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ABSTRACT: Analysing the physicochemical characteristics of water and soil in conservation areas gives information
about their quality and the effective management strategies wildlife conservationists could adopt. The study assessed the
physicochemical characteristics of selected perennial rivers and soil samples in Old Oyo National Park, Nigeria. A total
of 24 composited surface water and 36 topsoil samples were collected using grab and random sampling techniques,
respectively for four seasons (two dry and two wet) for two consecutive years (2017 and 2018). The samples were analysed
for selected physicochemical characteristics using standard methods. Data collected were subjected to descriptive and
inferential (ANOVA) statistics SPSS (version 20.0) at ao0s. The result showed that the mean values (in the water samples)
of Total Suspended Solids (673.13+592.10) in dry season 2018, Total Solids (799.37+610.17) in dry season 2018, and
Sulphate (469.34+354.94) in dry season 2017 were above the comparable WHO permissible limit while the mean values
(in the soil samples) of total nitrogen (except dry season 2018), exchangeable Magnesium and Potassium (across all the
seasons) were above the comparable critical limits. There were significant differences in all the physicochemical
characteristics of water sampled [except pH (P=0.12), chloride (P=0.96) and BOD (P=0.86)] while organic carbon
(P=0.047), organic matter (P=0.041), nitrogen (P=0.020), calcium (P=0.016), total exchangeable bases (P=0.009) and
effective cation exchange capacity (P=0.033) in soils were significantly different across the seasons of sampling. The soil
physicochemical parameters above comparable critical limits may have elicited from the impact of anthropogenic
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activities by the surrounding communities with possible implication on wild animal health in the park.
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Water is one of the most important and essential
natural resources that exists on our planet and is
essential for survival of both aquatic and terrestrial
organisms (Swaleh and Usmani, 2016). The
importance of water as a resource is not only tied to its
availability and quantity but also to its quality. The
quality of water is often generally explained in terms
of its physicochemical factors and biological
characteristics (Diersing, 2009) and also in terms of its
composition rather than its level, volume or flow
which are collectively referred to as water quantity
(Davies-Colley, 2013). The quality of water within an
ecosystem gives salient information about the
available resources for supporting life in that
ecosystem (Ajibade et al., 2008). Physicochemical
parameters have been reported to affect the biotic
components of an aquatic environment in various
ways (Ayoade et al., 2006). Therefore, the analysis of
the physicochemical parameters of water is necessary
to understand ecological and environmental pathways
of aquatic resources (Patil et al., 2012).

Soil is a complex and dynamic ecosystem whose
functionality is related to the links that exist between
physical, chemical, and biological properties as well
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as resident microbial communities (Furtak et al.,
2019). It is an important abiotic component of the
environment whose availability is crucial to the
existence of living organisms. Soils are often
considered as one of the most important ecological
factors (Gothwal and Gupta, 2019). Its role therefore
in determining the optimal productivity of the
terrestrial ecosystem cannot be overemphasized (Dar
et al.,, 2018) as it is a vital component as well as
medium of unconsolidated nutrients and materials,
forming the life layer of plants (Chaudhari, 2013). The
quality of soil in a given environment is often defined
by its physical, chemical, biochemical as well as
microbial characteristics (Furtak and Gajda, 2018).
The proper management of soil quality plays an
important role in protecting the environment, through
preserving biodiversity and good agricultural practices
(Lemaire et al., 2014). Even though plant composition
may alter the soil physical and chemical properties,
which in turn disturbs land efficiency (Singh et al.,
2011), their growth depends on the physicochemical
properties and organic matter content of the soil to a
very large extent (Alsumaiti et al., 2018).
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As far as wildlife management is concerned, the main
objective of estimation of water quality criteria is to
protect wildlife health in the environment. The
interactions of both the physical and chemical
characteristics of water and soil play a significant role
in composition, abundance, movement and diversity
of aquatic species and soil organisms (Deepak and
Singh, 2014; Edori and lyama, 2017). This study
therefore aimed at assessing the physicochemical
characteristics of selected waterholes and soil samples
in Old Oyo National Park and also checked if seasonal
variation had influential impacts on the parameters
assessed.

MATERIALS AND METHODS

Study Area: The Old Oyo National Park (OONP)
previously occurred as two contiguous forest reserves;
Upper Ogun and Oyo-lle which were gazetted in 1936
and 1941, respectively (Oyeleke et al., 2015). The
park has a total land mass area of 2,512 km? making it
the fourth largest national park in Nigeria (Oladeji et
al., 2012). It is located between latitudes 8° 15" and 9°
05" N and longitudes 3°35" and 4° 42" E, and centered
on North latitude 8° 36" 00" and East longitude 3° 57°
05" (Akinyemi and Kayode, 2010). The park is
situated in a transition vegetation zones between
mixed deciduous rainforest ecosystem and open
savannah woodlands in the north. The annual rainfall
varies between 1110 mm and 1250 mm while
temperature ranges between 20° C and 33.6° C
(Adetoro et al., 2011). The topography of most part of
the park is plain land ranging from 305 m — 380 m
above sea level. The park is situated in a transition
vegetation zones between mixed deciduous rainforest
ecosystem and open savannah woodlands in the north.
The park lies on crystalline acid rocks with
predominantly sandy soils that are derived from
basement complex materials (Alarape, 2002). The
park is also abundantly rich in flora and fauna species.

