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Abstract 
This study analyses the carbon sequestration potentials of tree species using Agba Forest Reserve, 
Ilorin, Kwara State as a case study. This study was carried out to assess the contribution of Agba 
Forest Reserve (Flower garden) to carbon sink. Tree growth data were collected from 15, 20m X 
20m plots located in the forest reserve using the systematic sampling technique. Biomass and 
carbon stock using Biomass equation and wood densities was computed for the forest types. The 
result revealed the amount of biomass and carbon that the area can sequester. The total biomass 
and carbon stock are 34,907.74kg/ha and 17453.91kg/ha for the Forest Reserve.  
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Introduction 
Currently, Global warming is more certain and alarming than ever. Most of the observed 
increase in global average temperatures is due to the observed steady increase of Carbon 
dioxide (CO2) in our atmosphere, i.e. from 280 parts per million (ppm) in 1850 up to 394 
ppm in 2012 (National Oceanic and Atmospheric Administration, NOAA, 2012). At the 
16th Conference of the Parties held in 2010, parties to the United Nation Framework 
Convention on Climate Change (UNFCCC) agreed that future global warming should be 
limited below 2°C relative to the pre-industrial temperature level (UNFCCC, 2011). 
Forest cover more than one third of the world’s land area and constitute the major 
terrestrial carbon pool (Roberntz and Sune, 1999). The amount of carbon sequestered and 
stored in forest varies greatly based on a large number of factors, including the type of 
forest, its net primary production, the age of the forest, and its overall composition 
(Millard, 2007). Carbon storage in forest ecosystems involves numerous components 
including biomass carbon and soil carbon. As more photosynthesis occurs, more CO2 is 
converted into biomass, reducing carbon in the atmosphere and sequestering it in plant 
tissue above and below ground (Gorte, 2009; Intergovernmental Panel on Climate 
Change IPCC, 2003), resulting in growth of different parts (Chavan and Rasal, 2010). 
Biomass production in different forms plays important role in carbon sequestration in 
trees (Chavan and Rasal, 2012). Above and Below Ground Biomass, Dead Wood, Litters, 
and Soil Organic Matter are the major carbon pools in any ecosystem (FAO, 2005; IPCC, 
2003; IPCC, 2006). 
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Most terrestrial carbon storage is in tree trunks, branches, foliage, and roots which is 
often called biomass. Terrestrial vegetation and soil represents important sources and 
sinks of atmospheric carbon (Watson et al., 2000), with land use change accounting for 
24% of net annual anthropogenic emission of Green House Gases (GHGs) to the 
atmosphere (Prentice et al., 2001). Trees act as a sink for CO2 by fixing carbon during 
photosynthesis and storing excess carbon as biomass. Trees are carbon reservoir on earth. 
In nature, forest ecosystem act as a reservoir of carbon. They store huge quantities of 
carbon and regulate the carbon cycle by exchange of CO2 from the atmosphere. Forest 
ecosystem is one of the most important carbon sinks of the terrestrial ecosystem. Plant 
takes in the carbon dioxide by the process of photosynthesis and stores the carbon in the 
plant tissues. Forest ecosystem plays important role in the global carbon cycle by 
sequestering a substantial amount of carbon dioxide from the atmosphere (Vashum and 
Jay Kumar, 2012). Carbon sequestration is a mechanism for the removal of carbon from 
the atmosphere by storing it in the biosphere (Chavan and Rasal, 2012).  In the global 
carbon cycle, biomass is an important building block, significantly, carbon sequestration 
is used to help quantify pools and changes of Green House Gases from the terrestrial 
biosphere to the atmosphere associated with land-use and land cover changes. As more 
photosynthesis occurs, more CO2 is converted into biomass, reducing carbon in the 
atmosphere and sequestering it in plant tissue above and below ground (Gorte, 2009; 
IPCC, 2003), resulting in growth of different parts (Chavan and Rasal, 2010).  
 
