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Abstract 

To learn about the abandoned mined area tree diversity, aboveground biomass and carbon stock a 
study was conducted in quartz mined Bilikal hillock area which is geographically adjacent to 
Umbalebylu 8 km to Bhadra wildlife sanctuary and 10 km of Kuvempu University.  In the present 
study 0.14ha (350 m×4m) transect, we recorded 1527 individuals comprising 22 families among 
them Papilionaceae with 6 genera and 7 species, Combretaceae with 2 genera and 4 species 
followed by Rubiaceae with 3 genera and 3 species and Apocynaceae with 2 genera and 3 species.  
Based on girth class assessment nearly 1564 individuals comprising 1-10 cm had 559 individuals, 
the basal area was more within the girth class of 40-50 cm. But aboveground biomass and carbon 
stock were highest within the girth class of 20-30 cm. varying with species structure and girth 
class were a disturbed forest patch, the species composition needs management and restoration to 
retain the biodiversity intact to provide a niche for other co-species. 
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Contribution of this paper to the literature 
The present study provides baseline data of tree species composition, biomass and carbon stock in the 
abandoned mined area, which seeks further empirical research to know variation in species composition, 
edaphic characters and phenology for future restoration of the mined area. 

 
1. Introduction 

Biodiversity at all levels is important to the composition, structure, and functioning of ecosystems and it 
provides many of the ecological services underpinning the human economy.  Hence biodiversity conservation is a 
major concern for all organisms [1]. Based on Bell, et al. [2] the duration and quality of mining the degradation of 
landscapes and the impact of biological community within the geological scale varies [2]. Tropical forest 
communities are the biologically most complex and diverse ecosystems. The diversity is not distributed uniformly 
but concentrated in certain patches. The species richness, a simple measure of diversity can vary from forest types, 
of southern India.  The highest biological and genetic diversity exists in tropical forests [3]. Covering only 7 % of 
the earth’s land surface these forests have more than half of the worlds’ species [4].  

Based on forest statistics and research studies indicate, 54 % are classified as dry deciduous, and 37 % as moist 
deciduous [5, 6].  Dry forest biodiversity population, dynamics and conservation efforts are very rare [7] even 
though their ratio compares to other forest is very less and are more threatened ecosystems. To assess the 
structure of tropical forest diversity and dynamics permanent plots of varying sizes were monitored[8, 9]. There 
has been increasing interest even in documenting the long-term dynamics of tropical forests through the 
establishment of permanent plots.  Tropical forest inventories serve as basic information for the conservation and 
management tools [10].  

Miles, et al. [11] have shown the landmass in tropics, tropical dry forests represents 42%  as they detain 110 
Gt (gigatonne) vegetation carbon compared to 134 Gt carbon in tropical rainforests, Foley [12]. A huge carbon 
pool in the forest ecosystem is a result of high rate of terrestrial carbon cycle and high productivity [13]. Carbon 
storage in trees through the process of biogeochemical processes [14]. Carbon store is a result of photosynthesis 
and respiration, are sources of atmospheric carbon the major disturbances by natural causes and by human 
activities leads to become atmospheric carbon in the process of carbon cycle it restores within carbon sinks during 
growth can be managed to sequester or restore significant quantities of carbon in nature [15]. The atmospheric 
CO2 absorption is assimilated in plant tissue in the growth of the plant Chavan and Rasal [16].  Brown [15] has 
described the guidelines for estimation of carbon by Intergovernmental Panel on Climate Change (IPCC) in 
different landscape like forest, agriculture and other land uses. The three ways in which atmospheric CO2 can be 
balanced: Carbon sequestration, Carbon conservation and Carbon substitution [17]. On a global scale mitigating 
carbon emission the accurate way to measure carbon in forest as well as other ecosystem is gaining attention 
globally [15, 18]. Net source and emission of greenhouse gas resulting in changes in forest cover historically [19, 
20]. 

Brown, et al. [21] for the accurate estimation of above ground biomass (AGB), allometric equations are 
important with a non destructive method by measuring the independent variables like diameter at breast height 
(DBH). Forests are influenced by the large-scale occurrence of wildfire, fire control, over-harvesting, collection of 
non timber forest products, and conversion of land to agriculture and forest and mining. The present mined area is 
adjacent to Bhadra wildlife sanctuary the tree flora indicates the similar composition of species as recorded by 
Krishnamurthy, et al. [22].  

