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Abstract 

Increases in human population and human activities have led to corresponding increases in the amount of atmospheric carbon dioxide. 

The present rates, by far, supersede historical records, and by 2050, the global concentration is expected to reach 470 ppm even if the 

average concentration is controlled at 2 ppm per annum. Trees and vegetation, in general, perform the ecosystem service of storing 

and sequestering atmospheric carbon. However, it is widely believed that larger-diameter trees store more biomass and carbon stocks. 

This study assessed the contribution of small- and medium-diameter trees to regional carbon pools of the West African Savanna, using 

a general allometric equation. A total of 671 woody stems of ≥2 m height and ≥5 cm diameter, belonging to 40 species, 35 genera, and

19 families, were identified. The trees stored 120.2 kg of carbon stock, which translated to approximately 0.18 kg/tree. Although most 

of the trees enumerated in the study have small to medium diameters, few large-diameter trees including Combretum ghasalense (1.23 

kg/tree), Ceiba pentandra (1.08 kg/tree), Faidherbia albida (0.92 kg/tree), and Prosopis africana (0.73 kg/tree) contributed the 

highest mean carbon stock in the area. The study confirms that larger-diameter trees account for much of biomass and carbon in a 

given area, but this does not underscore the contribution of smaller trees to the regional carbon stock especially in dry environments 

where they form a greater percentage of available trees. The study recommends the conservation of small- and medium-diameter trees 

to ensure the sustainability of this relatively dry environment. 
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1. Introduction

Carbon dioxide (CO2) is the most important anthropogenic gre-

enhouse gas (GHG) in the atmosphere and contributes approxi-

mately 84% of the global radiative forcing [1]. This GHG, which 

is primarily produced from human activities, especially combus-

tion of fossil fuels and cement production [1, 2], accounts for 60% 

of the observed global warming [3]. Together with other GHGs, 

predominantly methane (CH4) and sulfur dioxide (SO2), this gas 

not only warms the global atmosphere by trapping certain wave-

lengths of radiation [4] but also destroys the protective atmos-

pheric ozone layer. 

With the increasing global population and increased human ac-

tivities, the concentration of CO2 in the atmosphere has been on 

the rise at unprecedented rates [5]. By 2020, its concentration 

had risen to 48% above its preindustrial level (before 1750). By 

the end of 2022, data from the Earth System Research Laborato-

ries (ESRL) of the National Oceanic and Atmospheric Admin-

istration (NOAA) (https://gml.noaa.gov/) indicated that the at-

mospheric concentration of CO2 was 417.2 ppm, which translates 

to about 50% of the preindustrial levels. This is expected to reach 

685 ppm by 2050 [6] and about 470 ppm even if the average 

global concentration is controlled at 2 ppm per annum [7]. 

The African savannas and dry forests constitute the largest land 

area in the tropics and Africa in particular [8, 9]. They house di-

verse ecosystems with a wide range of woody cover [10] and are 

important sinks of biomass and carbon stocks [11, 12]. Hence, 

they play a vital role in the global carbon budget and carbon cy-

cling among the atmosphere, vegetation, and soil [13]. The total 

carbon of trees in Sub-Saharan Africa was estimated at 0.84 

(±19.8%) Pg C with average carbon stocks of individual trees 

ranging from 0.54 Mg C ha−1 and 63 kg C tree−1 in the arid zone 

to 3.7 Mg C ha−1 and 98 kg tree−1 in the subhumid zone [14]. How-

ever, only a few studies [8, 15–17] were conducted across the con-

tinent. It could therefore be asserted that the biomass and carbon 

stocks of Africa are not adequately studied and, thus, poorly 

quantified [9, 12, 18]. This, to some extent, prevents their inclu-

sion in global analyses [19] and creates large uncertainties re-

garding the size of standing carbon stocks in the continent [20]. 
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Trees are an important component of ecosystem health and pro-

vide environmental, social, and economic benefits to people. 

