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ABSTRACT
The present study was conducted within the tropical wet evergreen forests of Dehing Patkai National Park,
Assam. The primary objective was to analyse the tree population structure and carbon stock of tree species
within the forest. The findings of the study unveiled a total of 64 tree species belonging to 51 genera and 34
families. Among these species, the highest number of individuals (567 individuals ha-1) were found in the lower
girth class of 30-60 cm. Total carbon density (TCD) and total carbon stock (TCS) was estimated to be 217.56 t
ha-1 and 458.16 t ha-1, respectively. Dipterocarpus retusus, Mesua ferrea and Castanopsis indica were identified
as the species with the highest number of individuals ha-1. One-way analysis of variance (ANOVA) was conducted
to assess the differences in girth, height, total biomass density (TBD) and TCD among the tree species, which
revealed a significant difference (p<0.05). The results of the regression analysis demonstrated a significant
positive correlation (p<0.01) of TCD with density (r2 = 0.85) and DBH (r2 = 0.11). However no relationship
observed between TCD and height. These findings suggest that the tree species, encompassing individuals across
different girth classes, store a substantial amount of carbon within their biomass indicating a huge potential to
grow in future.
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INTRODUCTION

Forest plays a significant role in providing many
ecological services to man and environment. While
delivering provisioning services like edible fruits,
vegetables, timber, fuel and fodder, which human
receive direct benefits, it also helps to regulate water
regimes, protection to the soil and offers huge
potential to sequestered CO

2
 from atmosphere to

plant biomass. Nevertheless, the ecological changes
in forest composition are frequent, and its
transformation can be seen through the population
structure. Tree population dynamics are influenced
by forest succession and long-term climate
variabilities (Balmford and Bond 2005, Mathys et
al. 2021). Similarly, the structure and function of the
forest ecosystem are determined primarily by plant
component (Richards 1996). Since forest ecosystems
cover approximately 30% of the terrestrial land, they
play an essential part in the atmospheric carbon cycle;
thus, the effects of their loss could cascade through
the Earth’s system and lead to global warming and

climate change (Pragasan 2016). The soils in the
forest also sequester and store much more organic
carbon than other terrestrial ecosystems (Thokchom
and Yadava 2017, Guan et al. 2019, Zhang et al.
2022).

Tropical forests encompass less than one-fifth of
the earth’s terrestrial surface (Dinerstein et al. 2017)
and act as storehouses for rich biological diversity
(Chandrasekharan 1960) of the planet. Pan et al.
(2011) reported the tropical forests store about 68%
of the total forest carbon. While tropical wet
evergreen forests harbour about seven percent of the
total area of it. In 2021 India’s forest and tree cover
was 80.9 million hectares, accounting for 24.62% of
the country’s total area (FSI 2021). The Himalayan
dense forests account for about 33% of soil organic
reserves in India (Bhattacharyya et al. 2008). The
tropical forests being serve as rich reservoirs for
terrestrial ecosystems with rich species diversity are
often exploited. They are heavily impacted by human
interventions like overexploitation of resources,
overgrazing, urbanisation, fuel and fodder extraction,
forest fires, road-building and other development
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activities. Overexploitation and loss of tropical
forests have led to detrimental global environmental
and economic problems (Hare et al. 1997). The loss
of forests due to increasing demand and long-term
climatic variations are responsible for changes in the
global carbon pool. As tropical forests are considered
important regulators of the global carbon cycle
therefore, there is an urgent need to study and
quantify the amount of carbon storage in these forest
ecosystems (David et al. 2017). The carbon fixation
inside the soil is also twice as adequate as the carbon
stored in the atmosphere.

