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Abstract

Forest reserves are significant part of global carbon cycle. They play a significant role in
checkmating the menace of greenhouse gases through carbon sequestration. This study
therefore assessed the woody species distribution, diversity and richness in Federal Forest
Reserve llorin, Kwara State. Two separate sampling techniques were employed - one for
tree sampling and another for sampling soil and litter. The plotless Point Center Quarter
sampling (PCQ) technique was employed. PCQ was placed in 15 random points based on
the sample size determined using species area curve. The study area was also stratified
into three regions (proximal, intermediate and inner) based on distance, gradient and
observed disturbance. Within each of these three strata, six sampling sites were randomly
selected where soil samples were collected at a depth of 15cm. Gmelina arborea (31) was
found to be the most dominant while Carica papaya (one) was found to be the least
andant. Based on the data collected from PCQ, tree height, diameter at breast height, basal
area, volume and biomass were measured to determine the carbon content and carbon
sequestration potential. Species frequency, density, coverage, importance value and
diversity were determined. Shannon and Simpson diversity indices revealed that H* =
1.58509; D’ = 0.306109; J = 3.266810. The results showed that the percentage of sandy
soil (90.9%) was found to be the highest, with the silt (7.4%) and clay soil (1.7%) obtained
in a smaller quantity. The average concentration of soil nutrients found in the sampled
soil are calcium (8.44mol/kg), magnesium (3.31mol/kg), potassium (1.32mol/kg), sodium
(1.16mol/kg), manganese (39.56mol/kg) and cupper (1.00mol/kg). Others are zinc and
iron found in high concentrations with an average of 100.35mg/kg and 2.95mg/kg
respectively. The average organic carbon content of the forest is 29424.37kg. The total
carbon sequestration potential of the forest was found to be 107869.75ton/ha. Baseline
data and information on basic taxonomy, above-below-ground biomass, carbon
sequestration potential of trees and soil physicochemical properties were finally

generated.

Xii



CHAPTER ONE

INTRODUCTION

1.1 Background Information

Global temperature is believed to be rising due to anthropogenic activity, i.e., global
warming and the major cause has been identified to be fossil fuel burning, which is
releasing increasing amounts of carbon dioxide into the atmosphere (IPCC, 2007).
Increasing levels of atmospheric carbon dioxide (COz) and other “greenhouse” gases [i.e.
methane (CHa4), chlorofluorocarbons (CFCs), nitrous oxide (N20), and tropospheric ozone
(O3)] are thought to be contributing to an increase in atmospheric temperatures by the
trapping of certain wavelengths of radiation in the atmosphere (Meinshausen et al.,2009).
Globally averaged air temperature at the Earth’s surface has increased between 0.3°C and
0.6 °C since the late 1800s (IPCC, 2007). A current estimate of the expected rise in
average surface air temperature globally is between 1°C and 3.5°C by the year 2100
(Hamburg et al., 1997). Global warming is implicated in the recent discovery that floating
ice over the Arctic Ocean has thinned from an average thickness of 10 feet in 1950 to <6
feet in the late 1990s, and a large expanse of ice-free water that has opened up at the North
Pole in 2000 (Appenzeller, 2000; BBC News, 2000). Every greenhouse gas has a Global
Warming Potential (GWP), a measurement of the impact that a particular gas has on
“radiative forcing”; that is, the additional heat/energy which is retained in the Earth's
atmosphere system through the addition of the gas to the atmosphere (Wertz-
Kanounnikoff et al., 2008).

Carbon dioxide is a dominant greenhouse gas. Increased atmospheric CO; is attributable
mostly to fossil fuel combustion (about 80—85%) and deforestation worldwide (Hamburg
et al., 1997). Atmospheric carbon is estimated to be increasing by approximately 2600
million metric tons annually (Sedjo, 1989., Nowak & Crane 2002). The carbon dioxide
(COy) level of the atmosphere has been altered as a result of human activities leading to
the rise in global temperature and its consequences (Sandberg, 2013). Sequestration could

be a major tool for reducing CO. emissions, it will allow greater flexibility in the future
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primary energy supply, and could offer other collateral benefits such as manufactured
products, improved agricultural practices and enhanced recovery of oil and methane.

The term *“carbon sequestration” is used to describe both natural and deliberate processes
by which carbon-dioxide is either removed from the atmosphere or diverted from
emission sources and stored in the ocean, terrestrial environments (vegetation, soils, and
sediments), and geologic formations (Sedjo et al., 2012).According to Azar et al., (2006),
terrestrial carbon sequestration is carbon stored in the biomass created by perennial
vegetation such as root systems (below biomass) and tree trunks (above biomass). Trees
remove carbon dioxide from the atmosphere through the natural process of photosynthesis
and store the carbon (C) in their leaves, branches, stems, bark and roots. Approximately
half the dry weight of a tree’s biomass is carbon (Gorte, 2009). The purpose of carbon
sequestration is to keep anthropogenic carbon emissions from reaching the atmosphere by
capturing them, isolating them, and diverting them to secure storage and/or to remove
CO. from the atmosphere by various means and store it (Matthews and Weaver, 2010).
Carbon dioxide equivalents (CO2°) provide a universal standard of measurement against
which the impacts of releasing (or avoiding the release of or actively sequestering)

different greenhouse gases can be evaluated (Elliason et al., 2013).

Forest ecosystems, as with vegetation in general, are excellent sinks of COz; they mop up
CO, that would otherwise be present in the atmosphere through the process of
photosynthesis (Wani et al., 2012). Large quantities of biomass are stored in stable
(undisturbed) forest ecosystem compared to agriculture and other systems (Devagiri et
al., 2013) thereby generating a considerable interest in forest ecosystems. Biomass can be
defined as the organic material that has been generated and accumulated above- and
below-ground in the forest ecosystem, expressed as mass per unit area (FAO, 2004). The
above-ground biomass of forests, which is mainly made up of trees, accounts for a large
proportion of the total tree biomass (IPCC, 2006) as such majority of biomass estimation
studies are concentrated on the above-ground biomass (Salmaca, 2007). In terrestrial
ecosystems, above-ground biomass is associated with components such as carbon cycle,

soil nutrients allocation, fuel accumulation and habitat environment (Lu, 2005). The



below-ground biomass constitutes all the living roots (ICCP, 2006) and is said to account
for approximately 30% of the above-ground biomass (Rey de Vinas and Ayanz, 2000).
The below-ground biomass is crucial in the carbon cycle because of the role it plays in

transferring and storing carbon in the soil (Ravindranath and Ostwald, 2008).

Forest Studies have attributed loss of forest resources to actions by many agents, including
individuals, groups and institutions that directly convert forested lands to other uses or
intervene in forests to substantially reduce the productive capacity of the forest ecosystem
(Myers 1988). The human agents also include those who practice shifting cultivation,
extensive agriculture activities, private and government logging companies, mining and
oil corporations, forest concessionaires and ranchers whose activities often result into
removal of trees, especially in areas without adequate provision for reforestation (Putz et
al. 2001). Loggers destroy trees and vegetation while creating access roads to the desired
location within the forest; conventional agriculture practices, open grazing or intensive
collection of forest trees to provide fodder for grazing animals, fuelwood collection, as
well, open up the forest for further degradation (Myers 1991; Mather 1991; Kaimowitz
and Angelsen 1998; Orimoogunje 2014).

Urbanization also opens the land to development and brings increasing numbers of people
to the forest frontier (Wilkie et al. 2000). DeFries et al. (2010) noted that urban population
growth in Africa is associated with forest loss, and that poor data quality has plagued
country-level information on forest area in the region. In Nigeria, urban population
increased by 45% and 48.9% in 2004 and 2010 but deforestation tends to occur at 4000
kmz2/year; forested area tends to decrease by 10.8%, annually, since 2010 (United Nations
Statistics Division 2013).

Soils also have the potential to sequester carbon from the atmosphere with proper
management. Based on global estimates of historic carbon stocks and projections of rising
emissions, soil’s usefulness as a carbon sink and drawdown solution appears essential

(Lal, 2004; 2008). Since over one-third of arable land is in agricultural use globally,



(World Bank, 2015), finding ways to increase soil carbon in agricultural systems will be

a major component of using soils as a sink.

1.2 Statement of Problem

The increase in carbon emission is one of the current major concerns, which was well
addressed in the Kyoto Protocol (Ravindranath et al., 1997). This is due to its
identification as the main causal factor for global warming (Lal, 2001). Since forest
ecosystems contain between 62% and 78% of the total terrestrial carbon (Hagedorn et al.,
2002), the response of forests to the rising atmospheric CO2 concentrations is crucial for
the global carbon cycle. The world is witnessing mounting and undeniable evidence that
nature’s cycles are profoundly changing i.e. on land and in water, in melting ice and
disappearing snow, during heat waves and droughts and in the eyes of hurricanes and in
the tears of refugees (Harris et al., 2012). The evidence today indicates that forests are
expanding in the temperate regions of the world, while declining in much of the tropics.
The tropical region harbours more species diversity than the temperate region and serve
as a major carbon store in the world. Therefore, there is a need to evaluate biomass and

carbon sequestration potential of the forest ecosystem in tropics.

1.3 Aim and Objectives

The broad focus of this study was to generate baseline data and information on basic
taxonomy, above- and below-ground biomass, and carbon sequestration potential of trees

within Federal Forest Reserve llorin, Kwara State.

The specific objectives were to:

e evaluate trees species abundance and diversity within the study area.

e quantify basic allometric properties of trees within the study area.

e estimate the above and below ground tree biomass as well as carbon sequestration
potential of the study area.

e determine the physicochemical properties of soil within the study area



CHAPTER TWO

LITERATUREREVIEW

2.1 Species diversity in forest ecosystem

Species diversity is the number of different species in a particular area (species richness)
weighted by some measure of abundance such as number of individuals or biomass.
However, Harrison et al., (2004) explained that conservation biologists often use the term
species diversity even when they are actually referring to species richness, i.e. to number
of present species. Merganic et al., (2012) define species diversity as a composition that
refers to the identity and variety of elements in a population that includes species lists and

measures of species diversity and genetic diversity.

