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Global warming is one of the most alarming predicaments of the new 

millennium. The toughest causal factor for global warming is allegedly carbon 

emissions. Subsequently, rising carbon emission is one of the major concerns of 

today, a fact well addressed in Kyoto Protocol. Trees are one of the most important 

elements of any landscape, for both biomass and diversity. They have a key role in 

ecosystem dynamics. However, it is ironic that the vegetation has been destroyed 

and degraded in the modern times due to industrial and technological 

advancement. This advancement is responsible for emission of carbon in the 

ecosystem. Hence, the need to tackle environmental issues related to them arises. 

Trees act as sinks for atmospheric carbon, since 46% of their standing woody 

biomass (SWB) is carbon itself (Ravindranath et al., 1997). Importance of forested 

areas in carbon sequestration is already accepted, and well documented (FSI, 1988; 

Tiwari and Singh, 1987). Yet scarcely any attempts have been made to study the 

potential of trees in carbon sequestration from urban areas especially, non-forested 

but tree dominated areas in cities including ‘green pockets’ like institutions, 

avenues and public gardens. In this study, an assessment of standing biomass and 

carbon sequestration potential of tree flora in the Vasantrao Naik Government 

Institute of Arts and Social Sciences, Nagpur campus has been attempted. Such 

green pockets act as regions of urban biodiversity (Kulkarni et al., 2001). Their 

role in urban ecosystem is underestimated. Urbanization is strongly promoted both 

politically and socially as a way to boost average living standards. However, the 

ever-growing urbanization threatens rising of carbon emission due to higher 

consumption of goods and services. Therefore, it is essential that the balance be 

maintained between the carbon emission and carbon sequestration (trapping) to 

attain sustainability.  
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Global carbon is held in a host of different stocks. Natural stocks include 

oceans, fossil fuel deposits, terrestrial systems and the atmosphere. The terrestrial 

system sequesters carbon in sediments, swamps, wetlands, forests and in the soils. 

Almost 66% of the world’s terrestrial carbon is sequestered in the forests. A stock 

that takes-up carbon is called a "sink" while the one which releases carbon is a 

"source." Shifts or flows of carbon over time from one stock to another (ex- from 

the atmosphere to the forest) are considered as carbon "fluxes." Over time, carbon 

may be transferred from one stock to another. Biological growth involves the 

shifting of carbon from one stock to another. Plants fix atmospheric carbon in 

tissues during growth, thus transforming carbon from the atmosphere to the biotic 

system. In an old-growth forest experiencing little net growth, the amount of 

carbon stored can be immense, even though the fluxes are small or zero. Also in 

young fast-growing forests, the stock may be small while the fluxes may be 

significant. 

Carbon sequestration is trapping of atmospheric carbon dioxide (CO2) into 

other long-lasting global pools like oceanic, biotic and geological strata to reduce 

the net rate of augment in atmospheric CO2. Biotic carbon sequestration is a natural 

process based on the removal of atmospheric CO2 through photosynthesis. During 

photosynthesis, trees convert CO2and water into sugar molecules and oxygen 

through a series of oxidation and reduction reactions. Some sugar is stored, while 

most of it gets used by the tree for other purposes such as energy and structure. 

About 46% of the dry mass of a tree comes from carbon, i.e. a 100 kg dried log of 

a tree contains about 46 kilograms of stored carbon. There are many benefits of 

biotic carbon sequestration. Important among these are: (i) improved quality of soil 

and water resources, (ii) decreased nutrient losses from ecosystems, (iii) reduced 

soil erosion, (iv) better wildlife habitat, (v) increased water conservation, (vi) 
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restored degraded soils, and (vii) increased use efficiency of input. Trees are major 

CO2 sinks which capture carbon from the atmosphere and store the same in the 

form of fixed biomass during their growth process. Therefore growing trees in 

urban areas can be a potential contributor in reducing the concentration of CO2 in 

atmosphere by its accumulation (Lal, 2008).  

