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Abstract

Biomass and carbon stock for forests in Thimphu district in western Bhutan were assessed using non-
destructive methods where woody stem > 10 cm diameter at breast height (DBH) and tree height were
used as inputs. Volumetric equations with variables DBH and tree height found to be the best for bio-
mass calculation and hence used in the present study. Carbon stock was calculated by multiplying con-
stant factor 0.5 to biomass. Results showed carbon stock varied in different tree species. Pinus wallichia-
na contributed maximum biomass and carbon stock with 171.6 Mgha™ and 85.85 MgCha™ respectively.
The least in Eucalyptus robusta and Salix babylonica with 0.004 Mgha™ and 0.002 MgCha™ each. For-
ests which had more anthropogenic disturbances recorded with low biomass and carbon density. Bio-
mass assessment would assist to understand sustainable forest management and its role in carbon cycle.
Forests of Thimphu district has potential to increase biomass accumulation and carbon stock if anthropo-
genic disturbances such as illegal harvest are reduced in addition to forest ecosystem managements.

Keywords: Biomass, carbon stock, diameter at breast height (DBH), volumetric equation, wood

specific gravity.

Introduction

Bhutan has a total forest area estimated to 2.68
million ha of the total land area which consti-
tutes 69.71%, though it has decreased from
71% in 2016 (Forest Monitoring and Infor-
mation Division [FMID], 2023a). It captures
atmospheric carbon dioxide (CO,) and store
carbon (C) in biomass and soil (Department of
Forest and Park Services [DoFPS], 2015). For-
ests are enormously important element in cli-
mate change due to their capability to se-
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quester and store C (Gibbs et al.,, 2007) and
maintain global C sink as they contain 77%
of all terrestrial above ground C (Brown and
Lugo, 1982). CO,; is the major greenhouse
gas (GHG) and about 60% of the observed
global warming is attributed to increase in its
concentration in the atmosphere (Sahu et al.,
2015). Estimates made for Forest Resources
Assessment (FRA) in 2011 showed that
world’s forests store 289 gigatonnes (Gt) of
C in their biomass alone (Gibbs ef al., 2007).
Forest has the potential to store 20 to 50
times more C than barren lands (Houghton
and Hackler, 2001).

Assessment of biomass accumulation
play significant role in studying C stock
(Rabha, 2014) and it’s also useful in as-
sessing forest structure and condition (Navar,
2009). Biomass in this paper is referred as
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the organic material both above and below
ground, both living and dead (Crosby et al.,
2010) and C stock as total carbon stored in
biomass at the time of study. The amount of C
stock can be inferred from the biomass accu-
mulation since approximately 50% of forest
dry biomass is C (Cairns et al., 2003; FMID,
2023b; IPCC (2006). Biomass is not only a
major source of energy for nearly 50% of
world’s population but also a major renewable
energy source and important source of food,
fodder and fuel (Salunkhe et al.,, 2016). Bio-
mass can be measured either in terms of fresh
weight or dry weight. Biomass estimation to
infer CO, capture and C storage in plant bio-
mass and soil attracted global attention espe-
cially after inception of Kyoto Protocol
(Rabha, 2014).

In Bhutan, biomass and C storage concept
grew progressively after pledged to remain C
neutral during Conference of Party (COP) 21
in Paris. Total carbon stock of Bhutan is
609.01 million tonnes which translates to a
carbon density of 268.94 tonnes ha-' including
carbon in non-forest areas (FMID, 2023b). In
the context of global climate change, address-
ing issues related to the rising levels of CO,
and other greenhouse gas concentrations has
become a growing concern. In the overall
landscape of climate change, forests play a
unique role, acting as either C sinks or sources
depending on their health (Sahu et al., 2015).

Biomass estimation is crucial for sustaina-
ble forest management and to understand the
role of forest as source or sink of C. Biomass
and C stock assessment concepts through non-
destructive approach are quite new in Bhutan
regardless of important element of forest valu-
ation. Studies pertaining to C stock were hard-
ly conducted using non-destructive methods
due to lack of reliable volumetric equation and
wood specific gravity. Thus, the study was
oriented to estimate biomass and carbon stock
through non-destructive approach where tree
height, DBH, species specific gravity and vol-
umetric equations were used.