Studies have been carried out in the tropical wet
evergreen forests in and around northeast India and
Western Ghats, focussing on species diversity and
tree population structure (Mishra et al. 2005, Nath
et al. 2005, Ramachandran and Bharath 2020,
Tynsong et al. 2022), while studies on the population
dynamics and carbon sequestration in tropical wet
evergreen forests in the northeast India are lacking.
The effective management of these forests requires
a comprehensive assessment of carbon stocks in
relation to tree species richness that would help in
the quantification of large stocks of carbon stored
by the forest ecosystem. Hence, it is crucial to
quantify and comprehend population distribution and
carbon storage in order to develop efficient strategies

for addressing climate change.
MATERIALS AND METHODS

Study area
The present study was undertaken in the Soraipung
range of Dehing Patkai National Park (27.2983 E
and 95.5165 N), located in the Dibrugarh and
Tinsukia districts of Assam (Fig. 1). The forest is
known as the last remaining stretches of Assam
Valley tropical wet evergreen forest with an area of
231.65 km2, and the climate of the region is
characterized as primarily tropical with an annual
rainfall receiving more than 4000 mm (Gogoi et al.
2023). The forest was upgraded to National Park
from Wildlife Sanctuary on 09th June 2021 by the
forest department of Assam. The Soraipung range
lies between latitudes 27°172533 N and longitudes
95°302593 E and forms the main access point of the
National Park. The park harbours rich biodiversity
and is often called the ‘Amazon of the East’. The
forest is mainly dominated by the state tree of Assam,
i.e., Dipterocarpus retusus Blume. It is home to
several significant wild animals like elephants,
hoolock gibbons, clouded leopard and other
mammals, including reptiles and butterflies. The
region also forms a significant part of Indo Myanmar
biodiversity hotspots.

Figure 1. Study site at Soraipung range of Dehing Patkai National Park in Assam
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Data analysis
To determine the population structure and carbon
stock of the forest, hundred (100) quadrats of 10 x
10 m size were laid randomly following random
sampling method in Soraipung range of Dehing
Patkai National Park. All individuals of tree species
recorded within the sampling units were recorded in
term of their number, height and basal area.
Individuals having >30 cm girth at breast height
(GBH) of 1.37 m were considered adult (Khan et al.
1987). For the study of population structure of adult
individuals, the individuals were grouped into six
different girth classes, i.e. 30-60, 60-90, 90-120, 120-
150, 150-180 and 180-210 cm. A clinometer was used
to measure the height of individual trees. The specific
density of species was obtained from the relevant
database (Brown 1997, ICRAF ecological database).
A non-destructive method was carried out to assess
carbon stock in tree species. Aboveground biomass
(AGB), belowground biomass (BGB), total biomass
density (TBD), and total carbon density (TCD) were
determined.

For AGB, the model developed by Nath et al.
(2019) for the forests of Northeast India was
followed, while the regression equation given by
Cairns et al. (1997) was used to estimate BGB.

AGB = 0.32(D2H)0.75×1.34

Where, D = Diameter, H = Height, = Specific
density

BGB= exp{-1.059+0.884×InAGB+0.284}

For the estimation of TBD, AGB and BGB were
summed up.

TBD = AGB+BGB

The total carbon density (TCD) was calculated using
the formula of IPCC (2000).

TCD = B
0 
× (0.5) C Mg ha-1

Where, C is Carbon and B
0
 is Biomass.

Soil organic carbon (SOC) was calculated from the
formula given by Pearson et al. (2007).

SOC = p × d × %C

Where, d = depth of the soil samples (cm); %C =
carbon concentration (%); p = soil bulk density (g/
cm3).
Total carbon stock (TCS) was estimated by summing

AGB, BGB, and SOC (Schmitt-Harsh et al. 2012,
Daba et al. 2022, Dantas et al. 2020)

TCS= AGB+BGB+SOC

The data were analysed using SPSS version 25
statistical software. One-way analysis of variance
was used to compare the mean values of girth, height,
TBD and TCD with different tree species. Correlation
and regression analysis was performed to study the
linear relationship between the independent and
dependent variables. The density, DBH, and height
are independent variables, while TCD is dependent
variable.

