February)

Depth Properties
PHin(H0) OC% OM % N % CIN Cal Mag K Na TEB av P EA CEC
cmol/Kg of Soil
0-5cm 6.7° 2.73° 4.69° 0.26° 10.5° 6.15° 1.012 0.542 0.05% 7.75° 2.8° 0.19° 7.94°
5-10 cm 6.3° 1.56° 2.68° 0.2° 7.9° 4.13° 0.87° 0.32° 0.05%° 5.37%® 2.3° 0.17° 5.54°
10-15 cm 6.3° 1.44° 2.3° 0.2° 7.2° 2.90° 0.85° 0.28° 0.06° 4.09* 1.8° 0.15° 4.24°
15-20 cm 6.2° 1.33¢ 2.23° 0.19 7.0° 3.00° 0.75° 0.33" 0.04° 4.12° 1.4° 0.14° 4.26°

Means on the same column with the same letter are not significantly different at P < 0.05; OC = Organic carbon, OM = Organic matter, N = Total nitrogen, C/N = carbon: nitrogen ratio,
Ca = calcium, K = potassium, Na = sodium; TEB = Total exchange bases, av. P = Average phosphorus, EA = exchange acidity and CEC = cations exchange capacity

Table 2. Effect of rainfall seasonal dynamics on some soil chemical properties at the beginning of rainy season (March)

Depth Properties
PH in (H,0) 0C % OM % N % CIN Cal Mag K Na TEB av. P EA CEC
cmol/Kg of Soil
0-5cm 6.6° 2.72° 4.69° 0.27°  10.07° 241% 0.86° 0.53° 0.04™ 3.84° 2.8° 0.19° 4.03°
5-10 cm 6.7%° 2.57° 4.42° 0.26®® 9.88* 3.17° 0.82° 0.34° 0.04" 5.37° 2.3° 0.17° 5.52°
10-15cm  6.7% 1.59° 2.73° 0.25®  6.36° 2.66° 0.84° 0.27° 0.04" 4.09 1.8° 0.15° 4.22¢
15-20cm  6.8° 1.42° 2.44° 0.24* 59° 2.20° 0.84° 0.25° 0.04™ 4.12° 1.4¢ 0.14¢ 4.50°

Means on the same column with the same letter are not significantly different at P < 0.05; OC = Organic carbon, OM = Organic matter, N = Total nitrogen, C/N = carbon: nitrogen ratio,
Ca = calcium, K = potassium, Na = sodium; TEB = Total exchange bases, av. P = Average phosphorus, EA = exchange acidity and CEC = cations exchange capacity

Table 3. Effect of rainfall seasonal dynamics on some soil chemical properties at the peak of rainy season (June/July)

Depth Properties
pH(H,0) OC% OM % N % C/IN Cal Mag K Na TEB av. P EA CEC
cmol/Kg of Soil
0-5 cm 6.4° 2.94° 512 0.31° 9.52 4.2° 1.14° 0.38° 0.05° 5.77° 2.42 0.29°  6.06°
5-10 cm 6.5° 2.69° 4.63° 0.29° 9.1° 3.78° 0.96° 0.27° 0.04° 5.05° 1.8° 0.07° 5.12°
10-15cm  6.5° 2.43° 4.2° 0.27° 9.0° 2.76° 0.92° 0.27° 0.04° 3.99° 1.5° 0.14°  4.13°
15-20cm  6.4° 2.31° 4.0° 0.26° 8.1° 2.18° 0.81¢ 0.22° 0.03° 3.24° 1.2¢ 0.13¢  3.42°

Means on the same column with the same letter are not significantly different at P < 0.05; OC = Organic carbon, OM = Organic matter, N = Total nitrogen, C/N = carbon: nitrogen ratio,
Ca = calcium, K = potassium, Na = sodium; TEB = Total exchange bases, av. P = Average phosphorus, EA = exchange acidity and CEC = cations exchange capacity
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Table 4. Effect of rainfall seasonal dynamics on some soil chemical properties at the peak of rainy season (September)

Depth Properties
pHin (H,0) OC % OM % N % C/IN Cal Mag K Na TEB av.P E.A CEC
cmol/Kg of Soil
0-5cm 6.3° 2.84° 4.89° 0.30° 94° 4.19° 1.12° 0.37° 0.042 572° 2.3° 0.29° 6.01°
5-10 cm 6. 4° 2.59° 4.46° 0.30° 8.6° 3.77° 0.93° 0.26° 0.05° 5.01° 1.7° 0.08° 5.09°
10-15 cm 6.3° 2.33° 4.01° 0.26° 9.0° 2.76° 0.93° 0.25° 0.04*>  3.98° 1.4° 0.15° 4.13°
15-20 cm 6.4° 2.31° 4.0° 0.26° 8.9 2.18¢ 0.85° 0.21° 0.02°  3.26° 1.2¢ 0.13° 3.39¢

