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ABSTRACT: Carbon stock quantification holds vital significance in evaluating the climate change mitigation potential and carbon
management of forest ecosystems. The current study was designed to quantify the biomass carbon stocks in the lesser Himalayan
subtropical broadleaf forests of the Kashmir region. Primary data about the structural attributes and species composition of the local
forests was collected through quadrat-based sampling followed by the application of allometric equations for the estimation of forest
biomass. The biomass carbon stocks were calculated as 135.2 Mg ha'! ranging from a maximum of 226.64 Mg ha! to a minimum
of 11.83 Mg ha''. The tree layer contributed a biomass carbon content of 134.67 Mg ha'! making up to 99% share in the total forest
biomass as compared to the shrub and herb layers with a very low biomass carbon value of 0.37 Mg ha™! and 0.17 Mg ha’!
respectively. Dalbergia sissoo was recorded as the most dominant tree species with a biomass carbon stock value of 40.70 Mg ha’!
followed by Mallotus philippensis (30.09 Mg ha'') and Ficus palmata (20.11 Mg ha™"). Principal Component Analysis revealed that
the variations in the local carbon stocks were significantly correlated with the distribution pattern of the dominant tree species.
Generalized Linear models showed a strong affinity of biomass carbon reserves with the structural attributes of the forest stands.
This study generated a standard scientific dataset of the local biomass carbon stocks in the subtropical broadleaf forests with dynamic

implications in sustainable forestry and carbon pool management in the region.
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INTRODUCTION

Forest biomass constitutes a major terrestrial carbon
sink with the ability to sequester atmospheric carbon,
enabling the biosphere to mitigate impacts of the global
climatic change (Chaudhury and Upadhaya, 2016). The
Carbon sequestration potential of the forest ecosystems
depends upon a multiplicity of phenomena including
species composition, vegetation structure, tree growth
attributes like volume and stem density (Ali et al., 2014);
forest growth stages, the development conditions,
nutrients availability, geographic variables, edaphic
factors as well as local and regional and climate (Bastida
etal.,2018).

Lesser Himalayan subtropical broadleaf forests
constitute an important vegetation type having immense
ecological significance and diverse ecosystem services
being a vital regional carbon pool (Khan ef al., 2013; Pant
and Tewari, 2014). The species composition and structure
of these forests are primarily governed by a mosaic of
climatic conditions and edaphic factors that are echoed in
the diverse forest types (Singh et al., 2017). The
subtropical forests in the lower elevational valley basins
in the region with suitable climatic conditions are
subjected to intense human development activities like
suburbanization and farming which make these areas the
most populated in the state of Azad Jammu and Kashmir,
Pakistan (Shaheen et al., 2021).

Protection and maintenance of the local forest
diversity through conservation efforts can play an

important role to enhance the carbon sequestration
potential of these ecosystems and strengthening their
ability to mitigate climate change impacts (Agrawal et al.,
2011; Zhou et al., 2008). These forests constitute major
carbon sinks in the region, dominated by broadleaf tree
species including Acacia modesta, Dalbergia sissoo,
Ficus palmata and Mallotus philippensis which hold
great ecological significance in the context of “Reducing
emissions from deforestation and forest degradation”
(REDD+).

Forest cover in the Himalayan region has been
subjected to intense anthropogenic disturbances
especially land-use conversions and deforestation and
soil degradation which has resulted in reduced biomass
carbon sequestration (Smith et al., 2016; Sun and Guan,
2014). Continued biomass loss through deforestation and
forest degradation is expected to undermine the REDD+
goals (Ravindranath and Ostwald, 2008). In this scenario,
it becomes vitally important to accurately quantify the
biomass carbon reserves in the local Himalayan forest
ecosystems (Singh et al., 2017). However, these fragile
regional forest ecosystems have not been given sufficient
consideration for the quantification of their carbon
sequestration potential as natural carbon reserves
indicating a significant knowledge gap.

