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Abstract: We studied variations in tree biomass and carbon sequestra-
tion rates of Chir Pine (Pinus roxburghii. Sarg.) forest in three categories
of forest disturbance, protected, moderately disturbed, and highly dis-
turbed. In the first year, total biomass was 14.7 t-ha™ in highly disturbed
site, 94.46 t-ha” in moderately disturbed forest, and 112.0 t-ha™ in pro-
tected forest. The soil organic carbon in the top 20 cm of soil ranged
from 0.63 to 1.2%. The total rate of carbon sequestration was 0.60
(t/ha)-a”’on the highly disturbed site, 1.03 (t/ha)-a” on the moderately
disturbed site, and 4.3 (t/ha)-a” on the protected site.

Keywords: carbon sequestration, soil organic carbon (SOC), disturbed
forest, vegetation analysis, allometric equations

Introduction

Carbon accumulation by terrestrial forest ecosystem is poten-
tially important in mitigating the increasing problem of global
warming. Forests play a key role in sequestering CO,, therefore,
knowledge of species that can sequester maximum carbon in live
biomass is essential (Chauhan et al. 2004). Increasing levels of
greenhouse gases has become a matter of global concern in view
of the future projections of global warming and related effects on
biological life. While nations struggle to lower Green House Gas
(GHG) emissions at source, complementary efforts must be
made to enlarge the sinks of these gases. Increasing the net fixa-
tion of atmospheric CO, through C sequestration in soils is also
an option (Rastogi et al. 2002). According to Singh (2007),
nearly 20%-25% of the annual atmospheric increase of about
eight billion tons of carbon is a consequence of deforestation
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resulting in the depletion of the carbon-sink. Therefore, the con-
servation of forests, including those under the control of local
communities in developing countries, is an important component
of overall climate strategy. Forest sinks represent a much cheaper
and easier solution to the build-up of the atmospheric carbon.
Sequestration of atmospheric carbon by forests (forests as a sink
of carbon) is an ecosystem service provided by forests.

Ravindranath et al. (2006) and Chaturvedi et al. (2010) re-
ported significant change in Indian forests: Sub-alpine, alpine
and Himalayan Moist temperate forests are vulnerable and the
Himalayan forest eco-region is most vulnerable to climate
change. Even over short time spans, degradation increases the
susceptibility of these areas to climate alteration. As forest deg-
radation plays a significant role in climate change in the Hima-
layan region, it is essential to obtain information about this
change at the outset.

Our study focuses on Chir Pine (Pinus roxburghii Sarg.) forest.
Chir Pine is a fast growing species and is a valuable resource for
timber and resin based industries, and is used as firewood. Chir
Pine is planted in many areas in monoculture and Chir Pine for-
ests and plantations cover about 4018 km? in the western Hima-
laya (Seth 1980). Chir Pine forests have lower biomass (in the
range of 150-200 t-ha™) than other species of the Himalaya
(Singh and Singh 1992). Much of this carbon (60%—90%) is
stored in the vegetation while the upper 30 cm of soil accounts
for 10-40% of sequestered carbon in Chir Pine forests. Soil or-
ganic carbon (SOC), soil organic matter (SOM) and their corre-
lations with bulk density are frequently used to estimate carbon
pools (Post et al. 1982). Bulk density values are inversely related
to soil organic matter: as SOM increases, bulk density (BD) de-
creases (Curtis and Post 1964). Structural and functional attrib-
utes, including phytosociology of central Himalayan Chir Pine
forests, was studied by Chaturvedi and Singh (1987a). However,
there is a lack of information on the biomass production in dis-
turbed Chir-Pine forests in the Himalayan region where forests
are under relentless biotic pressure throughout the year. Fire in
Chir-Pine forests is a regular phenomenon and more than 95% of
fires are anthropogenic. Regular fires coupled with litter removal,
grazing and lopping are agents of forest degradation. We moni-
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tored carbon sequestration rates of relatively pure Chir-Pine for-
ests subjected to varying levels of disturbance over a two year
period in 2007-2008. Our aim was to highlight the variation in
carbon sequestration rate of forests under various levels of dis-
turbance to arrive at a reliable mean sequestration rate for the
Chir-Pine forests of the area.

Materials and methods
Site description
In Uttrakhand the reported Chir-Pine forest area in 2010 (Uttra-

Table 1: Description of the study sites based on disturbance level

khand forest department report 2009-10) was 394,382.84 ha. Our
study area was located in this area under Nainital district and
our three study sites were located at Baliya Nala, Pines, and
Kailakhan, located 3—4 km from Nainital town, and at
1700-1850 m elevation. Total forest area dominated by Pinus
roxburghii covered approximately 40—50 ha in this region and 1
ha (100 m x 100 m) was marked at each site. All the sites had
young forests and their disturbance levels were categorized on
the basis of canopy cover (measured using a densiometer), fire
history, number of lopped branches/tree and number of dung
piles per 100 m”. Baliya Nala was highly disturbed, the Pines
was moderately disturbed and Kailakhan was protected (Table

1.

