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Abstract
Quantification of Carbon stock has become in the contest of changing climate and mitigation potential of forests. Two 
different forest types, Dry Shiwalik Sal Forest and Moist Shiwalik Sal Forest in Barkot and Lachchiwala of Doon Valley, 
Western Himalaya are selected for the study. Volume equations, destructive sampling and laboratory analysis are done 
to estimate the carbon stock in different carbon pools like trees, shrubs, herbs and soils. Considerable variations are 
observed in terms of carbon stocks in different forest types. In Dry Shiwalik Sal Forest, carbon stock density varied 
between 129.81 and 136.00 MgCha-1 while in Moist Shiwalik Sal Forest, carbon stock density ranged from 222.29 to 
271.67 MgCha-1. Tree species like Shorea robusta, Syzigium cumini, Miliusa velutina, Acacia catechu, and Mallotus 
philippensis had significant role in carbon sequestration. Shorea robusta had contributed highest in carbon stock due 
to highest density. Total of 2,338,280.165 Mg carbon stock was estimated in all the forest types.
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Introduction

Increasing concentration of atmospheric greenhouse 
gases has created a global issue of climate change. CO2 has 
been identified as one of the major greenhouses gas. Forests 
sequester CO2 from the atmosphere and store it as biomass 
in different pools namely above-ground biomass, be-
low-ground biomass, leaf litter, dead wood and soil carbon 
(IPCC 2014; Sahu et al. 2016).Carbon sequestration from 
atmosphere can be advantageous from both environmental 
and socioeconomic perspectives. 

Higher CO2 sequestration is reflected by the plants hav-
ing a higher quantity of biomass (Jana et al. 2011). CO2 se-
questration through forests depends on forest type, domi-

nant tree species and forest stand age. Forests are consid-
ered as natural brake on the climate change due to their po-
tential to absorb CO2 from the atmosphere (Rawat and 
Singh 2016). Significance of forest to mitigate climate 
change through CO2 sequestration has been well recog-
nized in the Paris Agreement (UNFCCC 2016). Asse-
ssment of carbon stock in different forest types has become 
essential to initiate the climate change mitigation pro-
grammes like Reducing emission from deforestation and 
forest degradation; conservation of carbon stock, sustain-
able management of forest and enhancement of carbon 
stock (REDD＋). Climate change mitigation through for-
ests also provides additional co-benefits relatively at lower 
costs (Singh et al. 2015). The quantification of carbon 
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Fig. 1. Location of study sites. Fig. 2. Plot layout for carbon stock assessment.

stocks in the forests has become important as forests play an 
important role in global carbon cycle. Assessment of tempo-
ral dynamics and spatial variations in forest carbon stock is 
important to define the relationship between carbon dis-
tribution, trend and significant for forest management plan 
and designing the forest policy (Qing et al. 2010). 

Species wise estimation of carbon stock will highlight the 
significance of tree species for achieving the additional car-
bon sink of 2.5 to 3 billion tonnes of CO2 equivalent 
through additional forest and tree cover by 2030 as sub-
mitted by India in its Intended Nationally Determined 
Contribution (ICFRE 2016). Ramachandran et al. (2007) 
have emphasized the significance of carbon databank for all 
types of forest in India to study carbon sequestration poten-
tial for better management of forests. The present study fo-
cuses on the Shorea robusta (Sal) Forests of Doon Valley. 
The objectives of the study were : (1) to determine species 
composition, density, volume and (2) to estimate the carbon 
stocks in tree, shrub, herb and soils of different forest types 

of Sal forests which can serve as reference level under 
REDD＋ climate change mitigation progamme.