Means on the same column with the same letter are not significantly different at P < 0.05; OC = Organic carbon, OM = Organic matter, N = Total nitrogen, C/N = carbon: nitrogen ratio,
Ca = calcium, K = potassium, Na = sodium; TEB = Total exchange bases, av. P = Average phosphorus, EA = exchange acidity and CEC = cations exchange capacity

Table 5. Effect of rainfall seasonal dynamics on the soil chemical properties at the of End rain (November)

Depth Properties
PH in (H,0) 0C % OM % N % CIN Cal Mag K Na TEB Av. P E.A CEC
cmol/Kg of Soil
0-5cm 6.42 2.7° 4.6° 0.3% 9.0% 6.2° 1.14° 0.38° 0.05° 7.77° 2.4° 0.29° 8.06°
5-10 cm 6.1° 2.44° 4.2° 0.28° 8.7° 3.92° 0.96° 0.27° 0.04* 519° 1.8° 0.07¢ 5.26°
10-15 cm 6.2° 2.37° 4.1° 0.27°  8.6° 3.26° 0.92° 0.27° 0.04°  4.49° 1.5° 0.14° 4.63°
15-20 cm 6.1° 2.33° 2.8° 0.26*  8.4° 3.57° 0.81¢ 0.22° 0.03° 4.63° 1.2¢ 0.13° 4.76°

Means on the same column with the same letter are not significantly different at P < 0.05; OC = Organic carbon, OM = Organic matter, N = Total nitrogen, C/N = carbon: nitrogen ratio,
Ca = calcium, K = potassium, Na = sodium; TEB = Total exchange bases, av. P = Average phosphorus, EA = exchange acidity and CEC = cations exchange capacity

Table 6. The mean (n=10) of some soil chemical properties across seasons (0 — 20 cm)

Seasons (mm) Properties
pH in (H,0) OC % OM % N % CIN Cal Mag K Na TEB av. P EA CEC
cmol/Kg of Soil

A (66.7) 6.5° 2.78° 4.80° 0.29°  9.58° 3.0° 0.88° 0.31°  0.05° 424 208 0.15° 4.39°
B (416.70) 6.4° 2.34% 4.00° 0.26°  9.00° 3.36° 0.84° 0.35°  0.04° 459° 2.08 0.15° 4.74*
C (1883,3) 6.4° 2.00° 3.40° 0.25°  8.00° 3.48° 0.96° 0.29° 0.04° 477° 173> 0.16*° 493°
D (2000) 6.4° 2.00° 3.40° 0.25>  8.00° 3.48° 0.96° 0.23° 0.04° 471° 1.73* 0.16® 487°
E (300) 6.37™ 1.80¢ 3.01° 0.24>  7.50° 4.24° 0.96° 0.29° 0.04° 553 1.73° 0.16° 5.69°

Means on the same column with the same letter are not significantly different at P < 0.05; A = Dry Season (December-February); B = Beginning of Rains (March); C = Peak of Rains
(June/July); D = Peak of Rains (September); E = End of Rains (November); OM = organic matter, OC = organic carbon N = total nitrogen, Na = sodium , Ca = calcium, K = potassium;
TEB = total exchange bases, av. P = average phosphorus, C/N = carbon : nitrogen ratio, E.A = exchange acidity and CEC = cations exchange capacity



5. CONCLUSION

In southern humid rain forest of Nigeria, rainfall
seasonal dynamics have great effects on soil
chemical properties.

Litton CM [29] and Olojugba [34], reported that
the sustainability of land use systems for long
term period is achievable by adopting patterns of
resource use in the natural systems. The most
influenced soil chemical properties were total
nitrogen, Soil organic matter, exchange cations
(Ca, Mg & K), soil pH, available phosphorus,
cation exchangeable capacity (CEC). Dry and
peak of rainy seasons showed more influence on
soil chemical properties in the study area. In dry
season (January) and at the beginning of rainy
season (May), soil pH and available phosphorus
were higher. These were low at the peak of rains.
Soil organic matter and total soil nitrogen were
low in dry season (January) probably due to
annual fire occurrence in the forest. However,
nitrogen content increased at the peak of rainy
season as a result of nitrogen fixation activities.
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