Site Site status Elevation Major forest Canopy cover average number of dung average number of
(m) species (%) (piles per 100 m?) lopped branches

Baliya Nala highly disturbed 1700 Pinus roxburghii 20 4-6 2-3

Kailakhan protected (less disturbed) 1780 Pinus roxburghii 63 nil 1-3

Pines moderate disturbed 1800 Pinus roxburghii 48 2-4 6-7

Baliya Nala forest

This site was located in Nainital town, directly below the army
cantonment area. The site was highly degraded. Human distur-
bances such as lopping for fuel wood and litter removal were
observed. Livestock grazing was common. The dominant tree
species was Pinus roxburghii and associated species were Cu-
pressus torulosa and Quercus leucotrichophora.

Pines area forest

The site was located 4 km from Nainital town and was moder-
ately disturbed. The site was prone to wild fires and lopping for
fuel wood. Landslips were frequent, thus disturbing the quality
of natural pine forest. The dominant tree species was Pinus rox-
burghii with Myrica esculenta among the under canopy associ-
ated species.

Kailakhan forest

This site was located 1-2 km from Nainital and was protected
from human disturbance by virtue of its location near the Army
Cantonment area and by being fenced. The dominant tree species
was Pinus roxburghii and the main associated species was
Quercus leucotrichophora.

Meteorological description

The study is sub tropical with a monsoonal climate. There are
five main seasons, winters with high snowfall (December to
February), spring (March to April) with slightly cold weather,
summer (May to June), rainy (June to September) and autumn
(October to November). Heavy rainfall occurs during the mon-
soon (mid June to middle September, sometimes even at the end

of September). Occasional rainfall occurs in other months as well.

Annual rainfall and air temperatures during our 2-year study are
listed in Table 2.
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Table 2: Annual climatic data for the study period

Mean Annual Temperature(°C) Total Annual Rain-

Years
Maximum Minimum fall (mm)
2007 16.0-29.0 1.0-14.3 1,872
2008 15.5-28.0 2.2-12.4 2,200
Methodologies

We sampled vegetation at each of the three forests in ten ran-
domly distributed, circular, permanent plots within demarcated 1
ha sampling areas. Each circular plot covered 100 m? (5.65-m
radius) for a total of 1,000 m® of sampled area at each of the
three sites following Rawat and Singh (1988), Jena (2008) and
Raikwal (2009). All trees were identified to species and meas-
ured for circumference at breast height (CBH) at 1.37 m from
ground level. Trees of 10-30 cm CBH were taken as saplings
and individuals above 30 cm were taken as trees. Vegetational
data were analyzed for density and Total Basal Area (TBA) fol-
lowing Curtis and McIntosh (1950), Saxena and Singh (1982),
and Singh and Singh (1992).

All trees within the permanent plots were marked with white
paint at 1.37 m from the ground. Biomass for trees was calcu-
lated by using the allometric equations previously developed by
Rawat & Singh (1988) and Chaturvedi (1983) based on CBH.
Trees measured in permanent plots in the first year (October
2007) were re-measured in the second year (October 2008). We
calculated the biomass of different components (bole, branch,
twig, foliage, stump root, and fine roots) for the first year (¥})
and the second year (Y;). The change (AY) in biomass yielded the
annual biomass accumulation as:
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AY=Y,-Y, (1

Half of AY was used as an index of carbon content of the trees
and any difference between the carbon content estimated in year
one versus year two was taken as the carbon sequestration rate
(Tewari et al. 2008; McDicken 1997).

For estimating the percentage of organic carbon in soil, three
soil pits were dug up-to 20 cm depth at each site and from each
pit, soil samples are collected from two soil layers (0—10 cm;
10-20 cm). The pits were randomly distributed over the site. The
soil organic carbon was estimated once during the study follow-
ing Walkey and Black’s Method (Jackson 1958). The content of
soil organic carbon (P) was calculated as:

_ ("-7,)x0.3x1.33
M

N

P x2%100% @

where, V; is the initial value of FeSO, taken for titration, V; is
the final value of FeSO, remaining in titration and Ms is the
weight of the soil sample.

For estimating soil bulk density, five soil samples were col-
lected from each site by means of a special metal core sampling
cylinder of known volume from the two layers sampled for soil
carbon estimation (0—10 cm & 10-20 cm) without disturbing the
natural soil structure at each site. Because the upper 20 cm of
soil contains most organic carbon we sampled only the upper 20
cm soil. Samples of soil from all three forests were oven dried at
50-60°C till constant weight was reached. The weight of oven
dried soil samples was divided by its volume to estimate soil
bulk density (Saxena and Singh 1982):

pP=—" 3)

where, p is the bulk density (g-mL™), Mp, is the weight of oven
dry soil and V¢ is the volume of core.