The current study was conducted as a part of the
carbon stock assessment project in the forest types of the
western Himalayan region of Azad Jammu and Kashmir.
The study was designed with the aim to quantify the
biomass carbon stocks in subtropical broadleaf forest
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Fig. 1. Map of the study area and satellite imagery of the sampling sites.

types of the region. The specific objectives also included
investigating the factors affecting the carbon stocks
distribution in the region including the identification of
dominant broadleaf species having maximum biomass
productivity, and structural attributes of the forest stands
including tree density, size and species composition.

MATERIALS AND METHODS

Study area

The study area lye in the Lesser Himalayan foothills in
the state of Azad Jammu and Kashmir (AJK), Pakistan.
Four major areas were selected in the Sudhnoti, Kotli and
Mirpur districts of AJK in an elevation range of 500-900
meters above sea level. The investigated subtropical
broadleaf forest sites were selected corresponding to the
presence of the maximum number of indicator species and
their ecological significance. Study sites included Dadyal
(DSF), Jarri Kas (JSF), Mirpur (MSF) and Sia-Pattan
(SPSF) forest sites located at 33.06° to 33.43° North
Latitudes and 073.51" to 073.36° East Longitudes (Fig. 1).

Topographically the area is rugged terrain
mountainous with deep valley basins. The study area is
characterized by a subtropical humid climate with hot
summers having daytime temperatures around 40 °C
whereas the winters are mild. The annual mean
temperature records are 27.4 °C in the study area with
yearly rainfall remaining about 1100 mm. The maximum
rainfall occurs during the Monsoon season (July and
August) on the other hand, the dry season prevails from
October to January (GoAJK, 2017). The topography of
Sudhnoti district includes sub-mountainous valleys, steep
slopes covered with vegetation whereas the Mirpur
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district is mostly Plateau type. The area is inhabited by
settlements related to residential, agricultural and
infrastructure purposes. Mostly, loamy soils are found
with a great susceptibility to erosion due to rains, forest
cover loss and increased grazing (Shaheen et al., 2021).

Sampling methodology

Detailed field expeditions were carried out in spring
2018-19 to record primary data including species
composition as well as the structural attributes of the
forest stands at the 4 study sites. A total of fifteen
temporary sampling plots of 20 m x 20 m (400 m?) were
established at each of the four sites. Inventory of the tree
species constituting the forest structure was built at each
site followed by recording the tree structural attributes
including tree diameter at breast height (DBH), tree
height and stem density following the standard protocols
(Sagar and Singh, 2006). Geographical attributes of the
sites were recorded using GPS (Garmin-Corp-2000).

Forest Biomass and Carbon Stocks quantification

Regression models were applied on tree growth
parameters (tree DBH and height) to quantify the
Growing Stock Volume Density (GSVD) (FSI, 1995,
1996, 2001; Hairiah et al., 2011; Jain and Sharma, 1978;
Misra and Jain, 1984; Tiwari et al., 1996). Above-ground
biomass in the tree layer was estimated through relevant
biomass expansion factors (Brown et al., 1999).

. Mg m3 Mg
Above ground biomass (—) = GSVD — X BEF (—)
ha ha m3

For hardwood with GSVD < 200 m’/ha, BEF was
calculated as:
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Biomass expansion factor (BEF)
= exp[1.91 — 0.34 X In(GSVD)]

BEF value of 1 was used for GSVD > 200 m?/ha, the
suggested regression equation (Cairns et al., 1997) was
applied to calculate the below-ground biomass.

Below ground biomass
= exp[—1.059 + 0.884 x In(AGBD)
+0.284]

Mutually above ground and below-ground biomass
reflected the individual tree biomass.

Subplots of 5 m x 5 m (25 m?) were established
within each of the 400 m? plots to collect the data for
shrub biomass quantification. Biomass in the shrubby
flora was estimated after the assessment of shrub cover or
basal diameter according to the nature of species growth
behaviour in the plots (Jenkins et al., 2003; Means ef al.,
1994). Below ground biomass in the shrubs was
deliberated as one-fifth (20%) of the total above-ground
biomass as recommended by IPCC (MacDicken, 1997).

