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Abstract
Rainforests of North-East India in the Eastern Himalaya forms 

a part of the Himalayan biodiversity hotspot with rich biodiversity 
accompanied with dense vegetation of trees, thus making rainforest 
ecosystems a major carbon sink. Despite the biological richness, forest 
degradation is a matter of serious concern in this region. Considering 
disturbance as a major factor, a study was carried out to assess the 
biomass and carbon allocation pattern in the different compartments 
of the rainforest. The study area was stratified into least disturbed (LD), 
mildly disturbed (MD) and highly disturbed (HD) sites based on visual 
assumption, and later disturbance index of the sites were calculated. 
Vegetation analysis for various ecological indices was carried out. 
Biomass and carbon stock in different pools were estimated adopting 
suitable regression equations developed earlier for similar ecological 
regions. The total plant biomass showed a gradual decrease from 
LD to HD site and was 425.70 ± 29.71 Mg ha-1 in the LD site, followed 
by 236.08 ± 5.82 Mg ha-1 in the MD site and 127.38 ± 4.74 Mg ha-1 
in the HD site. Amongst the different pools, aboveground biomass 
constituted the largest compartment in all the three sites for C stock 
and biomass. Tree density and basal area were highest in the LD sites. 
Soil organic Carbon (SOC) stock in 0 - 45 cm depth was also recorded 
maximum in the LD (72.48 ± 5.11 Mg C ha-1) followed by MD (40.13 ± 
2.50 Mg C ha-1) and HD (32.38 ± 1.66 Mg C ha-1) sites. Total carbon 
stock was also found highest (306.61 ± 17.14 Mg C ha-1) in the LD site 
followed by 169.97 ± 2.59 Mg C ha-1 in the MD and 102.43 ± 3.18 Mg 
C ha-1 in HD site. Forest disturbance thus showed a significant inverse 
relation with carbon storage in all the pools. Thus it can be concluded 
that carbon sequestration in forest ecosystems was influenced by the 
anthropogenic disturbances in the present study.

Introduction
Increasing levels of greenhouse gases (GHGs) leading to rise in 

temperature and climate change have become a major concern of all 
scientists, citizens and policy makers. As such, the Kyoto Protocol 
to the United Nations Framework Convention on Climate Change 
(UNFCCC) is the first and so far the largest international agreement 
to stabilize GHG concentrations by limiting the continued release 
and with an aim to reduce it by 5% lower than 1990 levels by year 
2012 [1]. According to some estimate, atmospheric carbon dioxide 
concentration has increased from 280 ppm in the pre-industrial 
periods of today’s over 400 ppm accounting for 60% of global 
warming [2]. Reduction in carbon emissions and promotion of 
carbon (C) sinks in the biosphere through carbon sequestration are 
two key activities which can check the increasing level of CO2. The 
process of removing atmospheric CO2 through the transfer and its 

secure storage in long lived pools is very vital to check increasing 
global warming [1]. Tree based land-use practices such as natural 
forest, plantations and agroforestry systems act as potential carbon 
sinks, which thus seeks proper design and management [3]. The main 
carbon pools in tropical forest ecosystems are the living biomass of 
trees and understory vegetation and the dead mass of litter, woody 
debris and soil organic matter [4]. Vegetation in tropical forests 
nevertheless has a significantly higher storage of carbon than any 
other land cover and therefore, this land use has been the focus of 
significant research and indeed, tropical rainforests are gaining much 
more importance by the researchers on carbon stock studies.

