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ABSTRACT 
 

The present investigation was conducted to estimate carbon storage and sequestration by tropical 

urban trees in Benin City, Edo State, Nigeria. The non-destructive approach was adopted for the 

study with 65 trees out of 13 species randomly selected from Black Afara (Terminalia invorensis), 

Aridan (Tetrapleura tetraptera), Orange (Citrius sinensis), Ashoka (Polyathia longifolia), Teak 

(Tectona grandis), Oocarpa pine (Pinus oocarpa), Umbrella tree (Terminalia mantaly), Flame of 

the forest (Delonix regia), Opepe (Naucloa diderrichii), Dogoyaro (Azadirachta indica), Weeping 

fig (Ficus benjamina), Omo (Cordia melleni) and African Oil Bean (Pentacleethra macrophylla). 

Diameter at breast height, tree height and wood density were used as predicator variables to 

estimate total biomass, carbon storage and sequestration. The results revealed that estimations for 

total biomass were 797.23 kg while total carbon storage and total carbon dioxide sequestration 

were 398.67 kg and 1462.76 kg respectively. Out of the recorded 797.23 kg total biomass, above 

ground biomass was 632.76 kg while below ground biomass was 164.47 kg. The findings showed 

that Terminalia mantaly, Delonix regia and Cordia melleni had better carbon storage and 

sequestration capabilities. Our study recommended the cultivation of Terminalia mantaly, Delonix 

regia and Cordia melleni species in Benin City as a strategy for mitigating climate change effects 

and supporting environmental services. The findings of this investigation can offer significant data 

for urban forestry plans targeted at selecting suitable blend of tropical trees with superior carbon 

storage and sequestration performances. 

 

Keywords: Carbon storage, Climate change, Diameter at breast height, Greenhouse gases,             

Tree height, Urban forestry 

 
1.0. Introduction 

 

One of the burning issues in contemporary time is the problem of change in climatic conditions and 

the damaging role greenhouse gases play in the fluctuating temperatures (Vishnu and Patil, 2016). 

The constantly increasing temperatures at global level will result to different impacts comprising of 

upsurge in atmospheric gaseous form of water, dissimilar losses from forests, modification in 

vegetation and its composition, amplified ocean acidification, life-threatening flooding, increase in 

weather events and altering of ecosystems that will possibly modify biological diversity (King, 2005). 

Metropolises are accountable for more than 80 % of global greenhouse gas emissions (Hoornweg et 

al., 2011) and this climaxes the role of urban areas for carbon dioxide (CO2) emissions. United 

Nations (UN) (2015) stated that more than half of the world’s populace currently resides in urban 

areas, in addition, this number will continue to surge at a proportion of 4% a decade by 2050. As 

municipal milieus become more central as dwelling spaces for humans, they are an amassing source 

of carbon emissions. Therefore, besides climate change, soaring urbanization have expanded our need 

to make cities more sustainable. Urban trees are often advocated as a means to that end (Erker and 

Townsend, 2019). 
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The capturing of carbon from the atmosphere and cumulatively storing it within diverse components 

of the ecosystem is referred to as carbon sequestration and urban trees in vegetative spaces can in 

detail sequester and store large amounts of carbon (Nowak and Crane, 2002). The estimation of 

carbon sequestration is hinged on the type of tree species and its growth physiognomies (Lawrence et 

al., 2012). Carbon sequestration mitigation ability of urban trees can be considered a regulating 

ecosystem service by reducing the unwanted greenhouse gases in the atmosphere through capturing 

these gases and storing them (Nunes et al., 2019). Carbon capture and storage could help lessen global 

greenhouse gas emissions by 14 % by 2050, which totals 120 billion tons of captured and stored CO2 

between 2015 and 2050 (International Energy Agency, 2019). Tropical trees are specifically adapted 

to live in hot, wet climates or environments where it can be very dry and they are the unvalued heroes 

of our urban area whose roles cannot be over highlighted. 

