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The present study was conducted during 2018−2019 to estimate biomass, carbon storage, CO2 sequestration rate, CO2 
mitigation potential and biomass energy of dominant tree species like Pinus roxburghaii, Quercus oblongata, Cedrus deodara, 

Pinus wallichiana grown along the National Highway-22 (Shoghi−Shimla−Dhali) bypass, Himachal Pradesh, India. Present 
investigation was carried out by non-destructive method. About 13,967 trees were cut down during road expansion along 
National Highway-22. The trees <20 cm dbh dominated the structure of stand density in the study area. The diameter class IV 
(10−19 cm dbh) showed highest stand density among all the species occurred in study area. Among species, the proportion of 
Pinus roxburghaii was 64.73%, 74.22% for Quercus oblongata, 73.27% for broad leaves, 53.64% for Cedrus deodara and 51.86% 
for Pinus wallichiana under class (10_20 cm dbh). The maximum biomass of 2205.3 t ha-1 was observed for Quercus oblongata. 
Total carbon ranged from 139.26 t ha-1 to 1102.61 for diameter class 10−19 cm dbh to IE>100 cm dbh. The total carbon 
sequestered rate was found to be 10,306.57 t ha-1. The total CO2 mitigated potential was estimated to be 7498.24 t ha-1 with 
average biomass energy of 4319.88 t oil equivalent. The study revealed that Quercus oblongata was the major contributor to the 
total carbon loss and has highest proportion of 39.36% among all species.
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1.   INTRODUCTION

Carbon is an essential element found in various natural 
stocks like oceans, fossil fuels deposits, and terrestrial 

ecosystem and in the atmosphere. In terrestrial ecosystem, 
carbon is stored in trees for a long time, through carbon 
sequestration phenomenon in terms of live biomass 
(Cairns et al., 2014). 80% of above ground carbon (AGC) 
and 40% below ground carbon (BGC) stored in forest 
ecosystem through global carbon cycle (Dixon et al., 1994). 
Approximately 60% of carbon sequestered by the forest is 
released into forest via deforestation (Vicharnakorn et al., 
2014). Sustainable management of forest carbon stock acts 
as a significant component globally (Read and Laurence, 
2003). Forests act as a huge source and sink of CO2 to 
regulate regional and global carbon cycle (Schlesinger, 
1997). The most omnipresent developmental activity is 
road network. Road expansion in forest ecosystem leads 
primary and secondary impacts. The primary impacts like 
local deforestation for road construction, GHGs emission 
and local change in abiotic and biotic components, affects 
carbon stock of an existing ecosystem significantly (Alamgir 
et al., 2017, Barber et al., 2014, Clements et al., 2014, 
Laurance et al., 2009). During photosynthesis, atmospheric 
CO2 actively absorbed and stored in terms of biomass of 
growing trees subsequently termed as carbon stock (Baes 
et al., 1977). Carbon sequestration is a cost-effective 
phenomenon, as it scavenge CO2 from atmosphere into 
another long live pool like biotic, geologic and padeogenic 
strata to reduce the rate of GHGs emission (Lal, 2008), 
ultimately reduction in global warming. The climate has 
been changed due to anthropogenic activities in close 
proximity to mountainous areas, ultimately disturb the 
carbon sequestration potential (Sahoo et al., 2021), further 
cause negative impacts (Kumar et al., 2021), biodiversity loss 
(Deb et al., 2021) and continuous change in biomass density 
(Ahirwal, 2021). To limit the global temperature increases 
to 1.5oC, various mitigation and alternative routes has been 
adopted to generate more carbon (Gupta and Kumar, 2020, 
Kumar and Gupta, 2020). Tree carbon sequestration is often 
known as win – win or no regrets strategy as it provides 
various unlimited benefits (Lal et al., 2003). Therefore, 
growing trees (especially high carbon sequester) in proper 
land use pattern can be a potential contributor in reducing 
the concentration of CO2 in atmosphere by its accumulation 
in the form of biomass. The biomass estimation at plot 
level, especially in hilly areas is labour intensive so, it is 
practically impossible to cover large area of land for carbon 
estimation without bias (Sileshi, 2014).  Forest is the largest 
reservoir of storage of carbon for long tenure (Pragasan, 
2022). To combat the climate change, policy makers have 
been prompted to be more conscious during designing any 