Anthropogenic disturbances are the main drivers altering 
forest structure, creating landscape mosaics, and setting the initial 
conditions for succession dynamics and structural development [5]. 
Deforestation and forest degradation results due to different kinds 
of disturbances. Forest loss releases the carbon stored in trees and 
contributes to higher levels of CO2 in the atmosphere, and also it 
reduces the remaining amount of forests that can absorb carbon from 
the atmosphere in the future. Deforestation and forest degradation 
account for 12 - 17% of global greenhouse gas emissions [1,6]. 
According to a recent global assessment, more than 60% of the 
world’s 4 billion ha of forest are recovering from a past disturbance, 
and 3% of the world’s forests are disturbed annually by logging, 
fire, pests, or weather [7]. Agricultural expansion has been the most 
important proximate cause of recent forest loss, accounting for 80% 
of deforestation worldwide, primarily during the 1980s and 1990s 
through the conversion of tropical forests [8,9]. Tropical Rainforests 
are increasingly threatened throughout the tropics by human 
activities, high rates resulting from a combination of logging and 
conversion of forest to cash crops or industrial timber plantations 
[10,11]. Since the major cause of disturbance in these forests is tree 
felling and burning, the ratio between the basal area of cut trees and 
total basal area of all trees (including the fallen ones) has been used 
to quantify the intensity of disturbance [12]. With a few exceptions, 
relatively intact tropical rainforests only survive today either in a 
region with very few human inhabitants or in areas set aside for their 
protection.
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In North-East India rainforests are found in the Assam Valley, 
the foothills of the eastern  Himalayas, the lower parts of the  Naga 
Hills, Meghalaya, Mizoram and Manipur, where the rainfall exceeds 
2300  mm per annum. Both tropical evergreen and semi evergreen 
type of rainforests occur in this region. The evergreen rainforests 
mostly occur in upper Assam and in lower elevation areas of the 
eastern Himalaya and semi evergreen rainforests are distributed in 
some parts of the Naga Hills, Meghalaya, Mizoram and Manipur. The 
Dehing Patkai Rain Forest is the largest tropical evergreen rainforest 
in North-East India, often referred as “The Amazon of the East” due to 
its large area and the thick forests. Dehing Patkai Rain Forest stretches 
for more than 575 km2 in the districts of Dibrugarh, Tinsukia and 
Sivasagar in Assam. The forest further spreads over in the Tirap and 
Changlang districts of Arunachal Pradesh. The rainforests of Assam 
had been subjected to large scale commercial timber collection from 
the colonial period till the early twentieth century, resulted in the 
shrinkage of those forests. 

Forest ecosystems are the largest pool of biomass and carbon 
among all terrestrial ecosystems. It has been estimated that about 234 
Pg C are stored in the aboveground compartment, 62 Pg C in the 
belowground compartment, 42 Pg C in the dead woody compartment, 
23 Pg C in litter compartment, and a maximum carbon sink of 398 Pg 
C in the forest soils [13]. These carbon pools are dynamic and change 
with changes in land-use. Thus, forest degradation and deforestation 
have a major impact on the forest carbon stock. Mineral extraction 
(mainly oil and coal), illegal felling and conversion of forest land 
into agricultural land are the major human induced disturbances still 
prevailing in these rainforests, affecting the ecosystem functioning 
as well as a regional CO2 cycle. Biomass and carbon studies are very 
few and limited in the rain forests of North-East India. Considering 
disturbance as a major factor, the objective of this paper was to assess the 
biomass and carbon allocation pattern in the different compartments 
of the rainforest with an aim to understand the influence of human 
induced disturbance in total plant biomass production and total 
carbon stock within the study area. Very little is known about the 
levels of carbon storage in tropical forests which are under different 
levels of disturbance and as such, the estimates of carbon stock are 
important for conservation, sustainable management of forest and 
enhancement of carbon to consider for Reduction of Emissions from 
Deforestation and Forest Degradation (REDD+) [14].

Materials and Methods
Description of study area

The present study was conducted in Jeypore Reserve Forest, a 
part of the Dehing-Patkai rainforest under the Dibrugarh Forest 
Division of Assam, India, which geographically lies approximately 

between 27°05ʹ - 27°28ʹ N latitude and 95°20ʹ - 95°38ʹ E longitude 
geological coordinates with a mean altitude of 220 m ASL (Figure 
1). The study area falls under humid zone, which is characterized by 
high precipitation. The average annual rainfall ranges from 2500 to 
3600 mm, of which 70% of the total being received between July and 
September. The mean minimum temperature of the coldest month 
and the mean maximum of the hottest month are 7 °C and 36 °C 
respectively. The year has four distinct season viz., a cold and dry 
winter (December - February), a warm pre-monsoon period (March 
- May), a humid monsoon period (June - September) and a cool post-

monsoon autumn (October - November). The soils of the study sites 
are brown, loamy, lateritic ultisol derived from pegmatite rocks [15]. 