The limited studies on flora, tree biomass and carbon stock estimation in mined forests of India are limited, 
hence the present study describes the quartz mined area in Bhadravathi, shivamogga, Karnataka state. The floristic 
diversity studies based on the impact of mining and the purpose of mining on forest structure and functioning is 
needed for the restoration which begins with assessment hence the present study was carried with the objectives 1. 
To know the tree diversity and species composition of the mined hillock forest patch? 2. To know aboveground 
biomass and carbon stock based on girth class structure. 3. To find out the strategies in restoration of mined area. 
 

2. Material and Methods 
2.1. Origin of the Problem 

Quartzite, usually metamorphic rock composed of firmly cemented quartz grains. Quartzites occur in various 
metamorphic rocks in the form of solid sheet-like bodies extending for great distances. Quartzites in which the 
SiO2 content reaches 98–99 per cent are used for manufacturing Dinas, refractories, for obtaining metallic silicon 
and its alloys, and as a flux in metallurgy. Initially, mining activity began (the exact date is unavailable pertaining 
to the residents interaction it is 1970-1985) a lease granted to Vishveshwaraiah Iron and Steel Limited (VISL), 
Bhadravathi, Karnataka. The present mined area lay close to the dry deciduous forest of the Bhadra wildlife 
sanctuary and social forest (eucalyptus and acacia plantation) of Mysore paper mills, paper town, Bhadravathi. At 
present no mining activity (information from the residents of the surrounding two village area).  
 

2.2. Study Area 
The study was conducted during (2013-2015) in and around Bilikal mined area where the forest is partially 

disturbed without excavation. which is geographically adjacent to Umbalebylu forest patch 8 km and 10 km of 
Kuvempu University campus 13º 47' 425'' N Lat, 75º 37' 394'' E Long, the altitude is above 2229 feet MSL (Figure 
1). Champion and Seth [23]classification characterize these forests as Southern dry mixed deciduous forests. This 
site receives an annual rainfall of about 100-542 mm annually spread from May to December a winter period from 
November-January and a dry period from February-April with a minimum and maximum temperature varying 
from (15.3º-30.3º; 19.3º-36.6º) during the study period. The characteristic tree species of this site are Terminalia 
paniculata, Anogeissus latifolia, Tectona grandis, and Cassia fistula etc.  
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Figure-1. Study area of quartz mined Bilikal hillock Bhadravathi, Karnataka. India. 

 

3. Methodology 
To prepare a database of plant species for the Bilikal mined area. All trees were randomly recorded within the 

respective transects of 350 m  4 m, (0.1ha). Species were photographed and maintained as digital herbaria, in the 
Environmental Study Centre. The tree species were confirmed to the taxonomic level by referring to the various 
regional floras [24-27] of Karnataka, south India. 
 

3.1. Statistical Analysis  
Different ecological indices were performed to know the tree diversity as follows - Dominance, Abundance, 

Frequency and Diversity 
The dominant species in a community are those assumed to be most important ecologically. They may be most 

numerous or of especially large size or high frequency of occurrence. Quantitative dominance may not 
automatically be translated into ecological superiority, but provides a useful way of classifying communities. For 
plant communities measuring dominance usually entails determining three attributes of the species in the 
community: density (number of stems or individuals per unit area) which is a measure of the numerical dominance 
relative to other species: frequency (how many samples contain individuals of a given species), which measures the 
commonness of the species and coverage (basal area) which is a measure of the amount of space occupied by 
individuals of a given species. Transect and Plot data obtained were summarized according to the standard 

protocols.Density, frequency and basal area (as r2) along with the abundance and their relative measures for each 
species have been calculated as follows, Magurran [28]. 
Density (D) = Total no. of individuals / Total no. of quadrats studied. 
Abundance (Ab) = Total no. of individuals / No. of quadrats of occurrence. 
Frequency (F) = No. of quadrants of species occurrence / Total no. of quadrats studied. 
 

3.2. Measuring Species Diversity 
There are a number of ways to measure diversity. The differences among them are not particularly profound. 

Most take into account species richness (the total number of species in the community). However, there is another 
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aspect of species diversity that is frequently not accounted for by diversity indices, the evenness of distribution of 
individuals among species (also called equitability).  
 

