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Abstract 

Urban forests play a vital role in climate change mitigation by sequestering carbon and providing 

essential ecosystem services. This study assessed the growth, biomass accumulation, and carbon 

sequestration potential of three commonly planted urban tree species in Calabar, Nigeria: 

Azadirachta indica, Delonix regia, and Terminalia mantaly. A total of 100 trees per species were 

sampled across Calabar Municipality and Calabar South. Growth parameters, including diameter at 

breast height (DBH) and height, were recorded, and allometric equations were used to estimate 

aboveground biomass (AGB), aboveground carbon density (ACD), belowground carbon density 

(BCD), basal area (BA), and volume. Results indicated significant differences in DBH and height 

among species, with Terminalia mantaly exhibiting the highest values (DBH: 56.93 ± 3.42 cm; 

Height: 12.84 ± 0.26 m). However, AGB, ACD, BCD, BA, and volume did not differ significantly 

among species, despite Terminalia mantaly having the highest mean values. Strong positive 

correlations were observed between DBH and AGB (r = 0.87), ACD (r = 0.87), BCD (r = 0.87), BA 

(r = 0.89), and volume (r = 0.87), suggesting DBH as a key predictor of carbon sequestration 

potential. Conversely, tree height exhibited weak correlations with biomass parameters. The study 

highlights the comparable carbon sequestration potential of these species despite differences in 

growth traits, emphasizing the need for species-specific assessments to enhance urban forest 

planning. These findings contribute to sustainable urban management strategies aimed at 

maximizing the ecological benefits of urban trees. 

Keywords: Biomass accumulation, urban forestry, allometric equations, carbon storage, ecological 

benefits  
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Introduction 

Urban forests are critical in mitigating climate change, enhancing biodiversity, and improving air 

quality in cities worldwide. Trees in urban environments provide essential ecosystem services, 

including temperature regulation, stormwater management, and carbon sequestration (Kacprzak et 

al., 2024). As global urbanization accelerates, assessing the capacity of urban tree species to 

sequester carbon has become increasingly important for sustainable urban planning and climate 

resilience strategies (Kang et al., 2025).  

Carbon sequestration by trees is largely influenced by their growth characteristics, biomass 

accumulation, and environmental adaptability (Akter et al., 2025). Urban trees experience unique 

challenges such as soil compaction, pollution, limited rooting space, and altered microclimates, 

which can significantly impact their growth and physiological functions (Czaja et al., 2020; Egerer 

et al., 2024). Numerous studies have examined urban tree biomass and carbon sequestration 

potential in various regions (Ariluoma et al., 2020; Steenberg et al., 2023; Nero et al., 2024), but 

knowledge gaps persist regarding the performance of specific tree species under different urban 

conditions, particularly in tropical and subtropical regions. Additionally, variations in tree 

allometry, wood density, and physiological adaptation necessitate region-specific analyses of tree 

species to provide better estimates of urban carbon sequestration. 

This study assesses the growth, biomass accumulation, and carbon sequestration potential of 

Azadrachta indica A. Juss., Delonix regia (Bojer ex Hook.) Raf., and Terminalia mantaly H. Perrier, 

three commonly planted urban tree species in the southeast region of Nigeria. Growth parameters 

were measured, and allometric equations were used to estimate the biomass accumulation and 

carbon sequestration potential of the urban trees. The findings contribute to the growing body of 

literature on urban forest carbon dynamics, informing policy, urban planning, and environmental 

management professionals on maximizing the climate benefits of urban trees. 

Material and methods 

Study area 

This study was conducted in Calabar Municipality and Calabar South, Nigeria, from December 2024 

to February 2025. Calabar is situated at 4°58'N and 8°21'E within the coastal zone of Nigeria and 

experiences a tropical climate. The region receives an average annual rainfall exceeding 3000 mm 

during the wet season (Adefolalu, 1984; Uchenna et al., 2023). 

Tree sampling 
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A total of 100 trees each of Azadirachta indica A. Juss, Delonix regia (Bojer ex Hook.) Raf, and 

Terminalia mantaly H. Perrier with diameters greater than 5 cm were sampled across both locations. 