Stratification of the study site and sampling design

After a thorough exploration in the forest, three sites with visible 
different levels of degradation were selected as Least Disturbed (0 - 
10%), Mild Disturbed (10 - 50%) and Highly Disturbed (>50%). Level 
of disturbance was in terms of stand density (number of productive 
trees per unit area), where the disturbance index is defined as the as 
the ratio of basal area of cut stumps to the total basal area, including 
the total cut stump [16]. The least disturbed (LD) site was within the 
core area of Jeypore Reserve Forest, while the mildly disturbed (MD) 
and highly disturbed sites were nearby to the road and on the edge of 
the reserve forest surrounded by local villages. Human encroachment, 
felling of trees for timber, collection of fuel wood, grazing, clearing 
forest land for permanent agricultural settlement were the important 
disturbances prevailing in the HD site. Fuel wood collection and small 
scale logging had been observed in MD site and sign of tree felling was 
very rarely the LD site as being located in the core area of the Reserve 
Forest. However, collection of Non Timber Forest products (NTFPs) 
at small scale by the local people was observed at all forest sites.

Field inventory for assessment of biomass and carbon stock was 

Figure 1: Map of study area (not to scale).

Figure 2: Layout of sample plots and dimensions of tree, shrub, herb and 
litter.
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carried out in August - October 2015. At each site, four sample plots 
of size 50 m x 50 m were randomly laid for the phyto-sociological 
studies. In each sample plot tree were inventoried from 5 sub-plots 
of 10 m x10 m size. The shrubs and herbs present in the tree plots 
were assessed from 5 m x 5 m and 1 m x 1 m quadrat size respectively 
(Figure 2). Deadwood present in each of tree quadrats was recorded 
from tree plots and floor litter was collected from the herb quadrats. 
The plant species which couldn’t be identified in the field were 
brought to the laboratory and identified with the help of published 
literatures and Mizoram University herbaria.

Estimation of parameters for vegetation structure

In all the three sites, a total number of sixty 10 m×10 m quadrats 
were laid down for tree and therein shrubs/saplings quadrats were 
also inventoried. Name of the species, number of individuals for each 
species, diameter at breast height (DBH)/collar diameter in case of 
shrubs and height of each individual were recorded. All tree species 
with DBH ≤ 5 cm were taken into consideration and DBH was 
measured at the point of 130 cm above the ground. Shrubs and the 
tree saplings of less than 5 cm DBH and shorter than 1.5 m were also 
considered as shrubs. Data were pooled by different plot categories 
to estimate density (D), frequency (F), abundance (A), Total basal 
area, and relative values of density, frequency and Total basal area 
as dominance. Importance value index (IVI) was calculated by 
summing up the relative values of density (RD), frequency (RF), and 
dominance (RD) [17]. The species diversity index, concentration of 
dominance of the community, evenness index and species richness 
index was calculated using the formula given below [18-21].

a) Shannon-Weiner diversity index, H’:

 where,

H’ is the Shannon-Weiner diversity index

pi is the proportion of individuals in the ith species i.e. (ni/N).

b) Simpson Index of Dominance, Cd:

 where,

 pi is the proportion of individual in the ith species

c) Pielou’s Evenness index, E: 

     

 where,

H’ is the Shannon-Weiner diversity index

S is the total number of species

d) Marglef richness index, SRI:

 where,

S is the total number of species

N the number of individuals

Aboveground biomass inventory 

Aboveground biomass comprise of trees, shrubs/saplings, lianas, 
herbaceous undergrowth, deadwood and litter components. Tree 
biomass was calculated using species specific volume equations 
developed by Forest Survey of India (FSI). For the rest of the species, 
for which volume equations were not available, the common equation 
developed by FSI for Assam region was used [22]. Biomass of shrub 
and saplings with DBH ≤ 5cm was calculated using the following 
allometric equation [23]. 

ln (AGBs)= -3.50 + 1.65 × ln (D) + 0.842 × ln (H)

    where, 

AGBs= Shrub above ground biomass (kg);

D= Collar diameter (cm); and,

 H= Total height (m) 

Lianas biomass survey was done within the tree quadrats. Only 
the DBH and individual number was recorded in the field for lianas 
biomass estimation. The following regression equation was used to 
estimate the above ground biomass of lianas [24].

