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Abstract  
 
Forests are the largest terrestrial reservoir for atmospheric carbon. The present study 
investigated the species composition and tree carbon stocks in two different aspects (northern 
and southern) of sub-tropical region in Garhwal Himalaya. The results show that on northern 
aspect three species were observed, of which Pinus roxburghii was dominant. Similarly on 
southern aspect Anogeissus latifolia was dominant tree. Between the aspects and among the 
trees on each aspect, the maximum biomass was in Pinus roxburghii (132.96 t ha-1) on 
northern aspect while on southern aspect the maximum biomass was in Anogeissus latifolia 
(6.0 t ha-1). The value of biomass was converted to carbon stock and amount of carbon stock 
was stored higher on northern aspect where the highest proportion among the species was in 
Pinus roxburghii. The study concluded that northern aspect favour the dominant growth of 
Pinus roxburghii and southern aspect of Anogeissus latifolia mixed forest in sub-tropical belt 
of Garhwal Himalaya, therefore, northern aspect have more carbon sequestration potential 
especially conifers than that of broadleaved forests on southern aspect. 
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Introduction 
 

Since the beginning of industrial revolution, carbon dioxide concentration in the 
atmosphere has been rising alarmingly. Prior to the industrial revolution carbon concentration in 
the atmosphere was around 372 ppm [1]. If the pace of increase in carbon concentration remains 
constant, carbon concentration in the atmosphere would go up to 800-1000 ppm by the turn of 
this century [2]. 

Climate is probably the most important determinant of vegetation patterns globally and 
has significant influence on the distribution, structure and ecology of forests [3]. Several 
climate-vegetation studies have shown that certain climatic regimes are associated with 
particular plant communities or functional types [4, 5]. It is therefore logical to assume that 
changes climate would alter the configuration of forest in ecosystems [6]. 

Plants can contribute to mitigate green house effect and global warming. Terrestrial 
vegetation and soil currently absorb 40% of global carbon dioxide (CO2) emission from human 
activities [7]. Forests are the largest terrestrial reservoir for atmospheric carbon. They remove 
CO2 from the atmosphere and store it in the organic matter of soil and trees. The current carbon 
stock in tree biomass comprises half of the atmospheric storage and is continuing to grow 
despite deforestation, the rate of which is decreasing but still high [8]. The amount of carbon 
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stored in a forest stand depends on its age and productivity. The terrestrial carbon sink, inferred 
from changes in the concentrations of atmospheric gases and their isotopic composition, is 
normally attributed to the global increase in productivity [9, 10]. 

The reduction in concentration of CO2 in atmosphere can be achieved either by reducing 
the demand for energy or by altering the way the energy is used and by increasing the rates of 
removal of CO2 from atmosphere through growth of terrestrial biomass e.g. forests [11]. The 
most promising management practices for CO2 mitigation are reforestation in temperate 
latitudes, and agroforestry and natural reforestation in the tropics. The 1997 Kyoto protocol to 
the climate convention recognizes that drawing CO2 from air into the biomass is the only 
practical way for mitigation of the gas from the atmosphere [12, 11]. The direct solution to the 
problem is reducing CO2 emission. However, the costs of the approach may be prohibitive for 
industrialized countries due to its adverse effects on their production [13]. The Himalaya zones 
cover nearly 19% area and contribute 33% of soil organic carbon reserves of the country, 
largely due to thick forest vegetation [14]. 

Therefore, the present study is undertaken to understand forest community composition 
and estimate above ground tree biomass and carbon stock stored in sub-tropical mixed forest of 
Garhwal Himalaya. 
 
Materials and Methods 

 
Two mixed forest stands on different aspects i.e., northern aspect and southern aspect 

were selected for the study. The study site was located between 300 29’ N and 780 24’ E in the 
District Tehri Garhwal at an elevation range from 800-1000 m asl. 

The vegetation analysis on the aspect was done in rainy season (August to September) 
and tree more than 30 cm girth at breast height was only considered for analysis. Ten quadrats 
(each of 10 m x 10 m size) were laid out in transect in each aspect. The vegetation data were 
quantitatively analyzed for abundance, density and frequency [15]. The importance value index 
(IVI) was determined as the sum of the relative frequency, relative density and relative 
dominance [16]. 