Materials and Methods

Study site

The study was conducted in Barkot and Lachchiwala 
Forest of Doon Valley (area ∼2,100 km2; 29°55’-30°30’N; 
77°35’-78°24’; 600-800 m amsl). The climate of the valley 
is sub-tropical with average temperature varying between 
13.8°C and 27.65°C and average annual rainfall of 
2,025.43 mm (Fig. 1). The area receives most of the rainfall 
between June and September. Sal (Shorea robusta) is one of 
the most important timber tree species. In Doon Valley, 
52% of the forest area is occupied by Sal Forest with high 
abundance of Sal ＞80% (Mukesh et al. 2014). Associates 
of Sal are Mallotus Philippensis as co-dominant species 
and Clerodendron viscosum as understory species. The 
other species found in the Sal forests are Anogeissus lat-
ifolia, Terminalia bellirica, Albizia lebbeck, Ficus bengha-
lensis, Ehretia laevis, etc. Champion and Seth (1968) have 
classified Sal Forests of Doon Valley into Moist Shiwalik 
Sal Forest, Dry Shiwalik Sal Forest and Moist 
Bhabhar-Dun Sal Forest. Moist Shiwalik Sal Forest 
(MSSF) and Dry Shiwalik Sal Forest (DSSF) of Doon 
Valley were selected to assess the carbon stock in different 
carbon pools.

Tree carbon density

Stratified random sampling approach was followed for 
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Table 1. Volume Equations and Wood Density of tree species present at various study sites

S.No. Tree Species Equations Wood Density (gm/cm3)

1 Acacia catechu V=0.02384-0.72161D＋7.46888D2 1.01
2 Aegle marmelos V=0.03843-0.36982D＋2.62185D2＋7.68659D3 0.75
3 Albizia lebbeck V=-0.03670＋5.87369D2 0.55
4 Adina cordifolia V=0.0549-0.0131D＋0.001D2 (D in cm) 0.58
5 Anogeissus latifolia √V=0.46976＋5.99849D-2.60729√D 0.78
6 Bombax ceiba V= 0.03429-0.16536D＋5.03740D2＋4.60460D3 0.24
7 Bauhinia variegata V=-0.04262＋6.09491D2 0.67
8 Casearia tomentosa V=0.14031-2.06478D＋11.25750D2 0.62
9 Cassia fistula V=0.03843-0.36982D＋2.62185D2＋7.68659D3 0.71
10 Cordia dichotoma V=-0.49388＋7.56417D-31.45373D2＋50.93877D3 0.74
11 Ehretia laevis V=-0.03844＋0.946490D-5.40987D2＋33.17338D3 0.51
12 Emblica officinalis V=0.13734-2.49039D＋15.59566D2-11.06205D3 0.80
13 Ficus benghalensis √V=0.03629＋3.95389D-0.84421√D 0.32
14 Flacourtia indica V=0.03843-0.36982D＋2.62185D2＋7.68659D3 0.67
15 Litsea glutinosa V=0.03843-0.36982D＋2.62185D2＋7.68659D3 0.40
16 Mallotus philippensis V=0.14749-2.87503D＋19.61977 D2-19.11630D3 0.64
17 Miliusa velutina √V=0.66382＋7.03093D-3.68133√D 0.63
18 Ougeinia oojeinensis V=0.03843-0.36982D＋2.62185D2＋7.68659D3 0.70
19 Shorea robusta V/D2=0.1919/D2-2.7070/D＋11.7563 0.72
20 Syzygium cumini V/D2=0.09809/D2-1.94468/D＋13.36728-6.33263D 0.70
21 Terminalia alata V=0.50603-6.64203D＋25.23882D2-9.19797D3 0.72
22 Terminalia bellirica V=0.26454-3.05249D＋12.35740D2 0.72

V, Volume; D, Diameter (m).