Species diversity could be structural or functional. Structural diversity refers to the
physical organisation or pattern of a system, including the spatial patchwork of different
physical conditions in a landscape, habitat mosaics, species assemblages of different plant
and animal communities, and genetic composition of subpopulations (Stokland et al
2003). The main structural indicators that are used to describe the conditions for forest
biodiversity include stand vertical structure, age class distribution and the amount of dead
wood (Christensen et al., 2004). They represent an indirect approach as they show,
typically on a rather gross scale, how the house is built, but gives no information on
whether the inhabitants have moved in.

Functional diversity involves all ecological and evolutionary processes, including gene
flow, disturbances, and nutrient cycling. “Functional diversity involves processes of
temporal change, including disturbance events and subsequent succession, nutrient
recycling, population dynamics within species, various forms of species interactions, and
gene flow” (Stokland et al., 2003).

The term species richness was introduced by Mclintosh (2007) to describe the number of
species in the community. Surely, the number of species S in the community is the basic

measure of species richness, defined by Hill (2007) as diversity number of 0™ order, i.e.



NO. The basic measurement problem of NO is that it is often not possible to enumerate all
species in a population. In addition, S depends on the sample size and the time spent
searching, due to which its use as a comparative index is limited. Hence, a number of
other indices independent of the sample size have been proposed to measure species
richness. These indices are usually based on the relationship between S and the total
number of individuals observed (Kotte-Mapoko et al, 2017). Two such well-known
indices are R1 and R2 proposed by Barnhill (2006) and Sagar and Puspa (2016)
respectively. Hubalek (2000), who examined the behaviour of 24 measures of species
diversity in a data from bird censuses, assigned to the category of species richness-like
indices also the index « (Pedro et al., 2013), Q (Henderson and Seaby, 2007) and R500
(Hurlbert, 2007).

Lloyd and Ghelardi (1964) were the first who came with idea to measure the evenness
component of diversity separately. The principle of the evenness measures is to quantify
the unequal representation of species against a hypothetical community in which all
species are equally common. (Kotte-Mapoko., 2017) present five evenness indices E1
(Pedro., 2013), E2, E3, E4 (Hill, 2007), and E5, each of which may be expressed as a ratio
of Hill’s numbers. The most common index E1, also known as J’ expresses H' relative to
maximum value of H' (= log S). Index E2 is an exponentiated form of E1. Based on the
analysis of Hubalek (2000), Mclintosh's diversity D (Mclntosh, 2007; Pedro et al., 2013),
Mclintosh's evenness DE, index J of Pedro and Tamara (2013) and G are also evenness

measures.

This concept of diversity was introduced by Simpson and combines species richness and
evenness as reported by Sagar and Sharma (2012). Many ecologists consider this concept
to be synonymous with diversity. According to Kotte-Mapoko et al., (2017), an infinite
number of diversity indices exist. Simpson proposed the first heterogeneity index, which
gives the probability that two individuals picked at random from the community belong
to the same species. This means that if the calculated probability is high, the diversity of
the community is low (Kotte-Mapoko et al., 2017). To convert this probability to a
diversity measure, the complement of Simpson’s original measure is used (Gilbert & Luis,
2008).



Probably the most widely used heterogeneity index is the Shannon-Weiner index H' (or
Shannon-Wiener function), which is based on information theory (Charles and Richard,
2016). It is a measure of the average degree of “uncertainty” in predicting to what species
an individual chosen at random from a community will belong. Hence, if H" = 0, the
community consists of only one species, whereas H” is maximum (= log(S)) if all species
present in the community are represented by the same number of individuals. Shannon
index places most weight on the rare species in the sample, while Simpson index on the
common species (Gilbert and Luis, 2008). From other heterogeneity measures, Brillouin
Index H was mentioned (Lesne, 2014), which was first proposed by Barnhill (2006) as a
measure of diversity. This index is preferred being applied to data in a finite collection
rather than H". However, if the number of individuals is large, H and H" are nearly
identical (Gilbert and Luis, 2008). The indices N1 and N2 from Hill's family of diversity
numbers (Hill, 2007), which characterize the number of “abundant”, and “very abundant”

species, respectively, also belong to diversity measures.

The Mclntosh index is based on the representation of a sample in an S-dimensional
hyperspace, where each dimension refers to the abundance of a particular species.
According to the evaluation performed by Hubalek (2000), NMS “number of moves per
specimen” proposed by (Gloverl, 2012). H"adj, which is an adjusted H" by the d (H)

correction and R100 (Hurlbert, 2007) can also be regarded as heterogeneity indices.

Diversity could be horizontal and vertical. The indices characterising forest horizontal
structure usually compare a hypothetical spatial distribution with the real situation
(Neumann and Starlinger, 2001). Probably the most well-known index is the aggregation
index R proposed by Laura., et al (2018) that describes the horizontal tree distribution
pattern, or positioning as defined by Paula and Margarida (2003). It is a measure of the
degree to which a forest stands deviates from the Poisson forest, where all individuals are
distributed randomly (Basiri., 2011). It is the ratio of the observed mean distance to the

expected mean distance if individuals were randomly distributed.

While there are many indices that measure horizontal structure, there are only few for

vertical structure (Neumann and Starlinger, 2001). Simple measures such as the number



of vegetation layers within a plot can be used as an index of vertical differentiation
(Gilbert and Luis, 2008).

The index A developed by Pretzsch for the vertical species profile is based on the
Shannon-Weiner index H' (Ana, 2018). In comparison with H' the index A considers
species portions separately for a predefined number of height layers (Pretzsch
distinguished 3 layers). The index takes the cover per layer into account, but needs special
field assessments (Neumann and Starlinger, 2001). Therefore, using the same principles
as (Merganic., 2012), i.e. Shannon-Weiner index and stratification into height layers,
Neumann and Starlinger (2001) suggested an index of vertical evenness VE that
characterizes the vertical distribution of coverage within a stand. The differentiation index
T of Diana., et al (2009) is also applicable for the description of vertical differentiation,

if the index is calculated from tree heights.

2.2 Allometric properties of trees

Estimates of tree biomass are useful in assessing forest structure and condition (Goodale,
2004); forest productivity, carbon stocks and fluxes based on sequential biomass
measurements (Clark et al., 2001); and sequestration of carbon in biomass components,
including wood, leaves, and roots; as well as being a useful indicator of forest
productivity. Several generalized biomass prediction equations have been developed for
tropical species (Chave et al., 2005). For temperate species, Ter-Mikaelian and Korzukhin

(1997) reported a list of biomass equations for 66 North American tree species.

However, single species and mixtures of species differ in allometry, wood density, and
architecture, all of which can affect the relationship between the measurements taken
during forest inventories and the biomass of individual trees (Chave et al., 2003).
Therefore, biomass equations are required for other forest ecosystems where little is
known and there is a great need for the development of environmental projects to conserve

native forests.

Equations developed from single species and from mixtures of species yield useful

estimates for specific sites and for large-scale global and regional comparisons. These two



types of equations are important for forest inventory data to which single or mixed-species
equations are often applied. In cases where species-specific information is available,
equations tailored to estimate biomass of the particular species can provide more accurate
estimates of biomass (Litton and Kauffman, 2008). This situation typically arises in cases
of plantations of high-value tree species or when precise estimates are needed for research
or environmental management. In natural forests, equations must incorporate a variety of
species to provide accurate biomass estimates. However, Litton and Kauffman 2008
developed an allometric equation for 10 species of temperate and tropical dry forests
regarding branches and leaves, boles, and roots, taking advantage of measurements made
during an intensive study of carbon sequestration in 19 forestry communal lands (ejidos)
of northwestern Mexico. Sampled trees spanned a wide range of sizes and were of the
largest sizes attainable by the species. These samples are typical of today’s native forests
grown in the Sierra Madre Occidental mountain range of Durango and Chihuahua and of
the tropical dry forests of the lowlands of the Pacific Ocean. They developed an allometric
equations for each component, as each harvested tree was dissected into various biomass
components (branches and leaves, bole, total above-ground, and roots). They then applied
the equations to forest inventory data (637 plots of temperate forests and 166 quadrats
of dry tropical forests) to estimate biomass and carbon stocks. The economic and
ecological value of the species studied, the uniquely large sample sizes, the breakdown of
each species into morpho-logical components, and the application to forest inventory data
make this a rich data set that can provide insights into biomass allocation and carbon
stocks of temperate and tropical trees and forests in northwestern Mexico.

There is a significant need globally to develop equations that estimate forest biomass and
carbon for national measuring, reporting, and verification systems. Under the United
Nations Framework Convention on Climate Change, countries must report the state of
their forest resources through initiatives such as the United Nations collaborative
programme on Reducing Emissions from Deforestation and Forest Degradation Plus UN-
REDD+ programme in developing countries (UNFCCC 2014).

Estimating the carbon stocked in forests is important to assess the mitigation effect of

forests on global change and to predict the potential impact of mechanisms to reduce



carbon emission. Although many techniques exist to estimate carbon stocks in forests at
different scales (Gibbs et al. 2007), all techniques ultimately rely on ground measurement

of tree biomass. Measuring the biomass of a tree is tedious and time consuming.

