STUDIES ON BIOMASS ESTIMATION AND CARBON SEQUESTRATION ACROSS DIFFERENT FOREST TYPES IN SIRSI FOREST RANGE
  

Abstract
Forests play a vital role in regulating biodiversity and global carbon cycles through their capacity to store and sequester carbon. The present study assessed biomass production and carbon sequestration in moist deciduous and semi-evergreen forests of the Sirsi Forest Range, Uttara Kannada district, Karnataka, a biodiversity hotspot in the central Western Ghats. Using quadrat sampling (20 × 20 m; 68 plots), all trees with ≥30 cm girth were measured for girth and height. Aboveground biomass (AGB) was estimated from volume and species-specific wood density, while belowground biomass (BGB) was derived as 27% of AGB. Results revealed significant differences between forest types. Semi-evergreen forests exhibited higher basal area (35.39 m² ha⁻¹) compared to moist deciduous forests (24.24 m² ha⁻¹). Tree volume reached 629.85 m³ ha⁻¹ in semi-evergreen stands versus 260.26 m³ ha⁻¹ in moist deciduous forests. AGB was 337.53 Mg ha⁻¹ in semi-evergreen and 165.54 Mg ha⁻¹ in moist deciduous systems. Corresponding BGB values were 91.13 Mg ha⁻¹ and 44.69 Mg ha⁻¹, resulting in total biomass of 428.66 Mg ha⁻¹ and 210.23 Mg ha⁻¹, respectively. Carbon stock, calculated as 47% of total biomass, was nearly double in semi-evergreen forests (201.47 Mg ha⁻¹) compared to moist deciduous forests (98.81 Mg ha⁻¹). These findings highlight the superior carbon sequestration potential of semi-evergreen forests and underscore their importance for climate change mitigation and biodiversity conservation.
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Introduction
    Forests constitute an indispensable component of the Earth’s terrestrial ecosystems, occupying nearly 30 per cent of the global land surface (Anon, 2011). They serve as critical habitats for innumerable species and function as regulators of the global climate system. Through the process of photosynthesis, forests absorb atmospheric carbon dioxide (CO₂) and transform it into organic matter stored in biomass, thereby acting as significant carbon sinks. Globally, forest ecosystems store more than 80 per cent of aboveground carbon and approximately 40 per cent of belowground carbon (Dixon et al., 1994). Forests also mitigate climate change by absorbing about 29 per cent of CO₂ emissions generated from fossil fuel combustion (Harris et al., 2021). Current estimates suggest that forests store nearly 400 petagrams of carbon (PgC) in their biomass, with the potential to sequester up to 772 PgC under optimal conditions (Pan et al., 2011).
In the Indian context, forests play a vital role in maintaining ecological and climatological balance. Moist deciduous forests, which occur in areas receiving 1000–2000 mm rainfall, constitute 19.73 per cent of India’s forest cover, while semi-evergreen forests, distributed in transitional zones with 1500–2500 mm rainfall, account for 13.79 per cent of forest cover (Anon, 2021). However, anthropogenic pressures, particularly greenhouse gas emissions, remain a major driver of global warming. The concept of carbon sequestration, recognized since the 1980s, emphasizes the role of forests as long-term carbon sinks (Chavan and Rasal, 2012). Yet, deforestation releases 1–2 billion tonnes of carbon annually, contributing 15–25 per cent of global greenhouse gas emissions (Malhi and Grace, 2000). International agreements such as the Kyoto Protocol (1997) and the Paris Agreement (2015) (Anon, 2023) stress emission reduction. India, with 712,249 km² of forests storing 7,124.6 million tonnes of carbon, holds significant mitigation potential, though knowledge gaps remain in biodiversity-rich regions such as the Western Ghats.


Objective of Research
· To quantify the biomass production and carbon sequestration in moist deciduous and semi-evergreen forest ecosystems.
Material and Methods
[image: ]The present investigation was carried out during 2024–2025 in the Sirsi Forest Range of Uttara Kannada district, Karnataka, situated in the central Western Ghats (14.6° N latitude, 75.0° E longitude). This region receives 2,500–3,000 mm of annual rainfall, supporting diverse forest types including evergreen, semi-evergreen, and moist deciduous forests. The study area is ecologically significant and culturally rich, with sacred groves, eco-tourism sites, and traditional practices linked to forest ecosystems (Fig. 1).                                   	Comment by HELLO: Give total area of both type of forest and asl describe major vegetation in that area . 