RESULTS AND DISCUSSION

Population structure
A total of 64 tree species under 51 genera and 34
families were recorded from the study area.
Dipterocarpus retusus Blume was the dominant
species, comprising 253 individuals ha-1, while
Mesua ferrea L. was found as codominant species
with 182 individuals ha-1. The lower girth class (30-
60 cm) exhibited the maximum number of
individuals, with a total of 567 individuals ha-1

compared to the higher girth class >60 cm (Fig. 2).
The girth class of 60-90 cm and 90-120 cm showed
431 and 215 individuals ha-1, respectively. In the girth
classes of 120-150, 150-180, and 180-210 cm, there
were 44, 58 and 5 individuals ha-1, respectively. It
was observed that with an increase in girth class,
there is decrease in the number of individuals. The
variation in girth sizes among individuals can be
attributed to different age and growth factors. The
age structure of a population is influenced by fertility
and mortality of species which are species specific
(Gonçalves et al. 2017). Further, the growth of a
species is contingent upon its ability to adapt to
specific environmental conditions. Prakasha et al.
(2008), also reported similar finding that basal area
variations depend on species composition, growth
patterns, tree age and anthropogenic disturbances.
The diversification of forest species plays a vital role
in ecosystem functioning and the provision of
services (Mathys et al. 2021). The population
structure of tree species in the forest, based on girth
classes, exhibits a reverse J-shaped curve. Similar
pattern has been observed in various forest
ecosystems (Worku et al. 2012, Sarkar and Devi
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Figure 2. Population structure of trees enumerated in Dehing Patkai National Park, Assam

2014, Giroldo and Scariot 2015, Nworo et al. 2020).
From the observed curve, it signifies the forest has
good regeneration potential exhibiting high number
of young individuals. The girth classes of 30-60 and
60-90 cm account for 42.95% and 32.65% of species
richness, respectively.

The species Dipterocarpus retusus, Mesua ferrea
and Castanopsis indica have the highest number of
individuals, suggesting a higher survival rate as
compared to other species. The survival rate of
Ailanthus integrifolia, Citrus medica, Dalbergia
assamica, Syzygium jambos, Cinnamomum tamala,
Magnolia baillonii, Citrus medica, Caryota urens,
Stereospermum chelonoides, and Symplocos pealii
recorded only one adult individuals in different girth
classes. The ability of a species to regenerate in
forests is mainly determined by its adaptability to
various environmental conditions. The population of
species in the low category suggest a reduced
progression of reproduction from seed germination.
Consequently, tree species with only a single
individual face a high risk of disappearing from their
natural habitat. Additionally, frequent elephant
movement may be another possible factor affecting
the growth of seedlings and saplings. Similar results
were reported in a study where elephants caused
damage to seedlings (Makemba et al. 2022).
Conversely, the higher number of individuals in the
lower girth class depicts that the forest has a good
potential for future sustainability. Forest dynamics
are observed to be influenced by microclimatic

conditions, edaphic factors (Saikia and Khan 2016),
and biotic and abiotic factors (Baidya et al. 2022). A
study by Mathys et al. (2021) established that forest
structural composition and climate strongly influence
species population structure.

Carbon stock
The amount of carbon stored and sequestered by
plants varies depending on the growing stage of the
forest and forest type. The findings of the present
study demonstrate that tree species present in the
studied forest possess high ability to store carbon in
their biomass. The total aboveground biomass (AGB)
is 353.65 t ha-1 ranging from 0.01 to 125.02 t ha-1

while the total Belowground biomass (BGB) is 82.43
t ha-1 that range from 0.005 to 27.39 t ha-1. The AGB
is found to be maximum as compared to a study
conducted in different forest types of Western Ghats,
India which range from 32.23 to 236.80 t ha-1  (Joseph
et al. 2010). The total biomass density (TBD) is found
to be 436.07 t ha-1 and total carbon density (TCD) is
217.56 t ha-1. The result of carbon stock is found
within the range of Central Himalayan cypress forest
(Sumita et al. 2015), tropical semi-evergreen forest
(Giri et al. 2019), tropical dry deciduous forest (Raha
et al. 2020), tropical hill forest (Pragasan 2022),
temperate forests in the Central Himalaya, India
(Joshi et al. 2021), Kashmir Himalayan forests (Dar
& Parthasarathy 2022), West-central Indian forest
(Salunkhe et al. 2023), subtropical and other
countries tropical Forest of Congo (Ekoungoulou et
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Table 1. Enumeration of height, density, AGB, BGB, TBD and TCD at Soraipung range, Dehing Patkai
National Park, Assam