Sample Site Selection: The study was carried out
within three (3) out of the five ranges of Old Oyo
National Park. The ranges include Oyo-lle, Tede, and
Marguba. These ranges were purposively selected
based on the presence of perennial waterholes,
representativeness of the park and dominant
anthropogenic activities by the surrounding local
communities such as agriculture, charcoal production,
illegal mining and grazing sequel to a thorough
reconnaissance survey of the park.

Sample Collection Technique: Water samples were
collected from River Owu (in Tede range), Rivers
Ogun, Oopo, Ayinta (in Marguba range), Rivers Tessi
and Sooro (in Oyo-lle range) using grab sampling
technique. The water samples were collected into

sample bottles from different sampling points (upper,
middle and lower courses) along the rivers (and
composited) and were subsequently analyzed while
the means of the replicates were appropriately
recorded. A total of twenty-four (24) composited
water samples were collected throughout the period of
sampling. Also, representative surface soil samples (0
— 15 cm depth) were randomly collected at three points
(Upper slope, Middle slope and Lower slope) along
chosen topographical catena (about 1.2 km long) using
a soil auger into well labeled polyethene bags prior to
routine soil analysis. Three topographical catenae
spaced at 2 — 5 km were selected in each selected
range. Thus, a total of thirty-six (36) soil samples were
collected from the selected ranges throughout the
period of sampling. Samples were collected within
four seasons for two consecutive years between
January 2017 and June, 2018. The water samples were
subsequently transported with the aid of an ice-chest
box to the Geo-Environmental Research Centre
Laboratory, University of Ibadan, Ibadan, Nigeria for
water analysis while the soil samples were taken to the
Soil Chemistry and Physics Laboratories of the
University of Ibadan, Ibadan, Nigeria for soil analysis.

Parameters Evaluated: Water physicochemical
characteristics of the samples such as Temperature,
pH, Electrical Conductivity (EC), Total Dissolved
Solid (TDS), Total Suspended Solids (TSS), Total
Solid (TS), Dissolved Oxygen (DO), Chemical
Oxygen Demand (COD), Biological Oxygen Demand
(BOD), Alkali, Nitrate (NOg), Chloride (CI),
Phosphate (PO,%*) and Sulphate (SO4%) and soil
physicochemical parameters such as particle size, pH
(water), electrical conductivity (EC), soil organic
carbon (SOC), soil organic matter (SOM), soil
nitrogen, available phosphorus exchangeable bases
(Ca, Mg, K, Na), total exchangeable bases (TEB),
exchangeable acidity (EA), effective cation exchange
capacity (ECEC), basal saturation (BS) and textural
class were evaluated.

Laboratory Analysis of Water and Soil Samples: The
pH, EC, temperature and TDS of all the water samples
were determined in-situ (on-site). The pH was
determined using a pH meter (HI98128 pHep®5
Model) while the EC was measured with conductivity
meter (HI9831DiST®5 Model) after calibration at
25°C. The temperature (sample and ambient) were
measured using thermometer (COM-100 Model)
while the TDS was determined using a TDS meter
(H19831DiST®5 Model) after calibration at 25°C. The
total suspended solid (TSS) was determined by
photometric method using a spectrophotometer at a
wavelength of 810 nm while the total solid (TS) was
estimated as the sum total of the suspended solid
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particles (TSS) and dissolved materials (TDS). The
alkalinity and chloride levels were determined by
titrimetry while phosphate, sulphate and nitrate were
determined by colorimetric method, turbidimetry and
phenoldisulphonic acid methods, respectively.

Table 1: Sampling Ranges, Soil Sample Codes and Coordinates

Sampling Sample Sample Code Name Coordinates
Rangez  Codes (latitudelonzitude)
Mersuba MS1  Composited Scil Sampls N 08°3004.6
1 mm Marguba Range E003°44'342
M52 Composited Soil Sampla  M08°2949.2
21 Marguba Range E003°54'18
M83  Composited Soil Sampla 0826303
1 in Marguba Range E003%39'13.17
Oyo-lle 081 Composited Soil Sample 1 08°58.296°
1 in Oro-lle Range E003°37.543
080 Composited Soil Sample M 08'54.827
2in Oyo-lle Range E 004°00.736°
053 Composited Soil Sample M 08%57.388°
3in Oyo-lle Range E 003°58.280°
Tede T&1 Composited Soil Sample N 082 TSIS'.E““
1 in Tede Range E 00336462
T4  Composited Soil Sample W 0382970017
2 in Tede Range E 005°35 56,4
T4  Composited Soil Sample W 08%167228
3 in Tede Range E 00344564

The DO was determined using the azide modification
of the Winkler titration method while the BOD as well
as COD were also determined using the titration
method. Soil particle size distribution was determined
using the Bouyoucos hydrometer method (Gee and Or,
2002). The soil pH was determined with the pH meter
using glass electrode in a 1:1 soil to water ratio (Udo
et al., 2009). The electrical conductivity of the soil
samples was determined in the filtrate of the water
extracts by making use of a conductivity meter. Total
nitrogen was determined by Kjehdahl digestion
method (Bremmer, 1996). Soil organic carbon was
determined using the Walkey Black wet oxidation
method (Nelsen and Sommers, 1982). Organic matter
of sampled soils was obtained by multiplying %
Organic carbon with conventional ‘van Bemmelar
factor of 1.724. Available phosphorus was determined
with spectrophotometer using Mehlich 1l as
extractant (Jackson, 1958). Exchangeable bases were
determined using neutral NH OAC 4 leachate.
Exchangeable Ca and Mg were determined by EDTA
versanate titration method (MclLean, 1982).
Exchangeable Na and K were determined by the flame
photometer method while exchangeable acidity was
determined by leaching the soil with 1N KCI and
titrating with 0.05 N NaOH (McLean, 1982).