Study Area 
This study was carried out in Agba forest Reserve popularly called Flower Garden 
located in Ilorin the capital of Kwara State. The Forest Reserve is located along Post 
Office- Tanke road, it shares boundary with the Federal Forest Reserve and Government 
Residential Area. The reserve is under the management of the State Forestry Department, 
Kwara State, Nigeria. 
 
The forest reserve is located in the Southern Guinea Savanna zone of Nigeria. It is 
located on Latitude 8o 30’N and Longitude 5o 00’E, elevation of 1054 feet and an altitude 
of 2652 feet. It is located within the Southern Guinea Savanna climatic and vegetation 
zone of West Africa with a mean annual rainfall of about 1175mm with a wet season 
from April to October and peak rainfall in September. During the dry season, a dust laden 
north-easterly wind, the Harmattern blows from December to February, and the relative 
humidity at 15 hours Greenwich Meridian Time (GMT) is highest in the maxima months 
of July and September and lowest in February at about 81% and 44% respectively. 
 
Presently, due to increase in demand of land for building as a result of increase in the 
population in the state, the forest has been deforested and converted to residential area 
leaving about 3.16 hectares of land covered by the reserve. The whole area slopes gently 
to a small stream that took its source beneath a small hill in the reserve  
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Fig. 1 Map of Kwara State 

 
 
Fig. 2. Map of Agba Forest 
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Materials and Methods 
The sampling technique adopted was Systematic sampling which was done by laying a 
grid over the map of the forest reserve sampled. The map was gridded into 20 ×20m plot 
from which, numbers were generated and assigned to each plot. Using 19% sampling 
intensity, fifteen (15) plots were randomly selected and sampled. These plots were 
marked out on the field using a compass to determine their co-ordinate on the map then 
marking it out on the field with ranging poles. Square shaped sample plot was adopted 
because they are easy to use, they reduce edge effects in the samples and counting errors 
during inventory of border trees are minimized. The co-ordinate of the plots sampled was 
determined with the aid of compass and then marked out using ranging poles. In each 
plot, all living trees with Diameter at Breast Height DBH ≥10cm were identified and 
measured. Data such as: the tree name, diameter at breast height of the trees and shrubs, 
bole height, tree height, and frequency of trees on the sample plots were obtained and 
recorded in the field note. 
 
Computation Analysis 
1. Biomass and Carbon Stock Estimation  
Carbon sequestration potential can be estimated via 2 methods to determine the rate of 
carbon sequestration in trees. These include: 
 

i. Destructive method 
ii. Non- destructive method 

 
2. Data analysis in Non-destructive method include 
 Diameter = DBH/π 

Π = 3.14 
 Biomass was calculated using Allometric Analysis  
 

Total bio-volume (TBV) = diameter × tree height to factor 0.4 
TBV= 0.4 × D2 × H ………………………………….. (1) 
Above Ground biomass = wood density × TBV ……. (2) 
Below Ground Biomass = AGB × 0.26 ……………... (3) 
Total Biomass (TB) = ABG + BGB ………………..... (4) 
Carbon Storage = Biomass × 50% or  
Biomass/2 …………………………………………..… (5) 
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Table 1: List of Tree Species encountered, Abundance and Families in the Agba 
Forest Reserve (Flower Garden) 
S/N Species Name Common Name Family  Frequency  
1 Azardirachta indica Neem Meliaceae  9 

2 Albezia lebbeck Lebbeck tree Fabaceae  24 
3 Blighia sapida Ackee apple Sapindacaeae  1 
4 Delonix regia Flamboyant Fabaceae  9 
5 Elaeis guineensis Oil Palm Palmae  16 
6 Eucalyptus 

camaldulensis 
Eucalyptus Myrtaceae  14 

7 Ficus exasperate Sandpaper tree Moraceae  1 
8 Gmelina arborea Gmelina Lamiaceae  79 

9 Haematostaphis barteri  Anacardiaceae  2 

10  Hura crepitans Possumwood Euphorbiaceae 
 

 2 

11 Irvingia gabonensis bush mango Irvingiaceae  1 
12 Khaya senegalensis Dry wood mahogany Meliaceae  9 

13 Mangifera indica Mango Anacardiaceae  3 
14 Pinus caribaea Hard Pine Pinaceae.  13 
15 Tectona grandis Teak Lamiaceae 

 
 2 

16 Terminalia catappa Almond Combretaceae  1 
 Total     186 
 
Table 2: Tree Species Richness and Diversity Indices in Agba Forest Reserve 
S/N Species Name Relative 