Species Density AGB BGB TBD TCD
(ha-1) (t ha-1) (t ha-1) (t ha-1) (t ha-1)

Actinodaphne obovata (Nees) Blume 3 0.75 0.18 0.93 0.46
Ailanthus integrifolia subsp. Calycina 1 0.08 0.02 0.10 0.05
Alangium chinense (Lour.) Harms 125 8.3 2.32 10.6 5.30
Artocarpus chama Buch.-Ham. 2 0.31 0.08 0.39 0.20
Baccaurea ramiflora Lour. 19 3.99 0.98 4.97 2.49
Balakata baccata (Roxb.) Esser 9 1.96 0.48 2.44 1.22
Beilschmiedia assamica Meisn. 3 0.52 0.13 0.65 0.32
Camellia caudata Wall. 5 0.44 0.12 0.57 0.28
Canarium strictum Roxb. 14 6.13 1.39 7.52 3.76
Caryota urens L. 1 0.06 0.02 0.07 0.04
Castanopsis indica (Roxb. ex Lindl.) A.DC. 141 40.62 9.53 50.15 25.07
Catunaregam spinosa (Thunb.) Tirveng. 6 0.30 0.087 0.38 0.19
Cinnamomum tamala (Buch.-Ham.) T. Nees & 1 0.10 0.03 0.13 0.06
C.H.Eberm.
Citrus medica L. 1 0.04 0.01 0.05 0.03
Croton joufra Roxb. 8 0.54 0.15 0.69 0.35
Cryptocarya amygdalina Nees 5 0.90 0.22 1.12 0.56
Dalbergia assamica Benth. 1 0.45 0.10 0.55 0.27
Dillenia indica L. 47 11.26 2.71 13.97 6.98
Diospyros melanoxylon  Roxb. 14 2.26 0.57 2.83 1.42
Dipterocarpus retusus Blume 253 125.02 27.39 152.42 76.21
Donella lanceolata (Blume) Aubrév. 4 0.32 0.09 0.41 0.21
Duabanga grandiflora (Roxb. ex DC.) Walp. 5 0.58 0.15 0.74 0.37
Dysoxylum gotadhora (Buch.-Ham.) Mabb. 26 6.72 1.61 8.33 4.17
Elaeocarpus angustifolius Blume 3 0.79 0.19 0.97 0.49
Endospermum chinense Benth. 13 3.48 0.83 4.31 2.15
Ficus racemosa L. 2 0.04 0.01 0.05 0.03
Garcinia pedunculata Roxb. ex Buch.-Ham. 51 8.70 2.23 10.93 5.46
Garcinia xanthochymus Hook.f. ex T. Anderson 2 0.13 0.038 0.17 0.09
Glochidion ellipticum Wight 3 0.31 0.08 0.39 0.20
Kayea assamica Prain 2 0.34 0.09 0.42 0.21
Litsea salicifolia (Roxb. ex Nees) Hook.f. 10 1.41 0.365 1.78 0.89
Macaranga denticulata (Blume) Müll.Arg. 12 2.61 0.64 3.25 1.62
Magnolia baillonii Pierre 1 0.04 0.01 0.05 0.03
Magnolia hodgsonii (Hook.f. & Thomson) H.Keng 6 1.17 0.29 1.46 0.73
Magnolia insignis Wall. 2 0.13 0.037 0.17 0.08
Magnolia oblonga (Wall. ex Hook.f. & Thomson) Figlar 16 2.01 0.53 2.54 1.27
Mallotus paniculatus var. paniculatus 4 0.76 0.19 0.95 0.47
Meliosma simplicifolia (Roxb.) Walp. 4 0.53 0.14 0.66 0.33
Mesua ferrea L. 182 59.22 13.68 72.90 36.45
Monoon simiarum (Buch.-Ham. ex Hook.f. & 15 0.01 0.005 0.02 0.01
Thomson) B.Xue & R.M.K.Saunders
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Species Density AGB BGB TBD TCD
(ha-1) (t ha-1) (t ha-1) (t ha-1) (t ha-1)