AGBl = exp [(0.298 + 1.027 × ln (BA)]

 where, 

AGBl = Lianas Above ground biomass (kg);

BA = Basal area (m2) (or) BA = π × (DBH/2)2;

DBH is diameter at breast height (m)

Standing and fallen deadwood present in the tree quadrats was 
measured in the field. Tree stumps ≥10 cm height was also considered 
as deadwood. The required numerical parameters like height/length, 
diameter (top, mid, bottom) to estimate volume, as well as the physical 
condition (freshly cut, moderately decomposed, highly decomposed 

Figure 3: Carbon stock in various carbon pools across forest sites with 
different disturbance level. 
LD: Least Disturbed; MD: Mildly Disturbed; HD: Highly Disturbed; AGB: 
Above ground Biomass; BGB: Below ground Biomass; DWB: Deadwood 
Biomass; LB: Litter Biomass; SOC: Soil Organic Carbon.
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and burnt) of deadwood were recorded. The volume of coarse 
woody debris per area was calculated from the tree quadrats and the 
following equation was used to obtain the volume of individual stems.

V= π2 × D2 / 8L 

    where, 

  V is volume per stem (cm3); 

  L is the total length/height of stem (cm); and, 

   D is the average diameter of the coarse woody debris (cm).

Wood density values of different wood degradation status (i.e. 
freshly cut, moderately decomposed, highly decomposed and burnt) 
were considered as 0.48 g cm-3, 0.35 g cm-3, 0.25 g cm-3 and 0.19 g cm-3 
respectively [25]. Deadwood biomass measurements were scaled to a 
per hectare basis (Mg ha-1). 

Litter floor biomass was estimated by collecting litter from the 1 
m x 1 m quadrats laid within tree quadrats [17]. Fresh weight of the 
total litter biomass was measured, and a composite sample of 100 g 
each of leaf and non-leaf components were packed in polyethylene 
bags and brought to the laboratory for oven drying. Total dry litter 
biomass were then estimated and scaled to a per hectare basis (Mg 
ha-1).

For herbaceous biomass estimation, a destructive approach was 
used on the basis of fresh/dry weight. From the 1 m × 1 m sized 
quadrates laid down within the tree quadrats, all herbaceous material 
was harvested and total fresh weight was taken in the field itself 
[17]. After that, a composite sample of 100 g fresh herbs was packed 
and brought to the laboratory for oven dry weight estimation. Dry 
biomass of herbs were then calculated from earlier recorded fresh 
weights respectively, and also scaled to a per hectare basis (Mg ha-1). 

Belowground biomass inventory 

One of the most common methods for belowground biomass 
estimation is the root to shoot ratio (RSR) in which the root 
biomass is estimated from easily measured shoot biomass. The total 
belowground biomass was the sum of all biomass present in each 
belowground compartment of trees, shrubs/saplings and herbs. Thus, 

belowground biomass value of each below ground component was 
estimated by multiplying the AGB value with corresponding RSR as 
presented in Table 1 [26]. 

Soil sampling 

Soil was collected from each of the sample plots on the three sites 
for the analysis of physico-chemical characteristics. In each plot, 
three sampling points were selected randomly and from each point, 
soils were collected at three depth class viz., 0 - 15 cm, 15 - 30 cm, 30 - 
45 cm. The three sub samples at each plot and depth class were bulked 
to get one composite sample for each depth class per plot. Thus, 
there were a total of 36 samples (4 plots x 3 sites x 3 depths) from 
the three sites which were air-dried, ground, passed through a 2 mm 
sieve and stored in airtight plastic bags. Soil Bulk density from each 
soil depth class was determined using core method. All the analyses 
were done by taking three replicates from each depth on a given plot. 
Soil organic carbon (SOC) percentage was determined following wet 
digestion method [27].

