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Abstract 

Earth's most crucial greenhouse gas is carbon dioxide (CO2), a gas responsible for absorbing and emitting heat. An 

accurate characterization of above-ground biomass and tree carbon in tropical forest is important to estimate their 

contribution to Global Carbon stocks. A non-invasive method was used to estimate the carbon stored by the dominant tree 

species of Gir National Park and Sanctuary (GNPS) i.e., Teak. Circular plots of 10 x 10 m were laid in GNPS with a systemic 

random sampling to get the Girth at Breast Height (GBH) of the trees. An allometric equation with GBH as one of the 

independent variables was already developed for Teak and was used to estimate the total biomass and stored Carbon in 

present study. The result indicates that total dry biomass in National Park is 189.07 ± 6.7 kg per tree. The Carbon 

sequestered per tree is 94.5(±3.3) with 16.34 (±0.02) tonnes of carbon and 59.96 tonnes of CO2 per hectare. In case of 

Wildlife sanctuary, the total dry biomass was 202.42 kg (± 18.2) per tree. The carbon sequestered per tree is 101.21 kg (± 

9.14) with 9.113 (± 0.02) tonnes of carbon and 33.44 tonnes of CO2 per hectare. It is the first study to estimate dry biomass 

and carbon stored by the tress in GNPS and the carbon storage vary among species so there is need to estimate carbon 

stored by other tree species in future. Carbon sequestration plays a vital role in addressing climate change. Considering the 

impact of climate change, a synergistic approach involving both bioenergy and carbon sequestration emerges as the most 

effective strategy for long-term mitigation of CO2 emissions. 
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Introduction 

The increasing Carbon Dioxide (CO2) is main reason for 

increasing global warming and climate change.It constitutes 

about 0.04% in the atmosphere but is the main component of 

greenhouse gases. Its concentration has been increased from 280 

ppm during pre-industrial period to 390 ppm
1
. It plays a vital 

role in the process of photosynthesis by which trees stored CO2 

in the form of biomass for several years. The forest biomass 

both above and below ground accounts for approximately 90% 

of all the living terrestrial biomass on earth
2
. The world’s forests 

contain around 80% of all above ground Carbon and 40% of all 

belowground terrestrial Carbon
2
. Among all ecosystems, 

tropical forests play a crucial role in sequestering carbon 

dioxide, thereby helping to alleviate the impact of rising Earth 

temperature. Encompassing 7-10% of the Earth's total land area, 

these forests store nearly half of the global carbon found in 

terrestrial vegetation. Moreover, they engage in the annual 

processing of roughly six times the amount of carbon through 

photosynthesis and respiration compared to the carbon 

emissions humans generate from fossil fuel use
3,4

. The carbon 

sequestered by plants depend on its biomass which depends on 

many factors like soil type, environmental condition, land 

change and land use, etc. Numerous techniques have been 

devised to assess stocks of above-ground biomass (AGB)
5.6.7

. 

Nonetheless, accurate estimates of carbon stocks in tropical 

forests were elusive as specific equations for calculating above-

ground biomass (AGB) from tree measurements were lacking
6
. 

Carbon sequestration can be accessed through various 

approaches, including direct and indirect methods. While direct 

methods offer greater precision than indirect ones
8
, it's 

important to note that direct methods can be destructive and 

involve harvesting a sample tree
9
. This practice is not suitable, 

particularly in areas like Gir, which serves as the last habitat for 

Asiatic lions (Panthera leo). An indirect and non-invasive 

method was used in this study in the form of an allometric 

equation which has been already developed with GBH (Girth at 

Breast Height). The GBH is mostly used as independent 

variable to enumerate the biomass as it is more precise than 

other variables and there is a strong correlation between 

diameter of a tree and the biomass
10

. These allometric models 

are species specific and also vary along with the physiograph 

gradients and also can vary at different sites
11

. It also varies 

from species to species and at different age of the same tree 

species. Different parts of a tree store different amount of 

carbon, it is maximum in branches than tap root and fine root 

than bole than leaf than lateral root, seed, twig and the minimum 

content is present in bark
12

. The carbon content in a tree varies 
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from 48% in leaves to 54% in wood
9
. Average carbon content is 

taken 50% in most of the study so we have also taken 50% 

carbon content in this study which has 0.05 conversion factor. 