Moreover, it is destructive. This is why biomass equations have been developed. These
are equations that predict the biomass of a tree from dendrometrical characteristics such
as diameter or height that are easier to measure. Species-specific biomass equations have
been developed for temperate forests (Zianis et al., 2005). In highly diverse ecosystems
such as tropical rainforests, either specific or local equations with good precision but
narrow range of application (Aradjo et al., 1999, Basuki et al., 2009) or general
multispecies pantropical equations (Brown 1997, Chave et al., 2005) have been
developed. Although the Congo Basin is the second largest block of tropical forest in the
world after Amazon, it has contributed little to the development of pantropical biomass
equations. It is symptomatic; for instance, the pantropical biomass equations Chave et al.,

(2005) relied on data from the neotropics and South-East Asia but not from central Africa.

Biomass equations for tropical rainforests in the neotropics or South-East Asia have been
developed (Lescure et al., 1983, Nelson et al., 1999, Chave et al. 2001., Basuki et al.,
2009). Biomass equations for African tropical dry forests are common because the supply
of fuel wood is a long lasting issue in these areas. Specific biomass equations can be found
for most species of the Soudano-Sahelian and miombo woodlands (Tietema 1993,
Smektala et al., 2002, Chamshama et al., 2004, Hofstad 2005).

On the contrary, in African tropical rainforests where the issue is classically to build
volume equations to predict timber volume, biomass measurements are scarce. Allometric
equations for indigenous species of the rainforests of central Africa have been constructed
from biomass data collected in plantations (Onyekwelu 2007) or secondary forests (Deans
et al., 1996). As a consequence of the scarcity of data on tree biomass in central Africa,
most of the current estimates of the carbon stocks in central Africa (Baccini et al., 2008,
Lewis et al., 2009) are paradoxically based on pantropical biomass equations that do not
rely on any data from Africa. There is debate whether this paradoxical situation is a
shortcoming or not a problem given the precision of the pantropical biomass equations.
Some authors such as Gibbs et al., (2007) considered species-specific or site-specific
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allometric equations as not needed to generate reliable estimate of forest carbon stocks. It
would not improve accuracy with respect to general pantropic equations. On the contrary,
authors such as Basuki et al., (2009) are of the opinion that pan tropical biomass equations

lead to significantly biased estimates of carbon stocks.

Below-ground biomass estimation in comparison to above-ground biomass has very little
studies. However, this could be largely attributed to the small percentage of tree total
below-ground biomass are thought to account, financial burden and the rigorous nature of
below-ground biomass estimation. Biomass estimation is crucial for resource use and
environmental management (Salmaca, 2007), in the case of resource use, it gives us an
insight of the potential amount of carbon that can be emitted when the forest is destroyed
as well as the amount of carbon that can be sequester from the atmosphere (Vashun and
Jayakumar, 2012). For management purpose biomass estimation is important for
determining the productivity and sustainability of forest ecosystems (Salmaca, 2007) &
(Lu, 2006) categorized above-ground biomass estimation methods into three (3) namely;
Field measurement, remote sensing and geographic information system and the
combination of field measurement and remote sensing.

Below-ground biomass is an important carbon pool for many vegetation types and land-
use systems and accounts for about 20% to 26% (Cairns et al., 1997) of the total biomass.
Below-ground biomass accumulation is linked to the dynamics of above-ground biomass
(Richard, 2019). Revegetation of degraded land leads to continual accumulation of below-
ground biomass whereas any disturbance to topsoil leads to loss of below-ground biomass.
To estimate below - ground biomass (BGB), the following equation was used:

Where Y=Below Ground Biomass

Y =0.26* Above Ground Biomass

Y =0.26* Above Ground Biomass

Tree biomass is the sum total of all the components of a tree, below-ground as well as
above-ground, (Hogarth, 1999). The estimation of biomass in woody ecosystems, such as
mangroves, is required for a number of reasons. Foresters are interested in yield of wood
as a function of age, stand density and other factors. Ecologists require information about

stand biomass for a variety of reasons because of its relevance to nutrient turnover, stand
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structure and function and competition studies. Ecophysiologists have used biomass as an
indicator of atmospheric and soil pollution input and forest health. More recently,
governments have realized that there is potential for woody ecosystems to store carbon
and thereby contribute to mitigation strategies to offset carbon emissions (Eamus et al.,
2000).

Although mangroves occupy only 0.4 % of the forested areas globally, they are important
sinks for atmospheric CO> along tropical coastlines. Mangroves are estimated to store
carbon in excess of 8.7 gigatons dry weight (Le. 4.0 gigatons of carbon), (Twilley et al.,
1992; Ong, 1993). This carbon is stored in both above and below-ground tree components
as well as in the sediment (Twilley et al., 1992). Studies have shown that root productions

contribute about half of the total standing biomass (Briggs, 1977).

While there are extensive studies on above-ground biomass of mangrove forests
(Komiyama et al., 2002), there have been fewer detailed studies on below-ground biomass
(Komiyama et al., 2000). The reason for this disparity in studies is the logistical difficulty

of estimating below-ground biomass.

2.3 Carbon sequestration in the forest

A mass-based carbon concentration of 47% (0.47) in dry wood is widely accepted as a
constant factor for conversion of biomass to carbon stock (Lewis et al., 2009). Carbon
concentration varies with tree species. Terrestrial carbon sequestration is the process
through which CO- is absorbed from the atmosphere through photosynthesis and stored
in biomass and soils (Sundquist et al., 2008). Forestry is the most important means of
sequestrating carbon and giving positive effect on the livelihood of the rural farmers
because of its cost effectiveness and associated environmental and social benefits. Forest
vegetation and soil share almost 60% of the world’s terrestrial Carbon. Its quantity may
vary according to land use system. The global carbon cycle represents the most important
set of processes linking forests and other vegetation with global warming. Forest
ecosystems covers about 4.1 billion hectares of the world and considered as the major

reserve of terrestrial Carbon stock and forest cover is decreasing at the net rate of about
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9.4m ha/year mostly due to deforestation (Sivakumar, 2007). Deforestation is responsible
for up to 20 percent of greenhouse gas emissions worldwide, with most forest land cleared
for agricultural use. When managed effectively, forests are net carbon sinks, able to
permanently absorb about one-tenth of global CO. emissions into biomass, soil and forest
products. It is believed that the goal of reducing carbon sources and increasing the carbon
sink can be achieved efficiently by protecting and conserving the carbon pools in existing

forests (Brown, 1997). Forests and wooded areas are natural carbon sinks.

Forests represent an ecosystem. It is a habitat dominated by an array of bio diversified
species of plants and animals ranging from trees, shrubs and herbs etc. It also homes
several array of vertebrates and invertebrates (Sheram, 1993). The forest is an essential
part of the universe, as it provides a lot of benefits to every part of the universe ranging
from the role it plays as a settlement for animals and plants and it also serves as a form of
livelihood for forest dependent community who uses the forest for gaming (hunting). The
reservation of trees of different species helps in mitigating climate change by absorbing
the carbon-dioxide (COz) (a greenhouse gas being emitted by the actions of development)
and releasing an environmental friendly gas Oz which is essential to all living things that
respires including plants. The forest is important as it also homes different species of fruit
trees and from the forest comes most of the trado-medical herbs used in curing most

diseases affecting people in the rural areas (Tee, 2010).

However, in this present world, the forest is regarded as not as important as our
development and civilization, as it’s now a subject of destruction for building of
infrastructure, industries, houses, companies, stations etc. It was recorded that as at the
19" century, the global warming rate was as low as 10% in developing countries and 2-
3% in underdeveloped countries however, in the 20" century/ 21 century, this global
warming has increased because the underdeveloped countries are getting developed and
rural areas are also turning to urban areas(Myers, 1994), civilization and development
everywhere whereas the forest instead of being left to clear the issues, bad chemicals,
emitted gases being popped up through burning of some materials and also Trans
boundary waste being deposited by importers from developing countries. Deforestation
(a situation whereby trees are being cut) is a hardly solved problem in most part of the
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developing countries because the forests are being traded for industries, companies, and
other functions causing loss of habitat for plant species, animals and also contributing to
global warming due to emissions or waste generated from this buildings (van Kooten and
Bulte, 2000).

Global forest cover was just under 4 billion ha in 2005, 36% of which were classified as
primary forests. Forests provide approximately 1.6 billion people with food, medicines,
fuel and other basic necessities. Over two thirds of known land-based species live in
forests. Approximately 8000 tree species, or 9% of the total number of tree species
worldwide, are currently under threat of extinction. The latest deforestation rates are
estimated around 13 million hectares per year: a net loss of about 7.3 million hectares per
year for 2000—2005 Deforestation is estimated to have been the cause of 20% of annual
greenhouse gas emissions in the 1990 (IPCC, 2007).

Awareness of this issue is growing in the world and an ambitious nationwide reforestation
programme with indigenous species and local involvement has been launched to
simultaneously regain forest cover and improve community livelihoods across the
countries, REDD as a policy with the acronym Reducing Emissions from Deforestation
and Forest Degradation in developing countries has continued to attract wide spread
notifications across the world due to their impact and supports to countries undergoing
REDD+ (The "+" indicates the inclusion of the following activities, i) conservation of
forest carbon stocks, ii) sustainable management of forests and iii) enhancement of forest
carbon stocks) mechanisms. Nigeria's forests, which currently extend over 9.6 million
hectares, have been on deteriorating mode over the past decades. The current deforestation
rate is estimated at 3.7%, which is one of the highest in the world (Bryant et al., 1997). In
addition, Cross River State, which has more than 50% of Nigeria's remaining tropical high
forests, declared a non-timber forest extraction in 2008, now extended indefinitely, while
starting to explore new environmental finance mechanisms to further protect the forests,
with a priority focus on enhancing the livelihoods of forest-dependent communities and
rural dwellers. These initial steps to better protect the forests with a community focus and

by exploring innovative means suggest a policy shift in Nigeria in the forest domain.
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However, the country needs further and more intense actions, coupled with external
cooperation and support, to succeed in this crusade.