These include modifying the micro-climate by lowering surface 

and air temperature, storing and sequestering carbon, and 

providing provisioning services in the form of food, fuelwood, an-

imal fodder, and shade and habitat for many organisms [21]. One 

of the most important functions of trees and plants, in general, is 

the storage and sequestration of biomass and carbon dioxide 

(CO2) in both aboveground and belowground biomass [22, 23]. 

Assessment of biomass and carbon storage of trees is crucial for 

understanding the role of forest ecosystems as carbon sinks and 

for sustainable forest management [16], especially in the face of 

ongoing climate crisis [24]. 

The assessment of tree biomass and carbon stock involves the di-

rect (or harvest) and indirect methods. The former method, 

which is laborious, time-consuming, and expensive [20, 25, 26], 

involves cutting down all trees and weighing the oven-dried mass 

of the various components to arrive at stem biomass [27]. The 

latter method, on the other hand, relies on remote sensing and/or 

allometric equations, which may be general or species-/site-spe-

cific to estimate tree biomass using a number of variables includ-

ing tree diameter, diameter and height, or a combination of di-

ameter, height, and wood density [20, 22, 28, 29]. This is based 

on the assertion that tree carbon depends on wood density, tree 

height, and stem diameter, among other things [8]. 

Tree species’ diameter at breast height (DBH) is one of the most 

popular indices considered while estimating the aboveground bi-

omass (AGB) and carbon storage of trees in forests and other veg-

etated areas [16, 17, 27, 30–32], particularly in Africa [33]. Using 

DBH alone as the predictor variable produces the most accurate 

and stable regional AGB estimates [27, 34], and reduces uncer-

tainties as it correlates with all components of species such as 

Pterocarpus erinaceus [18] and doesn’t require tree height meas-

urements [35]. DBH is therefore the most common independent 

variable found in most allometric models [36]. 

It is a widely held view that positive correlation exists between 

the diameter of individual stems and the amount of tree biomass 

[37] and that the amount of biomass and carbon stored and se-

questered by trees is a function of their diameter [38] since trees 

store more CO2 by assimilating it in their woody tissue as they 

grow [39]. Accordingly, large-diameter trees contribute more bi-

omass and carbon stock to the total carbon pool than trees with 

comparatively smaller diameters [31, 40–44]. Large-diameter 

trees contribute approximately 41% of the world’s AGB [42] and 

about 44.5% in Africa [45]. As such, most studies focus on rela-

tively large- and medium-diameter trees (≥4 cm diameter), over-

looking or relegating the contribution of trees with small diame-

ter [19, 22, 46], especially in tropical Africa where they are im-

portant to demographic rates and nutrient cycling [47]. This 

study therefore attempted to evaluate the contribution of small-

diameter trees to regional biomass and carbon stocks, and their 

role in enhancing climate change resilience. 

2. Materials and methods 

2.1. The study area 

The study was conducted on a 32 km2 land around Yabo town 

(Latitudes 12° 41’45.5” N to 12° 44’51.3” N and Longitudes 04° 

58’54.2” E to 05° 02’7.9” E) in the Yabo Local Government area, 

Sokoto State, Nigeria. It is a mosaic of native forest and shrub-

land that has been extensively modified by human activities in-

cluding expansion of built-up and farming areas, fuelwood ex-

ploitation, and overgrazing. The Yabo Local Government shares 

borders with Silame, Wamakko, and Bodinga Local Government 

areas in the north, Tambuwal Local Government to the south-

west, and Shagari Local Government to the east and southeastern 

parts (Figure 1). 

This area lies within the Sudano-Sahelian zone where the climate 

is generally variable. The mean annual temperature ranges be-

tween 20℃ and 36℃ in the north and 22℃ and 26℃ in the south, 

while rainfall, which traditionally follows latitudinal gradient, 

ranges between 200 mm in the north and 1,000 mm in the south 

[48]. Vegetation of the area is comprised of sparse woody cover 

of drought-tolerant, perennial species such as Acacia in the north 

and grassland savannas characterized by annual grasses and 

parkland landscapes in the south. However, the density and 

height of species generally decrease in a south–north direction 

[49, 50]. 

