Forest Structure, Biomass Productivity, and Carbon Reservoirs in a Dry Tropical Forest of Gudwa, Sakti district, Chhattisgarh, Central India

Abstract
The current study evaluates the forest structure, biomass productivity and carbon reservoirs in a dry tropical forest of Gudwa, Sakti district, Chhattisgarh, Central India in 2025–2026. Within the representative one-hectare plot of Gudwa forest in Central India, ten quadrats measuring 10 × 10 m for tree layers and 1 x 1 m for seedling layers were used to analyze the forest vegetation. The non-destructive allometric equation approach was used to evaluate the biomass, carbon stock, nitrogen storage, and carbon dioxide sequestration of the Gudwa forest of dry deciduous forests in Central India. The tree and seedling densities were found to be 1290 stems ha-1 and 174000 stems ha-1, respectively. The tree layers' basal area was found to be 32.85 m2 ha-1. In a dry tropical forest in Central India, the Shannon index (H'), concentration of dominance, evenness index, Margalef's index, and beta diversity were found to be 3.14, 0.18, 1.05, 5.44, and 4.35, respectively. At Gudwa forest sites in Central India, estimates of the total standing biomass, carbon stock, CO2 sequestration potential, and nitrogen storage of tree layers were 322.47±108.18 t ha-1, 135.36±44.97 t ha-1, 496.79±165.03 t ha-1, and 1899.17±631.22 kg ha-1, respectively. At the 0.01 probability level, biomass and carbon storage and CO2 sequestration showed the strongest statistically significant association (R2 values of 0.999). The R2 values for density, biomass, carbon storage, CO2 sequestration, and nitrogen storage were 0.668, 0.660, 0.660, and 0.648, respectively, indicating an insignificant correlation.
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Introduction
Increased atmospheric carbon dioxide is largely caused by deforestation and the deterioration of tropical forests (Singh et al., 2020). If such destructive activities continue in the forest area, land use will alter and the carbon dynamics will be disrupted (Lai et al., 2016). Notably, the conversion of forest areas to commercial agriculture (55%), pastures (20%), logging, infrastructure, and mining (12% each) are the main causes of land use change (LUC) (Hosonuma et al., 2012; Curtis et al., 2018). Degradation and deforestation of urban forests, agriculture, transportation, industry, and household sectors exacerbate LUC and upset the carbon balance in growing nations like China and India (Dooley et al., 2022).
Approximately 420 million hectares (M ha) of forest area were lost worldwide between 1990 and 2020, with tropical forests making up the majority of this loss (FAO, 2020). But since 2010, the yearly loss of forest area has diminished (UNEP, 2020). Tropical forests store about 68% of the world's forest carbon stocks, of which 45–55% are captured as vegetative biomass and the remaining 10–30% are in the soil. As a result, they play a significant role in the terrestrial carbon cycle (Pan et al., 2011; IPCC, 2019). In order to keep the global warming threshold below 1.5 oC and below 2 oC, the United Nations Framework Convention on Climate Change (UNFCCC) and the Paris Agreement of 2015 urged the world's nations to create strong national climate action plans in the form of Nationally Determined Contributions (NDCs) (Mackey et al., 2020; Lu & Fu, 2022). In order to keep global warming to C, the international scientific community has specifically called for stabilizing CO2 emissions at 420 Pg while reducing 720 Pg of atmospheric CO2 1.5 oC (IPCC, 2018). Furthermore, the 26th Conference of Parties (CoP-26) in Glasgow Pact (2021) emphasized the need to stop deforestation by 2030 and focused on action-oriented delivery in the fight against global climate change (Kumar et al., 2021). In order to attain carbon neutrality in all economic sectors, member nations must implement appropriate policies and programs for decarbonization. With the support of national and international communities, these policies must be put into place concurrently with an increase in C sequestration through better land use practices (Mackey et al., 2020). Proforestation, protection, restoration, conservation, and scientific management of remaining tropical forests are examples of nature-based climate solutions that are widely acknowledged as financially feasible ways to offset carbon emissions and stop the process of climate change (Lu et al., 2022). Many developing tropical nations, such as India, which is the third-largest global GHG emitter (6.8%), behind China and the United States, must implement such policies (Friedlingstein et al., 2020, UNFCC, 2020).
Deforestation in India historically reduced forest cover from 102.7 million hectares to 67.8 million hectares between 1880 and 2003, which resulted in a massive loss of carbon stores (Sheikh et al., 2011). However, during the past 15 years, the loss of C stocks has only grown from 6.6 Pg to 7.1 Pg due to the preservation of existing forests and the expansion of vegetation cover outside of forests (SFR, 2019). However, the growth in C stocks is not consistent across the nation, and over 40% of the country's forests are still understocked and degraded as a result of increased anthropogenic activities including illegal logging, firewood gathering, overgrazing, excessive mining, and pervasive telecommunication, among other things (Thakur et al., 2021). India has voluntarily committed to building an extra C sink (~0.03 Pg of CO2) by 2030, according to the Paris Agreement's Nationally Determined Contribution (NDC). In order to achieve "net zero" carbon emissions by 2070, at least 25–30 million hectares of additional forest cover would be needed, or around one-third of the current green cover. Therefore, managing and conserving tropical forests strategically is essential to increasing carbon sinks (INDC, 2015). The goals of the Convention on Biological Diversity (CBD), Reducing Emissions from Deforestation and Forest Degradation (REDD+), Sustainable Development Goals (SDGs), and other multilateral instruments are among the emission reduction paths that forest-based mitigation actions coordinate. In order to improve carbon sequestration and reduce carbon losses, the main objective is now to restore the damaged landscapes and take use of the synergies between conservation and sustainable management of tropical forests (MOEF&CC, 2019).
Material and methods
Study area 
The present study was conducted in Gudwa forest of Sakti district in Chhattisgarh, India (Figure 1). The central region of Chhattisgarh, where the pick was made, has a typical tropical environment with warm and humid monsoons, reasonably hot summers, and moderately cold winters. The south west monsoon, which is focused in the months of June, July, and August, is responsible for the majority of the precipitation. 
Methods of data collection and analysis 
