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ABSTRACT 6 

Aims: The aim of this study is to estimate the total carbon sequestration potentials of some Woody 7 
Species in Makurdi zoological garden and its contribution to climate change. 8 

Study Design: Random sample plots of 100 m × 100 m were located in the field using a Garmin GPS 9 
and simple allometric procedures using standard carbon inventory principles and techniques that are 10 
based on data collection and analysis of carbon accumulating in the above-ground biomass, below-11 
ground biomass, and soil carbon using verifiable modern methods, were adopted. 12 

Place and Duration of Study: Field experiment was carried out at the Makurdi zoological garden, Benue 13 
State, Nigeria between September and October 2018. 14 

Methodology: The non-destructive method was used with the view to determine the above ground 15 
biomass (AGB), below ground biomass (BGB), Estimate the above ground carbon (AGC), below ground 16 
carbon (BGC), Total Carbon Content (TCC) and also to estimate the Above ground C02 and below 17 
ground C02 and the total C02 Sequestered in the study area. 18 

Results: A total number of 27 species of trees belonging to 16 different families were found in randomly 19 
selected sample plots. The diameter at breast height (DBH) was measured at 1.3m from ground level with 20 
a good measuring tape while heights of plants were measured using haga altimeter. The result showed 21 
that a total of 3331.05ton/ha of C02 was estimated to have been sequestered using the non-destructive 22 
field measurement. 23 

Conclusion: This study strategically positions (Gguinea savanna) as found in the Zoological garden in 24 
Benue State in line for UNFCCC and Kyoto carbon credit trading while substantiating the importance of 25 
preserving our indigenous forest reserves.  26 

. 27 
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 30 

1. INTRODUCTION 31 

Carbon sequestration is a mechanism for the removal of carbon from the atmosphere by storing it in the 32 
biosphere [6].  Carbon sequestration in terrestrial ecosystem is referred as the absorption of CO2 from the 33 
atmosphere by photosynthesis. Photosynthesis in plants converts carbon dioxide (CO2) to biomass, 34 
thereby reducing the carbon in the atmosphere and stores it in plant tissues above and below ground [2]. 35 
The biomass produced is mainly stored as aboveground biomass (AGB), below ground biomass (BGB), 36 
dead wood, and litter, and soil organic matter in the forest ecosystem [8]. Forest ecosystems are very 37 
important in the global carbon cycle as they sequester close to 80% and 40% of all above- and below-38 
ground terrestrial organic carbon, respectively [18], and are directly influenced by deforestation and forest 39 
degradation [13]. According to the IPCC Special Report on CO2 Capture and Storage, CO2 sequestration 40 
could provide an emission reduction of CO2 until 2100 of up to 55% which is known for its potential 41 
influence as a greenhouse gas to Climate pattern of the world [36]. Carbon sequestration in growing 42 
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forests is known to be a cost-effective option for mitigation of global warming and global climatic change. 43 
Estimates of carbon stocks and stock changes in tree biomass (above and belowground) are necessary 44 
to study climate change under United Nations Framework Convention on Climate Change [15]. The 45 
increasing carbon emission is of major concern for the entire world as addressed in Kyoto protocol [6]; 46 
[33]. Terrestrial vegetation and soil represents important sources and sinks of atmospheric carbon [37]. 47 
The quantification of CS potential of various ecosystems is a challenge [20]. Forests sequester and store 48 
large amounts of atmospheric carbon and thus play a key role in the mitigation of climate change [19]. 49 
Inventory measurements in both managed and unmanaged forests in temperate and tropical regions 50 
indicates that forests accounted for a substantial net sink of 550 Gt CO2 from 1750 to 2011 [32]; [23]; [22]. 51 
Hence, estimating and monitoring carbon sequestered in forests is necessary for sustainable 52 
management in order to leverage the mitigation potential of forests [19]. Thus, assessing the amount of 53 
carbon stored in the forest ecosystem periodically is a means of determining the CO2 emitted into the 54 
atmosphere due to deforestation and degradation [36]. Why carbon cycle drew much attention is because 55 
carbon dioxide being the chief among the greenhouse gases has the potentials to influence the global 56 
climate pattern [4], and it also has a relatively long residence time in the atmosphere. About 60% of the 57 
observed global climate change is attributable to this increasing carbon dioxide concentration in the 58 
atmosphere [14]. 59 

