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ABSTRACT 
Native trees are building blocks to maintain the ecosystem and natural habitat. However, there is 
lack of awareness and research on how they play a role in reducing atmospheric carbon which 
constrains their use in various ongoing carbon forestry schemes. The present study is an effort to 
fill this gap by assessing the carbon sequestration and tree cover density of ten commonly 
occurring trees in non forest areas in the arid landscape of Gujarat state to know their density 
and carbon storing capacity. Carbon storage capacity of trees has been measured by GBH 
method and tree density was studied through spatial analysis. The study reveals that Azadirechta 
indica was found with maximum density and Syzygium cumini was found with least density. 
However, S. cumini found with maximum carbon storage capacity of 3.77 tons per tree. Using 
above findings, it can be suggested that plantation of native trees with high carbon storage 
capacity may one of the options to reduce the atmospheric carbon dioxide and maintain the 
natural heritage of state. 
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INTRODUCTION 
The spread of non-native trees is now 
recognized as one of the greatest threats to the 
ecological and economic well - being of the 
planet.1 These species are non-native to a 
particular ecosystem whose rapid growth rates, 
extensive, dispersal, capabilities, rapid 
reproductive output, broad environmental 
tolerance2 can displace the native trees from 
their particular habitat.3 Around 40% of tree 
species of Gujarat inhabits non-native trees 
and their growth increases in such a way that 
these species suppress the growth of native 
trees.4 The rapid growth of non native species 
must be restricting to minimize the risk on the 
native flora which could be improved by 
massive plantation of native trees replacing the 
invasive tree species. This requires a thorough 
knowledge of the habit and habitat of native 
trees and also their ecological services such as, 
pollution removal, carbon sequestration, etc. so 
that  the   species  can    grow   and survive in a  

particular habitat. Consequently by suggesting 
state industries to plant these native tree 
species with their high carbon sequestration 
capacity may lessen the atmospheric carbon. 
Contribution and capacity to sequent the 
atmospheric carbon by the green cover 
assessment plan may one of the options to 
combat the climate change by afforestation 
program in the Gujarat state, India. 
Unexpected climate change may due to the 
increased levels of atmospheric carbon dioxide, 
which may lead to raise the degree of 
temperature and global warming.5 To reduce the 
atmospheric carbon, forests are one of the best 
approaches6 which have ability to store 80% of 
the global carbon stock committed by UNFCC 
and Kyoto Protocol.7 Therefore, it is necessary to 
know the amount of carbon stored in the forest 
with their natural habitat. Number of researchers 
has made several efforts to study forest 
management and ecology, however the areas 
outside the forest (TOF) have not been much 
explored with respect to carbon storage and other 
ecological services. TOFs are equally important  *Author for correspondence 
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to a local area as they contribute to the 
environment and the social and economic well-
being of humankind at local to regional scales.8 
The state of Gujarat inhabits total tree population 
of about 450 millions from which over 150 
million in forest areas and over 300 millions are 
in TOF areas whereas only 589.37 lakh trees 
were present in TOF areas of the northern part of 
Gujarat state.9 This reveals a need of proper 
management to increase tree population 
particularly in TOFs of Northern Gujarat, India.  

AIMS AND OBJECTIVES 
To identify some frequently occurring native 
trees which can store more atmospheric carbon 
and can be suggested for several re-plantation 
programmes in the state. The present study 
was restricted to Northern part of Gujarat state 
and limited to the trees outside the forest areas. 
Study area 
The study carried out in the Northern part of 
Gujarat,  India  (24°14'21.84"N, 71°21'17.64"E  

to 23°24'45.00"N, 73°28'21.00"E) which 
comprises four districts viz. Sabarkantha, 
Banaskantha, Patan and Mehsana. Almost half 
of the total area of Banaskantha and 
Sabarkantha is hilly. The Arravalis terminates 
in these two districts. Very small part in the 
Northeast of Mehsana, there exist hills 
adjoining Sabarmati. Entire part of the Western 
Arravalis in Gujarat falls in this zone and 
plains in four districts derive elements from the 
Western Arravalis. Areas of Northern part of 
Gujarat falls in arid region which have average 
rainfall of about 600 mm, varying from 400 
mm to 800 mm. Average temperatures is about 
320C which varies from minimum of about 70C 
in extreme winter to 450C during extreme 
summer. The total geographical area of the 
North Gujarat is 27,975.74 square kilometer of 
which 1771.44 areas is covered by forest land 
and about 26204.3 of the area is considered as 
TOF areas for the present study10. The present 
study area is shown in Fig. 1. 

 
Fig 1 : Location of North Gujarat region, India 

MATERIAL AND METHODS 
In the present study, geographical coordinates, 
algometric model, spatial thematic map 
generation with IDW technique were used.  
Estimation of biomass carbon 
To estimate the biomass carbon, ten commonly 
occurring roadside (outside forest) native tree 

species were selected from the Northern part of 
Gujarat, India. These native tree species were 
Azadirechta indica, Ficus virens, Ficus 
benghalensis, Pithecellobium dulce, Prosopis 
cineraria, Salvadora oleoides, Syzygium 
cumini, Tamarindus indica, Tectona grandis 
and Terminalia arjuna measured through 
random   sampling   method with conditionally  
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all standing trees above 10 cm girth. The girth 
and height of the tree was measured using 
GBH meter and laser range finder respectively. 
Using these values in a mathematical model of 
Brown et al. the Above Ground Biomass 
(AGB) of the native trees was measured. The 
Below Ground Biomass (BGB) of trees was 
calculated considering 15% of the AGB11,12. 
The summation values of AGB and BGB is 
total biomass carbon of the native trees      
(Fig. 2). This mathematical model13 was found 
to be most suitable method for estimation of 
carbon sequestration by trees.14-17  

