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Message from the Vice Chancellor  
The Centre for Regulatory Studies, Governance and 

Public Policy led by Dr. Shambhu Prasad Chakrabarty 

conducted an elaborate Carbon Mapping in our campus, 

in the High Court area, Joka –Pailan area and  some 

areas in the district of South 24 Parganas. The team 

from Techno India University, West Bengal led by        

Dr. Abhijit Mitra and Dr. Sufia Zaman was 

phenomenal in making this project a success.  

It is with great pleasure that the comprehensive report of the Carbon Mapping so conducted is 

being presented to the stakeholders responsible for preserving our environment and keeping it 

healthy. This initiative by the Centre comes at a time much appropriate and relevant for the 

city of Kolkata that is slowly sinking into the wrath of pollution, primarily due to excessive 

carbon emission. With the European Parliament raising alarm of the situation of 

environmental emergency and calling for states to ensure reduction of carbon emission at the 

earliest and the COP 25 of the Paris Agreement urging for the same, this initiative becomes 

of utmost importance.  

With this initiative and the report, we have just begun the journey and hope that the 

inspiration from this will be taken by all other Universities and Institutions in mapping the 

carbon footprint of their surroundings and try and take measures to curb the excess carbon 

emissions. This effort will stand as an example to India’s commitment at the International 

level for preserving the mother Earth.  

I congratulate CRSGPP for successfully completing the project and documentation of the 

mammoth work and extend my sincere gratitude to Techno India University, West Bengal for 

their contribution in making this endeavour a success.  

 

 

Prof. Dr. N.K. Chakrabarti  



Message from Dr. Abhijit Mitra, 
Member of Research Advisory 
Board 
Human beings survive through proper functioning of 

their respiratory, circulatory, digestive, excretory, 

nervous and several organ systems to keep their body 

sound and healthy. These organ systems consist of 

heart, lungs, stomach, intestine, kidney, liver etc. If 

these organs fail to perform their respective services 

the person suffers leading to metabolic disorders, diseases and death. The ecosystems around 

us follow the same course of actions with air, water, soil as their components similar to the 

organs of individuals. If any of these components deteriorates, the functioning of the 

ecosystem in terms of maintaining the biogeochemical cycles, ecological balance and 

providing ecosystem services gets affected. The net result is a disaster to the civilization. 

Today mankind is standing at this critical juncture. Because of rapid industrialization and 

urbanization, the climate of the planet Earth has changed a lot with more space for Green 

House Gases (GHGs) and less space for oxygen, which is our life jacket. It is therefore 

needed to restore the ecosystem so that mankind can get their services. From this point of 

view a detailed documentation has been done through this collaborative project to identify the 

producers (the green plants) in our project monitoring zone, which can sequester the GHGs 

and generate oxygen. Such venture with tags of policy and implementation may bring the 

ecosystem to its original form in a cost effective way.  

I deeply acknowledge the green vision of Hon’ble Chancellor of Techno India University, 

West Bengal Dr. Goutam RoyChowdhury for his constant encouragement to save the planet 

Earth and develop a sustainable ecosystem. Our Hon’ble Co-Chancellor Mrs. Manoshi 

RoyChowdhury actively supported the collaborative effort of both the Universities to develop 

an archive on climate related data. Also the researchers of the both the Universities are 

credited for their rigorous field work and bring life to the data generated during the process.  

 

Prof. Dr. Abhijit Mitra  

 



Message from CRSGPP 
Carbon Mapping is a process for identification of CO2 status of 

a particular place and portraits the need to counter the 

adversary. In the wake of degrading environmental conditions, 

CRGSPP has taken up this project to study the condition of 

WBNUJS campus, High Court at Calcutta, Pailan and Sirakol 

(South 24 Parganas) and produce a comparative analysis of the said location in order to 

ascertain the best possible mechanism for carbon sequestration. 

In order to achieve sustainability, the entire world must take all necessary and reasonable 

steps to prevent a major catastrophe. The trends and figures identified by the scientists have 

been alarming in all parts of the planet. Successful studies of Carbon Sequestration by 

leading universities like Harvard, Stanford, and Cambridge etc. have contributed immensely 

in developed countries to capture CO2 naturally in the recent past. The majority of institutions 

claiming successes in various parameters need to refocus their challenge towards the 

protection and reconstruction of the environment. The WBNUJS has taken this responsibility 

with its own limited resources to counter this catastrophe. This pilot project should work as 

an eye opener to many, as it has been to us, to identify the carbon sinking potential of 

common trees. It insists on using such trees playing the natural role in the sequestration 

process, in the afforestation drives across jurisdictions. The University certainly hopes to act 

as model institution which will inspire other leading institutions and schools of our country 

having a non-air conditioned campus take up this project and do their part in promoting this 

natural sequestration of CO2 which solely responsible for global warming. I am sure that once 

we perform our duties, we can surely achieve sustainability and give a breather to the 

generations to come. 

I congratulate the CRSGPP team members and sincerely thank the expertise and visionary of 

Dr Abhijit Mitra, Director Research, Techno India University, West Bengal to undertake this 

mission. 

  

Dr. S.P. Chakrabarty 



Preface 

Humans are the only known species to have successfully populated, 

adapted to, and significantly altered a wide variety of land regions 

across the world, resulting in profound historical and environmental 

impacts. Today in this age of technological advancement human 

population is about 7.7 billion and in 2050 it is expected to touch 9.8 

billion. More than half of the world's population now lives in urban 

areas, and this figure will continue to increase at a rate of 4% a decade 

by 2050. The rapid pace of industrialization and urbanization imposes 

massive environmental challenges such as alteration of floral and faunal 

biodiversity, depletion of natural resources, change of climate at local 

and regional scale etc. It is widely believed that forest patches in urban 

areas provide many ecological and social benefits, amongst which 

sequestration of carbon is very important in the domain of climate 

change. The present collaborative project undertaken by West Bengal 

National University of Juridicial Sciences and Techno India University, 

West Bengal is an attempt in this domain with the basic aim to identify 

the plant species that can sequester carbon and generate oxygen. The 

data developed through this project will improve our understanding of 

the role of urban trees in mitigating the rising trend of urban carbon 

dioxide level. 
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A. Executive Summary 

1. Increase of carbon dioxide besides methane and oxides of nitrogen in the atmosphere is 

leading to climate change. These greenhouse gases (GHGs) cause depletion of ozone 

layer protecting the atmosphere against UV radiation, thereby warming the atmosphere. 

The average concentration of carbon dioxide increased from 315 ppm in 1960 to 409 ppm 

in 2018. The present mean carbon dioxide level in the atmosphere is 411.75 ppm as per 

the date 16th December, 2019 (https://www.co2.earth › daily-co2) 

2. Apart from industrialization and urbanization, change of land use pattern has significantly 

squeezed the natural sink of GHGs in the planet Earth. The sink includes the primary 

producers of the ecosystem. Tropical forests are an important component in the global 

carbon cycle; these forests represent 30-40% of the terrestrial net primary production and 

are the major sinks of GHGs. Trees are important sinks for atmospheric carbon i.e. CO2, 

since 50% of their standing biomass is carbon itself. Importance of forested areas in 

carbon sequestration is already accepted and well documented. However, very few 

attempts have been made to study the potential of trees in carbon sequestration from 

urban areas. 

3. The present monitoring programme carried out during 2019 is an attempt to establish a 

baseline data set of the carbon content in the dominant plant species in the West Bengal 

National University of Juridical Sciences and few sites in and around the city of Kolkata.  

4. In context to upgradation of air quality, this programme is extremely important as 

plantations are raised almost every year to enhance the aesthetic beauty and restore the 

ecosystem. Conference of the Parties (COP) also echoed in the same line of reducing the 

GHGs. At COP21, held in Paris in November-December 2015, the parties negotiated 



(what is known as the Paris Agreement), to establish specific actions and targets for 

reducing greenhouse gases emissions, mitigating and adapting to the effects of climate 

change, and financing mitigation and adaptation efforts in developing countries. The 

agreement took effect nearly a year later. Signatory countries agreed to work to limit 

global temperature rise to below 2 degrees Celsius and to make strong efforts to keep the 

rise to 1.5 degrees Celsius. The Paris Agreement is especially significant because it is a 

legally binding agreement. The curbing and retardation pace of GHGs can effectively be 

carried out through massive plantation and expansion of forest biome that can effectively 

store GHGs (preferably carbon and nitrogen) in the biomass and soil. 

5. Carbon exists in a number of pools within forests and plantation sites that can be 

identified and quantified. These carbon pools are categorized in a variety of ways, but 

typically include four major compartments. The total carbon in a terrestrial ecosystem or 

plantation site is the summation of stored carbon in the above ground plant biomass, 

below ground plant biomass, litter, and soil. In the present report this exercise has been 

completed (excluding the below ground plant biomass and litter) after an in-depth 

monitoring during postmonsoon 2019 in the selected sites of WBNUJS campus and few 

sites in and around the city of Kolkata like the Calcutta High Court and surrounding 

region, Joka, Pailan and Sirakol region in and around the South 24 Paraganas district of 

West Bengal.  

6. The study area in the WBNUJS campus was divided into three distinct compartments 

namely (i) Backyard area on the northeastern side of the campus (ii) Front area of 

the main campus and (iii) Backside area of the main campus – mainly residential. 

The major species in the campus are Ficus benghalensis, Mangifera indica, Musa 

acuminate, Artocarpus heterophyllus, Moringa oleifera, Bauhinia variegate, Hyophorbe 

lagenicaulis, Neolamarckia cadamba, Mimusops elengi, Dypsis lutescens, Borassus 



flabellifer, Bombax ceiba, Psidium guajava, Syzygium cumini, Delonix regia, 

Peltophorum pterocarpum, Bambusoideae, Hevea brasiliensis and Terminalia catappa. 

7. CO2 level in an ecosystem is regulated by the vegetation biomass present in a particular 

system. The CO2 from the air enters into the biotic system (vegetation biomass or 

primary producer community) through the process of photosynthesis. It is therefore a 

thumb-rule that the level of atmospheric CO2 is inversely proportional to the vegetation 

biomass of the ecosystem. In the WBNUJS campus the average CO2 in the backyard area 

on northeastern side of the campus was 341 ppm, where as in the front area of the campus 

the value increased to 380 ppm. In the backside area of the main campus, which is mainly 

residential, the average value of atmospheric CO2 was 503.8 ppm, which may be 

attributed to the emission from old air comnditioner units.  

8. The soil pH promotes the transfer of nutritents from the soil to the plant body. Hence, 

monitoring of soil pH was carried out simultaneously. The average soil pH was 5.53, 7.00 

6.75 in the backyard area on northeastern side of the campus, front area of the campus 

and backside area of the main campus respectively. 

9. In the backyard area on northeastern side of the main WBNUJS campus, the average 

Above Ground Stem Biomass (AGSB) of the selected trees were 183.42 tha-1 which 

exihibited a stored carbon of 85.91 tha-1 that corresponds to a CO2 - equivalent value of 

315.30 tha-1. 

In the front area of the main campus, the average AGSB was documented as 199.10 tha-1 

in which 87.17 tha-1 carbon was stored. This represents a CO2- equivalent of 319.93 tha-1. 

The backside area of the main campus, which is mainly residential exihibited least AGSB 

value of 61.54 tha-1 with a storage of 28.33 tha-1 carbon. This Above Ground Stem 

Carbon (AGSC) value corresponds to a CO2- equivalent value of 103.99 tha-1. 



10. A significant spatial variation was observed in the carbon sequestration potential of 

trees in the WBNUJS campus. In the backyard area on the northern side of the main 

campus the order of carbon sequestration is Ficus benghalensis > Musa acuminate > 

Mangifera indica > Artocarpus heterophyllus > Moringa oleifera. The trend is similar for 

rate of oxygen generation. In the front side of the campus the species-wise carbon 

sequestration sequence is Hyophorbe lagenicaulis > Neolamarckia cadamba > Bauhinia 

variegate. The rate of oxygen generation exhibited the same trend. In the backside area of 

the main campus, which is basically residential, the carbon sequestration and oxygen 

generation showed a considerable value in Ficus benghalensis, Neolamarckia cadamba, 

Borassus flabellifer, Musa acuminate and Terminalia catappa.  

11. The soil compartment also acts as a potential sink of GHGs. The Soil Organic Carbon 

(SOC) level acts as proxy to stored carbon in the overlying vegetation. The average SOC 

values were 1.34%, 0.66% and 0.93% in the backyard area on northeastern side, front 

side area and backside area of the WBNUJS campus respectively during our study period. 

12. The second study area was the Calcutta High Court and surrounding region. In this 

area also the study site was divided into three compartments namely (i) Main building of 

Calcutta High Court, (ii) Surya Sen Garden area and (iii) Roadside along Centenary 

Building of Calcutta High Court. The major species in the area are Swietenia 

mahagoni, Polyalthia longifolia, Alstonia scholaris, Artocarpus heterophyllus, 

Callistemon viminalis, Araucaria cookie, Plumeria rubra, Musa acuminate, Mangifera 

indica, Ficus benghalensis, Aracaceae, Bombax ceiba and Mangifera indica. 

13. In the Calcutta High Court and its surrounding region the average carbon dioxide 

levels in the atmosphere were 477 ppm, 360 ppm and 485 ppm in the Main building of 

Calcutta High Court, Surya Sen Garden area and Roadside along Centenary Building of 

Calcutta High Court respectively. 