Density (%) 
Relative 
Dominance 
(%) 

Shannon 
weinner 
(Pi×InPi) 

Simpson 
D 

Species 
Evenness 

1 Azardirachta 
indica 

4.84 4.0400 0.1466 0.0023 0.0281 

2 Albizia lebbeck 12.90 7.7960 0.2642 0.0166 0.0506 
3 Blighia sapida 0.538 0.0249 0.0282 0.00003 0.0054 
4 Delonix regia 4.84 6.4005 0.1799 0.0012 0.0344 
5 Elaeis 

guineensis 
8.60 8.8187 0.2110 0.0074 0.0404 

6 Eucalyptus 
camaldulensis 

7.53 5.7139 0.1947 0.0057 0.0373 

7 Ficus 
exasperate 

0.538 0.2529 0.0282 0.00003 0.0054 

8 Gmelina 42.47 51.1127 0.3637 0.1804 0.0696 
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arborea 
9 Haematostaphis 

barteri 
1.08 2.0746 0.0489 0.0001 0.0094 

10 Hura crepitans 1.08 0.5109 0.0489 0.0001 0.0094 
11 Irvingia 

gabonensis 
0.538 0.0799 0.0282 0.00003 0.0054 

12 Khaya 
senegalensis 

4.84 4.3483 0.1466 0.0023 0.0281 

13 Mangifera 
indica 

1.612 2.1532 0.0665 0.0003 0.0127 

14 Pinus caribaea 6.99 3.7827 0.1860 0.0049 0.0356 
15 Tectona grandis 1.08 1.9264 0.0489 0.0001 0.0094 
16 Terminalia 

catappa 
0.538 0.6424 0.0282 0.00003 0.0054 

 Total 100.014 99.678 2.0187 0.22152 0.3866 
 
Table 3: Carbon Sequestration Potential using Allometric Equation 
Species Name Wood Density (g/cm3) Biomass (g/ha) Carbon Stock (g/ha) 
Azardirachta indica 0.69 1585.38 792.69 
Albizia lebbeck 0.66 1223.37 611.69 
Blighia sapida 0.74 51.31 25.66 
Delonix regia 0.51 2312.28 1156.14 
Elaeis guineensis 0.64 2030.87 1015.44 
Eucalyptus camaldulensis 0.65 1856.02 928.01 
Ficus exasperate 0.39 448.70 224.35 
Gmelina arborea 0.45 1951.89 975.95 
Haematostaphis barteri 0.54 3936.73 1968.37 
Hura crepitan 0.38 454.24 227.12 

Irvingia gabonensis 0.71 369.22 184.61 
Khaya senegalensis 0.60 2052.41 1026.21 
Mangifera indica 0.59 2961.57 1480.79 
Pinus caribaea 0.48 1454.86 727.43 
Tectona grandis 0.55 8528.34 4264.17 
Terminalia catappa 0.52 3690.55 1845.28 

Total  34907.74 17453.91 

Sources of wood density: worldagroforestry.org/wd 
 
Discussion and Result 
Biodiversity Indices: From Table 2, the results show that the Relative density (RD) in 
the Forest Reserve varied from 0.538-42.47%. Species with high relative density are: 
Gmelina arborea, Albizia lebbeck, Elaeis guineensis, Eucalyptus camaldulensis, and 
Pinus caribaea. Relative dominance ranged from 0.0249-51.1127%. Gmelina arborea 
has the highest relative dominance followed by, Elaeis guineensis, while the Shannon-
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weinner diversity index (H') and Simpson’s index (D) obtained for this forest reserve are 
2.0187 and 0.22152 respectively. 
 