The forest vegetation was analysed using 10 quadrats (each 10×10 m2 in size) within the representative one-hectare plot on each site. Girth at breast height (GBH) of trees was measured at 1.37 m on trunk of trees. The vegetation data was quantitatively analyzed for frequency, density and abundance (Curtis and McIntosh, 1950). An importance value was calculated as the sum total of relative frequency, relative density, and relative dominance (Phillips, 1959). Species diversity indices for tree layers were determined, using basal cover values from Shannon-Wiener information function (Shannon and Weaner, 1963). Concentration of dominance was measured by Simpson’s index (Simpson, 1949), species richness following Margalef (Margalef, 1958), equitability following Pielou (Pielou, 1966), and beta diversity following Whittaker (Whittaker, 1972).
Estimation of biomass 
The non-harvesting procedures for woody vegetation were employed for measuring biomass of different layers of vegetation. Allometric regression equations available for dry tropical species were used for the estimation of tree biomass (Singh and Mishra, 1979). Girth/diameter at breast height (GBH/DBH) of trees measured in quadrat was used as independent variable and component biomass as dependent variable. The biomass of stem, branch, foliage and root components was individually estimated and extrapolated to t ha-1 further component biomass summed together to obtain the standing biomass of trees. Total standing biomass of a vegetation type was calculated as the product of mean biomass and total area covered under that particular vegetation type.
Estimation of C storage 
Carbon concentration values of different components viz. bole (43.50%), branch (45.67%), leaf (46.67%), and root (35.73%) were calculated (Singh, 2010). The C concentration estimated from similar dry tropical vegetation of Chhattisgarh employed for assessing C stocks. The standing C stock was calculated as a product of mean C concentration of component with its respective biomass. To calculate how much carbon the forest has sequestered, this carbon was transformed into carbon dioxide (CO2) (Adekunle et al., 2014a). This correlation is given as: 1 t C = 3.67 t CO2 (Adekunle et al., 2014a; NIACS; Ranasinghe and Abayasiri, 2007; Adekunle et al., 2024b). To calculate the amount of CO2 sequestered by a forest, multiply the carbon stock value by 3.67, or the difference in atomic weight between carbon and CO2 (Justine et al., 2015; Timorthy et al., 2007; Lal et al., 2022b).
Estimation of N storage 
The mean nitrogen concentrations measured and by multiplying dry weights of components with their nitrogen concentrations, viz. bole (0.38%), branch (0.69%), leaf (1.46%) and root (0.56%), the storage of nitrogen were calculated (Singh, 2010). By summing the quantities for nitrogen storage in different components, the overall nitrogen storage in the vegetation was estimated.
Statistical Analysis 
Correlation coefficient between density, basal area, biomass, carbon stock and CO2 sequestration of char dominant sites in Central India was analysed using IBM SPSS Statistics 20 software.
Result
The overall composition of vegetation in tree and seedling layers of Gudwa forest in Central India 
Data on composition of vegetation in tree and seedling layers of the Gudwa forest in Sakti district on given in Table 1 & 2. 20 species represented by 15 families and 12 species represented 10 families were recorded in tree and seedling layers of the Gudwa forest in Central India, respectively. Shorea robusta, Terminalia tomentosa, Anogeissus latifolia and Buchanania lanzan was found to be the dominant trees in the tree layer. Diospyros melanoxylon, Glochidion heyneanum, Helicteres isora and Chloroxylon swietenia was found to be the dominant species in the seedling layers. The most abundant families of tree layer were Combretaceae each with three species, and Anacardiaceae, Rubiaceae, and Rutaceae all represent two species of the tree layers. The most abundant families of seedling layer were Combretaceae and Rutaceae all represent two species.
Structure of Tree layers of Gudwa forest in Central India 
Results revealed that 20 species representing 15 families in tree layer were recorded on Gudwa forest in Central India. The density and basal area of trees was 1290 stems ha-1 and 32.85 m2 ha-1, respectively. The frequency of species in the tree layer varied from 10% to 70%. The density of tree species varied from 10 to 360 stems ha-1. The highest density was measured for Shorea robusta (360 stems ha-1) followed by Terminalia tomentosa (210 stems ha-1), Buchanania lanzan (170 stems ha-1), Anogeissus latifolia (150 stems ha-1) and Limonia acidissima (100 stems ha-1), while the lowest density (10 stems ha-1) was measured for Lagerstroemia parviflora, Terminalia bellirica, Haldina cordifolia, Mitragyna parviflora, Boswellia serrata, Flacourtia indica, Bombex ceiba, Diospyros melanoxylon. The basal area of species were ranged from 0.06 to 11.51 m2 ha-1. The highest basal area was measured for Shorea robusta (11.51 m2 ha-1) followed by Anogeissus latifolia (4.26 m2 ha-1), Terminalia tomentosa (4.01 m2 ha-1), Limonia acidissima (2.93 m2 ha-1) and Buchanania lanzan (2.87 m2 ha-1), while the lowest basal area was recorded for Flacourtia indica (0.06 m2 ha-1). The IVI of tree species ranged from 3.14 to 71.63. Based on IVI Shorea robusta (71.63) indicated its dominance species, Terminalia tomentosa (43.70) were recognized as predominant, whereas Anogeissus latifolia and Buchanania lanzan as co-dominant and Lagerstroemia parviflora, Terminalia bellirica, Mitragyna parviflora, Boswellia serrata, Flacourtia indica and Diospyros melanoxylon as suppressed plant communities (Table 1).
Regeneration status of Gudwa forest in Central India 
Results revealed that 12 species representing 10 families in seedling layer were recorded on Gudwa forest in Central India. The total density of seedling layer was 174000 stems ha-1. The frequency of species in the seedling layer varied from 10% to 60%. The density of regenerated species varied from 1000 to 59000 stems ha-1. The highest density was measured for Diospyros melanoxylon (59000 stems ha-1) followed by Glochidion heyneanum (36000 stems ha-1), Helicteres isora (24000 stems ha-1) and Chloroxylon swietenia (22000 stems ha-1), while the lowest density (1000 stems ha-1) was measured for Anogeissus latifolia and Limonia acidissima. The abundance of seedling layers were ranged from 10000 to 98333.33. The highest abundance was measured for Diospyros melanoxylon followed by Helicteres isora, Glochidion heyneanum, Terminalia tomentosa and Chloroxylon swietenia, while the lowest abundance was recorded for Anogeissus latifolia, Limonia acidissima and Butea monosperma. The IVI of seedling species ranged from 5.63 to 72.33. The highest IVI value were measured Diospyros melanoxylon (72.33) followed by Glochidion heyneanum (51.01), Helicteres isora (38.23) and Chloroxylon swietenia (36.03), while the lowest IVI value were measured Limonia acidissima (5.63) (Table 2). 