Statistical Analysis: Data collected were subjected to
descriptive (mean, standard deviation) and inferential
(ANOVA) statistics while post-hoc test (LSD) was
used to determine significant differences across the
seasons of sampling with statistical significance set at

agos. All the statistical analyses were performed with
SPSS software (version 20.0).

RESULTS AND DISCUSSION
Physicochemical Characteristics of water Samples:
The result of dry season, 2017 showed that the
sampled rivers’ temperatures (except River Ogun),
sulphate levels in all the rivers (except Rivers Oopo
and Owu) and the electrical conductivity (River Ogun)
were above the WHO permissible limit as shown in
Table 2 while in the wet season of 2017, only the pH
of River Sooro was above the WHO permissible limit
(Table 3). The result of dry season, 2018 showed that
the sampled rivers’ temperatures (except River Ogun),
sulphate levels in all the rivers (except Rivers Ayinta
and Owu) and the total solid (except Rivers Ayinta and
Owu) were above the WHO permissible limit as
shown in Table 4 while during the wet season of 2018,
all the physicochemical parameters analysed in all the
sampled rivers were below the WHO permissible limit
as shown in Table 5. Of noteworthy is the fact that the
mean levels of physicochemical parameters (pH, EC,
TDS, TSS, TS, sulphate and chloride) during the dry
seasons were higher than those of the wet seasons
while statistically, there were significant differences in
all the physicochemical parameters of water sampled
except pH, chloride and BOD that had no significant
differences (Table 6). Figure 1 shows the mean plot of
water physicochemical parameters that were above the
permissible limits. The result shows that the Total
Suspended Solid (TSS), Total Solids (TS) and
sulphate levels were highest in Tede range, followed
by Marguba range and least in Oyo-Ille range.