14. The soil pH in the Main building of Calcutta High Court, Surya Sen Garden area and 

Roadside along Centenary Building of Calcutta High Court were 5.5, 5.5 and 5.8 

respectively. 

15. In the main building area of Calcutta High Court and surrounding region, the average 

AGSB of the selected trees were 43.53 tha-1 which exhibited a stored carbon of 20.43   

tha-1 that corresponds to a CO2 - equivalent value of 74.97 tha-1. 

In the Surya Sen Garden area of the Calcutta High Court and surrounding region, the 

average AGSB was documented as 126.43 tha-1 in which 62.35 tha-1 carbon was stored. 

This represents a CO2- equivalent of 228.84 tha-1. 

The roadside along Centenary Building of the Calcutta High Court and surrounding 

region, the average AGSB value of 504.02 tha-1 with a storage of 248.23 tha-1 carbon. 

This AGSC value corresponds to a CO2- equivalent value of 910.99 tha-1. 

16. A significant spatial variation was observed in the carbon sequestration potential of 

trees in the Calcutta High Court and surrounding region. In the main building area of 

Calcutta High Court and surrounding region the order of carbon sequestration is Alstonia 

scholaris > Swietenia mahagoni > Artocarpus heterophyllus > Polyalthia longifolia > 

Araucaria cookie > Callistemon viminalis = Plumeria rubra. The trend is similar for rate 

of oxygen generation. In the Surya Sen Garden area of the Calcutta High Court the carbon 

sequestration varied as per the order Mangifera indica > Musa acuminate. The rate of 

oxygen generation exhibited the same trend. On the Roadside along Centenary building 

of Calcutta High Court, the carbon sequestration and oxygen generation showed a 

considerable value in Ficus benghalensis, Alstonia scholaris, Mangifera indica and 

Bombax ceiba. 



17. Soil, as stated earlier also acts as a sink of carbon. The average SOC values were 

1.30%, 1.30% and 1.10% in the Main building of Calcutta High Court, Surya Sen Garden 

area and Roadside along Centenary Building of Calcutta High Court respectively. 

18.  Our third area was selected in the outskirts of city of Kolkata mostly concentrated in 

the South 24 Parganas district of West Bengal. This area consisted of three major 

compartments namely (i) Roadside along Joka IIM campus, (ii) Roadside along 

Pailan Bus stand and (iii) Roadside and Garden in the Shirakole region of South 24 

Parganas. The major trees in this area were Psidium guajava, Manilkara zapota, Citrus 

maxima, Artocarpus heterophyllus, Cocos nucifera, Musa acuminate, Polyalthia 

longifolia, Acacia auriculiformis, Alstonia scholaris, Neolamarckia cadamba, Areca 

catechu, Azadirachta indica, Delonix regia, Ficus benghalensis, Ficus religiosa, 

Mangifera indica, Tamarindus indica, Ziziphus mauritiana and  Aegle marmelos. 

19. In the outskirts of the city of Kolkata the average carbon dioxide levels in the 

atmosphere were 369 ppm, 378.5 ppm and 342.8 ppm in the Roadside along Joka IIM 

campus, Roadside along Pailan Bus stand and Roadside and Garden in the Shirakole 

region of South 24 Parganas respectively. 

20. The soil pH in the Roadside along Joka IIM campus, Roadside along Pailan Bus stand 

and Roadside and Garden in the Shirakole region of South 24 Parganas were 6.0, 6.4 and 

7.0 respectively. 

21. On the Roadside along Joka IIM campus, the average AGSB of the selected trees 

were 981.09 tha-1 which exhibited a stored carbon of 483.80 tha-1 that corresponds to a 

CO2 - equivalent value of 1775.53 tha-1. 

On the roadside along Pailan Bus stand, the average AGSB was documented as 352.43  

tha-1 in which 172.24 tha-1 carbon was stored. This represents a CO2- equivalent of 632.11 

tha-1. 



In roadside and Garden in the Shirakole region, the average AGSB value of 462.60 tha-1 

with a storage of 212.95 tha-1 carbon. This AGSC value corresponds to a CO2- equivalent 

value of 781.52 tha-1. 

22. A significant spatial variation was observed in the carbon sequestration potential of 

trees in the outskirts of city of Kolkata. In the roadside along Joka IIM campus the order 

of carbon sequestration is Ficus benghalensis > Ficus religiosa > Delonix regia. The 

trend is similar for rate of oxygen generation. On the Roadside along Pailan Bus stand the 

carbon sequestration was Cocos nucifera > Ficus religiosa > Heritiera fomes > Ficus 

benghalensis > Mangifera indica > Musa acuminate > Citrus maxima > Manilkara 

zapota > Polyalthia longifolia > Artocarpus heterophyllus > Psidium guajava. The rate of 

oxygen generation exhibited the same trend. On the Roadside and Garden in the 

Shirakole region, the carbon sequestration and oxygen generation showed a considerable 

value in Azadirachta indica, Cocos nucifera, Neolamarckia cadamba, Ficus religiosa, 

Mangifera indica, Alstonia scholaris, Areca catechu, Acacia auriculiformis, Ziziphus 

mauritiana, Tamarindus indica and Aegle marmelos.   

23. The average SOC values were 1.20%, 0.90% and 1.40% in the Roadside along Joka 

IIM campus, Roadside along Pailan Bus stand and Roadside and Garden in the Shirakole 

region of South 24 Paragans respectively. 

24.  To sum up, it can be concluded that spatial uniformity does not exist in carbon 

sequestration and oxygen generation potential of floral species. This is due to variation in 

the edaphic factors, age, biomass and population density of the species. In this study it is 

observed that the best five species in context to carbon sequestration and oxygen 

generation potential are Ficus benghalensis, Hyophorbe lagenicaulis, Neolamarckia 

cadamba, Mangifera indica and Musa acuminata in the WBNUJS campus; Ficus 

benghalensis, Alstonia scholaris, Musa acuminate, Mangifera indica and Swietenia 



mahagoni in the Calcutta High Court and its surrounding region and Azadirachta indica, 

Cocos nucifera, Neolamarckia cadamba, Ficus benghalensis and Heritiera fomes in the 

outskirts of city of Kolkata mostly concentrated in the South 24 Parganas district of West 

Bengal. A detailed micro-level analysis reveals that in the outskirt of the city of Kolkata, 

the mangrove species Heritiera fomes (locally known as Sundari) exhibited considerable 

carbon sequestration and oxgeneration potential, but due to low population density of this 

halophyte, the values of the species in terms of carbon sequestration and oxygen 

generation have been masked. The species is also gradually getting extinct from coastal 

West Bengal due to alteration of salinity. Ex-situ and In-situ conservation of the species 

is therefore suggested to maximize the ecosystem service of the species. 
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ACRONYMS 

COP   Conference of the Parties 

GHGs   Green House Gases 

AGSB  Above Ground Stem Biomass 

AGSC  Above Ground Stem Carbon  

SOC   Soil Organic Carbon 
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Trees take up carbon dioxide from the atmosphere and release oxygen through 

photosynthesis. The sum of photosynthesis over a year is termed gross primary productivity 

(GPP) (Pan et al., 2011). The fixed carbon is then transferred to their stems, roots, and leaves 

for growth. The actual carbon fixed into plants, the net primary productivity (NPP) of an 

ecosystem, is the balance between GPP and the carbon lost through plant respiration (i.e., the 

construction and maintenance cost). When leaves, twigs and branches decompose, the stored 

carbon is released back to atmosphere through processes like respiration/decomposition. 

Parts of dead organic matter are transferred to the soil. When carbon losses by microbial 

respiration (heterotrophic respiration) in litter and soil are accounted for, we obtain the net 

carbon balance of an ecosystem. This net balance is termed net ecosystem productivity 

(NEP). Forest ecosystems play a major role in the global carbon cycle by storing large 

amount of carbon in live plant biomass, dead plant material, and the soils and are considered 

as carbon sinks. In order to understand how forest ecosystems respond and feedback to 

climate change, we need to quantify carbon stocks in vegetation and soil in forest 

ecosystems. 

There are several methods currently used for estimation of forest biomass carbon (Brown, 

2002; Pan et al., 2011; Pan et al., 2013; Yu et al., 2014) as discussed here in brief.  

(1) Field measurement-based estimation using forest inventory data (Yu et al., 2014) 

These methods include (a) the mean biomass density method (MBM) that directly measures 

biomass in sample plots and uses the average of total plot biomass for each forest type to get 

biomass for that type, requiring only inventory data on forest area. A biomass expansion 

factor (BEF) is used to convert stem volume to biomass to account for all components of 

trees; (b) the continuous biomass expansion factor method (CBM) expands on the MBM by 

treating BEF not as a constant but as a function of forest age, stand density, and type of site; 

and (c) continuous BEF method (CBM). Fang et al., (2007) derived an equation that 



accommodates changing BEF values over time from inventory data on forest area and 

volume.  

(2) Remote sensing-based techniques 

Remote sensing data such as satellite imagery to aerial photo-imagery from low-flying 

airplanes may provide a useful means for measuring carbon stocks in forests (Brown, 2002).  

(3) Micrometeorological techniques 

It encompasses Eddy covariance technique and their upscaling (Nabuurs et al., 2010).  

(4) Large-scale ecosystem models 

It includes models like BIOME-BGC, LPJ, ORCHIDEE, or DLEM (Tian et al., 2012; Hui et 

al., 2012). 

Each of these methods has its strengths and weaknesses (Nabuurs et al., 2010; Karjalainen   

et al., 2003). For example, field measurement-based method provides estimates of both the 

carbon stock changes and the size of the stocks but has limited capability to forecast future 

changes. Ecosystem models can explore the importance of ecosystem physiological 

responses to climate variability or increasing CO2, but most of them do not yet consider 

natural or human-induced disturbances (Karjalainen et al., 2003). So far, the estimates of the 

contemporary carbon balance still vary a lot (Nabuurs et al., 2010). 

Globally forests store over half of the carbon residing in terrestrial ecosystems (FAO, 2001). 

The total biosphere carbon pool is estimated at 2.19 × 1018 kg C. Of this, approximately     

1.0 × 1018 kg is in forests, about 50% more carbon than now resides in the atmospheric pool. 

Forests account for 75% of GPP in terrestrial ecosystems and 80% of the total plant biomass 

on the Earth. Forests store about 2.4 × 1012 kg of carbon per year (Pan et al., 2011) and 

account for almost all of world’s land-based carbon uptake.  

The recent trends of industrialization, urbanization, expansion of tourism, mining activities, 

pisciculture at the cost of forest patches have altered the level of carbon dioxide (CO2) in the 



atmosphere. Destruction of vegetation due to several anthropogenic and industrial activities 

has squeezed the sink of carbon dioxide in the present age, due to which the level of 

atmospheric carbon dioxide has hiked up.  

Intensified human activities, mainly fossil fuel burning and deforestation have increased 

carbon dioxide emissions since the dawn of the industrial revolution, about two centuries 

ago. This resulted in a steadily rising atmospheric CO2 concentration (NASA, 2006). As 

depicted in Fig. 1, atmospheric CO2 concentrations increased from 285 ppm in 1850 to 310 

ppm in 1950. A further increase to 378 ppm CO2 in 2004 was observed at the measuring 

station at Mauna Loa. As such, atmospheric CO2 concentrations are higher today than they 

have been over the last half million years or longer (NASA, 2006). Moreover, the rate of 

change in atmospheric CO2 concentration, which was 1.3 ppm year-1 during the last 46 years 

on average, and 1.8 ppm year-1 in the period 1994 to 2004, is higher than has been observed 

ever before (Bolin and Sukumar, 2000). 

 
Fig. 1. Atmospheric carbon dioxide concentrations obtained from a) measurements on 
air occluded in Antarctic ice cores, taken at Siple Station and b) measurements on air 
samples taken at the measuring station at Mauna Loa, Hawaii. The oscillations in 
atmospheric CO2 concentrations depicted in b) are the result of the change in 
photosynthetic capacity of major terrestrial ecosystems over the year 
 



The increasing amount of CO2 in the atmosphere disturbs the natural greenhouse effect, of 

which a simplified scheme is presented in Fig. 2. Most incoming (short-wave) solar radiation 

is absorbed by the earth's surface, and some is reflected back to space. On average, for the 

earth as a whole, incoming solar radiation is balanced by outgoing terrestrial radiation. Some 

of the (long-wave) infrared (IR) radiation emitted by the earth's surface passes relatively 

unimpeded through the atmosphere. The bulk of the IR radiation, however, is intercepted and 

absorbed by the atmosphere which in turn emits radiation both up- and downwards. The 

atmosphere consists mostly of nitrogen and oxygen (78 and 21% on dry air, respectively), 

which are transparent to IR radiation. Other gases as water vapour, carbon dioxide and 

methane are present in much smaller quantities in the atmosphere, but they absorb and re-

emit a large part of the thermal radiation leaving the earth's surface, and are therefore called 

greenhouse gases (GHGs) (Bengtsson, 1994). Because of the heat-trapping characteristics of 

these gases, the lower part of the atmosphere and the earth's surface are warmed, and the 

average global surface air temperature, excluding Antarctica, is about 16°C. Without this 

natural greenhouse effect, mean surface air temperature would be -18°C, and life on earth 

would be impossible (Bengtsson, 1994; AAS, 2006). 