2.2. Sampling and data collection 

A total of 50 plots of 30 × 30 m dimension were used for the 

study. These plots were randomly generated across the study area 

using the sampling facility of Idrisi TerrSet software (Figure 2). 

The coordinates of each point were recorded in a Garmin 78S 

GPS and traced in the field. Data for the study were collected plot-

wise, and thus, all woody species (≥2 m height and ≥5 cm diam-
eter) encountered in the respective plots were identified and rec-

orded, following the methods of Hutchinson and Dalziel [51]. 

Tree height was measured with a clinometer, while tree diameter 

was measured at breast height (1.3 m above the ground) with a 

diameter tape. If a tree forks within 1.3 m, the forks were consid-

ered different stems and thus, measured individually [12, 46, 52, 

53]. In the same vein, buttressed trees were measured where the 

cylindrical bole started, as obtained by Nolke et al. [54]. Follow-

ing McNicol et al. [12], trees were classified as small diameter (5–
15 cm), medium diameter (15–40 cm), and large diameter (>40 

cm). 

2.3. Data analysis 

In this study, the general allometric equation was adopted from 

Chave et al. [20], which is one of the two standard models for es-

timating AGB and carbon stock in tropical forests. This model has 

been found to give more accurate estimates of biomass and car-

bon stock in tropical areas [55] compared to other equations that 

use diameter alone [56, 57] or diameter and height [58, 59]. In 

addition, the equation has been widely used in Africa and other 

areas with similar climatic characteristics [60, 61]. The other 

model developed by Mokany et al. [62] is typically suitable for 

moist tropical environments [63]. Tree biomass and carbon stock 

were estimated based on height, diameter, and wood density as 

follows: 

 ( )0.976
2AGB 0.0673 D H=   (1) 

where 𝜌 = Wood density (g cm−3) 

D = Diameter at breast height (cm) 

H = Height (m) 



https://www.academia.edu/journals/academia-environmental-sciences-and-sustainability/about https://doi.org/10.20935/AcadEnvSci7473 

ACADEMIA ENVIRONMENTAL SCIENCES AND SUSTAINABILITY 2025, 2 3 of 12 

The wood density (𝜌) for all (except three) species was obtained from 

the Global Wood Density Database [64] and the World Agroforestry 

Database [65]. Wood density or specific gravity (𝜌) is a basic charac-

teristic of trees and an important predictor of AGB [20, 36]. Thus, it 

is an important parameter used to estimate tree biomass and its cor-

responding carbon stocks [66]. This, however, varies markedly be-

tween tree species, diameter class, life history strategies, and envi-

ronmental gradients [64]. 

Most of the allometric equations used in the AGB estimation were 

derived from forest trees that have more biomass than the urban, 

open-grown trees. To account for this difference, therefore, the 

results were multiplied by a conversion factor of 0.8 [67]. This 

was then multiplied by 0.5 to obtain carbon stock as suggested by 

IPCC [68] and as obtained from other previous studies [35, 69–
72]. This calculation is based on the notion that carbon consti-

tutes 50% of the total wood biomass [38, 73–76]. 

 

Figure 1 • The study area in Yabo Local Government, Sokoto State. LG, Local Government. 
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Figure 2 • Study plots generated for the study. 

3. Results 
3.1. Floristic composition 

The study recorded 671 woody stems of ≥2 m height and ≥5 cm  

diameter, belonging to 40 species, 35 genera, and 19 families. Of par-

ticular importance in the species composition of the area is Aza-

dirachta indica (A. Juss), which belongs to the family Meliaceae. 

This species contributed 95 stems, comprising 14.15% of all the 

stems enumerated in the study. The prominence of Azadirachta in-

dica in the area may not be unconnected with its introduction and 

wider propagation in the colonial forestry program as a source of 

firewood and shade [51] and for desertification control [77] in North-

ern Nigeria (Table 1). 