Physicochemical Characteristics of Sampled Soils:
The result showed that during the dry season of 2017,
the % N (in MS1, OS3, TS1 and TS3), Mg (in all the
samples) and K (in all the samples except OS3) were
above the comparable critical limit as shown in Table
7. During the wet season of 2017, in all the soil
samples, the % N (except 0S3), Mg (in all the
samples) as well as K (in all the samples except OS1,
0S2 and OS3) were above the critical limit as shown
in Table 8. In the dry season of 2018, in all the soil
samples, % N (except in MS2, OS1, 0S2, OS3) and
exchangeable bases [Mg, K (except in OS3) were
above the critical limit as shown in Table 9. During the
wet season of 2018, in all the soil samples, the % N
(except OS1, OS2, 0S3) and exchangeable bases (Mg,
K [except OS3]) as shown in Table 10 were above the
critical limit. The mean values of most of the
physicochemical parameters of soil samples from Old
Oyo National Park across the four seasons of sampling
are shown in Table 11 with % N (except dry season
2018), Mg (in all the seasons) and K (in all the
seasons) were above the comparable critical limits..
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Table 2: Physicochemical Parameters of selected waterholes in Old Oyo National Park [Dry Season, 2017]
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Water Temp Temp pH EC Alkal. TDS TSS TS NO; PO,* SO.% Cl DO BOD COD
Holes (°C) (°C) (uS/cm) (ma/l) (mg/1) (ma/l) (ma/l) (ma/l) (ma/l) (mg/1) (ma/l) (mg/) (ma/l) (mg/1)
River Ogun 28.22 25.32 7.10 270.00 71.20 173.0 112.0 285.0 0.19 0.005 789.12 16.34 7.44 5.43 36.14
River Oopo 2381 20.46 6.51 150.00 54.14 147.4 158.0 305.4 0.07 0.004 102.11 26.08 7.22 23.76 48.26
River Ayinta 22.62 18.20 6.67 203.00 48.16 147.0 193.0 340.0 0.37 0.026 408.08 14.11 4.06 15.52 29.48
River Tessi 24.32 19.22 6.84 220.00 33.54 141.0 344.6 485.6 0.79 0.039 987.47 9.16 221 8.96 3251
River Sooro 15.68 18.00 6.56 203.00 68.20 147.2 137.8 285.0 0.55 0.007 400.22 15.92 2.74 5.98 14.64
River Owu 27.30 24.10 6.87 80.10 52.04 51.2 33.2 84.4 0.05 0.003 129.04 2.64 412 24.67 48.11
Table 3: Physicochemical Parameters of selected waterholes in Old Oyo National Park [Wet Season, 2017]
Water A Temp S.Temp pH EC Alkal.  TDS TSS TS NO; PO.* SO* Cl DO BOD COoD
Holes (°C) (°C) (uS/em) (mg/l) (mg/l) (mg/l) (mg/l) (mg/) (mg/l) (mg/l) (mg/l) (mg/) (mg/l) (mg/l)
River Ogun 23.60 25.10 6.93 72.50 80.00 36.70 224.30 261.00 0.50 0.24 64.70 9.93 5.50 8.00 57.90
River Oopo 25.10 25.40 7.01 77.80 60.00 39.20 163.80 203.00 0.56 0.26 60.60 17.90 6.70 9.00 50.80
River Ayinta 27.50 26.20 6.47 82.40 70.00 46.00 218.00 264.00 0.43 0.27 82.40 16.20 6.54 8.00 56.20
River Tessi 28.10 28.10 6.53 48.80 50.00 24.90 103.10 128.00 0.31 0.28 54.10 15.90 6.90 16.00 43.80
River Sooro 28.10 27.05 6.43 75.00 80.00 38.10 130.90 169.00 0.50 0.29 28.40 21.80 6.40 24.00 87.70
River Owu 26.50 25.83 6.72 80.00 70.00 40.40 94.60 135.00 0.17 0.230 57.80 5.96 6.90 28.00 53.80
Table 4: Physicochemical Parameters of selected waterholes in Old Oyo National Park [Dry Season, 2018]
Water ATemp S.Temp pH EC Alkal.  TDS TSS TS NO; PO SO% CI DO BOD COoD
Holes (°C) (°C) (uS/cm) (mg/l) (mg/l) (mg/l) (mg/l) (mg/) (mg/l) (mg/l) (mg/l) (mg/) (mg/l) (mg/l)
River Ogun 25.50 26.12 6.82 210.26 86.56 163.00 340.34 50334 0.23 0.063 14.33 10.90 5.90 8.05 28.20
River Oopo 24.44 22.20 6.74 174.15 43.38 152.23 1675.0 1827.0 0.1 0.217 85.72 37.71 5.30 30.20 120.14
River Ayinta 24.20 23.28 6.71 196.10 57.23 126.50 206.00 332.50 0.26 0.142 54.32 11.52 4.22 11.40 46.65
River Tessi 23.94 23.10 6.72 214.12 28.82 118.40 680.05 79845 0.20 0.198 28.64 11.92 4.50 10.18 36.35
River Sooro 20.53 19.24 6.52 218.01 56.54 134.64 1015.0 11497  0.28 0.435 8.57 17.93 6.40 5.00 20.50
River Owu 25.10 23.14 6.91 88.42 64.32 63.10 122.42 185.52 0.11 0.160 37.24 3.22 5.27 19.31 43.26
Table 5: Physicochemical Parameters of selected waterholes in Old Oyo National Park [Wet Season, 2018]
Water ATemp S.Temp pH EC Alkal.  TDS TSS TS NO; PO,* SO.* Cl DO BOD COoD
Holes (°C) (°C) (uS/cm) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/) (mg/l) (mg/l)
River Ogun 24.20 25.18 6.68 178.10 92.50 154.1 362.4 516.50 0.34 0.074 32.14 14.31 4.75 6.45 24,53
River Oopo 23.70 22.6 6.52 105.20 37.20 158.7 293.1 451.8 0.04 0.208 88.05 24.2 6.10 28.72 68.35
River Ayinta 25.40 25.05 6.54 98.72 62.30 149.4 304.5 45395  0.32 0.161 62.50 9.68 3.92 7.54 38.12
River Tessi 21.50 23.25 6.70 128.30 48.40 174.2 282.0 456.20 0.26 0.196 36.80 17.22 452 12.44 25.62
River Sooro 22.10 23.07 6.48 96.50 68.30 152.8 279.2 432.0 0.26 0.473 12.42 19.1 5.53 941 24.74
River Owu 22.45 21.30 6.83 93.50 67.50 72.60 149.2 221.8 0.23 0.21 44.32 4.16 4.28 14.30 3241

The physicochemical characteristics of water samples obtained from this
study are comparable with those of typical tropical rivers. The lower values
recorded in the dry season could be due to the period / time of sampling which
was early in the morning. Seasonal variations in water temperature depend
on where they are located (Perlman, 2013) though the increase in water
temperature is directly related to total dissolved or suspended solids
(Martinez et al., 2011). The temperature of the water samples observed in this
study fell within the temperature range recommended for aquatic life in the

tropical environment (Olukunle, 2000). Higher values of pH were observed
in the dry seasons and this is contrary to the findings of Ajibade et al. (2008)
and Omonona et al. (2018). Any change in pH in water outside the
permissible limits may hold dire consequences for the health of aquatic
organisms since most of their metabolic activities are pH dependent (Chen
and Lin, 1995). The mean pH values across the four seasons imply that the
water samples (rivers) are acidic and may therefore not be potable or safe for
drinking.
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Table 6: Mean values of physicochemical parameters of the selected waterholes of Old Oyo National Park

943

Mean Values + Standard Deviation WHO (2011) NSDWQ (2007)
Parameters Dry Season Wet Season Dry Season Wet Season Guideline for Guideline for
(Jan. 2017) (June, 2017) (Jan. 2018) (May, 2018) Drinking water Drinking water

Ambient Temp (°C) 23.67 + 4.46% 26.48 + 1,82bcd 23.95+ 1,77 23.23 +1.47™ Ambient Ambient