 

Urban trees are strategic components of the green substructure envisioned to make our growing cities 

more ecological in this period of climate change (Erker and Townsend, 2019). Estimation of carbon 

storage by tropical trees in municipal environments would be beneficial for evaluating environmental 

and economic benefits of the ecosystems. Urban trees influence local climate, carbon cycles, energy 

use and climate change but are repeatedly overlooked since their ecosystem services are not well 

understood or quantified (Nowak et al., 2013). Aboveground biomass (AGB) plays a significant role 

in the study of the climate change in the global terrestrial biota. Ekoungoulou et al. (2018) reported 

that as atmospheric CO2 concentrate and its consequence on global climate change continues to 

increase; quantification of aboveground biomass (AGB) of tree ecosystems is needed to provide 

information on the carbon budgets. The estimation of carbon stored in trees may offer noteworthy 

evidence on carbon flux owing to water circulation, which may eventually permit assessment of the 

carbon cycle (Pinzón et al., 2020). The attention of scientific community, practitioners and 

policymakers has shifted to low carbon development (LCD).  Low carbon development involves 

expending less energy, endorsing low or zero carbon technologies, initiating policies which deject 

carbon intensive practices and encouraging carbon sinks (DFID, 2009). The Kyoto Protocol 

established during the United Nations Framework Convention on Climate Change (UNFCCC) in 

1997, highlighted the necessity for a quantitative understanding of carbon storage and sequestration 

(Pinzón et al., 2020). 

  

Trees are critical constituents of almost all ecosystems on earth both due to biomass and diversity 

(Meineke et al., 2016). In tropical municipalities, estimating carbon storage and sequestration by 

urban trees is yet to take its focal place in ecological researches (Velasco et al., 2016). Few 

investigators have carried out studies on urban trees particularly in Benin City, Edo State, Nigeria. 

Ogwu et al. (2016) investigated diversity and abundance of tree species in the University of Benin, 

Benin City, Nigeria; Ogwu et al. (2016) examined tree flora and their environmental services to man: 

a case study of University of Benin; Arabomen et al. (2020) studied understanding public willingness 

to participate in local conservation initiatives of urban trees in Benin City, Nigeria; Onwuanyi (2021) 

assessed deficiency of street trees in Benin City: a survey of residents’ perceptions; Arabomen et al. 

(2021) investigated willingness-to-pay for environmental services provided by trees in core and fringe 

areas of Benin City, Nigeria; Arabomen et al. (2021) studied residents’ attitudes towards tree care 

programs in cityscapes. The evidences from these prior investigations suggest that none undertook the 

estimation of carbon storage and sequestration by urban trees in Benin City. The dearth of empirical 

studies on quantification of carbon storage and sequestration by tropical trees in Benin City 

undervalues the focal place and understanding of their biogeographical and climatological utility. 

Velasco et al. (2016) reported that many city governments have embraced policies supporting tree-

planting, the conservation of urban green spaces, and more lately green architecture (i.e. green roofs 

and facades). The findings of this research will aid to formulate environmental conservation policies 

targeted at mitigating and offsetting carbon dioxide emissions which will help tropical cities become 

carbon neutral. 

  

In filling this gap in knowledge, this study builds on data from direct field measurement of tree 

parameters (diameter at breast height and tree height) to estimate carbon storage and sequestration by 

tropical urban trees in Benin City, Edo State, Nigeria. The main objectives of the research are to (1) 

quantify total biomass (above ground biomass and below ground biomass) of investigated tree 
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species, (2) evaluate carbon storage by the examined urban trees, (3) estimate carbon dioxide 

sequestration by the sampled municipal trees and (4) identify tree species that have better carbon 

storage and sequestration capacities in the study area. 