The increasing release of greenhouse gases to the atmosphere by human activities results in 

an enhanced greenhouse effect, due to the increased heat-trapping capacity of the atmosphere 

(Walker et al., 1999; EPA, 2006a). Consequently, global mean surface temperature is rising 

(Kasting, 1998), and climates are changing. Measurements have shown that mean global 

surface temperature has increased by about 0.3°C to 0.6°C since the late 19th century, and by 

about 0.2°C to 0.3°C over the period from 1954 to 1994 (Houghton et al., 1995). 



 
Fig. 2. Simplified overview of the greenhouse effect (Source:  EPA, 2006a) 

 

The effects of global warming are widespread and are expected to be disastrous (Grace, 

2004). Global warming could result in more frequent and more extreme weather events, such 

as droughts and floods. Evaporation will increase as climate warms, which will increase 

average global precipitation. Even relatively small rises in sea level, resulting from expansion 

of the oceans and retreating glaciers and ice- caps (Bengtsson, 1994), will make densely 

settled coastal plains uninhabitable while an increased risk of certain diseases and pests can 

be expected due to shifting climatic zones (Houghton et al., 1995). Agricultural regions and 

natural ecosystems are also susceptible to climate changes that could result in increased 

insect populations and plant diseases. Degradation of natural ecosystems could lead to 

reduced biological diversity. Desertification will threaten some areas, while other regions 

could become colder because of direction changes in ocean currents (AAS, 2006). 

Besides CO2, other greenhouse gases as methane (CH4), nitrous oxide (N2O) and 

chlorofluorocarbons (CFCs) are being emitted by human activities (Kasting, 1998). The 

greenhouse potential of different gases is expressed as the Global Warming Potential (GWP) 

of the gas. Conventionally, GWP of CO2 equals 1. GWP for methane is 21, while nitrous 

oxide has a GWP of 310 on a 100 years’ time horizon (Schimel et al., 1995, EPA, 2006b). 



This means that methane and nitrous oxide have much stronger warming capacities than 

carbon dioxide. However, because of the enormous amounts of CO2 being emitted to the 

atmosphere, this gas is the largest individual contributor to the enhanced greenhouse effect, 

accounting for about 64% of the increase in heat trapping globally (Schimel et al., 1995). 

Carbon dioxide is cycling naturally between the atmosphere, oceans and terrestrial biosphere, 

as illustrated in Fig. 3. During photosynthesis, plants utilize solar energy to combine CO2 

from the atmosphere with water to form organic matter and to release oxygen to the air. This 

photosynthesis is balanced, on average, by plant and animal respiration, and by 

decomposition of dead organic material. In a similar way, CO2 is rapidly exchanged between 

the atmosphere and the surface ocean, and between the surface -ocean and marine biota.  

 
Fig. 3. The global carbon cycle, showing the carbon stocks in pools 

 

Terrestrial ecosystems can influence the climate system through exchanges of carbon 

dioxide, influencing as such atmospheric CO2 concentrations. As can be seen in Table 1, the 

total amount of carbon stored in vegetation of terrestrial ecosystems is assessed at 466 Gt C. 



On a global scale, soil carbon stocks largely exceed carbon stocks in vegetation, and amount 

to 2011 Gt C. The ratio soil-to-vegetation C stock ranges from about 1 in tropical forests to 5 

in boreal forests, and much larger factors in grasslands and wetlands. Changes in soil carbon 

stocks are therefore at least as important for carbon budgets as changes in vegetation carbon 

stocks (Bolin and Sukumar, 2000). 

Forest ecosystems contain more than three fourths of the carbon stored in terrestrial 

vegetation, as carbon is stored in stems and branches, foliage and roots of trees (Bolin and 

Sukumar, 2000). Moreover, while only 28 % of the total area is covered with forests, forest 

soils contain 39 % of all carbon stored in soils (Table 1). Conversion of forests to agricultural 

land releases carbon, mostly from trees, to the atmosphere through burning and decay. 

Depending on the agricultural practices applied, there may be an accompanying decline in 

the quantity of carbon stored in the soil (Scholes et al., 1999, Schlesinger and Andrews, 

2000). Conversely, regrowth of forests on abandoned lands withdraws carbon from the 

atmosphere and stores it again in trees and soils. Because of the high carbon storage capacity 

of forests, and the long residence time of carbon in forests, more and more attention was 

dedicated in recent years to the mitigating role that forest ecosystems can play in reducing 

the build-up of CO2 in the atmosphere (Winjum and Schroeder, 1997). 

TABLE 1: Global carbon stocks in vegetation and top 1 m of soils of terrestrial 
ecosystems (Bolin and Sukumar, 2000) 

 

Biome Area (106 km2) 
Carbon Stocks (Gt C) 
Vegetation Soils Total 

Tropical forests 17.6 212 216 428 
Temperate forests 10.4 59 100 159 
Boreal forests 13.7 88 471 559 
Tropical savannas 22.5 66 264 330 
Temperate grasslands 12.5 9 295 304 
Deserts and semideserts 45.5 8 191 199 
Tundra 9.5 6 121 127 
Wetlands 3.5 15 225 240 
Croplands 16.0 3 128 131 
Total 151.2 466 2011 2477 

 



Cycling of carbon in a forest ecosystem 

The uptake of carbon from the atmosphere by plants is called gross primary productivity 

(GPP). Plant respiration releases CO2 back to the atmosphere, and reduces GPP to net 

primary productivity (NPP) (Fig. 4). In an ecosystem, further CO2 losses occur because of 

decomposition of dead organic matter. NPP minus heterotrophic respiration results in net 

ecosystem productivity (NEP). A positive NEP indicates that the ecosystem has accumulated 

carbon during the considered time period, while a negative NEP denotes a loss of carbon 

from the ecosystem to the atmosphere. On a time scale of years, most forests accumulate 

carbon through tree growth and an increase in soil carbon, until the next disturbance occurs 

(Bolin and Sukumar, 2000). On the longer term (decades to centuries), and at a regional level 

(including a range of ecosystems, called a biome), additional C losses are caused by 

disturbances such as fire, wind-throw, drought, pests and human activities (e.g., wood 

harvest). The resulting net imbalance can be interpreted as the net biome productivity (NBP) 

(Mooney et al., 1999, Bolin and Sukumar, 2000, Grace, 2004). 

 
Fig. 4. Terms used to define various components of ecosystem productivity; GPP: gross 
primary productivity, NPP: net primary productivity, NEP: net ecosystem productivity, 
NBP: net biome productivity [Source: Steffen et al., 1998] 



 

In Fig. 5, a more detailed ground zero overview of the main carbon pools and fluxes in forest 

ecosystems is presented. Exact values for the C stocks contained in the pools and for the 

fluxes are not given here, as they vary strongly between forest ecosystems. As was already 

illustrated in Table 1, large amounts of carbon are stored in the above- and belowground 

biomass components, in the litter layer, and in the mineral soil. Other carbon pools that are 

not indicated on the graph comprise the shrub and herb layer, and the dead wood lying on top 

of the forest floor. The main carbon flux in a forest ecosystem is the gross photosynthesis. 

Part of the carbon taken up by the plants is released by respiration of the foliage (Rf), the 

woody biomass components (Rw) and the roots (Rr). These respiration fluxes add up to the 

total autotrophic respiration Ra. Decomposition of organic matter by heterotrophic respiration 

(Rh) also releases carbon to the atmosphere. Ra together with Rh defines the total ecosystem 

respiration or TER. The balance between GPP and TER, the net ecosystem productivity 

(NEP), determines whether the forest acts as a source or a sink for carbon (Schulze et al., 

2002). NEP values of forests may reach values of 7 t C ha-1 year-1 (Bolin and Sukumar, 

2000), and are described to depend on climatic conditions, soil fertility, stand age, stand 

structure and species composition. A change in the balance between photosynthesis and 

respiration will change the carbon stock in forests, and also has potential to alter the CO2 

content of the atmosphere (Melillo et al., 1995). 



 
Fig. 5. Main carbon pools (boxes) in a forest ecosystem 

 

The ancient hypothesis of ecological equilibrium assumed that forest ecosystems tend 

towards a stage where assimilation and respiration are balanced. However, even old-growth 

forests have been shown to be carbon sinks (Carey et al., 2001, Schulze et al., 2002, Poulton 

et al., 2003). As such, three main phases can be considered in the development of a forest 

stand. During the early phase of stand development, which is expected to last 10 to 20 years, 

a forest is likely to be a source of carbon, as trees are small, and as such, photosynthesis 

cannot compensate for the carbon loss from soil and detritus. In a second phase, biomass 

production in the young forest stand is high, while the carbon content of the soil layer is 

fairly constant. In this phase, forests are a strong carbon sink. This phase can last for a 

century or even longer. In a third phase, the amount of carbon in the living biomass reaches a 

more or less constant level. Due to tree mortality, root and foliage decay, the soil carbon 

content will enhance. Consequently, the total carbon stock in the forest ecosystem can still 



increase, even while the vegetation carbon stock slightly diminishes (Bolin and Sukumar, 

2000). Therefore, replacing mature forests by actively growing plantations in order to capture 

more carbon from the atmosphere can be counterproductive, as exploitation of old forests 

results in large carbon losses, due to the harvest of a very large C stock and to soil 

disturbance, which favours carbon losses through soil respiration processes (Schulze et al., 

2002). 

International agreements on climate change 
 
Various efforts and International levels are being carried out for the past few decades to 

minimize global warming by reducing the release of greenhouse gases into the environment 

through control of combustion of fossil fuels, deforestation and CFCs. Some of the past 

major efforts are as follows: 

Kyoto Protocol: A group of 140 developing countries G-77 organized an International 

conference during 1-10th December, 1997 at Kyoto, Japan to discuss the impact of global 

warming, and decided to sign an agreement for controlling it. This agreement was basically a 

legally binding convention signed in 1992 following the Earth Summit at Rio in 1992. This 

protocol came into effect on 16th February, 2005 and included 55 countries responsible for 

emitting 55% of greenhouse gases (GHGs). USA alone accounts for 30% of World 

Greenhouse gas emission. Following this observation, it was resolved in the meeting that 

greenhouse gas emissions especially carbon dioxide, need to be reduces; fines would be 

imposed on countries flouting this protocol, and a clean development fund will need to be 

formed. This effort was made to curtail greenhouse gas emissions by industrialization 

countries. 

The Toronto resolution: A World conference was held at Toronto, Canada in June, 1998, 

where highly industrialized countries, such as USA, UK, Germany, France, etc., were asked 

for 20% voluntary reduction in the emission of carbon dioxide by the year 2005. Developed 



countries did not sign the Toronto resolutions. The Cancan Meet (2010), even though failed, 

but was able to set up a green fund of $100 billion per year by 2020 for developing countries 

to reduce global warming. A total of 105 countries signed the treaty and agreed to stop 

warming the Earth and were warned that only 7 years remained to save the Earth from 

disastrous effects of global warming. G-8 countries meetings at Germany in July 2007 agreed 

to halve the production of green house gases from the present level by 2050. 

Switching over to alternative source of energy: Attempts were made to use alternate fuels 

in place of fossils. Fuels derived from fermentation of carbohydrate rich crops for producing 

alcohols, such as ethanol and methanol. Solar energy should be preferred in tropical countries 

where sunlight is abundantly available most of the year. Biogas may be considered for 

fulfilment of domestic needs. In addition to this Ocean Thermal Energy Conversion (OTEC) 

and tidal energies are also the roadmaps to combat the adverse impact of GHGs. 

COP 21: On 12 December 2015, 196 Parties to the UN Framework Convention on Climate 

Change (UNFCCC) adopted the Paris Agreement, a new legally-binding framework for an 

internationally coordinated effort to tackle climate change. The Agreement represents the 

culmination of six years of international climate change negotiations under the auspices of 

the UNFCCC, and was reached under intense international pressure to avoid a repeat failure 

of the Copenhagen conference in 2009. The Agreement establishes a global warming goal of 

well below 2°C on pre-industrial averages. It requires countries to formulate progressively 

more ambitious climate targets which are consistent with this goal. To achieve this goal, all 

Parties to the Paris Agreement will need to make profound changes to their economies. The 

Paris Agreement defines a universal, legal framework to ‘strengthen the global response to 

the threat of climate change’ (Art. 2). It establishes the obligation of all Parties to contribute 

to climate change mitigation and adaptation. For the first time, all countries will develop 

plans on how to contribute to climate change mitigation, and will communicate their 



‘nationally determined contributions’ to the Secretariat of the Convention. The Paris 

Agreement puts emphasis on processes rather than on defined mitigation goals. Unlike the 

Kyoto Protocol, the Paris Agreement does not formulate country specific emissions targets. 

Instead, the Paris Agreement depends on voluntary mitigation contributions and a series of 

processes that seek to ensure collective and individual progress in meeting the initial and 

progressively more ambitious mitigation contributions. 

COP 22: This agreement made clear that the main task that lies ahead is devising rules that 

are inclusive and flexible in the context of environmental integrity. Ambition and 

transparency are essential for the successful implementation of the Paris Agreement.  

  COP 22 established a timeline for negotiations on elaborating the Paris rulebook and 

taking initial steps on understanding how all pieces of the Paris Agreement could fit 

together. 

  Political momentum is building up for 2018, when it is expected that the Paris 

Decision’s work programme will be concluded, and a complete set of guidelines, 

modalities and procedures adopted.  

  Although little progress was achieved on finance, Parties agreed that the Adaptation 

Fund should serve the Paris Agreement. The increased profile of the Adaptation Fund 

can also be partly attributed to the true African focus given by Morocco to COP 22, 

placing the initiative for the Adaptation of African Agriculture at the heart of the 

discussions.  