Fig 1: Location of the study area





Experimental Details
The present investigation was conducted in the Sirsi Forest Range using the quadrate sample plot method. In each forest type, quadrats of 20 m × 20 m size were established with a sampling intensity of 0.02 per cent, resulting in a total of 68 plots. Random field sampling was adopted to ensure adequate representation of tree. Within each quadrat, all trees with a girth ≥ 30 cm were enumerated, and parameters such as species name, girth (m), and height (m) were recorded. Girth at breast height (GBH) was measured at 1.37 m above the ground using a girth tape, while tree height was measured from base to tip using a Ravi Altimeter. Additionally, GPS coordinates including latitude, longitude, altitude, and slope percentage were recorded for each plot.	Comment by HELLO: Specify 
Biomass Production and Carbon Sequestration
A non-destructive method was employed for the estimation of aboveground tree biomass (AGTB). The steps involved are as follows:
Basal area (m2): Basal area of tree species was derived from diameter at breast height by using formula,
Basal area = G2 / 4π	Comment by HELLO: Pl specify basal area  and diameter of tre canoy or only tree trunk . how the girth of tree helps to calucate the volune of tree . pl ckeck  and whot abot the branches 
Where G is the girth at breast height and expressed in meter.

Volume (m3): The total volume was calculated using formula mentioned below 
                                   Volume (m3) = Basal area (m2) × Height (m)

Estimation of above ground biomass (AGB): Biomass of trees obtained from each quadrat was used to estimate total AGB (Mg ha-1).
Above ground Biomass = Volume ×Specific gravity
Specific gravity of different trees was obtained from the list given by Forest Research Institute (FRI) Dehradun. 	Comment by HELLO: Write specifc gravity of trees taken for observation 
Estimation of below ground biomass (BGB):
IPCC (2007) suggest that below ground biomass is close to 27 per cent of the total above ground biomass. In the present study BGB was obtained by multiplying AGB with factor of 0.27
BGB (Mg ha-1) = AGB × 0.27
Hence, total tree biomass density is the sum of the aboveground biomass and belowground biomass (Chandra et al ., 2010)

Carbon stock estimation:
The biomass in each of the sites was converted into per hectare and 47 per cent of the biomass was taken as the carbon content. The total carbon stock was determined by multiplying the total tree biomass with a factor 0.47 as suggested by IPCC (2007) and expressed in Mg ha-1
Total biomass= AGB + BGB (Mg ha-1) Carbon stock = 0.47 × Total biomass
This methodology ensured precise estimation of biomass accumulation and carbon sequestration potential in moist deciduous and semi-evergreen forest ecosystems.








Results and discussion 
Forest productivity and carbon sequestration capacity are regulated by climatic factors such as rainfall, temperature, humidity, and soil moisture, among which rainfall plays a particularly critical role as it directly governs site conditions and tree growth (Dwivedi, 1992). In degraded landscapes where soil and water conservation practices are lacking, soil fertility tends to decline, limiting forest productivity. In arid and semi-arid zones, excessive evapotranspiration relative to precipitation further restricts biomass accumulation. Within this ecological context, the present study revealed significant differences in biomass production and carbon sequestration across moist deciduous and semi-evergreen forest ecosystems. Semi-evergreen forests consistently exhibited higher values for all parameters, underlining the role of forest type in influencing carbon dynamics and ecosystem service value. In the present study, trees with a girth of ≥30 cm were measured, and data on species, girth, and tree height were recorded. These measurements formed the basis for biomass and carbon stock estimations.







Table 1 : Biomass and Carbon Stock Characteristics of Different Forest Types.
	Forest Types
	Basal Area 
(m² ha⁻¹)
	Volume (m³ ha⁻¹)
	Aboveground Biomass 
(Mg ha⁻¹)
	Belowground Biomass 
(Mg ha⁻¹)
	Total Biomass (Mg ha⁻¹)
	Carbon Stock
 (Mg ha⁻¹)