Sample Temp (°C) 20.88 + 3.112° 26.28 + 1,12%¢ 22.85+2.21% 2341 +1.49% 25-30 Ambient

pH 6.76 + 0.222 6.68 +0.25 6.74+0.13 6.63 +0.132 6.5-85 6.5-85

EC (uS/cm) 187.68 + 65.24% 72.75 + 12.258¢ 183.51 + 49.26" 116.72 + 32.582¢ 250 1000

Alkalinity (mg/1) 54.55 + 13.80% 68.33 + 11.692%¢ 56.14 +19.51% 62.70 £ 18.96 100 100

TDS (mg/l) 134.47 + 42.30% 37.55 + 6,98 126.31 + 35.06™ 143.64 + 35.87™ 500 500

TSS (mg/l) 163.10 + 103.91%¢ 155.78 + 56.16" 673.13 + 592,102 278.40 + 70.23 500 -

TS (mg/l) 297.57 £ 128.82% 193.33 + 59.88°d 799.37 + 610.1720d 422.04 + 102.16"4 500 1500

Nitrate (mg/l) 0.34 +£0.29% 0.41 +0.15bd 0.18 +0.10%* 0.24 +0.11% 10 50

PO, (mg/l) 0.01 + 0.012bcd 0.26 + 0.022¢ 0.20 +0.132* 0.22 +0.14% 5.0 -

SO4% (mg/l) 469.34 + 354,94 58.00 + 17.542 38.14 + 28.49%¢ 46.04 + 26.26% 400 100

CI- (mg/l) 14.04 +£7.84 14.62 £5.72 15.53 +£11.83 14.78 £7.10 200 250

DO (mg/l) 4.63 +2.22% 6.49 + 0.52abcd 5.27 +0.82% 4.85 + 0.82% 75 -

BOD (mg/l) 14.05 + 8.66 15.50 +8.76 14.02 £9.26 13.14+8.18 2.0-6.0 -

COD (mg/l) 34.86 + 12.65%° 58.37 + 15.202 49.18 + 36.07%¢ 35.63 + 16.91% 7.5 -

Note: Mean with the same alphabets are significantly different at P<0.05
Table 7: Physicochemical Properties of Soil Samples in Old Oyo National Park [Dry Season, 2017]

Soil pH SoilEC  SOC %N A. P E.A Exchangeable bases (cmol/kg) TEB ECEC BS (%) Particle Size
Sample  (H20 pS/cm) (%) (mg/kg)  (cmol/kg) (cmol/kg)  (cmol/kg) (9/kg)

1:1) Ca Mg K Na Sand Silt Clay
MS1 6.6 108 254  0.26 12.90 1.60 3.70 0.95 0.68 0.36 5.69 7.29 78.05 762 156 82
MS2 6.1 112 082 014 13.95 1.90 3.73 0.98 0.52 0.34 5.57 747 74.56 824 110 66
MS3 6.0 190 212 012 14.00 0.14 4.45 0.96 0.74 0.36 6.51 6.65 97.89 846 56 98
0s1 6.0 118 0.59  0.08 12.40 1.75 2.68 0.72 0.82 0.52 4.74 6.49 73.04 842 56 102
0S2 6.3 131 0.56  0.10 12.20 1.68 2.82 0.85 0.64 0.38 4.69 6.37 73.63 844 62 94
0S3 6.9 58 119 0.6 8.45 0.25 1.19 0.88 0.22 0.23 2.52 2.77 90.97 754 160 86
TS1 6.3 210 216 0.4 15.94 0.19 3.96 0.68 0.56 0.19 5.39 5.58 96.59 750 158 92
TS2 55 216 2.08 0.14 13.06 0.12 4.09 0.82 0.50 0.16 5.57 5.69 97.89 818 132 50
TS3 5.4 208 222 019 11.20 0.22 7.04 0.62 0.44 0.24 8.34 8.56 97.43 832 118 50

Note: Soil EC - Electrical Conductivity; SOC — Soil Organic Carbon; % N — Total Nitrogen; A. P — Available Phosphorus; E.A — Exchangeable Acidity; ECEC — Effective Cation Exchange Capacity; Ca —
Calcium; Mg — Magnesium; K — Potassium; Na — Sodium; TEB — Total Exchangeable Bases; BS — Basal Saturation

Table 8: Physicochemical Properties of Soil Samples in Old Oyo National Park [Wet Season, 2017]

Soil pH SoilEC  SOC % AP E.A Exchangeable bases (cmol/kg) TEB ECEC BS Particle Size
Sample  (H:O  (uS/cm) (%) N (mgr/kg)  (cmol/kg) (cmol/kg)  (cmol/kg) (%) (9/kg)

1:1) Ca Mg K Na Sand _ Silt  Clay
MS1 5.3 250 250 023 171 0.20 9.53 1.19 081 038 1191 12.11 98.35 780 150 70
MS2 5.3 250 260 024 169 0.20 9.50 121 084 034 1189 12.09 98.35 752 152 96
MS3 6.3 260 250 023 162 0.20 9.50 121 080 030 1181 12.01 98.33 770 164 66
Os1 6.6 62 162 017 9.2 0.30 1.60 0.80 024 036 3.00 3.30 90.91 872 34 94
0s2 7.2 308 175 019 165 0.40 791 1.70 037 058 10.56 10.96 96.35 892 54 54
0s3 7.1 67 158 013 74 0.30 1.33 0.95 038 038 3.04 3.34 91.02 752 114 134
TS1 5.2 224 312 029 183 0.20 5.97 0.78 060 028 7.63 7.83 97.45 830 120 50
TS2 5.3 250 3.04 029 160 0.20 5.91 0.80 058 029 7.58 7.78 97.43 842 114 44
TS3 5.3 260 3.03 029 152 0.20 8.90 0.80 062 029 1061 10.81 98.15 876 97 27