Estimating above ground biomass sampling was done by the nested plot design method 
for each hectare as described by Hairiah et al. [17]. The diameter at breast height (dbh) was 
measured with caliper and height with Ravi’s multimeter, form factor was calculated with 
Spiegel relaskope to find out tree volume using the formula given by Pressler [18] and 
Bitterlich [19]  

F = 2 h1 /3h    (1) 

where, F is the form factor, h1 is the height at which diameter is half dbh and h is the total 
height. Volume (V) was calculated by using the Pressler formula [18] as used by Koul and 
Panwar [13]  

V = F × h × g    (2) 

where F is the form factor, h is the total height and g is the basal area and calculated as: 
G = π r2     or   (dbh /2)2   (3) 

where r is the radius, thus biomass of wood was estimated using following equation: 
Biomass = Specific gravity × Volume         (4) 

The values of specific gravity for these species were collected from Timber Mechanics 
Division, Forest Research Institute, Dehradun. 

The total number of branches irrespective of size was counted on each of the sample 
trees. These branches were categorized on the basis of basal diameter into three groups, viz < 6 
cm, 6-10 cm and >10 cm. Fresh weight of two branches from each size group was recorded 
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separately. Dry weight of branches was estimated by using following equation given by 
Chidumaya [20] as 

Bdwi = Bfwi / 1 + Medbi     (5) 

where Bdwi is the oven dry weight of branches, Bfwi the fresh / green weight of branches and 
Medbi the moisture content of branches on dry weight basis. Total branch biomass (fresh / dry) 
per sample tree was determined as follows  

Bbt = n1 bw1 + n2 bw2 + n3 bw3 = ∑
=

n

i
n

1
1 bwi   (6) 

where Bbt is the branch biomass (fresh / green) per tree, ni the no of branches in the ith branch 
group and i = 1, 2, 3 …….. the branch groups [13]. 

Leaves from five branches of individual trees were removed. Five trees per quadrant 
were taken randomly for observation. The leaves were weighed and oven dried separately to a 
constant weight at 80 ± 5 oC. The average leaf biomass was then arrived at by multiplying the 
average biomass of the leaves per branch with the number of branches in a single tree and then 
the number of trees in a quadrant [20, 13]. 

To arrive at the amount of sequestered carbon content, biomass was converted into 
carbon by multiplying with a factor of 0.45 [21, 13]. 
 
Results and Discussion 

 
Vegetation analysis  
On northern aspect three species i.e., Pinus roxburghii, Terminalia bellirica, Terminalia 

tomentosa were observed. The dominant species on this aspect was P. roxburghii having 
highest (860 trees ha-1) value of density (Fig.1) followed by T. tomentosa (80 trees ha-1) and T. 
bellirica (40 trees ha-1). The total basal cover values of P. roxburghii, T. tomentosa and T. 
bellirica were 18.14 m2 ha-1, 1.36 m2 ha-1 and 1.45 m2 ha-1 respectively. The values clearly 
indicate the dominance of Pinus roxburghii forest on this aspect (Fig.2).  
 

 
Fig.1 Frequency and density of species on northern and southern aspects 

Pr-Pinus roxburghii  Tb-Terminalia bellirica Tt-T. tomentosa 
Al-Anogeissus latifolia Ac-Acacia catechu Lc-Lannea coromendelica 

 

On southern aspect, three species were also observed i.e., Anogeissus latifolia, Acacia 
catechu and Lannea coromandelica. Among the species A. latifolia was dominant. The tree 
density of A. latifolia was highest (640 trees ha-1) compared to A. catechu and L. coromandelica 
whose densities were 120 trees ha-1 and 100 trees ha-1 respectively (Fig. 1). Total basal cover of 
A. latifolia, A. catechu and L. coromandelica was 1.71 m2 ha-1, 1.28 m2 ha-1 and 0.25 m2 ha-1 
respectively (Fig.2). 
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Fig.2 Total basal cover and importance value index of species on northern and southern aspects 