 Workshops and events outside the negotiating rooms took centre stage, bringing 

together a range of stakeholders and signaling that climate change is increasingly 

becoming a global, multi-level and cross sectoral regime. 

COP 22 produced little news on climate finance. Parties initiated a process to identify 

quantitative and qualitative information on the provision of financial resources (and which 



must be communicated biennially by developed countries under the Paris Agreement). 

Parties did not make progress on defining modalities for the accounting of financial resources 

provided and mobilized by developed countries. Negotiations were decided resume in May at 

the 46th meeting of the Subsidiary Body for Technical Advice (SBSTA). In addition to 

promoting transparency, accuracy, consistency, and comparability in reporting support, 

issues to be considered will include clarity on what counts as climate finance, the need to 

avoid double-counting of finance, and how to integrate these modalities into the enhanced 

transparency framework established by Article 13 of the Paris Agreement. 

COP 23: COP23 was a largely procedural meeting concerned with defining the rules of 

implementation of the Paris Agreement. The relevant points of COP 23 are highlighted here. 

 ▪ The meeting once again highlighted the interdependence of the different agenda items 

under the Paris Agreement. Negotiations will have to result in a ‘package deal’ in 2018, 

requiring talks on all Articles to progress in coordination and at similar speeds. ▪ Progress on 

the main negotiation items was captured through a series of “informal notes”. These lay the 

groundwork for a draft negotiation text on the “Paris Rulebook”, which summarizes 

implementation guidance for various aspects under the Paris Agreement.  

▪ There is reasonable confidence that Parties are on track to conclude the deliberations on the 

Paris Rulebook at COP24 in Katowice in the year 2019. Parties did however recognize the 

need for an additional negotiation session between May and December 2018. 

COP23 hosted a record number of side events, giving a voice to a wide range of actors and 

showcasing a large number of initiatives. Negotiations took place in the Bula zone, while the 

Bonn zone brought together observers that presented concrete solutions for implementing the 

Paris Agreement. The physical distance between the official negotiations and the side events 

posed challenges for negotiators, who had to invest considerable time to commute between 

the Bula and Bonn zones. It also limited interactions between observers and negotiators. The 



presentation of concrete climate actions in the Bonn Zone was among the most exciting 

aspects of COP23, and for many provided cause for hope even against the backdrop of 

warnings that existing pledges are grossly insufficient for meeting the objectives of the Paris 

Agreement. NGOs and forward-looking businesses presented countless initiatives and 

projects. Over 200 local and regional leaders adopted the BonnFiji Agreement, which 

commits them to the inclusive implementation of the Paris Agreement at the local level and 

to raising climate ambition. 

COP 24: COP 24 that took place during 3rd to 14th December, 2018 in the city of Katowice 

of Poland reached agreement on the bulk of a plan to implement the Paris Agreement. It is 

being hailed as a major landmark for transparency and reporting, but it failed to agree on the 

chapter governing Article 6 of the Paris Agreement. Despite several days of talks at 

ministerial level, the impasse could not be broken, and Article 6 decisions were set aside, to 

be revisited in 2019. The only positive market provision in the Katowice Package is a basic 

reporting provision for market transfers, found in the Transparency rules for Article 13 

(paragraph 77). The main outcomes of COP 24 are highlighted here. 

 The Paris Agreement Rule Book, which elaborates rules governing the reporting of  

emissions, regular stocktakes on progress in mitigation, adaptation, financial flows, 

addressing loss and damage, and a commitment to boost the ambition of Nationally 

Determined Contributions (NDCs). 

 Formal acknowledgement of the Intergovernmental Panel on Climate Change 

(IPCC)’s Special Report on Pathways to 1.5°C. 

 Conclusion of the Talanoa Dialogue, the year-long process of sharing stories and 

experiences that was designed to build trust and confidence in the multilateral 

approach and encourage ambition. 



 A proposal by the UN Secretary General Antonio Guterres to convene a Climate 

Summit in September 2019. 

 A mandate for the chair of the SBSTA to continue negotiations over the 

implementation of Article 6 of the Paris Agreement. 

 Agreement to meet in Chile for COP25 

COP 25: As announced by the UNFCCC Secretariat on 1 November 2019, the COP 25 took 

place from 2nd-13th December, in Madrid, Spain. The original hosting agreement for COP 25 

with Chile was cancelled on 30th October 2019. At that time, UNFCCC Executive Secretary 

Patricia Espinosa announced that the Government of Chile had informed the UNFCCC 

Secretariat on 30th October of its decision not to host COP 25, in view of the difficult 

situation that the country is undergoing. 

The Madrid climate talks provided an opportunity for climate leaders to articulate how their 

efforts to combat the climate crisis would support their broader sustainable development 

agendas and specifically address social inequity. By embracing the “can do” spirit, COP25 

could be a springboard to COP26, when the world would be watching and expecting to see a 

collective increase of ambition of climate action and support. The 26th session of the 

Conference of the Parties (COP 26) to the UNFCCC is expected to take place from 9-19 

November 2020, in Glasgow, UK. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

The present programme was undertaken with the following objectives: 

 Identify the tree species (in the WBNUJS campus), heart of the Kolkata city and 

adjacent district  of Kolkata city having potential for carbon sequestration 

 Selecting tree species with highest efficiency of carbon storage and oxygen 

generation 

 Monitor soil carbon to evaluate the effectiveness of soil as potential sink of carbon 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Three locations were selected for the present assessment of carbon sequestration and oxygen 

generation by dominant tree species in and around the city of Kolkata. The primary aim of 

such selection is to achieve a comparative account of the plant behaviour is three different 

environmental set ups. 

The WBNUJS campus (22°33'37.3" N and 88°24'36.1" E; 22°33'37.2" N and 88°24'36.7" E; 

22°33'37.2" N and 88°24'35.9" E) was selected as the first location of the study and the other 

two locations were the busy area in and around the Calcutta High Court (22°34'07.7"N and 

88°20'37.0"E; 22°34'04.2"N and 88°20'35.7"E; 22°34'03.0"N and 88°20'34.3"E ) and few 

sites in the outskirts of Kolkata mostly in the South 24 Parganas District of West Bengal 

(22°17'54.2" N and 88°16'14.5" E; 22°17'53.6" N and 88°16'19.5" E; 22°17'51.6" N and 

88°16'20.1" E; 22°17'55.1" N and 88°16'15.1" E). 

The hypothesis behind this approach stands on a) variation of abiotic parameters in three 

regions due to difference in the magnitude of anthropogenic pressure and b) species – 

specific variation of tree in terms of their carbon storage/sequestration and oxygen generation 

potential as a function of edaphic factors. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

The first study area in the WBNUJS campus was divided into three distinct compartments 

namely (i) Backyard area in the northeastern side of the campus (ii) Front area of the 

main campus and (iii) Backside area of the main campus – mainly residential. The major 

species in the campus are Ficus benghalensis, Mangifera indica, Musa acuminate, 

Artocarpus heterophyllus, Moringa oleifera, Bauhinia variegate, Hyophorbe lagenicaulis, 

Neolamarckia cadamba, Mimusops elengi, Dypsis lutescens, Borassus flabellifer, Bombax 

ceiba, Psidium guajava, Syzygium cumini, Delonix regia, Peltophorum pterocarpum, 

Bambusoideae, Hevea brasiliensis and Terminalia catappa. 

3-5 plots were selected in each of these compartments, where stratified random sampling 

design was followed (Table 2A). 

 

 

 

 

 
ESTIMATION OF STORED CARBON IN 

DOMINANT FLORAL SPECIES  

PHASE A: SITE SELECTION AND SAMPLING 

Site 1 



 

TABLE 2A: Coordinates of all the selected plots in the WBNUJS campus 
 

Site Name Coordinates View 

 
 

Backyard area on 
northeastern side 

of the campus 

22°33'41.5" N; 88°24'41.5" E 

 

22°33'41.9" N; 88°24'40.4" E 

22°33'43.1" N; 88°24'39.9" E 

 
 

Front area of the 
main campus 

22°33'37.3" N; 88°24'36.1" E 

 

22°33'37.2" N; 88°24'36.7" E 

22°33'37.2" N; 88°24'35.9" E 

 
Backside area of 

the main campus – 
mainly residential 

22°33'40.4" N; 88°24'39.6" E 

 

22°33'40.2" N; 88°24'39.2" E 

22°33'41.1" N; 88°24'40.4" E 

22°33'40.7" N; 88°24'37.5" E 

 

 

 

 

The second study area was the Calcutta High Court and its surrounding region. In this area 

also the study site was divided into three compartments namely (i) Main building of 

Calcutta High Court, (ii) Surya Sen Garden area and (iii) Roadside along Centenary 

Building of Calcutta High Court. Each of these compartments consisted of 2-3 plots (Table 

2B). The major species in the area are Swietenia mahagoni, Polyalthia longifolia, Alstonia 

scholaris, Artocarpus heterophyllus, Callistemon viminalis, Araucaria cookie, Plumeria 

Site 2 



rubra, Musa acuminate, Mangifera indica, Ficus benghalensis, Aracaceae, Bombax ceiba 

and Mangifera indica. 

TABLE 2B: Coordinates of all the selected plots in the Calcutta High Court and its 

surrounding region 

Site Name Coordinates View 

Main building of 
Calcutta High Court 

22°34'07.7"N; 88°20'37.0"E 

22°34'08.0"N; 88°20'37.2"E 

Surya Sen Garden 
area 

22°34'04.2"N; 88°20'35.7"E 

22°34'04.4"N; 88°20'35.2"E 

Roadside along 
Centenary Building 

22°34'03.0"N; 88°20'34.3"E 

22°34'02.7"N; 88°20'33.7"E 

 

 

 

Our third area was selected in the outskirts of city of Kolkata mostly concentrated in the 

South 24 Parganas district of West Bengal. This area consisted of three major compartments 

namely (i) Roadside along Joka IIM campus, (ii) Roadside along Pailan Bus stand and 

(iii) Roadside and Garden in the Shirakole region of South 24 Parganas. 2-4 sites were 

selected in each of this compartment to carry out the present study (Table 2C). The major 

trees in this area were Psidium guajava, Manilkara zapota, Citrus maxima, Artocarpus 

heterophyllus, Cocos nucifera, Musa acuminate, Polyalthia longifolia, Acacia auriculiformis, 

Site 3 



Alstonia scholaris, Neolamarckia cadamba, Areca catechu, Azadirachta indica, Delonix 

regia, Ficus benghalensis, Ficus religiosa, Mangifera indica, Tamarindus indica, Ziziphus 

mauritiana, Aegle marmelos. 

TABLE 2C: Coordinates of all the selected plots in the outskirts of city of Kolkata 

mostly concentrated in the South 24 Parganas district of West Bengal 

Site Name Coordinates View 

Roadside along 
Joka IIM campus 

22°26'41.6" N; 88°17'49.1" E 

 

22°26'40.1" N; 88°17'50.4" E 

Roadside along 
Pailan Bus stand 

22°26'01.6" N; 88°17'26.9" E 

 

22°26'01.9" N; 88°17'26.3" E 

Roadside and 
Garden in the 

Shirakole region 
of South 24 
Parganas 

22°17'54.2" N; 88°16'14.5" E 

 

22°17'53.6" N; 88°16'19.5" E 

22°17'51.6" N; 88°16'20.1" E 

22°17'55.1" N; 88°16'15.1" E 

 

 

In all the selected areas, stratified random sampling was followed. The basic idea in stratified 

random sampling is to divide a heterogeneous population into sub-populations, usually 

known as strata, each of which is internally homogeneous in which case a precise estimate of 

any stratum mean can be obtained based on a small sample from that stratum and by 

combining such estimates, a precise estimate for the whole population can be obtained.  



Stratified sampling provides a better cross section of the population than the procedure of 

simple random sampling. It may also simplify the organisation of the field work. 

Geographical proximity is sometimes taken as the basis of stratification. The assumption here 

is that geographically contiguous areas are often more alike than areas that are far apart. 

Administrative convenience may also dictate the basis on which the stratification is made. 

For example, the staff already available in each range of a forest division may have to 

supervise the survey in the area under their jurisdiction. Thus, compact geographical regions 

may form the strata. A fairly effective method of stratification is to conduct a quick 

reconnaissance survey of the area or pool the information already at hand and stratify the 

forest area according to forest types, stand density, site quality etc. (Scheme 1). 

 
Scheme 1. Representation of Stratified Random sampling 

 

If the characteristic under study is known to be correlated with a supplementary variable for 

which actual data or at least good estimates are available for the units in the population, the 



stratification may be done using the information on the supplementary variable. For instance, 

the volume estimates obtained at a previous inventory of the forest area may be used for 

stratification of the population. In stratified sampling, the variance of the estimator consists 

of only the ‘within strata’ variation. Thus the larger the number of strata into which a 

population is divided, the higher, in general, the precision, since it is likely that, in this case, 

the units within a stratum will be more homogeneous. For estimating the variance within 

strata, a total of 10 units in each stratum were considered in the present study (depending on 

the variability of the species).  

Before sampling, it is assumed that the population is divided into k strata of N1, N2 ,…, 

Nk units respectively, and that a sample of n units is to be drawn from the population. The 

problem of allocation concerns the choice of the sample sizes in the respective strata, i.e., 

how many units should be taken from each stratum such that the total sample is n. In this 

context the species variability /richness has been considered. 