Sampling was conducted along 100-meter transects, which were systematically positioned parallel 

to roadsides and green areas. The starting points for each transect were preselected using the 

OpenStreetMap layer in QGIS Version 3.2.23 Lima. For each tree, diameter at breast height (DBH) 

was measured at 1.3 m above the ground using a fiberglass diameter tape (Germany), while tree 

height was recorded using a Nikon Forestry Pro Laser Rangefinder (Japan). 

Biomass and Carbon Density Assessment 

Aboveground biomass (AGB), aboveground carbon density (ACD), belowground carbon density 

(BCD), basal area (BA) – the cross-sectional area of a tree trunk at the diameter at breast height, 

and volume were estimated using modified allometric equations developed by Chave et al. (2005), 

as cited in Fatimah et al. (2024). 

AGB = D2Hpk  - - - - - - - (1) 

where: AGB = Aboveground biomass (t ha⁻¹) 

D = DBH (cm) 

H = Tree height (m) 

p = Wood density of the species (g cm⁻³) 

k = Scaling constant for forest biomass estimation (0.0673) 

ACD = AGB × u  - - - - - - - (2) 

where ACD = aboveground carbon density (t C ha-1) 

u = Carbon fraction in biomass (0.47). 

BCD = ACD × y - - - - - - - (3) 

where BCD = belowground carbon density (t C ha-1) 

y = Belowground-to-aboveground carbon ratio (0.24). 

BA = π(DBH2/4) - - - - - - - (4) 

where BA = the basal area in square meters (m2) and is the cross-sectional area of a tree trunk at the 

diameter at breast height. 

π = 3.142 

V = π(DBH2/4) × h - - - - - - - (5) 

where V = volume 

h = height 
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π = 3.142 

 

Data analysis 

Allometric equation-derived data were analyzed using R software. Analysis of variance (ANOVA) 

was used to determine significant differences among species, while Pearson’s correlation analysis 

was used to assess relationships between DBH, height, AGB, ACD, BCD, BA, and volume. Results 

were presented in graphs and tables. 

 

Table 1. Number of tree samples evaluated at Calabar Municipality and Calabar South 

S/N Species name Calabar 

Municipality 

Calabar 

South 

Total 

1. Azadirachta indica A. Juss 71 29 100 

2 Delonix regia (Bojer ex Hook.) Raf 44 56 100 

3. Terminalia mantaly H. Perrier 76 24 100 

 

Results 

Biomass and carbon density 

The mean diameter at breast height (DBH) varied significantly among the three tree species (p < 

0.05 (Fig. 1). Terminalia mantaly had the highest DBH (56.93 ± 3.42 cm) and was significantly 

larger than Azadirachta indica 48.43 ± 1.29 cm (p < 0.05). Delonix regia (54.55 ± 1.65 cm) showed 

moderate values, not differing significantly from either species. Tree height also showed significant 

variation across species. Terminalia mantaly was significantly taller 12.84 ± 0.26 m (p < 0.05) than 

Azadirachta indica 9.80 ± 0.21 m and Delonix regia 9.29 ± 0.90 m, which did not differ from each 

other (Fig. 2). 

In contrast, aboveground biomass (AGB), aboveground carbon density (ACD), belowground carbon 

density (BCD), basal area (BA), and volume did not show significant differences among the species. 

Although Terminalia mantaly exhibited the highest mean AGB 2069.33 ± 628.48 t ha-1 and ACD 

972.59 ± 295.39 t C ha-1, these values were not statistically different from those of Azadirachta 

indica AGB 1107.65 ± 73.01 t ha-1; ACD 520.60 ± 34.31 t C ha-1 or Delonix regia AGB 1094.00 ± 

105.46 t ha-1; ACD: 514.18 ± 49.57 t C ha-1 (Fig. 3 and Fig. 4). Similarly, BCD ranged from 124.94 
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± 8.24 to 233.42 ± 70.89 (Fig. 5), BA ranged from 19.71 ± 1.06 m2 ha-1 to 34.53 ± 10.31 m2 ha-1 

(Fig. 6), and volume ranged from 20.20 ± 1.33 m3 ha-1 to 45.57 ± 13.84 m3 ha-1 (Fig. 7). 