Nature has provided us with natural carbon “sinks” or “sponges” like the terrestrial ecosystem and the 60 
oceans. Forest’s ecosystem is one of the most important carbon sinks of the terrestrial ecosystem. 61 
Forest’s vegetation takes up the carbon dioxide in the process of photosynthesis. In this natural process, 62 
it removes the carbon dioxide from the atmosphere and stores the carbon in the plant tissues, forest litter 63 
and soils [36]. Thus, forest ecosystem plays a very important role in the global carbon cycle by 64 
sequestering a substantial amount of carbon dioxide from the atmosphere. This process is more prolific in 65 
a relatively new forest where the growths of the trees are still rapid. It is estimated that about 86% of the 66 
terrestrial above-ground carbon and 73% of the earth’s soil carbon are stored in the forests. The tropical 67 
forests are said to play a major role in the global carbon cycle, storing up to about 46% of the world’s 68 
terrestrial carbon pool and about 11.55% of the world’s soil carbon pool, acting as a carbon reservoir and 69 
functioning as a constant sink of atmospheric carbon [5]; [27]; [21]; [35]. According to a study conducted 70 
by [5], it was suggested that half of the so called “matured forests” could also sequester carbon and the 71 
rate of sequestering carbon could be further increased if human pressures are reduced or removed from 72 
these forests. In a tropical forest ecosystem, the living biomass of trees, the understory vegetation and 73 
the deadwood, which includes the standing deadwood and the fallen deadwood like fallen stems and 74 
fallen branches, woody debris and soil organic matters constitute the main carbon pool. Among the above 75 
mentioned carbon pools, the above-ground biomass of the tree is mainly the largest carbon pool and it is 76 
directly affected by deforestation and forest degradation [13]. The change in the forest areas and the 77 
changes in forest biomass due to management and regrowth greatly influence the transfer of carbon 78 
between the terrestrial forest ecosystem and the atmosphere [17].  Hence, estimating the forest carbon 79 
stocks is mainly important to assess the magnitude of carbon exchange between the forest ecosystem 80 
and the atmosphere. Assessment of the amount of carbon sequestered by a forest will give us an 81 
estimate of the amount of carbon emitted into the atmosphere when this particular forest area is 82 
deforested or degraded. Furthermore, it will help us to quantify the carbon stocks which in turn will enable 83 
us to understand the current status of carbon stocks and also derive the near-future changes in the 84 
carbon stocks [13]; [17]. 85 

There are a few existing estimations of forest biomass carbon stocks in Nigeria, from that in Effan Forest 86 
Reserve, north-western Nigeria [1] to the study in Ile-Ife, south-western Nigeria [31], and also the study in 87 
oluwa forest, south-western Nigeria [24] to the study in Benue state, north central Nigeria [12] and a 88 
general overview of carbon fluxes in five forest zones in Nigeria from 1990 to year 2000 [28]. [28] carried 89 
out an estimation of the carbon fluxes in the forest zones of Nigeria from 1990 to 1995, with extrapolation 90 
up to year 2000. The report established that of the five categories of forest life zones, lowland rainforest 91 
occupies close to 80% of the land area and contributes about 84% to the total carbon stock in the forest 92 
zones of Nigeria in year 2000. Total carbon stored was estimated to be 2.55 TgC in 2000, the estimated 93 
value of 2.84 TgC in 1990. [17] Estimated that 90% of the world’s terrestrial carbon is sequestered in 94 
forests, which makes about 3.6 billion hectares (28%) of the land area. The influence of forests 95 
ecosystem on climate change is not well quantified and is often disregarded. Human influences on forests 96 



 

 

(inefficient management) can further affect CO2 sequestered [30]. Thus, adequate information should be 97 
available to better understand the consequences of anthropogenic activities in our forest ecosystem. 98 

2 MATERIALS AND METHODS 99 

2.1 STUDY AREA 100 
Makurdi Zoological garden is located in Makurdi Local Government Area of Benue State. Makurdi is the 101 
state capital of Benue State and lies on the south bank of the Benue River. It Coordinates is 70 43’50’’N 102 
8032’10E (. The study area is shown in Figure 1). 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

Figure 1: Map of Makurdi showing the study area 112 

Source: Google Map 113 

 114 

2.2 FIELD DATA 115 

2.2.1 Sampling design 116 

Random sample plots of 100 m × 100 m were located in the field using a Garmin GPS. The use of GPS 117 
receivers enables efficient and accurate placement of the plots. In each of the plots, all trees with DBH 118 
(i.e. diameter at 1.3m) exceeding 5 cm were measured with a 50 m girt measuring tape and their heights 119 
measured with Hhaga altimeter. 120 

2.2.2 Soil sampling 121 

Soil samples were randomly collected at the center of each plot at depths of 0–15 and 15–30 cm, 122 
respectively, since the highest proportion of the total root is within first 30 cm of the soil surface. About 123 
two- thirds of the carbon in terrestrial ecosystems comes from soil organic carbon. As a result, the soil 124 
samples were carefully collected since it forms the major component of the result, thereby preventing the 125 
top-layer soil from falling to the lower samples according to best practices. 126 

2.3 DATA PREPARATION 127 

2.3.1 Estimation of Biomass 128 

2.3.1.1 Above ground biomass.  129 
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The pan tropical biomass allometric equation proposed by [7] for tropical moist forest was used for the 130 
estimation of tree aboveground biomass:    131 

 TAGB = exp (−2.977 + ln (ρD2H)) = 0.0509 × 2                                                      (1) 132 

 Where TAGB is tree aboveground biomass, D is diameter at breast height, H is total height and ρ is 133 
wood density (wood specific gravity) and estimated as 0.88. 134 