Table 1 • Floristic composition in the area 

S/N Species Family Local name No. of stems 

1 Acacia macrostachya Reichenb. ex Benth. Fabaceae Gardaye 24 

2 Acacia nilotica (Linn.) Willd. ex Del. Fabaceae Bagaruwa 5 

3 Acacia sieberiana var. Woodii Fabaceae Farar Kaya 8 

4 Anogeissus leiocarpus (DC.) Guill. & Perr Combretaceae Marke 1 

5 Azadirachta indica A. Juss Meliaceae Dogon Yaro 95 

6 Balanites aegyptiaca (Linn.) DeI. Balanitiaceae Aduwa 21 

7 Boscia angustifolia A. Rich. Capparidiaceae Anza 12 

8 Cadaba farinose Forssk. Capparaceae Bagaye 1 

9 Calotropis procera W. T. Aiton Apocynaceae Tunfafiya 3 

10 Cassia sieberiana DC. Fabaceae Malga 82 

11 Ceiba pentandra (L.) Gaertn. Malvaceae Rini 1 

12 Combretum ghasalense Engl. & Diels Combretaceae Taramniya 2 

13 Combretum micranthum G. Don Combretaceae Geza 71 

14 Combretum nigricans Lepr. ex Guill. & Perr. Combretaceae Tsiriri 1 

15 Commiphora africana (A.Rich.) Engl. Poaceae Durumi 1 

16 Cordia africana Lam. Fabaceae Alilliba 1 

17 Delonix regia Boj. ex Hook Fabaceae Doruwar Turawa 9 

18 Detarium microcarpum Guill. & Perr. Caesalpiniaceae Taura 6 

19 Diospyros mespiliformis Hochst. ex A. DC Ebenaceae Kaiwa 1 

20 Eucalyptus obliqua L’Hér., Sert. Angl. Myrtaceae Zaiti 2 

21 Faidherbia albida A.Chev. Fabaceae Gawo 2 

22 Ficus vallis-choudae Delile Moraceae Balgomi 8 

23 Gardenia erubescens Stapf & Hutch. Rubiaceae Gaude 3 

24 Guiera senegalensis J. F. Gmel. Combretaceae Sabara 84 

25 Khaya senegalensis (Desr.) A. Juss. Meliaceae Madacci 2 

26 Lannea macrocarpa Engl. & K. Krause Anacardiaceae Faru 20 

27 Lawsonia inermis Linn. Rubiaceae Lalle 17 
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28 Maerua crassifolia Forssk. Capparaceae Jirga 3 

29 Mangifera indica Linn. Anacardiaceae Mangoro 17 

30 Mimosa pigra Linn. Fabaceae Gumbi 51 

31 Moringa oleifera Lam. Moringaceae Zogale 6 

32 Parkia biglobosa (Jacq.) Benth Leguminoseae Doruwa 17 

33 Piliostigma reticulatum (DC.) Hochst. Caesalpiniaceae Kalgo 30 

34 Prosopis africana (Guill. and Perr.). Taub Fabaceae Kirya 2 

35 Psidium guajava Linn. Myrtaceae Gwaiba 11 

36 Rogeria adenophylla J.Gay ex Delile Pedaliaceae Nunu 11 

37 Tamarindus indica Linn. Fabaceae Tsamiya 1 

38 Vitex doniana Sweet Verbenaceae Dunya 11 

39 Ximenia americana Linn. Olacaceae Tsada 9 

40 Ziziphus mauritiana Lam. Rhamnaceae Magarya 19 

    671 

 

The dominant families identified are Fabaceae, Combretaceae, and 

Meliaceae. These three families contributed about 66% of the total 

stems enumerated in the study. On the other hand, many families 

were represented by few species. Similarly, few species contributed 

more individuals, while many species were represented by a few in-

dividuals (Table 2). 