Calcium; Mg — Magnesium; K — Potassium; Na — Sodium; TEB — Total Exchangeable Bases; BS — Basal Saturation
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Table 9: Physicochemical Properties of Soil Samples in Old Oyo National Park [Dry Season, 2018]

944

Soil pH Soil EC SOC % N A P E.A Exchangeable bases (cmol/kg) TEB BS (%) Particle Size
Sample (H20 uS/cm) (%) (mg/kg) (cmol/kg) (cmol/kg) ECEC (g/kg)

1:1) Ca Mg K Na (cmol/kg) Sand Silt Clay
MS1 6.4 104 2.33 0.22 12.70 1.30 3.30 0.75 0.50 0.32 4.87 6.17 78.93 758 154 88
MS2 6.0 116 0.95 0.11 13.50 1.60 3.59 0.91 0.54 0.37 541 7.01 77.18 818 114 68
MS3 6.1 184 2.15 0.18 14.40 0.17 4.20 0.95 0.62 0.28 6.05 6.22 97.27 850 54 96
0OS1 6.1 119 0.41 0.05 12.80 1.30 271 0.74 0.65 0.41 451 5.81 77.62 838 54 108
0S2 6.2 133 0.55 0.05 12.10 1.60 291 0.90 0.62 0.33 4.76 6.36 74.84 838 64 98
0S3 6.7 52 1.12 0.11 8.2 0.21 1.10 0.84 0.26 0.26 2.46 2.67 92.13 758 164 78
TS1 6.4 202 2.20 0.19 15.7 0.18 3.82 0.59 0.53 0.18 5.12 5.3 96.60 758 154 88
TS2 5.6 208 1.98 0.16 12.50 0.14 4.05 0.72 0.51 0.20 5.48 5.62 97.51 828 120 52
TS3 5.1 211 2.14 0.17 114 0.19 6.46 0.68 0.47 0.19 7.80 7.99 97.62 828 114 58

Note: Soil EC - Electrical Conductivity; SOC — Soil Organic Carbon; % N — Total Nitrogen; A. P — Available Phosphorus; E.A — Exchangeable Acidity; ECEC — Effective Cation Exchange Capacity; Ca —
Calcium; Mg — Magnesium; K — Potassium; Na — Sodium; TEB — Total Exchangeable Bases; BS — Basal Saturation

Table 10: Physicochemical Parameters of Soil Samples in Old Oyo National Park [Wet Season, 2018]

Soil pH Soil EC SOC % N A P E.A Exchangeable bases (cmol/kg) TEB ECEC BS (%) Particle Size
Sample (H20 (uS/cm) (%) (mg/kg) (cmol/kg) (cmol/kg) (9/kg)

1:1) Ca Mg K Na Sand  Silt  Clay
MS1 5.8 260 212 0.28 13.40 0.60 5.24 0.94 0.61 0.44 7.23 7.83 92.34 748 124 128
MS2 5.6 258 1.90 0.21 14.05 0.90 4.68 1.22 0.65 0.41 6.96 7.86 88.55 768 163 69
MS3 6.0 270 2.62 0.18 16.50 0.32 451 1.28 0.68 0.35 6.82 7.14 95.52 782 142 76
0Os1 6.2 164 1.40 0.12 11.40 1.20 2.79 0.82 0.72 0.43 4.76 5.96 79.87 794 56 150
0s2 6.1 210 1.52 0.13 12.70 0.96 .3.08 0.94 0.81 0.38 5.21 6.17 84.44 824 38 138
0s3 6.8 85 1.20 0.10 9.10 0.15 1.86 1.02 0.32 0.27 3.47 3.62 95.86 734 96 170
TS1 6.2 228 2.98 0.27 15.20 0.12 3.74 0.63 0.52 0.20 5.09 5.21 97.70 814 118 68
TS2 5.7 224 1.78 0.23 13.60 0.12 4.98 0.76 0.56 0.24 6.54 6.66 98.20 864 120 16
TS3 5.3 232 2.50 0.31 15.20 0.11 7.30 0.72 0.51 0.21 8.74 8.85 98.76 858 72 70

Note: Soil EC - Electrical Conductivity; SOC — Soil Organic Carbon; % N — Total Nitrogen; A. P — Available Phosphorus; E.A — Exchangeable Acidity; ECEC — Effective Cation Exchange Capacity;

Calcium; Mg — Magnesium; K — Potassium; Na — Sodium; TEB — Total Exchangeable Bases; BS — Basal Saturation

Table 11: Mean values of physicochemical parameters of soil samples of Old Oyo National Park