mitigation strategy (Bhat et al., 2020, Sheikh et al., 2021). 
In mountainous areas, plantation (Kurmi et al., 2020), 
agroforestry (Tamang et al., 2021), home gardening (Singh 
and Sahoo, 2021) and secondary forest (Gogoi, 2020, 
Thong et al., 2020) are the major management plans. The 
reduction in forest cover ultimately decreased the carbon 
stock due to the involvement of human activities (Meragiaw 
et al., 2021). This paper emphasis on trees of 4 dominant 
species acts as a sink for carbon along the national highway 
(NH-22) and stored it in the form of biomass during growth 
process. The objective of this research is to estimate the 
gross carbon loss derived from carbon stock and also to 
measure the sequestration potential of different tree species. 
Present study has been carried out to know about the carbon 
biomass energy loss during national highway construction. 
Hence, by using information about the gross carbon loss 
due to deforestation and degradation occurred during road 
expansion, we can adopt certain management practices as 
to develop a carbon neutral and healthy environment to 
sustain life in a better way.

2.   MATERIALS AND METHODS

2.1.  Study area 

A 51 m wide and 27 km long stretch of NH-22 (Shoghi−
Shimla−Dhali) by pass come across the Mashobra division 
of district Shimla, located in the land of snowy mountains, 
Himachal Pradesh, India and is extended from latitude 
31o05’10” to 32o10’50” in North to longitude 76o57’05” to70 

o07’45” in East  in the Western Himalayas. 

The study area was divided into 7 sites (Figure 1) whose 
elevation, latitude and longitude was measured by Global 
positioning system (GPS). 

Banyal et al., 2022

Figure 1: Location map showing different sites in the study area
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2.2.  Data collection 

The study has been conducted in the year 2018−2019. 
During the national highway expansion, many trees were 
felled. To assess the total loss of tree biomass and carbon, 
secondary data were collected from HP State Forest 
Development Corporation Limited, Directorate Shimla. 
Accordingly, during the expansion and construction of 
NH-22 Shoghi to Dhali by pass, trees were enumerated and 
tabulated into standard diameter classes (Table 1). 

oblongata, Cedrus deodara, Pinus wallichiana with respective 
number of 6183, 4671, 1318 and 295.1500 broad leaves 
trees species were also included. In addition to these, some 
other miscellaneous species including sapling, seedlings, 
and poles were also felled during expansion of national 
highway. Along the NH-22, Pinus roxburghaii showed the 
maximum tree density 6183 trees ha-1 and the proportion of 
trees was 44.27%, whereas minimum tree density estimated 
for Pinus wallichiana was 295 trees ha-1 and the proportion 
of trees was 10.74%. 

The data further indicated that Trees <20 cm dbh dominated 
the structure of stand density in the study area. Among 
diameter classes, class IV (10−19 cm dbh) showed highest 
stand density among all the species occurred in study area. 
Among species, Pinus roxburghaii showed maximum density 
(4002 trees ha-1) and the proportion of Pinus roxburghaii 
was 64.73%,74.22% for Quercus oblongata, 73.27% for 
broad leaves, 53.64% for Cedrus deodara and 51.86% for 
Pinus wallichiana under class (10−20 cm dbh) as shown in 
(Figure 2). These results indicated that the forest has typical 
diameter frequency distribution of natural tree species with 
decreasing stem in the higher diameter classes. The results 
were in line with the findings of Bailey and Dell (1973). It 
was found in present study that density was increased as the 
diameter class increased but after 30 cm diameter class, the 
density of trees started decreases with increase in diameter 
class gradually due to the competition of tree in the study 
area. The results are in line with the findings of Pala et al. 
(2012) in Himalayan forest of India who also reported that 
stem density decrease with increase stem diameter. Similar 
results have also been observed by Nizami (2012).