Materials and Methods

Study site

The study was conducted in four forest ranges
of Thimphu District (Figure 1), namely Gida-
kom forest range (GFR), Thimphu forest range
(TFR), Chamgang forest range (CFR) and
Khasadrapchu forest range (KFR). District lies
in western part of the country and shares an
international boundary with China. It has
81,571.41 ha (45.18%) of its area under forest
cover of the total geographical area with tree
count 415 (No. ha™") (FMID, 2023a). The Dis-
trict has the total forest growing stock of
353.33 volume (m® ha™) (FMID, 2023a). It is
located at an elevation of 2,330 meters above
the sea level (masl). It is situated between lati-
tude 27.5959° N and longitude 89.5875° E.
The average annual rainfall of the District is
1599 mm and annual temperature is 11.6 °C.
Of the total geographical area, about 13% is
under permanent snow cover and glaciers,
where tree growth is not possible due to cli-
matic and physical limitations.

Protected areas included in the District are
Jigme Dorji National Park (JDNP) in the North
and Biological corridor of JDNP and Jigme
Singye Wangchuck National Park (JSWNP) in
East. In central and southern region a drastic
land use land cover (LULC) change has taken
place and people’s mindset over modern devel-
opment is in verge of creating void for the
need of forest conservation and management in
the area. It is also affected with heavy/fast land
conversion to developmental activities due to
increasing population as 120,428 (16.1%) peo-
ple of the total country’s population (742,249)
live in Thimphu district (Gross National Hap-
piness Commission [GNHC], 2014).

Major forest types of Thimphu are conifer-
ous forests, mixed coniferous forests, broad-
leaved ad cool broad-leaved forests. Dominant
tree species recorded from sampled plots in
central and southern District are Pinus wal-
lichiana, Juglans regia, Quercus griffithii and
Quercus semecarpifolia. Common species
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found in Northern area are Rhododendron
arboretum, Taxus baccata and Pinus wal-
lichiana. All five carbon pools associated
with tree species such as above ground bio-
mass (AGB), below ground biomass (BGB),

dead wood, litter and soil organic matter
(SOM) were included to get the total biomass
accumulation and infer C stock (Suberi et al.,
2018).

ForestType

{
I conifer Forest t“ i

Figure 1. Study area showing conifer forest

Study design and data collection

Total sampling plots required was calculated
N1 = CI1/TA (where
Nl=maximum number of sampling plots re-
quired, Cl=size of the cluster (ha), TA=size of
sampling plot (ha)). The 14% sampling inten-

using  formula

sity was used resulting to 56 sampling plots.
Following good practices guidance (GPG) of
Intergovernmental Panel on Climate Change,
IPCC (2006) and Forest Survey of India (FSI)
2015, nested quadrates size of 31.62 m x 31.62
m were drawn. Tree trunk having > 10 cm di-
ameter at breast height (DBH: 1.37 m above
ground) were considered as trees (Borah et al.,
2013; FMID, 2023a; FMID, 2023b; Rabha
2014; Salunkhe et al., 2016; Shahid and Joshi
2015).

A total of 1187 plant taxa belonging to six
families and 12 species were recorded from
sampled inventory plots. DBH was recorded
using diameter tapes on standing trees and
Forestry 550/Hypsometer was used for meas-

uring tree height. The diameters were classified
into 10 classes of >10-20 cm, 20-30 c¢m, 30-40
cm, 40-50 cm, 50-60 cm, 60-70 cm, 70-80 cm.
80-90 cm, 90-100 cm and >100 cm following
FMID (2023a) and FMID (2023b). Quercus
griffithii, Pinus wallichiana and Quercus la-
nata were common species in most of the sam-
pling plots.

Non-destructive biomass estimation

To estimate biomass accumulation using non-
destructive approach, DBH i.e. 1.37 m above
ground were measured using diameter tape
(FMID, 2023a; FMID, 2023b). The DBH (cm)
obtained was converted to DBH (m) as it is the
requirement of species specific volume equa-
tions. Species specific volume equations devel-
oped by FSI (1996) and (2015) were used to
calculate volume (V: m?). For species without
specific volumetric equations, general volumet-
ric equations were applied based on FSI (1996).
Majority of wood density (WD) values of dif-
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ferent species were selected from FSI (2015).
For species with unknown wood density, the
general constant factor was used. Volume (V)
of trees (m® tree™’) with >10 cm diameter ob-
tained was converted into individual bole bio-
mass (BB) by multiplying with species specif-
ic WD (Equation 1) (Ahmad et al., 2014; Man-
dal and Joshi, 2015). The BB of all individual
trees were summed to obtain biomass in hec-
tare basis.