2.3.1.2 Below ground biomass.  135 

Below Ground Biomass is estimated from Above Ground Biomass. A non-destructive approach depends 136 
on belowground biomass values for vegetation as 20% of the aboveground biomass.  137 

Below ground biomass = 20% × above ground biomass 138 

That is: 139 

BGB = 20% × Agb                                                                                                          (2) 140 

 141 

2.3.2 Estimation of Carbon Stock 142 

2.3.2.1 Aboveground carbon stock 143 

To estimate the Above Ground Carbon (AGC), the aboveground biomass (AGB) was multiplied by 50% 144 

        AGC= total AGB × 0.50 145 

2.3.2.2 Below ground carbon stock 146 

To estimate Below Ground Carbon (BGC), the Below Ground Biomass (BGB) was multiplied by 50%    147 

BGC= total AGB × 0.50 148 

2.3.2.3 Soil carbon stock. 149 

 The Total Organic Carbon (TOC) of soil matter was determined by collecting soil samples from the sub-150 
plot within the main sample plots using the Walkley–Black method. A total of 20 samples at 0–15 and 15–151 
30 cm were collected for TOC (%Carbon). Soil carbon stock was computed by multiplying the 152 
concentration of total carbon (C) by bulk density and the corresponding depth at which the sampling was 153 
done:   154 

Soil carbon (Mg/ha) = bulk density (g/cm3) × soil depth interval (cm) × C (%) 155 

100                                                                             (3) 156 

Soil carbon at 0-15 cm = TOC × Depth × Bulk Density, 157 

Soil carbon at 15-30 cm = TOC × Depth × Bulk Density: 158 

 159 

2.3.3 Estimation of Carbon dioxide 160 

2.3.3.1 Above Ground Biomass Carbon dioxide 161 
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To estimate the amount of Carbon dioxide (CO2) sequestered in the above ground biomass, the 162 
aboveground carbon was multiplied by 3.67 which is the ratio of the molecular weights between CO2 and 163 
carbon.   164 

   CO2 = aboveground carbon stock × 3:67  165 

2.3.3.2 Below Ground Biomass Carbon dioxide 166 

To estimate the amount of Carbon dioxide (CO2) sequestered in the belowground biomass, the 167 
belowground carbon was multiplied by 3.67 which is the ratio of the molecular weights between CO2 and 168 
carbon.   169 

   CO2 = belowground carbon stock × 3:67  170 

2.3.3.3 Total Carbon stock estimation  171 

The total carbon stock was estimated as the total stock of carbon in the ecosystem, including above 172 
ground and below ground stock. The constituents of the below ground stock are the carbon content in 173 
roots and all Below Ground Biomass and the carbon in the soil. The total below ground carbon stock is 174 
the addition total below ground carbon stock Below Ground Biomass and soil carbon. The sum total of all 175 
the biomass obtained from the three pools considered which Above Ground Biomass, Below Ground 176 
Biomass is and Soil Organic Carbon was calculated and the carbon stock was obtained using Equation 177 
(4).  178 

Total Carbon Stock = Total biomass × % Carbon,                                                       (4)  179 

Total carbon stock can be calculated from Carbon stock in standing tree as follows:   180 

Total carbon stock = AG carbon stock + BG carbon stock = AG carbon stock +carbon belowground 181 
biomass + carbon stock in soil: 182 

2.3.3.4 Total Carbon dioxide (CO2) sequestered 183 

The total carbon stock can be converted to CO2 by multiplying carbon stock by 3.67 which is the ratio of 184 
the molecular weights between CO2 and carbon.  185 

 CO2 = Total carbon stock × 3.67. 186 

 187 

3 RESULTS AND DISCUSSION 188 

3.1 THE FOREST STRUCTURE 189 

A total of 27 plant species from 16 families were identified (Table 1). A total of 689 trees were sampled in 190 
the study area. Among the species sampled, Daniella oliveri was the dominant species (339) followed by 191 
Azadirachta indica (95), Elaeis guineensis (39) and Vitex doniana (34). Other species recorded are 192 
Acacia seyal (1) and Parkia biglobosa (1).This information is also represented in figure 2. 193 

 194 

 195 

 196 
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Table 1: species collected from Makurdi Zoological Garden with their mean DBH, mean height, 197 
number of plots in which they occur and number of trees. 198 

S/N Species scientific name Family No. of 

plots 

species 

occur 

Total 

no. of 

trees 

Mean 

DBH 

(cm) 

Mean 

height 

(m) 