laying sample plots in different forest types for the estima-
tion of structure, standing volume, biomass and carbon 
stocks. Sampling was conducted in all the layer i.e. trees, 
shrubs and herbs. A 10 m×10 m quadrat for trees, two 3 
m×3 m quadrat for shrubs and four 1 m×1 m quadrat for 
herbs were laid at each sampling plot (Fig. 2). 15 sampling 
plots were laid in each of DSSF while 30 sampling plots 
were laid in each of MSSF. Thus, 90 sampling plots were 
laid to generate the data. Random number table was used to 
specify the geographical coordinates of the sampling 
quadrats. Latitude, longitude and altitude of each sampling 
quadrat were collected using Global Positioning 
System-Garmin 72H. The height and diameter at breast 
height (1.37 m above the ground) of all trees with 
Circumference at Breast Height (CBH) ≥30 cm were 
measured. Diameter and height of all trees were used to es-
timate the standing volume in each forest type. The species 
specific volume equations were used to compute the volume 
of trees. General volume equation is used for the species 

whose specific volume equation is not available (Table 1). 
The estimated volume of each tree in sampling quadrat was 
multiplied by its wood density (Rajput et al. 1996) to drive 
the individual bole biomass. Bole biomass was further mul-
tiplied by the biomass expansion factor (Haripriya 2000) to 
get the aboveground biomass. Aboveground biomass was 
used to calculate the below ground biomass by multiplying 
the value of aboveground biomass with the constant factor 
0.26 (IPCC 2006). Above ground and belowground bio-
mass was summed to get the total tree biomass. Carbon 
stock of each tree in a sampling quadrat was calculated by 
multiplying the total tree biomass with 0.50 (IPCC 2006). 
Carbon stock of individual tree in a quadrat was averaged to 
get the mean carbon stock present in the sampling quadrat. 
Total carbon stock was calculated by adding the entire com-
ponent (tree, shrub, herb and soil) and extrapolated at hec-
tare basis.
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Table 2. Tree density, basal area, volume and carbon density in different forest types of barkot

Tree Species

Dry shiwalik sal forest (DSSF) Moist shiwalik sal forest (MSSF)

D*
(Nha-1)

BA#

(m2ha-1)
Volume
(m3ha-1)

Carbon
(MgCha-1)

D*
(Nha-1)

BA#

(m2ha-1)
Volume
(m3ha-1)

Carbon 
(MgCha-1)

Acacia catechu 60 0.76 3.18 3.57 - - - -
Haldina cordifolia 20 0.20 0.64 0.41 40 0.13 2.14 1.38
Aegle marmelos 20 0.23 0.91 0.76 - - - -
Albizia lebbeck 40 0.56 2.73 1.67 - - - -
Anogeissus latifolia - - - - 10 0.05 5.44 4.72
Bauhinia variegata - - - - 20 0.09 1.03 0.76
Casearia  tomentosa - - - - 10 0.01 0.55 0.38
Cassia fistula 40 0.46 1.83 1.44 20 0.14 1.04 0.82
Ehretia laevis 30 0.19 1.37 0.78 180 0.90 10.01 5.68
Emblica officinalis 30 0.40 1.60 1.42 - - - -
Ficus benghalensis - - - - 10 0.03 5.06 1.80
Litsea glutinosa - - - - 10 0.03 0.59 0.26
Mallotus philippensis 70 0.50 3.95 2.81 210 3.17 24.37 17.34
Miliusa velutina 30 0.14 14.51 10.16 10 0.08 5.14 3.60
Ougeinia oojeinensis - - - - 10 0.13 0.52 0.40
Shorea robusta 510 17.16 68.9 55.15 900 39.65 155.17 124.22
Syzygium cumini 20 0.41 29.18 22.71 40 0.23 2.00 1.56
Terminalia alata 10 0.22 0.60 0.48 10 0.07 0.57 0.45
Terminalia bellirica - - - - 20 0.48 1.96 1.57

*D, Density Nha-1(number of individuals per hectare); #BA, Basal area.

Shrubs and herb carbon density

Trees species with CBH ＜30 cm were considered as 
shrubs. Destructive sampling approach in nested plot de-
sign was adopted for the estimation of shrubs and herbs 
biomass. Plant species were identified using local flora 
(Babu 1997; Gaur 1999) and herbarium collection in 
Forest Research Institute and Botanical Survey of 
India-Dehradun. Shrubs and herbs were harvested at 
ground level from their respective sampling quadrats, 
packed in bags and fresh weight was measured at the time 
of sampling. The samples were oven dried at 72°C for 48 hr 
in laboratory to obtain the dry weight. Carbon stock in each 
layer was estimated by multiplying the biomass value with 
0.5 (IPCC 2006). Mean value of carbon stock of all the lay-
ers (trees, shrubs and herbs) was used to extrapolate the 
carbon stock per hectare basis. 