(BB=V x WD) (Equation 1)
To obtain aboveground biomass (AGB), WD
obtained in hectare basis was multiplied with
biomass extension factor (BEF) as prescribed
by GPG of IPCC (2006), and Mandal and
Joshi (2015).
(AGB =W x BEF) (Equation 2)
Belowground biomass (BGB) was calculated
by multiplying the value of AGB with constant
factor 0.26 (Joshi et al., 2020; Sahu et al.,
2015; Shahid and Joshi 2015; Srinivas and
Sundarapandian  2019;  Subashree  and
Sundarapandian, 2017
(BGB=AGBx 0.26) (Equation 3)
Dead organic matter (DOM) obtained by add-
ing AGB and BGB and then by multiplying
the sum with constant factor 0.11 of IPCC
(2006) and Mandal and Joshi (2015).
DOM=(AGB+BGB)x 0.11 (Equation 4)

Total biomass (TB) was obtained by adding
AGB, BGB and DOM.
TB=AGB + BGB + DOM (Equation 5)
Carbon stock

The C stock for individual tree species was
calculated by multiplying total biomass of spe-
cific species with constant factor as prescribed
by GPG of IPCC (2006). Total C stock estima-
tion was computed by multiplying total bio-
mass of all species of the sampled forest in-
ventory with constant factor 0.5 (Borah et al.,
2013; Chaudahury and Upadhaya, 2016; IPCC,
2006; Mandal and Joshi, 2015; Rabha, 2014;
Shahid and Joshi, 2015; Sun et al., 2016; Tera-

kunpisut et al., 2007; Tshering, 2019; Tsher-
ing and Rinzin, 2022).
C=TBx0.5 (Equation 6)
Results and Discussion

Biomass and carbon stock in four forest rang-
es of Thimphu

Total bole biomass (BB) accumulated was
86.115 Mg ha' with average 21.529+5.293
Mg ha™. Thimphu forest range (TFR) had the
highest BB accumulation 28.019 Mg ha™ and
lowest from Gidakom forest range (GFR)
14.450 Mg ha (Figure 2). Total above ground
biomass (AGB) was 136.923 Mg ha™ with an
average 34.231+8.416 Mg ha”. Dominant
trees which contributed maximum BB and
AGB were Pinus wallichiana followed by
Cedrus deodara, Juglans regia, and Rhodo-
dendron arboretum. Total belowground bio-
mass (BGB) and dead organic matter (DOM)
recorded from the sampled forest inventory
was 35.600 Mg ha'and 18.978 Mg ha™ re-
spectively. TFR had the highest DOM 6.175
Mg ha™' and lowest from GFR 3.184 Mg ha™
(Figure 2). Average BGB and DOM accumula-
tion was 8.899+2.188 Mg ha™ and 4.744 Mg
ha™ respectively (Table 1).

Mandal and Joshi (2015) had done site
wise biomass and C stock analysis and report-
ed highest biomass 426.75 Mg ha™ in Rajpur
Forest Range from Doon valley which is situ-
ated in western Himalaya. A similar compari-
son was carried out in Thimphu District which
is situated in eastern Himalaya. TFR was re-
ported with highest biomass accumulation of
62.306 Mg ha™' and C stock 31.153 Mg C ha™
when converted from biomass with prescribed
conversion factor provided by GPG of IPCC
(2006) and Rabha (2014). In agreement with
Mandal and Joshi (2015), low biomass and C
sequestration potential of GFR and CFR was
due to more anthropogenic disturbances which
resulted into large canopy gaps and big patches
in forest. This has reduced the per hectare den-
sity of tree species and affected the DBH and
tree height and therefore received a compara-
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tively less biomass and C stock.

Biomass contribution from four territorial
forests ranged between 32.133 - 62.308 Mg
ha™' with an average 47.875 + 11.77 Mg ha™
(Table 1). Biomass represented the largest
organic carbon pool in forest ecosystem. The
change in forest biomass was considered as
key characteristic of forest ecosystem and its
variability can be explained by certain param-
eters like climate, topography, wood density,
volumetric equation and distribution of tree
species.