 

The present study estimated the carbon stored for teak (Tectona 

grandis) as it is one of the dominant tree species of many 

tropical forests of India including GNPS. Teak forests in India 

are distributed across the states of Gujarat, Madhya Pradesh, 

Maharashtra, Tamil Nadu, Karnataka, Kerala, Uttar Pradesh, 

Orissa, and Rajasthan
13

. The ability of teak in sequestrating 

carbon is determined by many factors like age class or growth 

level. Some study
14

 showed that in the oldest teak which is 

represented by larger trunk diameter has higher stored carbon, 

around 699.01m
3
ha

-1
, while 21-year-old teak store around 1,037 

kg of carbon. There are many factors which govern the 

productivity of a forest and rainfall is one of the limiting factors 

effecting the biomass production and accumulation in 

seasonally dry tropical and tropical forest and hence also for 

carbon storage
15

. The regulating service like carbon 

sequestration also effects other ecosystem services like nutrient 

cycling, climate change, water cycling and ultimately to the 

biodiversity of the forest. Therefore, carbon sequestration adds 

another reason in favour of conservation of tropical forest like 

Gir. This is the first study conducted in GNPS for estimating dry 

biomass and carbon sequestration.  

 

Study area: The study was conducted in Gir National Park and 

Wildlife Sanctuary (hereafter Gir), Gujarat. It is situated 

between latitude 208400 N 218500 N and longitude 708500 E 

718500 E in the Saurashtra region of Gujarat. The area of gir is 

1413
2
 km, with 258

2
 km area as National Park and 1155

2
 km as 

wildlife sanctuary. Gir belongs to the type 5A/Cla forest type, 

i.e., very dry teak forest
16

. The temperature of Gir varies from 

10 to 45
0 

C and rainfall from 199 to 1866 mm. It has a hot dry 

summer from mid of March to mid of June followed by 

Monsoon which arrives in mid of the June to September with a 

short winter period from December to January. Gir supports a 

rich biodiversity, 606 recorded flowering plant species, 39 

mammalian species, 37 reptiles, 300 species of birds and more 

than 2000 species of insects
17,18

. Gir is divided into three main 

parts, West gir, Central gir and East gir. Tectona grandis is main 

tree species of Gir along with Ziziphus spp. and Acacia spp. 

Teak is the main source of carbon storage and to support 

diversity of gir and other ecosystem services like climate change 

etc. The internal region of Gir is occupied by old tribes called 

Maldharis and there are around 50 nesses of those maldharis 

inside the Gir.  

 

Materials and methods  

The GBH was one of the independent variables in the allometric 

equation used for calculating the biomass of teak. The biomass 

can also be calculated by using both the GBH as well as the 

height but gbh is more accurate as it is not possible to measure 

the accurate height of tress without falling it down.  For GBH, 

the circular vegetation plots of 10 x 10 m were laid in a random 

stratified manner comprising the grid system. The size of the 

grid was 4km
2
. There are 13 grids in National Park having 104 

plots and 53 grids in wildlife sanctuary having 424 plots so the 

total number of plots in Gir were 528. The diameter at breast 

height and height of all the trees (teak) within the plot were 

measured. 

 

The linear regression equation developed for teak
16,17

 at 

R
2
=0.898, for statically significance p=<0.01.  

y = 3.1749x – 21.273 

 

Where,  x= gbh of a tree (cm), y = aboveground biomass 

 

Figure-1: Map of the study area. 
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The formula BGB = 0.25×AGB was employed, following the 

guidelines of the Intergovernmental Panel on Climate Change 

(IPCC), to calculate the below-ground biomass (BGB) of a teak 

tree in an experimental setting. The carbon content was 

calculated as 0.5×total dry biomass (AGB+BGB) for each tree. 

The regression equations and correlation coefficients obtained 

for different variables of reference teak trees were tested for 

statistical significance at α =0.05                   

C= Total Biomass x 0.5 

 

The carbon sequestered is multiplied by CO2 atomic mass ratio 

i.e., 3.67 (15(19); 31(20)) to attain the CO2 sequestered of any 

region or tree.  

 

Results and discussion 

The dominant plant species of GNPS is teak (Tectona grandis) 

therefore it plays a vital role in storing the carbon. As Gir is 

divided into National Park and Wildlife Sanctuary and the 

density of teak varies between them so the carbon storage.  

 

The Average density of teak in National Park is 17.3/km ± 0.85, 

average GBH is 54.3cm ± 1.7 and average height is 8.5cm ± 

0.25. The above ground biomass and below ground biomass per 

tree was 151.2kg ± 5.4 and 37.81 ± 1.3kg respectively. 

Therefore, the total dry biomass per tree was 151.2kg ± 5.4. 

Carbon sequestered per tree was found to be 94.5kg ± 3.3 with 

16.34 ± 0.02 tonnes/hectare of carbon and 59.96 tonnes of 

Carbon dioxide per hectare.  

 

The average density of teak in Wildlife Sanctuary is 9.0/km ± 

0.26, average GBH teak of the wildlife sanctuary is 57.6cm ± 

4.6 and average height is 8.01cm ± 0.11. The above ground 

biomass and below ground biomass were estimated around 

161.9 ± 14.6kg/tree and 40.48 ± 3.6kg/tree respectively. 