Diversity Indices of Tree layer of Gudwa forest in Central India 
The Shannon index (H’) value of tree layer 3.14. The concentration of dominance (Cd) was measured 0.18. The evenness index (e) was recorded 1.05. The Margalef’s index of species richness (d) were measured 5.44. The beta diversity (Bd) was recorded 4.35 on dry tropical forest in Central India (Table 3).
Biomass of tree layer vegetation of Gudwa forest in Central India 
Results on standing biomass of tree layer on given in Table 4. The total tree biomass were measured 322.47±108.18 t ha-1. The bole biomass 88.92±28.91 t ha-1, branch biomass 121.50±43.66 t ha-1, foliage biomass 10.61±2.85 t ha-1 and coarse roots biomass 101.44±41.87 t ha-1. The biomass of above ground tree component (AGTC) were measured 221.03 t ha-1 and below ground tree component (BGTC) were measured 101.44 t ha–1.
Carbon storage of tree layer vegetation of Gudwa forest in Central India 
Results on standing carbon storage of tree layer on given in Table 4. The total carbon storage of tree layer were measured 135.36±44.97 t ha-1. The carbon storage of bole, branch, foliage and coarse root were measured 38.68±12.58 t ha-1, 55.49±19.94 t ha-1, 4.95±1.33 t ha-1 and 36.25±14.96 t ha-1, respectively. The carbon storage of above ground tree component (AGTC) were measured 99.12 t ha-1 and below ground tree component (BGTC) were measured 36.25 t ha–1.
Carbon sequestration of tree layer vegetation of Gudwa forest in Central India 
Results on carbon sequestration of tree layer vegetation on given in Table 4. The total carbon sequestration of tree layer were measured 496.79±165.03 t ha-1. The carbon sequestration of bole, branch, foliage and coarse root were measured 141.96±46.16 t ha-1, 203.64±73.19 t ha-1, 18.17±4.88 t ha-1 and 133.02±54.90 t ha-1, respectively. The carbon sequestration of above ground tree component (AGTC) were measured 363.77 t ha-1 and below ground tree component (BGTC) were measured 133.02 t ha–1.
Nitrogen storage of tree layer vegetation of Gudwa forest in Central India 
Results on standing nitrogen storage of tree layer on given in Table 4. The total nitrogen storage of tree layer were measured 1899.17±631.22 kg ha-1. The carbon storage of bole, branch, foliage and coarse root were measured 337.90±109.88 kg ha-1, 838.34±301.28 kg ha-1, 154.85±41.62 kg ha-1 and 568.08±234.46 kg ha-1, respectively. The nitrogen storage of above ground tree component (AGTC) were measured 1331.09 kg ha-1 and below ground tree component (BGTC) were measured 568.08 kg ha–1.
Species wise standing biomass, carbon storage, carbon sequestration and nitrogen storage of Gudwa forest in Central India 
The results on standing biomass, carbon storage, carbon sequestration and nitrogen on given in Table 5 & 6. The maximum total standing biomass were measured on Shorea robusta (121.38 t ha-1) followed by Anogeissus latifolia (51.77 t ha-1), Terminalia tomentosa (35.94 t ha-1), Limonia acidissima (32.58 t ha-1) and Buchanania lanzan (13.92 t ha-1) while the minimum total standing biomass were measured on Flacourtia indica (0.43 t ha-1). The highest total standing carbon storage were measured on Shorea robusta (50.48 t ha-1) followed by Anogeissus latifolia (22.70 t ha-1), Terminalia tomentosa (14.84 t ha-1), Limonia acidissima (13.53 t ha-1) and Buchanania lanzan (6.04 t ha-1) while the minimum total standing carbon storage were measured on Flacourtia indica (0.17 t ha-1). The highest total carbon sequestration were measured on Shorea robusta (185.25 t ha-1) followed by Anogeissus latifolia (83.32 t ha-1), Terminalia tomentosa (54.47 t ha-1), Limonia acidissima (49.66 t ha-1) and Buchanania lanzan (22.16 t ha-1) while the minimum total carbon sequestration were measured on Flacourtia indica (0.64 t ha-1). The maximum total standing nitrogen storage were measured on Shorea robusta (705.61 kg ha-1) followed by Anogeissus latifolia (330.20 kg ha-1), Terminalia tomentosa (206.81 kg ha-1), Limonia acidissima (189.02 kg ha-1) and Buchanania lanzan (80.98 kg ha-1) while the minimum total standing nitrogen storage were measured on Flacourtia indica (2.43 kg ha-1).
Correlation between Density, Basal Area, Biomass, Carbon storage, CO2 Sequestration and nitrogen storage of Gudwa forest in Central India 
Correlation analysis was performed to study the significant relationship between density, basal area, biomass, carbon storage, CO2 sequestration and nitrogen storage of dry tropical forest in Central India was given in Table 7. The highest statistically significant correlation was observed between biomass and carbon storage and CO2 sequestration with R2 values of 0.999 at 0.01 probability level. There was an insignificant correlation between density, biomass, carbon storage, CO2 sequestration and nitrogen storage with R2 values 0.668, 0.660, 0.660, and 0.648, respectively. The correlation between density and basal area was performed statistically significant with R2 values of 0.818.
Discussion
Plant Community Structure of dry tropical forest in India
Tropical forests are structurally most complex, diverse, and carbon-rich ecosystems and can vary dramatically even at very small spatial scales (Sullivan et al., 2017). Understanding of spatial heterogeneity in forest physiognomy is critical to address how these forests could be managed to mitigate global environmental change, as well as developing conservation strategies to improve carbon biodiversity and co-benefits.
The patterns of structure, composition and diversity of vegetation observed in the present study closely resemble and are comparable to other tropical forest ecosystems studied by earlier workers (Bijalwan et al., 2010; Naidu and Kumar, 2016; Thakur et al., 2014 and 2019a, Lal, 2022; Lal and Naugraiya, 2022a,b,c; Tirkey et al., 2022a,b.c; Lal and Patil, 2024; Lal et al., 2024a,b; Patel et al., 2024; Mexudhan et al., 2024a, b; Lal et al., 2025). In this study, 20 species represented by 15 families and 12 species represented 10 families were recorded in tree and seedling layers of the Gudwa forest in Central India, respectively. In contrast, Thakur et al. (2014) have reported the number of tree species ranging from 20 to 40 in Barnavapara Sanctuary in central India. Darro et al. (2020) have reported similar results of floristic composition on dry tropical forests in the buffer zone of AABR. Lal et al (2022c) have reported twenty-six species belonging to 17 families were recorded in tree layers in AABR.