Estimation of mean and variance 

In this study, the population of N units is first divided into k strata of N1, N2,…,Nk units 

respectively. These strata are non-overlapping and together they comprise the whole 

population, so that  

N1 + N2 + ….. + Nk = N 

When the strata have been determined, a sample is drawn from each stratum, the selection 

being made independently in each stratum. The sample sizes within the strata are denoted 

by n1, n2, …, nk respectively, so that 

n1 + n2 +…..+ n3 = n 

Let ytj (j = 1, 2,…., Nt ; t = 1, 2,..…k) be the value of the characteristic under study for 

the j the unit in the tth stratum. In this case, the population mean in the stratum is given by 

the expression: 



 

The overall population mean is given by 

 

 

The estimate of the population mean , in this case was obtained by 

 

Where,   

Estimate of the variance of is given by 

 

Where,  

Stratification, if properly done generates lower variance for the estimated population total or 

mean than a simple random sample of the same size. This leads to the assurance of quality 

data, which is followed in all the selected sites to achieve the relative abundance of each 

species. This is the foundation of assessing site- and species-wise biomass and stored 

carbon/nitrogen in the study area. 

 

 

 



 

 

1. ABOVE GROUND STEM BIOMASS (AGSB) ESTIMATION 

The stem volume of each species in each of the plots (10m × 10m) per site was estimated 

using the Newton’s formula (Husch et al., 1982).  

V = h/6 (Ab + 4Am + At) 

Where V is the volume (in m3), h the height measured with laser beam (BOSCH DLE 70 

Professional model), and Ab, Am, and At are the areas at base, middle and top respectively. 

Specific gravity (G) of the wood was estimated taking the stem cores by boring 4.5 cm deep. 

This was converted into stem biomass (BS) as per the expression BS = GV. The stem biomass 

of individual tree was finally multiplied by the number of trees of each species in selected 

plots per site and the mean values are expressed in t ha-1. 

 

2. ABOVE GROUND STEM CARBON (AGSC) ESTIMATION 

Direct estimation of percent carbon in the AGSB (referred to as AGSC) was done by CHN 

analyzer, after grinding and random mixing the oven-dried stem for each species. For this, a 

portion of fresh sample of stem from trees (of each species) was oven dried at 700C, 

randomly mixed and ground to pass through a 0.5 mm screen (1.0 mm screen for leaves). 

The carbon and nitrogen content (in %) was finally analyzed for each part of each species 

through a Vario MACRO elementar CHN analyzer. 

The mean carbon value of this vegetative part was considered as the stored carbon in AGSB 

of each species and finally converted to CO2 – equivalent by multiplying with a factor of 

3.67. 

 

 

PHASE B: EXPERIMENTAL DESIGN 



3. CO2 - EQUIVALENT ESTIMATION 

The weight of CO2 is C + 2 × O (Oxygen) = 43.99915. Hence, the ratio of CO2 to C is 

calculated as: 43.99915/12.001118 = 3.6663. Therefore, in order to determine the weight of 

carbon dioxide sequestered in the tree (CO2-equivalent), the weight of carbon in the 

vegetative parts of the tree is multiplied by 3.67. 

 

4. O2 - EQUIVALENT ESTIMATION 

Carbon sequestration is the rate of stored carbon that is the amount of stored carbon per year. 

Considering the concept of magnitude of carbon sequestration per unit area, it is expressed as 

tonnes/ha/yr. Thus, to determine carbon sequestration, it is important to know the age of the 

tree. The net oxygen generated by the selected floral species can be estimated by applying the 

expression. 

Net O2 release (tonnes/ha/yr) = Net C sequestration (tonnes/ha/yr) × 32 / 12 

 

5. SOIL ORGANIC CARBON (SOC) ESTIMATION 

Soil samples from the upper 5 cm were collected from all the 10 plots of each site and dried 

at 600C for 48 hrs. For analysis, visible plant particles were handpicked and removed from 

the soil. After sieving the soil through a 2 mm sieve, the samples of the bulk soil (50 gm 

from each plot) were ground finely in a ball – mill. The fine dried sample was randomly 

mixed to get a representative picture of the study site. Modified version of Walkley and 

Black method (1934) was then followed to determine the organic carbon of the soil in %. 

The flow chart for determining of SOC is shown in Scheme 2. 

 

 

 



 

   

1 gm of dried soil was taken in a conical flask 

 

1 ml of phosphoric acid (H3PO4) and 1 ml of distilled water were added 

 

The mixture was heated for 10 min at 100 to 110° C 

 

10 ml 1 N potassium dichromate (K2Cr2O7) and 20 ml concentrated sulphuric acid (H2SO4) 

with silver sulphate (Ag2SO4) were added and mixed. 

 

Allowed the mixture to stand for 30 minutes 

 

The mixture was diluted to 200 ml with distilled water and 10 ml of phosphoric acid (H3PO4) 

and 1 ml of indicator (diphenyl amine) were added. 

 

The colour of the mixture changed to bluish purple 

 

The mixture was titrated with Mohr salt solution [(NH4)2Fe(SO4)2.6H2O] until the colour of 

the solution changed to brilliant green 

 

The same titration was repeated without taking soil and the volume of the potassium 

dichromate required to oxidize organic carbon was calculated from the difference 

 

 

 

% of CARBON = 3.951/g x (1/ B/S) 

                                          Where, g = weight of sample in grams 

                                           B = Mohr salt solution for blank 

                                           S = Mohr salt solution for Sample 

Scheme 2. WALKLeY AND BLAcK 

cALcULATION 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

The ambient air temperature did not exhibit any significant variations between the three sites 

(Fig. 6), but the soil pH, atmospheric CO2 and Soil Organic Carbon (SOC) exhibited marked 

variations (Fig. 7, 8 and 9).  

TABLE 3: Abiotic Report Card in and around WBNUJS campus 

Coordinates 
Air temperature 

(°C) 
Soil pH 

Atmospheric 
CO2 (ppm) 

SOC (%) 

22°33'41.5" N; 88°24'41.5" E 27.1 6.8 341 1.33 

22°33'41.9" N; 88°24'40.4" E 27.0 4.2 341 1.29 

22°33'43.1" N; 88°24'39.9" E 27.0 5.6 341 1.41 

22°33'37.3" N; 88°24'36.1" E 27.0 7.0 375 0.68 

22°33'37.2" N; 88°24'36.7" E 27.5 7.0 384 0.71 

22°33'37.2" N; 88°24'35.9" E 27.3 7.0 381 0.59 

22°33'40.4" N; 88°24'39.6" E 27.2 7.0 436 0.93 

22°33'40.2" N; 88°24'39.2" E 27.4 6.9 425 0.85 

22°33'41.1" N; 88°24'40.4" E 27.3 7.0 418 0.91 

22°33'40.7" N; 88°24'37.5" E 28.1 6.1 736 1.02 

 

 
Fig. 6: Average Air temperature (in °C) in three compartments of WBNUJS campus 

 

A.1. ABIOTIC COMPONENTS IN 
THE WBNUJS CAMPUS 



 
Fig. 7: Average soil pH in three compartments of WBNUJS campus 

 
 
 

 
Fig. 8: Average Atmospheric CO2 (in ppm) in three compartments of WBNUJS campus 
 



 

Fig. 9: Average Soil Organic Carbon (in %) in three compartments of WBNUJS 
campus 

 

 

 

 

TABLE 4: Biotic Report Card of dominant species in and around WBNUJS campus 

Coordinates Dominant species 
AGB 

(t ha-1) 
AGC 

(t ha-1) 
CO2-

equivalent 
O2 -

equivalent 

22°33'41.5" N; 
88°24'41.5" E 

Ficus benghalensis 1051.91 492.30 1806.73 32.82 

Mangifera indica 89.08 41.42 152.01 11.05 

Musa acuminata 45.42 22.48 82.52 19.99 

22°33'41.9" N; 
88°24'40.4" E 

Mangifera indica 26.94 12.53 45.98 4.18 

Artocarpus heterophyllus 41.30 18.67 68.51 4.98 

Moringa oleifera 10.82 4.85 17.79 1.85 
22°33'43.1" N; 
88°24'39.9" E 

Musa acuminata 18.46 9.14 33.53 6.09 

22°33'37.3" N; 
88°24'36.1" E 

Bauhinia variegata 46.06 21.23 77.92 3.54 

22°33'37.2" N; 
88°24'36.7" E 

Hyophorbe lagenicaulis 333.86 145.56 534.22 24.26 

Neolamarckia cadamba 109.28 47.97 176.06 9.84 
22°33'37.2" N; 
88°24'35.9" E 

Hyophorbe lagenicaulis 307.18 133.93 491.53 22.32 

A.2. STORED CARBON IN 
DOMINANT FLORAL SPECIES 



22°33'40.4" N; 
88°24'39.6" E 

Mimusops elengi 12.91 5.68 20.85 0.89 

Dypsis lutescens 26.75 12.12 44.48 1.90 

22°33'40.2" N; 
88°24'39.2" E 

Borassus flabellifer 69.44 34.65 127.16 5.44 

Dypsis lutescens 26.31 11.92 43.74 1.87 

Musa acuminata 8.63 4.27 15.68 5.70 

22°33'41.1" N; 
88°24'40.4" E 

Neolamarckia cadamba 146.46 64.30 235.97 17.15 

Bombax ceiba 6.83 3.02 11.08 1.01 

Psidium guajava 4.54 2.07 7.61 0.43 

Artocarpus heterophyllus 4.28 1.93 7.10 0.64 

Syzygium cumini 14.55 6.40 23.49 2.13 

Delonix regia 31.69 13.75 50.48 2.82 

22°33'40.7" N; 
88°24'37.5" E 

Ficus benghalensis 463.70 217.01 796.43 48.22 

Peltophorum pterocarpum 45.05 19.42 71.26 3.05 

Bambusoideae 45.80 19.97 73.29 3.33 

Hevea brasiliensis 11.12 5.39 19.79 0.90 

Terminalia catappa 66.61 31.44 115.39 5.24 
 

 
 

 

 

Table 5 reflects the commonly available tree species in the WBNUJS campus.  

TABLE 5: Population and Diversity of floral species in and around WBNUJS campus 

Species 
Backyard 

area 
Front area Backside area 

 
Ficus benghalensis (Banyan tree) 

1 - 1 

 
Mangifera indica (Mango tree) 

4 - - 

A.3. FLORAL BIODIVERSITY 
SPECTRUM IN THE WBNUJS CAMPUS 



 
Artocarpus heterophyllus 

(Jackfruit)  

2 - 1 

 
Musa acuminate (Wild banana 

tree) 

11 - 4 

 
Moringa oleifera (Drumstick tree) 

1 - - 

 
Bauhinia variegate (Kanchan tree) 

- 2 - 



 
Hyophorbe lagenicaulis  

(Bottle palm) 

- 9 - 

 
Mimusops elengi (Bakul tree) 

- - 1 

 
Dypsis lutescens (Areca palm) 

- - 72 

 
Borassus flabellifer (Palmyra 

palm) 

- - 4 

 
Neolamarckia cadamba  

(Kadam tree) 

- 1 - 



 
Bombax ceiba (Shimul / Silk 

cotton tree) 

- - 2 

 
Psidium guajava (Guava tree) 

- - 2 

 
Syzygium cumini (Jamun tree) 

- - 1 

 
Delonix regia (Krishnachura tree) 

- - 1 

 
Peltophorum pterocarpum 

(Radhachura tree) 

- - 1 

 
Bambusoideae (Bamboo tree) 

- - 75 



 
Hevea brasiliensis (Rubber tree) 

- - 1 

 
Terminalia catappa (Almond tree) 

- - 2 

 

 

 

 

 

The ambient air temperature did not exhibit any significant variations between the three sites 

(Fig. 10), but the soil pH, atmospheric CO2 and Soil Organic Carbon (SOC) exhibited marked 

variations (Fig. 11, 12 and 13).  