Table 1: Distribution of trees in different classes

Diameter 
class

Diameter 
range(cm)

Diameter 
class

Diameter 
range(cm)

V D1 (10−19) IA D6 (60−69)

IV D2 (20−29) IB D7 (70−79)

III D3 (30−39) IC D8 (80−89)

IIA D4 (40−49) ID D9 (90−100)

IIB D5 (50−59) IE D10 (>100)

The parameters were estimated during study as given in 
(Table 2). The Biomass expansion factor, specific gravity 
and R: S ratio of different forest trees species has been 
obtained from literature (Rajput et al., 1985, Rana and 
Singh, 1990, Kumar, 1998, Raturi et al., 2002, Anonymous, 
2003).

Table 2: Parameters estimated

Sl. No. Parameters

1. Biomass=Specific gravity  of stemm wood  standing 
volume      

2. Branch biomass=Biomass × BEF                   

3. AGTB = Stem biomass +branch biomass

4. BGTB=AGTB ×Root:Shoot Ratio

5. TB=AGTB+BGTB

6. Carbon stock=Biomass×0.5                            

7. CO2 sequestered=Biomass carbon stock ×3.67       

8. CO2 mitigated=CO2 sequestrated-Carbon stock

9. Energy content  
Energy fixed was calculated as follow:
1 t ha-1 biomass=4000 cal g-1=4.0×109 cal t-1 
(Kimmins, 1997)
1 kcal=4.184 KJ (Krebs, 1994)
1 KJ=2.3×10-8 t oil equivalent (toe) ( Jackson and 
Jackson, 1997)

3.   RESULTS AND DISCUSSION

The scrutiny of data revealed that the total 13,967 tree 
species were felled during national highway expansion. 

The tree species felled were Pinus roxburghaii, Quercus 

D
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Figure 2: Density proportion among diameter classes for tree 
species
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Overall, the maximum (593.52 m3) volume was recorded 
under class IV (20−29 cm dbh) and minimum (2.92 m3) 
volume was recorded for class IA having diameter 60−69 cm 
dbh for Pinus roxburghaii. The average maximum (1094.59 
m3) volume recorded for Pinus roxburghaii and minimum 
(292.67 m3) for broad leaves. The increase in stem volume 
with increase in DBH is attributed natural and proportional 
growth of the tree. The results are in line with the findings 
of Negi (1997) who has reported that DBH increases with 
increase in diameter class by virtue of secondary or radial 
growth, which is responsible for increase in diameter of 
trees.

The maximum branch biomass (556.61 t ha-1) was recorded 
for under diameter class IV (20−29 cm dbh) and minimum 
(2.74 t ha-1) was recorded under class IC (60−69 cm dbh) for 
Pinus roxburghaii. The average maximum branch biomass 
(1041.35 t ha-1) was recorded for Quercus oblongata, and 
minimum (102.65 t ha-1) for Pinus roxburghaii. The branch 
biomass depends upon the average number of branches on 
the trees and also the branch biomass increased with an 

increasing in diameter class of trees. The results are in line 
with the findings of (Kumar et al., 2019) who reported that 
branch biomass depends upon the number of branches. 
The maximum above ground biomass (848.02 t ha-1) was 
recorded for Pinus roxburghaii under diameter class IV 
(20_29 cm dbh) and minimum (6.97 t ha-1) was recorded 
for Cedrus deodara under class IC (80−89 cm dbh). The 
average maximum below ground biomass (618.76 t ha-1) 
was recorded for Quercus oblongata and minimum (59.22 
t ha-1) for Pinus wallichiana.The result of present study 
showed that maximum average total above ground biomass 
(1586.56 t ha-1) was observed for Quercus oblongata and 
diameter class of (IV 20−29 cm dbh) had proportion higher 
than other classes, which was 45.62% to the total, whereas 
Pinus wallichiana has minimum (219.31 t ha-1) and diameter 
class of (IIA 40−49 cm dbh) had proportion higher than 
other classes, which was 21.32% (Table 3). It was found that 
higher above ground biomass recorded in higher diameter 
class but our values are higher as also studied by Rawat and 
Tanoon (1993) may be due to variation in climatic and 
edaphic factors from place to place even for the same species.