 Increased anthropogenic activities like land-use change, deforestation, 

biomass burning and fossil fuel combustion are increasing the concentration of 

greenhouse gases; progressively raising atmospheric temperature by radiated 

forcing. The concentration of CO2 has increased by 31% from 1850 to 2005 

resulting in 0.8
o
C increased global surface temperatures since the late nineteenth 

century(IPCC, 2007).In addition to the sea-level rise of 15–23 cm (IPCC, 2007), 

earth’s mean temperature is estimated to increase by 1.5–5.8
o
C during the twenty-

first century (IPCC, 2001). 

The CO2 emission from an urban area is comparatively much higher as 

compared to that at a rural area. Also, number of trees in urban habitats are very 

sparse as compared to rural habitats. In terms of atmospheric carbon reduction, 

trees offer the double benefit of direct carbon storage and stability of natural 

ecosystem with increased recycling of nutrient along with maintenance of climatic 

conditions by the biogeochemical processes (Chavan & Rasal, 2010).  

The current study constitutes an assessment of standing biomass, carbon 

sequestration potential of tree flora in and around the, with inventories on available 

tree species. 
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Objectives: 

 The fundamental goals behind undertaking of the current study were 

understood and defined. The objectives are listed as follows- 

 To enumerate the tree flora of the Vasantrao Naik Government Institute of 

Arts  and Social Sciences, Nagpur campus according to species. 

 To estimate the total biomass of the all the trees of the study area. 

 To estimate the total carbon sequestered by the tree flora of the study area. 

 To prepare a checklist of all the native and exotic tree species growing in the 

Vasantrao Naik Government Institute of Arts and Social Sciences, Nagpur 

campus. 
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Materials and Methods 

Carbon content of the trees in the study area is calculated based on field 

survey and by mathematical model. The methods used for biomass estimation are 

in-situ and non-destructive. 

 

A. Study area:- 

Academic campus of Vasantrao Naik Government Institute of Arts and 

Social Sciences is located at latitude 21˚ 15’18” N and longitude 79˚ 08’19” E. It 

has a total area of 6.5 acres. It is situated on Wardha road, 500 meters away from 

the Zero Miles towards southern side and opposite to Samvidhan Square facing 

heavy traffic. The elevation of the institute is 310m. It has a slight slope and is 

situated at the base of Sitabuldi Fort. Mainly avenue trees are growing on the 

campus along with few local wild plants. On the campus tree plantation is along 

the road side predominantly with some scattered trees distributed/ present around / 

near the boundary 

The climate is extremely hot and dry in summer and very cold in winter, 

with atmospheric temperature ranging between 13˚ to 42˚. The humidity is hot 

ranges from 24% in April to 80% in August. Monsoon lasts from July to 

September with 1092 mm of average rainfall. Stray showers are expected during 

post-monsoons (October and November). The winter extends from December to 

February whereas March to June is the hottest season of the region. 

The residential campus of this Institute which is situated 500m away from 

the Zero Mile towards south, near Morris T point, having heavy traffics located at 

latitude 21˚ 14’82” N and longitude 79˚ 07’97” E. It had 29684.528 sq. mts. area, 

but  5610.947 sq. mts. land area was handed over for Metro rail, Heritage Walk 

Project and D.P. road. Hence, presently 24073.581 sq. mts.  area is in possession of 
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the Institute.  Two new hostels having intake capacity 100 and 200 students are 

under construction. Due to construction activity of hostels, metro railway project 

and D.P. road by Nagpur Corporation, the campus is facing inconveniency. 

Cultivated as well as wild trees are present on the campus. The tree cover is mainly 

restricted to few trees around the boundaries of the campus with a small garden in 

front of the Director bungalow 

  

B. Measurement of Tree Height: 

 The tree height was measured by Abney Level. The angle between the tree 

top and eye view at observer eye level, angle (a) is taken into consideration for tree 

height measurement and height of the tree above observer eye level (h) is 

calculated. The height of the tree above observer eye level (h) is added with 

observer eye height (o) which in this case is 1.65 m to get exact height of the tree  

(H).  

Figure 1 
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Figure 1: Calculation for measurement of tree height; where ‘o’ is observer eye 

height, ‘h’ is height of tree above eye level, ‘b’ is distance of observer from the 

tree, ‘s’ is the slope and ‘a’ is angle observed on Abney level. 