Total carbon (C) stock of the sampled in-
ventory was 95.740 Mg C ha” with average
of 23.938 + 5.886 Mg C ha™'. C stock of four
territorial forests ranged between 16.066 -
31.154 Mg C ha'. Total C stock in different
forest biomass of the study area were as fol-
lows: Bole biomass (43.058 Mg C ha™"), AGB

ha™ and 185.86 Mg ha™ respectively (Mandal
and Joshi, 2015). Total biomass of the present
study is much less than estimated average bio-
mass 258.98 Mg ha™' of coniferous forest of
Dir Kohistan (Ahmad et al., 2014), total bio-
mass 51.61 + 0.60 Mg ha™' of oak scrub forest
of Sheringal valley Dir Kohistan by Khan et
al. (2015) and the tropical forest of Nagathol
forest (261.64 Mgha™) (Borah et al. 2013) is
much less than the present study. However,
present study score (191.501 Mgha') was
found higher than that of Monbel forest
(166.94 Mgha), Rose Kandy (144.01 Mgha
", Bhuban hill (116.8 Mgha™) and Dolu forest
(99.10 Mgha™") (Borah et al. 2013). the present
score falls within the biomass range of tem-
perate forests of Kashmir Himar laya (Dar &
Sundarapandian 2015) and tropical dry forest
of East Godavari region, Andhra Pradesh

70 -
60 -
S0 -
40 -
30 -

20 -

Biomass and carbon ha!

Chamgang forest range

& Gidakom forest range

B Thimphu forest range

BB AGB BGB DOM

Range wise different forest biomass and carbon

m Khasadrapchu forest range

(58.04 to 368.39 Mgha
h (Srinivas &
Sundarapandian 2019).
Total C stocks re-
ported by Terakunpisut
et al. (2007) of Tropical
rain forest (Ton Mai
Yak station), dry ever-
green forest (KP 27 sta-
tion) and mixed decidu-
TB TC ous forest (Pong Phu
Ron station) with 137.73
+ 48.07, 70.29 + 7.38
and 48.14 + 16.72 Mg C
ha' respectively are
much higher than total C

Figure 2. Different forest biomass and carbon sequestration in four

forest range

(68.462 Mg C ha™), BGB (17.800 Mg C ha™)
and DOM (9.489 Mg C ha™) (Table 2). TFR
had sequestrated the maximum C 31.154 Mg
C ha" with average 11.291 + 7.509 Mg C ha
(Table 1).

The total biomass 191.501 Mg ha™ of pre-
sent study is comparable to total biomass of
Asarori forest range, and Selaqui and Jhajra
forest fange of Doon valley with 196.47 Mg

stock 95.740 + 5.886
Mg C ha’ of present
sampled inventory. Average C stock 119.73 +
6.4 Mg C ha"and 25.80 = 0.47 Mg C ha' of
an undisturbed regenerating sal forest of Goal-
para district, Assam of northeast India (Rabha,
2014) and oak scrub forest of Sheringal valley
Dir Kohistan (Khan et al., 2015) are also high-
er than present C stock average of 23.938 +
5.886 Mg C ha'. However, C stock in above-
ground tree biomass of 11-74 Mg C ha’ in
crop trees of managed conifer forests in north-
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ern Ontario of Canada (Hunt et al., 2010) is
less than present study. Further, total C stock
of 77.34 Mg C ha™ and 57.36 Mg C ha™ of sal
forest of Golatappar forest range and Asarori
forest range of Doon valley (Mandal and

Joshi, 2015) are also less than present total C
stock 95.740 + 5.886 Mg C ha'. The varia-
tion in biomass and C stocks in forest ecosys-
tems could be due to geographical regions and
their locality factors (Joshi et al. 2020), forest

Table 1. Range wise biomass accumulation and carbon stock

Above ground Below ground Dead Organic Mat- Total

Range ID Biomass Carbon Biomass Carbon Biomass Carbon Biomass Carbon
la 29.713 14.856 7.725 3.863 4.118 2.059 41.556  20.778

1b 39.685 19.843 10.318 5.159 5.5 2.75 55.503 27.752

lc 22.975 11.487 5.973 2.987 3.184 1.592 32.133 16.066

1d 44.55 22.275 11.583 5.792 6.175 3.087 62.308 31.154
Mean 34.231 17.115 8.899 4.45 4.744 2.372 47.875  23.938
SD +8416 +4.208 +2.188 +1.094 +1.167 +0.583 +11.77 +5.886

types, species composition, vegetation man-
agement pattern, and stand age (Chaudhury &
Upadhaya 2016; Singh & Verma 2018) and
certain environmental factors like climate, to-

pography, distribution of tree species and its

abundance in sampled plots (Chaudhury &

Upadhaya 2016; Prasadrao and Rao, 2015).
The overall total biomass (201 tonnes ha™)

reported for the whole

1000 Thimphu  District by
100 FMID (2023b) was high-
- er than the present total
E 10 biomass score (191.501
E E Mg ha™). This was to the
= 8 1 fact that FMID (2023b)
2 § included four main com-
g % 0 ponents (trees, saplings,
2 e shrubs and herbs) as well
E 0 as soil carbon, but the
present study only in-
0 Pw| It | Qz | Qs | Tb |Ra | Ps | Cd| Er | QL |JTsp.| Sb | cluded biomass of trees.