 

2.0. Methodology 

 

2.1. Study area 

This research was undertaken in the University of Benin Ugbowo main campus. The study area has a 

land area of 361 hectares (Ogwu et al., 2016) and lies within Latitudes 6° 24' 20'' to 6° 23' 40'' N and 

Longitudes 5° 36' 40'' to 5° 37' 40'' E (Figure 1). It is located in Benin City which has a humid tropical 

climate. The soils comprise of over 90% sandstone with shale intercalations, coarsely grained, 

gravelly, and locally fine grained (Idehai and Egai, 2014). The natural vegetation is related to that of 

tropical rainforest but had changed from forest to secondary forest and other agricultural land uses due 

to anthropogenic modifications over an extended period of time (Dania-Ogbe et al., 1992). Presently, 

there abound different tree species spatially located in the study area, indicating the rich vegetative 

biodiversity of University of Benin. Most of the water bodies on the campus drain into Ikpoba River. 

These drifts across the campus at the North axis into the Ikpoba river located about 3 Km away from 

the University. 

 

 
Figure 1: University of Benin showing tree species sampling sites 

 

2.2. Reconnaissance survey and sampling technique 

A reconnaissance survey was carried out in different locations within Benin City to ascertain the most 

suitable study area for this investigation. University of Benin, Ugbowo Campus located in an 

urbanized part of Benin City, Edo State, Nigeria was selected for the research because of the presence 

of varied tropical tree species. Over the study area, following a simple random sampling technique, 

Black Afara (Terminalia invorensis), Aridan (Tetrapleura tetraptera), Orange (Citrius sinensis), 

Ashoka (Polyathia longifolia), Teak (Tectona grandis), Oocarpa pine (Pinus oocarpa), Umbrella tree 

(Terminalia mantaly), Flame of the forest (Delonix regia), Opepe (Naucloa diderrichii), Dogoyaro 

(Azadirachta indica), Weeping fig (Ficus benjamina), Omo (Cordia melleni)  and African Oil Bean 

(Pentacleethra macrophylla) (13 species) were chosen from 13 sampling sites. From each of the 
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sampling site, 5 tree species were randomly selected for measurement of diameter at breast height and 

height of tree. In total, 65 trees were sampled for examination for the research. Belete et al. (2019) 

reported that the number of the studied trees is usual for biomass studies due to the extensive, time-

consuming and costly work required, particularly for mixt scenery. Also, the choice of the sampled 

tree species was because they were the dominant ones in the study area and each of the sampling sites 

had only one type of tree species. All the trees were effectively identified in situ and to find out the 

type of tree species, each tree sample was scrutinized meticulously. 
 

2.3. Types of data 

 The primary and secondary data were used in order to gather vital information to achieve the 

objectives of this research. Primary data were obtained through direct field measurements of the 

varied tree species parameters in the different sampling sites within the study area while the secondary 

data were collected from various materials like published and unpublished resources, reports and 

electronic websites. 
 

2.4. Data collection and analysis 

2.4.1. Measurement of tree height and diameter at breast height (DBH) 

The study adopted the non-destructive method to estimate the biomass of the different tree species. 

Non-destructive sampling is used where diameter at breast height (DBH), local wood density (ρ), and 

tree height (H) are the estimator variables for aboveground biomass (Belete et al., 2019). Total height 

is the vertical distance from the level of the adjacent soil up to the highest point where the canopy of 

the tree is projected (Pinzón et al., 2020). Due to the unavailability of Haga Hypsometer, the height of 

the trees was estimated with the aid of a 10 m pole (Oliveira-Filho et al., 1994). In measuring the 

height of the tree, the 10 m pole was positioned on the base of the particular tree very close to its 

stem. To aid proper assessment in the measurement of the tree height, the 10m pole was marked at 

intervals of 1m each (Orobator, 2019). Diameter at breast height (DBH) was evaluated by measuring 

the tree Girth at Breast Height (GBH).  DBH was taken at the main trunk at a height of 1.30 m from 

the level of the adjacent soil or base of the tree. 

 

2.4.2. Above ground biomass (AGB) of trees 

Gupta and Sharma (2014) stated that the above ground biomass (AGB) of tree includes the whole 

shoot, branches, leaves, flowers and fruits. For a small vegetation stand, the AGB calculation is more 

precise when based on actual field measurements (Li et al., 2020). Above ground biomass (AGB) was 

calculated using the following formula. 
 