3.3. Alpha Diversity 
Species richness - Alpha diversity is measured within the community. Scale is specified and species richness is 

expressed as the number of species in a given standard sample (like the number of tree species per one-hectare 
sample). The simplest measure of species diversity is through the use of a species richness index, which is the 
number of species in the community regardless of dominance Margalef’s species richness index was used to assess 
the species richness in the present study. 
Margalef’s Species richness index D = (S-1) ln N 
Where S= number of species,      N= total number of individuals 

Species richness is the easiest to understand the component of diversity, but the problem is that the actual 
number of species usually unknown. Species richness must be estimated by sampling the community. This, in turn, 
is affected by sample size and taxonomic error. The larger the sample the larger the species richness will be. We 
might estimate species richness by looking at the rate of increase with increasing sample size but we are assuming 
that the rate of increase will be constant. This may be untrue if our samples are large enough.  
 

3.4. Equitability or Evenness 
If we are using samples, the results are then affected by differences in the numbers of individuals per sample. In 

this case, the role of dominance versus equitability or evenness becomes a factor. In the present study, Pielou’s 
Equitability index was calculated for knowing the evenness. 
Pielou’s Equitability Index E = H1 /ln S 
Where S= number of species 
N= total number of individuals,  
H1= Shannon-Wiener Diversity index 

Later ecologists introduced a second component, the evenness component into species diversity considerations. 
The richness and evenness components are combined into a single value, the heterogeneity index. The best known 
of these are the Shannon-Weiner and Simpson diversity indices which are calculated as follows.  
Shannon-Weiner Diversity Index     H1   = - ∑pi ln pi 
Simpson’sDiversity Index    D = (ni (ni-1) / (N (N-1) 
Where ‘ith’ species = one of all the enumerated species 
pi = the proportion of the ‘i’th species = (ni /N) 
ni = number of individuals of the ‘i’th species 
N = total number of individuals. 
Species aggregation concentrations were studied using Simpson’s Concentration dominance index. 
Simpson’s Concentration dominance index Cd = E (Ni /N) 2 

Where  Ni = density of the ‘i’ th species, N   = total number of individuals. 
Tree total Biomass and carbon stock of the different tree species based on varying girth classes we calculated 

using allometric equations developed by Brown, et al. [21]; Takimoto, et al. [29]; Khan [30]; Sundarapandian, et 
al. [31]. Pearson’s correlation was performed with different parameters to know the significance of the available 
data, Zar [32].   
 
 

Table-1. Tree species composition based on mined forest structure. 

Total Families 22 
Dominant family Papilionaceae 
Total Genera 35 
Dominant genera Terminalia spp. 
Total Species 42 
Dominant species Anogeissus latifoliaWall. 
Dominant canopy tree Anogeissus latifoliaWall. 
Dominant understorey tree Helicteres isoraL. 
Total individuals 1527 - 64 
Dominant individual Anogeissus latifoliaWall. 

 

 
Figure-2.  Proportion of families in the Bilikal quartz mined area Bhadravathi, Karnataka. 
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4. Results 
The present study recorded a total of 1527 trees belonging to 42 species, 35 genera and 22 families during the 

study Table 1. Based on the diversity of distribution Papilionaceae with 6 genera and 7 species, Combretaceae with 
2 genera and 4 species followed by Rubiaceae with 3 genera and 3 species and Apocynaceae with 2 genera and 3 
species Figure 2. 

Canopy / top storey of the Bilikal composed of Terminalia paniculata, Terminalia tomentosa, Pterocarpus 
marsupium and middle storey by Tectona grandis, Dalbergia latifolia and Lannea coromandelica, while in the 
under/lower storey Randia dumetorum, Wrighitia tomentosa, Holarrhena antidysentrica and Helicteres isora were 
dominant. Table 2. 
 

Table-2. Tree species of Bilikal mined area of Hunasaekatte, Bhadravathi, Karnataka, India. 

No. 
Species Family 

Life-
form* Individuals Density Abundance Frequency 

1 Acacia concina (Willd.) DC. Mimosae Wl 12 1.71 4 0.4 
2 Adina cordifolia (Roxb).Ridsd. Rubiaceae C 14 2 4.6 0.4 
3 Aegle marmelos Corr. Rutaceae Us 4 0.57 4 0.1 
4 Albiziz lebbeck Benth. Mimosae C 2 0.28 2 0.1 
5 Anogeissus latifolia Wall. Combretaceae C 269 38.42 44.8 0.8 
6 Bauhinia malabarica Roxb. Caesalpiniaceae Us 2 0.28 2 0.1 
7 Bombax malabaricum DC. Bombaceae C 4 0.57 4 0.1 
8 Butea monosperma (Lam.) 

