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Forest in close vicinity with human beings faces different type of environmental 

stresses which affects their overall growth and health including carbon offsetting 

ability. Forest often gives passage for construction of new roads and widening of 

already existing roads for better connectivity between cities and towns. This in 

turn leads to gradual degradation of forest both structurally and functionally. In 

this backdrop, a study was conducted in Tanda forest situated at the foothills of 

Kumaon Himalaya along the roadside in 2 ha land (1 ha on either side of the 

road). The road is approx. 15-20 Km long, passing through the forest and 

connects Rudrapur with Haldwani. The forest vegetation along the road is 

vulnerable due to constant anthropogenic activities.  As managing carbon balance 

is the most dreaded challenge which we are facing in the present scenario and 

forest has an ability to sequester and store carbon for long durations. Thus, in the 

present investigation the carbon storage ability of trees was assessed. A total of 

1217 trees consisting of 15 species were investigated using (40) 500 m2 circular 

plots. Tree density came out to be 608.5 stems/ha. Mean Organic Carbon 

(tons/tree) was highest in A. cordifolia (0.62 t/t) followed by S. robusta (0.61 t/t), 

H. integrifolia (0.54 t/t) T. arjuna (0.53 t/t). Least value was found in M. koengii 

(0.01 t/t). Total Biomass Stock Density and Carbon Stock Densitycame out to be 

381.61 Mgha-1 and 179.36 Mgha-1 respectively. Total carbon sequestered was 

calculated as 7.63 Tons/year. Tons of CO2 equivalents was calculated as 658 

tCO2e. 
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INTRODUCTION 

Global warming and continuous accumulation of 

GHGs, especially CO2, in the atmosphere due to 

fossil fuel burning is reflecting its ill effects on the 

forest ecosystems of the Himalayas. The increased 

CO2 needs to be sequestered for striking an 

ecological balance and reversing global warming 

trends. Mountain ecosystems are clear indicators of 

Climate Change but low land areas (foot hills) can’t 

remain unaffected (Bam et al., 2013). Forests are the 

natural sinks for the carbon in nature.  Forest 

vegetation and soil share almost 60% of the world’s 

terrestrial carbon (Winjumet al., 1992). It plays a 

critical role in reducing ambient CO2 levels by 

sequestering atmospheric carbon into the growth of 

woody biomass through the process of 

photosynthesis (Brown and Pearce, 1994). A forest 

ecosystem plays an important role in the storage and 

cycling of carbon. The Himalayan forest vegetation 

ranges from tropical dry deciduous forest in the foot 

hills to timberline and acts as large “carbon sinks” 

apart from maintaining the biodiversity of the region 

and improving local climate. Clearing of forest for 

urbanization and infrastructure development has 
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become a routine exercise since long. This includes 

construction of new roads and widening of already 

existing roads running through the forest area 

connecting important places. As the anthropogenic 

pressure is growing on our forests year after year, it 

is resulting in disturbance of the forest ecosystem 

both structurally and functionally. Vehicular 

emission due to heavy traffic and easy access to 

forest products for the general population (which is 

mostly non- scientific) leads to gradual decline of 

forest vegetation. Due to this prolonged 

anthropogenic pressure the overall eco-physiology 

and biochemistry of the trees are affected along with 

their regeneration potential and carbon sequestration 

ability. Direct human activity has devastating effects 

on the forest flora in the long run. 

Tanda forest in Uttrakhand is one such forest 

which is gradually being affected by a stretch of road 

which is approx. 15 -20 Km long and passes through 

the forest that connects Rudrapur with Haldwani. 

Heavy traffic flows throughout the year as the road 

also connects Delhi with Kathgodam which is the 

entry point for Central Kumaon Himalaya. It is an 

open canopy forest with high anthropogenic pressure 

and environmental stress. 

Out of 6 districts of Uttrakhand (UK), except 

Udhamsingh Nagar (USN), most of the districts are 

located in higher altitudes and exhibit good growth 

of flora. However, USN is situated in the foothills of 

the Himalaya having a subtropical type of climate 

and has less diversity. After creation of UK, a new 

state from UP in the year 2000, the tarai being a plain 

area in the hill state exploited exhaustively for 

development of industrial activities. Due to fast pace 

of industrialization and urbanization in the area, the 

forests have been removed for agriculture, 

cultivation, infrastructure and human activities. 

