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Abstract
Sustainably managed watershed ecosystems play vital roles in ecological stability and contribute to
livelihood sustenance. Unfortunately, most watershed ecosystems are threatened by anthropogenic
activities such as arable crop cultivation, and infrastructural development. This study investigated the
in�uence of land use on soil physicochemical properties and �oristic composition in the watershed of a
man-made reservoir (Awba dam). A systematic random sampling technique was used to lay plots (25m
by 25m) in alternate positions on identi�ed land use types. Plant species were enumerated and
composite soil samples (0-25 cm depth) were collected from four quadrants in each sample plot.
Descriptive statistics and diversity indices were computed, and principal component analysis were used
to assess the relationship among the variables. Land-use signi�cantly in�uenced soil chemical
properties. Soil from the secondary regrowth had the highest pH (6.25), grassland had the highest organic
carbon content (1.95%) while wetland had the highest available phosphorus (40.90 %). There was a
signi�cant relationship between species diversity and soil physicochemical properties. A positive
relationship was observed between the species dominance, evenness indices with sodium Fe, potassium
and calcium. The analysis also revealed that manganese, acidity, and sodium content in soil were more
associated with farmland, availability of phosphorus in soil soil PH and high species diversity are more
associated with riparian forest, while number of species occurrence are associated with secondary
regrowth in the area. This study had revealed that land use system in�uenced tree species diversity and
soil properties in the watershed ecosystem. Therefore, appropriate measures are needed to ensure the
survival of key tree species in the watershed to help maximize the structural and functional role of the
ecosystem.

Introduction
Watershed ecosystems provide numerous ecological services ecosystem system kwon as ecosystem
services such as provisioning services (sources of food, �ber, industrial enzymes, ornamental resources,
cosmetics, emulsi�ers and medical resources air), regulatory services (puri�cation, climate regulatory and
carbon sequestration), cultural services (aesthetic bene�ts, therapeutics, religious and heritage values)
and supportive services such as nutrient cycling, habitat functioning and primary production [1]. Species
diversity within the watershed ecosystem can combine all of the fundamental ecological bene�ts. Plant
species composition and abundance in the watershed ecosystem have increasingly become important in
biodiversity conservation, especially with the alarming rate at which watershed ecosystems are being
degraded [2]. Overexploitation in the tropical watershed ecosystem has been reported to have resulted in
land changes and degradation, the land-use changes, therefore, leading to the depredation of soil
properties and irreversible loss of �ora and fauna [3]. Understanding the major driver of ecosystem
productivity is crucial, knowledge of soil properties could help in determining ecosystem functioning.
Human activities have been identi�ed as major drivers of ecological changes in watersheds especially
with increasing demand for available land for food production and infrastructural development [4–5].
Moreover, the soil conditions of many watershed ecosystems have been on the decline, due to
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overexploitation. Watershed ecosystems have suffered major setback due to massive land conversion for
developmental projects, particularly in the tropics, Understanding the mechanisms of plant diversity and
composition in watershed ecosystems are important for management to develop a management plan
(Reddy et al., 2008; Lukácz et al., 2013). Hence, it is expedient that the plant diversity and �oristic
composition of watershed ecosystems be regularly assessed to ensure proper management and
conservation of their biological resources [6–7]. Therefore, this study assessed plant diversity and soil
physicochemical properties of different land use types in the watershed ecosystem of Awba dam in the
University of Ibadan, Nigeria.

Materials And Methods

Study Area
The Awba dam is located along latitude N 7° 26´ 544´´ to N 7° 26´ 560´´ and longitude E 3° 53´ 177´´ to 3°
53´ 236´´in the southern area of the University of Ibadan, Ibadan, Nigeria (Fig. 1). The dam was
constructed in April 1964 to provide water for municipal use by the university community [8]. It has an
altitude of 185 m above sea level. There are two major seasons; the rainy season (April to October) and
dry season (November-March). The mean annual rainfall is 1237 mm, while mean temperature ranges
from 24.5°C − 28.8°C.