𝐴𝐺𝐵 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡𝑟𝑒𝑒 × 𝑤𝑜𝑜𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (1) 

𝑉 = 𝜋𝑟2𝐻 (2) 
 

where; 

V volume of the cylindrical shaped tree in m
3 

r radius of the tree in meter 

H Height of the tree in meter 

 

Radius of the tree is calculated from GBH of tree. The values for each species’ wood specific density 

(gravity) were accessed from Chave et al. (2003). The standard average density of 0.6 gm/cm was 

applied where the density value was not accessible for tree species. 

 

2.4.3. Estimating below ground biomass (BGB) 

The equation to estimate belowground biomass (BGB) by Cairns et al. (1997) and adopted for this 

research is shown as follows: 
 

𝐵𝐺𝐵 = 𝐴𝐺𝐵 × 0.26 (3) 
 

Where;  
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BGB belowground biomass 

AGB aboveground biomass and 0.26 is conversion factor (or 26% of AGB). 

2.4.4. Estimation of total biomass 

Total Biomass is the sum of above and below ground biomass (Vishnu and Patil, 2016). 

 

𝑇𝑜𝑡𝑎𝑙 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 (𝑇𝐵) = 𝐴𝑏𝑜𝑣𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑎𝑠𝑠 + 𝐵𝑒𝑙𝑜𝑤 𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑎𝑠𝑠 (4) 

 

Zhou and Hemstrom (2009) reported that methods in biomass estimation hinge on the scale of 

investigation, need for detail, researcher’s interests and/or goal of research. There is no study rationale 

to defend one method of estimation as being superior to another (Poudel and Temesgen, 2015). 

 

2.4.5. Estimation of carbon storage 

Estimations of carbon followed the methodology proposed by Pearson et al. (2005). For any plant 

species, 50% of its biomass is considered as carbon storage. 

 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 = 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 × 50% (5) 

  

2.4.6. Carbon dioxide (CO2) sequestration Estimation 

The total carbon stock is converted to CO2 equivalent by multiplying 44/12 or 3.67 (Pearson et al., 

2007). 

 

𝐶𝑂2 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐶𝑎𝑟𝑏𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 × 3.67 (6) 

 

2.4.7. Distribution and classification of diameter at breast height (DBH), tree height and wood density 

In this study, Aabeyir et al. (2020) approach was modified to show distribution and classification of 

diameter at breast height (DBH), total tree height and wood density (ρ) of the sampled tree species. 

 

3.0. Results and Discussion 

 

3.1. Distribution and classification of diameter at breast height (DBH), tree height (m) and wood 

densities 

The data showing the distribution and classification of diameter at breast height (DBH), tree height 

(m) and wood densities of the investigated tree species is indicated in Table 1. The DBH of most of 

the tree species (Delonix regia, Pentacleethra macrophylla, Pinus oocarpa, Ficus benjamina, Tectona 

grandis, Azadirachta indica, Polyathia longifolia, Terminalia invorensis and Tetrapleura tetraptera) 

were within 0.91-1.90m DBH class, the number of tree species being 9 (Table 1). 

 

Table 1: Distribution of trees within diameter at breast height (DBH), tree height (H) and wood 

density (ρ) classes 
DBH class (m) No of tree species Height class (m) No of tree species Density class (gcm−3) No of tree species  

0.1-0.90 2 1.0 - 5.0 - 0.10 - 0.35 1 

0.91 -1.90 9 5.1 - 10.0 2 0.36 - 0.61 8 
1.91-2.90 2 10.1 - 15.0 8 0.62 - 0.87 4 

  15.1 - 20.0 3   

Total 13  13  13 

 

However, Naucloa diderrichii and Citrius sinensis were the only two tree species within the lowest 

DBH class of 0.1 - 0.90m. Only two tree species (Cordia mellenii and Terminalia mantaly) were in 

the uppermost DBH class of 1.91 - 2.90m. The large diameter at breast height of Terminalia mantaly 

and Cordia mellenii implies that they have capacity to store more carbon.  Stoffberg et al. (2010) 

noted that trees with high diameter at breast height (DBH) may store about 1000 times more carbon 

than trees of low DBHs. 