Taub. Papilionaceae 
Us 

10 1.42 3.3 0.4 
9 Careya arborea Roxb. Lecythidaceae Us 15 2.14 2.5 0.8 
10 Cassia fistula L. Caesalpiniaceae Us 1 0.14 1 0.1 
11 Dalbergia latifolia Roxb. Papilionaceae C 33 4.71 11 0.4 
12 Dalbergia lanceolaria Roxb. Papilionaceae C 1 0.14 0.3 0.4 
13 Dilenya pentagyna Roxb. Dilleniaceae C 11 1.57 1.8 0.4 
14 Diospyrous melanoxylon Roxb. Ebenaceae Us 49 7 8.1 0.8 
15 Embilica officinalis Gaertn. Euphorbiaceae Us 4 0.57 4 0.1 
16 Erythrina indica Lam. Papilionaceae Us 12 1.71 6 0.2 
17 Ficus bengalensis L. Moraceae C 2 0.28 2 0.1 
18 Helicteres isora L. Sterculiaceae Us 142 20.28 28.4 0.7 
19 Holarrhena antidysentrica 

wall. Apocynaceae 
Us 

116 16.57 19.3 0.8 
20 Lagerstroemia lanceolata Wall. Lythraceae C 2 0.28 2 0.1 
21 Lagerstromia parviflora Roxb. Lythraceae C 30 4.28 15 0.2 
22 Lannea coromandelica (Houtt.) 

Merr Anacardiaceae 
C 

21 3 7 0.4 
23 Mallotus phillippensis M.Arg. Euphorbiaceae Us 18 2.57 18 0.1 

24 Mitragyna parviflora Korth. Rubiaceae C 2 0.285 2 0.1 
25 Polyolthia cinnaroides 

Hk.f.andT. Annonaceae 
Us 

8 1.14 2.6 0.4 
26 Pongamia pinnata L. Papilionaceae Us 2 0.28 2.6 0.1 
27 Pterosperum diversifolium 

Blume Papilionaceae 
Us 

15 2.14 15 0.1 
28 Pterocarpus marsupium Roxb. Papilionaceae C 14 2 14 0.1 
29 Radermachera xylocarpa Bignoniaceae Us 12 1.71 12 0.1 
30 Randia dumetorum (Thunb.) 

Tirven. Rubiaceae 
Us 

112 16 28 0.5 
31 Schleichera oleosa (Lour.) 

Oken Sapindaceae 
C 

2 0.28 2 0.1 
32 Scolopia crenata Clos. Flacourtiaceae Us 1 0.14 1 0.1 
33 Semicarpus anacardium L.f. Anacardiaceae C 15 2.14 7.5 0.2 
34 Tectona grandis L.f. Verbenaceae C 251 35.85 62.7 0.1 
35 Terminalia paniculata Roth. Combretaceae C 90 12.85 22.5 0.5 
36 Terminalia bellirica (Gaertn.) 

Roxb. Combretaceae 
C 

7 1 7 0.1 
37 Terminalia chebula Retz. Combretaceae C 1 0.14 0.2 0.1 
38 Terminalia tomentosa W. and 

A. Combretaceae 
C 

106 15.14 53 0.5 
39 Wrighitia tomentosa R.and S. Apocynaceae Us 87 12.42 87 0.2 
40 Wrightia tinctoria R.Br. Apocynaceae Us 1 0.142 0.5 0.1 
41 Ziziphus rugosa Lam. Rhamnaceae Wl 25 3.57 12.5 0.2 
42 Ziziphus oenoplia Mill. Rhamnaceae Us 2 0.28 0.6 0.4 

Note: *Life-form - Wl – Woody liana, C – Canopy tree, Us – Understorey tree. 

 
A dominant among the tree composition is Anogeissus latifolia, (Combretaceae ) with  269 individuals, density 

38.42, abundance 44.8 and frequency 0.85, Tectona grandis, (Verbenaceae) with 251 individuals, density 35.85, 
abundance 62.75 and frequency 0.14, Terminalia tomentosa (Combretaceae) with 106 individuals, density 15.14, 
abundance 53 and frequency 0.5. Table 2 Tree diversity parameters are summarized in (Table 3). Diversity indices 
indicate that a moderate diversity in the human-disturbed area. 