@Total Biomass {171.64.598/0.070/0.214/0.026|2.977/0.036|11.54|0.004|0.402|0.005|0.004| Tyee species wise bio-

mTotal Carbon |85.85(2.299(0.035(0.107/0.013/1.489|0.018/5.773|0.002(0.201{0.002{0.002 mass and carbon stock
Species The Pinus wallichiana

Figure 3. Species wise comparison of biomass accumulation and

carbon stock

was dominant species
with biomass 35.550 Mg
ha'!, 50.579 Mg ha’,

Abbreviations: Pw- Pinus wallichiana, Jr- Juglans regia, Qg- Quercus
griffithii, Qs- Quercus semecarpifolia, Tb- Taxus baccata, Ra- Rhododen-
dron arboretum, Ps- Picea spinulosa, Cd- Cedrus deodara, Er- Eucalyp-
tus robusta, QL- Quercus lanata, J sp- Juniper sp. and Sb- Salix baby-
lonica.

31.780 Mg ha' and
53.789 Mg ha'l with C
stock of 17.775 Mg C ha’
', 25579 Mg C hal,
15.890 Mg C ha'l and
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26.895 Mg C ha™ from 35

CFR, KFR, GFR and

TFR respectively. In 30 1
total, Pinus wallichiana 55
had biomass accumula-

tion of 171.6 Mg ha™ 20 |
sequestering  total C ﬁ; 55
stock 85.85 Mg C ha™. g )
Co-dominant  species 2 10
Cedrus deodara from 5 |
TFR had total biomass :
4919 Mg ha' with C 0 -

stock 2.459Mg C ha.
The lowest was report-
ed in Salix babylonica,

10-20 20-30 3040 40-50 50-60 60-70 70-80 80-90 90-100 =100

HBB
BAGB
BBGB
EDOM

‘ z i E::-:*‘?* ‘: ;== =

DBH class (cm)

and Eucalyptus robusta

with biomass 0.004 Mg Figure 4. Comparison of different forest biomass in different DBH

ha'and C stock poten- classes

tial 0.002 Mg C ha™' each (Figure 3). High bio-
mass and C stock potential in Pinus wallichia-
na was due to its abundance occurrence (705
individuals of the total 1187 trees) in sampled
inventory. The present study is also in agree-
ment that Pines (Pinus) are the most widely
distributed conifers in montane forests
(Waring, 2002). This variability in biomass
accumulation and carbon stock can be also ex-
plained by several factors like wood density,
specific tree volumetric equation and species
richness.

Biomass and carbon stock by diameter classes
Dominant DBH class was 30—40 cm followed
by 20-30 cm which accounted with highest
AGB accumulation i.e. 30.446 Mg ha" and
29.798 Mg ha' respectively. DBH class 30—
40 cm also had the highest BB, BGB and
DOM accumulation with 22.054, 9.676 and
6.893 Mg ha™' respectively (Figure 4). High
tree density at lower DBH classes showed
right skewed trend indicating young forest
stands like that of the right- skewed trend at
protected forest of the International Centre for

24
2 -
20
18
16 -
14 -
12 -
10

Carbon ha!

Integrated Mountain Devel-
opment (ICIMOD)
Knowledge Park (Karki et
al., 2016). The DBH class
>100 cm had BB 0.574 Mg
ha', AGB 0.607 Mg ha’,
BGB 0.052 Mg ha' and
DOM 0.001Mg ha'. The
comparison of DBH class

m Carbon

distribution and biomass ac-

2 cumulation showed biomass
0- ‘ reduction in larger DBH of

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 =100 | 60-70, 70-80, 80-90, 90—

DBH class (cm)

100 and > 100 cm. Similar
findings on biomass reduc-

Figure 5. Comparison of total carbon sequestration in different

DBH classes

tion in larger DBH classes
was reported by Rabha et al.
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(2014). Biomass reduction at DBH class > 60-
80 and > 80-100 cm were also found by Tera-
kunpisut et al., 2007). Causes of biomass re-
duction in larger DBH tree sizes in the present
study was mainly due to low tree density at
DBH size > 60 - >100 cm.