Density, basal area, and frequency distributions of vegetation contribute to the structure of tropical forests. The present study revealed that the density of trees 1290 stems ha-1. The densities of trees in the study area were similar to estimates from tropical forests within India. In a study made by Thakrey et al. (2022) density of disturbed forests was 190 trees ha-1 and undisturbed forests was 1090 trees ha-1 in a tropical dry deciduous forest of Barnawapara Wildlife Sanctuary. The density values are comparable with the density of tree, shrub and herbaceous layers of other dry tropical forests by previous workers (Bijalwan et al., 2010; Naidu and Kumar, 2016; Thakur et al., 2014; Thakur et al., 2019a and b; Darro et al., 2020). Tree density in the Vindhyan region ranges between 294-627 stems ha-1 for several dry tropical forest communities (Jha and Singh, 1990; Singh and Singh, 1991).
Bargali et al. (2014) have reported tree density from 650- 1520 trees ha-1 in closed and open tropical dry forests of Barnawapara. Thakur et al. (2014) have reported density of different forest types from 324 to 733 trees ha-1 and basal area from 8.13 to 28.87 m2 ha-1 in dry tropical forest in Barnawapara Sanctuary in central India. Thakur et al. (2019b) in a study on moist tropical ecosystem in Amarkantak reported a density of over-story and understory vegetation from 553.68 trees ha-1 (ranged from 424 to 952 trees ha-1) and 5870 shrubs ha-1. Thakur et al. (2019a) found similar results for density of different forest types from 424 to 952 trees ha-1 in dry tropical forest in AABR, India. Darro et al. (2020) in a study on dry tropical forest in AABR, India reported density of trees from 246 to 865 trees ha-1, shrub from 6250 to 12000 stems ha-1 and herbs from 4,64,000 to 7, 08,000 stems ha-1. Mexudhan et al (2024a) have reported tree density varied from 278 to 333 stems ha-1 in two sites of dry tropical forest of Chhattisgarh, India. Mexudhan et al (2024b) have reported the density of tree, sapling and seedling were ranged from 430-605 stems ha-1, 120 600 stems ha-1 and 28000-34500 stems ha-1, respectively. The higher density of trees and seedling in present study might be attributed to better site quality and microclimatic conditions. It has long been recognized that soil fertility, and environmental conditions are the major drivers that influence the structure and diversity of tropical forests.
Basal area of tree layer in the present study were measured 32.85 m2 ha-1. Thakrey et al. (2022) have quantified basal area from 10.99 to 28.16 m2 ha-1 for disturbed and undisturbed forests of tropical dry deciduous forest of Barnawapara Wildlife Sanctuary. The results are well within the range reported by several workers (Bargali et al., 2014; Thakur et al., 2014; Thakur et al., 2019a; Yadav et al., 2019 and Darro et al., 2020). Thakur et al., (2014) reported tree basal area from 8.13 to 28.87 m2 ha-1 in dry tropical forests of Barnawapara, Chhattisgarh. Jha and Singh (1990) have reported the basal area in the range of 6.58 to 23.21 m2 ha-1 in the Vindhyan range of U.P. India. Thakur et al. (2019a) in a recent study found basal area of trees from 8.33 to 29.93 m2 ha-1 in moist deciduous forests of Amarkantak Biosphere Reserve. Darro et al. (2020) reported basal area of tree and shrub from 12.1 to 29.9 m2 ha-1 and 2.2 to 6.48 m2 ha-1, respectively. According to Mexudhan et al (2024a) basal area of tree layer were recorded 16.18 to 19.38 m2 ha-1 in two sites of dry tropical forest of Chhattisgarh, India. The basal area of tree and sapling layers were varied from 18.15-29.68 m2 ha-1 and 0.33-1.04 m2 ha-1, respectively in Char (Buchanania lanzan) forests of Central India (Mexudhan et al., 2024b).
Diversity Analysis of dry tropical forest in India
The results revealed that species diversity of dry tropical forest in Central India. By combining the spectral features and ground-based survey, it could be possible to generate spatial database on components of species richness and diversity across landscape (Tariyal et al., 2022).
The present study Shannon index (H’) value of tree layer 3.14. The concentration of dominance (Cd) was measured 0.18. The evenness index (e) was recorded 1.05. The Margalef’s index of species richness (d) were measured 5.44. The beta diversity (Bd) was recorded 4.35 on dry tropical forest in Central India. Species richness, Shannon index, the concentration of dominance, equitability, and beta diversity varied respectively from 1.44-3.19, 1.53-3.30, 0.47-0.13, 0.85 1.91 and 3.39-9.47 for disturbed and undisturbed forests of tropical dry deciduous forest of Barnawapara wildlife Sanctuary (Thakrey et al., 2022). The diversity parameters of these forests are comparable with the diversity indices reported earlier in different tropical forests (Thakur et al., 2014 and 2019a; Darro et al., 2020; Mexudhan et al., 2024a, b).
Singh and Singh (1991) have reported Shannon index from 1.9 to 2.8, the concentration of dominance from 0.18 to 0.75, species richness between 0.21 and 0.93, and beta diversity were 3.1 in dry deciduous forests of Vindhyan ranges of Uttar Pradesh, India. The Shannon index values of dry tropical forests in the present study were comparatively lower than those reported by Singh et al. (1984) and Swamy et al. (2010) for other tropical forests of India. Singh et al. (1984) reported Shannon index values from 3.4 to 4.8. This result is in agreement with the finding of Swamy et al. (2010) who reported 1.49 to 3.67 Shannon index values for tropical evergreen forests of Karnataka, India. Sagar and Singh (2003) reported a Shannon index between 1.39 to 2.63 for dry tropical forests located along the disturbance gradient. The study made by Mexudhan et al., (2024b) diversity indices of tree layer viz; Shannon index, Simpson index, Evenness, species richness and beta diversity were ranged from 2.40-2.72, 0.17-0.22, 1.08-1.18, 2.26-3.11 and 5.0-6.0, respectively on different forest site in Central India. According to Mexudhan et al., (2024a) result revealed that concentration of dominance, Shannon index, equitability, species richness and beta diversity ranged from 0.33–0.60, 1.43–2.31, 0.57–0.88, 3.95–4.39 and 2.94–4.17, respectively in Katghora and Pali sites.
Biomass of dry tropical forest in India
The present study biomass of dry tropical forest in Central India was measured 322.47 t ha-1. Similar results were recorded of different scientist in tropical forest. The result of tree layer biomass of disturbed and undisturbed forest in 111.7 t ha-1 and 356.87 t ha-1, respectively (Thakrey et al., 2022). Research indicates that the average above-ground biomass value in the tropical dry forests of India's Eastern Ghats was 98.87 ± 68.8 t ha-1 (Sahu et al., 2016). The Forest Ecosystem of Chhattisgarh, India, estimated the total biomass of tree layer in the site of planting at 245.22 t ha-1 and in the natural forest at 241.44 t ha-1 (Joshi et al., 2019). The above ground biomass was measured 135.30-146.42 t ha-1 of Gibbon Wildlife Sanctuary and Kholahat Reserve Forest in two tropical forests of Assam (Borah et al., 2015). The total biomass calculated for tropical dry deciduous forests in Central India varied from 103.32 (in the Renukhund range) to 453.54 t ha-1 (in the Chitrange range) (Madugundu et al., 2008). The above ground biomass was ranged