Table 3: Above ground biomass (t ha-1) distribution in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 417.42 675.01 136.50 136.59 29.28

IV (20−29) 848.02 723.80 106.44 223.13 38.38

III (30−39) 215.37 143.17 46.61 142.66 44.37

IIA (40−49) -67.46 27.23 20.10 80.33 46.76

IIB (50−59) 11.52 17.34 6.43 18.87 31.65

IA (60−69) 4.17 - - 18.07 15.19

IB (70−79) - - - 12.21 13.68

IC (80−89) - - - 6.97 -

ID (90−100) - - - - -

IE (>100) - - - 21.81 -

Total 1563.96 1586.56 316.08 660.63 219.31

The data further indicated that maximum below ground 
biomass (282.28 t ha-1) were recorded for of diameter class 
IV (20_29 cm dbh) Quercus oblongata and minimum (1.74 
t ha-1) was recorded for broad leaves of class IIB (50−59 cm 
dbh). The average maximum below ground biomass (618.76 
t ha-1) was recorded for Quercus oblongata, and minimum 
(59.22 t ha-1) for Pinus wallichiana (Table 4). Tree produces 
a larger root system that needed for the uptake of soil 
resources, thus resulting in higher values in higher diameter 
class as also studied by Hase and Foeister (1983). The results 
are in line with Shanmughavel and Ramarathinam, (1993) 
who reported that higher the diameter class, more will be 
below ground biomass.

It is evident from the data (Table 5) that maximum total 

ground biomass (1026.1 t ha-1) and minimum (5.1 t ha-1) 
biomass was recorded for Pinus roxburghaii of class IV 
(20−29 cm dbh), IA (60−69 cm dbh) respectively. The 
maximum average total ground biomass (2205.31 t ha-1) 
was recorded for Quercus oblongata, and minimum (278.53 
t ha-1) for Pinus wallichiana. If we compare tree diameter 
classes with total ground biomass of all the species, it was 
found that tree species with low diameter class (10−19 cm) 
were more in density but accumulate less biomass whereas 
of range (20−29 cm) were lesser in number but accumulate 
more biomass. Thus, an inverse relation was seen between 
tree density and diameter class whereas direct relation was 
recorded in between diameter class and tree biomass, as 
similar studied carried out by Terakunpisut et al. (2007) in 

Banyal et al., 2022
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Table 4: Below ground biomass (t ha-1) distribution in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 87.66 263.25 36.85 36.88 7.90

IV (20−29) 178.08 282.28 28.74 60.25 10.36

III (30−39) 45.23 55.84 12.58 38.52 11.98

IIA (40−49) 14.17 10.62 5.43 21.69 12.63

IIB (50−59) 2.42 6.76 1.74 5.09 8.55

IA (60−69) 0.88 - - 4.88 4.10

IB (70−79) - - - 3.30 3.69

IC (80−89) - - - 1.88 -

ID (90−100) - - - - -

IE (>100) - - - 5.89 -

Total 328.43 618.76 85.34 178.37 59.22

Table 5: Total ground biomass (t ha-1) distribution in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 505.1 938.27 173.35 173.46 37.18

IV (20−29) 1026.1 1006.08 135.18 283.38 48.74

III (30−39) 260.6 199.01 59.19 181.17 56.36

IIA (40−49) 81.6 37.85 25.53 102.02 59.39

IIB (50−59) 13.9 24.10 8.17 23.96 40.19

IA (60−69) 5.1 - - 22.94 19.30

IB (70−79) - - - 15.50 17.38

IC (80−89) - - - 8.86 -

ID (90−100) - - - - -

IE (>100) - - - 27.70 -

Total 1892.4 2205.31 401.43 839.00 278.53

different forest ecosystem of Thong Rha Phum National 
forest, Thailand.

The data further indicated that maximum carbon stock 
(513.05 C t ha-1) of diameter class IV (20−29 cm dbh) and 
minimum (2.53 C t ha-1) was recorded for Pinus roxburghaii. 
The average maximum carbon stock (1102.66 C t ha-1) was 
recorded for Quercus oblongata, and minimum (139.26C t 
ha-1) for Pinus wallichiana as shown in Table 6.