Soil organic carbon density

Two soil samples were randomly collected from each of 

the 10 m×10 m quadrat at a depth of 0-30.The weight of 
each sample was determined and soil bulk density was cal-
culated (Wilde et al. 1964). Soil carbon was estimated 
(Walkley and Black 1934). Soil organic carbon pool per 
hectare basis was determined (IPCC 2003).

Total carbon stock

Carbon stock of the entire layer (trees, shrubs, herbs) 
and soil was summed to get the total carbon stock of Moist 
Shiwalik Sal Forest (MSSF) and Dry Shiwalik Sal Forest 
(DSSF) of Barkot and Lachchiwala in Doon Valley.

Results

The present study revealed that stem density ranged 
from 850 Nha-1 to 1,500 Nha-1. Stem density was highest in 
MSSF of Barkot and lowest (850 Nha-1) in DSSF of 
Lachchiwala. Shorea robusta had maximum basal area in all 
the forest types. Basal area was maximum (45.19 m2ha-1) in 
MSSF of Lachchiwala and minimum (18.74 m2ha-1) in 
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Table 3. Tree density, basal area, volume and carbon density in different forest types of lachchiwala

Tree Species

Dry shiwalik sal forest (DSSF) Moist shiwalik sal forest (MSSF)

D*
(Nha-1)

BA#

(m2ha-1)
Volume
(m3ha-1)

Carbon
(MgCha-1)

D*
(Nha-1)

BA#

(m2ha-1)
Volume
(m3ha-1)

Carbon
(MgCha-1)

Acacia catechu 50 0.74 3.25 3.65 - - - -
Haldina cordifolia 20 0.16 0.48 0.31 20 0.11 0.64 0.41
Albizia lebbeck 10 0.24 1.43 0.88 - - - -
Anogeissus latifolia - - - - 20 0.09 11.29 9.79
Bauhinia variegata - - - - 10 0.07 2.19 1.63
Bombax ceiba 10 0.35 2.65 0.97 - - - -
Casearia tomentosa - - - - 10 0.01 0.76 0.52
Cassia fistula - - - - 10 0.07 0.91 0.72
Cordia dichotoma - - - - 10 0.09 0.21 0.17
Ehretia laevis 10 0.11 0.52 0.3 80 0.37 9.17 5.2
Emblica officinalis 60 0.4 2.29 2.04 - - - -
Flacourtia indica - - - - 10 0.02 0.74 0.55
Mallotus philippensis 90 0.48 6.13 4.36 160 1.07 21.74 15.47
Miliusa velutina 20 0.04 10.15 7.11 20 0.21 9.45 6.62
Shorea robusta 540 15.48 56.01 44.84 650 36.7 208.07 166.57
Syzygium cumini 30 0.55 37.77 29.4 140 1.16 3.5 2.72
Terminalia alata - - - - 10 0.09 1.16 0.92
Terminalia bellirica 10 0.19 2.32 1.85 20 0.97 2.84 2.28

*D, Density Nha-1(number of individuals per hectare); #BA, Basal area.