Y = Exp. {− 2.4090 + 0.9522 ln (D2 × H × S)} 
A mathematical model for estimation of 
biomass carbon of trees, 
Where, Y: aboveground biomass (kg), Exp. 
{....}: “raised to the power of {....}”, D: girth at 
breast height (cm), H: height of tree in meters, 
S: wood density (gm/cm3).  
Generation of thematic maps 
The spreadsheet (excel) of the 4 districts of the 
Northern part of Gujarat state with their 
geographic coordinates (longitude and latitude) 
import into Arc GIS® version 10 and then 
thematic maps were generated by using spatial 
interpolation passing through Inverse Distance 
Weighted (IDW) technique. 

RESULTS AND DISCUSSION 
The estimation of carbon storage in the selected 
tree species is performed using allometric model 
by measuring the GBH and height of the tree. 
The study suggests that felling trees for 
estimation of carbon sequestration is an accurate 
method, however, to avoid cutting the trees, 
carbon sequestration should be estimated using 
some non-destructive, modeling systems or by 
assuming 50% of the dry weight as the content of 
carbon in woody biomass in any component of 
forest on average is around 50% of dry matter18,19 
which is accepted by many researchers.20 Green 
cover in the form of forest and non forest area 
has a significant potential in carbon 
sequestration.21,22 As sequestration of 
atmospheric carbon is not only related to the 
increased tree cover but also very much related to 

the increased proportion of large and healthy 
trees in population.23 Present study clearly 
depicts that different tree species occurring in 
same climatic conditions shows different 
capacity to store carbon. It is also found that the 
capacity to store carbon is also positively 
correlated with the girth size of a tree. Nowak24 
also stated that the carbon sequestration capacity 
of a tree also depends on distribution of species 
and diameter of a tree.  
In present research, carbon sequestration capacity 
of 145 individual trees of eight species was 
studied from 53 different locations of North 
Gujarat, India. The study shows that high tree 
density in the urban periphery compared to that 
of the central part of urban areas of North 
Gujarat. Urban peripheries are greener than the 
center of urban areas in entire Gujarat state ; 
however being an arid area, the tree density in 
the region is quite lower than the other part of the 
state. We selected total 10 commonly occurring 
species of the state to study their carbon storage 
capacities; however Salvadora oiloides and 
Tectona grandis were not found in the sample 
carried out in North Gujarat. Among all the study 
locations in North Gujarat, Azadirechta indica 
being a dominant species by occurring 59 % in 
the sample which is followed by Ficus 
benghalensis (14%), Ficus virens (11%), 
Prosopis cineraria (10%), etc. Similarly, the 
girth classification shows that Azadirechta indica 
with highest girth ranges. The girth size is found 
positively correlated with the carbon storage 
potentiality of a tree, however the carbon storage 
capacity stables after the girth size of about 200 
cm (Fig. 3) which is also observed by Escobedo 
et al.,25 in Florida and Pandya et al. in Gujarat, 
India. Pandya et al.26 estimated the carbon 
sequestration by harvesting method, where as the 
present study is carried out by allometric 
analysis.27-29 Out of eight native tree species 
Syzygium cumini was found with highest total 
biomass carbon (3.77 tonnes per tree) and F. 
virens with lowest total biomass carbon (3.48 
tonnes per tree) in the study area.30-34 The tree 
distribution and density was also measured in the 
study area which is shown in Fig. 4. 



ISSN  0973 - 6921                                                                                             J. Environ. Res. Develop. 
Journal of Environmental Research And Development     Vol.10 No. 02, October-December 2015 

336 
 

 

 

 

 

 

 

 

 

 

Fig. 2 : Total organic carbon storage in selected native tree species 

 

 

 

 

 

 

Fig. 3 : Correlation between total organic carbon and tree GBH classes 

 
 A. indica                                       Density : 13 

 
   F. benghalensis                     Density : 1.5 

 
 F.  virens                                     Density : 1.8 

 
 P. Cineraria                           Density : 1.3 
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 P.  dulce                                      Density : 0.1 

 
 T. arjuna                                    Density : 0.2 

 
  S. cumini                                    Density : 0.1 

 
 T. indica                                   Density : 0.1 

Fig. 4 :  Distribution and density (per 100 km) of selected native tree species in the study area 

CONCLUSION 
The study shows that Azadirechta indica is the 
dominant tree species among the 145 individual 
species of TOF across the northern part of 
Gujarat which is similar to stated by Gujarat 
Forest Department during the tree resource 
survey in TOF areas.9 The study also suggests 
that tree girth size of 60cm to 90cm has 
maximum capacity to store atmospheric carbon, 
such trees should be conserved and given more 
attention during other developmental activities. 
This study refers effective role of GIS in the 
spatial distribution mapping of tree species 
using the IDW interpolation technique for 
producing thematic maps of individual green 
cover in the sampling area. Spatial distribution 
maps generated in this study would be useful 
for guiding the forest department to decide the 
plantations around high emission of 
atmospheric carbon. The carbon storage 
analysis can be useful for urban forest 
managers to evaluate tree cover and biomass in 
terms of carbon credits, which could be helpful 
to improve the forest cover and strategies tree 
plantation in urban areas.  
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