Shrub biomass = Exp [-3.42620 + 2.5031 In (drc)]

Shrub biomass = Exp [-3.96457 + 1.08631 In (cover)]

Where biomass = total shrub dry weight (Mg ha''); /n (cover)
= natural logarithm of shrub cover and /n (drc) = basal diameter
individual stem near root collar

Herbaceous biomass was clipped from 1m x 1m sub-
sub plots established within each 400 m? plot. Herb
biomass samples were labelled and brought to the
laboratory. Similarly, leaf litter was also collected from
these micro plots. The extracted herbaceous and litter
material from each plot was oven-dried (at 72°C for 48
hours) distinctly and then average biomass was calculated
using the digital balance (Magar, 2012). Obtained values
of tree, shrub, herbs and leaf litter biomass were summed
up to acquire total biomass at the plot and site level. The
total biomass carbon was deliberated as half (50%) of the
total biomass as suggested by IPCC. (IPCC, 2007).

Total Biomass Carbon = Total Biomass X 0.5

Data analysis

The numerical data of carbon stock values and tree
growth parameters were subjected to Multivariate
Ordination Analysis techniques including Principal
Component Analysis (PCA) and generalized linear
models to explain the variations in the dataset using
PAST software version 4.5.

RESULTS

Biomass Carbon Stocks: The average biomass
carbon stocks of the investigated subtropical broadleaf
forest ecosystems were calculated as 135.2 Mg ha!
ranging between a maximum of 226.64 Mg ha'! to a
minimum of 11.83 Mg ha!. The highest carbon stock
value of 226.64 Mg ha! was recorded from Dadyal
followed by 192.46 Mg ha™! at Sia-Pattan and 108.06 Mg
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ha'! at Mirpur as 108.06 Mg ha™! whereas the lowest value
of 11.83 Mgha'! was recorded from Jarri Kas.

The tree layer constituted 99% of the biomass share
in the investigated forest sites with a biomass carbon
value of 134.67 Mg ha’l. Significant variations were
recorded in the tree biomass among the investigated sites
ranging from a minimum of 10.97 Mg ha™! at Jarri Kas to
a maximum of 228.075 Mg ha' at Dadyal whereas
Mirpur and Sia-Pattan sites exhibited values of 107.58
Mg ha'! and 192.025 Mg ha™! respectively. Shrub biomass
contributed >1% in the total forest biomass value having
an average value of 0.37 Mg ha'! with a maximum of 0.64
Mg ha'! recorded at Jarri Kas followed by SPSF 0.3 Mg
ha! each at Mirpur and Sia-Pattan Sites. The total herb,
leaf litter and deadwood biomass carbon value was
calculated as 0.17 Mg ha™! with a maximum value of 0.22
Mg ha'! at Jarri Kas site (Table 1).

Table 1. Total Biomass and carbon pools at the study sites.

Forest Sites B SB HLDB TBC BCS
DSF 456.15 0.45 0.32 456.92 228.46
JSF 21.94 1.27 0.45 23.66 11.83
MSF 21517 0.59 0.35 216.11  108.06
SAPSD 384.05 0.66 0.20 384.91 192.46
AVG 269.33 0.74 0.33 270.40 135.20

Key: TB = tree biomass (Mg ha™'), SB = Shrub biomass (Mg ha'),
HLDB = Herb, leaf litter and deadwood biomass (Mg ha™), TBC =
Total biomass count (Mg ha™'), BCS = biomass carbon stocks (Mg
ha™'); DSF = Dadyal Subtropical forest, JSF = Jarri Kas Subtropical
forest, MSF = Mirpur Subtropical forest, SPSF = Sia-Pattan
Subtropical forest, AVG = Average values