from 290.82–455.99 t ha-1 in dry mixed, Sal mixed and Teak plantation at Katerniaghat Wildlife Sanctuary (KWLS) of Indian tropical deciduous forest (Behera et al., 2017). In deciduous forests in the Western Ghats of Karnataka, India, the mean value of estimated above-ground biomass and RS-based above-ground biomass is 280 and 297.6 t ha-1, respectively (Shahid et al., 2015). The total biomass of the Sal-dominant tropical deciduous forest in Chhattisgarh, India, varied between 182.27 and 375.84 t ha-1 in four different site qualities (Raj and Jhariya, 2021). The biomass in the moist deciduous forests of the Doon Valley, Western Himalaya, India, varied from 338.40 to 438.17 t ha-1 (Kothandaraman et al., 2020). The studied that the biomass was ranged from 55.91 to 108.84 Mg ha-1 at Western Central India in Madhya Pradesh (Salunkhe et al., 2023). The studied that stand biomass of tree layer vegetation ranged from 214.65–246.06 t ha-1 in which above ground tree component (AGTC) ranged from 149.66–171.25 t ha-1 and below ground component (BGTC) ranged from 64.99 74.83 t ha-1 at dry tropical forest in Chhattisgarh, India (Mexudhan et al., 2024a). According to Mexudhan et al., (2024b) total standing biomass were varied from 105.72-216.96 Mg ha-1 in Char (Buchanania lanzan) Forests of Central India.
Carbon Stock and CO2 Sequestration of dry tropical forest in India
The present study carbon stock and CO2 sequestration of dry tropical forest in Central India was measured 135.36 t ha-1 and 496.79 t ha-1, respectively. The studied in different scientist of dry tropical forest are found similar results. The results of C storage of tree layer were measured of disturbed and undisturbed forest in 47.45 t ha-1 and 152.13 t ha-1, respectively of tropical dry deciduous forest in Chhattisgarh, India (Thakrey et al., 2022). The tree layer carbon storage was measured 105.74 t ha-1 and 106.02 t ha-1 in natural forest and Teak plantation in Sarguja forest division of Forest Ecosystem of Chhattisgarh, India (Joshi et al., 2019). The above ground carbon storage measured 67.64-73.21 t ha-1 in two tropical forests of Assam (Borah et al., 2015). In tropical dry deciduous forests in Central India, the total tree carbon density result ranged from 48.97 to 214.97 t C ha-1 (Madugundu et al., 2008). Above-ground carbon stock (t ha-1) values in Indian tropical deciduous forest varied from 207.52–220.34, 215.58–228.87, and 125.94–141.18 in dry mixed, Sal mixed, and Teak plantations, respectively (Behera et al., 2017). Total C in trees ranged from 79.86 to 163.63 t ha-1. In the tropical Sal mixed deciduous forest ecosystem in Chhattisgarh, India, the amount of carbon in the above-ground and below-ground components of trees on different sites was 72.32–143.36 t ha-1 and 7.54–20.27 t ha-1, respectively (Raj and Jhariya, 2021). The results observed average C stock of woody vegetation 231.3 t ha-1 in tropical forests of Western Ghats, India (Mohanta et al., 2022). The result measured tree carbon storage in undisturbed forest and disturbed forest in 184-214.62 t C ha-1 and 124–137.53 t C ha-1, respectively in Dibru‑Saikhowa biosphere reserve in Assam North‑East India (Borah et al., 2015). The carbon stocks in the moist deciduous forests of the Doon Valley, Western Himalaya, India, ranged from 169.20 t ha-1 to 219.08 t ha-1 at the several study sites (Kothandaraman et al., 2020). The study was conducted in bamboo plantation at Chhattisgarh plain zone, the results revealed that carbon stock and CO2 sequestration were 30.01 Mg ha-1 and 110.13 Mg ha-1, respectively (Lal et al., 2022a). The studied that the carbon stock and CO2 sequestration were ranged from 26.55 to 51.70 Mg ha-1 and 97.43 to 189.73 Mg ha-1, respectively at Western Central India in Madhya Pradesh (Salunkhe et al., 2023). According to Mexudhan et al., (2024a) the total C storage of tree layer component ranged from 90.51–103.64 t ha-1 in which AGTC of C storage ranged from 67.29-76.91 t ha-1 and BGTC of C storage ranged from 23.22–26.74 t ha-1. Study made by Mexudhan et al., (2024b) the carbon stock and CO2 sequestration potential of tree layers were varied from 50.22-103.06 Mg ha-1 and 184.29-378.22 Mg ha-1, respectively on char dominant various forest sites in Central India.
Nitrogen storage of dry tropical forest in India
The present study nitrogen storage of dry tropical forest in Central India was measured 1899.17 kg ha-1. Similar results were recorded of different scientist in tropical forest. The similar result of N storage of tree layer in disturbed and undisturbed forest was 651.39 kg ha-1 and 2117.76 kg ha-1, respectively in tropical dry deciduous forest in Chhattisgarh, India (Thakrey et al., 2022). Disturbance alters stand structure and diameter class distribution resulting into the reduction of stand biomass, carbon, and nitrogen stock and dynamics (Kashin et al., 2006; Scheller et al., 2011). Some other studies also support that the access to forests increases biotic interference, which disturbs the environment and lowers C and N levels due to illegal felling, cutting, grazing, and collection of forest-based products (Adugna and Teshome, 2017). The study made by Mexudhan et al (2024a) the total N storage of tree layer ranged from 1277.70 to 1451.93 kg ha-1 on two sites of dry tropical forest of Chhattisgarh, India. The N storage of above ground tree component (AGTC) was ranged from 913.78 to 1032.90 kg ha-1 and below ground tree component (BGTC) was ranged from 363.92 to 419.03 kg ha-1.
[bookmark: _GoBack]Conclusion
An increase in greenhouse gases in the atmosphere is the root cause of global climate change issues. To mitigate this problem, research on the biomass of tropical forests across the globe and the evaluation of their carbon reserves must be given top priority. because it makes up half of the world's carbon stores and one-third of the world's primary production. The current study examines the composition of plant communities, biomass, carbon stock, nitrogen storage, and CO2 sequestration in Central Indian dry tropical forests. The results also demonstrate that the tropical dry deciduous forest in central India is an excellent source of biomass, plant diversity, carbon stock, and carbon sequestration. Furthermore, basal area and carbon stock and carbon sequestration were found to be positively correlated. The current study's helpful data on forest biomass and carbon stocks of woody plant species emphasize the significance of woody plants in tropical dry deciduous forests' potential to absorb carbon. Scientists, conservation managers, and researchers may find this baseline data helpful in understanding how tropical dry deciduous forest ecosystems contribute to carbon stocking and sequestration capability.
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Table 1 Structure of tree layer of Gudwa forest in Central India
	S.N.
	Species
	Botanical Name
	Family
	F (%)
	D (Stem ha-1)
	BA (m2 ha-1)
	IVI