1 Anacardum   ocindentel Anacardiaceae 1 2 37 10 

2 Ficus               sur Moraceae 6 17 38.7 10.7 

3 Daniella        oliveri Caesalpinioideae 10 339 62.3 17.6 

4 Gmelina         aborea Verbanaceae 4 21 32.8 13.8 

5 Azadirachta    indica Meliaceae 8 95 50.5 15.6 

6 Ficus               exasperate Moraceae 5 20 37.2 11 

7 Acacia             seyal Fabaceae 1 1 57 10 

8 Pterocarpus     erinaceus Fabaceae 3 26 74 12.7 

9 Vattelleria      paradoxa Sapotaceae 4 10 31.8 10 

10 prosopis        Africana Mimosoideae 2 7 35.6 11 

11 Vitex              doniana Verbanaceae 4 34 32 10.5 

12 Lannea         shimperi Anacardiaceae 1 2 43 19.5 

13 Elaeis           guineensis Arecaceae 6 39 42.4 10.2 

14 Bridelia         ferruginea Euphorbiaceae 1 3 21 7 

15 Psedocedrella kotschyi Meliaceae 2 6 37.2 10 

16 Lannea        acida Anacardiaceae 5 23 47.2 14.4 

17 Acacia           nilotica Mimosoideae 5 15 45.2 13.2 

18 Mytragyna   inermis Rubiaceae 1 3 40 10 

19 Terminalia   avicenniodes Combretaceae 2 7 34.6 8 

20 Magnifera    indica Anacardiaceae 3 29 45.3 16 

21 Hannoa           undulate Simaroubaceae 3 6 16.3 6 

22 Sterculia         setigera Sterculiaceae 1 2 40 12 

23 Albizia             zygia Mimosoideae 2 6 47.2 10.5 

24 Delonix          rigia Fabaceae 1 2 58 8 

25 Scheflera      actinophylla Araliaceae 1 12 28 9 



 

 

26 Parkia             biglobosa Mimosoideae 1 1 88 12 

27 Lophira          lanceolata Onchnaceae 1 3 15 6 
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Figure 2: Pie chart showing.  trees species distributions in the studied area 224  Comment [Office11]: Decide if use the table of 
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3.2 DBH DISTRIBUTION OF MAKURDI ZOOLOGICAL GARDEN 225 

The DBH class 51-70 was dominant, followed by 31-50cm, 71-90cm and 10-30cm respectively. As 226 
mentioned in table 1, the mean maximum DBH value in the studied area was recorded for Parkia 227 
biglobosa with the mean DBH value of 88cm followed by Pterocarpus erinaceus and Daniella oliveri with 228 
the mean DBH  value of 74cm and 62.3cm respectively. The least mean DBH was recorded for Lophira 229 
lanceolata with the mean value of 15cm followed by Hannoa undulate with the mean value of 16.3 (figure 230 
3) 231 

 232 

 233 

 234 

 235 
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 238 

 239 

 240 

 241 

 242 

 243 

Figure 3: Bar chart showing DBH class distribution of trees in the studied area. 244 

 245 

3.2 HEIGHT DISTRIBUTION OF MAKURDI ZOOLOGICAL GARDEN 246 

Height distribution was based on class rang. Class range of 0 – 10 has an approximate height distribution 247 
of 90, while class rang of 11 – 15 has an approximate value of 170 and class range of 16 -20 has an 248 
approximate value of 470 (Table 2). The numbers of trees between 16-20m height have the highest 249 
number of individual tree species followed by 11-15m, and 5-10 respectively (Figure 4). As a result, the 250 
higher class with the height range of 16-20m consists of the greatest number of individual tree species. 251 
About 63.6% of the total trees found in the studied area fall between the height ranges of 16-20cm. 23.5% 252 
of trees were found between the height ranges of 11-15m while 12.9% of trees were found between the 253 
ranges of 5-10m (Figure 4). 254 
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Table 2: Class range and approximate height distribution 259 

Class range Height distribution 

0 - 10 90 

11 - 15 170 

16 - 20 470 

 260 
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Figure 4: Bar chart showing height class distribution of trees in the studied 273 

 274 

3.3 ESTIMATION OF BIOMASS 275 

3.3.1 Above Ground Biomass (AGB) 276 

The result shows that the maximum above ground biomass sequestered  by the plant species was 1037.3 277 
ton/ha, the minimum above ground biomass sequestered by plant species was 0.181ton/ha and the total 278 
above ground biomass (TAGB) for the studied area was 1512.7ton (Table 3). The graphical 279 
representation of the biomass of each plant species is shown in figure 5. 280 

3.3.2 Below Ground Biomass (BGB) 281 

The maximum below ground biomass sequestered by plant species was 207.5ton/ha, the minimum below 282 
ground biomass sequestered by plant species was 0.036ton/ha while the total below ground biomass 283 
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(TBGB) for the studied area was 302.579ton (Table 3). The graphical representation of the above 284 
information is shown in figure 6. 285 

 286 

Table 3: Estimated above and below ground biomass of species 287 

S/N. SCIENTIFIC NAME TOTAL AGB Ton/ha TOTAL BGB Ton/ha

1 Anacardum ocindentel 1.2264 0.2453 

2 Ficus sur 12.203 2.441 

3 Daniella oliveri 1037.3 207.5 

4 Gmelina aborea 13.965 2.793 

5 Azadirachta indica 169.29 33.858 

6 Ficus exasperate 13.636 2.727 

7 Acacia seyal 1.4553 0.2911 

8 Pterocarpus erinaceus 80.99 16.198 

9 Vattelleria paradoxa 4.529 0.906 

10 prosopis Africana 4.37 0.874 

11 Vitex doniana 16.375 3.275 

12 Lannea shimperi 3.229 0.6459 

13 Elaeis guineensis 32.033 6.4066 

14 Bridelia ferruginea 0.4148 0.0829 

15 Psedocedrella kotschyi 3.719 0.744 

16 Lannea acida 33.05 6.6101 



 