Contrary fact is that biomass accumulation
should be found high in bigger trees of DBH
size at > 80-100 cm and > 100 cm as its usual-
ly found with highest stem volume, high basal

with 22.507 Mg C ha™' and lowest at > 100
cm with 0.005 Mg C ha of the total 88.096
Mg C ha™. Similar finding of high C stock at
DBH tree size > 4.5-20 up to > 40-60 cm was
reported by Terakunpisut et al. (2007) in trop-
ical rain forest and dry evergreen forest, and >
20-40 cm up to > 40-60 cm in mixed decidu-
ous forest. In present study, larger tree size of
DBH from > 60-70 cm up to > 100 cm were
reported with low C stock due to low tree

Table 2. Different forest biomass and carbon stock potential

Different biomass and Total Total car-
carbon CFR KFR GFR TFR biomass bon

BB 18.687 24.959 14.450 28.019 86.115 43.058

AGB 29.713 39.685 22.975 44.550 136.923 68.462

BGB 7.725 10.318 5.973 11.583 35.600 17.800

DOM 4.118 5.500 3.184 6.175 18.978 9.489
Total biomass 41.556 55.503 32.133 62.308 191.501 -
Total carbon 20.778 27.752 16.066 31.144 95.740 -

Abbreviations: BB-Bole biomass, AGB-Above ground biomass, BGB-Below ground biomass,
DOM-Dead organic matter, CFR-Chamgang forest range, KFR-Khasadrapchu forest range, GFR-
Gidakom forest range and TFR-Thimphu forest range.

Table 3. Correlation relationship between DBH and biomass, and DBH and carbon stock

DBH class BB AGB BGB DOM
DBH class X X X X X
BB -879™ X X X X
AGB -9417 983" X X X
BGB -.908" 987" 990" X X
DOM -.809" 982" 940™ 944" X
Carbon -920” X X X X

area, and large diameter and vice-versa for
small trees (Fredeen et al, 2005; He et al.,
2013; Rabha, 2014). Highest biomass accumu-
lation in present study at lower DBH tree size
was due to the fact that study area had almost
similar pattern of tree size class with dominant
at>10-40 cm.

The C stock of trees which would be about
50 % of the total biomass was calculated with
the method used by IPCC (2006), Mandal and
Joshi (2015) and Rabha (2014). The highest C
stock was found at DBH tree size 30-40 cm

density, species relative frequency and abun-
dance at larger DBH tree size. Similarly, Rab-
ha (2014) also reported high C stock at DBH
20-30 cm compared to 30-40 cm. This indi-
cates that C sequestration potential at lower
DBH tree size (young trees) is more compared
to old tree stand.

DBH class distribution that had the highest
potential in C stock ranged from small to me-
dium tree size 10-20 ¢m, 20-30 cm and 30-40
cm. DBH class 30-40 cm was reported the
highest with 23.507 Mg C ha™ and lowest in >
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100 cm (0.330 Mg C ha™) (Figure 5) of total
95.751 Mg C ha™. Larger tree size of DBH
classes from > 60 — 70 cm up to > 100 cm
were reported with low C stock due to low
tree density at larger DBH tree size. It was
also found that C stock decreased considera-
bly with biomass reduction. In this study, Pi-
nus wallichiana was dominant tree having
maximum C stock as most of its DBH falls
within 15-50 cm and also high density com-
pared to other species.

Correlation analysis generated strong neg-
ative association between DBH above 60 —
100 cm and different biomass accumulation
with r=-.879" (BB), r =-.941" (AGB), r = -
908" (BGB) and the r = -.809" (DOM) at p
value < 0.01 as different biomass started de-
creasing drastically with DBH above 60 — 100
cm. Similar trend was observed for total esti-
mates for carbon stock with r = -.920" at p
value < 0.01. However, the different biomass
(BB, AGB, BGB, DOM) and carbon stock
increases with increase in DBH class, till it
reaches a peak of BB = 22.054 Mg ha™', AGB
= 30.446 Mg ha', BGB = 9.676 Mg ha™,
DOM = 6.893 Mg ha"and C = 23.507 Mg C
ha' in 30-40 DBH Class, and then decreases.
The BB, AGB, BGB and DOM were strongly
associated with positive relations to changes
in each other’s biomass at p value < 0.01
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