3.2. Tree height and diameter 

The mean height and mean diameter of species enumerated in 

the study are presented in Table 3. Among the species listed in 

the table, Ceiba pentandra has the highest mean height (24.9 m), 

followed by Eucalyptus obliqua (17.5 m), Faidherbia albida (15.1 

m), and Diospyros mespiliformis (14.0 m). The least in mean 

height are Boscia angustifolia and Guiera senegalensis (5.9 m 

each) and Gardenia erubescens (5.3 m). For most species, mean 

height did not significantly contribute to total biomass and car-

bon stocks. For instance, Eucalyptus obliqua has a mean height 

of 17.5 m but contributed only 0.36 kg of carbon. Similarly, Delo-

nix regia has a mean height of 12.4 m but contributed only 0.21 

kg of carbon (Table 3). 

3.3. Tree biomass and carbon stock 

The total carbon contributed by trees in the area is 120.2 kg, which 

translates to approximately 0.04 kg/ha. Azadirachta indica has the 

highest net contribution of carbon (53.6 kg), followed by Cassia 

sieberiana (15.1 kg) and Parkia biglobosa (7.8 kg). Higher per stem 

(mean) carbon was, however, contributed by Combretum ghasa-

lense (1.23 kg/tree), Ceiba pentandra (1.08 kg/tree), Faidherbia al-

bida (0.92 kg/tree), and Prosopis africana (0.73 kg/tree)  

(Table 4). 

Table 2 • Family composition in the area 

S/N Family 

No. of 

species 

No. of 

stems % 

1 Anacardiaceae 2 37 5.51 

2 Apocynaceae 1 3 0.45 

3 Balanitaceae 1 21 3.13 

4 Caesalpiniaceae 2 36 5.37 

5 Capparaceae 2 4 0.60 

6 Capparidiaceae 1 12 1.79 

7 Combretaceae 5 159 23.70 

8 Ebenaceae 1 1 0.15 

9 Fabaceae 10 185 27.57 

10 Leguminoseae 1 17 2.53 

11 Malvaceae 1 1 0.15 

12 Meliaceae 2 97 14.46 

13 Moraceae 1 8 1.19 

14 Moringaceae 1 6 0.89 

15 Myrtaceae 2 13 1.94 

16 Olacaceae 1 9 1.34 

17 Pedaliaceae 1 11 1.64 

18 Poaceae 1 1 0.15 

19 Rhamnaceae 1 19 2.83 

20 Rubiaceae 2 20 2.98 

21 Verbenaceae 1 11 1.64 

  40 671 100.00 

 

Table 3 • Mean height and mean diameter of species 

S/N Species Family Mean height (m) Mean diameter (cm) 

1 Acacia macrostachya Reichenb. ex Benth. Fabaceae 6.7 7.39 

2 Acacia nilotica (Linn.) Willd. ex Del. Fabaceae 9.4 15.09 

3 Acacia sieberiana var. Woodii Fabaceae 7.2 7.96 

4 Anogeissus leiocarpus (DC.) Guill. & Perr. Combretaceae 9.6 42.97 

5 Azadirachta indica A. Juss Meliaceae 11.4 39.89 

6 Balanites aegyptiaca (Linn.) DeI. Balanitiaceae 7.8 27.89 

7 Boscia angustifolia A. Rich. Capparidiaceae 5.9 13.98 

8 Cadaba farinose Forssk. Capparaceae 9.8 25.46 
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9 Calotropis procera W. T. Aiton Apocynaceae 12.0 30.66 