 

Figure 1. Mean diameter at breast height of A. indica, D. regia, and T. mantaly  

 
 

Figure 2. Mean height of A. indica, D. regia, and T. mantaly  
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Figure 3. Mean aboveground biomass of A. indica, D. regia, and T. mantaly  

 

 

 
Figure 4. Mean aboveground carbon density of A. indica, D. regia, and T. mantaly  
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Figure 5. Mean belowground carbon density of A. indica, D. regia, and T. mantaly  

 

 
Figure 6. Mean basal area of A. indica, D. regia, and T. mantaly  
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Figure 7. Mean volume of A. indica, D. regia, and T. mantaly  

 

Correlation of tree structural and biomass parameters 

 

The correlation matrix (Table 2) showed a strong positive correlation between diameter at breast 

height (DBH) and aboveground biomass (AGB) (r = 0.87), aboveground carbon density (ACD) (r 

= 0.87), belowground carbon density (BCD) (r = 0.87), basal area (BA) (r = 0.89), and volume (r = 

0.87). DBH had a weak correlation with height (r = 0.10). Tree height showed weak correlations 

with all other parameters, with the highest correlation observed with AGB (r = 0.19) and the lowest 

with BA (r = 0.048). AGB, ACD, and BCD were perfectly correlated (r = 1.00), and they also 

exhibited strong correlations with BA (r = 0.99) and volume (r = 0.999). BA was highly correlated 

with DBH (r = 0.89) and strongly associated with biomass-related parameters (r = 0.99). Volume 

was strongly correlated with all biomass-related variables, particularly AGB (r = 0.99). 
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Table 2. Correlation matrix of seven parameters across A. indica, D. regia, and T. mantaly 

DBH - 

Diameter at breast height (cm), Height (m), AGB - Aboveground biomass (t ha-1), ACD - 

Aboveground carbon density (t ha-1), BCD - Belowground carbon density (t ha-1),  

BA - Basal area (m2 ha-1), Volume (m3 ha-1) 

*** - significant at p < 0.0001 

 

 

Discussion 

The significant variation in diameter at breast height (DBH) among the three tree species suggests 

differences in growth strategies and resource allocation (Petrova & Petkova, 2023). Terminalia 

mantaly exhibited the largest DBH, indicating a higher radial growth capacity, potentially due to its 

species-specific physiology or favorable growing conditions (Chen et al., 2022). Similarly, the 

significant variation in tree height highlights species-specific differences in vertical growth 

potential. The height of Terminalia mantaly compared to Azadirachta indica and Delonix regia 

suggests a superior competitive ability for light acquisition, which could be advantageous in mixed 

or closed-canopy environments (Forrester et al., 2016; Combaud et al., 2024). The lack of significant 

height differences between Azadirachta indica and Delonix regia may indicate that these species 

adopt similar height-growth strategies, potentially influenced by environmental constraints or 

genetic factors (Miao et al., 2024). 

In contrast, the lack of significant differences in aboveground biomass (AGB), aboveground carbon 

density (ACD), belowground carbon density (BCD), basal area (BA), and volume among species 

suggests that these attributes may not be solely driven by DBH and height variations. Other factors 

may include species composition, forest age, climate, soil characteristics, disturbance regimes, and 

management practices (Pragasan, 2020; Song et al., 2024). Despite Terminalia mantaly having the 

highest mean biomass and carbon density values, the absence of statistical differences implies that 

 
DBH Height AGB ACD BCD BA Volume 

DBH 1.00 *** 0.10 *** 0.87 *** 0.87 *** 0.87 *** 0.89 *** 0.87 *** 

Height 0.10 *** 1.00 *** 0.19 *** 0.19 *** 0.19 *** 0.048 0.19 *** 

AGB 0.87 *** 0.19 *** 1.00 *** 1.00 *** 1.00 *** 0.99 *** 1.00 *** 

ACD 0.87 *** 0.19 *** 1.00 *** 1.00 *** 1.00 *** 0.99 *** 1.00 *** 

BCD 0.87 *** 0.19 *** 1.00 *** 1.00 *** 1.00 *** 0.99 *** 1.00 *** 

BA 0.89 *** 0.048 0.99 *** 0.99 *** 0.99 *** 1.00 *** 0.99 *** 

Volume 0.87 *** 0.19 *** 1.00 *** 1.00 *** 1.00 *** 0.99 *** 1.00 *** 
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the total biomass accumulation and carbon sequestration potential are relatively comparable among 