Sampling Procedure
The major land-use types identi�ed within the study area were; farmland, grassland, secondary regrowth
and wetland. Systematic random sampling technique was used to lay four (25 m by 25 m) plots in
alternate positions in each land use type. All tree species with dbh > 10cm were identi�ed. Five Quadrats
(5m x 5m) were randomly laid on each of the sample plots and all the herbs, shrubs, wildlings and shrubs
within the entire quadrat were identi�ed.

Plant species identi�cation was done with the assistance of a taxonomist, while unidenti�ed samples
were collected for identi�cation at the Forestry Herbarium Ibadan, Forestry Research Institute of Nigeria.
The species were identi�ed following Angiosperm phylogeny group VI (APG4) standard. The number of
tree species in each plant family were determined. For species richness, the frequency of occurrence was
determined. The number of tree species in each family was used to classify the diversity of tree species.

Species Diversity Classi�cation and Diversity Indices
Shannon-Wiener diversity index was estimated using Eq. 1:
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Where: H1 = Shannon diversity index, S = total number of species in the community, pi = proportion of a
species to the total number of plants in the community and Ln = natural logarithm.

Simpson's Diversity Index was calculated using Eq. 3

Where:

n = number of individuals of each species and N = total number of individuals of all species

Species evenness (E) which is the abundance of species relative to other species in a speci�c
community was determined using Shannon’s equitability (EH) (Eq. 4)

S = total number of species in each of the vegetation type.

Frequency was obtained by counting the number of individual species occurring in the study area.

Dominance was computed by identifying species most commonly found in the study area.

Soil Sampling and Laboratory Analysis
Soil samples were collected from 25 cm depths in each of the four quadrats in a plot and bulked together.
The composite soil samples were air-dried, with a roller and homogenized to pass through a 2 mm sieve.
Then, the physical and chemical properties of the soil were determined.

The soil properties assessed included Nitrogen (N), Phosphorus (P), Potassium (K), Organic Carbon (C),
pH, texture, bulk density, and moisture content. Total Nitrogen was analyzed using the Kjeldahl method
[9]. Available Phosphorus was extracted using an HCl: NH4 mixture based on the method [10].
Phosphorus in the extract was subsequently determined on a Spectronic 21D spectrophotometer by blue
ammonium molybdate method with ascorbic acid as a reducing agent. Exchangeable bases were
extracted with 1.0 M NH4OAc (pH 7.0), then exchangeable K in the extract was determined by �ame
photometry. Soil organic carbon was determined using the wet oxidation method [11]. Soil pH was
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determined potentiometrically in 0.01M CaCl2 solution using soil to solution ratio of 1:2 [12]. Soil particle
size distribution was determined using the hydrometer method after dispersing soil with sodium
hexametaphosphate solution [13]. The USDA particle size classes, namely, sand (2.0-0.05mm), silt (0.05-
0.002mm), and clay (< 0.002mm), were used to classify the textural classes. Soil bulk density was
determined from soil samples taken at 25cm depth. Moisture content which is the ratio of the mass of
water contained in the pore spaces of soil to the solid mass of particles in that material was determined
as described by Black [14].

Statistical Analysis
One-way analysis of variance (ANOVA) was used to determine signi�cant differences in variables
measured across the different land-use types. All tests were conducted at P ≤ 0.05 level of signi�cance.
Diversity indices were computed using Past 3 software while principal component analysis was used to
determine the relationship between soil properties, species diversity, and land use type using the R
programme.

Results

Plant Species Composition and Diversity in Awba Dam
A total of 8, 55, 39 and 60 plant species in the grassland, secondary regrowth, wetlnd and farmland,
respectively. (Table 1). Gliricidia sepium (87%), Newbouldia leavis (33%), and Azadirachta indica (32%)
were the most dominant tree species. while Anthocleista nobilis and Anthocleista djalonensis were the
least represented species (Table 3). The farmland, secondary regrowth, and wetland had species
evenness of 0.95, 0.70, and 0.79, respectively. Seondary regrowthhad the highest Simpson (0.92) and
Shannon Wiener (3.2) diversity indices (Table 2).