TABLE 6: Abiotic Report Card in the Calcutta High Court and it’s surrounding region 

Coordinates 
Air temperature 

(°C) 
Soil pH 

Atmospheric 
CO2 (ppm) 

SOC (%) 

22°34'07.7"N; 
88°20'37.0"E 

27.0 5.8 481 1.36 

22°34'08.0"N; 
88°20'37.2"E 

27.0 5.2 473 1.17 

22°34'04.2"N; 
88°20'35.7"E 

26.9 5.0 359 1.66 

22°34'04.4"N; 
88°20'35.2"E 

27.1 6.0 361 1.02 

22°34'03.0"N; 
88°20'34.3"E 

27.0 5.9 477 1.20 

22°34'02.7"N; 
88°20'33.7"E 

27.0 5.6 493 1.08 

B.1. ABIOTIC COMPONENTS IN THE 
CALCUTTA HIGH COURT & ITS 

SURROUNDING REGION 



 

 
Fig. 10: Average Air temperature (in °C) in three compartments of Calcutta High 
Court campus 

 

 
Fig. 11: Average soil pH in three compartments of Calcutta High Court campus 

 



 
Fig. 12: Average Atmospheric CO2 (in ppm) in three compartments of Calcutta High 
Court campus 
 

 

Fig. 13: Average Soil Organic Carbon (in %) in three compartments of Calcutta High 
Court campus 

 



 

 

 

 

 

 

TABLE 7: Biotic Report Card of dominant species in the Calcutta High Court and 

surrounding region 

Coordinates Dominant species 
AGB 

(t ha-1) 
AGC 

(t ha-1) 
CO2-

equivalent 
O2 -

equivalent 

22°34'07.7"N; 
88°20'37.0"E 

Swietenia mahagoni 48.50 22.36 82.06 3.73 

Polyalthia longifolia 34.76 15.75 57.79 2.80 

Alstonia scholaris 99.56 48.68 178.67 10.82 

Artocarpus heterophyllus 32.66 14.93 54.78 2.65 

Callistemon viminalis 23.67 10.65 39.09 1.14 

Araucaria cookii 21.90 9.88 36.25 1.76 

Plumeria rubra 23.90 10.80 39.65 1.15 

22°34'08.0"N; 
88°20'37.2"E 

Polyalthia longifolia 33.98 15.39 56.49 2.28 

Araucaria cookii 28.90 13.03 47.83 2.32 

Alstonia scholaris 87.51 42.79 157.05 11.41 

22°34'04.2"N; 
88°20'35.7"E 

Musa acuminate 75.67 37.53 137.74 10.01 

22°34'04.4"N; 
88°20'35.2"E 

Musa acuminate 89.85 44.57 163.56 11.88 

Mangifera indica 213.78 104.97 385.23 11.20 

22°34'03.0"N; 
88°20'34.3"E 

Ficus benghalensis 1673.88 826.90 3034.71 29.40 

22°34'02.7"N; 
88°20'33.7"E 

Bombax ceiba 56.23 25.81 94.72 2.29 

Mangifera indica 178.56 87.67 321.76 9.35 

Alstonia scholaris 107.42 52.53 192.78 11.67 

 

 

 

 

 

B.2. STORED CARBON IN DOMINANT 
FLORAL SPECIES 



 

 
 

 

 

 

Table 8 reflects the commonly available tree species in the Calcutta High Court and its 

surrounding region.  

TABLE 8: Population and Diversity of floral species in the Calcutta High Court and  

surrounding region 

Species 
Main building 

of Calcutta 
High Court 

Surya sen 
Garden area 

Roadside along 
the centenary 

building 

 
Swietenia mahagoni (Mahogany) 

3 - -- 

 
Polyalthia longifolia (Debdaru) 

7 - 2 

 

2 - 1 

B.3. FLORAL BIODIVERSITY 
SPECTRUM IN THE CALCUTTA HIGH 
COURT AND SURROUNDING REGION 



Alstonia scholaris (Chatim) 

 
Artocarpus heterophyllus 

(Jackfruit) 

2 - - 

 
Callistemon viminalis 

(Bottlebrush) 

2 - - 

 
Araucaria cookii 

1 - - 

 
Plumeria rubra (Kath chapa) 

3 - - 



 
Musa acuminate (Wild banana) 

- 2 - 

 
Mangifera indica (Mango) 

- 1 2 

 
Ficus benghalensis (Banyan) 

- - 2 

 
Bombax ceiba (Cotton) 

- - 1 

 

 

 

 

 

 



 

 

The ambient air temperature did not exhibit any significant variations between the three sites 

(Fig. 14), but the soil pH, atmospheric CO2 and Soil Organic Carbon (SOC) exhibited marked 

variations (Fig. 15, 16 and 17).  

TABLE 9: Abiotic Report Card in the outskirts of city of Kolkata 

Coordinates 
Air temperature 

(°C) 
Soil pH 

Atmospheric 
CO2 (ppm) 

SOC (%) 

22°26'41.6" N; 88°17'49.1" E 26.8 5.9 367 1.20 

22°26'40.1" N; 88°17'50.4" E 26.9 6.1 371 1.11 

22°26'01.6" N; 88°17'26.9" E 27.0 6.2 380 0.98 

22°26'01.9" N; 88°17'26.3" E 26.7 6.5 377 0.85 

22°17'54.2" N; 88°16'14.5" E 26.3       6.9  339 1.43 

22°17'53.6" N; 88°16'19.5" E 26.5 7.1 344 1.56 

22°17'51.6" N; 88°16'20.1" E 26.2 6.9 361 1.62 

22°17'55.1" N; 88°16'15.1" E 26.4 7.1 327 1.09 

 

 
Fig. 14: Average Air temperature (in °C) in three compartments of the outskirts of city 
of Kolkata 

 

C.1. ABIOTIC COMPONENTS IN THE 
OUTSKIRTS OF CITY OF KOLKATA 



 
Fig. 15: Average soil pH in three compartments of the outskirts of city of Kolkata 

 
 

 
Fig. 16: Average Atmospheric CO2 (in ppm) in three compartments of the outskirts of 

city of Kolkata 
 



 

Fig. 17: Average Soil Organic Carbon (in %) in three compartments of the outskirts of 
city of Kolkata 

 

 

 

 

TABLE 10: Biotic Report Card of dominant species in the outskirts of city of Kolkata 

Coordinates Dominant species 
AGB 

(t ha-1) 
AGC 

(t ha-1) 
CO2-

equivalent 
O2 -

equivalent 

22°26'41.6" N; 
88°17'49.1" E 

Ficus benghalensis 1387.46 688.18 2525.62 33.37 

Ficus religiosa 1092.41 532.00 1952.45 38.34 

22°26'40.1" N; 
88°17'50.4" E 

Ficus benghalensis 1409.60 699.16 2565.92 46.61 

Delonix regia 34.89 15.84 58.13 3.52 

22°26'01.6" N; 
88°17'26.9" E 

Ficus benghalensis 1287.89 638.79 2344.37 37.03 

Ficus religiosa 998.56 486.30 1784.72 43.23 

Mangifera indica 88.90 43.83 160.85 23.37 

22°26'01.9" N; 
88°17'26.3" E 

Heritiera fomes 445.42 215.58 791.19 38.33 

Mangifera Indica 116.56 57.46 210.89 30.65 

Psidium guajava 29.05 13.10 48.08 2.69 

Manilkara zapota 20.65 9.29 34.10 4.13 

Citrus maxima 33.66 15.08 55.34 8.04 

Artocarpus heterophyllus 29.60 13.53 49.64 3.61 

C.2. STORED CARBON IN DOMINANT 
FLORAL SPECIES 



Cocos nucifera 889.76 431.53 1583.73 143.84 

Musa acuminate 243.89 121.70 446.64 19.09 

Polyalthia longifolia 45.26 20.64 75.74 3.93 

22°17'54.2" N; 
88°16'14.5" E 

Neolamarckia cadamba 556.88 252.27 925.82 56.06 

Cocos nucifera 998.45 457.29 1678.25 121.94 

22°17'53.6" N; 
88°16'19.5" E 

Aegle marmelos 39.07 17.66 64.81 4.28 

Ficus religiosa 887.23 432.08 1585.74 57.61 

Alstonia scholaris 338.29 165.76 608.35 36.84 

22°17'51.6" N; 
88°16'20.1" E 

Ziziphus mauritiana 20.78 9.41 34.55 3.14 

Tamarindus indica 44.67 20.10 73.77 4.87 

Mangifera indica 298.51 146.57 537.91 48.86 

Areca catechu 34.67 15.50 56.88 6.89 

Cocos nucifera 890.05 401.41 1473.18 76.46 

22°17'55.1" N; 
88°16'15.1" E 

Acacia auriculiformis 45.87 20.78 76.26 6.16 

Neolamarckia cadamba 776.23 350.86 1287.64 133.66 

Azadirachta indica 1195.56 533.22 1956.92 355.48 

Cocos nucifera 789.45 360.78 1324.06 160.35 

Ziziphus mauritiana 23.35 10.55 38.73 7.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

Table 11 reflects the commonly available tree species in the outskirts of city of Kolkata.  

TABLE 11: Population and Diversity of floral species in the outskirts of city of Kolkata 

Species 
Roadside 

along Joka 
IIM campus 

Roadside 
along Pailan 

Bus stand 

Roadside and 
Garden in the 

Shirakole region 
of South 24 
Parganas 

 
Acacia auriculiformis (Shonajhuri) 

- - 2 

 
Alstonia scholaris (Chhatim) 

- - 3 

 
Neolamarckia cadamba (Kadam) 

- - 4 

C.3. FLORAL BIODIVERSITY 
SPECTRUM IN THE OUTSKIRT OF 

CITY OF KOLKATA 



 
Areca catechu (Supari) 

- - 2 

 
Azadirachta indica (Neem) 

- - 2 

 
Cocos nucifera (Coconut) 

- - 9 

 
Delonix regia (Gulmohar) 

2 - - 

 
Ficus benghalensis (Banyan) 

3 1 - 



 
Ficus religiosa (Asathwa) 

2 1 1 

 
Tamarindus indica (Tentul) 

- - 1 

 
Ziziphus mauritiana (Kul) 

- - 6 

 
Aegle marmelos (Bel) 

- - 1 



 
Heritiera fomes (Sundari) 

- 1 - 

 
Mangifera Indica (Mango) 

- 5 - 

 
Psidium guajava (Guava) 

- 1 - 

 
Manilkara zapota (Sabeda) 

- 1 - 



 
Citrus maxima (Batabi lebu) 

- 1 - 

 
Artocarpus heterophyllus (Jackfruit) 

- 2 - 

 
Cocos nucifera (Coconut) 

- 3 - 

 
Musa acuminate (Banana) 

- 4 - 



 
Polyalthia longifolia (Debdaru) 

- 5 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



Currently, global warming is more certain and alarming than ever. Most of the observed 

increase in global average temperatures is due to the observed steady increase of CO2 in our 

atmosphere, i.e. from 280 parts per million (ppm) in 1850 up to 394 ppm in 2012 (NOAA, 

2012). At the 16th session of the parties held in 2010 to the UNFCCC agreed that future 

global warming should be limited below 2°C relative to the pre-industrial temperature level 

(UNFCCC, 2011). The amount of carbon sequestered and stored in forest varies greatly 

based on a large number of factors, including the type of forest, its net primary production, 

the age of the forest, and its overall composition (Millard, 2007).  

Carbon storage in forest ecosystems and plantation sites involves numerous components 

including biomass carbon and soil carbon. 

Carbon management is a serious concern confronting the world today. A number of summits 

have been organized on this subject ranging from the Stockholm to Kyoto protocol. The 

current level of carbon in the atmosphere is about 390 ppm. It estimated that if the carbon 

increase in the atmosphere at the present rate and no positive efforts are pursued, the level of 

carbon in the atmosphere would go up 800-1000 ppm by the end of year, 2100, which may 

create havoc for all living creatures on the planet Earth. 

The plantation technology plays an important role to remove CO2 from the atmosphere and 

store in and on the surface of the earth assuming the given amount of carbon will remain 

stored in and on the same stable way as reserve of the oil, natural gas or coal beneath the 

ground for centuries to come. The phenomenon of CO2 removal from the atmosphere and its 

storage in plant tissue or biomass is known as carbon sequestration. Selection of ideal species 

for plantation technology is very important step for restoration of degraded ecosystem. 

On this background, a systematic study was carried out after segregating the entire 

monitoring domain in WBNUJS into three distinct compartments namely (i) Backyard area 



on the northeastern side of the campus (ii) Front area of the main campus and                  

(iii) Backside area of the main campus – mainly residential. 

In the WBNUJS campus the presence of 19 floral species has made the campus considerably 

rich in biodiversity. This has posed a regulatory effect on the CO2 level on the ambient 

atmosphere as this gas is absorbed by the green plant for carrying out the process of 

photosynthesis. Interestingly it is noted that CO2 level in the backyard area on the 

northeastern side of the campus was lowest during our study period (341.0 ppm). This may 

be attributed to minimum anthropogenic pressure in this particular compartment. The front 

area of the main campus exhibited relatively higher value of CO2 (380.0 ppm) which may be 

attributed to two factors i) existence of this compartment adjacent to the road and ii) presence 

of litter (decomposed leaves and twigs) that generate CO2 on decomposition. The third 

compartment of the WBNUJS campus is the backside area of the main campus which is 

mainly residential. This area exhibited highest CO2 value in the atmosphere (503.8 ppm). 

This highest value may be due to presence of residential complex coupled with emission from 

AC machines, which seems to be old with poor maintenance. The overall result however, 

speaks towards the congenial atmosphere of the campus in terms of CO2 level.  

A significant spatial variation is observed in the carbon sequestration potential of trees in the 

WBNUJS campus. In the backyard area on the northeastern side of the main campus the 

order of carbon sequestration is Ficus benghalensis > Musa acuminate > Mangifera indica > 

Artocarpus heterophyllus > Moringa oleifera (Fig. 18). The trend is similar for rate of 

oxygen generation (Fig. 19). 

 

 

 

 



 
Fig. 18: Carbon sequestration in the dominant tree species in the backyard area on the 
northeastern side of the main campus 

 

 
Fig. 19: Oxygen generation by the dominant tree species in the backyard area on the 
northeastern side of the main campus 
 

 

 

 



In the front side of the campus the carbon sequestration is Hyophorbe lagenicaulis > 

Neolamarckia cadamba > Bauhinia variegate (Fig. 20). The rate of oxygen generation 

exhibited the same trend (Fig. 21). 

 
Fig. 20: Carbon sequestration in the dominant tree species in the frontside area of the 
main campus 

 
 

 
Fig. 21: Oxygen generation by the dominant tree species in the frontside area of the 
main campus 
 



In the backside area of the main campus, which is basically residential, the carbon 

sequestration showed a considerable value in Ficus benghalensis, Neolamarckia cadamba, 

Borassus flabellifer, Musa acuminate and Terminalia catappa (Fig. 22). Oxygen generation 

rate synchronized with this trend (Fig. 23). 