Results
Vegetation analysis

Total tree density was minimum (210 individuals-ha™) at the
degraded site of Baliya Nala with minimum total basal area of
6.32 m*ha™', the moderately disturbed site of Pines had the tree
density of 240 individuals-ha™ along with the basal area of 15.52
m*ha™!, while the protected site at Kailakhan had the maximum
tree density of 424 individuals-ha” along with the maximum
basal area of 32.49 m*ha™'.(Table 3).

Soil carbon and soil bulk density

The soil organic carbon (SOC) varied from 0.69% in topsoil

(0—-10 cm) to 0.63% in the middle soil layer (10-20 cm) in the
highly disturbed site at Baliya Nala. At the moderately disturbed
Pines forest, SOC varied between 1.30% in topsoil to 1.10% in
the middle soil layer. At the protected Kailakhan site, SOC was
1.2% in topsoil and 0.97% in the middle soil layer. Greater con-
centrations of soil carbon were found in the soils of the less dis-
turbed Kailakhan forest in comparison with the highly disturbed
site (Table 4).

Table 3: Vegetation analysis for the studied sites

Site status ~ Site Species Density  Total basal
Name (ind.-ha™) area
(m*ha™)
Severe Baliya Pinus roxburghii 180 532
degradation Nala Quercus leucotrichophora 20 0.63
Cupressus torulosa 10 0.14
Tl a0 632
Moderate  Pines Pinus roxburghii 240 14.31
degradation area Myrica esculenta 40 1.01
i Total 280 ] 15.52_
Protected  Kailakhan Pinus roxburghii 263 21.86
Quercus leucotrichophora 161 10.63
Total 424 32.49

Table 4: Soil carbon and soil bulk density for the studied sites

Soil carbon (%) Soil bulk density (gmL™)

Site soil depth soil depth soil depth soil depth
(0-10cm)  (1020cm)  (0-10cm)  (10-20 cm)
Baliya Nala 0.698 0.638 0.978 0.941
Pines 1.30 1.10 0.97 0.97
Kailakhan 1.2 0.97 1.1 1.2

Biomass distribution and carbon sequestration

Total tree biomass in the first year at Baliya Nala forest was
14.78 t-ha™! and increased to 15.99 t-ha™ in the second year (with
an increment of 8.2%). At Pines it was 112.02 tha in year one,
increasing to 114.09 t/ha in year two (1.8% increase). At Kailak-
han, the biomass in the first year was 94.46 t-ha™ and increased
to 103.23 t-ha™ in the second year (with an increment of 9.3%).
The total tree biomass at Pines forest (moderate degradation) was
higher than at Kailakhan (protected site) due to the presence of
mature trees. The annual biomass change was 1.21 t-ha per year
at Baliya Nala, 2.07 tha'-a' at Pines, and 8.77 tha'-a’ at
Kailakhan. The rate of carbon sequestration was 0.60 t-ha™-a™ at
the severely degraded Baliya Nala forest, 1.03 tha'-a’' at the
moderately degraded Pines forest, and 4.38 t-ha™-a at the pro-
tected Kailakhan forest. Mean carbon sequestration rate for all
three forests was 4.01 t-ha”-a” and the average carbon accumu-
lation values of the studied forest were close to 2 t-ha™'-a™ (Table
5).
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Table 5: Tree Biomass and Carbon Sequestration rate across the studied

sites

Total biomass  Total biomass Mean biomass Carbon
Site (tha™) (tha™) accumulation  sequestered

Y, Y, (Y1-Y) (tha'-a’)

BaliyaNala _ 14.78(7.39) . 15.99.(7.99) ______ 12y . 0.60
Pines 112.02 (56.01) 114.09 (57.04) 207 L3
Kailakhan 103.23 (51.61) 8.77 4.38

94.46 (47.23)

Total mean 4.01 2.00

Figures in parenthesis are value of carbon

Discussion

In Uttarakhand and several other Himalayan states, most of the
forest loss currently occurs as a consequence of forest degrada-
tion, in which forest stock declines without decrease in area. This
represents a form of chronic disturbance (Singh 2002) in which
the biomass removal on a given day is invisible, generally in
form of a few loads of firewood, fodder, or forest floor litter for
manuring. Because of grazing of domestic animals seedlings stop
becoming saplings and saplings seldom become trees. The lop-
ping of leafy branches reduces seed setting, and as trees are pro-

gressively denuded, they stop regenerating and producing foliage.