 

17 Acacia nilotica 18.12 3.624 

18 Mytragyna inermis 2.15 0.43 

19 Terminalia avicenniodes 3.003 0.601 

20 Magnifera indica 42.65 8.53 

21 Hannoa undulate 0.428 0.0857 

22 Sterculia setigera 1.72 0.344 

23 Albizia zygia 6.287 1.257 

24 Delonix rigia 2.411 0.4822 

25 Scheflera actinophylla 3.793 0.759 

26 Parkia biglobosa 4.162 0.832 

27 Lophira lanceolata 0.181 0.0363 

Total  1,512.7 302.579
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Figure 5: A Bar chart showing above ground biomass of species 311 
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Figure 6: Bar chart showing bBelow gGround bBiomass 323 
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3.4 ESTIMATION OF CARBON STOCKS 327 

3.4.1 Above Ground Carbon Stock 328 

The  maximum and the minimum above ground carbon stock potentials of  each plant species sampled in 329 
Makurdi zoological garden was 518.65ton/ha and 0.0905ton/ha while the total above ground carbon 330 
(TAGC) in the studied area was 756.4ton (Table 4). The above information is also represented by figure 331 
7. 332 

3.4.2 Below Ground Carbon stock  333 

The maximum and the minimum value of the below ground carbon sequestered in the area was 103.73 334 
tons/ha and 0.0181tons/ha respectively while the total below ground carbon (TBGC) for the studied area 335 
was 151.294ton (Table 4). The above information is shown in figure 8. 336 

Table 4: Estimated above and below ground carbon Stock of species 337 

S/N SCIENTIFIC NAME TOTAL AGC Ton/ha TOTAL BGC Ton/ha

1 Anacardum ocindentel 0.6132 0.1227 

2 Ficus sur 6.1015 1.2203 

3 Daniella oliveri 518.65 103.73 

4 Gmelina aborea 6.9825 1.3965 

5 Azadirachta indica 84.645 16.3965 

6 Ficus exasperate 6.818 1.3636 

7 Acacia seyal 0.7277 0.1455 

8 Pterocarpus erinaceus 40.495 8.099 

9 Vattelleria paradoxa 2.265 0.453 

10 Prosopis Africana 2.185 0.437 

11 Vitex doniana 8.188 1.6375 

12 Lannea shimperi 1.6145 0.3229 



 

 

13 Elaeis guineensis 16.017 3.2033 

14 Bridelia ferruginea 0.207 0.0415 

15 Psedocedrella kotschyi 1.8595 0.372 

16 Lannea acida 16.53 3.305 

17 Acacia nilotica 9.06 1.812 

18 Mytragyna inermis 1.075 0.215 

19 Terminalia avicenniodes 1.502 0.3003 

20 Magnifera indica 21.33 4.265 

21 Hannoa undulate 0.214 0.043 

22 Sterculia setigera 0.86 0.172 

23 Albizia zygia 3.144 0.629 

24 Delonix rigia 1.2055 0.2411 

25 Scheflera actinophylla 1.897 0.379 

26 Parkia biglobosa 2.081 0.416 

27 Lophira lanceolata 0.0905 0.0181 

TOTAL  756.4 151.29
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Figure 7: Bar chart showing the Aabove ground Carbon sequestered by plant species 362 
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Figure 8: Bar chart showing the below ground carbon sequestered by plant species 385 

 386 

3.5 CARBON DIOXIDE (CO2) ESTINATION 387 

3.5.1 Above ground CO2 388 

The maximum and minimum above ground carbon dioxide sequestered in the study area was 389 
1903.45tons/ha and 0.332tons/ha respectively while the total above ground CO2 sequestered was 390 
2775.8tons/ha (Table 5).This information is graphically represented in figure 9 391 

 3.5.2 Below ground CO2 392 

The maximum and minimum below ground carbon dioxide sequestered in the study area was 393 
380.7tons/ha and 0.0666tons/ha respectively while the total below ground CO2 sequestered was 394 
555.25ton/ha (Table 5). This information is represented in figure 10. Also, the total CO2 sequestered in the 395 
study area = total above ground CO2 + total below ground CO2. Total CO2 = 2775.8 +555.25 = 396 
3331.05ton/ha 397 
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 401 