Dominant Biomass Producing species: Forest
inventory revealed a total of 15 broadleaf tree species that
constituted the structure of these subtropical forest stands.
Dalbergia sissoo was found to be the most dominant
biomass producing tree species with the highest biomass
carbon value of 40.70 Mg ha'! in the study area followed
by Mallotus philippensis (30.09 Mg ha') and Ficus
palmata (20.11 Mg ha'). The codominant species
included Acacia modesta and Ziziphus oxyphylla with
biomass carbon values of 10.97 Mg ha! and 9.43 Mg ha-
! respectively whereas the remaining 10 tree species
produced relatively lower biomass carbon (<5 Mg ha™).
(Table 2). A total of 8 shrub species were recorded from
the studies subtropical forest stands with Justicia
adhatoda as the highest carbon-producing species with an
average biomass carbon value of 0.14 Mg ha™! whereas
the remaining shrub species had extremely low (<0.1 Mg
ha') biomass productivity.

Structural Attributes of the forest stands: The
investigated forest stands exhibited large variations in the
structural attributes of the broadleaf tree species. Forest
ecosystems revealed an average tree density value of
188.7/ha. Prosopis juliflora was recorded with the
maximum tree density value of 1200/ha, followed by
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Table 2. Species wise biomass and carbon Stocks at the study sites.
TREES Species biomass allocation and carbon stock (Mg ha') BCS
DSF JKSF MSF SPSF AVG (Mg ha™)
Acacia modesta Wall. 48.8 0.64 26.0 18.855 9.43
Azadirachta indica A.Juss. 21.0 5.238 2.62
Bombax ceiba L. 1.1 0.275 0.14
Broussonetia papyrifera (L.) L'Hér. ex Vent. 19.0 4.4 5.850 2.93
Carissa sp. 23.0 5.755 2.88
Cassia afrofistula Brenan 36.7 9.175 4.59
Dalbergia sissoo DC. 240.3 41.5 43.8 81.395 40.70
Ficus carica L. 31.6 7.900 3.95
Ficus palmata Forssk. 19.7 93.0 48.2 40.225 20.11
Grewia villosa Willd. 23.8 5.950 2.98
Mallotus philippensis (Lam.) Mill.Arg. 240.7 60.175 30.09
Prosopis juliflora (Sw.) DC. 2.50 0.625 0.31
Punica granatum L. 10.2 2.550 1.28
Toona ciliata M.Roem. 13.7 3.425 1.71
Ziziphus oxyphylla Edgew. 68.9 18.80 21.935 10.97
Total 456.15 21.94 215.17 384.05 269.33 134.66
SHRUBS
Calotropis procera (Aiton) Dryand. 0.27 0.068 0.03
Carissa spinarum L. (Shrubby form) 0.16 0.44 0.12 0.179 0.09
Colebrookea oppositifolia Sm. 0.29 0.071 0.04
Dodonaea viscosa Jacq. 0.02 0.005 0.00
Jasminum sp. 0.15 0.038 0.02
Justicia adhatoda L. 0.29 0.56 0.24 0.271 0.14
Lantana camara L. 0.24 0.060 0.03
Ricinus communis L. 0.20 0.050 0.02
Total 0.45 1.27 0.59 0.66 0.74 0.37

Key: DSF = Dadyal Subtropical forest, JSF = Jarri Kas Subtropical forest, MSF = Mirpur Subtropical forest, SPSF = Sia-Pattan
Subtropical forest, AVG = Average values, BCS = Biomass Carbon Stocks

Table 3. Structural attributes of studied subtropical forests.