Based on transect the girth class, biomass and carbon stock was assessed for 1564 individuals. The number of 
individuals was highest within a girth class of 1-10 cm, followed by 20-30 cm, whereas basal area was highest 
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within the girth class of 40-50 cm and total carbon stock is 0.776  t/ha, and for the present study of (0.14ha)  it is 
0.108 t/ha. Table 4 and Table 5. 
 

Table- 3. Ecological indices for tree species in Bilikal mined area of Bhadravathi, Karnataka. 

Parameters Values 

Taxa_S 42 
Individuals 1527 

Dominance_D 0.09 
Shannon_H 2.77 

Simpson_1-D 0.90 
Evenness_e^H/S 0.38 

Menhinick 1.07 
Margalef 5.59 

Equitability_J 0.74 
Fisher_alpha 7.98 

Berger-Parker 0.17 

 
Table-4. Different girth class, basal area, biomass and carbon stock for tree species in Bilikal mined area of Bhadravathi, Karnataka. 

Sl. 
No 

Girth-  
class 

No of 
individuals 

No. of 
species 

DBH 
(cm) 

Basal area Biomass Carbon 
stock (t/ha) 

Carbon stock 
(t/0.14ha) 

1 1 – 10 559 32 1630.09 4118.05 212.84 106.42 14.89 
2 10 -20 305 30 1583.24 6616.9 209.35 104.67 14.65 
3 20-30 312 29 2482.81 15711.25 335.88 167.90 23.05 
4 30-40 186 29 2061.24 18057.55 285.52 142.76 19.98 
5 40-50 119 26 1706.36 19288.30 241.64 120.82 16.91 
6 50-60 43 15 742.77 10102.14 107.06 53.53 7.49 
7 60-70 17 10 345.04 5510.13 50.56 25.28 3.53 
8 70-80 10 9 235.86 4372.70 35.12 17.56 2.45 
9 80-100 5 4 138.14 3013.59 20.95 10.47 1.46 
10 100-150 7 7 263.56 7842.04 41.50 20.75 2.9 
11 >200 1 1 70.02 3851.54 11.97 5.98 0.83 

 
Table-5. A total assessment of different parameters for tree species in Bilikal mined area of Bhadravathi, Karnataka. 

Parameters Total values Ton/ha 0.14ha (350 x 4 mt) 

DBH 11259.19 11.25919 1.57628 
Basal area 98484.16 98.48416 13.7877 
Biomass 1552.36 1.55236 0.21733 

Carbon stock 776.181 0.77618 0.10866 

 
Species composition and basal area indicate the present forest patch has more juvenile individuals compare to 

mature Figure 3 hence the restoration have greater importance in nurturing the forest ecosystem. The girth class 
with diameter indicates the (20-50 cm) girth class has a maximum number of basal area and carbon stock. Figure 4. 
Based on dbh (cm) and basal area (r = 0.53, p<0.05), basal area and biomass (r= 0.57, p<0.05), had a positive 
significance (Figure 5a, b). Whereas biomass and carbon stock (r=1.0, p<0.01) and dbh and carbon stock (r=0.98, 
p<0.01) had a strong positive significance Figure5 c, d.  
 

 
Figure-3. Number of Individual, species and girth class wise in the study area. 
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Figure-4. Biomass and Carbon stock among different girth class in the study area. 

 

  

  
Figure-5. Relationship between (a). Diameter and basal area, (b) basal area and biomass. (c) Biomass and carbon stock, (d) 
diameter and carbon stock, in a quartz mined hillock area, Karnataka. 

 

5. Discussion 
The present tree species diversity is related to the quality and quantity of disturbance and the species 

composition structure. Wattenberg and Breckle [33] report the biodiversity of any forest is a measure of its species 
richness. The higher density of the small trees in the forest is likely to be related to the open canopy and low 
density of the larger trees [34]. In the present study highlights the species diversity based on the level of 
disturbance. But a higher level of disturbance gradually leads to the poorer stability of the forest [9]. This is 
supported by the present study that higher numbers of competent species like (Randia dumetorum and Holarrhena 
antidysentrica) than the tolerant species like (Adina cordifolia, Aegle marmelos, Terminalia bellirica, Mitragyna 
parviflora and Embilica officinalis). Thus the present study is concluded that stability and diversity are 
complementary and two central themes for the proper functioning of any ecosystem. 