Mean Values + Standard Deviation Critical Limits Reference

Parameters Dry Season Wet Season Dry Season Wet Season

(2017) (2017) (2018) (2018)
pH 6.12+0.48 5.96 £ 0.84 6.07 £0.47 597 £0.43 3.0-85 NMSU, 2000
Soil EC (uS/cm)  150.11 + 56.98% 214.56 + 87.87% 147.67 + 55.93« 214.56 + 58.05M - NMSU, 2000
SOC (%) 1.59 +0.792 2.42 +0.622 1.54 +0.77° 2.00 £ 0.60 - -
%N 0.16 £ 0.06% 0.23 +0.06% 0.14 + 0.06" 0.20 £ 0.08° 0.05-0.15 Tisdale et al., 1993
A.P (mg/kg) 12.68 +2.08 14.76 +3.78 12,59 +2.08 13.46+2.22 8-20 Rankine and Fairhurst, 1999
E.A (cmol/kg) 0.87 £0.0.822 0.24 £0.072 0.74 £0.68 0.50 £0.43 - -
Ca (cmol/kg) 3.74£0.1.582 6.68 + 3.28% 3.57 £1.43° 4.24 +1.60 - -
Mg (cmol/kg) 0.83+£0.13% 1.05+0.31%® 0.79 +£0.12° 0.93+0.22 0.08 - 0.25 Rankine and Fairhurst, 1999
K (cmol/kg) 0.57+0.18 0.58 £ 0.22 0.52+£0.12 0.60+0.14 0.20-0.40 Rankine and Fairhurst, 1999
Na (cmol/kg) 0.31+0.11 0.36 £ 0.09 0.28 £0.08 0.33+0.10 10-30 NMSU, 2000
TEB (cmol/kg) 5.45 + 1.552 8.67 + 3.613bc 5.16 +1.41° 6.09 £ 1.59¢ -
ECEC 6.32+0.1.622 8.91 + 3.58%¢ 5.91 + 1.45° 6.59 +1.58° 2-12 NMSU, 2000
BS (%) 86.67 £ 11.522 96.26 + 3.07% 87.74 £10.24° 92.36 £ 6.70 - -
Sand (g/kg) 808.00 + 40.66 818.44 +55.83 808.22 + 38.67 798.44 + 45.63 - -
Silt (g/kg) 112.00 + 44.11 111.00 + 43.99 110.22 +43.74 103.22 +41.11 - -
Clay (g/kg) 80.00 +19.95 70.56 + 32.68 81.56 + 18.99 98.33 £50.15 - -

Note: Means with the same alphabets are significantly different at P<0.05
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Fig 1: Mean plot of water physicochemical parameters (above
permissible limit) among the selected ranges of Old Oyo National
Park

The mean values of EC of the water samples were
higher during the dry season. This is contrary to
Ajibade et al. (2008) who reported higher values
during the wet season due to the leaching of the
mineral salt from the bedrock and re-suspension of
solids. The high EC recorded in the water samples is
an indication of high dissolved salts and could be
linked to discharge of sewage materials and leaching
of inorganic contaminants. The mean values of TDS
of the water samples were higher during the dry
season. This could be as a result of the tidal influence
of the rivers during the wet season. The low TDS
values observed during the wet season of 2017 may be
due to dilution and usage by phytoplankton (Adakole
etal., 2008). The quantity of TDS is often proportional
to the degree of pollution and further indicates the
salinity behaviour of river water (Masood et al., 2015).
The alkalinity values gotten from this study are higher
than those reported by Omonona et al. (2018) at Omo
Forest Reserve. The mean values of alkalinity
obtained in this study are higher during the wet season
and may be due to high decomposition of organic
matter. The mean values of TSS of the water samples
were higher during the dry season. The very high
values recorded from Rivers Oopo and Sooro in the
dry season of 2018 may be attributed to atmospheric
particle deposits and storm water run-off. The
variations in pH may have caused some solutes to
precipitate or probably affect the solubility of the
suspended mater (Bellingham, 2012). The mean
values of nitrate in the water samples were higher
during the wet seasons. This may be due to
contributory run-off of chemical fertilizers and from
oxidation of nitrogenous waste products in human and
animal faeces into the rivers sampled as corroborated
by Dami et al. (2013). The low nitrate concentration
recorded in this study is typical of surface waters
(CCME, 2009) but can reach high levels from

agricultural runoff, or from contamination by human
or animal wastes. The mean values of phosphate in the
water samples were higher during the wet seasons.
This may be due to domestic and industrial discharges
or agricultural run-off from agricultural farms in the
surrounding communities and other phosphate
sources. The low phosphate concentration recorded in
this study may be attributed to dilution and movement
of water which could not allow aquatic sedimentation
and decay of organic matter (Keke et al., 2015). The
mean values of sulphate in the water samples were
higher during the dry seasons. The values obtained
during the dry season of 2017 showed that the sulphate
content of all the rivers sampled were above the
NSDWQ (2007) permissible limit while those of
Rivers Ogun, Ayinta, Tessi and Sooro were above the
WHO (2011) permissible limit. The presence of
sulphate in the sampled rivers may be attributed to the
washing activities from surrounding communities and
discharge of house hold effluents into the rivers.
Furthermore, the mean values of chloride in the water
samples were slightly higher during the dry seasons.
This may be due to the concentration of this anion
from excessive water evaporation from the rivers as
corroborated by Oyhakilome et al. (2012). High
concentration of chloride is considered to be the
indicator of pollution due to organic wastes of animal
origin, regarded harmful to aquatic life and
troublesome in irrigation water (Rajkumar et al.,
2004). The mean values of DO in the water samples
were higher during the wet seasons. The lower values
obtained during the dry seasons may be due to lower
water depth and less agitation by wind current
(Ajibade et al., 2008). The DO is very crucial for the
survival of aquatic life and it is also used to evaluate
the degree of freshness of a river (Andem et al., 2012).
The mean values of the BOD in the water samples
were slightly higher during the wet seasons. This may
probably be due to the increased input of
decomposable organic matter into the rivers sampled
through surface run-off. High BOD is an indication of
poor water quality, and the lower the BOD, the less
organic matter present in water (Samuel et al., 2015).
The mean values of the COD in the water samples
were higher during the wet seasons. The high values
of COD obtained from the study may be as a result of
chemical oxidation of some organic substances which
are oxidized biologically (Okoroafor et al., 2013) due
to discharges of domestic wastewater from nearby
settlements, surface and ground water carrying
chemicals directly from agricultural farms (Abolude et
al., 2013).