Table 5: Estimated carbon dioxide sequestered by plant species 402 

S/N SCIENTIFIC NAME TOTAL AG CO2 Ton/ha TOTAL BG CO2 Ton/ha

1 Anacardum   ocindentel 2.25 0.45 

2 Ficus sur 22.4 4.48 

3 Daniella oliveri 1903.45 380.7 

4 Gmelina aborea 25.6257 5.125 

5 Azadirachta indica 310.65 62.129 

6 Ficus exasperate 25.022 5.005 

7 Acacia seyal 2.6705 0.534 

8 Pterocarpus erinaceus 148.62 29.723 

9 Vattelleria paradoxa 8.3107 1.662 

10 prosopis  Africana 8.0189 1.604 

11 Vitex  doniana 30.05 6.009 

12 Lannea shimperi 5.925 1.185 

13 Elaeis guineensis 58.78 11.76 

14 Bridelia ferruginea 0.7612 0.1522 

15 Psedocedrella kotschyi 6.824 1.365 

16 Lannea acida 60.65 12.13 

17 Acacia  nilotica 33.25 6.65 

18 Mytragyna inermis 3.95 0.789 

19 Terminalia avicenniodes 5.511 1.102 

20 Magnifera indica 78.3 15.652 

21 Hannoa undulate 0.785 0.157 

22 Sterculia  setigera 3.156 0.6312 

23 Albizia zygia 11.5366 2.307 

24 Delonix rigia 4.424 0.885 

25 Scheflera actinophylla 6.96 1.392 
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26 Parkia biglobosa 7.64 1.528 

27 Lophira lanceolata 0.332 0.0666 

 Total 2775.8 555.23
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Figure 9: Bar chart showing Above ground carbon dioxide sequestered by plant species 419 
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Figure 10: Bar chart showing Below ground carbon dioxide sequestered by plant species 445 

To estimate the AGB and BGB in the study area, determine the total caron stock and evaluate the total 446 
carbon dioxide sequestered, a total of 731 tree species from sixteen different families were measured on 447 
field. The average DBH of all tree species measured ranged from 15cm to 88cm. Daniellia oliveri has the 448 
highest number of trees of 331 having an average DBH of 62.3cm while Parkia biglobosa has the least 449 
number of trees of one with DBH of 88cm. The pantropical biomass allometric equation proposed by [7] 450 
for tropical moist forests was used for the estimation of tree aboveground biomass which has been tested 451 
and shown to accurately predict TAGB in several sites. Tree aboveground biomass per plot was 452 
estimated by the summation of the TAGB of all individual trees in the plot. The total AGB for the studied 453 
area (1512.7 tonha-1) was higher when compared with [29] assertion that the global AGB in tropical dry 454 
and wet forest range between 30-275 tonha-1 and 213-1173tonha-1 respectively and that recorded in Ile- 455 
Ife (54.52 tonha-1) and reported by [31] but was smaller when compared with other studies. [4] estimated  456 
above ground biomass to be an average 215 mg tonha-1  and 192 mg tonha-1  for undisturbed tropical 457 
forest of Asia and the world respectively and also with study carried out by [24] that the total AGB of  458 
Oluwa forest of Ondo state  was 162,826.343 tonha-1  that is, 162 mg tonha-1 . The total above ground 459 
carbon stock estimated was 756.4tonha-1 of carbon while the total below ground carbon stock was 460 
151.294 tonha-1 of carbon are lower when compared with the value found in other system in Africa. E.g. 461 
152mg t c/ha for cocoa agroforestry in  South Cameroon [9]; 66-88mg t c/ha for rubber plantation in 462 
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Cameroon [11] but  however higher than the value of carbon stock recorded in Ile- Ife (28.18) reported by 463 
[31]. A total of 3331.04 ton ha-1 of CO2 was estimated to have been sequestered in the area. 464 

Generally one must exercise caution in comparing the study results because of differences in the forest 465 
types, site types, management systems, monitoring, the methodology and model equation used in 466 
different studies [26]; [7]; [25]. [34] Reported that fast growing species accumulate more carbon in the first 467 
stages of their life span, while the high specific gravity of slower-growing species accumulates more 468 
carbon in the long term. Above ground biomass and consequently carbon stock has been reported to be 469 
influenced in any particular region by factors such as climate, solar radiation, and disturbance, age of 470 
forest, species composition, and soil characteristics [3]. [10] Has also pointed out that the rate of carbon 471 
storage in forest biomass depends on tree growth rate: the more biomass is added through 472 
photosynthesis the more carbon is stored. It is clear from this study that species composition, disturbance 473 
and age of the vegetation are the main factors influencing carbon stock especially in the above ground 474 
biomass. 475 

4 CONCLUSIONS 476 

This preliminary evaluation strategically positions (guinea savanna) as found in Benue State in line for 477 
UNFCCC and Kyoto carbon credit trading while substantiating the importance of preserving our 478 
indigenous forest reserves.  479 