 Considering the angle (a) between tree top and the distance (b) at the eye 

level of observer, the tree height was calculated. If (a) is the angle between 

observer eye level and top of the tree, (b) is the distance in metres between tree and 

observer, (h) is height of tree above eye level, (s) is the slope and (o) is the 

observer eye height of 1.65 m, then the height of tree (H) is calculated by the 

following formulae: 

 

 

 

 

 

C. Measurement of Girth at Breast Height (GBH): 

 Girth of trees was measured at a constant breast height of 1.3 m. Each tree 

coming under the study area was surveyed and girth at breast height (GBH) was 

recorded. The trees with a girth of 30 cm or more were considered. In cases where 

trees were branched at breast height, the measurement was taken slightly below the 

swell. Also if the trees displayed branching below breast height, measurement of 

individual branch with girth over 30 cm was obtained. For trees which were at an 

incline, measurement of girth was done by standing in the upper slope. 

 

D. Estimation of Biomass in Trees: 

For tree biomass estimation, it is not advisable to cut the trees. The biomass 

can be measured through mathematical models by obtaining Diameter at Breast 

Tree Height = (s * Sin a) + o 
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Height (DBH) from GBH. The mathematical models have been developed and 

used by various researchers for biomass estimation of trees (Brown et al., 1989; 

FAO, 1997). Mostly these equations are species specific, particularly in the tropics. 

A general equation has been developed (Brown et al., 1989; Alves et al., 1997; 

Baishya et al., 2009) and applicable in field. Mathematical regression models are 

developed by FAO (1997) and Brown et al. (1989). The algometric analysis based 

on the model developed by Brown et al. (1989) to estimate above ground biomass 

(ABG) has been used in present study. The literature showed this method to be 

non-destructive and most suitable. The regression equation used in this study is as 

follows: 

 

 

Where, Exp. {....} means the “raised to the power of {....}”. Y is the above ground 

biomass (kg), H is the height of the trees (metre), D is the diameter at breast height 

(cm) and S the wood density (gm/cm
3
). For wood density, the standard average 

value O.6 gm/cm
3
 was taken (Warran & Patwardhan, 2001). Below ground 

biomass (BGB) was calculated considering 15% of the above ground biomass 

(MacDicken, 1997). 

 

E. Estimation of Carbon Sequestration: 

 As described by Ravindranath et al. (1997), the total biomass of a tree 

comprises of 46% of carbon itself. Thus by using their result, an equation for 

finding out carbon sequestration potential was devised as follows: 

 

 

 

Y = Exp. {-2.4090 + 0.9522 ln (D
2
 x H x S)} 

Carbon Sequestration = Total Biomass * 0.46 
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Observations of Number of Tree Species in the Campus 

 

Sr. 

No. 
Tree Species Family 

1 Unidentified 
 

2 Aeglemarmelos Rutaceae 

3 Albizialebbeck Leguminosae 

4 Alstoniascholaris Apocynaceae 

5 Annonareticulata Annonaceae 

6 Azadirachtaindica Meliaceae 

7 Bauhinia purpurea Leguminosae 

8 Bombaxceiba Malvaceae 

9 Borassusflabellifer Arecaceae 

10 Brideliaretusa Phyllanthaceae 

11 Buteamonosperma Leguminosae 

12 Callistemon viminalis Myrtaceae 

13 Careyaarborea Lecythidaceae 

14 Cassia fistula Leguminosae 

15 Casuarinaequisetifolia Casuarinaceae 

16 Ceibapentandra Malvaceae 

17 Citrus limon Rutaceae 

18 Cordiaobliqua Boraginaceae 

19 Dalbergialanceolaria Leguminosae 

20 Dalbergiasissoo Leguminosae 

21 Delonixregia Leguminosae 

22 Eucalyptus globulus Myrtaceae 

23 Ficushispida Moraceae 

24 Ficusparasitica Moraceae 

25 Ficusracemosa Moraceae 

26 Ficusreligiosa Moraceae 

27 Ficusvirens Moraceae 

28 Holopteleaintegrifolia Ulmaceae 

29 Kigeliaafricana Bignoniaceae 

30 Leucaenaleucocephala Leguminosae 

31 Madhucalongifoliavar.latifolia Sapotaceae 

32 Mangiferaindica Anacardiaceae 

33 Manilkarazapota Sapotaceae 

34 Miliusavelutina Annonaceae 

35 Millingtoniahortensis Bignoniaceae 

36 Moringaoleifera Moringaceae 
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37 Peltophorumpterocarpum Leguminosae 