Soil pH observed in this study were slightly acidic
based on the ratings of Agbede (2008) though below
the pH range of 6.8 to 8.0 recommended for optimum
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plant’s growth (Jain et al., 2015). Soils with low pH
have been reported to favour availability, mobility and
redistribution of metals due to increased solubility of
the ions in acidic environment (Oviasogie and
Ndiokwere, 2008). The higher values observed in the
wet seasons may be due to the fact that the basic
cations were forced off the soil colloids by the mass
action of hydrogen ions from the rain as those attached
to the colloids (Edori and lyama, 2017). High
conductivity values observed in the soil samples is an
indication of anthropogenic interference and infer the
availability of soluble salts or ions in the soil samples
as corroborated by Avrias et al. (2005) and Eghenda et
al. (2015). Jain et al. (2015) reported that low soil EC
is often appropriate for plant growth. Suitable amount
of soil pH and EC leads to optimum availability of
nutrients, reduced accessibility of toxic elements and
increased activity of micro-organisms (Raman and
Sathiyanarayanan, 2009). The SOM observed in the
study is greater than 2.0% asserted by Ayolagha and
Onwugbuta (2001) to be conducive for heavy metal
chelation formation in soils. Much of the soil organic
matter (SOM) was composed of soil organic carbon
(SOC). This may be due to the large percentage of
carbon in plant tissues as corroborated by Havlin et al.
(2005). Mandal et al. (2014) also reported that forest
soil reserves much higher organic carbon including
varying proportion of active organic carbon fractions
and stable organic matter, referred to as humus in
comparison to agriculture and other land use. The soils
of the park are considered very good since nitrogen
value greater than 0.1% is rated good (Defoer et al.,
2000). The soils studied are not deficient in available
phosphorus because the values were generally higher
than 6.0 mg/kg (Defoer et al., 2000). This may be due
to the availability of high amount of organic matter
and plants decomposition (lderiah et al., 2006) and
leaching off of fertilizer nutrients from agricultural
farms from the surrounding communities. The high
levels of Ca and Mg in the soils could be attributed to
the high base saturation and pH levels of the soils
studied (Middha et al., 2015). The variation in the K
content of the soils across the seasons of sampling may
be due to soil saturation which resulted in widening of
clay minerals, releasing previously fixed K as posited
by Middha et al. (2015). The Ca, Mg and K
concentration of the soils was similar to that reported
by Uzoho et al. (2007) for most Nigerian soils. This
was attributed to the leaching of nutrients induced by
high rainfall conditions. There was variation in the
effective cation exchange capacity of the soails.
However, they were within the critical range devised
for ecological zones (NMSU, 2000). The
concentration of Na was observed to be the lowest of
the exchangeable bases. High Na concentration has
been reported to pose a threat on soil permeability, soil

texture and also reduces the soil’s water intake (Patil
et al., 2014). The ECEC gives the soil a buffering
capacity which may slow down the leaching of
nutrient cations and positively charged contaminants
because they affect both soluble and exchangeable
metal levels (Yoo and James, 2002). The mean range
of BS observed in this study was higher than the 72.32
— 97.35 reported by Alarape (2002). The base
saturation of the soils studied was also higher than the
maximum critical level established for ecological zone
as reported by Holland et al. (1989). The particle size
distribution of the sampled soils showed that the soils
of Old Oyo National Park had high sand content. Even
though this may allow high permeability of water and
leachates, it may also aid environmental
contamination. Nyles and Ray (1999) had earlier
reported that soils possessing separate high sand and
low clay content have high pollutant leaching
potentials. The physicochemical properties of soil,
such as texture, cation exchange capacity, pH and the
amount of organic matter within the soil, are important
parameters that affect the heavy metal accumulation
rate of soils (Wua and Zhang, 2011).

Conclusion: The marked variation and significant
differences in some physicochemical parameters
observed in this study indicate different environmental
conditions. The sampled waterholes (rivers) are of
poor quality while their polluted nature may have
implications on human and wild animal health in the
park as it serves as a source of drinking water. The soil
physicochemical parameters above comparable
critical limits and observed seasonal variability may
have elicited from the impact of anthropogenic
activities by the surrounding communities. This in turn
can most likely have an impact on the park’s
ecosystem.
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