	1
	Sal
	Shorea robusta
	Dipterocarpaceae
	40
	360
	11.51
	71.63

	2
	Saja
	Terminalia tomentosa
	Combretaceae
	70
	210
	4.01
	43.70

	3
	Dhawda
	Anogeissus latifolia
	Combretaceae
	50
	150
	4.26
	35.46

	4
	Char
	Buchanania lanzan
	Anacardiaceae
	60
	170
	2.87
	34.96

	5
	Kaitha
	Limonia acidissima
	Rutaceae
	40
	100
	3.15
	26.04

	6
	Senha
	Lagerstroemia parviflora
	Lythraceae
	10
	10
	0.18
	3.50

	7
	Baheda
	Terminalia bellirica
	Combretaceae
	10
	10
	0.25
	3.71

	8
	Gonja
	Lannea coromandelica
	Anacardiaceae
	20
	20
	0.39
	7.10

	9
	Haldu
	Haldina cordifolia
	Rubiaceae
	10
	10
	0.42
	4.22

	10
	Kasihi
	Bridelia retusa
	Phyllanthaceae
	30
	70
	1.46
	16.40

	11
	Rosewood
	Dalbergia latifolia
	Fabaceae
	20
	20
	0.27
	6.74

	12
	Mudhi
	Mitragyna parvifolia
	Rubiaceae
	10
	10
	0.28
	3.79

	13
	Padar
	Stereospermum chelonoides
	Bignoniaceae
	10
	20
	0.29
	4.60

	14
	Salai
	Boswellia serrata
	Burseraceae
	10
	10
	0.31
	3.90

	15
	Mahua
	Madhuca longifolia
	Sapotaceae
	20
	60
	1.42
	13.32

	16
	Amaltas
	Cassia fistula
	Caesalpinioideae
	10
	20
	0.40
	4.94

	17
	Kakai
	Flacourtia indica
	Salicaceae
	10
	10
	0.06
	3.14

	18
	Semal
	Bombax ceiba
	Malvaceae
	10
	10
	0.49
	4.45

	19
	Tendu
	Diospyros melanoxylon
	Ebenaceae
	10
	10
	0.34
	3.97

	20
	Bhirra
	Chloroxylon swietenia
	Rutaceae
	10
	10
	0.49
	4.45

	
	
	
	Total
	460
	1290
	32.85
	300


Note: F = Frequency, D = Density, BA = Basal area, IVI = Importance Value Index
Table 2 Structure of seedling layer of Gudwa forest in Central India
	S.N.
	Species
	Botanical Name
	Family
	F (%)
	D (Stem ha-1)
	A
	IVI