DSSF of Barkot. Volume varied between minimum of 123 
m3ha-1 in DSSF of Barkot to maximum (272.67 m3ha-1) in 
MSSF of Lachchiwala. Aboveground tree carbon varied 
from 95.71 m3ha-1 in DSSF of Lachchiwala and 213.57 
MgCha-1 in MSSF of Lachchiwala. Maximum con-
tribution in Carbon storage was of Shorea robusta ranged 
from 44.84 MgCha-1 in DSSF of Lachchiwala to 166.57 
MgCha-1 in MSSF of Lachchiwala. Shorea robusta was 
followed by Syzygium cumini (22.71 MgCha-1), Miliusa 
velutina (10.16 MgCha-1), Acacia catechu (3.57 MgCha-1) 
and Mallotus philippensis (2.81 MgCha-1) in DSSF of 
Barkot while in MSSF of Barkot, Shorea robusta was fol-
lowed by Mallotus philippensis (17.34 MgCha-1), Ehretia 
laevis (5.68 MgCha-1), Anogeissus latifolia (4.72 
MgCha-1) and Miliusa velutina (3.6 MgCha-1). Ficus ben-
ghalensis, Haldina cordifolia, Bauhinia variegata, 
Terminalia bellirica and Syzygium cumini had very less role 
in carbon storage. In DSSF of Lachchiwala, Carbon stock 
trend was Shorea robusta＞Syzigium cumini＞Miliusa ve-
lutina＞Mallotus philippensis＞Acacia catechu＞Emblica 
officinalis and in MSSF, the trend was Shorea robusta＞

Mallotus philippensis＞Anogeissus latifolia＞Miliusa ve-
lutina＞Ehretia laevis＞Syzygium cumini＞Terminalia 
bellirica (Table 2, 3).

Shrubs had also played significant role in carbon storage. 
The shrub layer carbon was recorded to be of 1.83 
MgCha-1 and 2.37 MgCha-1 in DSSF and MSSF re-
spectively in Barkot while in Lachchiwala the shrubs con-
tributed 1.72 MgCha-1 in DSSF and 2.2 MgCha-1 in 
MSSF. Maximum carbon stock (0.625 MgCha-1) was by 
Ardisia solanacea with 639 Nha-1 density in MSSF of 
Barkot and minimum was by Opuntia dillenii (0.10 
MgCha-1) with 140 Nha-1 density in DSSF of Lachchiwala 
(Table 4). 0.9 MgCha-1 of Carbon stock was sequestered by 
all herbs in DSSF of Barkot while 1.1 MgCha-1 was carbon 
stock in MSSF of Barkot and in Lachchiwala carbon stor-
age in herbs was 0.87 MgCha-1and 1.20 MgCha-1 in 
DSSF and MSSF respectively. Soil Organic Carbon varied 
from 25.72 MgCha-1 in DSSF to 53.87 MgCha-1 in 
MSSF in Barkot while in Lachchiwala Soil Organic 
Carbon was little higher 37.70 MgCha-1 in DSSF while 
MSSF had 54.70 MgCha-1 (Table 5).
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Table 4. Shrub species density and carbon stock density in different forest types of study sites

Shrub species

Barkot Lachchiwala

DSSF MSSF DSSF MSSF

D*
(Nha-1)

Carbon
(MgCha-1)

D*
(Nha-1)

Carbon
(MgCha-1)

D*
(Nha-1)

Carbon
(MgCha-1)

D*
(Nha-1)

Carbon
(MgCha-1)

Adhatoda zeylanica 355 0.60 - - - - - -
Agave cantula - - - - - - 241 0.4
Ardisia solanacea 625 0.40 639 0.625 265 0.20 - -
Baliospermum solanifolium - - 156 0.20 - - - -
Calamus tenuis - - 352 0.35 - - - -
Carissa opaca - - - - - - 206 0.2
Clerodendrum cordatum 456 0.45 - - 487 0.62 - -
Colebrookea oppositifolia - - - - 384 0.30 - -
Desmodium gangeticum 328 0.15 - - - - 425 0.55
Flemingia paniculata - - 243 0.30 - - - -
Holarrhena pubescens - - - - 230 0.35 - -
Ipomoea carnea - - 428 0.55 - - - -
Opuntia dillenii - - - - 140 0.10 - -
Phlogacanthus thyrsiformis - - - - 145 0.15 - -
Randia uliginosa - - 235 0.35 - - - -
Rubus ellipticus - - - - - - 301 0.25
Salix  tetrasperma - - - - - - 229 0.35
Urena lobata 247 0.225 - - - - 321 0.45

*D, Density Nha-1 (number of individuals per hectare).