38 Phoenix sylvestris Arecaceae 

39 Plumeria alba Apocynaceae 

40 Polyalthialongifolia Annonaceae 

41 Pongamiapinnata Leguminosae 

42 Psidiumguajava Myrtaceae 

43 Roystonearegia Arecaceae 

44 Spathodeacampanulata Bignoniaceae 

45 Stereospermumchelinoides Bignoniaceae 

46 Syzygiumcumini Myrtaceae 

47 Syzygiumheyneanum Myrtaceae 

48 Tamarindusindica Leguminosae 

49 Tectonagrandis Lamiaceae 

50 Vachellianilotica Leguminosae 

51 Ziziphusmauritiana Rhamnaceae 
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Number of families listed 

Family 
No. of 

Species 

Anacardiaceae 1 

Annonaceae 3 

Apocynaceae 2 

Arecaceae 3 

Bignoniaceae 4 

Boraginaceae 1 

Casuarinaceae 1 

Lamiaceae 1 

Lecythidaceae 1 

Leguminosae 12 

Malvaceae 2 

Meliaceae 1 

Moraceae 5 

Moringaceae 1 

Myrtaceae 5 

Phyllanthaceae 1 

Rhamnaceae 1 

Rutaceae 2 

Sapotaceae 2 

Ulmaceae 1 

Unidentified 1 

21 Families 51 Species 
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The above tables and pie charts indicate number and name of tree species along 

with dominance of tree families. 

 

 

 

 

 

 

Anacardiaceae 
Annonaceae 

Apocynaceae 

Arecaceae 

Bignoniaceae 

Boraginaceae 

Casuarinaceae 

Lamiaceae 

Lecythidaceae 

Leguminosae 

Malvaceae 

Meliaceae 

Moraceae 

Moringaceae 

Myrtaceae 
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Ulmaceae 
271-Family 

Family Distribution 
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Family Dominance 

Leguminosae 12 

Moraceae 5 

Myrtaceae 5 

Bignoniaceae 4 

Annonaceae 3 

Arecaceae 3 

Apocynaceae 2 

Malvaceae 2 

Rutaceae 2 

Sapotaceae 2 

Others 11 
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Table showing Carbon Sequestration 

Sr. 

No

. 

Tree Species 
No. of 

Indivi

duals 

Max 

Girth 

Max. 

Height 

Above 

Ground 

Biomass 

Below 

Ground 

Biomass 

Total 

Biomass(kg/t

ree) 

Carbon 

Sequestered 

 