Estimation of Carbon Stock 
Carbon content percentage in herbs and the forest litter biomass 

were analyzed by Dry Ashing Method [28]. We determined the 
carbon storages in herbs and litter by multiplying carbon content 
percentage with dry biomass amount. For trees, shrubs/saplings and 
deadwood, carbon stock were estimated as 55% of their biomass [29]. 
SOC stock was calculated following the formula given by IPCC [30]. 
The total carbon stock was calculated by adding the total biomass 
carbon and soil carbon stock.

 where, 

   SOC = soil organic carbon content, Mg C ha-1;

 SOChorizon = soil organic carbon content for a constituent soil 
horizon, Mg C ha-1;

 [SOC] = concentration of soil organic carbon in a given soil 
mass, g C (kg soil)-1;

 Bulk Density = soil mass per sample volume, Mg m-3;

 Depth = horizon depth or thickness of soil layer, m;

 frag = % volume of coarse fragments/100, dimensionless.

Statistical Analysis
Data collected in the study were entered and arranged for analysis 

using Microsoft Excel 2007 version and Statistical package for Social 
Science (SPSS) software version 17. Analysis of variance (ANOVA) 
and Least Significant Difference (LSD) post-hoc test were performed 
to test for significant differences among the variables. Descriptive 
statistics were used to check the significance of each measured 
parameter (forest disturbance) and Pearson correlation was used 
to test the relationship between forest carbon stocks with forest 
disturbance indicators.

Domain Ecological 
zone AGB RSR Range of RSR

Tropical

Rain forest

<125 Mg 
ha-1

>125 Mg 
ha-1

0.20
0.24

0.09 - 0.25
0.22 - 0.23

Dry forest

< 20 Mg 
ha-1

> 20 Mg 
ha-1

0.56
0.28

0.28 - 0.68
0.27 - 0.28

Subtropical

Humid forest

<125 Mg 
ha-1

>125 Mg 
ha-1

0.20
0.24

0.09 - 0.25
0.22 - 0.33

Dry forest

< 20 Mg 
ha-1

> 20 Mg 
ha-1

0.56
0.28

0.28 - 0.68
0.27 - 0.28

Table 1: Root to shoot ratio (RSR) for estimation of belowground biomass from 
aboveground biomass (AGB).
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Results
Vegetation inventory and biomass along a disturbance gradient 

The tree density and importance value index of different tree 
species encountered in the study plots are shown in Appendix-1. 
The mean disturbance index calculated in the least disturbed, mildly 
disturbed and highly disturbed sites were 2.10, 30.14 and 62.04% 
respectively. The mean stem density and average basal area (BA) 
varied with different disturbance levels showing a declining trend 
from the LD sites to the HD sites (Table 2). Tree densities were 
significantly different (p < 0.05) between the three sites, while the tree 
basal area cover was significantly between the LD and HD sites. Shrub 
and herb density values increased significantly from LD sites to HD 
sites. Simpson’s Dominance Index of trees and shrubs increased from 

LD to HD sites though not statistically significant. Shannon’s tree 
diversity decreased from LD to HD sites. Thus, an inverse relationship 
between tree dominance and diversity was observed between the sites 
with varied levels of disturbance. Margalef’s tree species richness 
index also decreased significantly from the LD to HD sites. 

Distribution of plant biomass in different pools across the three 
sites with varying levels of disturbance is presented in Table 3. Total 
plant biomass showed a gradual and significant (p < 0.05) decrease 
from the LD to HD sites. It was observed that on an average, the 
highest biomass were stored in the LD sites (425.70 Mg ha-1) followed 
by MD sites (236.08 Mg ha-1) and the least in HD sites (127.38 Mg 
ha-1). Aboveground biomass constituted a major portion of the 
total biomass accounting for 66.39, 76.49 and 79.49% in the LD, 
MD and HD sites respectively. Occurrence of deadwood biomass 

Parameters Least Disturbed Mild Disturbed Highly Disturbed LSD
(p ≤ 0.05)

Density
Trees 645 (± 26.30) 435 (± 28.72) 235 (± 5.00) 72.52
Shrubs 3400 (± 303.75) 4160 (± 739.73) 8720 (± 878.18) 2193.76
Herbs 39000 (± 5000.00) 57000  (± 11210.11) 151500 (± 25118.05) 51637.45

Basal Area
Trees 37.40 ± 6.35 26.00 ± 1.08 17.36 ± 0.95 12.03
Shrubs 1.42 ± 0.13 3.77 ± 1.50 3.34 ± 0.29 2.83