Nigerian natural forest ecosystem has been under uncontrolled logging and other illegal 
activities over the years. This has led to the loss of biodiversity, reduction in forest area 
and increasing global temperature (global warming), Given the high rates of deforestation 
and subsequent depletion of the ozone layer, there are increasing calls to reforest 
degraded forests. The current practice in Nigeria, whereby degraded forests are clear-
felled and converted into monoculture or forest plantations of fast growing exotic species, 
usually result in loss of biodiversity. The restoration of biodiversity in degraded tropical 
forests is a challenge to forest managers and conservationists today in developing 
countries (Adekunle, 2006). Both the Shannon and Simpson (D) indices indicate high 
diversity in the Forest Reserve. According to Hengaveld (1996) species diversity is an 
important attribute of a natural plant community that influences the functioning of an 
ecosystem. Ecosystem functioning according to De Groot et. al., (2000) is the capacity of 
natural processes and components to provide goods and services that satisfy human 
needs, directly or indirectly. This simply implies that the higher the biodiversity the more 
efficient the functioning of the ecosystem. The amount of biomass obtained using 
allometric analysis for the Forest Reserve was partially high. The total above-ground life 
biomass obtained using densities of trees was comparatively high in the Forest Reserve 
(34.90774kg/ha). The higher biomass estimated when tree densities obtained from 
literature were use could be due to the fact that these density values only refer to the 
density of their heartwood, as this is of most interest to timber industries and is where 
most wood samples are taken (Philip, 1997). Most of the sapwoods are lost when logs are 
squared in preparation for sawing into lumber. In making biomass estimates for 
greenhouse gases emission, the density of the sapwood is also important. Unlike many 
temperate zone trees, the sapwood of tropical trees is, on the average, lighter than the 
heartwood. 
 
The results of radial variation in eight tree species by Amorin (1991) revealed that the 
lowest densities are obtained from samples that are nearest to the bark of the tree 
samples. Variation in density along the length of trunks is also a potential source of bias 
in biomass estimation, as most density samples come from only one point along the 
length of the trunk (normally the Dbh level). Data from a study that involved twelve (12) 
trees species (Higuchi and De Carvalho, 1994) indicate higher basic density at Dbh than 
at the top of the commercial bole (just below the first branch in all cases), with the 
average basic density being 9.7% lower. Considering the measurement made at the 
midpoint of the commercial bole, the average basic density is 7.1% lower than the 
average measured at Dbh level. Hence, biomass determination based on tree density may 
therefore overestimate this amount. 
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Conclusion 
The results of this study have shown the potential of in-situ method for biodiversity 
conservation, tree growth and yield and high carbon sink. The results have also revealed 
that degraded forests could be restored into their original condition through afforestation, 
reforestation and enrichment planting. This is shown by the higher number of families 
and species, species density, species diversity, evenness and more carbon sequestration 
potential. This study investigated the diversity and bio-volume of tree species (≥10 cm 
DBh) in Agba Forest Reserve (now Flower garden) of Kwara State to provide baseline 
information to its use for raising flower. The ability of the tree species to sequester 
carbon and store it as organic carbon even after the death and decomposition should now 
be harnessed as this will go a long way to reduce the depletion of ozone layer and 
subsequently lessen global warming and its adverse effects.  
 
Recommendation 
Instead of the deforestation that is been practices in this country, Federal Government 
should encourage afforestation and reforestation practice. Embargo should be placed on 
felling of trees. This will enable the judicious utilization of sawn logs, discouraging 
wastage of sawn timbers and thereby encourages diversification of resources, make use 
of other materials.  
 
Research on how to convert waste particles from wood such as sawdust, offcuts, etc 
should be carried out in other to reduce the rate at which trees are been felled. 
 
In regeneration activity, planting of exotic tree species should be reduced while 
indigenous trees should be encouraged since indigenous trees sequester larger percentage 
of carbon than exotic species  
 
When establishing a monoculture plantation, the land to be used for the planting are 
usually cleared and burnt without considering sapplings any indigenous economic trees 
growing in such area, such practice should be stopped, economic trees on any plot of land 
on which plantation is to be established should be allowed to survive on the land.  
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