1 Unintefied 1 72 41.70 751.52 112.73 864.25 397.56 

2 Aeglemarmelos 6 164 44.10 6389.92 958.49 7348.40 3380.27 

3 Albizialebbeck 5 360 44.10 40282.77 6042.41 46325.18 21309.58 

4 Alstoniascholaris 4 83 18.92 782.61 117.39 900.00 414.00 

5 Annonareticulata 3 62 29.48 727.28 109.09 836.37 384.73 

6 Azadirachtaindica 21 576 49.23 108858.49 16328.77 125187.26 57586.14 

7 Bauhinia purpurea 1 44 18.92 138.64 20.80 159.43 73.34 

8 Bombaxceiba 4 119 39.42 4316.99 647.55 4964.53 2283.69 

9 Borassusflabellifer 11 133 49.23 13884.62 2082.69 15967.32 7344.97 

10 Brideliaretusa 1 40 23.03 139.41 20.91 160.32 73.75 

11 Buteamonosperma 5 195 46.60 10093.33 1514.00 11607.32 5339.37 

12 Callistemon viminalis 1 77 26.11 546.83 82.02 628.86 289.27 

13 Careyaarborea 6 130 39.42 6195.42 929.31 7124.74 3277.38 

14 Cassia fistula 10 124 52.00 5654.82 848.22 6503.04 2991.40 

15 Casuarinaequisetifolia 1 105 49.23 1805.81 270.87 2076.68 955.27 

16 Ceibapentandra 1 41 24.53 155.21 23.28 178.49 82.11 

17 Citrus limon 3 44 26.11 293.92 44.09 338.01 155.48 

18 Cordiaobliqua 2 151 23.03 2014.34 302.15 2316.49 1065.58 

19 Dalbergialanceolaria 6 139 94.42 10822.15 1623.32 12445.47 5724.92 

20 Dalbergiasissoo 34 180 75.92 36107.12 5416.07 41523.19 19100.67 

21 Delonixregia 11 193 41.70 22721.13 3408.17 26129.30 12019.48 

22 Eucalyptus globulus 2 240 71.93 17363.83 2604.57 19968.41 9185.47 

23 Ficushispida 19 111 39.42 4030.57 604.59 4635.16 2132.17 

24 Ficusparasitica 2 60 23.03 342.66 51.40 394.05 181.27 

25 Ficusracemosa 6 168 75.92 11229.93 1684.49 12914.42 5940.63 

26 Ficusreligiosa 3 375 49.23 33455.49 5018.32 38473.81 17697.95 

27 Ficusvirens 1 63 35.17 495.54 74.33 569.87 262.14 

28 Holopteleaintegrifolia 4 234 44.10 15099.86 2264.98 17364.84 7987.83 

29 Kigeliaafricana 4 355 35.17 20117.00 3017.55 23134.54 10641.89 

30 Leucaenaleucocephala 27 170 57.96 23971.34 3595.70 27567.04 12680.84 

31 
Madhucalongifoliavar.l

atifolia 
2 146 31.29 2577.96 386.69 2964.65 1363.74 

32 Mangiferaindica 9 214 49.23 20560.94 3084.14 23645.08 10876.73 

33 Manilkarazapota 2 45 37.24 428.74 64.31 493.05 226.80 

34 Miliusavelutina 2 50 27.76 351.02 52.65 403.68 185.69 

35 Millingtoniahortensis 4 107 52.00 4364.12 654.62 5018.73 2308.62 

36 Moringaoleifera 3 200 49.23 11134.61 1670.19 12804.80 5890.21 
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37 
Peltophorumpterocarp

um 
4 145 41.70 5029.06 754.36 5783.42 2660.38 

38 Phoenix sylvestris 2 125 52.00 4766.91 715.04 5481.95 2521.70 

39 Plumeria alba 8 70 37.24 1952.39 292.86 2245.25 1032.82 

40 Polyalthialongifolia 52 217 57.96 59902.62 8985.39 68888.02 31688.49 

41 Pongamiapinnata 2 172 24.53 3743.74 561.56 4305.31 1980.44 

42 Psidiumguajava 3 59 11.36 389.24 58.39 447.63 205.91 

43 Roystonearegia 29 176 57.96 32725.95 4908.89 37634.84 17312.03 

44 Spathodeacampanulata 3 160 39.42 3594.88 539.23 4134.11 1901.69 

45 
Stereospermumchelinoi

des 
5 140 44.10 8714.23 1307.13 10021.37 4609.83 

46 Syzygiumcumini 5 75 46.60 2309.84 346.48 2656.31 1221.90 

47 Syzygiumheyneanum 3 64 26.11 584.28 87.64 671.92 309.08 

48 Tamarindusindica 5 533 54.91 50913.67 7637.05 58550.72 26933.33 

49 Tectonagrandis 1 118 41.70 1925.44 288.82 2214.26 1018.56 

50 Vachellianilotica 4 80 44.10 2230.64 334.60 2565.24 1180.01 

51 Ziziphusmauritiana 2 145 37.24 2739.97 411.00 3150.96 1449.44 

  Total 355     619728.78 92959.32 712688.09 327836.52 

 

 

The table shows the total carbon sequestered over the years is almost 327836.52  
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Results and Discussion 

In the present study the total tree biomass of the study area has been 

estimated. Based on this estimation the carbon sequestration potential of the study 

area has been calculated with the help of various equations. This study also 

provides a detailed checklist of the tree flora of the campus according to sepals. It 

helps to understand the carbon sequestration potential and dominance 

characteristics of various tree species growing in the study area. 