Dominance Index
Trees 0.14 ± 0.04 0.14 ± 0.02 0.17 ± 0.01 0.09
Shrubs 0.22 ± 0.01 0.23 ± 0.04 0.33 ± 0.04 0.11
Herbs 0.35 ± 0.06 0.36 ± 0.05 0.21 ± 0.02 0.15

Diversity Index
Trees 2.52 ± 0.22 2.33 ± 0.10 1.94 ± 0.06 0.46
Shrubs 1.73 ± 0.07 1.79 ± 0.18 1.37 ± 0.11 0.40
Herbs 1.18 ± 0.16 1.12 ± 0.16 1.68 ± 0.12 0.47

Evenness Index
Trees 0.88 ± 0.04 0.88 ± 0.03 0.92 ± 0.003 0.09
Shrubs 0.85 ± 0.02 0.83 ± 0.02 0.76 ± 0.02 0.07
Herbs 0.90 ± 0.04 0.95 ± 0.02 0.93 ± 0.002 0.09

Species Richness Index
Trees 4.95 ± 0.76 4.32 ± 0.27 2.95 ± 0.20 1.54
Shrubs 1.82 ± 0.25 2.05 ± 0.42 1.13 ± 0.17 0.96
Herbs 0.94 ± 0.16 0.75 ± 0.19 1.22 ± 0.16 0.54

Table 2: Mean stem density (individuals ha-1), Basal area (m2 ha-1) and plant ecological indices in sites with varying disturbance levels.

± S.E.Mean; n = 4; LSD - Least Significant Difference.

Biomass Pool Least Disturbed Mild Disturbed Highly Disturbed LSD
(p ≤ 0.05)

Above Ground Biomass 282.61 (± 25.15) 180.58 (± 4.22) 101.26 (± 2.35) 47.31

Below Ground Biomass 56.52 (± 5.03) 36.12 (± 0.84) 20.25 (± 0.47) 9.46

Deadwood
Biomass 81.08 (± 7.90) 16.02 (± 0.99) 5.23 (± 2.25) 15.29

Floor Litter
Biomass 5.48 (± 0.22) 3.36 (± 0.27) 0.64 (± 0.42) 1.01

Total Biomass 425.70 (± 29.71) 236.08 (± 5.82) 127.38 (± 4.74) 56.60

Table 3: Aboveground biomass, belowground biomass, deadwood biomass, floor litter biomass and total biomass (Mg ha-1) distribution across the three sites with 
varying levels of disturbance.

± S.E.Mean; n = 4; LSD - Least Significant Difference.

Disturbance Level AGB Carbon BGB Carbon Deadwood Carbon Litter Carbon SOC (0-45 cm) Total Carbon

Least Disturbed 155.44 (± 13.84) 31.09 (± 2.77) 44.60 (± 4.35) 3.02 (± 0.12) 72.48 (± 5.11) 306.61 (± 17.14)

Mild Disturbed 99.32 (± 2.32) 19.06 (± 0.46) 8.81 (± 0.54) 1.85 (± 0.15) 40.13 (± 2.50) 169.97 (± 2.59)

Highly Disturbed 55.69 (± 1.29) 11.14 (± 0.26) 2.88 (± 1.24) 0.35 (± 0.23) 32.38 (± 1.66) 102.43 (± 3.18)

LSD (p≤0.05) 26.02 5.20 8.41 0.55 10.95 32.56

Table 4: Mean carbon stock (Mg C ha-1) distribution at each pool across the three sites with varying levels of disturbance.

± S.E.Mean; n = 4; LSD - Least Significant Difference.
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was significantly greater in the LD sites than the MD and HD sites, 
owing to less anthropogenic disturbances and less extraction from 
the forest. Floor litter biomass accumulation was also observed to be 
significantly (p < 0.05) different in the three study sites with greater 
values in LD sites followed by MD and HD sites.

