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ABSTRACT

Study on the sail fertility status of University of Port Harcourt, Nigeria was carried out with
respect to its land use types. The aim was to establish preliminary data for further studies in the
area. Four soil samples were collected randomly from eight plots (10x10 m) length; air dried and
analysed to assess the fertility status of the soils. Theland use and dominant plant species were also
noted. The average concentrations of the heavy metals and physico-chemical parameters showed
that within the study area Potassium, K (0.94%1.19 mg kg™, Lead, Pb (0.2940.21 mg kg™),
Cadmium, Cd (0.1140.16 mg kg™, Manganese, Mn (0.54£0.40 mg kg™), Chromium, Cr (0.2240.21
mg kg™, pH (4.58+0.10), Conductivity, (23.94£10.84 uS cm™), Available Phosphorus PO/~
(5.78+4.81 mg kg 1), Nitrate, NO,” (2.47+0.82 mk kg '), organic matter, OM (8.46+£2.18%) and
Nitrogen, N (0.5020.44%). Soils within the University Park were generally good for agricultural
purposes. However, a little variation exists based on land cover and land-use types. The study
establishes that the land-use and land cover system support the fertility of the soil and hence
support growth of plant community structure which maintains the ecosystem. The data obtained
would serve as preliminary infermation for further studies.
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INTRODUCTION

Plants and animals depend on soil for their survival. In various parts of the world, different
human activities have changed the status of the scils. These activities include; road construction,
farming, oil exploration and exploitation, construction of houses and industries, ete. which
introduces some of these pollutants to the seoil. Heavy metals are toxic to plants and animals if an
excessive concentration is absorbed. Uzoukwu and Onomake (2003) have reported comparison
between heavy metals status of soil samples collected at different distances (5-200 c¢m) form the
River bank situated where there are industrial activities and elsewhere. Also, Adekola et al. (2002)
showed that pollutants released into the atmosphere could be absorbed by plants and animals.
Changes in land-use are relatively easy to observe and quantify and several recent studies have
focused on the prediction of land-use changes (Veldkamp and Lambin, 2001; Louisa and Antonio,
2002). According to Hartemink (2003), soil fertility decline and nutrient mining are perceived to
be an important form of soil degradation in the agricultural land-use systems of the tropics.
Lal (1997) earlier reported that soil degradation is the loss of actual potential productivity and
utility, and socil degradation implies a decline in the soil’s inherent capacity to produce economic
goods and perform environmental regulatory functions. The ability of a region of the world to
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produce or access food 18 determined access to an adequate amount of productive cropland; the
ability to maintain high crop yields on that land; or the ability to purchase and import food from
other regions (Ramankutty et al., 2002).

In University of Port Harcourt, there is an increase in the rate of deforestation associated with
construetion of buildings and other developmental projects. However, there is no preliminary data
or report on the fertility status of soil and land-use within the University Park. Therefore, this
study 1s aimed at establishing the socil fertility status of the University Park taking into
consideration the land use and land cover types. The information cbtained from the study would
serve as preliminary data source for further studies.

MATERIALS AND METHODS

Sample collection: Eight plots (10x10 m) were mapped out within University of Port Harcourt
Park (Table 1) and four samples (top, 0-15 em and bottom, 15-30 em depth) collected randomly from
each of the plots using a stainless steel soil auger totaling eight (8) samples per plot. The soil
samples were air dried and analysed to assess the fertility status of the sails.

Determination of pH: About 5 g of the air-dry soil was taken in a glass beaker and 10 mL of
distilled water was added. The contents were mixed thoroughly with a glass rod and allowed to
stand for 30 min. The scil pH was measured using EQUIP-TRONICS Digital pH meter model
EQ-610.

Determination of soil conductivity: A Jenway 4010 conductivity meter was used for the
determination of the electrical conductivity. The platinum electrode was cleaned using chromie acid
and distilled water, as necessary, to keep the conducting surface free of contaminants. The samples
were brought to room temperature (25°C). The meter and the electrode were set up to stabilize.