COMPETING INTERESTS 480 

The authors have declared that no competing interest exists. 481 

REFERENCES 482 

1 Abubakar, A., Abdulkadir, A., Jibrin, A., and Abubakar, R.B. (2014). An appraisal of forest degradation 483 
and carbon sequestration of Effan Forest Reserve in Kwara State. Global Journal of Science Frontier 484 
Research: H Environment & Earth Science, 14, 3. 485 
 486 
2 Ahmedin, A.M., Bam, S., Siraj, K.T., and Solomon Raju, A.J. (2013). Assessment of biomass and 487 
carbon sequestration potentials of standing Pongamia pinnata in  Andhra University, Visakhapatnam, 488 
India. Bioscience Discovery, 4(2), 143–148. 489 
 490 
3 Birdsey R. A. and Health, L. S. (1995). Carbon changes in U.S Forest. In Productivity of America’s 491 
Forests and Climate Change Joyce, L. A. (ed) Forest Service, Rocky Mountain Forest and Range 492 
Experiment Station, Fort Collins: USA CO.; 56-70. 493 
 494 
4 Brown, S. (1993) Tropical forests and the global carbon cycle: The need for sustainable land-use 495 
patterns. Agriculture, Ecosystems and Environment 46:31-44. 496 
 497 
5 Brown, S. and Lugo, A. E. (1982) The storage and production of organic matter in tropical forests and 498 
their role in the global carbon cycle. Biotropica 14: 61-187. 499 
 500 
6 Chavan, B. L. and Rasal, G. B. (2012). Carbon Sequestration Potential of young Annona Reticulate and 501 
Annona squamosa from University Campus of Aurangabad. International Journal of Physical and Social 502 
Sciences. 2(3): 193-198. 503 

7 Chave, J., Andalo, C., Brown, S., Cairns, M. A., Chambers, J. Q., Eamus, D., Fölster, H., Fromard, F., 504 
Higuchi, N., Kira, T., Lescure, J.P., Nelson, B. W., Ogawa, H., Puig, H., Riéra, B. and Yamakura, T. 505 
(2005). Tree allometry and improved estimation of carbon stocks and balance in tropical forest. 506 
Oecologia, 145: 87-99. 507 

 508 

Comment [Office17]: This is not a conclusion 



 

 

8 Cienciala, E., Seufert, G., Blujdea, V., Grassi, G., & Exnerová, Z. (2010). Harmonized methods for 509 
assessing carbon sequestration in European Forests European Commission Joint Research Centre 510 
Institute for Environment and Sustainability (pp. 3–328). Luxembourg: Publications Office of the European 511 
Union. 512 

 513 
9 Duguma, B., Gockowski, J. and Bakala, J. (2001). Smallholder Cacao (Theobroma cacao Linn.) 514 
cultivation in agroforesrty systems of West and Central Africa: challenges and opportunities. Agrofor. 515 
System, 51: 177-188. 516 
 517 
10 Dutcã, I., Abrudan, I. V. and Bluddea, V. (2009). The impact of a forestation on carbon storage - a 518 
review. University of Brasov. Bulletin of the Transilvania, 2(51): 13-18.  519 
 520 
11 Egbe, A. E., Tabot, P. T., Fonge, B. A. and Bechem, E. (2012). Simulation of the impacts of three 521 
management regimes on carbon sinks in rubber and oil palm plantation ecosystems of South-Western 522 
Cameroon. Journal of Ecology and the  Natural Envoronment, 4(6): 154-162. 523 
 524 
12 Eneji, I. S., Ofoegbu, O. and Azua, E. T. (2014). Sequestration and Carbon Storage Potential of 525 
Tropical Forest Reserve and Tree Species Located Within Benue State of Nigeria. Journal of Geoscience 526 
and Environment Protection, 2, 157-166.http://dx.doi.org/10.4236/gep.2014.22022  527 
 528 
13 Gibbs, H. K., Brown, S., Niles, J.O. and Foley, J.A. (2007) Monitoring and estimating tropical forest 529 
carbon stocks: Making REDD a reality. Environmental Research Letters 2: 1-13. 530 
 531 
14 Grace, J. (2004) Understanding and managing the global carbon cycle. J Ecol 92: 189-202. 532 

 533 
15 Green, R., Tobin, B. and O’Shea, M. (2007). Above and below ground biomass measurements in an 534 
unthinned stand of Sitka spruce (Piceasitchensis (Bong) Carr.). Eur. J. forest Res., 126: 179−188.  535 

16 Haghparast, H., Delbari, A., & Kulkarni, D.K. (2013). Carbon sequestration in Pune university campus 536 
with special reference to geographical information system(GIS). Department of Environmental sciences, 537 
Pune University, India & BAIF Development Research Foundation, Pune, India. Annals of Biological 538 
Research,4(4), 169–175 539 

 540 
17 Houghton, R. A. (2005). Aboveground forest biomass and the global carbon balance. Global Change 541 
Biology, 11, 945–958. 542 
 543 
18 IPCC. (2001, October 05). Climate change 2001 report. Retrieved from: 544 
http://www.grida.no/publications/other/ ipcc_tar/?src=/climate/ipcc_tar/wg1/099.htm 545 

 546 
19 Iveren, B. C., and Johnson, S. A. O. (2018): Mapping tree aboveground biomass and carbon in Omo 547 
Forest Reserve Nigeria using Landsat 8 OLI data, Southern Forests: a Journal of Forest Science, DOI: 548 
10.2989/20702620.2018.1463150 549 
 550 
20 Jeyanny, V., Balasundram, S.K., & Husni, M.H.A. (2011). Geo-spatial technologies for carbon 551 
sequestration monitoring and management. American Journal of Environmental Sciences, 7(5), 456–462. 552 
doi:10.3844/ajessp.2011.456.462 553 