	Moist Deciduous Forest
	24.24
	260.26
	165.54
	44.69
	210.23
	98.81

	Semi-Evergreen Forest
	35.39
	629.85
	337.53
	91.13
	428.66
	201.47




The basal area was significantly higher in semi-evergreen forests (35.39 m² ha⁻¹) compared to moist deciduous forests (24.24 m² ha⁻¹). This can be attributed to the denser, multi-layered canopy and dominance of long-lived tree species in semi-evergreen forests. Joshi and Dhyani (2019) highlighted that species composition, tree age, and individual growth patterns explain such differences, while Baliram (2019) reported basal areas of 28.41–39.53 m² ha⁻¹ in natural forests of Kodagu. Ramesh and Swaminath (2009) also recorded basal areas of 30–50 m² ha⁻¹ in Western Ghats semi-evergreen forests, confirming their higher productivity compared to deciduous types.
Tree volume showed a similar trend, with semi-evergreen forests reaching 629.85 m³ ha⁻¹ compared to 260.26 m³ ha⁻¹ in moist deciduous forests. Variations in tree height, girth, and density largely accounted for this difference. Mohammadi et al. (2011) observed comparable patterns in northern Iran, while 
Jose et al. (2025) emphasized that volume strongly correlates with basal area and forest maturity, with high-volume stands acting as long-term carbon sinks.
Aboveground biomass (AGB) was also substantially greater in semi-evergreen forests (337.53 Mg ha⁻¹) than in moist deciduous forests (165.54 Mg ha⁻¹). This reflects differences in canopy height, stem density, and wood density. Tamhane et al. (2024) noted similar results in Western Ghats forests where evergreen-dominated areas accumulated greater biomass. Terakunpisut et al. (2007) also documented elevated AGB in evergreen systems. Comparatively, Anup et al. (2016) reported values of 160.9–271 Mg ha⁻¹ in Madhya Pradesh moist deciduous forests, while Baishya et al. (2009) recorded 323.9 Mg ha⁻¹ in humid tropical forests of northern India.
Belowground biomass (BGB), estimated at 26 per cent of AGB (Ravindranath and Ostwald, 2008), was higher in semi-evergreen forests (91.13 Mg ha⁻¹) than in moist deciduous forests (44.69 Mg ha⁻¹). Root systems enhance nutrient cycling and long-term carbon sequestration, with higher AGB values naturally supporting greater BGB (Yashmita and Avudainayagam, 2014). Panda et al. (2013) similarly reported that tropical evergreen forests exceeded 85 Mg ha⁻¹ BGB owing to deeper root networks, whereas deciduous systems typically stored less due to seasonal leaf fall and shallower rooting patterns.
Total biomass, combining AGB and BGB, was almost double in semi-evergreen forests (428.66 Mg ha⁻¹) relative to moist deciduous forests (210.23 Mg ha⁻¹). Larger tree sizes, greater height, and higher wood density explain these differences (Joshi and Dhyani, 2019). Comparable values were reported by 
Keller et al. (2001) in the Tapajos National Forest of Brazil, Jhariya and Yadav (2018) in Chhattisgarh (321.19 Mg ha⁻¹), and Joshi and Dhyani (2019) across central India (103.32–453.54 Mg ha⁻¹). Murthy et al. (2016) further linked higher biomass to greater biodiversity, reinforcing the positive feedback between ecological complexity and productivity.
Carbon stock, estimated as 47 per cent of total biomass following IPCC (2007), was also significantly greater in semi-evergreen forests (201.47 Mg ha⁻¹) compared to moist deciduous forests (98.81 Mg ha⁻¹). These findings reflect the superior basal area, biomass, and diversity of semi-evergreen systems. Joshi and Dhyani (2019) noted that carbon stock variation is influenced by species composition, stand age, and disturbance regimes. Similar ranges have been reported across India, including 44.51–218.84 Mg ha⁻¹ in Andhra Pradesh (Srinivas and Sundarapandian, 2019) and 143.63–228.47 Mg C ha⁻¹ in Kashmir Himalaya (Dar, 2018). Rao et al. (2014) also confirmed that Western Ghats semi-evergreen forests consistently surpass deciduous forests in carbon sequestration capacity.
In summary, semi-evergreen forests demonstrated higher basal area, volume, biomass, and carbon stock compared to moist deciduous forests. These differences are strongly tied to species richness, structural maturity, and ecological stability. The results highlight the critical role of semi-evergreen forests in climate mitigation and underscore the importance of their conservation for sustaining biodiversity and enhancing carbon storage.	Comment by HELLO: Where is data ?
Conclusion
The present study highlights clear contrasts in biomass production and carbon sequestration potential between moist deciduous and semi-evergreen forests of the Sirsi Forest Range. Semi-evergreen forests exhibited consistently higher basal area, tree volume, aboveground and belowground biomass, and total carbon stock compared to moist deciduous forests. These differences are primarily attributed to species richness, multilayered canopy structures, larger tree sizes, and higher wood densities that characterize semi-evergreen ecosystems. Such ecological attributes not only enhance productivity but also strengthen their role as long-term carbon sinks. The observed trends align with findings from other tropical and subtropical forest studies, reinforcing the global relevance of these results. Importantly, the higher carbon storage capacity of semi-evergreen forests emphasizes their significance in climate change mitigation strategies. Conservation and sustainable management of these forests are therefore essential to maintain biodiversity, ecological balance, and the carbon sequestration services vital for global environmental stability.	Comment by HELLO: Write in discussion 
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