Tahble 1: Sample location/Land usedand cover of the study area

Co-ordinates

Sample ID  Northings Eastings Elevation (m) Land uselland cover/dominant plant species.

Plot-1 04" 54’ 276507 006" 55 23 507 15m Bush fallow, no tall trees, with Alchornea cordifolia, Harungana spp.,
Celosia spp.

Plot-2 04° 54’ 28.30" 006" 55 30.50° 12m Seasonal swamp forest with tall trees like Oil palm (Elaeis guineensis) as
the dominant species and tall trees

Plot-3 04° 53" 51.807 006° 55 18.307 10m Secondary/Seasonal swamp forest with tall trees like Oil palm as the

dominant species and Albizia spp., Alchornea cordifolia, Cleistopholis

patens and Anthonothe macrophylla,

Plot-4 04° 54’ 29.00° 006° 55 02.90" 14m Secondary forest dominated by Anthonotha macrophyvlla, Alchornea
cordifolia, Millettia spp, Macaranga sp.

Plot-5 04° 54’ 06.90" 006° 54’ 50.60° 12m Undisturbed secondary forest dominated by Musanga spp., Albizia spp.,
oil palm (Flaets guineensis).

Plot-6 04° B3’ 54.30” 006" 54’ 56.90” 16 m Undisturbed secondary forest, dominated by climbers and Alchornea
cordifolia. Anthocliesta spp., Oil palm, Cleistopholis patens, Calamus spp.
and Musanga spp.

Plot-7 04° 53’ 43.60° 006" 55 52.70° 24 m Secondary forest dominated by Anthonotha macrophylla, Alchornea
cordifolia, Millettia spp.

Plot-8 NO4® 53’ 32.20" E006 54’ 57.20° 16 m Bush fallow, no tall trees, with Alchornea cordifelia, Harungana spp.
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Then, the electrode was immersed in the test sample containing 1:1 volume of soil-water
suspension. The set-up was allowed to stand for 15 min to stabilize before taking the reading. Each

of the samples followed sirmlar treatment before the measurement.

Determination of total organic carbon: Two gram of soil was taken in a 500 mL Erlenmeyer
flask, 10 mL of 1 N K,CrO, was added and the flask was swirled to mix the contents. Twenty mL
of cone. H,850, was added to the soil suspension; flask was swirled again for 1 min and allowed to
stand for 30 min. After this, 200 mL of water, 10 mL of H,PO, and 1 mL of diphenylamine indicator
were added and the contents were titrated against 0.5 N FeSQ, 7H,0 until the colour changed from
blue to red. The organic matter was obtained by multiplying total organic carbon values by a
conversion factor of 1.27 (AOAC, 1990).

Nitrate determination (Brucine Method): The Brucine method was used for the determination
of nitrate content of the scil samples the method involves colorimetric determination by the use of
UV/Visible spectrometry as described by Uzoukwu and Onomake (2003) and Uzoukwu (1992) in
accordance with KFPA 352.1 and APHA 4500-NO,™B.

Procedure: Two millimetres of water extract of the scil sample was used for nitrate determination
and from a nitrate stock solution of 100 ppm prepared from NalNQ,, standard solutions were made.
Spectrophotometric determination of the analyses was carried out using a UV/Visible
spectrophotometer at 410 nm against water blank. The absorbance values of the working solutions
as well as those of the samples were measured. Water was used as reference. The concentrations

of nitrate present in the samples were determined from a calibration curve,

Determination of Phosphate (Molybdenum Blue Method): The molybdenum blue method
was used for the determination of phosphate content of the soil samples. This method is in
accordance with APHA 4500-F D (APHA, 1989).