Climate change is one of the globally rising and insistent issues in the world today.
According to most school of thoughts, one way to diminish CO> emissions is to reduce
our subordinate to fossil fuels and use renewable resources like biomass (US
Environmental Protection Agency 2006). In the assessment report collated by IPCC, it
was estimated that about 100 billion metric tonnes over the next 50 years could be
sequestered through forest management, which would offset 10-20% of the worlds
projected fossil fuel emissions (IPCC 2007). The profuse emissions of greenhouse gases,
in recent years has enlighten the society’s perception of the social and economic damage
that may be caused by climate changes, leading to an increasing interest in mitigating the
potential impacts of these changes (Parry et al.,2007). Schneider (2009) suggests that
between 50 and 150 million metric tons of additional carbon sequestration per year could
be achieved through changes in agricultural soil and forest management. However,
continued existence of these trees species is in jeopardy; because deforestation, logging
and other various forms of unsustainable activities have drastically increased in recent
times, thereby posing appreciable risk of local extinction to some species. Indeed, the tree
species growing in the study area, situated in the most commercial city of Nigeria, and
also the most urbanized state in Nigeria, and accommodates about 10% of the entire
population of the country (Pelemo et al., 2011), are however not spared from the above
aforementioned threats. Rapid increase in population have led to the development of
several infrastructural facilities so as to provide comfort to insatiable humans wants, have
of course led to the destruction of almost all the ancestral vegetation in and within the
study area and its proximate vegetation for urbanization and other commercial activities
which are socioeconomic problems, and are too difficult to be controlled. Biomass is
known to be a renewable energy source that are derived from organic matter and they
include dead trees, branches, wood chips, bark, sawdust, livestock manure, paper products
etc. However, the use of forest resources for energy consumption comes with challenges,
Hall and Scrase (2003) believe that there is a detrimental effect if biomass harvesting
resulted in a net loss of carbon or land management practices decrease the sequestration

potential of terrestrial sinks. According to the Middlebury College Biomass Report
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(Middlebury College 2004), it is believed that beyond 2010, the fossil fuel governing
factors such as the price, supply, and the demand can eventually change for two major
reasons, the demand for petroleum is growing rapidly as the supply is reducing drastically
and the supply may possibly be scarce or used up between 2020 and 2030 (Middlebury
College 2004).

The most common example in nature is during the photosynthesis process of trees and
plants, which store carbon as they absorb carbon dioxide during growth. Trees both in
above and below-ground biomass continue to accumulate carbon until they reach the
maturity; at that point about half of the average tree’s dry weight will be carbon (Bhatta,
2016).

The carbon stock in forest vegetation varies according to geographical location, plant
species and age of the stand (Van Noordwijk et al., 1997). Estimates of the biomass
contained within forests are critical aspects of determination of the carbon loss associated
with a wide range of land use and land-cover change processes. In order to assess the
impact of deforestation and re-growth rates on the global carbon cycle, it is necessary to
know the stocks of carbon as biomass per unit area for different forest types. The above-
ground biomass and below-ground root biomass both need to be measured to enable better
calculations of total forest carbon (Hamburg, 2000). Quantification of sequestered C in
different forest types with different management regimes and soil profiles could be
important for better planning of natural resources, and the making of good mitigation
strategy for climate change effects. Most studies on carbon sequestration have focused on
carbon stocks in different land uses. Others have focused only on organic carbon stocks
in different forest soils (Shrestha et al., 2004). Carbon sequestration potential of different

forest types under different management regimes need to be explored.

Carbon dioxide (CO.) is natural greenhouse gas in the atmosphere and is in part
responsible for the earth’s relative stable climate. It is a greenhouse gas because it traps
heat near the earth surface, contributing to observe and predicted global warming (lan and
Rebecca 2010), Carbon Dioxide is composed of a molecule Carbon and two molecules of
Oxygen, however the atomic weight of carbon is given as 12 and the atomic weight of
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Oxygen is given as 16. The overall weight of Carbon dioxide is the addition of the atomic

weight of carbon and Oxygen which is:
12 + (2)16=44
The ratio of carbon dioxide to carbon is calculated as CO»/C which is:

44/12=3.666

2.4 Forest soil as a carbon sink

Study conducted by Peichl et al., (2012) on above and belowground ecosystem biomass,
carbon and nitrogen allocation in a recently afforested grassland and adjacent intensively
managed grassland in southwest Ireland compared the ecosystem biomass, C and N
allocation and storage. A considerable shift in biomass allocation from below- to
aboveground within five years following afforestation was recorded. However, ecosystem
C and N storage was dominated by the belowground pool in both land-use systems.
Compared to the grassland, greater Soil Organic Carbon (SOC) and Total Nitrogen (TN)
concentrations in the upper forest soil layer were counterbalanced by a decrease in bulk
density, resulting in no significant change in total soil C and N stocks. It was concluded
that significant losses of ecosystem C and N did not occur following afforestation of this
intensively managed grassland. Peichl et al., (2012) further suggested that initial patterns
in the development of ecosystem biomass, C and N allocation and storage following
afforestation of intensively managed grassland may differ from those resulting from
afforestation of extensive grassland due to factors such as initially improved site
conditions, a greater fine root pool, enhanced external C and N input and output, and soil

disturbance during site preparation activities.

As a consequence of chronically high N depositions in forest ecosystems, the C-to-N ratio
of forest floors has narrowed in many forest ecosystems. This might affect the
sequestration of soil C and the partitioning of C during decomposition. Michel and

Metzner (2002) conducted a study on how nitrogen content of forest floor layers affects
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carbon pathways and nitrogen mineralization of 15 different forest floors under Norway
spruce with varying C-to-N ratios in respect to soil respiration, N mineralization and
dissolved organic carbon (DOC) release under standardized laboratory conditions. Result
obtained indicated that the release of DOC increases with increasing C-to-N ratio, while
N-mineralization was not affected by C-to-N ratio and N content. This finding support the
hypothesis that low C-to-N ratios in later stages of decomposition stabilize soil organic
matter and that chronically high N deposition will lead to increased accumulation of C in

forest floors.

Increasing atmospheric CO. concentrations and widespread deposition of N to terrestrial
ecosystems has increased the focus on soil C and N pools. Vejre et al., (2003) estimated
the size and distribution of organic C and N pools in well-drained Danish forest soils.
Results obtained indicated high average total organic C and N contents. Large differences
in total C and N among soil orders were recorded. It was observed that Spodosols had the
greatest C content, and Alfisols have the least, while the N content was highest in Alfisols
and least in Spodosols. Vejre (2003) concluded that the main contributor to the high C
content in Spodosols is the spodic horizons containing illuvial humus, and thick organic
horizons. Carbon and N concentrations decreased with soil depth. Soil clay content was
negatively correlated to C content and positively correlated to N content. Soil order and
horizon designations may be useful in predicting the total C and N content of Danish
forest soils, and may also predict potential for C sequestration following afforestation of

arable land.

Forests have a key role as carbon sinks, which could potentially mitigate the continuing
increase in atmospheric carbon dioxide concentration and associated climate change.
Carbon dioxide enrichment, although causing short-term growth stimulation in a range of
European tree species, also leads to an increase in soil microbial respiration and a marked

decline in sequestration of root-derived carbon in the soil (Thompson et al.,2005).

The extent to which plant communities are determined by resource availability is a central
theme in ecosystem science, but patterns of small-scale variation in resource availability

are poorly known. Studies of carbon and nutrient cycling provide insights into factors
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limiting tree growth and forest productivity. To investigate rates of tropical forest litter
production and decomposition in relation to nutrient availability and topography in the
absence of confounding large-scale variation in climate and altitude, Daisy et al., (2006)
quantified nutrient fluxes via litter fall and leaf litter decomposition within three distinct
floristic associations of tropical rain forest growing along a soil fertility gradient at the
Sepilok Forest Reserve (SFR), Sabah, Malaysia. It was found that the quantity and
nutrient content of small litter decreased along a gradient of soil nutrient availability from
alluvial forest (most fertile) through sandstone forest to heath forest (least fertile).
Temporal variation in litterfall was found to be greatest in the sandstone forest, where the
amount of litter was correlated negatively with rainfall in the previous month. Mass loss
and N and P release were fastest from alluvial forest litter, and slowest from heath forest
litter. All litter types decomposed most rapidly in the alluvial forest. Stand-level N and P
use efficiencies (ratios of litter dry mass to nutrient content) were found to be greatest for
the heath forest followed by the sandstone ridge, sandstone valley and alluvial forests,
respectively. According to Dent et al., 2006 they concluded that nutrient supply limits
productivity most in the heath forest and least in the alluvial forest. Nutrient supply limited
productivity in sandstone forest, especially on ridge and hill top sites where nutrient
limitation may be exacerbated by reduced rates of litter decomposition during dry periods.
The fluxes of N and P varied significantly between the different floristic communities at
SFR and these differences may contribute to small-scale variation in species composition.
Some of the major nutrients that support tree growth in the forest are: nitrogen,

phosphorous, potassium, sulphur, calcium, magnesium, Nitrogen and organic carbon.
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CHAPTER THREE

METHODOLOGY

3.1 Description of Study Area

The study area (Federal Forest Reserve) is a protected conservation area situated within
llorin metropolis in Kwara State, North-Central Nigeria. It covers an area of about
53,291m? (5.3291ha) surrounded by an urban environment within the city as shown in
Figure 3.1. The area is located in the Guinea Savanna Biome, which is defined by a
tropical hinterland climate with two alternate wet and dry seasons in May — October and
November — April, respectively. The length of the raining season is over 180days with an
annual average of about 1000 to 1,500 mm. The raining season also exhibits bimodal
peaks in the months of June and September. The temperatures are highest on average in
March, while August is the coldest month, with temperatures averaging 30 to 35 °C
(Animashaun, 2013).