 554 
21 Kira, T. (1987) Primary production and carbon cycling in a primeval lowland rainforest of Peninsular 555 
Malaysia. Amsterdam: Elsevier Science Publisher B.V 99-119. 556 
 557 
22 Lewis, S. L., Lopez-Gonzalez, G., Sonke, B., Affum-Baffoe, K., Baker, T. R., Ojo, L. O., Phillips, O. L., 558 
Reitsma, J. M., White, L. and Comiskey, J. A. (2009). Increasing carbon storage in intact African tropical 559 
forests. 560 
 561 
23 Luyssaert, S., Schulze, E. D., Börner, A., Knohl, A., Hessenmöller, D., Law, B.E., Ciais, P. and Grace 562 
J. (2008). Old-growth forests as global carbon sinks. Nature 455: 213–215. 563 



 

 

 564 
24 Makinde, E. O., Womiloju, A. A. and Ogundeko, M. O. (2017) The geospatial modelling of carbon 565 
sequestration in Oluwa Forest, Ondo State, Nigeria, European Journal of Remote Sensing, 50:1, 397-566 
413, DOI: 10.1080/22797254.2017.1341819 567 

 568 
25 Mani, S., Parthasarathy, N. (2007). Above-ground biomass estimation in ten tropical dry everygreen 569 
forest site of peninsular India Biomass and Bioenergy 31: 284-290 570 
 571 
26 Masera, O. R., Garza-Caligaris, J. F., Kanninen, M., Karjalainen, T., Liski, J., Nabuurs, G. J., 572 
Pussinen, A., De-Jong, B. H. J. and Mohren, G. M. J. (2003). Modeling carbon sequestration in 573 
afforestation, agroforestry and forest management projects: the CO2FIX V.2 approach. Ecological 574 
Modelling, 164: 177-199. 575 
 576 
27 Medina, E., Klinge, H. (1983) Productivity of tropical forests and tropical woodlands. In Physiological 577 
plant ecology - IV encyclopedia plant physiology, N.S. 12D (281-303). Berlin: Springer Verlaag. 578 
 579 
28 Momodu, A.S., Siyanbola, W.O., Pelemo, D.A., Obioh, I.B., & Adesina, F.A. (2011). Carbon flow 580 
pattern in the forest zones of Nigeria as influenced by   land use change. African Journal of 581 
Environmental Science and Technology., 5(9), 700–709. 582 
 583 
29 Murphy, P. G. and Lugo, A. E. (1986). Structure and biomass production of a Dry Tropical Forest in 584 
Puerto Rico. Biotropica 18: 62-67   585 
 586 
30 Nowak, D.J., Greenfield, E.J., Hoehn, R.E., & Lapoint, E. (2013). Carbon storage and sequestration by 587 
trees in urban and community areas of the United States.Environmental Pollution, 178, 229–236. 588 
doi:10.1016/j. envpol.2013.03.019 589 

 590 
31 Odiwe, A.I., Rofiat, A.A., & Ogunsanwo, O. (2012). Carbon stock in topsoil, standing floor litter and 591 
above ground biomass in Tectona grandis plantation 10-years after establishment in Ile-Ife, southwestern 592 
Nigeria. International Journal of Biological and Chemical Sciences, 6 (6), 3006–3016 593 

 594 
32 Phillips, O. L., Malhi, Y., Higuchi, N., Laurance, W. F., Nunez, P. V., Vasquez, R., Laurance, S. G., 595 
Ferreira, L. V., Stern, M., Brown, S. and Grace J. (1998). Changes in the carbon balance of tropical 596 
forests: evidence from long-term plots. Science 282: 439–442. 597 

 598 
33 Ravindranath, N. H., Somashekhar, B. S. and Gadgil, M. (1997). Carbon flow in Indian forests, 599 
submitted to the Ministry of Environment and Forest. Climate change, 35(3): 297-320 600 

34 Redondo-Brenes, A. (2007). Growth, carbon sequestration, and management of native tree 601 
plantations in humid regions of Costa Rica. New Forests, 34: 253-268. 602 
 603 
35 Soepadmo, E. (1993) Tropical rain forests as carbon sinks. Chemosphere, 27:1025-1039 604 
 605 
36 Vashum, K. T. and Jayakumar, S. (2012) Methods to Estimate Above-Ground Biomass and Carbon 606 
Stock in Natural Forests - A Review. J Ecosyst Ecogr 2:116.doi:10.4172/2157-7625.1000116 607 
 608 
37 Watson, R.T., Noble, I.R., Bolin, B., Ravindranath, N.H.,  Verado, D.J., and Dokken D.J (2000). Land 609 
Use Land Use Change, and Forestry special reports of the Intergovernmental panel on Climate Change. 610 
Cambridge: Cambridge University press., pp. 375 611 

 612 
 613 

 614 
 615 
 616 
 617 