Procedure: Five gram of each of the samples was weighed and 15 mL of 2.5% acetic acid added.
The solution was mixed thoroughly using stirring rod and left to stand for 24 h. The extracts
obtained by decantation were used for determination of phosphate contents of the samples. Into
each of the standards and sample extracts, 1.5 mL of the molybdenum reagent was added, followed
by ascorbic acid and the colour allowed to develop within 10 min. The absorbance of the
characteristic molybdenum blue colour of both sample and standards were measured using a
spectrophotometer at 880 nm. The concentrations of the samples were determined using a

calibration curve.

Sample digestion: The scil samples were digested on a labeon digester at 300°C in a mixture of
hydrogen peroxide, sulphuric acid, selenium and salicyclic acid (Okalebo et al., 2002). The digests
were analysed for total N, K, Pb, Cd, Mn and Cr. The total IN content in the digests were
determined by Kjeldahl method, 10 mL of the digest solution was taken in the distillation flask,
20 mL of 40% NaOH was added and the NH; evalved was collected in a flask containing 4% H,BO,.
Finally, the distillate was titrated against 0.1 N H,50,.
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RESULTS AND DISCUSSION

The results of the soil characteristics in the study area are presented in Table 1 to 6. The
summary of the soil characteristics within Unmiversity of Port Harcourt 1s presented in Table 2. The
average concentrations of the heavy metals and physico-chemical parameters recorded in the study
area are as follows: Potassium, K (0.9441.19 mg kg™, Lead, Pb (0.2240.21 mg kg™, Cadmium, Cd
(0.11+0.16 mg kg™"), Manganese, Mn (0.54+0.40 mg kg™, Chromium, Cr (0.22+0.21 mg kg™, pH
(4.58+0.10), Conductivity, (23.94£10.84 uS em 1), Available Phosphorus PO,* (5.7844.81 mg kg ™),
Nitrate, NO. (2.47+0.82 mk kg ™), organic matter, OM (6.46+2.18%) and Nitrogen, N (0.50+0.44%).
The total mtrogen and available phosphorus were quite high except pH and K contents of the sail
when compared with the work of Okonwu and Mensah (2012). The soil pH is slightly acidic with
the mean value of 4,58, Similarly, the organic matter and organic carbon were consistent with the
work of Ibeawuchi ef al. (2007) although it was low. The lower organic carbon cbserved in some
study sites can be attributed to low plant cover. Brady and Weil (2002) reported that vegetation
removal reduces the soil organic matter and affects soil structure and functions of soil. It indicated
disturbance factors such as collection of fuel wood, encreachment by agriculture and tree falling
for construction which was more intensive than other land use systems. Feyssa ef al. (2011) also
reparted that the higher soil organic matter content could be attributed to low value of bulk density
in settled farmers land use systems.

Table 2: General characteristics of the soil within the study area

Parameters MeandSD Range
Potassium (K) (mg kg™ 0.94+1.19 0.00-4.25
Lead (Pb) (mg kg™ 0.22+0.21 0.00-0.71
Cadmium ¢(Cd) (mg kg™?) 0.11£0.16 0.00-0.80
Manganese (Mn) (mg kg™ 0.54+0.40 0.00-1.43
Chromium (Cr) (mg kg™?) 0.22+0.21 0.00-0.80
pH 4.58+0.13 4.44-4.8
Conductivity (uS em™) 23.94+10.84 12.00-400
Available Phosphorus (PO, (mg kg™ 5.78+4.81 0.83-12.38
Nitrate (NO;7) (mg kg™ 2.4740.82 1.59-3.53
Organic matter, (OM) (%) 6.46+2.18 3.10-9.11
Nitrogen (N) (%) 0.50+0.44 0.06-1.12