Table 1
Plant Species Composition and Distribution in Awba Dam Watershed Ecosystem

  Trees % Shrubs, Herbs grass, % Life form

Farmland 9 15.00 51.0 85.00 60

Grassland     8.0 100.00 8

Secondary regrowth 35 63.64 20.0 36.36 55

Wetland 13 33.33 26.0 66.67 39

Total 57   105   162
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Table 2
Diversity indices and structural variables of plant species on

different land use types of Awba dam Watershed

  FARMLAND SECONDARY WETLAND

Dominance_D 0.09 0.06 0.07

Simpson_1-D 0.91 0.94 0.93

Shannon_H 2.43 3.2 2.81

Evenness_e^H/S 0.95 0.7 0.79

DBH (cm) 57.329 48.164 57.329

Height (m) 10.547 8.600 10.547
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Table

Floristic Composition and Relative Frequency of Tree Species in Awba Dam Watershed Ecosystem
Name Common Name Family Frequency Relative

Frequency %

Albizia zygia West African
Albizia

Leguminosae 5 1.40

Allophylus afrianus African false
currant

Sapindaceae 3 0.84

Anthocleista djalonensis Cabbage Loganiaceae 1 0.28

Anthocleista nobilis Cabbage Loganiaceae 1 0.28

Antiaris africana False Iroko Moraceae 2 0.56

Azadirachta indica Neem tree Meliaceae 32 8.96

Bridelia micrantha Mitzeeri Phyllanthaceae 3 0.84

Cnestis ferruginea Omu aja Connaraceae 3 0.84

Elaeis guineensis Oil palm Arecaceae 20 5.60

Ficus capensis Cape �g Moraceae 7 1.96

Ficus exasperata Sandpaper tree Moraceae 11 3.08

Ficus lutea Giant-leaved �g Moraceae 2 0.56

Ficus thonningii Common wild �g Moraceae 8 0.22

Gliricidia sepium Qiuck stick Fabaceae 87 24.37

Holarrhena �oribunda False rubber tree Apocynaceae 16 4.48

Lecaniodiscus
cupanioides

Lecaniodiscus Sapindaceae 31 8.68

Leucaena leucocephala Jumbay Fabaceae 1 0.28

Margaritaria discoidea Pheasant-berry Phyllanthaceae 28 7.84

Milicia excelsa Iroko Moraceae 1 0.28

Morinda lucida Brimstone tree Rubiaceae 2 0.56

Morus mesozygia Black mulberry Moraceae 3 0.84

Newbouldia leavis Boundary tree Bignonoaceae 33 9.24

Peltophorum
pterocarpum

Copperpod Fabaceae 3 0.84

Raphia hookeri Raphia palm Arecaceae 2 0.56
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Name Common Name Family Frequency Relative
Frequency %

Spondias mumbin Yellow mombin Anarcadiaceae 10 2.80

Sterculia tragacantha African tragacanth Sterculiaceae 2 0.56

Trema orientalis Charcoal tree Cannabaceae 4 1.12

Trichilia megalanta   Meliaceae 3 0.84

TOTAL     357  

 

Soil Physical and Chemical properties across Land Use
Types
Aluminum and Magnesium did not signi�cantly differ across the land use types (Table 3a). Calcium
signi�cant differed across land use types and was highest in the wetland (2.95) and least in the
grassland soil (2.21). The secondary regrowth had the lowest sand content (78%) while farmland had the
highest (82%). The silt was highest in the grassland (14.1%) and least in the wetland (11.1%). Wetland
had the highest clay (10%) while grassland had the least (5.1%). soil pH varied signi�cantly across the
land-use types (Table 3a). Organic carbon was highest in the grassland (1.95) while farmland soil had the
least (1.08). The soil in the secondary regrowth (0.21%) and grassland (0.22%) had the highest nitrogen
while farmland had the least (0.11%). Phosphorus was highest in the wetland soil (40.90%) and lowest in
the grassland soil (35.82%). The farmland had the highest exchangeable acidity (0.4) which was least in
secondary regrowth and wetland (0.29). The secondary forest had the least exchangeable hydrogen ion
(0.21) while grassland and farmland soil had the highest (0.29). The Potassium (K), Copper (Ca), and
Sodium (Na) were not signi�cantly different across the land use types.
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Table 3
Chemical properties of soil of different land use types in Awba watershed ecosystem