Average
TREES DBH  Height Density
(cm) (m) (Trees/ha)
Acacia modesta Wall. 36.4 7.6 433.3
Azadirachta indica A.Juss. 22.5 5.0 20.0
Bombax ceiba L. 20.0 3.5 20.0
Broustsonet/a papyrifera (L.) 36.2 6.0 110.0
L'Hér. ex Vent.
Carissa sp. 22.0 5.0 220.0
Cassia afrofistula Brenan 22,7 3.6 40.0
Dalbergia sissoo DC. 36.7 7.2 200.0
Ficus carica L. 26.0 6.0 80.0
Ficus palmata Forssk. 31.3 5.1 26.7
Grewia villosa Willd. 25.0 4.0 40.0
Mal/?tus philippensis (Lam.) 200 3.0 360.0
Mull.Arg.
Prosopis juliflora (Sw.) DC. 14.2 4.6 1200.0
Punica granatum L. 21.0 3.2 20.0
Toona ciliate M.Roem. 24.0 5.0 40.0
Ziziphus oxyphylla Edgew. 27.0 3.7 20.0
Average 25.7 4.8 188.7

Acacia modesta (433/ha), Mallotus philippensis (360/ha),
Carissa sp. (220/ha) and Dalbergia sissoo (200/ha)
(Table 3). Forest stands revealed an average DBH value
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of 25.7 cm with the highest value of 36.7 cm exhibited by
Dalbergia sissoo whereas the lowest of 14.2 cm for
Prosopis juliflora. An average tree height of 4.8 meters
was recorded for the studied forest stands with Acacia
modesta having the highest tree height of 7.6 m followed
by Dalbergia sissoo (7.2 m), Broussonetia papyrifera and
Ficus carica (6 m each). (Table 3).

Statistical Analysis: The Generalized Linear
Regression models revealed significant correlations
among the tree structural attributes and the biomass
carbon values. A significant positive relationship (p<0.05)
between biomass carbon and tree density values (Fig. 2A).
Similarly, the carbon stock values exhibited a linear
increasing trend with increasing tree diameter (DBH)
values (Fig. 2B).

Species data matrix was subjected to Principal
component analysis which significantly identified the
major tree species having maximum biomass productivity.
Dalbergia sissoo was placed distinctly along the x-axis
showing its maximum biomass productivity along with co
dominant species including Ziziphus oxyphylla, Ficus
palmata and Mallotus philippensis correlated to their
maximum eigen scores. PCA also identified affinities
among the dominant species with sampling sites
attributes to the species abundance at specific sites.
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Fig. 2. Generalized linear model-based expression of correlation in biomass carbon stocks with A. tree volume and B. tree density.

The biplot showed a close affinity of Ficus palmata with
Mirpur site, Mallotus philippensis with Sia-Pattan, and
Ziziphus oxyphylla with Jarri Kas sites respectively. The
remaining species were clustered at the centre indicating
their sporadic distribution pattern without a specific site
preference as well as lower biomass production. PCA
biplot also identified the forest sites having the highest
biomass carbon values represented as eigen vectors on the
biplot. Dadyal and Mirpur sites exhibited maximum
vector lengths along X-axis correlated to their high eigen
values identified as major biomass carbon reservoirs
whereas Jarri Kas forest deviated along Y-axis due to its
low eigen values and lowest biomass value (Fig. 3).

DISCUSSION

Biomass Carbon Stocks: Quantification of biomass
carbon stocks in the investigated Subtropical broadleaf
forest ecosystems has revealed these forests as a
significant regional carbon pool of the Kashmir region
(Liu et al., 2018). Biomass Carbon Stock values of the
investigated forests showed significant variations
synchronized with the species composition, structure and
growth parameters of the forest stands (Pan et al., 2013).
Forest inventory showed that the local Forest stands
exhibited a diverse structure comprised of 15 broadleaf
tree species along with 8 shrub species. It is an established
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Fig. 3. Principal Component Analysis of the Carbon pools and study sites.

ecological fact that forest ecosystems having higher
species diversity yield better biomass production and are
better carbon sinks as compared to less diverse forests
(Wang et al., 2011).