The sample size selected in the study area and species composition varies within and between different forest 
types of the earlier studies. 1527 individual trees in 0.14 ha of the present study are much higher compared to other 
earlier studies. Long term monitoring studies in different forest types show with 1766 trees in 2 ha permanent plot 
of Bhadra wildlife sanctuary, Karnataka [35] 540 tree/ha (≥ 1cm DBH) in the dry forests of Mudumalai, 
Tamilnadu, [36].  In KalakkadMundanthurai Tiger Reserve, 726 trees/ha [37]. In dry forests in Vindhya hill 
ranges and 446 trees/ha of tropical evergreen forests of VaragalairAyyappan and Parthasarathy [10]. Murali, et al. 
[38] study from Savanadurga State Forests of Karnataka with 30 quadrats of (25 m × 25 m) recorded 133 species.  
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Condit, et al. [39] lower girth class was more in the present study (i.e 43 % 794 stems), it may be due to the 
mortality of big trees that led to the creation of canopy gaps which helps to penetrate more solar light by 
supporting the level of recruitment of understory species and establish faster. Gordon and Newton [40] to 
minimize biodiversity loss by tropical deforestation and taking the biodiversity inventory as a tool for guiding 
conservation planning at a local scale by the international community especially in tropical countries where 
technical capacity is often limited. As this mined hillock area lies nearer to the natural dry forest of Bhadra wildlife 
sanctuary, the species richness and its diversity may be a chance by the dispersal mechanism of accompanying bird, 
and animal species. (Personal observation). Different parameters of ecological indices are in support with other 
tropical forest diversity studies (Krishnamurthy, et al. [35] and Murali, et al. [38]. But long term monitoring with 
diversity and dynamics observations are required in the present changing climate to understand species 
composition for the restoration of the mined area in the present study area and elsewhere. 

Nearly 37 individuals fall under the category of unidentified /partially disturbed species without access to leaf, 
flower and fruit for the identification and confirmation of taxonomic group but living, hence those individuals 
assessed for carbon stock. 

Daubenmire [41] research reveals that trees in the dry (deciduous) forest face loss of water resulting in a 
reduction in stem diameter. In the present study number individual, species composition varies with girth class; the 
basal area is highest within the girth class of 40-50 cm with a 119 individual, least with a girth class of 80-100 cm 
with 5 individuals. Whereas the highest biomass 335.88 t/ha with 312 individuals. (Figure 3).May be reduction in 
loss of water in the stem biomass. Haripriya [42] Biomass per hectare based on aboveground large scale 
inventories analysis rages from 14 to 210 Mg/ha. According to Chaturvedi, et al. [43] carbon density ranging 
from 15.6 to 151 t-C ha-1 in tropical dry forests of India, but at the global level the aboveground carbon density in 
dry forest it varies between 14 and 123 t-C ha-1, as noticed by Murphy and Lugo [44] based on the girth class it 
varies from 10 -200 cm carbon stock for 0.14 ha 0.83 to 23.05 tons. Carbon stock is not dependent on biomass but 
independent on the basal area. (Table 1).Newbery and Gartlan [45] changes in species diameter used as an 
indicator of population changing structure. The present study is in agreement as the mined area indicates the 
different girth class from 10 to > 200 cm the anthropogenic perturbation changes the forest structure its basal area 
and biomass varies with a number of active individuals (Table 2). 

A different diameter class indicates the resource utilization by the growing forest, Krebs [46]. The different 
age class in the present study shows the partition of resources like water, soil, sunlight, canopy and changing strata 
due to mining, girth class of 20-30 cm with a 312individual had more carbon stock with less biomass than 40-50 cm 
girth class had less carbon holding capacity this directly attributes the significance species composition and abiotic 
factors. (Figure 4).  The high carbon storage is recorded especially through raising plantations in Indian forests 
(e.g. [47-50]). But the natural species composition and structure cannot be matched or compared with the  man-
made plantation hence we need to know species composition, structure, biomass and carbon stock capacity in the 
small patches of the forest even though disturbed by humans as it helps in rehabilitation based on species growth 
pattern and geographical features.  

The Land Use and Carbon Sequestration Model (LUCS) model and estimated that under a regular plantation 
forestry scenario in India, 7 Pg of carbon would be sequestered between 2000 and 2050 by Suruchi and Roma [47]. 
In the estimation of long term, large permanent plots the small forest patches contribution of carbon stock is 
unnoticed as in the present study indicates the contribution of different girth class carbon holding capacity. (Table 

4). Lal and Singh [51] found that the difference in biomass productivity of natural forest cover (1.1 Mg ha−1yr−1) 

and plantations (3.2 Mg ha−1yr−1), the carbon sequestration potential was in the range of 1.1 and 2.7 Pg C, 
respectively, by the years 2020 and 2045 (cumulative carbon uptake from the atmosphere). 