Therefore, the total dry biomass per tree in wildlife sanctuary 

was 202.42 ± 18.2kg. Carbon sequestered per tree was 101.21 ± 

9.14kg with 9.113 ± 0.02 tonnes of carbon per hectare and 33.44 

tonnes of carbon dioxide per hectare.  

 

The comparison of different parameters of how carbon storage 

varies with height and gbh is described in Table-1.  

 

Discussion: The anthropogenic activities like deforestation, 

burning of fossil fuels, mining etc enhances the amount of 

greenhouse gases (GHGs, especially CO2) in the atmosphere 

and 12 to 20 per cent of GHG emission has resulted from 

deforestation activity alone
21

. Among the GHGs, CO2 accounts 

for a major share of 60 per cent
22

. According to Global Change 

the amount of carbon dioxide has been increased more than 42% 

in the atmosphere from the last 42 years owing mainly to 

anthropogenic activities. The reduction of carbon emission is 

called carbon credits, permanent credits are referred to reduce 

the carbon emission at source whereas the carbon reduction by 

reforestation and afforestation are called non-permanent 

credits
23

. One-gram dry organic matter fixes 1.63g of CO2
21

 

which if left unmonitored leads to global temperature rise. 

Studies of Indian forests as a part of the National Forest carbon 

balance
24-27

 have examined strata and state/regional forest area 

changes. Their results range from the finding that the forests are 

a major sink for atmospheric carbon
28

. In case of non-permanent 

carbon credit, globally, the annual planting rate is 4.5 million 

ha, with Asia and South America accounting for 89%
29

. 

 

Table-1: Comparison of different parameters of National Park 

and Wildlife Sanctuary. 

Parameters 
National 

Park 

Wildlife 

Sanctuary 

Teak density (per km) 17.3 ± 0.85 9.0 ± 0.26 

Average GBH (cm) 54.3 ± 1.7 57.6 ± 4.6 

Average height (cm) 8.5 ± 0.25 8.01 ± 0.11 

AGB per tree (kg) 151.2 ± 5.4 161.9 ± 14.6 

BGB per tree (kg) 37.81 ± 1.3 40.48 ± 3.6 

Total Biomass per tree 

(kg) 
189.07 ± 6.7 202.42 ± 18.2 

Carbon per tree 94.5 ± 3.3 101.21 ± 9.14 

Carbon (ton/hec) 16.34 ± 0.02 9.113 ± 0.02 

Carbon dioxide (ton/hec) 59.96 33.44 

 

Studies have revealed that the forest in India has a potential to 

sequester 92 t/hectare of CO2
30

 with a carbon uptake of 11.8 

metric ton and a projected carbon uptake of 55.48 Mt and 73.48 

Mt and a sequestration potential of 4.1 and 9.8 Gt for the year 

2020 and 2045
31,32

. According to the Forest Survey of India, 

2017, India has a total carbon stock of 7082 million tons 

sequestered in the trees and soil. According to India state of 

forest report (2017), the total carbon stock of Gujarat state was 

110.697 million tonnes which was classified as AGB is 32.668 

million tonnes, BGB was 11,719 million tonnes, dead wood 

contains 322 million tonnes, litter has 993 million tones and the 

SOG has 64,995 million tonnes. 

 

Regulating services like carbon sequestration varies from forest 

types and age of forest as well as with the tree species. Every 

species contributes in storing the carbon but the amount of 

storage varies. The genus Tectona belongs to the family 

lamiaceae which is important for human kind for its aromatic 

and medicinal values. Teak is native to south and south east 

Asia and is dominant species in arid region of India and this is 

the first study to evaluate the carbon storage by teak of this 

region. Approximately 40% of annual carbon is absorbed by 

volume growth of a tree in the form of above ground biomass. 

The forest biomass both above and below ground accounts for 

approximately 90% of all the living terrestrial biomass on 
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earth
2
. The world’s forest absorbs and sequesters 296 GT of 

carbon in its above and below ground biomass
33

. The 

calculation involves multiplying wood density by volume, 

assuming uniform wood density across individuals of a timber 

tree species. This means that above-ground biomass (AGB) is 

directly influenced by volume, which in turn is dependent on the 

girth at breast height (GBH) and height. This correlation 

between AGB and GBH has been utilized in the present study. 

Nonetheless, there is a need to acquire more precise and 

accurate biomass estimates for tropical forests to enhance our 

comprehension of the pivotal role tropical forests play in the 

global carbon cycle
34-36

.  

 

Conclusion 

Stored carbon in the forests is important to study climatic 

change in terms of total carbon emission and global carbon 

storage capacity which is important for climatic regulation in 

future. Carbon sequestration plays a vital role in addressing 

climate change. Considering the impact of climate change, a 

synergistic approach involving both bioenergy and carbon 

sequestration emerges as the most effective strategy for long-

term mitigation of CO2 emissions.   
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