	1
	Aintthi
	Helicteres isora
	Malvaceae
	40
	24000
	60000
	38.23

	2
	Koria
	Glochidion heyneanum
	Phyllanthaceae
	60
	36000
	60000
	51.01

	3
	Bhirra
	Chloroxylon swietenia
	Rutaceae
	40
	22000
	55000
	36.03

	4
	Senha
	Lagerstroemia parviflora
	Lythraceae
	20
	5000
	25000
	14.04

	5
	Tendu
	Diospyros melanoxylon
	Ebenaceae
	60
	59000
	98333.33
	72.33

	6
	Saja
	Terminalia tomentosa
	Combretaceae
	10
	6000
	60000
	19.07

	7
	Neem
	Azadirachta indica
	Meliaceae
	20
	8000
	40000
	18.93

	8
	Dhawda
	Anogeissus latifolia
	Combretaceae
	10
	1000
	10000
	5.63

	9
	Sal
	Shorea robusta
	Dipterocarpaceae
	20
	6000
	30000
	15.67

	10
	Kaitha
	Limonia acidissima
	Rutaceae
	10
	1000
	10000
	5.63

	12
	Palas
	Butea monosperma
	Fabaceae
	30
	3000
	10000
	12.66

	13
	Chhind
	Phoenix sylvestris
	Arecaceae
	20
	3000
	15000
	10.78

	
	
	
	Total
	340
	174000
	473333.33
	300


Note: F = Frequency, D = Density, A = Abundance, IVI = Importance Value Index
Table 3. Diversity indices of tree layer of Gudwa forest in Central India
	Diversity Indices
	Gudwa Forest

	Density (stems ha-1)
	1290 ±317.65

	Number of species
	20

	Basal area (m2ha-1)
	32.85±9.56

	Shannon-Wiener index (H')
	3.14

	Simpson's concentration index
	0.18

	Pielou's evenness index (E)
	1.05

	Margalef's index of species richness (D)
	5.44

	Beta diversity (B)
	4.35




























Table 4 Comparison of biomass, C storage, C Seq. and N storage of Gudwa forest in Central India
	
	Biomass (t ha-1)
	SE
	CV (%)
	Carbon Storage (t ha-1)
	SE
	CV (%)
	CO2 sequestration (t ha-1)
	SE
	CV (%)
	Nitrogen storage (kg ha-1)
	SE
	CV (%)

	Bole
	88.92±28.91
(27.58)a
	9.14
	32.52
	38.68±12.58
(28.58)a
	3.98
	32.52
	141.96±46.16
(28.58)a
	14.60
	32.52
	337.90±109.88
(17.79)a
	34.75
	32.52

	Branch
	121.50±43.66
(37.68)a
	13.81
	35.94
	55.49±19.94
(40.99)a
	6.31
	35.94
	203.64±73.19
(40.99)a
	23.14
	35.94
	838.34±301.28
(44.14)a
	95.27
	35.94

	Foliage
	10.61±2.85
(3.29)a
	0.90
	26.88
	4.95±1.33
(3.66)a
	0.42
	26.88
	18.17±4.88
(3.66)a
	1.54
	26.88
	154.85±41.62
(8.15)a
	13.16
	26.88

	Coarse root
	101.44±41.87
(31.46)a
	13.24
	41.27
	36.25±14.96
(26.78)a
	4.73
	41.27
	133.02±54.90
(26.78)a
	17.36
	41.27
	568.08±234.46
(29.91)a
	74.14
	41.27

	Total
	322.47±108.18
(100)a
	34.21
	33.55
	135.36±44.97
(100)a
	14.22
	33.22
	496.79±165.03
(100)a
	52.19
	33.22
	1899.17±631.22
(100)a
	199.61
	33.24

	AGTC
	221.03
(68.54)a
	
	
	99.12
(73.22)a
	
	
	363.77
(73.22)a
	
	
	1331.09
(70.09)a
	
	

	BGTC
	101.44
(31.46)a
	
	
	36.25
(26.78)a
	
	
	133.02
(26.78)a
	
	
	568.08
(29.91)a
	
	


Abbreviations: AGTC: Above ground tree components, BGTC: Below ground tree components, SE: Standard Error of Mean, CV: Coefficient of Variance, aPercent distribution







Table 5 Species wise biomass, carbon stock and carbon seq. of Gudwa forest in Central India
	SN
	Species
	Biomass (t ha-1)
	Carbon Stock (t ha-1)
	CO2 sequestration (t ha-1)

	
	
	Bole
	Branch
	Foliage
	Coarse root
	Total
	Bole
	Branch
	Foliage 
	Coarse root
	Total
	Bole
	Branch
	Foliage 
	Coarse root
	Total

	1
	Shorea robusta
	33.07
	41.86
	3.44
	43.01
	121.38
	14.39
	19.12
	1.61
	15.37
	50.48
	52.80
	70.16
	5.89
	56.40
	185.25

	2
	Anogeissus latifolia
	10.69
	31.73
	2.03
	7.32
	51.77
	4.65
	14.49
	0.95
	2.61
	22.70
	17.06
	53.17
	3.48
	9.60
	83.32

	3
	Terminalia tomentosa
	10.50
	10.61
	1.18
	13.64
	35.94
	4.57
	4.85
	0.55
	4.87
	14.84
	16.76
	17.79
	2.03
	17.89
	54.47