Soil Property Farmland Grassland Wetland Secondary Regrowth p-value

PH (H2O) 5.857a 5.340a 6.460d 6.253c 0.00*

% organic Carbon 1.083a 1.946c 1.286b 1.880c 0.00*

% Total Nitrogen 0.107a 0.217c 0.130b 0.207c 0.00*

% Phosphorus 36.607b 35.823a 40.903d 36.860a 0.00*

Exch Acidity (cmol/kg) 0.403b 0.293a 0.293a 0.293a 0.00*

Exch H+(cmol/kg) 0.293c 0.240b 0.240b 0.210a 0.00*

Exch ALH+(cmol/kg) 0.103b 0.043a 0.043a 0.100b 0.00*

Ca+ 2 (cmol/kg) 2.857c 2.210a 2.950d 2.723b 0.00*

Sand (%) 82.000d 81.067c 79.033b 78.033a 0.00*

Silt (%) 12.033b 14.100d 11.100a 13.033c 0.00*

Clay (%) 6.033b 5.067a 10.033a 9.033c 0.00*

Mg+ 2 (cmol/kg) 0.85a 0.74a 0.71a 0.63a 0.83ns

K+(cmol/kg) 0.36 a 0.33a 0.38a 0.30a 0.44 ns

Na+ (cmol/kg) 0.27 a 0.24a 0.26a 0.24a 0.37 ns

Mn (mg/Kg) 89.54b 83.50a 95.10d 91.61c 0.00*

Fe (mg/Kg) 126.50d 110.81b 106.00a 121.50c 0.00*

Cu (mg/Kg) 1.38 a 1.65a 1.55a 1.22a 0.44 ns

Zn (mg/Kg) 1.55 a 1.72c 1.82d 1.64b 0.00*

Means with the same superscript in rows are not signi�cantly different at 5% probability level

.*=signi�cant, ns = not signi�cant (p < 0.05)

 

Relationship between Soil Properties, Plant Diversity and
Land Use type in Watershed Ecosystem of Awba Dam
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The results show at the �rst two components explain about 78.8% of information on the relationship
between measured variables which is su�cient to guarantee the precision of interpretation. The results
revealed that signi�cant positive relationship between some diversity indices such as dominance and
evenness with some soil physical and chemical properties (% sand, Fe, Na, K, Mg, Cu, Exch ALH+). The
negative relationship also exists among the number of species ( Taxa), Shannon Wiener index, and
Simpson diversity index with Zn and soil organic carbon which implies that a decrease species diversity
might lead to decrease in soil organic carbon and zinc content in the soil (Fig. 1). The study revealed that
an increase in percentage sand, Fe, Na, K, Mg, Cu, Exch ALH + in the soil might result in high species
diversity (Shannon and Simpson) in the area. The results from the Biplot revealed that percentage sand,
mg, Exch acidity, and Na are more associated with farmland, availability of phosphorus, soil PH,
Shannon, and Simpson are more associated with riparian forest, while species number and zn are
associated with secondary forest ecosystem in the area (Fig. 2).