The data indicated that maximum carbon sequestration 
potential (1882.90 C t ha-1) under diameter class IV (20−29 
cm dbh) and minimum (9.97 C t ha-1) under diameter class 
(IA 60−69 cm dbh) was recorded for Pinus roxburghaii. 
The average maximum carbon sequestration (4046.75 C 
t ha-1) was recorded for Quercus oblongata and minimum 
(347.25C t ha-1) for Pinus roxburghaii (Table 7). Tree 
density decreases with decrease in carbon storage capacity 
and carbon sequestration capacity. Since trees during their 
initial stages of growth i.e., when their DBH is lower will 

thus sequester less carbon but gradually as it increase in 
DBH would accumulate more carbon. Moreover, it has 
been observed younger trees grow much faster than older 
trees as also studied by Chisanga et al. (2018). This study 
was in conformity with the findings of Huston and Marland 
(2003), who showed that carbon sequestration depends not 
only on rates of productivity, but also on the size of tree. 
Total carbon storage and sequestration within tree species 
generally increases with increase girth at breast height as 
also studied by Mishra et al. (2012) for the estimation of 
standing carbon stock in different tree species grown in 
dry tropical forest of Vindhyan highland, Mirzapur India. 

The data further indicated that maximum carbon mitigation 
potential (1369.85 t ha-1) under diameter class IV (20−29 
cm dbh) and minimum (6.74 t ha-1) under diameter class 
(IA 60−69 cm dbh) was recorded for Pinus roxburghaii. 
Among all species, maximum carbon mitigation potential 
(3238.5) was shown by Quercus oblongata, and minimum 
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Table 6: Carbon stock (C t ha-1) distribution in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 252.54 469.13 86.67 86.73 18.59

IV (20−29) 513.05 503.04 67.59 141.69 24.37

III (30−39) 130.30 99.51 29.60 90.59 28.18

IIA (40−49) 40.81 18.93 12.77 51.01 29.69

IIB (50−59) 6.97 12.05 4.08 11.98 20.10

IA (60−69) 2.53 - - 11.47 9.65

IB (70−79) - - - 7.75 8.69

IC (80−89) - - - 4.43 -

ID (90−100) - - - - -

IE (>100) - - - 13.85 -

Total 946.19 1102.66 200.71 419.50 139.26

Table 7: Carbon dioxide sequestration potential (C t ha-1) in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 926.82 1721.72 391.36 1573.08 68.23

IV (20−29) 1882.90 1846.17 305.20 1686.78 89.44

III (30−39) 478.19 365.19 133.63 333.66 103.41

IIA (40−49) 149.78 69.46 57.64 63.47 108.97

IIB (50−59) 25.57 44.22 18.44 40.40 73.75

IA (60−69) 9.27 0.00 0.00 0.00 35.41

IB (70−79) 0.00 0.00 0.00 0.00 31.89

IC (80−89) 0.00 0.00 0.00 0.00 0.00

ID (90−100) 0.00 0.00 0.00 0.00 0.00

IE (>100) 0.00 0.00 0.00 0.00 0.00

Total 347.25 4046.75 906.27 3697.39 511.10

Table 8: CO2 mitigation potential (t ha-1) in between diameter class

Class Diameter Pinus roxburghaii Quercus oblongata Broad leaves Cedrus deodara Pinus wallichiana

V (10−19) 674.28 1252.59 284.72 1144.45 49.64

IV (20−29) 1369.85 1343.12 222.04 1227.17 65.07

III (30−39) 347.89 265.68 97.22 242.74 75.24

IIA (40−49) 108.97 50.54 41.94 46.17 79.28

IIB (50−59) 18.60 32.17 13.42 29.39 53.66

IA (60−69) 6.74 0.00 0.00 0.00 25.76

IB (70−79) 0.00 0.00 0.00 0.00 23.20

IC (80−89) 0.00 0.00 0.00 0.00 0.00

ID (90−100) 0.00 0.00 0.00 0.00 0.00

IE (>100) 0.00 0.00 0.00 0.00 0.00

Total 2779.0 3238.5 725.3 2958.9 409.0

Banyal et al., 2022
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(725.3) for broad leaves (Table 8). The data reveals that 
CO2 mitigation potential showed an increasing trend with 
increase in diameter class. As CO2 mitigation by trees was 
directly related to biomass production of different tree 
component. The results are in line with the findings of 
(Lal and Singh, 2000, Abrecht and Kandji, 2003) who also 
reported that CO2 mitigation potential is more in higher 
diameter class as compared to lower diameter class. Similar 
results have also been observed by Yadava (2010).