Heavy industrialization and urbanization in the area 

resulted into few scattered open canopy deciduous 

forests. The three main forests of the tarai region are 

Tanda near Rudrapur and forests near Bazpur and 

Khatima.  

The open canopy Tanda forest also feels the 

pressure of human need and greed. Inevitable 

urbanization, industrialization and infrastructure 

development have put tremendous pressure on this 

forest area. Though, forest plays important role in 

carbon storage and mitigation, yet different type of 

human- induced environmental stresses leads to 

degradation of forests and reduce their life span as 

compared to trees situated away from human 

activities, although estimate varies. A tree faces 

multiple environmental stresses in an ecosystem, the 

most prominent being air pollution which has a 

negative influence on tree health and growth. The 

overall phenology, ecophysiology, bioenergetics and 

eventually carbon sequestration ability of a forest 

ecosystem is altered if it is subjected to long 

durations and high level of air pollutants.     

Thus, it becomes essential to perform site- 

specific research in addition to special strategies and 

policies to govern its management and design (Kiran 

and Kinnary, 2011). The present manuscript deals 

with the evaluation of carbon storage and carbon 

mitigation potential of some selective tree species 

growing in tanda forest in relation to human induced 

environmental stresses. 

 

MATERIAL AND METHODS: 

Tanda forest is located in the subtropical 

regionbetween 28° 53’- 29° 23’N and 78° 45’ - 80° 

08’ E at the foothills of Kumaon Himalaya in the 

district Udhamsingh Nagar of the state Uttrakhand. 

The terrain is flat having an average altitude of 285 

m and highly fertile. The area comes under the terai 

region and consists of babhar, having piedmont zone 

with alluvial fans. The area enjoys three season 

winters (December- March), Summer (April- July) 

and monsoon (July- November). Average annual 

temperature is 28° C and average annual rainfall is 

1302 mm. 

The study was carried out in 2 ha land (1 ha 

on either side of road passing through the forest). A 

total of (40) 500 m2circular plots (plot radius 12.62 

m) were placed randomly in 2 ha land. Forest carbon 

measurement can be carried out in both rectangular 

and circular plots but circular plots are often 

recommended for the study because they are easy to 

establish (Subediet al., 2010). Individual trees were 

marked in each plot and Diameter at Breast 

Height(DBH) and Height (H) of each tree was 

measured and final tabulation was done accordingly. 

DBH ≥ 5 cm were considered as trees and measured 

(McDicken, 1997). Initially, Circumference at 

Breast Height(CBH) was measured which was 

converted to corresponding DBH values. CBH of 

trees was measured using a measuring tape. Height 

of trees was measured by a hand- made clinometer 

using a protractor. 

A total of 15 tree species consisting of 1217 

individuals were considered for study. Above ground 

tree biomass (AGTB) was calculated using the 

allometric equation as proposed by (Chave et al., 

2005): 
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AGTB = 0.0509 × WD × D2 × H 

 

Where AGTB is Aboveground Tree Biomass in Kg 

WD is the wood density in gm-3  

D is the DBH in cm 

And H is the height in meters. 

Wood Densities were obtained from the manual 

“Wood Densities of Tropical Tree species” (Reyes et 

al., 1992). Whenever wood density was not available 

default value of 0.6 gcm-3 was used (Waran and 

Patwardhan, 2001). Belowground biomass was 

considered 25% of the aboveground biomass for 

hardwood trees (IPCC 2006). Total Biomass is the 

sum of above and below ground biomass (Sheikh et 

al., 2011). Carbon stored is 50% of its biomass 

(Pearson et al., 2005). Totalcarbon stocks of all 

sample trees in all the sample plots were calculated 

and extrapolated it for total area for Mg per hectare 

(Mgha-1.). The value was converted to tons of CO2 

equivalents by multiplying it by a factor of 3.67 

(Pearson et al., 2007).  

 

RESULTS AND DISCUSSION 

The data regarding number of tree species, average 

dbh, average height and Mean Organic Carbon 

Stocks (t/t) within the study area has been presented 

in Table 1 and 2.  Mean Organic Carbon (tons/tree) 

was highest in A. cordifolia (0.62 t/t) followed by S. 

robusta (0.61 t/t), H. integrifolia (0.54 t/t) T. arjuna 

(0.53 t/t). Least value was found in M. koengii (0.01 

t/t).  Total Biomass Stock Density and Carbon Stock 

Density came out to be 381.61 Mgha-1 and 179.36 

Mgha-1 respectively. Total carbon sequestered by 

1217 trees was calculated as 7.63 Tons/year. Tons of 

CO2 equivalents was calculated as 658 tCO2e. 