The Reserve had been designated and conserved for over 35 years (Mohammed, 2016). It
is being conserved and managed by the Kwara State office of the Federal Department of
Forestry in the Federal Ministry of Environment. The area was fenced off to protect
against cattle grazing which can disturb understory vegetation growth (Stormer and
Valentine, 1981). Due to its strict protection status, which precludes fire, herbivory and
other savanna-maintaining factors, the Reserve is largely dominated by dense tree species
as well as other plant life forms such as shrubs and herbs. It also serves as a natural home

for some animals and microbes co-inhabiting in micro-communities.
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3.2 Study Design

The study was conducted using a cross-sectional experimental survey approach
comprising desktop, field, herbarium, and laboratory investigations to draw inference
about the tree community and soil within the study area. Pertinent literature was sourced
from physical libraries and online indexing databases using keywords search. The
literature was then reviewed based on the theoretical framework of the study as well as to

contextualize the findings of the study.

3.3 Pre-Field Activities

Permission to access the study area was sought and received from the Controller of the
Federal Department of Forestry in Ilorin, Kwara State. An application was written to the
Federal Department of Forestry llorin Kwara State for permission to have access to the
study area which was graciously granted. A pilot study was conducted in November 2017
for familiarisation and to evaluate the study area as well as to ascertain the most suitable

methods of conducting the exercise.

3.4 Field Sampling Strategy

In examining the understory vegetation, four layers of design was used, which includes;
Desktop, Field, Herbarium and Laboratory investigation. Study Materials used in this

study were; GPS, Digital Compass, Diameter tape, Quadrant, Google Earth Pro, Field

Book and Herbarium.

The total dimension of the study area was determined using Google Earth distance
measurement approach. Basic Forestry techniques were used to sample trees and obtain
some allometric measurements as described in subsection 3.7. Sample plot were also set
up for soil and leaf litter. Other habitat characteristics like elevation and habitat conditions
were also recorded using a hand held device Garmin (Rino 120) and a digital camera. (Yu
and Gong, 2012; Google, 2017).
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Two separate sampling techniques were employed one for tree sampling and another for
sampling soil and litter. The Plotless Point Centre Quarter sampling (PCQ) technique was
used for trees within the study area as described by Brower et al., (1998). The PCQ was
laid along a random transect with relevant data obtained from trees encountered. A species
area curve was used to determine sample size (that is, total number of PCQ to be sampled)
based on data saturation. The study area was stratified into three regions A,B and C based
on gradients and observed disturbance. The proximal region had considerable human
activities such as a presence of a horticultural nursery and an office building. The middle
region had intermediate disturbance while the inner region was relatively undisturbed.
The locations sloped inwards with the proximal being the highest and the inner region the
lowest points. Within each of these three strata six sampling sites were randomly selected

where soil samples were collected at a depth of 15cm.

3.5 Taxonomic Survey

Tree species were identified in-situ using selected taxonomic manuals and flora
(Arbonnier, 2004; Poorter et al., 2004; Hawthorne and Jongkind, 2006). Specimen of
other unidentified tree species were collected using plant press and Photographs of whole
trees to be identified were also obtained and taken for professional ex-situ identification
and issuance of herbarium number by a qualified Taxonomist at the Plant Biology

Herbarium in the University of llorin.

3.6 Tree Species Abundance and Diversity

3.6.1 Species Diversity, Richness and Evenness

The PCQ method was initially used to record the incidence or occurrence (richness) of
each tree species in the study area. In order to measure biodiversity, Shannon-Weiner and
Simpson’s index of species were used to assess the species diversity of the trees. (Gimaret-
Carpenter et al., 1998; Blanc et al., 2000; Parthasarathy., 2001; Addo-Fordjour et al.,
2009). The indices were used to ascertain and compare if there were differences in

diversity value.
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3.6.1.1 Point Centered Quadrant Tree Sampling

The point-quarter technique is perhaps the most popular of the plotless sampling
techniques. Each sample is taken at a random location in the area to be sampled. This is
frequently done by choosing random points along a transect. The area near each random
point (sample point) is divided into four imaginary quadrants as indicated below. Within
each quadrant, the nearest tree is included in the field sample. There are four quadrants,
so a total of four trees were measured at each sample point. In the diagram below, point
A represents a random point (sample point) and the letters b through h represents trees.
The trees b, d, e and h would be included as the four nearest trees within each quadrant
that are nearest to A.

3.6.1.2 Shannon-Weiner index of Diversity

Shannon-Weiner index of diversity was employed because it takes cognizance of the
species richness and proportion of each species in the sampled plot. It has been established
that, the value of H’ obtained from empirical data usually falls between 1.5 and 3.5 and

rarely surpasses 4 (Margalef, 1972; Magurran, 2004).

S
H' = —Zpi In Pi
i=1

Where:

H’=Shannon diversity index
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Pi=Proportion of individual in species i which can be estimated as Pi= ni / N;
ni=Number of individuals in the community

Therefore, Piis the proportion of i"'species/abundance of species /total abundance of all

species.
InPi= Natural logarithm of Pito e
S is the number of species in the community

3.6.1.3 Shannon-Weiner Index of Species Evenness or Equitability

An index of evenness (j’) can be derived from Shannon-Weiner Index. This index of
evenness range from 0-1 and due to its meaningfulness for comparisons between
communities rather than as a stand-alone measure it was employed. This index would
reveal the extent that a community is dominated by only a few of its species (uneven) or

has its entire species in similar numbers (even). It is defined by the equation:

J=H’/H’ max

Where:

H’=Shannon-Weiner diversity index
H’max=1Ins

S=Number of Species in the community

3.6.1.4 Simpson’s Index of Diversity

Simpson’s index was also used to determine diversity since it takes account of number of
species present as well as the relative abundance of each in the total sample. It weighs
dominant species somewhat more than rare species in its measure of diversity than the

Shannon-Weiner does. Simpson’s index tends to differ less between samples and it ranges
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from 0 to co. Values are commonly a few points higher than calculations of the Shannon-

Weiner index. (Brower et al., 1998).
Simpson’s index is defined as:
D=3 P{?
Where:
D=Simpson’s Index
Pi=Proportion of i""Species

3.6.2 Species Occurrence Density Important Value Index

This study adopted the technique described in Brower et al., (1998) Data obtained were
guantitatively analyzed for Total density(TD), Relative density (RD), Frequency(f),
Relative frequency (Rf), Coverage(C) Relative Coverage(RC) and the relative values were
summed up to obtain Importance Value (IV) (Misra, 1968, Dallmier, 1992; Sabogal,
1992; Abdullahi, 2010). The formulae used to calculate TD, RD, f, Rf, C, RC and (V) are
as follows:

4u(sum of all species counted — 1)

Total Density =
Y m(sum of squares of total point to point distanc) 2

total number of individual species counted

Relative Densit
Y total number of individual of all species counted

Number of sampling points

F =
TeqUency = T tal number of points sampled

Frequency of species

Relative F =
erattve Frequency = Total of all frequencies

Sum of basal area * Density of species

C =
OVerage = Total of all number of individual sampled of that species

26



Total coverage

Relative C
etative Loverage .~ of all coverage

Important Value = Relative density + Relative frequency + Relative coverage

3.7 Tree Allometry

3.7.1 Estimation of height

Tree height measurements were made by means of a digital clinometer (spirit level) and
measuring tape. Elementary trigonometric relations were used to estimate height using

the formula:
H= (d tan @) +Height of the Viewers Eye

Where d is the horizontal distance between the observer and the tree while @ is the angle
from the observer’s eye to the top of the tree. The height of the viewer’s height as added
to the height to get the absolute height of the tree. This method is in conformity with
Hemery (2011).

3.7.2 Diameter at breast height (DBH)
The DBH of each tree was obtained with the use of a diameter tape measured at a height
of 1.4m

3.7.3 Tree volume
Since form factors were not known for the tree species, the volume (V) of the trees were
calculated using the formula Husch et al. 2003.
. nD?Hs
4

Where:

n=3.142
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D= Diameter
H= Height

3.7.4 Basal area

The Basal Area (BA) was calculated using the formula:
BA=nxr?

Where:

= 3.142

r’= radius

3.7.5 Estimation of Above-ground Biomass for Trees (AGB)

The AGB was measured by calculating the Volume (m®) per tree multiplied by density
(kg per m®) of each tree (Schongart, 2003).

3.7.6 Estimation of belowground biomass of trees (BGB)
The BGB was estimated as 26% of the AGB of each tree following (Cairns et al., 1997)

hence, the equation:
BGB=0.26*ABG

Where
ABG =Above-ground biomass

BGB =Below-ground biomass

3.7.7 Calculation of Carbon Content for Trees

Since carbon concentration and specific wood density of tree species were not known
(Yeboah, 2011), the constant factor of 0.47 proposed by Lewis et al., (2009) was used to
convert total biomass to estimated carbon stock. Thus, the carbon content (C) for each

tree species was calculated as:
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C=0.47x Biomass

3.7.8 Carbon Sequestration Potentials (CSP) for Trees
Thus, weight of Carbon sequestered in a tree was calculated by multiplying the Carbon

content in a sample unit with 3.666. (Coto-millian et al., 2008)

3.8 Laboratory investigation

Soil and litter samples were collected and transported to the laboratory for assessment.
Analysis was carried out to determine Soil pH, Nitrogen, and Organic Carbon. Estimates
of the dry-weight of the leaf litter sample were estimated.

3.8.1 Determination of soil pH

Soil pH is the measure of the acidity and alkalinity to measure it, 10g of 2mm sieved soil
sample was weighed into a cup (extraction cup) and 10ml of distilled water was added.
The cup mixture was sieved with a stirring rod for five minutes. An electrode of pH meter
was put inside the agitated mixture and the pH was displayed on the digital read out of

the meter.