The major deterrent characters of carbon stock are tree species, climate, age, size class distribution etc [52, 
53]. Small patches of forest, as well as disturbed and partially mined forest ecosystem, shows their real vegetation 
if assessed and documented helps in having a basic database to understand the future consequences.  

Pearson correlation analysis indicates a positive relationship with a diameter at breast height with the basal 
area and with basal area and biomass (Figures 5a and b), .the similar observation is noticed from, Sundarapandian, 
et al. [31]. Whereas biomass and carbon stock had a strong positive relationship as well as diameter at breast 
height with carbon stock shows a strong positive relationship similar observation has been recorded in other 
tropical forests [54, 55]. The carbon sequestration capacity is high in plantation than in natural forests is due to 
better silvicultural management practices [50]. If the forest ecosystems are better managed based on disturbance 
gradient probably we can achieve better species composition, biomass and carbon sequestration with an innovative 
restoration practice in the coming future.  
 

6. Conclusion  
Generally, when land is surface-mined, the entire forest including shrub layer, tree canopy, rootstocks, seed 

pools, animals, and microorganisms is removed. After mining, the forest takes enough time to restore to its original 
function and structure through a series of a process called forest succession. On exploration of floristic diversity to 
know the abandoned mined (affected) area. We found some species are thriving well; the abandoned mined area 
need eco protection from tree logging, domestic animal grazing. There is an urgent need to monitor, the diversity, 
distribution of native, exotic, herbs, shrubs, grasses, creepers, lianas and faunal diversity of birds and animals of the 
area with phenological observation [56] to know how they are coping with disturbances will help in forest 
restoration success in India and elsewhere. 
 

References 
[1] B. Czech, "Technological progress and biodiversity conservation: A dollar spent, a Dollar burned," Conservation Biology, vol. 17, pp. 

1455-1457, 2003.Available at: https://doi.org/10.1046/j.1523-1739.2003.02370.x.  
[2] F. Bell, S. Bullock, T. Hälbich, and P. Lindsay, "Environmental impacts associated with an abandoned mine in the Witbank 

Coalfield, South Africa," International Journal of Coal Geology, vol. 45, pp. 195-216, 2001.Available at: 
https://doi.org/10.1016/s0166-5162(00)00033-1.  



Asian Review of Environmental and Earth Sciences, 2021, 8(1): 38-47 

46 
© 2021 by the authors; licensee Asian Online Journal Publishing Group 

 

 

[3] S. P. Hubbell and R. B. Foster, Diversity of canopy trees in a neotropical forest and implications for conservation. In: S.L. Sutton, T.C. 
Whitmore and A.C. Chadwick (Eds.), Tropical Rain forest: Ecology and Management. Oxford: Blackwell Scientific Publications, 1983. 

[4] R. M. May and M. P. Stumpf, "Species-area relations in tropical forests," Science, vol. 290, pp. 2084-2086, 2000.Available at: 
https://doi.org/10.1126/science.290.5499.2084.  

[5] O. Kaul and D. Sharma, "Forest types statistics," Indian Forester, vol. 97, pp. 435-436, 1971.  
[6] K. P. Singh and C. P. Kushwaha, "Emerging paradigms of tree phenology in dry tropics," Current Science, vol. 89, pp. 964-975, 

2005.  
[7] S. H. Bullock, H. A. Mooney, and E. Medina, "Seasonally dry deciduous forests," ed: Cambridge University Press, 1995, pp. 1-450. 
[8] N. Parthasarthy, "Changes in forest composition and structure in three sites of tropical Evergreen Forest around Sengaltheri, 

Western Ghats," Current Science, vol. 80, pp. 389-393, 2001.  
[9] R. Sagar, A. Raghubanshi, and J. Singh, "Tree species composition, dispersion and diversity along a disturbance gradient in a dry 

tropical forest region of India," Forest Ecology and Management, vol. 186, pp. 61-71, 2003.Available at: 
https://doi.org/10.1016/s0378-1127(03)00235-4.  