Pr-Pinus roxburghii  Tb-Terminalia bellirica Tt-T. tomentosa 
Al-Anogeissus latifolia Ac-Acacia catechu Lc-Lannea coromendelica 

 
Biomass and carbon stock 
Aboveground biomass and carbon stock on northern and southern aspects is shown in 

Table 1. On northern aspect the biomass was maximum in P. roxburghii (132.96 t ha-1) 
followed by T. bellirica (18.58 t ha-1) and T. tomentosa (2.40 t ha-1). While on southern aspect 
the maximum biomass was in A. latifolia (6.00 t ha-1) and minimum in L. coromandelica (0.17 t 
ha-1). The values of biomass was converted into carbon stock and the maximum carbon was 
stored in northern aspect in order of P. roxburghii>T. bellirica>T. tomentosa. In southern aspect 
the maximum carbon stock was in A. latifolia followed by A. catechu and L. coromandelica.  
 

Table 1. Volume (m3 ha-1), specific gravity (g cm-3), biomass (tones ha-1)  
and carbon (tones ha-1) of species in two different aspects 

 
Site Species Volume 

(m3 ha-1) 
Specific 
gravity 
(g cm-3) 

Biomass 
(tones ha-1) 

Carbon 
(tones ha-1) 

Pinus roxburghii 270.8 0.491 132.96 59.83 
Terminalia 
bellirica 

29.6 0.628 18.58 8.36 
Northern  
aspect 

T. tomentosa 3.4 0.707 2.40 1.08 
Anogeissus 
latifolia 

8.12 0.739 6.00 2.70 

Acacia catechu 6.62 0.875 5.79 2.60 

Southern 
aspect 

Lannea 
coromendelica 

0.36 0.497 0.17 0.07 

 
Between the aspects, the maximum carbon stock was in northern aspect as compared to 

southern aspects, which might be due to higher density and total basal cover of the trees. 
Agnihotri et al., [22] also indicated that aspect and physiographic positions, particularly on hills 
are expected to influence vegetation cover, because the southern and eastern facing slopes have 
early sun shine of the day, while northern and western aspects receive sun during the later parts 
of the day. Therefore, the southern aspect was hotter than the northern aspect which results in 
less moisture on southern aspects and higher evaporation. The higher moisture content on 
northern aspect favours maximum biomass production compared to southern aspect, because its 
natural regeneration is better on the northern aspect than on the southern aspect [23]. Among 
the species on aspects, the maximum amount of carbon was stored in Pinus roxburghii which 
was due to its higher biomass (Table 1). The results shown that, the wood which constitute 
maximum portion of biomass also stored maximum amount of carbon. Among the forests, 
conifer forests sequester maximum carbon than of deciduous forests. Similar finding also 
reported by Negi et al. [24], when compared with other life forms and observed that the 
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maximum carbon was stored by conifers trees followed by deciduous trees, evergreen trees and 
bamboos. Thus conifers are more efficient in carbon sequestration especially Pinus roxburghii 
on northern aspect. 

The forest of the study area is under highly anthropogenic threat, because the rural 
people are fully depend on these forests for their daily needs i.e., fuel, fodder, minor timber etc. 
The villager demand and its consequences, the forests have been depleting much faster rate. 
Atmospheric CO2 concentrations have been increasing in response to the disruption of the 
global carbon cycle by anthropogenic activities such as deforestation, construction of dam, 
agricultural practices and burning of fossil fuels on these areas, which results in large shifts 
among carbon pools. Similar findings have been given by Rustand et al. [25]. Therefore some 
management practices need to be implemented to save these forests against various threats, so 
the carbon pools of these forests can be saved. 
 
Conclusion 
 

The study concluded that the northern aspect favors the carbon sequestration potential in 
the sub-tropical belt of Garhwal Himalaya due to dominance of Pinus roxburghii than that of 
southern aspect. Although each species on both the aspects played important role in carbon 
sequestration, the existing forest of Pinus roxburghii and its regeneration should be managed 
against anthropogenic treat for future environmental security. 
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