Nauclea parvifolia (Roxb.) Korth. 2 2.82 0.70 3.52 1.76
Phoebe bootanica (Meisn.) M.Gangop. 6 0.57 0.15 0.72 0.36
Premna bengalensis C.B.Clarke 13 3.94 0.92 4.86 2.43
Pterospermum lanceifolium Roxb. ex DC. 12 1.46 0.38 1.84 0.92
Salix tetrasperma Roxb. 2 0.22 0.06 0.27 0.14
Shorea assamica Dyer 11 3.3 0.8 4.1 2.05
Sterculia villosa Roxb. ex Sm. 2 0.44 0.11 0.55 0.28
Stereospermum chelonoides (L.f.) DC. 1 0.16 0.041 0.20 0.10
Strobocalyx arborea (Buch.-Ham.) Sch.Bip. 6 2.13 0.50 2.63 1.32
Symplocos acuminata (Blume) Miq. 24 3.19 0.83 4.02 2.01
Symplocos pealii King ex Das 1 0.20 0.05 0.25 0.12
Syzygium cumini (L.) Skeels 20 7.82 1.78 9.59 4.80
Syzygium jambos (L.) Alston 1 0.08 0.02 0.10 0.05
Terminalia bellirica (Gaertn.) Roxb. 41 4.57 1.21 5.78 2.89
Terminalia chebula Retz. 16 4.51 0.96 5.46 2.73
Terminalia myriocarpa Van Heurck & Müll.Arg. 10 1.52 0.39 1.91 0.96
Tetrapilus dioicus (Roxb.) L.A.S.Johnson 21 4.57 1.21 5.78 2.89
Toona ciliata M. Roem. 13 2.02 0.51 2.53 1.27
Trema orientale (L.) Blume 2 0.13 0.04 0.17 0.09
UK 1 1 0.06 0.02 0.08 0.04
UK2 17 2.32 0.60 2.92 1.46
UK 3 1 0.09 0.02 0.11 0.06
UK4 1 0.78 0.18 0.96 0.00
Vatica lanceifolia (Roxb.) Blume 62 13.4 3.27 16.7 8.34

Note: UK – Unidentified species

al. 2015), Sal forest of Nepal (Pandey and Bhusal
2016). Among the total biomass density, AGB and
BGB contribute 81.13% and 18.87%, respectively,
with the majority of the biomass stored in above-
ground biomass. AGB plays a crucial role in the
global carbon cycle (Poorter et al. 2015; Dumitracu
et al. 2020). The dominant species Dipterocarpus
retusus Blume exhibits the highest carbon stock with
a TCD of 76.21 t ha-1 (Table 1). Similarly, a study by
Ullah and Al-Amin (2012) in the forest of Bangladesh
recorded the dominant Dipterocarpus spp. with high
carbon stock capacity. In most tropical forests,
Dipterocarps tree species are considered as the key
species because of their economic and ecological
value (Calago and Diola 2022).