 
Fig. 22: Carbon sequestration in the dominant tree species in the backside area of the 
main campus 
 

 
Fig. 23: Oxygen generation by the dominant tree species in the backside area of the 
main campus 



In the main building area of Calcutta High Court the order of carbon sequestration is Alstonia 

scholaris > Swietenia mahagoni > Artocarpus heterophyllus > Polyalthia longifolia > 

Araucaria cookie > Callistemon viminalis = Plumeria rubra (Fig. 24). The trend is similar for 

rate of oxygen generation (Fig. 25). 

 
Fig. 24: Carbon sequestration in the dominant tree species in the main building area of 
the Calcutta High Court 
 

 
Fig. 25: Oxygen generation by the dominant tree species in the main building area of the 
Calcutta High Court 
 



In the Surya Sen Garden area of Calcutta High Court the order of carbon sequestration is 

Mangifera indica > Musa acuminate (Fig. 26). The trend is similar for rate of oxygen 

generation (Fig. 27). 

 
Fig. 26: Carbon sequestration in the dominant tree species in the Surya Sen Garden 
area of the Calcutta High Court 
 

 
Fig. 27: Oxygen generation by the dominant tree species in the Surya Sen Garden area 
of the Calcutta High Court 
 

In the area of Roadside along Centenary building of Calcutta High Court the order of carbon 

sequestration is Ficus benghalensis > Alstonia scholaris > Mangifera indica > Bombax ceiba 

(Fig. 28). The trend is similar for rate of oxygen generation (Fig. 29). 



 
Fig. 28: Carbon sequestration in the dominant tree species in the area of Roadside along 
Centenary Building 
 

 
Fig. 29: Oxygen generation by the dominant tree species in the area of Roadside along 
Centenary Building 
 

In the area of Roadside along Joka IIM campus the order of carbon sequestration is Ficus 

benghalensis > Ficus religiosa > Delonix regia (Fig. 30). The trend is similar for rate of 

oxygen generation (Fig. 31). 



 
Fig. 30: Carbon sequestration in the dominant tree species in the area of Roadside along 
Joka IIM campus 
 

 
Fig. 31: Oxygen generation by the dominant tree species in the area of Roadside along 
Joka IIM campus 
 

In the area of Roadside along Pailan bus stand the order of carbon sequestration is Cocos 

nucifera > Ficus religiosa > Heritiera fomes > Ficus benghalensis > Mangifera indica > 

Musa acuminate > Citrus maxima > Manilkara zapota > Polyalthia longifolia > Artocarpus 



heterophyllus > Psidium guajava (Fig. 32). The trend is similar for rate of oxygen generation 

(Fig. 33). 

 
Fig. 32: Carbon sequestration in the dominant tree species in the area of Roadside along 
Pailan bus stand 
 

 
Fig. 33: Oxygen generation by the dominant tree species in the area of Roadside along 
Pailan bus stand 
 



In the areas of Roadside and Garden in Shirakole the order of carbon sequestration is 

Azadirachta indica > Cocos nucifera > Neolamarckia cadamba > Ficus religiosa > 

Mangifera indica > Alstonia scholaris > Areca catechu > Acacia auriculiformis > Ziziphus 

mauritiana > Tamarindus indica > Aegle marmelos (Fig. 34). The trend is similar for rate of 

oxygen generation (Fig. 35). 

 
Fig. 34: Carbon sequestration in the areas of Roadside and Garden in Shirakole 
 

 
Fig. 35: Oxygen generation by the dominant tree species in the areas of Roadside and 
Garden in Shirakole 



It is to be noted at this point that potential of the tree in upgrading the environment is best 

judged through the respective carbon sequestration and oxygen generation values rather than 

total stored carbon value. 

The stored carbon value of tree represents the amount of carbon stored in the vegetative parts 

throughout the whole life span. In most cases it is high if the age/biomass is more. However, 

sequestration reflects the rate of stored carbon or carbon stored per year, which actually 

determines the potential of the species in upgrading the air. The concept is very similar with 

the concepts of work and power. A person who can do more work does not necessarily means 

that his outcome in terms of power is more. The work can be done with a longer period of 

time in which case the power of the person falls. However, if the same work is done within a 

shorter period, the power of the person becomes high. Hence, it is the power, and not the 

work which best reflects the outcome. Similarly it is essential to plant those floral species 

whose rate of storing carbon (sequestration) and rate of oxygen generation is more. On this 

background the floral species that can be planted in the WBNUJS campus for betterment of 

the ambient air quality are Ficus benghalensis, Hyophorbe lagenicaulis, Neolamarckia 

cadamba, Mangifera indica and Musa acuminate. For Calcutta High Court and surrounding 

region the effective species are Ficus benghalensis, Alstonia scholaris, Musa acuminate, 

Mangifera indica and Swietenia mahagoni and for Outskirts of the city of Kolkata, species 

like Azadirachta indica, Cocos nucifera, Neolamarckia cadamba, Ficus benghalensis and 

Heritiera fomes can improve the air quality to a considerable extent. 

 

 

 

 

 



 

Ecological restoration aims to recreate, initiate, or accelerate the recovery of an ecosystem 

that has been disturbed.  

Restoration projects differ in their objectives and their methods of achieving those goals. 

Many restoration projects aim to establish ecosystems composed of native species; other 

projects attempt to restore, improve, or create particular ecosystem functions, such as 

pollution or erosion control. Some examples of different kinds of restoration include the 

following: 

 Revegetation- the establishment of vegetation on sites where it has been previously 

lost, often with upgradation of the environment as the primary goal. For example, 

with Ficus benghalensis, Musa acuminate, Mangifera indica, Hyophorbe lagenicaulis 

and Neolamarckia cadamba in the context to the present study area. 

 Habitat enhancement- the process of increasing the suitability of a site as habitat for 

some desired species mostly by upgrading the soil parameters in terms of SOC, N, P, 

K and pH. In this context use of organic fertilizer can give a sustainable result (Vide 

Annexure 2 for more details). 

 Remediation - improving an existing ecosystem or creating a new one with the aim 

of replacing another that has deteriorated or been destroyed. For example Biodiversity 



Park or medicinal garden can be done on the backyard area on the northeastern side 

of the main campus. 

 Mitigation- legally mandated remediation for loss of protected species or 

ecosystems. For example strict laws may be implemented if Heritiera fomes (Sundari) 

tree in the Pailan area (outskirt of the city of Kolkata) is uprooted or cut for any 

purposes as it is already in a vulnerable state in terms of population/survival due to 

alteration of salinity. 

Considering the entire result scenario generated from the present project, few core 

recommendations are suggested: 

 

Recommendation 1 

Soil pH is an important parameter to regulate the growth of plants. Soil pH below 6.5 might 

result in reduced yields and damages to the plants. Under these pH conditions, 

the availability of micronutrients such as manganese, aluminium and iron increases and 

toxicity problem of micronutrients might occur. On the other hand, at low soil pH, the 

availability of other essential nutrients, such as N, P, K, Ca and Mg decreases and this might 

result in deficiencies leading to poor growth of the plants. The most commonly used 

technique to raise the soil pH is applying agricultural lime.  The solubility of lime is 

relatively low, so if it is applied only to the soil surface, it usually affects only the top layer 

of the soil, not more than a few centimeters deep. 

Sprinkling 4% lime at an interval of 3 days is needed for barren area before adding soil for 

new plantation. Then after soil addition form outside sources, liming is to be carried out in 

doses only after monitoring the soil dumped from external sources. 

 

 



Recommendation 2 

Plant Growth Promoting Rhizobacteria (PGPR) application can be an effective treatment for 

accelerating the plant growth. The mechanism of rhizobacteria-mediated plant growth 

promotion is not completely identified, but the so called plant growth promoting 

rhizobacteria have been observed to expedite plant growth. Several researches are available 

on the beneficial role of rhizobacteria like heavy metal detoxifying potentials (Ma et al., 

2011a; Wani and Khan, 2010), pesticide degradation / tolerance (Ahemad and Khan, 2012 a, 

b), salinity tolerance (Tank and Saraf, 2010; Mayak et al., 2004), biological control of 

phytopathogens and insects (Hynes et al., 2008; Russo et al., 2008; Joo et al., 2005; Murphy 

et al., 2000) along with the normal plant growth promoting properties such as, 

phytohormones (Ahemad and Khan, 2012c; Tank and Saraf, 2010), siderphore (Jahanian et 

al., 2012; Tian et al., 2009), 1-amino-cyclopropane-1-carboxylate, hydrogen cyanide (HCN) 

and ammonia production, nitrogenase activity (Glick, 2012; Khan, 2005), and phosphate 

solubilization (Ahmed and Khan, 2012c) (Table 12). 

 
TABLE 12: Growth promoting substances released by PGPR (Ahemad and Kibret, 
2014) 

 
PGPR Plant growth promoting traits References 

Pseudomonas putida IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides, phosphate 
solubilization 

 Ahemad and Khan, 2012a,c 
and 
 Ahemad and Khan, 2011c 

Pseudomonas aeruginosa IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides, phosphate 
solubilization 

 Ahemad and Khan, 2012e, 
Ahemad and Khan, 2011a and 
Ahemad and Khan, 2010d 

Klebsiella sp. IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides, phosphate 
solubilization 

 Ahemad and Khan, 2011b,f,g 

Enterobacter asburiae IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides, phosphate 
solubilization 

 Ahemad and Khan, 2010a,b 



Rhizobium sp. (pea) IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides 

 Ahemad and Khan, 2012b, 
Ahemad and Khan, 2011i, 
Ahemad and Khan, 2010c and 
Ahemad and Khan, 2009b 

Mesorhizobium sp. IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides 

 Ahemad and Khan, 2012d,e, 
Ahemad and Khan, 2010 e, h 
and Ahemad and Khan, 2009a 

Acinetobacter spp. IAA, phosphate solubilization, 
siderophores 

 Rokhbakhsh-Zamin et al., 2011 

Rhizobium sp.(lentil) IAA, siderophores, HCN, 
ammonia, 
exo-polysaccharides 

 Ahemad and Khan, 2011e and 
Ahemad and Khan, 2010f,g 

Pseudomonas sp. A3R3 IAA, siderophores  Ma et al., 2011a 
Psychrobacter sp. SRS8 Heavy metal mobilization  Ma et al., 2011b 
Bradyrhizobium sp. IAA, siderophores, HCN, 

ammonia, 
exo-polysaccharides 

 Ahemad and Khan, 2012f and 
Ahemad and Khan, 2011d,h 

Pseudomonas aeruginosa 
4EA 

Siderophores  Naik and Dubey, 2011 

Bradyrhizobium sp. 750, 
Pseudomonas sp., 
Ochrobactrum cytisi 

Heavy metal mobilization  Dary et al., 2010 

Bacillus sp. PSB10 IAA, siderophores, HCN, 
ammonia 

 Wani and Khan, 2010 

Paenibacillus polymyxa IAA, siderophores  Phi et al., 2010 
Rhizobium phaseoli IAA  Zahir et al., 2010 
Stenotrophomonas 
maltophilia 

Nitrogenase activity, phosphate 
solubilization, IAA, ACC 
deaminase 

 Mehnaz et al., 2010 

Rahnella aquatilis Phosphate solubilization, IAA, 
ACC 
deaminase 

 Mehnaz et al., 2010 

Pseudomonas aeruginosa, 
Pseudomonas 
fluorescens, Ralstonia 
metallidurans 

Siderophores  Braud et al., 2009 

Proteus vulgaris Siderophores  Rani et al., 2009 
Pseudomonas sp. Phosphate solubilization, IAA, 

siderophore, HCN, biocontrol 
potential 

 Tank and Saraf, 2009 

Azospirillum amazonense IAA, nitrogenase activity  Rodrigues et al., 2008 
Mesorhizobium sp. IAA, siderophores, HCN, 

ammonia 
 Wani et al., 2008 

Pseudomonas sp. ACC deaminase, IAA, 
siderophore 

 Poonguzhali et al., 2008 

Serratia marcescens IAA, siderophore, HCN  Selvakumar et al., 2008 
Pseudomonas fluorescens ACC deaminase, phosphate 

solubilization 
 Shaharoona et al., 2008 

Acinetobacter sp., ACC deaminase, IAA, antifungal  Indiragandhi et al., 2008 



Pseudomonas sp. activity, N2 fixation, phosphate 
solubilization 

Enterobacter sp. ACC deaminase, IAA, 
siderophore, 
phosphate solubilization 

 Kumar et al., 2008 

Burkholderia sp. ACC deaminase, IAA, 
siderophore, heavy metal 
solubilization, phosphate 
solubilization 

 Jiang et al., 2008 

Pseudomonas jessenii ACC deaminase, IAA, 
siderophore, heavy metal 
solubilization, phosphate 
solubilization 

 Rajkumar et al., 2008 

Pseudomonas aeruginosa ACC deaminase, IAA, 
siderophore, phosphate 
solubilization 

 Ganesan, 2008 

Pseudomonas sp. ACC deaminase, IAA, 
siderophore, heavy metal 
solubilization, phosphate 
solubilization 

 Rajkumar et al., 2008 

Azotobacter sp., 
Mesorhizobium sp., 
Pseudomonas sp., Bacillus 
sp. 