Tahble 3: Characteristics of soil within Bush fallow/rain forest

Parameters Top (0-15 cm) Bottom (15-30 cm) Range
Potassium (K) (mg kg™ 3.68+0.52 0.74+0.19 0.51-4.25
Lead (Pb) (mg kg1 0.0120.00 0.34+0.06 0.0-0.45
Cadmium (Cd) (mg kg 0.02+0.01 0.13+0.03 0.01-0.21
Manganese (Mn) (mg kg™%) 0.9140.05 0.87+0.06 0.78-1.0
Chromium (Cr) (mg kg™?) 0.28+0.17 0.56+0.10 0.1-0.76
pH 4.88+0.03 4.52+0.14 4.5-4.53
Conductivity (uS em™) 11.25+0.46 12.25+0.46 12.0-13
Available Phosphorus (PO,*) (mg kg™ 4.13£0.00 0.83+1.19%10%° 0.83
Nitrate (NO;7) (mg kg™ 1.72+0.04 1.76+:2.37x16 1.76
Organic matter (OM) (%) 4.1520.16 3.60£0.54 3.1-4.1
Nitrogen (N) (%) 0.54+0.47 0.31+0.27 0.06-0.56
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Soils within the Umiversity Park 1s generally good for agricultural purposes however, based on
land cover and land use types, the characteristics of soils samples with in the area showed little
variation as shown in Table 2.

The soil characteristics within the bush fallow areas are presented in Table 3. Within these
areas, the available phosphorus and nitrate contents of the bottom soil were low as compared to
other areas studied. This is as a result of the previous farming activities in the areas. However, the
ranges for parameters tested were Potassium, K (0.51-4.25 mk kg™, Lead, Pb (0.0-0.45), Cadmium,
Cd (0.01-0.21 mg kg™, Manganese, Mn (0.78-1.0 mg kg™!), Chromium, Cr (0.1-0.76),
pH (4.5-4.53), conductivity, (12.0-13.0 pS em™ ), Available Phosphorus, PO, (0.83 mg kg ™),
Nitrate, NO,~ (1.76 mg kg™"), Organic matter, OM (3.1-4.1%) and Nitrogen, N (0.06-0.56%).

In the same vein, the results of the soils within the seasonal swamp forests are shown in
Table 4. Potassium, K (0.0-0.65 mg kg™, Lead, Pb (0.0-0.71 mg kg, Cadmium, Cd
(0.01-0.08 mg kg™), Manganese, Mn (0.0 — 0.24 mg kg™, Chromium, Cr (0.0-0.80 mg kg™, pI
(4.65-4.80), conductivity, (14.0-28.0 uS ecm™), Available Phosphorus, PO,/ (1.65-12.38 mg kg ™),
Nitrate, NO,~ (2.47-3.63 mg kg™ ), Organic matter, OM (5.5-9.11%) and Nitrogen, N (0.11-1.12%).

In the secondary rain forest areas of the study area, the concentrations of these different
parameters ranges are Potassium, K (0.0-1.91 mg kg™, Lead, Pb (0.02-0.61 mg kg™, Cadmium,
Cd (0.01-0.80 mg kg™, Manganese, Mn (0.67-1.43 mg kg™ !, Chromium, Cr (0.67-1.43), pH
(4.49-4.75), conductivity, (28.0-40.0 uS em™), Available Phosphorus, PO, (8.25-12.38 mg kg ™),

Tahle 4: Characteristics of soil within seasonal swamp forests

Parameters Top (0-15 cm) Bottom (15-30 cm) Range
Potassium (K) (mg kg™ 0.56+0.05 0.11+0.05 0.0-0.65
Lead (Pb) (mg kg™ 0.44+0.33 0.33+0.07 0.0-0.71
Cadmium (Cd) (mg kg 0.04+0.03 0.04+£0.02 0.01-0.08
Manganese (Mn) (mg kg™) 0.14+0.11 0.09+0.07 0.0-0.24
Chromium (Cr) (mg kg™ 0.12+0.03 0.49+0.30 0.0-0.8
pH 5.13+0.56 4.735714 4.65-4.8
Conductivity (uS cm™) 25.00+7 .48 22.00+£7.48 14.0-28.0
Available Phosphorus (PO,*) (mg kg™ 10.31+6.61 7.78+£7.73 1.65-12.38
Nitrate (NO;)(mg kg™ 4.80+2.31 3.07£0.57 2.47-3.53
Organic matter (OM) (%) 14.95+£2.29 7.56£1.92 55-0.11
Nitrogen (N) (%) 1.08+1.01 05420 54 0.11-1.12