  

Majority of the examined tree species (Delonix regia, Pinus oocarpa, Ficus benjamina, Tectona 

grandis, Azadirachta indica, Polyathia longifolia,Naucloa diderrichii and Terminalia invorensis) 

were within the average height class of 10.1 - 15.0m (Table 1). Only 2 tree species species 



Nigerian Journal of Environmental Sciences and Technology (NIJEST) Vol 6, No. 1 March 2022, pp 214 - 224 

 

 

Orobator and Adahwara, 2022 219 

 

 

(Tetrapleura tetraptera and Citrius sinensis) were within the lower height class of 5.1 - 10.0m. 

However, 3 (Terminalia mantaly, Pentacleethra macrophylla and Cordia mellenii) out of the 13 

examined tree species were in the highest height class of 15.1 - 20.0m. The fast growth of Terminalia 

mantaly, Pentacleethra macrophylla and Cordia mellenii depicts their potential to store carbon more 

capably which makes them a possible preference for mitigating climate change (Kaushi et al., 2015). 

The findings of the current study are consistent with those of Aabeyir et al. (2020), who found that the 

height of most of the trees sampled were within 5.1 to 10.0m height class. Out of the 13 investigated 

diverse tree species, 4 tree species (Naucloa diderrichii, Azadirachta indica, Ficus benjamina  and 

Pentacleethra macrophylla) were within the highest wood density class of 0.62 - 0.87gcm
-3

, followed 

by 8 tree species (Terminalia invorensis, Tetrapleura tetraptera, Citrius sinensis, Polyathia longifolia, 

Tectona grandis, Pinus oocarpa, Terminalia mantaly and Delonix regia) which were in the wood 

density class of 0.36 - 0.61gcm
-3

 and 1 tree specie (Cordia melleni) was  within the wood density class 

of 0.10 - 0.35gcm
-3

 (Table 1). The wood densities observed in this study are not consistent with that of 

Munishi et al. (2008). Wood specific density is one of the principal estimators of AGB, particularly 

when different types of vegetation type are investigated (Belete et al. 2019). The detected varied 

diameter at breast height (DBH), tree height (H) and wood density (ρ) of the investigated tree species 

may be due to differences in their morphological features.  

 

3.2. Carbon storage and sequestration performances of trees 

Data for tree wood density, average diameter at breast height, average height, volume (m
3
), above 

ground biomass, below ground biomass, total biomass, tree count, carbon stored and carbon dioxide 

(CO2) sequestered of the examined tree species is shown in Table 2. Total aboveground biomass 

estimated for the study was 632.76kg. This consists of 79.37% of the total biomass (797.23kg) 

estimated for this research. Vashum and Jayakumar (2012) stated that aboveground biomass 

constitutes the main components of carbon pool in vegetative ecosystems. Collectively, the top three 

biomass species found in this study were Terminalia mantaly (141.35kg), Delonix regia (80.71kg) 

and Cordia melleni (77.80kg).  This infers that these specific tree species have better capacity to store 

carbon Aboveground biomass shows the tree potential to store carbon (Poudel and Temesgen, 2015). 

Citrius sinensis had the lowest aboveground biomass value of 10.17kg for this investigation. Our 

inquiry indicates that DBH class of 0.91 - 1.90m is the main class with the highest aboveground 

biomass input of 384.4kg. This is followed by large diameter class of 1.91 - 2.90m (219.15kg) and 

lowest diameter class of 0.1 - 0.90m (29.21kg). This contradicts the findings of Moussa et al. (2018), 

who found out that the trees with the large diameter classes dominated the aboveground biomass pool. 