3.8.2 Determination of Ca, Mg, K, Na

To determine the Calcium, Magnesium Potassium and Sodium, 2g of the 2mm sieved soil
sample was weighed into an extraction cup and 20ml of Ammonium acetate was added,
this was agitated using stirring rod or placed on a mechanical shaker for 10 minutes. The
content was filtered using 9cm filter paper and the filtrate collected was read on Buck
scientific atomic absorption Spectrophotometer model 210/211 VGP to determine Ca,
Mg, K, and Na.

3.8.3 Determination of Mn, Fe, Cu, Zn

To determine the Manganese, Iron, Copper and Zinc, 2g of 2mm sieved soil was weighed
into an extraction cup and 20ml of 0.01N HCI was added and was agitated on a mechanical
stirrer for 10minutes and was filtered using 9cm filter paper. The filtrate collected was
read on the Buck scientific atomic absorption Spectrophotometer model 210/211 VGP to

determine Mn, Fe, Cu, and Zn.
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3.8.4 Determination of Nitrogen in Soil

To measure the quantity of N in the soil sample, 0.5g of the 0.5mm sieved soil was
weighed into a digestion tube, a selenium tablet and 5ml of concentrated H2SO4 was added
to the content. This was placed on a digestion block for hours between 50°C and 350°C
until it becomes colourless. The digest was made upto 50ml with distilled water and 5ml
of it was distilled with Sodium hydroxide (5ml) and 5ml of boric acid indication. A colour
change of greenish was observed and the distillate was collected at 50ml mark and thus
filtrated with 0.01N Hcl and there was a change in colour from green to pink (end point

colour) then the titration value was observed.

3.8.5 Determination of Nitrogen in Litter sample

The litter samples were oven dried and milled to powder form. 0.2g of the milled sample
was weighed into a digestion tube and 5ml of concentrated H.SO4 and One tablet of
selerium (catalyst) was added, the tube content was placed on digestion block at a
regulated temperature from 50° to 200°c for about two hours under a fume cupboard.
The digest turns colourless and was allowed to cool and made up to 50ml with distilled
water. 5ml of the 50ml digest was distilled with 5ml of Sodium Hydroxide solution and
5ml of boric acid indicator and there was change in colour to green. The content was then
titrated with 0.01N HCI and pinkish colour was obtained as an end point and the

measurements were taken.

3.8.6 Determination of organic carbon in both soil and litter

Soil organic Carbon (SOC) is the amount of carbon stored in the soil which is a component
of the Soil organic matter to determine the quantity, 0.5g of the 0.5mm sieved soil or 0.1g
of the litter was weighed into a conical flask (250ml) and 1.0ml of Potassium dichromate
and 20ml of concentrated H.SO4was added. This was allowed to cool and was made upto
100mI mark with distilled water. 1 or 2 drops of ferione indicator was added and this was
titrated with ferrous sulphate. There was a change in colour from pinkish to maroon brown

which indicated end point.
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3.9 Data Analysis

SPSS v.23 was utilized in analyzing all data obtained from the study. Given the small size
of each data set, they were subjected to Shapiro-Wilk’s test of normality. Appropriate
parametric or non-parametric descriptive statistics (i.e. mean or median and standard
deviation, standard error of the mean, 95% confidence interval or interquartile range) and

graphical illustrations were used to summarize the data.

Inferential statistics were then applied based on the data meeting the parametric criteria
or not, as determined by the Shapiro-Wilk’s test. The critical significance () level was
set at 0.05 with a decision rule to reject null hypothesis (Ho) if p < a. Howas not rejected

in cases where p > a.
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CHAPTER FOUR

RESULTS

4.1 Occurrence of Tree Species

A total of eight species belonging to eight families and eight genera were observed in the
study area (Table 4.1). The table also shows that all families are equally represented by
one species each. Similarly, no genera were represented by multiple species. Four of the
species observed in the study were found to be exotic (i.e species of plant that are growing
in a non-native environment) while the remaining four were found to be native species.
However, the International Union Conservation of Nature(IUCN) conservation status of
Vitellaria paradoxa was found to be threatened, while no record was found about the

conservation status of others.

4.2 Abundance of tree species

Gmelina arborea was found to be the most abundant species within the study area (PCQ
quadrant) with 31 individuals closely followed by Ficus exasperata with 7 individal
species while the least in abundance are Cocos nucifera, Vitellaria paradoxa and Carica
papaya. Gmelina arborea that occurred in almost all the sampled units had the highest
representation (Table 4.2) and is followed by Azadirachta indica with in the entire sample
unit. However, the least abundant are Ficus exasperata and Carica papaya showed the

least abundance as obtained from the study.
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Table 4-1: List of tree species occurring in the Federal Forest Reserve, llorin

IUCN conservation

Scientific name Local name (Yoruba) = Common name (English)  Family Origin
status

Gmelina arborea Roxb.  Igi melina Gmelina Lamiaceae Exotic NR
Azadirachta indica A Eke ayinbo Neem Meliaceae Exotic NR

Cocos nucifera L. IgiAgbon Coconut tree Arecaceae Native NR
Albizia lebbeck Benth Igbagbo Silk tree Fabaceae Exotic NR
Mangifera indica L. Igimangoro Mango Anacardiaceae Native NR
Vitellaria paradoxa G Igi Emi Shea butter Sapotaceae Exotic Threatened
Ficus exasperata Vahl Igi ipin Sandpaper Tree Moraceae Native NR

Carica papaya L Igilbepe Pawpaw Caricaceae Native NR

NR: No Record



Table 4-2: Abundance of trees species from PCQ sampling

Species n RD D i f Rf C RC v N
Gmelina arborea Roxb. 31 0.52 262.54 14 0.93 0.37 0.07 0.10 0.98 1399.09
Azadirachta indica 7 0.12 59.28 6 0.40 0.16 0.07 0.09 0.36 315.92
Cocos nucifera 5 0.08 42.34 4 0.27 0.11 0.11 0.15 0.34 225.66
Albizia lebbeck 5 0.08 42.34 5 0.33 0.13 0.19 0.26 0.47 225.66
Mangifera indica Linn. 4 0.07 33.88 2 0.13 0.05 0.07 0.10 0.22 180.53
Vitellaria paradoxa 4 0.07 33.88 3 0.20 0.08 0.16 0.22 0.37 180.53
Ficus exasperata Vahl 3 0.05 25.41 3 0.20 0.08 0.04 0.05 0.18 135.40
Carica papaya Linn 1 0.02 8.47 1 0.07 0.03 0.02 0.03 0.08 45.13
Total 60 1.00 508.14 2.53 1.00 0.74 1.00 2707.91
Key:

n = PCQ sample size

RD = Relative density

D = Density

j = No of points with species

f = Frequency
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Rf = Relative Frequency

a = Area covered from all Quadrants

C = Coverage

RC =Relative Coverage
IV = Importance Value

N = Number of individual



4.3 Diversity Indices

4.3.1 Shannon-Weiner index of diversity

The trees species found in the study are eight. From the table below, the proportion Pi was
obtained for individual trees while H measure (PiInP;). However, Shannon-Weiner H is

given as:

S
H' = —ZPi In Pi
i=1

and therefore obtained as -1.58509 = (1.58509) as shown in Table 4.3. For Shannon-

Weiner index of evenness which is J’=(H/InS) = 0.762267

4.3.2 Simpson’s index of Diversity
This diversity index is similar to Shannon-Weiner index, it used to measure diversity of

trees within vegetations. Simpson’s index measured as:
1 'S LA
D’=),;_, Pi

and is obtained as D=3.266810 for the trees. The component that yield the Simpson’s

index for the trees within the vegetation are shown in Table 4.4.
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Table 4-3:Shannon-Weiner Index of tree diversity in Federal Forest Reserve, llorin

Species No of individuals  Pi InPi PilnP;i
Gmelina arborea 31 0.516667 -0.66036 -0.34118
Azadirachta indica 7 0.116667 -2.14843 -0.25065
Albizia lebbeck 5 0.083333 -2.48491 -0.20708
Cocos nucifera 5 0.083333 -2.48491 -0.20708
Ficus exasperata 4 0.066667 -2.70805 -0.18054
Mangiferaindica 4 0.066667 -2.70805 -0.18054
Vitellaria paradoxa 3 0.05 -2.99573 -0.14979
Carica papaya 1 0.016667 -4.09434 -0.06824
-1.58509
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Table 4-4: Simpson’s Index of tree diversity in Federal Forest Reserve, llorin

Scientific name Pi Pi2
Gmelina arborea Roxb. 0.516667 0.266944
Azadirachta indica 0.116667 0.013611
Cocos nucifera 0.083333 0.006944
Albizia lebbeck 0.083333 0.006944
Mangifera indica Linn. 0.066667 0.004444
Vitellaria paradoxa 0.066667 0.004444
Ficus exasperata Vahl 0.05 0.0025
Carica papaya Linn 0.016667 0.000278
0.306109

Since Simpson’s Index D' = %; and D = Y P?

1
0.306109

Therefore, D' = = 3.266810
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4.4 Allometric properties of trees

4.4.1 Height of the tree

Based on allometric properties measured from the study area, the mean £ SE height of the
tree species are outlined in figure 4.2. Among the trees measured Azadirachta indica was
found to be the tallest trees within the area with an estimated mean height of about
27.10m%26.2m. The tree with the lowest average height was Carica papaya with an
average height of 4.47m according to the measurements within the study area. In between
these two, the other tree species exhibited the following order of average height of the

trees: C. nucifera> F. exasperata> V. paradoxa. > G. arborea> A. lebbeck>M. indica.