IAA, siderophore, antifungal 
activity, ammonia production, 
HCN 

 Ahemad et al., 2009a 

Bradyrhizobium sp. IAA, siderophores, HCN, 
ammonia 

 Wani et al., 2007a 

Rhizobium sp. IAA, siderophores, HCN, 
ammonia 

 Wani et al., 2007b 

Mesorhizobium ciceri, 
Azotobacter 
chroococcum 

IAA, siderophores  Wani et al., 2007c 

Pseudomonas, Bacillus Phosphate solubilization, IAA 
and siderophores 

 Wani et al., 2007c 

Klebsiella oxytoca IAA, phosphate solubilization, 
nitrogenase activity 

 Jha and Kumar, 2007 

Bacillus spp., Pseudomonas 
spp., Azotobacter spp., 
Rhizobium spp. 

IAA, ammonia production  Joseph et al., 2007 

Pseudomonas fluorescens Induced systemic resistance, 
antifungal activity 

Saravanakumar et al., 2007 

Pseudomonas chlororaphis Antifungal activity Liu et al., 2007 

Baciilus subtilis Antifungal activity Cazorla et al., 2007 

Brevibacillus spp. Zn resistance, IAA Vivas et al., 2006 

Bacillus subtilis IAA, phosphate solubilization Zaidi et al., 2006 

Pseudomonas sp., Bacillus 
sp. 

IAA, siderophore, phosphate 
solubilization 

 Rajkumar et al., 2006 



Pseudomonas putida Antifungal activity, siderophore, 
HCN, phosphate solubilization 

 Pandey et al., 2006 

Bravibacterium sp. Siderophore  Noordman et al., 2006 

Pseudomonas sp. RJ10, 
Bacillus sp. RJ31 

P-solubilization  Canbolat et al., 2006 

Pseudomonas fluorescens 
PRS9 

IAA, siderophores, phosphate 
solubilization 

Gupta et al., 2005 

Variovorax paradoxus, 
Rhodococcus sp. 

IAA and siderophores  Belimov et al., 2005 

Sphingomonas sp., 
Mycobacterium sp., 

IAA  Tsavkelova et al., 2005 

Pseudomonas fluorescens IAA, siderophores, antifungal 
activity 

 Dey et al., 2004 

Bacillus sp., Azospirillum sp. IAA, P-solubilization  Yasmin et al., 2004 

Azospirillum brasilense, 
Azospirillum amazonense 

IAA, P solubilization, 
nitrogenase activity, antibiotic 
resistance 

 Thakuria et al., 2004 

Pseudomonas fluorescens IAA, Phosphate solubilization Jeon et al., 2003 

Rhizobium sp., 
Bradyrhizobium sp. 

HCN, siderophore, Siderophore, 
IAA, P-solubilization 

 Deshwal et al., 2003 

Bacillus sp., Pseudomons 
sp., Azotobacter sp., 
Azospirillum sp., Rhizobium 
sp. 

P-solubilization and IAA  Tank and Saraf, 2003 

Mesorhizobium sp., 
Bradyrhizobium sp. 

Siderophore  Khan et al., 2002 

Azotobacter chroococcum Gibberellin, kinetin, IAA  Verma et al., 2001 

Rhizobium meliloti Siderophore Arora et al., 2001 

Kluyvera ascorbata Siderophore Burd et al., 2000 

Kluyvera ascorbata ACC deaminase, siderophores, 
metal resistance 

 Genrich et al., 1998 

Bradyrhizobium sp., 
Rhizobium sp. 

Siderophore  Duhan et al., 1998 

Rhizobium ciceri Siderophore  Berraho et al., 1997 

Bradyrhizobium japonicum Siderophore  Wittenberg et al., 1996 

Rhizobium leguminosarum Cytokinin  Noel et al., 1996 

Rhizobium sp., 
Bradyrhizobium sp. 

P- solubilization  Abd-Alla, 1994 

 

There are certain particular mechanisms through which plant growth promotion occurs. One 

of such mechanism is the alteration of the whole microbial community in rhizosphere niche 



through production of various types of Plant Growth Promoting Rhizobacteria (PGPR), 

which accelerate the growth of plant by two ways: the first way is by facilitating the process 

of resource acquisition like nitrogen, phosphorous and several essential minerals present in 

the soil, and the second way is by serving as bio-control agents and thereby acting against the 

pathogens (Fig. 36). 

 
Fig. 36: Role of PGPR in plant growth through increasing soil nutrient avialability 

 

Recommendation 3 

Role of exotic or native species in reclamation needs careful consideration as newly 

introduced exotic species may become pests in other situations. Therefore, candidate species 

for vegetation should be screened carefully to avoid becoming problematic weeds in relation 

to local/regional floristic spectrum. For artificial introduction, selection of species that are 

well adapted to the local environment should be emphasized. Indigenous species are 



preferable to exotics because they are most likely to fit into fully functional ecosystem and 

are climatically adapted. 

On the basis of the data generated on carbon sequestration/oxygen generation potential of the 

floral species it is recommended to plant Ficus benghalensis, Hyophorbe lagenicaulis, 

Neolamarckia cadamba, Mangifera indica and Musa acuminate in the WBNUJS campus. 

Plantation of Ficus benghalensis, Alstonia scholaris, Musa acuminate, Mangifera indica and 

Swietenia mahagoni can upgrade the environmental health for Calcutta High Court and 

surrounding region and for Outskirts of the city of Kolkata, species like Azadirachta indica, 

Cocos nucifera, Neolamarckia cadamba, Ficus benghalensis and Heritiera fomes can 

improve the air quality to a considerable extent. Annexure 1 highlights the location-wise 

potential floral species providing ecosystem services in terms of the upgradation of the 

overall environmental health through carbon sequestration. 

 
.Recommendation 4 

 Use of organic or bio-fertilizer is recommended, the pilot scale manufacturing technology 

of which is highlighted as ANNEXURE 2. 
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ANNEXURE 1 
WBNUJS Campus 
(Site 1) 

Calcutta High Court 
and surrounding 
region (Site 2) 

Outskirt of the city of 
Kolkata (Site 3) 

Ficus benghalensis (Banyan tree)

Site 1 = 354.65 t /ha

  

Ficus benghalensis (Banyan tree)

Site 2 = 826.90 t /ha 

  

Ficus benghalensis (Banyan tree)

Site 3 = 675.38 t /ha

 

Hyophorbe lagenicaulis (Bottle palm)

Site 1 = 139.75 t /ha
Site 2 = Ab
Site 3 = Ab

 

Alstonia scholaris (Chatim)

Site 1 = Ab
Site 2 = 48.00 t /ha
Site 3 = Ab

 

Azadirachta indica (Neem)

Site 1 = Ab
Site 2 = Ab
Site 3 = 533.22 t /ha

 

Neolamarckia cadamba (Kadam tree)

Site 1 = 64.30 t /ha
Site 2 = Ab

 

Swietenia mahagoni (Mahogany)

Site 1 = Ab
Site 2 = 22.36 t /ha
Site 3 = Ab

 

Neolamarckia cadamba (Kadam tree)

Site 2 = Ab
Site 3 = 301.56 t /ha

 

Mangifera indica (Mango tree)

Site 1 = 26.97 t /ha

 
 
 

Mangifera indica (Mango tree)

Site 2 = 87.67 t /ha 

  
 

Cocos nucifera (Coconut)

Site 1 = Ab
Site 2 = Ab
Site 3 = 430.08 t /ha

 
 

Musa acuminate (Wild banana tree)

Site 1 = 11.97 t /ha

 
 
 
 

Musa acuminate (Wild banana tree)

Site 2 = 41.05 t /ha

 

Heritiera fomes (Sundari)

Site 1 = Ab
Site 2 = Ab
Site 3 = 215.58 t /ha

 



ANNEXURE 2 

Title of the proposed project 

Water hyacinth based organic fertilizer: An approach to seek best out of waste 

Introduction 

Use of chemical fertilizer to boost up crop production is one of the greatest issues throughout 

the World. It not only poses an adverse impact on the environment, but also damages the 

health of the people who consume the crops, fruits and other plant materials produced by 

using chemical fertilizers. In this context, use of compost is the most confident and eco-

friendly pathway to produce healthy and nutritious plant products. 

Compost is defined as the product resulting from the controlled biological decomposition of 

organic materials. Compost can be derived from a number of feed stocks including yard 

trimmings, bio solids (sewage sludge), wood by-products, animal manures, crop residues, 

biodegradable packing, and food scraps. Mature compost has little resemblance in physical 

form to the original biodegradable from which it is made. Compost is valued for its organic 

matter content, and it typically used as a soil amendment to enhance the chemical, physical 

and biological properties of soil. Compost is typically not a fertilizer, although when used at 

normal rates it can reduce the amount of required fertilizer. Compost can increase the water 

holding capacity of sandy textured soils, and can improve structure and water movement 

through heavier textured soils that are high in silt and clay content. Compost has been 

considered as a valuable soil amendment for centuries. Most people are aware that using 

composts is an effective way to increase healthy plant production. It helps save money, 

reduces the use of chemical fertilizers, and conserves natural resources. Compost provides a 

stable organic matter that improves the physical, chemical, and biological properties of soils, 

thereby enhancing soil quality and crop production. When correctly applied, compost has the 

beneficial effects on soil properties, thus creating suitable conditions for root development 

and consequently promoting higher yield and higher quality of crops. 

(www.agritech.tnau.ac.in/org_farm / orgfarm_compos ting.html). Composting process refers 

to the conversion of green waste into organic fertilizer with compost as an end product. 

Composting is the biological decomposition and stabilization of organic substance under 

condition that allows development of the thermophilic temperature as a result of biologically 

produced heat, with a final product sufficiently stable for storage and application to land 



without any adverse environmental effect (Haug, 1980). Composting is a bio-oxidative 

process in which the microorganism transform the more easily biodegradable organic matter 

into carbon dioxide, water, vapours, and other minerals (mineralisation process) or, with 

time, into more stable organic matter (humification process) called humic substances which 

are physically very similar to those present in soil. 

The present project aims to use water hyacinth as the primarily composing material. Water 

hyacinth (Eichhornia crassipes) is an invasive species which have a negative impact on the 

positive health of the aquatic ecosystem. The species not only clogs the water bodies and pipe 

lines, but also lowers the dissolve oxygen (DO) drastically. Fishes can not survive if the 

water body is filled with water hyacinth, and thus the ecosystem service of aquatic ecosystem 

is greatly reduced. Aquatic system with water hyacinth serves as breeding ground of 

mosquitoes. Moreover the presence of water hyacinth causes hindrance to motorized vessels. 

On this background the present project is a biotechnology based tool to recycle this invasive 

species (of zero value) into a product with high positive value. Organic fertilizer prepared 

from water hyacinth not only stabilizes the pH, but also increases the nutrient level of the 

soil. 

Organic manure preparation method: A Pilot scale approach 

The technology of preparing organic fertilizer is highlighted in a step wise manners. 

Step 1: In this step, a pit of dimension 100 m × 10 m × 3 m will be excavated. 

Step 2 (A zone): The bottom most layer of the pit will be filled with poultry excreta about 50 

cm thick. 

Step 3 (B zone): The 2nd layer from the bottom will be filled with chopped fresh water 

hyacinth in dried form. The thickness will be 100 cm. 

Step 4 (C zone): The 3rd layer from the bottom will be covered / filled with cow dung of 50 

cm. 

Step 5 (D zone): The 4th layer above the cow dung will be filled with chopped fresh water 

hyacinth and thickness of the layer will be 50 cm. 

Step 6 (E zone): The 5th layer will be filled up with molasses and microbial inoculums whose 

thickness will be 25 cm. 



Step 7 (F zone): The remaining 25 cm layer will be covered with fresh water hyacinth, 

dolomite and soil in the ratio 1:3:2. 

The schematic representation of the entire technology is highlighted in Figure A2. 

 

Figure A2: Schematic diagram of preparing organic fertilizer / manure from water hyacinth 

Budget estimate of the project (in INR) for a time frame of one year 

Item Amount (Rs.) 

A. Non-recurring 
1. Pit digging  

5,000 

2. pH meter (2 pcs) 15,000 

B. Recurring 

1. Remuneration of Researchers @ Rs. 
10,000/month 

1,20,000 

2. Consumables (chemicals & glass goods) & other 
miscellaneous items like dolomite, water 
hyacinth, cow dung, molasses etc.  

25,000 

3. Preparation of microbial inoculums 25,000 

4. Report preparation, documentation and 
publication 

10,000 

Grand Total (A +B) 2,00,000 
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Fig. A: Quadrat study in backyard area in the northeastern side of WBNUJS campus 

 

 
Fig. B: Measurement of DBH  of tree in the northeastern side of WBNUJS campus 

 
 



 
 
 

 
Fig. C: Collection of wood sample for estimation of carbon percentage 

 

 
Fig. D: Atmospheric CO2 measurement  

 



 

 
Fig. E: Project team members at WBNUJS campus 

 

 
Fig. F: Measurement of DBH of tree species at the Calcutta High Court area 

 
 



 

 
Fig. G: Measurement of Basal diameter  of tree at the Calcutta High Court area 

 
Fig. H: Biomass study of tree in the area of Calcutta High Court 

 
 



 

 

 
Fig. I: Measurement of atmospheric CO2 on the roadside of Joka IIM campus 

 
 

 
Fig. J: Coordinate location using GPS at Pailan Bus stand area 



 
Fig. K: Height measurement of the tree in the Garden area at Shirakole 

 

 
Fig. L: Measurement of Atmospheric CO2 in the Garden area of Shirakole 

 
 



 
 

 
Fig. M: Research Team members at the campus of the Calcutta High Court  

 
 
 
 
 
 
 
 