the three species. This could be due to compensatory factors such as differences in wood density, 

branching patterns, or stand age (Hoover & Smith, 2023; Guo et al., 2024; Peng et al., 2025). The 

comparable basal area (BA) across species further reinforces that tree size distribution is relatively 

uniform in the study area. Since BA is a function of DBH, the observed similarities indicate that 

even though individual trees may exhibit differences in DBH, the cumulative basal area per hectare 

remains relatively stable (Seiwa et al., 2023). Additionally, the lack of significant differences in 

volume suggests that all three species contribute similarly to stand structure and total biomass 

storage despite variations in their diameter and height (Agbelade & Onyekwelu, 2020). The strong 

positive correlation between DBH and AGB (r = 0.87), ACD (r = 0.87), BCD (r = 0.87), BA (r = 

0.89), and volume (r = 0.87) highlights the critical role of DBH as a predictor of tree biomass and 

carbon storage (Abich et al., 2021). This suggests that DBH can serve as a reliable proxy for 

estimating tree carbon stocks in similar ecosystems without direct biomass measurements 

(Mukuralinda et al., 2020). The weak correlation between diameter at breast height (DBH) and tree 

height (r = 0.10) suggests that larger stem diameters do not always result in taller trees. This might 

stem from species-specific growth habits, where some trees favor radial growth rather than vertical 

height (Yrttimaa et al., 2023). Research has revealed varying correlations between DBH and height, 

for instance, Upadhyay and Khadka (2024) reported a strong correlation (r = 0.86) in Pinus 

roxburghii which contrasts with the findings of this study. However, DBH and tree height have been 

reported to vary independently in some species (Looney et al., 2020). The similarly weak correlation 

between tree height and AGB (r = 0.19) suggests that tree height alone is not a strong determinant 

of biomass accumulation. This aligns with the reports of Patel and Majumdar (2011), suggesting 

that height may not be a strong predictor of AGB. In contrast, Jiang and Wang (2017) reported a 

strong positive correlation between tree height and AGB.  

The perfect correlation between AGB, ACD, and BCD (r = 1.00) underscores their direct 

mathematical relationship, given that carbon density is derived from biomass (Zhou et al., 2023). 

Their strong correlations with BA (r = 0.99) and volume (r = 0.99) further indicate that trees with 

larger biomass contributions also have greater structural attributes in terms of cross-sectional area 

and total volume. This reinforces the importance of BA as an integrative structural parameter in 

biomass estimation models (Padmakumar et al., 2018; Fatimah et al., 2024). The strong relationship 

between volume and AGB (r = 0.99) suggests that volumetric measurements can be effectively used 
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for biomass estimation (Afroonde et al., 2018). This is particularly useful in forestry applications 

where volume-based equations assess timber stock and carbon sequestration potential. 

Conclusion  

This study provided valuable insights into the carbon sequestration potential of three widely planted 

urban tree species in southeastern Nigeria. Despite variations in DBH and height, the overall 

biomass accumulation and carbon storage capacity of Azadirachta indica, Delonix regia, and 

Terminalia mantaly were not significantly different, indicating their comparable contributions to 

urban carbon sinks. The strong correlation between DBH and biomass parameters underscores the 

importance of DBH as a reliable predictor of carbon storage. These findings support the need for 

strategic tree selection and planting to optimize urban forest benefits. This study utilized allometric 

equations to estimate biomass and carbon density rather than direct measurements, which may have 

introduced some estimation errors. Additionally, the research focused on only three tree species 

within a specific urban area, potentially limiting the generalizability of the findings to other regions 

or species. However, the use of well-established allometric equations provides a scientifically 

validated, non-destructive approach to estimating biomass and carbon sequestration. The large 

sample size (100 trees per species) enhances the reliability of the results. Future research may 

incorporate destructive sampling for more precise biomass estimates, expand the study to include a 

wider range of species, and assess long-term carbon sequestration dynamics through repeated 

measurements or remote sensing techniques.  
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