4.4.2 Diameter at breast height (DBH)

Based on allometric properties measured from the study area, the mean £ SE DBH of the
trees within the study area are outlined in figure 4.3. Among the trees measured Cocos
nucifera had the widest DBH with an average width of about 0.49m=0. 31m.The tree with
the lowest average DBH is Carica papaya with an average estimate height of 0.18m
according to the measurements within the study area. In between these two, the other tree
species exhibited the following order of average height of the trees: A. indica> A.

lebbeck> F. exasperata> G. arborea>A. indica> V. paradoxa.
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4.4.3 Above-ground biomass of tree species

Based on allometric properties measured from the study area, the mean £ SE AGB of the
tree are outlined in figure 4.4. Among the trees measured, Azadirachta indica had the
highest gross biomass within the area with an estimated weight of about
2709.73kg+3242.68kg. The tree with the lowest gross weight average is Carica papaya
with an average estimate gross weight of 79.01kg according to the measurements within
the study area. In between these two, the other tree species exhibited the following order
of gross biomass magnitude: C. nucifera> F. exasperata> M. indica> G. arborea> A.
lebbeck> V. paradoxa. While the allometric measurements on the dry weight of the trees
within the study area as outlined in figure 4.4 showed that, Azadirachta indica has the
highest dry biomass within the area with an estimated weight of about 1964.56kg *
2350.94kg. The tree with the lowest dry weight average is Carica papaya with an average
estimate dry weight of 57.28kg according to the measurements within the study area. In
between these two, the other tree species exhibited the following order of dry weight
biomass magnitude: C. nucifera> F. exasperata> M. indica> G. arborea> A. lebbeck>

V. paradoxa.
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4.4.4 Below-ground Biomass

Based on allometric properties measured from the study area and the calculation of
belowground biomass as outlined in figure 4.5, Azadirachta indica had the highest
biomass below ground within the area with an estimated weight of about 704.53kg+911.
60kg.The tree with the least biomass average is Carica papaya with an average estimate
gross weight of 30.70kg according to the measurements within the study area. In between
these two, the other tree species exhibited the following order of gross biomass
magnitude: C. nucifera> F. exasperata> M. indica> G. arborea> A. lebbeck> V.
paradoxa. While the allometric measurements on the dry weight of the trees within the

study area
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445 Total biomass

Based on allometric properties measured and calculation of AGB and BGB as shown in
figure 4.6, the total biomass of the area based on the species sampled had Gmelina arborea
highest biomass with about 1003321.66kg while the lowest is Carica papaya with a

biomass of 2616.00kg.
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4.5 Carbon content of the species

Based on allometric properties measured from the study area, the mean + SE carbon
content of the trees species are outlined in figure 4.8. Within the study area is estimated
at about 29424.37kg while the average carbon by the tree is estimated at 490.41kg. Among
the trees measured Azadirachta indica had the highest average carbon within the area with
an estimated carbon of about 1237.67kg+838.28kg. The tree with the lowest average
carbon is Carica papaya with an average carbon estimate of 36.08845kg according to the

measurements within the study area.

4.6 Carbon Sequestration potentials

Based on allometric properties measured from the study area, the total carbon
sequestration potentials of the trees within the study area as shown in figure 4.9 is
estimated at about 107869.75tonne/ha while the average carbon sequestered by the tree is
estimated at 1797.83ton/ha. Among the trees measured Azadirachta indica had the highest
average carbon sequestered within the area with an estimated carbon of about
4537.30tonne/ha+5429.70tonne/ha. The tree with the lowest average carbon is Carica
papaya with an average carbon sequestration potential estimate of 105.00 tonne/ha

according to the measurements within the study area.
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4.7 Physicochemical properties of soil

The results of the soil analysis showed that the percentage of sandy soil (90.9%) was
found to be the highest, with the silt (7.4%) and clay soil (1.7%) obtained in a smaller
quantity

The average compositions of organic carbon and nitrogen found in the soil sample were
1.9% and 0.2% respectively. The average compositions of soil nutrients found in the
sampled soil are calcium (8.44Cmol/kg), mangnesium (3.31Cmol/kg), potassium
(1.32Cmol/kg), sodium (1.16Cmol/kg), manganese (39.56Cmol/kg) and cupper
(1.00Cmol/kg). Others are zinc and iron found in high concentrations with an average of
100.35mg/kg and 2.95mg/kg respectively.

4.7.1 Parametric parameters

Findings from one-way ANOVA and LSD post-hoc analysis as outlined in Table 4.5
revealed that there’s is no significant difference in all the parameters examined except Ca
and Fe. The soil pH of the forest was found to decrease with increasing gradient. Thus,
proximal region was found to have the highest soil pH followed by intermediate and lastly,
the inner region. The intermediate region was found to have the highest soil acidity
followed by the inner region and lastly, the proximal region. Highest concentration of K
was found in the proximal region and inner regions with intermediate having the least
concentration. Mn concentration was found to decrease with increasing sloppiness from
proximal to inner regions. Cu concentration was higher in the inner and proximal regions,
with intermediate region having the least concentration. Significant difference was found
in Ca and Fe. Based on LSD post-hoc analysis, it was discovered that there was significant
difference between (intermediate and proximal) and there was significant difference
between (intermediate and inner) regions in Ca concentration. Similarly, in Fe

concentration there was significant difference between proximal and intermediate regions.

50



Table 4-5: Concentrations (Mean £ 95% CI) of physicochemical parameters in the three

regions of FFR

Regions

Parameters

Proximal Intermediate Inner
Ph 7.28+0.102 7.27 +0.09 2 7.20+0.16°
Acidity (mol/kg) 0.53+0.302 0.82+0.28 2 0.56 +0.16 2
Ca (mol/kg) 6.89 £ 0.352 11.33+2.960¢ 7.11+ 44724
K (mol/kg) 1.48+0.38°2 1.31+0.16 2 1.37+0.24°
Mn (mol/kg) 45.75 + 4.44 2 38.30+9.85%2 34.63 + 20.38 2
Cu (mol/kg) 1.04+0.40° 0.90 +0.25 2 1.06 +0.65 2
Fe (mg/kg) 91.63+ 1052 108.17 +11.0° 101.25 +13.07 &P

Values with different superscripts in each row are significantly different at p < 0.05 (one-
way ANOVA and LSD post-hoc)
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4.7.2 Non-Parametric parameters

One-way Kruskal-Wallis ANOVA as outlined in Table 4.6 indicated that there was
significant difference in all the parameters examined except for Zn where there was no
significant difference observed. The intermediate region was found to have the highest
concentration of P followed by inner region with the least being the proximal region. The
concentration of TN decreases with increasing gradient from proximal down to inner
regions. Proximal region was found to contain the least concentration of OC with inner
region having the highest followed by the immediate region. Clay had higher
concentration in intermediate, inner and proximal accordingly. The concentration of silt
in the study area increases with increasing sloppiness. Thus, proximal region has the least
concentration of silt while inner region has the highest concentration. On the contrary, the
concentration of sand decreases with increasing sloppiness with proximal region having
the highest concentration and inner region having the lowest concentration of sand.
Intermediate region had the highest concentration of Mg followed by inner region with
proximal region having the least concentration. There was no significant difference in

concentration of zinc across the three regions of the study area.
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Table 4-6: Concentrations (Median, IQR) of physicochemical parameters in the three

regions of FFR

Regions

Parameters

Proximal Intermediate Inner
P (Mg/kg) 9.78, 17.80 64.42, 2069 11.82, 35.98
TN 0.73,0.48 0.28, 0.30 0.27,0.34
oC 0.88, 0.98 2.27,0.72 2.52,4.4
Clay 1.0,0.3 2.2,0.8 15,16
Silt 3.7,1.7 3911 13.4,17.2
Sand 95.1,15 93.7,1.8 85.3, 15.7
Mg (Mol/kg) 1.53,0.43 3.84, 2.61 3.79, 2.97
Zn (Mg/kg) 2.48,2.23 1.71,0.92 4.83,5.41

p < 0.05 (one-way Kruskal-Wallis ANOVA)
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CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION

5.1 Discussion

Tropical humid conditions favor the existence of forests. Hence, tracts of savanna
ecosystems have the potential of developing into forests in the absence of disturbances
such as herbivory, fire and anthropogenic activities (Dantas et al., 2016; Ondei et al.,
2017). The finding of this study is consistent with this assertion having revealed that the
study area is a repository to many deciduous species native to the savanna ecosystem. The
estimated tree density of 508 stems hal is consistent with similar seasonal forests
(Baithalu et al., 2013) and even higher than the 387 stems ha* reported for Akure Forest
Reserve, a strict nature reserve within the tropical rainforest (Adekunle et al., 2013).
However, higher densities can be encountered in mangrove forests as evident in the 104

to 1,268 stems ha™* range reported by Sommeechai et al. (2018).

A key principle in designating a protected area is the potential of being a biodiversity
hotspot that can be a reserve comprising representatives of as many species of its
surrounding ecosystem as possible (Hunter and Gibbs, 2007). However, the eight tree
species encountered do not provide a full account of expected tree species as a number of
native species such as Parkia biglobosa that have been reported for proximal areas (Raji

and Babalola, 2018) were absent.