10 Cassia sieberiana DC. Fabaceae 9.0 25.98 

11 Ceiba pentandra (L.) Gaertn. Malvaceae 24.9 83 

12 Combretum ghasalense Engl. & Diels Combretaceae 12.6 63.66 

13 Combretum micranthum G. Don Combretaceae 6.6 8.13 

14 Combretum nigricans Lepr. ex Guill. & Perr. Combretaceae 11.0 41.38 

15 Commiphora africana (A.Rich.) Engl. Poaceae 6.0 7.96 

16 Cordia africana Lam. Fabaceae 13.8 28.65 

17 Delonix regia Boj. ex Hook Fabaceae 12.4 35.30 

18 Detarium microcarpum Guill. & Perr. Caesalpiniaceae 9.2 30.35 

19 Diospyros mespiliformis Hochst. ex A. DC Ebenaceae 14.0 48.38 

20 Eucalyptus obliqua L’Hér., Sert. Angl. Myrtaceae 17.5 32.63 

21 Faidherbia albida A.Chev. Fabaceae 15.1 65.25 

22 Ficus vallis-choudae Delile Moraceae 7.9 13.25 

23 Gardenia erubescens Stapf & Hutch. Rubiaceae 5.3 7.00 

24 Guiera senegalensis J. F. Gmel. Combretaceae 5.9 6.25 

25 Khaya senegalensis (Desr.) A. Juss. Meliaceae 9.5 27.06 

26 Lannea macrocarpa Engl. & K. Krause Anacardiaceae 8.8 34.43 

27 Lawsonia inermis Linn. Rubiaceae 6.9 5.34 

28 Maerua crassifolia Forssk. Capparaceae 7.9 15.28 

29 Mangifera indica Linn. Anacardiaceae 10.2 34.90 

30 Mimosa pigra Linn. Fabaceae 8.5 8.98 

31 Moringa oleifera Lam. Moringaceae 6.9 8.22 

32 Parkia biglobosa (Jacq.) Benth Leguminoseae 11.8 50.80 

33 Piliostigma reticulatum (DC.) Hochst. Caesalpiniaceae 7.6 25.53 

34 Prosopis africana (Guill. and Perr.) Taub Fabaceae 10.8 47.75 

35 Psidium guajava Linn. Myrtaceae 6.3 8.68 

36 Rogeria adenophylla J. Gay ex Delile Pedaliaceae 7.5 22.14 

37 Tamarindus indica Linn. Fabaceae 8.5 38.2 

38 Vitex doniana Sweet Verbenaceae 6.8 28.07 

39 Ximenia americana Linn. Olacaceae 6.2 8.35 

40 Ziziphus mauritiana Lam. Rhamnaceae 7.7 19.22 

 

Table 4 • Total biomass and carbon stock of species 

S/N Species Family   Total Mean 

   ρ (g/cm3) No Y (kg) C (kg) Y (kg) C (kg) 

1 Acacia macrostachya Fabaceae 0.74 24 0.63 0.31 0.026 0.013 

2 Acacia nilotica Fabaceae 0.76 5 0.44 0.22 0.088 0.044 

3 Acacia sieberiana Fabaceae 0.72 8 0.17 0.08 0.021 0.011 

4 Anogeissus leiocarpus Combretaceae 0.96 1 0.85 0.42 0.85 0.42 

5 Azadirachta indica Meliaceae 0.77 95 107.12 53.56 1.13 0.56 

6 Balanites aegyptiaca Balanitiaceae 0.78 21 6.49 3.25 0.31 0.15 

7 Boscia angustifolia Capparidiaceae 0.44 12 0.39 0.20 0.033 0.02 

8 Cadaba farinosa Capparaceae * 1 0.00 0.00 0.00 0.00 

9 Calotropis procera Apocynaceae * 3 0.00 0.00 0.00 0.00 

10 Cassia sieberiana Fabaceae 0.74 82 30.12 15.06 0.37 0.18 

11 Ceiba pentandra Malvaceae 0.26 1 2.15 1.08 2.15 1.08 

12 Combretum ghasalense Combretaceae 0.96 2 4.94 2.47 2.47 1.23 

13 Combretum micranthum Combretaceae 0.76 71 11.51 5.75 0.162 0.08 

14 Combretum nigricans Combretaceae 0.75 1 0.70 0.35 0.70 0.35 

15 Commiphora africana Poaceae 0.28 1 0.01 0.00 0.01 0.003 

16 Cordia africana Fabaceae 0.48 1 0.28 0.14 0.28 0.14 
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17 Delonix regia Fabaceae 0.51 9 3.79 1.89 0.42 0.21 