	4
	Limonia acidissima
	8.98
	10.98
	0.94
	11.67
	32.58
	3.91
	5.02
	0.44
	4.17
	13.53
	14.33
	18.41
	1.61
	15.31
	49.66

	5
	Buchanania lanzan
	6.36
	4.70
	0.93
	1.93
	13.92
	2.77
	2.15
	0.43
	0.69
	6.04
	10.15
	7.88
	1.59
	2.54
	22.16

	6
	Bridelia retusa
	3.89
	4.07
	0.43
	5.06
	13.45
	1.69
	1.86
	0.20
	1.81
	5.56
	6.21
	6.82
	0.74
	6.63
	20.41

	7
	Madhuca longifolia
	3.99
	4.82
	0.42
	5.18
	14.41
	1.73
	2.20
	0.20
	1.85
	5.99
	6.36
	8.08
	0.72
	6.80
	21.97

	8
	Bombax ceiba
	1.46
	1.94
	0.15
	1.90
	5.44
	0.63
	0.89
	0.07
	0.68
	2.27
	2.33
	3.25
	0.25
	2.49
	8.32

	9
	Chloroxylon swietenia
	1.46
	1.94
	0.15
	1.90
	5.44
	0.63
	0.89
	0.07
	0.68
	2.27
	2.33
	3.25
	0.25
	2.49
	8.32

	10
	Haldina cordifolia
	1.21
	1.52
	0.12
	1.57
	4.41
	0.52
	0.69
	0.06
	0.56
	1.84
	1.92
	2.54
	0.21
	2.06
	6.74

	11
	Cassia fistula
	1.06
	1.11
	0.12
	1.38
	3.67
	0.46
	0.51
	0.06
	0.49
	1.52
	1.70
	1.87
	0.20
	1.81
	5.57

	12
	Lannea coromandelica
	1.04
	1.07
	0.12
	1.35
	3.58
	0.45
	0.49
	0.05
	0.48
	1.48
	1.66
	1.80
	0.20
	1.77
	5.43

	13
	Diospyros melanoxylon
	0.98
	0.89
	0.08
	0.35
	2.30
	0.42
	0.41
	0.04
	0.13
	1.00
	1.56
	1.50
	0.14
	0.46
	3.66

	14
	Boswellia serrata
	0.87
	1.00
	0.09
	1.13
	3.09
	0.38
	0.46
	0.04
	0.40
	1.28
	1.39
	1.67
	0.16
	1.48
	4.70

	15
	Stereospermum chelonoides
	0.72
	0.64
	0.08
	0.93
	2.37
	0.31
	0.29
	0.04
	0.33
	0.98
	1.14
	1.08
	0.14
	1.22
	3.58

	16
	Mitragyna parvifolia
	0.76
	0.83
	0.08
	0.98
	2.66
	0.33
	0.38
	0.04
	0.35
	1.10
	1.21
	1.40
	0.14
	1.29
	4.04

	17
	Dalbergia latifolia
	0.68
	0.60
	0.08
	0.88
	2.24
	0.30
	0.27
	0.04
	0.32
	0.92
	1.08
	1.00
	0.14
	1.16
	3.38

	18
	Terminalia bellirica
	0.67
	0.72
	0.07
	0.87
	2.33
	0.29
	0.33
	0.03
	0.31
	0.97
	1.07
	1.20
	0.13
	1.15
	3.54

	19
	Lagerstroemia parviflora
	0.41
	0.36
	0.06
	0.20
	1.03
	0.18
	0.17
	0.03
	0.07
	0.44
	0.66
	0.61
	0.10
	0.26
	1.63

	20
	Flacourtia indica
	0.14
	0.09
	0.02
	0.18
	0.43
	0.06
	0.04
	0.01
	0.06
	0.17
	0.22
	0.16
	0.03
	0.23
	0.64

	
	Total
	88.92
	121.50
	10.61
	101.44
	322.47
	38.68
	55.49
	4.95
	36.25
	135.36
	141.96
	203.64
	18.17
	133.02
	496.79



Table 6 Species wise nitrogen storage of Gudwa forest in Central India
	SN
	Species
	N Storage (kg ha-1)

	
	
	Bole
	Branch
	Foliage
	Coarse root
	Total

	1
	Shorea robusta
	125.67
	288.84
	50.24
	240.86
	705.61

	2
	Anogeissus latifolia
	40.61
	218.91
	29.70
	40.98
	330.20

	3
	Terminalia tomentosa
	39.90
	73.22
	17.28
	76.40
	206.81

	4
	Limonia acidissima
	34.11
	75.78
	13.75
	65.37
	189.02

	5
	Buchanania lanzan
	24.16
	32.45
	13.53
	10.83
	80.98

	6
	Bridelia retusa
	14.79
	28.09
	6.32
	28.31
	77.51

	7
	Madhuca longifolia
	15.15
	33.28
	6.17
	29.02
	83.62

	8
	Bombax ceiba
	5.55
	13.38
	2.16
	10.63
	31.71

	9
	Chloroxylon swietenia
	5.55
	13.38
	2.16
	10.63
	31.71

	10
	Haldina cordifolia
	4.58
	10.46
	1.82
	8.78
	25.64

	11
	Cassia fistula
	4.03
	7.69
	1.72
	7.73
	21.18

	12
	Lannea coromandelica
	3.95
	7.41
	1.70
	7.57
	20.64

	13
	Diospyros melanoxylon
	3.71
	6.17
	1.15
	1.98
	13.01

	14
	Boswellia serrata
	3.31
	6.88
	1.36
	6.34
	17.88

	15
	Stereospermum chelonoides
	2.72
	4.43
	1.23
	5.21
	13.59

	16
	Mitragyna parvifolia
	2.88
	5.75
	1.20
	5.51
	15.34

	17
	Dalbergia latifolia
	2.58
	4.11
	1.18
	4.94
	12.80

	18
	Terminalia bellirica
	2.55
	4.93
	1.08
	4.89
	13.46

	19
	Lagerstroemia parviflora
	1.57
	2.51
	0.83
	1.11
	6.03

	20
	Flacourtia indica
	0.52
	0.64
	0.26
	1.00
	2.43

	
	Total
	337.90
	838.34
	154.85
	568.08
	1899.17



Table 7 Correlation between density, basal area, biomass, carbon storage and CO2 sequestration of Gudwa forest in Central India
	 
	Density (Stem ha-1)
	Basal area (m2 ha-1)
	Biomass (t ha-1)
	Carbon Storage (t ha-1)
	CO2 sequestration (t ha-1)
	Nitrogen Storage (kg ha-1)

	Density (Stem ha-1)
	1
	 
	 
	 
	 
	 

	Basal area (m2 ha-1)
	.818**
	1
	 
	 
	 
	 

	Biomass (t ha-1)
	.668*
	.960**
	1
	 
	 
	 

	Carbon Storage (t ha-1)
	.660*
	.953**
	.999**
	1
	 
	 

	CO2 sequestration (t ha-1)
	.660*
	.953**
	.999**
	1.000**
	1
	 

	Nitrogen Storage (kg ha-1)
	.648*
	.944**
	.998**
	.999**
	.999**
	1

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

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
















Figure 1. The Study Area
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