Aboveground biomass was highest for tree height class of 10.1 - 15m (321.48kg), followed by 15.1 - 

20.0m (285.71kg) and 5.1 - 10.0m (25.57kg) height classes. The wood density class of 0.36 - 

0.61gcm
-3

 has the highest aboveground biomass of 390.03kg followed by 0.62 - 0.87gcm
-3

 (164.93kg) 

and 0.10 - 0.35gcm
-3

 (77.80kg) wood density classes. 

 

Total belowground biomass estimated for this investigation was 164.47kg (Table 2). The estimated 

total belowground biomass make up 20.63% of the total biomass (797.23kg) estimated for the 

research. The results of this inquiry revealed that the value of aboveground biomass for each tree 

species was more than that of belowground biomass. Belowground biomass constitutes only a fraction 

of carbon pools in vegetation ecosystems.  In examining above and belowground biomass and net 

primary production in a 73-year-old Scots pine forest, Xiao et al. (2003) observed a 0.14 ratio of 

belowground biomass to aboveground biomass. Terminalia mantaly (36.75kg), Delonix regia 

(20.98kg) and Cordia melleni (20.22kg) had the highest values of belowground biomass. The lowest 

ranked in belowground biomass were Terminalia invorensis (4.68kg), Tetrapleura tetraptera (4.00kg) 

and Citrius sinensis (2.64kg) trees. Our study shows that DBH class of 0.91 - 1.90m is dominant class 

regarding belowground biomass contribution. This is followed by DBH class of 1.91 - 2.90m 

(56.97kg) and 0.1 - 0.90m (7.59kg) DBH classes. Belowground biomass was highest for tree height 

class of 10.1 - 15.0m (83.56kg), followed by 15.1 - 20.0m (74.27kg) and 5.1 - 10.0m (6.64kg) height 

classes. The wood density class of 0.36 - 0.61gcm
-3

 has the highest aboveground biomass (101.38kg), 

followed by 0.62 - 0.87gcm
-3

 (42.87kg) and 0.10 - 0.35gcm
-3

 (20.22kg) wood density classes. The 

findings of the study are consistent with Czapowskyj et al. (1985), they found 80% biomass in the 



Nigerian Journal of Environmental Sciences and Technology (NIJEST) Vol 6, No. 1 March 2022, pp 214 - 224 

 

220 Orobator and Adahwara, 2022 

 

 

aboveground components and 20% biomass in the belowground components of black spruce (Picea 

mariana B.S.P. (Mill.) in Maine. 

 

Table 2: Sampled urban tropical trees carbon storage and sequestration performances 
S/

N 

Tree species 

(Scientific 

name) 

Common 

Name 

 Location Wood  

density 

(gcm−3) 

Average 

DBH 

(m) 

Average 

height 

(m) 

Volume 

(m3) 

Above 

ground 

biomass 

Below 

ground  

biomass 

Total 

biomass 

Tree 

count 

Carbon 

stored 

(kg) 

CO2 

sequestered 

(kg) 

              