The amount of carbon stored in a tree depends upon 

its biomass and growth pattern. It is found that fast 

growing trees seize more carbon than slow growing 

trees (Redondo- Brenes, 2007). In the long term, the 

amount of carbon accumulated by a slow growing 

species is larger than by fast growing tree species. 

This indicates faster growing trees may accumulate 

larger amount of carbon in early stage of their life. 

While higher specific gravity of slow growing trees 

to allow them to accumulate more carbon is longer. 

Different type of environmental stresses operating in 

the region also affects the overall biomass and 

carbon sequestration ability of a forest. Prolonged 

stress has a negative impact on the growth and 

carbon assimilation potential of trees. All biotic and 

abiotic factors which affects the photosynthetic 

efficiency of trees directly influence its carbon 

sequestration ability as well. Some factors include: 

intensity and duration of sunlight, temperature 

variation, availability of soil nutrients and water, 

phyllotaxy, efficient root system consisting of 

secondary, tertiary and fine roots, soil- mycorrhiza 

association, availability of CO2 around stomata, 

level of pollutants, internal tree injury, pathogen 

attack etc. Discussing physiology and bioenergetics 

of carbon sequestration in detail is beyond the scope 

of the manuscript. Other factor involves easy access 

to forest products by local people, unscientific 

tapping and lack of public awareness. In the end, it 

can be concluded that forest serve as important 

“sinks” for carbon, anthropogenic pressure always 

makes our forests fragile and vulnerable. Scientific 

management of such areas is the key to fight against 

global warming and climate change.  
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Table 1: Field data of trees from the study site: 

 

S No Scientific Name No. of Trees Av DBH (cm) Av Height (m) 

WD 

(gm/cm3) 

1 Eucalyptus hybrid 70 31 24 0.6 

2 Tectona grandis 110 24.5 13 0.6 

3 Dalbergia sisso 97 19 10.5 0.77 

4 Holoptelia integrifolia 95 35 23 0.6 

5 Acacia catechu 101 20 13 0.88 

6 Cassia fistula 105 23 12 0.71 

7 Popular deltoides 94 27 21 0.6 

8 Bombax ceiba 77 40.5 24.5 0.33 

9 Adina cordifolia 63 38 23 0.59 

10 Ficus sps 37 35.5 15 0.39 

11 Shorea robusta 98 37 19.5 0.72 

12 Toona ciliata 75 25 17 0.6 

13 Mallotus philippensis 58 31.5 20 0.64 

14 Terminelia arjuna 71 35 20 0.68 

15 Murraya koengii 66 9.5 4 0.6 

  TOTAL 1217       

 

Table 2: Mean Organic carbon stocks from the study site 

 

S No Scientific name 

Mean AGOC 

(t/tree) MBGOC (t/tree) MOC (t/tree) 

1 Eucalyptus hybrid 0.35218728 0.08804682 0.4402341 

2 Tectona grandis 0.119155628 0.029788907 0.148944534 

3 Dalbergia sisso 0.074280533 0.018570133 0.092850667 

4 Holoptelia integrifolia 0.43023225 0.107558063 0.537790313 

5 Acacia catechu 0.1164592 0.0291148 0.145574 

6 Cassia fistula 0.114705186 0.028676297 0.143381483 

7 Popular deltoides 0.23376843 0.058442108 0.292210538 

8 Bombax ceiba 0.337503171 0.084375793 0.421878964 

9 Adina cordifolia 0.498694786 0.124673697 0.623368483 

10 Ficus sps 0.187629171 0.046907293 0.234536463 

11 Shorea robusta 0.489168342 0.122292086 0.611460428 

12 Toona ciliata 0.16224375 0.040560938 0.202804688 

13 Mallotus philippensis 0.32323536 0.08080884 0.4040442 

14 Terminelia arjuna 0.423997 0.10599925 0.52999625 

15 Murraya koengii 0.00551247 0.001378118 0.006890588 
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