The total carbon was computed to be 2808.33 C t ha-1 
and the total CO2 sequestered by the above trees was 
10,306.57 t and this sequestered CO2 mitigated about 
7498.24 t of CO2. The % proportion of Pinus roxburghaii, 
Quercus oblongata, Broad leaves, Cedrus deodara and Pinus 
wallichiana were 33.69%, 39.36%, 7.15%, 14.94%, 4.96%, 
respectively. Therefore, during expansion of national 
highway, total 2808.33 t ha-1 carbon losses was recorded 
due to deforestation of these tree species (Table 9).

Table 9: Estimation of Total Carbon (C t ha-1) loss due to felling of trees in the study area

Tree species Number 
of trees

Vol 
(m3)

AGB 
(t ha-1)

BGB (t 
ha-1)

TGB 
(t ha-1)

Total carbon 
(t ha-1)

Carbon 
(%)

CO2 Sequestered
(t ha-1)

Pinus roxburghaii 6183 1094.59 1563.96 328.43 1892.39 946.19 33.69 3472.53
Quercus oblongata 4671 660.059 1586.56 618.76 2205.31 1102.66 39.26 4046.75

Broad leaves 1500 292.67 316.08 85.34 401.43 200.71 7.15 736.62
Cedrus deodara 1318 588.168 660.63 178.37 839.00 419.50 14.94 1539.57
Pinus wallichiana 295 176.501 219.31 59.22 278.53 139.26 4.96 511.10

Total 13,967 2811.988 4346.54 1270.12 5616.66 2808.33 100 10,306.57

Total carbon stock: 2808.33 t ha-1; CO2 sequestered: Total carbon *3.67=10,306.57 (t ha-1); CO2 mitigated: CO2 sequestered-
total carbon stock = 7498.24 (t ha-1)

Table 10: Biomass energy content in the study area

Category Pinus roxburghaii Quercus oblongata Cedrus deodara Broad leaves Pinus wallichiana Mean

Biomass 
(t ha-1)

Energy
(Toe)

Biomass 
(t ha-1)

Energy
(Toe)

Biomass 
(t ha-1)

Energy
(Toe)

Biomass 
(t ha-1)

Energy
(Toe)

Biomass 
(t ha-1)

Energy
(Toe)

AGB 1563.96 2405.74 1586.56 2440.51 660.63 1016.21 316.08 486.21 219.31 337.36 6686.03

BGB 328.43 505.21 618.76 951.80 178.37 274.38 85.34 131.28 59.22 91.09 1953.74

Total 946.19 1455.47 1102.66 1696.15 419.50 645.29 200.71 308.74 139.26 214.22 4319.88

The biomass energy content of dominant tree species grown 
along NH-22 indicated that the Quercus oblongata have more 
biomass energy of 1696.15 t oil equivalent (toe) whereas 
Pinus wallichiana have lowest energy content of 214.92 
toe as shown in (Table 10). The lowest and highest energy 

content depends upon biomass content of tree species. The 
average biomass energy of 4319.88 toe was diminished 
during expansion of national highway as similar study was 
carried by Jackson and Jackson (1997).

4.   CONCLUSION

The study quantified the current estimate of carbon stock 
and CO2 sequestration rate among all the dominant 

tree species grown along the road. The total carbon loss was 
found to be 2808.33 t ha-1 and 10, 306.57 t ha-1 CO2 would 
have sequestered by the dominant tree species. According 
to vegetation parameter, Quercus oblongata was found to 
be dominant and ecological significant tree species. The 
highest biomass energy was found to be 1696.15 toe in 
Quercus oblongata. 
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