Carbon stock along disturbance gradient 

Distribution of carbon stock (Mg C ha-1) different pools across 
the three study sites with varying levels of disturbance is presented 
in Table 4. Total carbon storage in sites showed a similar trend as 
that of the total biomass; showing highest value in the LD site (306.61 
Mg C ha-1) and lowest in HD site (102.43 Mg C ha-1). Significant 
differences were observed in the biomass carbon storage variation 
along the disturbance gradient, wherein the more carbon storage 
occurred in the least disturbed sites than highly disturbed sites in each 
of the carbon pools. Soil organic carbon (SOC) stock in 0 - 45 cm 
was significantly (p < 0.05) higher in the LD sites than the MD and 
HD sites. Proportional distribution of carbon stock in different pools 
showed that more than 60% of the carbon stock is allocated in the 
living biomass (both aboveground and belowground) in all the sites 
and more than 20% of total carbon stock was stored in the soil as soil 
organic carbon (Figure 3). The percentage distribution of deadwood 
carbon in the sides decreased from the LD sites to HD sites. Similarly, 
litter carbon contributed the least in the HD sites than the LD sites to 
the total carbon pools (Table 4). 

Correlation of tree diversity with different carbon stock pools

Pearson’s correlation coefficient values of relationship between 
tree diversity and different carbon pools are presented in Table 5. 
The basal area and tree density exhibited highly significant positive 
correlation with carbon stock in different pools. The Shannon Weiner 
Diversity index also showed a significant positive correlation with the 
carbon stocks in the study sites, however, no significant correlation 
was observed in case of Simpson’s dominance and Pielou’s Eveness 
Index with any of the carbon stock pools. Margalef’s Species Richness 
index showed significant correlation with the biomass carbon stock 
but no relationship with the SOC stock.

Discussion 
The total biomass and carbon stock in the selected rainforest 

ranged between 117.19 to 504.65 Mg ha-1 and 94.71 to 343.31 Mg C ha-1 
respectively, with the highest being in the least disturbed site followed 
by mildly and highly disturbed sites. The data in the present study are 
comparable with the above ground biomass of moist temperate forest 

of Garhwal Himalaya, Uttarakhand and with the tropical rain forests 
of Sri Lanka [31,32]. However, the carbon stock values are lower than 
those reported in Thailand and in the tropical rain forests of Malaysia 
(225 - 446 Mg C ha-1) [33]. The above ground biomass from the 
three study sites are less than the range reported for the primary rain 
forests of Southeast Asia (300 - 500 Mg ha-1), indicating the impact of 
disturbances on this rainforest [33-35]. Higher biomass and carbon 
stock in the least disturbed forest than mildly disturbed and highly 
disturbed sites correspond mainly the higher tree density and basal 
area in the LD sites, validated by the other studies [36,37]. 

Belowground biomass (BGB) also forms an important carbon 
pool for many vegetation types and land use systems. The contribution 
of BGB to the total biomass was in the range of 12.62 to 16.60%. This 
is in agreement with the findings of other workers who reported that 
belowground biomass can reach a maximum of 20-25% in tropical 
forest ecosystems [38,39]. The carbon stock in the forest floor litter 
biomass in the present study ranged from 0.007 to 3.229 Mg C ha-

1; relatively lower values than reported in the tropical dry evergreen 
forests of Coromondel coast of South India [40]. The Significant 
amount of carbon were also found stored in the deadwood in all the 
forest stands, which ranged from 0.28 Mg C ha-1 (highly disturbed) 
to 53.95 Mg C ha-1 (least disturbed). Soil carbon pools in the present 
study form a large reservoir of carbon, next to, above ground biomass 
carbon pool in all the three forest stands.

The basal area of trees largely contributed to the variations in 
the total living biomass. Since diameter was used to estimate the 
individual tree biomass, a stronger relationship between biomass and 
basal area was established for the trees in the present study. Similar 
findings have been reported elsewhere [41,42]. Many previous studies 
also reveal that wood density plays an important role in explaining 
spatial variation in forest biomass, for most studies with positive 
relationships [43]. In addition to the change in forest structure, 
changes in species composition as a result of forest disturbances 
were also reported as important drivers of forest biomass variations 
[44]. Forest disturbances influence carbon stored amount of forest 
through by altering the stand structure and composition [45-48]. 
Forest disturbance indicators show significant effect on different 
carbon pools and similar result was reported by Bhatti et al. [49]. 
The correlation pattern indicated that with the increase in forest 
disturbance, carbon stock in the different pools decreased [50]. 
Higher values for carbon stock of various pools in the least disturbed 
site might be due to the presence of more productive stem density 
with larger trees [51,52].