18 Detarium microcarpum Caesalpiniaceae 0.56 6 1.89 0.94 0.31 0.16 

19 Diospyros mespiliformis Ebenaceae 0.77 1 1.24 0.62 1.24 0.62 

20 Eucalyptus obliqua Myrtaceae 0.72 2 1.44 0.72 0.72 0.36 

21 Faidherbia albida Fabaceae 0.58 2 3.66 1.83 1.83 0.92 

22 Ficus vallis-choudae Moraceae 0.32 8 0.31 0.15 0.04 0.02 

23 Gardenia erubescens Rubiaceae 0.64 3 0.03 0.02 0.011 0.01 

24 Guiera senegalensis Combretaceae 0.66 84 1.00 0.50 0.01 0.01 

25 Khaya senegalensis Meliaceae 0.69 2 0.53 0.27 0.27 0.13 

26 Lannea microcarpa Anacardiaceae 0.39 20 5.86 2.93 0.29 0.15 

27 Lawsonia inermis Rubiaceae  * 17 0.00 0.00 0.00 0.001 

28 Maerua crassifolia Capparaceae 0.57 3 0.12 0.06 0.04 0.02 

29 Mangifera indica Anacardiaceae 0.55 17 9.53 4.77 0.56 0.28 

30 Mimosa pigra Fabaceae 0.73 51 3.39 1.69 0.07 0.033 

31 Moringa oleifera Moringaceae 0.27 6 0.05 0.02 0.01 0.004 

32 Parkia biglobosa Leguminoseae 0.53 17 15.51 7.76 0.91 0.46 

33 Piliostigma reticulatum Caesalpiniaceae 0.67 30 8.98 4.49 0.30 0.15 

34 Prosopis africana Fabaceae 0.84 2 2.93 1.47 1.47 0.73 

35 Psidium guajava Myrtaceae 0.63 11 0.20 0.10 0.02 0.01 

36 Rogeria adenophylla Pedaliaceae 0.54 11 1.62 0.81 0.15 0.07 

37 Tamarindus indica Fabaceae 0.73 1 0.46 0.23 0.46 0.23 

38 Vitex doniana Verbenaceae 0.45 11 2.92 1.46 0.27 0.13 

39 Ximenia americana  Olacaceae 0.95 9 0.23 0.11 0.03 0.013 

40 Ziziphus abyssiniaca Rhamnaceae 0.74 19 8.93 4.47 0.47 0.24 

    671 240.42 120.21   

*Wood density (𝜌) for the species could not be obtained, and hence were not considered for analysis of aboveground biomass and carbon. 

Y, Biomass; C, Carbon Stock. 

4. Discussion 
Most of the species (ten) were in the family Fabaceae, notably 

Acacia macrostachya, Acacia nilotica, Cassia sieberiana, Delo-

nix regia, and Faidherbia albida. This family has 185 stems and 

accounted for 27.6% of the total stems enumerated. This was fol-

lowed by the family Combretaceae, which has five species includ-

ing Anogeissus leiocarpus, Combretum micranthum, Combre-

tum ghasalense, Combretum nigricans, and Guiera senega-

lensis. These species contributed 159 stems, accounting for 23.7% 

of the total stems. The families with fewer species and tree stems 

include Ebenaceae, Malvaceae, and Poacaea. Each of these has 

only one species, contributing just about 0.2% of the total stems. 

Most of the trees enumerated in this study have small to medium 

diameter. Ceiba pentandra, which has the highest mean height, 

also has the highest mean diameter (83 cm). Other species with 

high mean diameter include Faidherbia albida (65.3 cm), Com-

bretum ghasalense (63.7 cm), Parkia biglobosa (50.8 cm), Di-

ospyros mespiliformis (48.4 cm), and Prosopis africana (47.8 

cm). On the other hand, species with the least mean diameter are 

Gardenia erubescens (7.0 cm), Guiera senegalensis (6.3 cm), 

and Lawsonia inermis (5.3 cm). Analysis of the species diameter 

shows that small-diameter trees (<10–15 cm) comprise 57.1% of 

the total species, medium-diameter trees (15–40 cm) comprise 

26.7%, and large-diameter trees (>40 cm) comprise 16.2%. The 

higher percentage of small-diameter trees recorded in this study 

may be due to overharvesting and unsustainable utilization of 

comparatively larger-diameter trees for fuelwood and other pur-

poses, which significantly affects tree species population struc-

ture [53]. 