1 Terminalia 

mantaly 

Umbrella 

tree 

  N ’018.﮳﮳6°24

5°36.882’ E 

0.57 2.19 16.68 247.99 141.35 36.75 178.10 5.00 89.05 326.81 

2 Delonix regia Flame of 

the forest 

  N ’899.﮳﮳6°24

5°37.363’ E 

0.60 1.85 12.68 134.53 80.71 20.98 101.69 5.00 50.84 186.60 

3 Cordia 

melleni 

Omo 6°24848.﮳’ N  

5°37.092’ E 

0.34 1.97 19.02 228.82   77.80 20.22 98.02 5.00 49.10 179.87 

4 Pentacleethra 

macrophylla 

African 

oil bean 
  N ’108.﮳﮳6°24

5°36.898' E 

0.78 1.26 17.34 85.33 66.56 17.30 83.86 5.00 41.93 153.88 

5 Pinus 

oocarpa 

Oocarpa 

pine 
  N ’891.﮳﮳6°24

5°36.929’ E 

0.55 1.59 13.08 102.50 56.38 14.65 71.03 5.00 35.51 130.32 

6 Ficus 

benjamina 

Weeping 

fig 
  N ’338.﮳﮳6°24

5°36.350’ E 

0.65 1.40 12.70 77.16 50.15 13.04 63.19 5.00 31.59 115.93 

7 Tectona 

grandis 

Teak 6°24270.﮳﮳’ N  

5°37.677’ E 

0.50 1.41 13.80 85.05 42.52 11.05 53.57 5.00 26.78 98.28 

8 Azadirachta 

indica 

Dogoyaro 6°24203.﮳﮳’ N  

5°37.542' E 

0.69 1.14 10.50 42.30 29.18 7.58 36.76 5.00 18.38 67.45 

9 Polyathia 

longifolia 

Ashoka 6
0
  N ’733.﮳﮳24

5°36.934’ E 

0.60 1.15 10.37 42.51 25.50 6.63 32.13 5.00 16.06 58.94 

10 Naucloa 

diderrichii 

Opepe 6°24246.﮳﮳’ N  

5°37.541' E 

0.63 0.84 13.82 30.22 19.04 4.95 23.99 5.00 11.99 44.00 

11 Terminalia 

invorensis 

Black 

afara 
  N ’125﮳﮳.6°24

5°37.391’ E 

0.43 1.07 11.80 41.88 18.00 4.68 22.68 5.00 11.34 41.61 

12 Tetrapleura 

tetraptera 

Aridan 6°24.116’ N  

5°37.374’ E 

0.50 1.08 8.52 30.80 15.40 4.00 19.40 5.00 9.70 35.59 

13 Citrius 

sinensis 

Orange 6°24255.﮳﮳’ N  

5°37.341’ E 

0.59 0.86 7.52 17.24 10.17 2.64 12.81 5.00    6.40 23.48 

 Total       632.76 164.47 797.23  398.67 1462.76 

  

Total biomass (TB) estimated for the research was 797.23kg (Table 2). Terminalia mantaly 

(178.10kg), Delonix regia (101.69kg) and Cordia melleni (98.02kg) were top-ranked in total biomass 

while the lowest total biomass estimated for the study was observed in Citrius sinensis (12.81kg). The 

highest values of total biomass observed in Terminalia mantaly, Delonix regia and Cordia melleni 

species may be due to their maximum energy transformation potential and photosynthetic frequency 

(Srivastava and Ram, 2009) as well as the presence of numerous nodules produced in the roots 

(Kimothi et al., 1983). This implies that the observed high biomass keeping trees (Terminalia 

mantaly, Delonix regia and Cordia melleni) for this investigation can guarantee maximum removal of 

anthropogenic CO2 (Yao et al., 2015). The findings of the research contradicts Dugaya et al. (2020), 

they observed that Leucaena leucocephala, Schleichera oleosa  and Dalbergia paniculata species 

were the first three trees with maximum total biomass. The DBH class of 0.91 - 1.90m was the highest 

with total biomass values of 484.31kg, followed by 1.91-2.90m (276.12 kg) and 0.1 - 0.90m (36.8kg) 

DBH classes. Total biomass was highest for tree height class of 10.1 - 15.0m (405.04kg), followed by 

15.1 - 20.0m (359.98kg) and 5.1 - 10.0m (32.21kg) height classes. The wood density class of 0.36 - 

0.61gcm
-3

 has the highest aboveground biomass (491.41kg), followed by 0.62 - 0.87gcm-3 (207.8kg) 

and 0.10 - 0.35gcm
-3

 (98.02kg) wood density classes. 

  

Total carbon storage estimated for this inquiry was 398.67kg (Table 2). The species that contributed 

the greatest carbon storage in the study were Terminalia mantaly (89.05kg), Delonix regia (50.84kg) 

and Cordia melleni (49.10kg). However, the findings of the current study do not support the previous 

research of Dugaya et al. (2020), who observed that Leucaena leucocephala, Schleichera oleosa and 

Dalbergia paniculata are the top tree species responsible for maximum carbon storage. Pinzón et al. 