Discussion
Floristic Composition and Plant Diversity across Land Use Types

Simpson Diversity Index is a measure of diversity that takes into account the number of species present,
as well as the relative abundance of each species. As species richness and evenness increase, so will
diversity increase. The farmland, secondary regrowth, and wetland had a diversity index of 0.91, 0.94, and
0.93 respectively. An evaluation of the pattern of species richness in a degraded ecosystem gives an
insight into the potential of ecosystem recovery [15]. Flora species differ in diversity indices because of
changes in land use and soil chemical and physical properties. The four land-use types identi�ed in this
study have different �oristic compositions probably as a result of persistent anthropogenic activities, the
gradient of the land, nearness to the water body, and soil composition. A total of 108 species (trees, grass,
shrubs, and herbs) and 38 families were identi�ed in all study areas. There were 35 trees species
encountered in the study area, which was lesser than the 57 reported by Ojo [16]. Olajuyigbe and
Akwarandu, [17] and Asinwa et al. [18] also reported a higher number of tree species in a watershed
ecosystems in Nigeria. The variation in plant species diversity has been attributed to the in�uence of
anthropogenic activities such as farming, overgrazing, over-cultivation, and infrastructural development
[19-20]. The grassland which had low diversity was dominated by and invasive grass species:
Megathyrus maximus.

Soil Properties across the Land Use Types

The soil pH ranged from strongly to slightly acidic, the acidic nature of the soil could be attributed to
heavy rainfall which leads to a high rate of leaching of bases and this is prevalent in the humid tropics.
The pH of the farmland and grassland were more acidic and this may be due to factors like poorly
managed cultivation, inappropriate use of fertilizer, and accelerated erosion because of the site terrain
[21]. The pH range recorded in this study were similar to the range (4.9-6.2) reported in some selected
soils of South-West Nigeria [22]. The soil organic carbon observed across the land use type can be
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classi�ed between low to medium class. The low organic carbon observed in the farmland is probably
due to the effect of continuous cultivation of crops. It might also be due to the effect of high temperature
and relative humidity which favor rapid mineralization of organic matter [23]. The results agree with
others studies that the land use type can affect the organic carbon content in the soil (24-26].
Consequently, the report has proven that high organic carbon is related to the rate of vegetation cover and
the amount of litter produced on the soil. Total Nitrogen of the soil was low across land use types. The
low Nitrogen could be a result of the leaching of the nutrient into the soil pro�le. Nitrogen level on the
farmland soil is relatively lower than other land use types and this could be attributed to the continuous
cultivation of agricultural crops (Noma et al., 2011).

Relationship among Soil Properties, Plant Diversity and Land Use type: Implications for management of
the Watershed Ecosystem

The results revealed a strong signi�cant relationship between diversity indices and soil physicochemical
properties. Positive signi�cant relationships were observed for species dominance and evenness and
some soil physical and chemical properties (% sand, Fe, Na, K, Mg, Cu, Exch ALH+). Similar results were
recorded by Appiah-Badu et. al. [27], where land-use effects on tree species diversity and soil properties of
Awudua Forest, Ghana were examined. Yaseen, [28], reported similar results in China, it was observed that
plant diversity in the tropical coastal secondary forest was associated with soil variables in the study
area. It was reported that soil chemical properties and plant species diversity were strongly correlated
along the rainfall gradient in the semi-arid grassland of South Africa [29]. These con�rm a strong
relationship between soil physical and chemical properties signi�cantly in�uences species occurrences,
abundant and diversity.

Conclusion
Regular evaluation of the �oristic composition and structure of watershed ecosystems are critical for their
management, sustainability, and conservation. The study revealed that the high level of farming activities
had reduced the tree species composition, and altered the physical and chemical properties of the soil.
The farmland had the highest composition of shrubs, herbs, grass, climbers, lianas, and ferns. There were
signi�cant relationships between species diversity and soil properties. Hence, the area has a potential for
recovery if the necessary conservation and protection measures are taken.
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Figure 1

Map of Awba Dam in University of Ibadan, Ibadan, Nigeria (inset: maps of Nigeria and Oyo state)
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Figure 2

Principal Component Analysis of the relationship between soil properties and plant diversity Awba Dam
watershed ecosystem
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Figure 3

Principal Component Analysis Biplot of the relationship between soil properties, plant diversity and land
type in watershed ecosystem of Awba Dam