The diameter class distribution showed a reversed J curve  

(Figure 3) which is typical of diameter distribution in many 

studies [78–81]. According to Peterson [82] and Gebeyehu [83], 

this suggests a stable and expanding tree species population 

structure, with tree density traditionally declining with increas-

ing diameter [81]. Hence, small-diameter trees account for the 

larger percentage of the stems due to continuous recruitment in 

a sustainable system, while large-diameter stems account for a 

smaller percentage [53, 84]. 

Except for Azadirachta indica, all the species that contributed to 

higher biomass and carbon are native to the area. This tallies with 

a number of studies [5, 43, 85, 86], where native tree species were 

shown to have high potentials for storing considerable amounts 

of biomass and carbon stock especially in dry and semi-arid cli-

mates [19, 87]. Moderate mean biomass and corresponding car-

bon stock were observed on Diospyros mespiliformis (Y = 1.24 

kg/tree, C = 0.62 kg/tree), Azadirachta indica (Y = 1.13 kg/tree, 

C = 0.56 kg/tree), Parkia biglobosa (Y = 1.14 kg/tree, C = 0.46 

kg/tree), and Anogeissus leiocarpus (Y = 0.85 kg/tree, C = 0.42 

kg/tree). Other species such as Commiphora africana, Gardenia 

erubescens, Moringa oleifera, and Ximenia americana contrib-

uted infinitesimally to the biomass and carbon stock of the area 

(Table 4). 

The carbon accumulated by trees in this area is considerably low, 

especially compared to findings from similar areas. For instance, 

McNicol et al. [12] found an overall landscape average of 24 ± 16 

t/ha in southeastern Tanzania. Furthermore, Moussa et al. [46] 

also found mean carbon stock to be 31.63 t/ha in Niamey and 

58.30 t/ha in Maradi, while Mensah et al. [19] found an average 
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carbon storage of 42 mg per hectare in the Bellefoungou Forest 

Reserve. However, this may be due to the presence of many large-

diameter trees which accounted for much of the carbon in the 

area. From the above, it could be deduced that the absence of 

large-diameter trees in the current study area has led to a consid-

erably low per hectare stock of carbon. 

As found in a number of recent studies [12, 19, 22, 46], much of 

the carbon stocks in Africa are stored by medium- to large-diam-

eter trees. In this study also, large-diameter trees were found to 

store most of the biomass and carbon, but as opined by [31], this 

does not underscore the contribution of smaller-diameter trees 

in the total carbon of the area. In many forest stands, small-di-

ameter trees form a considerable percentage of the total trees. 

For instance, they constituted 93.6% in Rabi Forest, Gabon [47], 

81.6% in Kilwa District in the Lindi Region of southeastern Tan-

zania [12], 60.5% in the wet tropical rainforests of Australia [45], 

and 60% in the Mahendragiri Hill, India [38], among others. 

Hence, small and medium trees are also important in predicting 

and contributing to the AGB and carbon stock of an area [19]. 

This is more so as the trees grow, accumulating biomass and car-

bon stocks over time. 

Figure 3 • Diameter class distribution.

5. Conclusions
This study evaluated the contribution of small- and medium-diame-

ter trees in the regional carbon pool of West African savanna, using 

an allometric equation. The study confirms that larger-diameter 

trees account for much of biomass and carbon stock in a given area. 

However, this does not underscore the importance and contribution 

of small- and medium-diameter trees in carbon storage especially in 

dry environments where they form a greater percentage of available 

trees. Measures should, therefore, be taken to conserve these trees to 

ensure sustainability of forests especially in dry environments. 
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