The diversity of tree species within the study area (Shannon-Weiner, H = 1.58509) is
higher than the mean of 1.19, but within the range of 0.30 — 2.11 reported by Nansen et

al. (2001) for a dry forest reserve in Southern Benin. However, it appears lower than the
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value of 4.51 obtained by Sahu et al. (2007) for a tropical deciduous forest in India. An
exotic species, Gmelina arborea, exhibited the highest dominance representing 51.6% of
the trees in agreement with the report of Onyekwelu and Fuwape (1998) about Oluwa
Forest Reserve. This may be related to the extensive establishment of plantations of this
fast-growing species across the Nigerian savanna and rainforest ecoregions over three
decades ago for the supply of pulpwood to pulp and paper mills (Adegbehin et al., 1988).
The second most dominant tree species (Azadirachta indica) is also exotic and has been
identified as an invasive species in the Nigerian National Biodiversity Strategy and Action
plan (FGN, 2006). This also brings to the question, the reserve’s true representativeness
of the native vegetation, with exotic species accounting for 50% of the tree species
encountered and also exhibiting a relatively higher dominance. The native species were
observed to be disadvantaged in the study area which can make the reserve to be degraded,
decrease in carbon capture and carbon sequestration. Rarity (species represented by < 2
stems ha-1) was recorded for the native species, Carica papaya. Another native species,
Vitellaria paradoxa is classified as a vulnerable species in the Red Data Book of the
International Union for the Conservation of Nature (Makerere University Institute of
Environment and Natural Resources, 1998). This may be due to the pressure on V.

paradoxa in Kwara State as source of timber and energy (AbdulRahaman et al., 2016).

The measurements of height and diameter at breast height of trees in Federal Forest
Reserve llorin, were in conformity with a similar study conducted by Shamaki et al.
(2016) in Nimbia Forest Reserve of Kaduna State within the Guinea Savanna ecoregion
as well as the account of Aigbe and Omokhua (2015) in Oban Forest Reserve. The above-

ground biomass of 29.42 tonnes ha in the study area is relatively lower than that reported
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by Timilsina et al. (2014) in a sub-tropical urban forest. The tree carbon sequestration
potential of 1.8 tons C ha is similarly lower than that reported by Timilsina et al. (2014).
This may be due to the presence of non-woody species such as Cocos nucifera and Carica

papaya in the study area.

Physical property of a soil plays an important role in soil fertility because the amount and
sizes of soil particles determine the porosity and bulk density which account for nutrients
retention or leaching of nutrients (Brady et al, 2008). The physical properties of soil in
the study area revealed that sand had the highest percentage (90%) composition followed
by clay particle with 7.4%. The high water holding capacity of clay makes it more stable
(1.7%) than other particles. It is that high stability that enables it to hold nutrient cations
for nutrient exchange in the soil for plant uptake. It implies that the higher the clay content
of a soil, the higher the cation exchange capacity and the higher the fertility of the soil.
These findings are consistent with the result obtained by Peichl et al. (2012) on soil water

and nutrient retention.

Soil nitrogen for the study area is 0.21%. This figure is in line with the 0.22% result
obtained by Olabode (1997) for soil analysis conducted in Oluwa forest reserve, Ondo.
The reason for this similarity is that both analyses were conducted in natural forest
reserves. Nitrogen accounts for up to 3% of all plant compounds. The key to reducing
nitrogen growing costs is to reduce nitrogen losses. The present nitrogen
recommendations in most growing situations are based upon experience and are usually
in excess of specific plant requirements. Nitrogen losses come about by reduced aeration

and higher compaction in soil. Nitrates can be lost by being converted to gaseous nitrogen
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by anaerobic soil microorganisms in soils. The losses from gasification will be more on
heavy soils than on light-textured soils. Leaching losses of nitrogen will be higher on light
soils. Excess amounts of nitrogen can destroy soil humus and tilt. When excessive
nitrogen is present in the soil, microorganisms will multiply by attacking the carbonaceous
humus that is more accessible than randomly distributed crop residue. By breaking down

humus for their carbon needs, soil microbes can deplete the humus reserve in soil.

Laboratory result showed that the average amount of phosphorous in the soil sample
which is 7.25 mg/kg of soil supported the result (7.52mg/kg) obtained by Oriola et al.
(2010) for a similar analysis conducted in llorin East Local Government Area of Kwara
State. Most synthetic phosphate fertilizers, when added to the soil, undergo a degree of
phosphate fixation with other soil elements. The degree of fixation depends upon the
chemical nature of the soil. High sodium levels reduce phosphorus availability.
Bioorganic phosphates are chelated in organic complexes and designed to favour
microbiological activity that converts phosphorus to a more available form for crop use,

thereby, preventing losses by fixation.

Plants contain an average of about 3% potassium as a part of plant tissue. Potassium is
essential in the translocation of vital sugars in plant structures, strengthening plant stalks.
Conventional fertilizers such as muriate of potash or potassium chloride are salts and
contain chloride just as table salt (sodium chloride) does. Plants use potassium as the
element K* ion and its availability depends upon its position within the soil and
relationship to clay, humus and soil water. A clay particle is a strong magnet in

comparison to sand, silt and humus. Clay soils hold potassium very tightly and resist
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leaching. This characteristic makes it more difficult to recover potassium from clay soils.
Soil aeration and healthy, balanced aerobic microbial activity are essential for making
potassium available to plant. Soil of the area in this study had 1.31 Cmol/kg potassium.
This value falls within the range (0.26 — 1.53Cmol kg ) concentration range obtained by

Ajiboye et al. (2015) for a similar research work conducted in Abeokuta.

Soil calcium level in the study area is 8.44 Cmol/kg. Calcium is often called the prince of
nutrients because the soil colloid has to have a great saturation of calcium for plant uptake.
It accounts for about 2% of plant tissue. Calcium is used to make calcium pectate, a sturdy
building material component of cell walls. Calcium deficiency causes stunted roots and
stress symptoms in new leaves and discoloration and distortion of plant growth. It may be
the single most important soil and plant element. However, Eli and Agusomu (2015)
reported a significant negative correlation between calcium and gum yield in soil of the
northern guinea savanna of Nigeria. The concentration of calcium obtained is not
consistent with 3.68Cmol/kg obtained by Eli and Agusomu (2015) for a similar study
carried out in Otuoke. This inconsistency of result is due to the fact that Eli and Agusomu
conducted their study where there were constant human activities such as farming and

construction activities as well as possible climatic change.

Result indicated that the average percentage of organic carbon content of the sampled soil
in the study area is 1.99. Soil organic carbon is directly related to soil fertility. This implies
that the more the organic carbon contents of a soil, the more the nitrogen content of the
soil, and the more fertile the soil will be. Plant growth, vigour and yield are dependent

upon the availability of a number of essential nutrients.
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5.2 Conclusion

The study of biomass and carbon sequestration of woody vegetation within Federal Forest
Reserve, llorin concludes that the forest reserve has diverse tree species loosely
distributed by their respective distance and therefore occur at widely spaced intervals. The
study area is also found to be rich in various tree species. It is concluded that Gmelina
arborea had the highest species occurrence making it the most ecologically important
tree. Azadrachta indica was found to have the highest dry and moist biomass, carbon
content and carbon sequestration potentials based on allometric properties measured

among the tree species identified in the study area.

Furthermore, soil analysis conducted confirmed that the forest reserve is rich in soil
mineral nutrients, this could be attributed to the high humus content from the decayed
leaves and dead trees. Additionally, Manganese as an essential element in plant mineral
nutrient, plays a key role in several physiological processes was found to be the highest
mineral nutrient contained in the soil while calcium that plays a very important role in
plant growth, nutrition, cell wall deposition, maintaining chemical balance in the soil,
reduction of soil salinity and water penetration improvement was found to be on the high

side, supporting the growth of trees in the forest reserve.

The study area was found to provide nutrient and habitat to organisms living in the soil;
it also binds soil particles into aggregates and improves water holding capacity. This is
however due to richness of the soil in organic carbon as obtained from the soil laboratory

analysis. The high soil nitrogen content present in the forest reserve supports the
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development of proteins building block, nucleic acids and other cellular constituents
which are essential for all forms of life revealed that the soil and therefore, healthy growth

of trees.

5.3 Recommendation

To maintain ecological integrity and maintain natural vegetation, anthropogenic activities
such as logging, grazing and encroachment should be prevented in government restricted
areas. There is need for reforestation with native species in the Reserve and the planting
of V. Paradoxa for preservation and conservation of the species as it was found to be

going into extinction.

This research as baseline study has opened up for further research, hence the following is

recommended on the identified species which are growth and age of the species.

Future researchers should also employ other models and methods of determining
allometric properties, carbon sequestration, above and below ground biomass of trees in

the forest reserve for the purpose of comparison.
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Appendix

Appendix 1: letter of introduction to access Federal Forest Reserve, llorin.
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ATE UNIVERSITY,
Mg,’ érA;* L!Eﬂl@ ADDBREIS:;O it

The University for Community Development ke, Nige e

KWASU

www. kwasu.edu.ng

Date: 01 November 2017

Ref: SR/1627MPEB001/01

The Director
Federal Department of
lorin

Kwara State

Dear Sir/Madam

Introducing Postgraduate Student: Yusuf :RABIU

| write to confirm to you that the aforementioned is a postgraduate student with matriculation ‘number
16/27/MPEBOO1 on the MSc Plant and Environmental Biology programme of the:School of Allied Health and
Environmental Sciences (SAHES) in the College of Pure and Applied Sciences, KWASU.

Mr Rabiu is prospecting to undertake his research project on the Biomass and Carbon Sequestration

Potential of an Urban Conservation Area with a focus on'your site around Sabo Oke in llorin.

Ef This project aims to document a baseline condition of this urban ecosystem with a view to determine its role

,’; in mitigating climate change in llorin. It would, therefore,; require him to gain access the site for a six-manth
period from 13 November 2017 in order to conduct some field investigations including floristic survey and

other tree ailocmetric measurements.

He is consequently seeking your consent, through thissmedium, for access to the site and to other resources

within your Department that would make this research a success.

Kinely render him all necessary assistance.

Thank you in anticipation of your cooperation and please accept assurance of my wirim [IGITGINE
Yours faithfully, ”
¥ ) =

Abiola O. ILESANM! Pho
Ag. Head, Plant and Environmental Biology Linjit
abiola.ilesanmi@kwasu.edu.ng
0703 227 2243
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