The land is eventually left with a large collection of stems and
their large leafless branches. The incessant pressure of biomass
removal, trampling and grazing do not give respite to the forest
for recovery, and might cause degradation due to lack of regen-
eration even when biomass removal is within the carrying capac-
ity with regard to net primary productivity. Long-term trampling
and litter removal deplete soil carbon and damage roots. Forest
degradation is the main cause of depletion of carbon in develop-
ing countries.

In Central Himalayan forests, the reported carbon sequestra-
tion rate in degraded forests was from 35.0 to 75.2 t-ha™' per year,
in moderately disturbed forests was 75.2 to 131.5 t-ha™ per year,
and in good forests was from 131.5 to 225.6 t-ha’! per year
(Singh et al. 1985). Singh and Singh (1992) showed that ap-
proximately 72% of the biomass of a Chir tree is in the bole and
soil organic carbon (SOC) varies from 0.97% to 4.1% at different
soil depths. For relatively undisturbed forests of various types in
Uttarakhand, such as Pinus roxburghii forests, carbon sequestra-
tion rates in total biomass range from 4.0 to 5.6 t-ha™ per year,
reasonably close to values reported for tropical forests (Singh
2007). However, these high rates were not found everywhere
largely because of forest degradation.

Total tree biomass values of 113-283 t-ha™' per year in a rela-
tively undisturbed Chir-Pine forest were reported by Chaturvedi
and Singh, (1987 b). Net tree biomass accumulation of 4.2 t-ha’!
per year in relatively undisturbed Chir-pine was reported by
Rana et al (1989) (Table 6).

In our study, tree density values ranged from 210-424 ind.-ha™.

Earlier studies conducted by Rikhari et al. (1989) showed the
density in relatively undisturbed Chir-Pine forests ranged from
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286 to 1,044 tree-ha™ (Table 6). Our mean tree biomass incre-
ments of 1.21 t-ha” per year in disturbed forest and 8.77 t-ha™
per yearin less disturbed forests showed that the biomass accu-
mulation values are less in the disturbed forests and higher in the
undisturbed or protected forests. These values are within the
range reported for Chir-Pine forests of this region. The reason for
lower biomass accumulation rates in our study is the greater level
of disturbance in our forests than in earlier studies (Singh et al.
1985; Chaturvedi and Singh 1987a and 1987b). The significantly
lesser values of carbon sequestration rates at disturbed site of
Baliya Nala and moderately disturbed site of Pines were similar
to the range reported by Jina et al (2008).

Table 6: Comparison of carbon stock and Mean Biomass accumulation
rates across earlier studied Chir-pine forest with the current values

Mean Biomass

. Density .

Species 0 Accumulation Reference
(indi.-ha™) 0o
(tha-a”)

Pinus roxburghii  2.86-10.44 - Rikhari et al. 1989.
Pinus roxburghii - 4.0-5.6 Singh 2007.
Pinus roxburghii - 113-283 Charurvedi and Singh 1987.
Pinus roxburghii - 4.2 Rana et al. 1989.
Pinus roxburghii - 1.07-1.27  Jina et al. 2008.
Pinus roxburghii ~ 210-424 1.21-8.77  Present Study.

Haripriya (2003) reported 6.67% soil organic carbon in sub-
tropical forest and 13.89% soil organic carbon in alpine forests.
The soil organic carbon in the present study varied according to
disturbance status. At all three forests soil carbon in the top soil
layer (0—10 cm) ranged from 0.69%—1.30% and between 10-20
cm it ranged from 0.63%-1.10%. The most degraded forest,
Baliya Nala, had lowest soil carbon percent at both depths
whereas the moderately degraded Pines forest had highest soil
carbon percent at both depths. The protected Kailakhan forest
showed intermediate soil carbon percentages.

Our soil bulk density values ranged from 0.94 g-mL™ to 1.2
gmL™"'. At the degraded Baliya Nala forest, SBD was 0.97
g-mL" at 0—10 cm depth and 0.94 g-mL™" at 1020 cm depth. At
the moderately degraded Pines forest, SBD was 0.97 g-mL™" at
0—-10 cm and 10-20 cm depths. At the protected Kailakhan forest,
SBD at the surface was 1.1 gmL" and 1.2 gmL™" at 10-20 cm
depth.

The comparison between earlier studies and our study shows
that our biomass and carbon sequestration rates across different
disturbance regimes were lower than those reported earlier,
which were usually based on undisturbed Chir-Pine forest.

Conclusion

Our results give an indication that sequestration rates may be
more moderate than the earlier reported values if we take the
average of carbon sequestration rates across various disturbance
levels and the degradation in forest due to disturbance which is
directly related to the lesser value of biomass and carbon se-
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questered by the forest. The need of the moment is to develop a
strategy coupled with the involvement of local community to
conservation and sustainable development of the forest locally
and globally.
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