Table 5. Variation in Carbon stock in different forest types of study sites

Site
Forest 
type

Area 
(ha)

Tree carbon
(MgCha-1)

Shrub carbon
(MgCha-1)

Herb carbon
(MgCha-1)

Soil carbon
(MgCha-1)

Total carbon 
density (MgCha-1)

Total carbon 
stock (Mg)

Barkot DSSF 962 101.36 1.83 0.90 25.72 129.81 124,872.41
MSSF 3,623 164.94 2.38 1.10 53.87 222.29 805,338.55

Lachchiwala DSSF 845 95.71 1.72 0.87 37.70 136.00 114,920.00
MSSF 4,760 213.57 2.20 1.20 54.70 271.67 1,293,149.2

The total carbon stock was 124872.41 Mg in DSSF of 
Barkot with 129.81 MgCha-1 Carbon Density while 
MSSF in Barkot had 805,338.555 Mg with 22.29 
MgCha-1 Carbon Density in 3,623 ha area. In Lachchiwala, 
DSSF is covered in 845 ha area and have 114,920 Mg car-
bon stock with 136 MgCha-1 carbon density, while MSSF 
had 1,293,149.20 Mg carbon stock in 4,760 ha area. The 
total carbon stock was found to be 2,338,280.165 Mg 
(Table 5). 

Discussion

The role of forests in harvesting atmospheric carbon has 
gained considerable importance and debate in recent years. 
The significance of forests to mitigate the climate change is 
also recognized in Paris Agreement (UNFCCC 2016). 
Total Carbon stock in different forest types of Doon Valley 
varied from 129.81 to 271.67 MgCha-1. Shorea robusta 
family Dipterocarpaceae covers 12 millionha of forests in 
India and represents 16% of the total forested area (Tewari 
1995). Higher density of Shorea robusta contributes in 
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maximum carbon stock in both DSSF and MSSF of 
Barkot and Lachchiwala. Sal had the largest (101 
MgCha-1) carbon stock (Kaul et al. 2010). In the present 
study, Sal contributes 46-77% of carbon stock in Doon 
Valley. Dipterocarpus forests have high rate of productivity 
(Devi et al. 2015) due to the young age of the forests. 
Similar value of carbon stock is reported by various studies 
(Manhas et al. 2006; Sharma et al. 2010; Devi and Yadav 
2015). Khum and Shrestha (2015) studied the carbon stock 
in community managed Sal forest and the carbon stock var-
ied between 70 and 183 MgCha-1. 

Soil Carbon is an essential component in forest ecosys-
tem and can act as source or sink (Lal and Singh 2000). 
Soil Carbon ranged between 25.72 and 54.70 MgCha-1, the 
present study revealed that carbon storage in soil is highest 
in MSSF. Moist nature of forest facilitates the accumu-
lation of higher soil organic matter due to slow decom-
position which restricts the CO2 emission from soil and re-
sults in higher soil organic carbon (Negi et al. 2013).

Conclusion

Study conducted in different forest types of Doon Valley 
provide information about the variation of carbon stock in 
different carbon pool like tree, shrubs, herbs and soil. The 
results will be helpful to the policy makers to design the cli-
mate change mitigation programmes like REDD＋, Green 
India Mission. Contribution of species in carbon storage al-
so highlights their significance so that significant species 
depending on carbon sequestration potential in particular 
region are selected to improve the forest and tree cover and 
enhance the carbon stock at local level and play role in glob-
al Carbon cycle. The anthropogenic pressure like fuelwood 
collection, grazing, collection of medicinal plants, fire have 
caused in the low value of carbon in Barkot as compared to 
Lachchiwala. The villager demand and its consequences, 
the forests have been depleting at much faster rate. 
Therefore, management practices need to be implemented 
to save these forests against various threats, so the carbon 
pools of these forests can be saved.
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