The growth of the individuals is an essential factor
for the estimation of tree biomass in any forest (Návar
2010). Increased biomass with stand age results in
the storage of a significant carbon sink (Alexandrov

2007). Understanding the relationship between forest
stand age and biomass is essential for managing the
forest component of the global carbon cycle
(Alexandrov 2007). The density and basal area have
a significant impact on the total tree biomass of forest
ecosystems (Gogoi et al. 2020). The results of One-
way analysis of variance indicate a significant
difference in girth, height, TBD and TCD among the
investigated tree species (p<0.05). TCD showed a
significant positive correlation with DBH and density
while no relationship was observed with height (Fig.
3). While height and DBH revealed a significant
positive association. The regression analysis also
revealed that TCD exhibited a substantial positive
correlation with DBH (r2 = 0.11 p<0.01) and density
(r2 = 0.85, p<0.01) of trees (Table 2). The results
exhibit that density and DBH significantly greatly
affects TCD. The abundance of tree individuals
significantly influences the Total Carbon Density
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Figure 3. Relationship of TCD with density (a), DBH (b) and height (c)



310       Baidya et al. : Population structure and carbon stocks of Forest Int. J. Ecol. Env. Sci.

Table 2. Correlation analysis between number of
individuals, height, girth, AGB, BGB and TCD

Variables Density Height DBH TCD

Density (ha-1) 1
Height (m) 0.048 1
DBH 0.301* 0.321** 1
TCD 0.924** 0.165 0.339** 1

*Correlation is significant at the 0.05 level (2-tailed)
and ** Correlation is significant at the 0.01 level (2-
tailed).

(TCD). Moreover, TCD exhibiting a positive
response with increase of DBH of species reveals
the significance of analysing population structure in
the forest ecosystems. In the present study greater
DBH correspond to increased TCD whereas low
DBH of species would result in the low TCD. These
findings indicate forest with a higher number of
individuals and larger girth play a key role for storing
a substantial amount of carbon. The SOC in the forest
is found to be 22.08 t ha-1. SOC values in tropical
forests range from 10.13–119.65 t C ha-1 (Sahoo et
al. 2021). Owing to its heterogeneous environment,
soil type and topography, SOC stocks in mountainous
regions exhibit significant spatial variability
(Hoffmann et al. 2014). The presence of a large
expanse of forests and trees directly and indirectly
influence carbon stocks (Meentemeyer and Berg
1986). The total carbon stock (TCS) calculated by
summing AGB, BGB and SOC is found to be 458.16
t ha-1. The recorded TCS in the study site is higher
than the studies carried out in different forest types
(Sierra et al. 2007, Schmitt-Harsh et al. 2012, Cruz-
Amo et al. 2020, Daba et al. 2022, Gogoi et al. 2017,
Dantas et al. 2020) which ranged from 211.51 to
637.54 t ha-1 and lower than the studies carried out
by Oumer et al. (2020) and Leley et al. (2022) which
reports the carbon stock of 637.54 to 682.08 t ha-1  in
forest-landscape ecosystem in Drylands of Northern
Kenya and dry Afromontane forest in South-Eastern
Ethiopia, respectively. In the forests, majority of
individuals are in the small girth class (0-30 cm),
however it may be speculated that these trees will
grow and will store more carbon in their biomass.
Hence, the forest has a significant potential for
increased carbon sequestration in the future.

CONCLUSION

The findings of the study indicate that the Soraipung
range of Dehing Patkai National Park possesses a
diverse range of tree species, with 253 individuals
ha-1 distributed across various girth classes. The
population curve demonstrates a reversed J shaped,
indicating a promising potential for future good forest
regeneration, as maximum tree individuals are
concentrated in the lower girth class. Additionally,
the study highlights the total carbon stock (458.16 t
ha-1) present in the forest has a high potential in
carbon storage which is responsible in mitigating
climate change. The positive correlation observed
between the density, DBH, with TCD suggests that
these parameters have a substantial influence on
carbon storage in the present study site. The study
also exhibits a considerable amount of soil organic
carbon (SOC), indicating extensive plant
decomposition and the accumulation of organic
matter. It is important to note that even a small
alteration in the terrestrial carbon pool can have far
reaching consequences on global atmospheric carbon
levels. Therefore, long term monitoring and effective
forest management are necessary to enhance the
carbon sequestration potential of individual species,
contributing to global climate mitigation efforts.
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