Accurate estimation of forest carbon stocks and flux is one 
of the most scientific bases for successful policy implementation. 
Our approach in the present study was to estimate carbon stock 
using proven formulas for the ratio of carbon to biomass instead of 
measuring carbon directly particularly for the aboveground carbon 
[29]. Timber volume was converted to biomass, a widely used and 
accepted method for field measurement of carbon. Human-caused 
disturbances in tropical rainforests of northeast India such as selective 
timber extraction and fuelwood collections are some drivers of carbon 
loss in the highly disturbed forest sites. These activities, however, 
have a low impact on the biomass carbon stock on a per hectare 
basis, but when these human-induced activities take place over a 

Parameters Biomass 
Carbon SOC Stock Total 

Carbon
Basal Area (m2 ha-1) 0.736 ** 0.711 ** 0.743 **

Tree Density (trees ha-1) 0.969 ** 0.852 ** 0.960 **

Shannon Weiner Diversity Index 0.688 * 0.578 * 0.676 *

Simpson Dominance Index -0.264 ns -0.278 ns -0.272 ns

Pielou’s Eveness Index -0.320 ns -0.143 ns -0.288 ns

Margalef’s Species Richness Index 0.744 ** 0.510 ns 0.707 *

Table 5: Pearson’s correlation (r-values) of tree diversity with carbon stock in 
different pools in all sites.

** - p < 0.01; * - p = 0.01 to 0.05; ns – p > 0.05 (not significant).
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large forest area, the total carbon emission could be significant [53]. 
Although few recent studies have clearly highlighted the importance 
of potential rapid losses of carbon, to date, there are few quantitative 
estimates of the possible magnitude of disturbance-induced carbon 
losses [54]. Some studies report intense slash-and-burn fires can 
convert almost 40% of the aboveground carbon to carbon emissions 
[54]. Carbon losses from felled trees that are abandoned in the forests, 
trees incidentally damaged during felling are reported to make 
up to 51% of the total emissions in harvested activity [55]. These 
figures reported elsewhere provide some insight on the magnitude 
of carbon loss due to anthropogenic disturbances. According to 
Global Footprint Network (GFN) carbon uptake by forests is the 
single method to offset greenhouse gas emissions [56,57]. The GFN 
currently estimates the uptake rate to be 0.97 metric tons of carbon 
per hectare of forest per year. This implies that efforts have to be made 
to plant dense forests over half of Earth’s land to bring our ecological 
footprint into balance. The implementation of REDD+ involving 
local communities around the rainforests in northeast India will 
certainly be helpful in addressing emission reductions from activities 
resulting deforestation and forest degradation. As forests store about 
80% of aboveground and 40% of all belowground terrestrial organic 
carbon these ecosystems are crucial to maintaining the global carbon 
balance and mitigating climate change [4]. Our findings suggest that 
the disturbed rainforest stands which still have low DBH values have 
a greater tendency to build biomass and therefore have the potential 
to sequester more carbon in the future, if provided protection from 
anthropogenic disturbances. However, more studies are required to 
critically understand disturbance regimes and their impact to better 
quantify regional carbon dynamics.

Conclusions
The results depict a wide variation in carbon stock between 

different forest sites showing an inverse relation between the density 
of carbon stocks and the level of disturbance. The higher tree density 
in the least disturbed sites than other sites and higher significant 
relationships between basal area with biomass carbon and SOC stock 
in the present study further confirms the important role played by 
dominant tree species in contributing more to the carbon storage in 
the tropical rain forest. The lower carbon stocks in the highly disturbed 
forest sites nevertheless were due to anthropogenic disturbances 
which affected forest productivity in the stands. Trees and other 
woody forest components lock atmospheric carbon dioxide in the 
form of carbon and hence they reduce atmospheric greenhouse gas 
accumulation. The study, therefore recommends regular monitoring 
of these forests stands for their carbon stock changes over time in 
different pools so that suitable silviculture treatments are prescribed 
to enhance carbon stock in the tropical rainforest of Northeast India.
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