Vasantrao Naik Government Institute of Arts and Social Sciences, Nagpur is 

located at latitude 21
0
.15’.18” N and 79

0
 08’ 19” E longitude. It has academic 

campus at this location which is 500 mts away from the Zero Miles to the northern 

side and opposite to Samvidhan Square which is one of the busiest squares   in 

Nagpur with heavy traffic. It has total area about 6.5 acres. 

Old Morris college campus is located 500 mts away from the Zero Mile 

towards southern side and at the Morris T-point, another heavy traffic area of the 

city. At present the Institute has about 19 acres. The elevation of both the 

campuses is about 310 m with at aspheric temperatures ranging between 9
0
 to 47

0 

Av. temp. 26.9
0
C. The climate is arid and warm and average rainfall is 109 cm and 

humidity. 

Total 357 individual trees belonging to 51 species of 21 families were 

studied for estimation of biomass and carbon sequestration (Table-1) Leguminosae 

is the most dominant family with 12 species of trees growing in the campus. 

Polyalthia Longifolia has the maximum number of individuals i.e. 52 on the 

campus. (Academic & Residential campus together). Maximum girth gained by 

Azadirachta indica which is 576 cm of 21 individuals. Dalbergia lanceolaria has 



18 
 

achieved maximum height i.e. 94.42 ft. Total biomass of Azadirachta indica is 

125187.26 and the carbon sequestered is 57586.14 kg. Total biomass of trees and 

carbon sequestered is 712688 kg and 327836 respectively. This biomass is 

accumulated over the past 10 years approximately and it is understood that within 

those years this much carbon has been sinked, preventing it from escaping into the 

atmosphere and has been fixed by these plants. 

Carbon dioxide is a green-house gas found naturally in the atmosphere. Due 

to human activities like industrial development, urbanization, fossil fuel burning 

(Vehicular pollution) the proportions of CO2 in the atmosphere are increasing 

rapidly across the globe. This in turn is leading to a cascade of environmental 

changes better known as global warming. The trees of campus of Vasantrao Naik 

Government Institute of Arts and Social Sciences, Nagpur having successfully 

sinked the 327836 kgs of carbon from the atmosphere, provide a valuable 

ecosystem service in the heavy traffic area of central Nagpur. 
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Conclusion 

Carbon sequestration through forest activity has considerable potential to 

generate low – cost sequestration alternatives, especially in a developing Country 

like India. Generally biomass estimation and carbon sequestration studies are 

performed for tropical evergreen or temperate coniferous forest types. Their 

potential also is very high due to higher density of tree population and suitable 

conditions, for carbon trapping, such forests, are of high importance as carbon 

sinks. On the contrary, not many studies have been carried out to understand the 

potential of trees in sequestering carbon in non-forested areas/urban areas. The 

current study shows that such vegetation type also possesses considerable potential 

for carbon sequestration. Forest decline contributes to the build-up in atmospheric 

carbon; analysts widely agree that the primary cause of the build-up in atmospheric 

carbon is not due to land use changes, but rather due to largely to fossil fuel 

burning and its associated emissions. In this view, the potential of the green areas 

like Vasantrao Naik Government Institute of Arts and Social Sciences, Nagpur, 

Campus cannot be overlooked. 

The Institute strives hard and sincerely towards conservation of 

environment. Starting with the environmental awareness and career oriented 

courses related to environment till the practical changes like solar, wind and hybrid 

installation are made to conserve energy any significant saving may not be 

possible. The Institute has put lot of efforts in the effective management of the 

environmental drives. It shows the commitment and responsibility towards the 

Mother Nature. There are always opportunities for improvements which are noted 

in the different sections for making the activities robust. 

These would help in the journey of sustainable development which already 

have been started and reached at a remarkable height.  