About 99.6% of total biomass carbon content was
found captured in the tree layer. Broadleaf tree species are
characterized by higher photosynthetic ability and
biomass production rates which subsequently enables
them to yield relatively higher values of biomass carbon
(Bora et al., 2013). Studies in adjacent Himalayan areas
have also reported biomass carbon stock values ranging
from 43.4 to 297 Mg ha™! (Ali et al., 2020; Shaheen et al.,
2016; Siddiq et al., 2021). Tree species not only make
higher levels of biomass carbon but also increase overall
forest carbon storage potential by adding organic carbon
into the soil and making carbon reserves as necromass
(Vikrant and Chauhan, 2014).

An analysis of the forest structure correlated with
carbon stock values revealed that the carbon yielding
capacity of the forest ecosystem is strongly correlated
with forest structural attributes and tree growth
parameters (Ali et al., 2020). Tree species having higher
DBH and height values produced higher values of
biomass carbon to the forest as compared to the smaller
sized species. Acacia modesta, Dalbergia sissoo, Ficus
palmata and F. carica were identified as the dominant
biomass carbon yielding species with greater structural
dimensions as which is also verified by the results of PCA
(Fig. 2). Linear Regression Models also support our
hypothesis and identified strong correlations of biomass
carbon values with DBH and Tree height values. Tree
density is another important parameter that strongly
influences the growing stand volume and biomass
production of forest ecosystems (Sun and Guan, 2014).
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Acacia modesta, Dalbergia sissoo and Mallotus
philippensis were characterized with relatively higher
stem densities forming large patches which made them
efficient carbon sequestering species. However, Prosopis
juliflora deviated from this linear trend, and despite
having the highest tree density yielded lower biomass
carbon values attributed to its low average DBH and
height (Fig. 2).

Shrub flora accounted for just 0.27% share in forest
biomass carbon with Justicia adhatoda, and Carissa
spinarum recorded as the dominant biomass producing
species (Table 2). Studies in the subtropical forests show
that underground flora captures usually low atmospheric
carbon due to a reduced rate of photosynthesis, as a result
of low light penetration and small size (Chen et al., 2015;
Zeng et al., 2013). Herb layer and necromass contributed
a minute fraction of 0.12% to the total forest biomass
which is extremely low as compared to the similar studies
in the Himalayan region (Dar and Sundarapandian, 2015;
Sun and Guan, 2014; Shaheen et al., 2016). It is
hypothesized that intense anthropogenic disturbances
including removal of biomass for burning, impacts of
seasonal and man-made fires, animal grazing, browsing
and trampling immensely decrease the Carbon
sequestration potential of the forest ground flora
including the herb and shrub layer in the region (Khan et
al., 2019).

Subtropical broadleaf forests of the western
Himalayan Kashmir region are currently facing intense
deforestation due to the increased influx of rapidly
expanding human population in valley basins and
foothills of the area (Ali et al., 2020). Socioeconomic
transformations combined with land use changes,
agricultural expansions, unsustainable utilization of the
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forest products like medicinal plants, fuelwood and
timber etc. are continuously shrinking the forest cover
and ultimately reducing the regional biomass carbon
stocks (Aziz et al., 2019; Bisht et al., 2014; Dlamini et al.,
2016; Johnson et al., 2010).

This study delivers reference records about the
regional biomass carbon stocks in the subtropical forest
ecosystems and revealed the potential of broadleaf tree
species to sequester atmospheric carbon correlated with
their structural attributes. Current data provides an insight
into the potential of local carbon pools to sequester
carbon and mitigate the impact of climate change. The
results provide baseline data which can be efficiently
utilized to attain the regional REDD+ goals as well as for
policy-making, environmental change mitigation and
restoration purposes at local and regional levels
(Ravindranath and Ostwald, 2008). It is recommended to
enhance the carbon storage capacity of these ecologically
significant subtropical forests by employing integrated
forest conservation strategies along with minimizing the
anthropogenic disturbance stimuli in the region. It also
invites more intensive and broader research for the forest
carbon examination in vegetation types other than
subtropical broadleaf forests and better species selection
for increased carbon sequestration options in the
Himalayan region.
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