Table 5: Characteristics of soil within secondary rainforests

Parameters Top (0-15 cm) Bottom (15-30 cm) Range
Potassium (K) (mg kg™ 0.31+0.23 0.97+0.90 0.0-1.91
Lead (Pb) (mgkg Y 0.21+0.14 0.28+0.25 0.02-0.61
Cadmium (Cd) (mg kg™ %) 0.35+0.36 0.06£0.07 0.01-0.8
Manganese (Mn) (mg kg™%) 1.07+0.24 0.8040.08 0.67-1.43
Chromium (Cr) (mg kg™ 0.19+0.08 0.17+0.05 0.0-0.31
pH 4.88+0.19 4.64+0.14 4.49-4.75
Conductivity (uS em™) 15.00+1.07 33.14+6.41 28.0-40.0
Available Phosphorus (PO,*) (mg kg™ 2.48+0.00 10.61+2.20 8.25-12.38
Nitrate (NO;7) (mg kg™ 3.53+0.19 3.450.00 3.35-3.53
Organic matter (OM) (%) 6.20+0.64 6.50+1.98 5.0-8.7
Nitrogen (N) (%) 0.71+0.65 0.48+0.47 0.1-1.05
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Tahble 6: Characteristics of soil within primary/undisturbed rainforests

Parameters Top (0-15cm) Bottom (15-30cm) Range
Potassium (K) (mg kg™ 0.0820.06 1.16+£0.64 0.0-21
Lead (Pb) (mg kg 0.02+0.01 0.28+0.23 0.0-0.56
Cadmium (Cd) (mg kg 0.140.03 0.10£0.07 0.0-0.21
Manganese (Mn) (mg kg™ 0.26+0.05 0.23+0.05 0.16-0.31
Chromium (Cr) fmg kg™ 0.15:0.06 0.10£0.00 0.0-0.22
pH 4.37+0.04 4.461+0.03 4.44-4.49
Conductivity (uS em™1) 22.00+£2.13 27.00+£11.22 18.0-39.0
Available Phosphorus (PC,*) (mg kg™) 4.33+0.66 4.49+3.54 1.65-8.28
Nitrate (NO;™) (me k™) 2.16+0.61 1.69+0.09 1.59-1.76
Organic matter (OM) (%) 4.40+0.96 8.13+0.21 7.9-83
Nitrogen (N) (%) 0.58+0.51 0504046 0.96

Nitrate, NO,~ (3.35-3.63 mg kg ’), Organic matter, OM (5.0-8.7%) and Nitrogen, N (0.1-
1.05%) (Table 5).

The concentrations of Potassium (KK}, Lead (FPb), Cadmium (Cd), Manganese (Mn), Chromium
(Cr), pH, conductivity, Available Phosphorus (PO,?7), Nitrate (INO,7), Organic matter (OM) and
Nitrogen (N) in the primary/undisturbed rain forests as shown in Table 8 ranged 0.0-2.1, 0.0-0.56,
0.0-0.21, 0.16-0.31, 0.0-0.22, 4.44-4.49, 18.0-39.0, 1.65-8.28, 1.59-1.76, 7.9-8.3 and 0.96 mg kg™,
respectively.

This result gives general characteristics of the soils within the University envirenment and is
in line with Onwuka and Uzoukwu (2008) who analysed soil samples from the University Garden
alone.

CONCLUSION

Maintaining the sail chemical fertility is a key prerequisite to sustaining crop productivity and
the soil organic matter depends on the quantity of crganic material added to the soil either by
natural returns through roots, stubble, slough off reots nodules and root exudates. The study
establishes that the land-use and land cover support the fertility of the seil and hence support
growth of plant community structure which maintains the ecosystem. The data cbtained would
therefore serve as preliminary infermation for further studies.
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