(2020) observed an exceptional Pera arborea Pear species (Euphorbiaceous) with higher carbon 

storage than the other trees. They stated that the presence of this apparently distinctive species may be 

due to particular soil characteristics. The DBH class of 0.91 - 1.90m was the highest with carbon 

storage values of 242.13kg, followed by 1.91 - 2.90m (138.15kg) and 0.1 - 0.90m (18.39kg) DBH 

classes. Nowak and Crane (2002) reported that diameter distribution affects carbon storage. Carbon 

storage was highest for tree height class of 10.1 - 15.0m (202.49kg), followed by 15.1 - 20.0m 

(180.08kg) and 5.1 - 10.0m (16.1kg) height classes. The wood density class of 0.36 - 0.61gcm
-3

 has 

the highest carbon storage of 245.68kg, followed by 0.62 - 0.87gcm
-3

 (103.89kg) and 0.10 - 0.35gcm
-3

 

(49.10kg) wood density classes. 
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Total carbon dioxide (CO2) sequestration quantified for this inquiry was 1462.76kg (Table 2). 

Terminalia mantaly (326.81kg/tree), Delonix regia (186.60kg) and Cordia melleni (179.87kg/tree) 

has the highest estimated values of CO2. This may be due their more foliage duration for 

photosynthesis, CO2 fixation and extra litter biomass production (Majumdar and Selvan, 2018). Plants 

have the capability to sequester CO2 through photosynthesis and can then store carbon in plant 

biomass (Fares et al., 2017). During photosynthesis, trees convert carbon dioxide and water into sugar 

molecules and oxygen, part of this sugar is stored, while majority is utilized by the tree for other 

purposes such as energy and structure (Ugle et al., 2010). The findings of the study do not agree with 

Vishnu and Patil (2016), who reported that Ficus benghalensis sequestered 1333.44kg of CO2 which 

was the highest compared to other tree species. The DBH class of 0.91 - 1.90m has the highest CO2 

sequestration values of 888.60 kg, followed by 1.91 - 2.90m (506.68kg) and 0.1 - 0.90m (67.48kg) 

DBH classes. CO2 sequestration was highest for tree height class of 10.1 - 15.0m (743.13kg), 

followed by 15.1 - 20.0m (660.56kg) and 5.1 - 10.0m (59.07kg) height classes. The wood density 

class of 0.36 - 0.61gcm
-3

 has the maximum value of CO2 sequestration (901.63kg), followed by 0.62 - 

0.87gcm
-3

 (381.26kg) and 0.10 - 0.35gcm
-3

 (179.87kg) wood density classes. 

 

4.0. Conclusions  

 

The present investigation estimated carbon storage and sequestration by tropical urban trees in Benin 

City, Edo State, Nigeria. Based on non-destructive approach, Umbrella tree (Terminalia mantaly), 

Flame of the forest (Delonix regia) and Omo (Cordia melleni) trees had the highest estimated values 

of biomass, carbon storage and sequestration. These three specific tree species are better biomass 

accumulators and have greater carbon storage and sequestration capabilities compared to Black Afara 

(Terminalia invorensis), Aridan (Tetrapleura tetraptera), Orange (Citrius sinensis), Ashoka 

(Polyathia longifolia), Teak (Tectona grandis), Oocarpa pine (Pinus oocarpa), Opepe (Naucloa 

diderrichii), Dogoyaro (Azadirachta indica), Weeping fig (Ficus benjamina) and African Oil Bean 

(Pentacleethra macrophylla). This research endorsed the cultivation and sustainable management of 

Terminalia mantaly, Delonix regia and Cordia melleni tree species for mitigating climate change 

impacts, supporting biodiversity, maximizing ecological services as well as planning and promoting 

urban forestry in Benin City. The study will contribute as a baseline research for further studies and 

suggest that researches on carbon storage and sequestration potentials of urban trees planted along 

roadsides in Benin City, Edo State, Nigeria should be embarked on. 
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