[10] N. Ayyappan and N. Parthasarathy, "Biodiversity inventory of trees in a large-scale permanent plot of tropical evergreen forest at 
Varagalaiar, Anamalais, Western Ghats, India," Biodiversity & Conservation, vol. 8, pp. 1533-1554, 1999.  

[11] L. Miles, A. C. Newton, R. S. DeFries, C. Ravilious, I. May, S. Blyth, V. Kapos, and J. E. Gordon, "A global overview of the 
conservation status of tropical dry forests," Journal of Biogeography, vol. 33, pp. 491-505, 2006.  

[12] J. A. Foley, "An equilibrium model of the terrestrial carbon budget," Tellus B: Chemical and Physical Meteorology, vol. 47, pp. 310-
319, 1995.Available at: https://doi.org/10.1034/j.1600-0889.47.issue3.3.x.  

[13] W. H. Schlesinger, Biogeochemistry: An analysis of global change, 2nd ed. New York: Academic Press, 1977. 
[14] B. Chavan and G. Rasal, "Comparative status of carbon dioxide sequestration in Albizia lebbek and Delonix regia," Universal 

Journal of Environmental Research and Technology, vol. 2, pp. 85-92, 2012.  
[15] S. Brown, "Estimating biomass and biomass change of tropical forests: A primer," ed Italy: Food & Agriculture Organization, 1997, 

pp. 1-134. 
[16] B. Chavan and G. Rasal, "Sequestered standing carbon stock in selective tree species grown in University campus at Aurangabad, 

Maharashtra, India," International Journal of Engineering Science and Technology, vol. 2, pp. 3003-3007, 2010.  
[17] F. Montagnini and P. K. R. Nair, "Carbon sequestration: An underexploited environmental benefit of agroforestry systems," 

Agroforestry Systems, vol. 61, pp. 281-295, 2004.Available at: https://doi.org/10.1023/b:agfo.0000029005.92691.79.  
[18] P. Kauppi and R. Sedjo, "Technical and economic potential of options to enhance, maintain and manage biological carbon reservoirs 

and geo-engineering. In: Metz, B., Davidson, O., Swart, R., Pan, J. (Eds.), Climate Change 2001: Mitigation," Contribution of 
Working Group III to the Third Assessment Report of the IPCC. Cambridge University Press, Cambridge, UK2001. 

[19] R. Houghton, "The annual net flux of carbon to the atmosphere from changes in land use 1850–1990," Tellus B, vol. 51, pp. 298-
313, 1999.Available at: https://doi.org/10.3402/tellusb.v51i2.16288.  

[20] R. A. Houghton, J. L. Hackler, and R. M. Cushman, "Carbon flux to the atmosphere from land-use changes: 1850 to 1990: Carbon 
Dioxide Information Analysis Center and World data centre- A for Atomospheric Trace Gases," Catalog of Databases and Reports, 
Oak Ridge National Laboratory. National Technical Information Service, U.S. Department of Commerce, 5285 Port Royal Rd., 
Springfield, VA 22161, pp. 1-2082001. 

[21] S. Brown, A. J. Gillespie, and A. E. Lugo, "Biomass estimation methods for tropical forests with applications to forest inventory 
data," Forest Science, vol. 35, pp. 881-902, 1989.  

[22] Y. Krishnamurthy, H. Prakasha, and A. Nanda, "Floristic diversity of Bhadra Wildlife Sanctuary in the Central Western Ghats 
region, Karnataka," Indian Forester, vol. 135, pp. 1397-1406, 2009.  

[23] H. G. Champion and S. K. Seth, A revised survey of the forest types of India. Delhi: Govt. Of India Press, 1968. 
[24] J. S. Gamble and C. E. C. Fischer, "Flora of the presidency of Madras." vol. I-III, ed Hart Street, W.C: Adlard and Son, Ltd, 1998, 

p. 680. 
[25] C. J. Saldanha, Flora of Karnataka vol. 1-6. New Delhi: Oxford and IBH Publishing Co. Pvt. Ltd, 1996. 
[26] S. N. Yoganarasimhan, K. Subramanyam, and B. A. Razi, Flora of Chikkamagalur District, Karnataka, India. Deharadun: International 

Book Distributors, 1982. 
[27] S. N. Ramaswamy, M. R. Rao, and D. A. Govindappa, Flora of Shimoga District. Karnataka, Manasagangotri, Mysore: Prasaranga 

University of Mysore, 2001. 
[28] A. E. Magurran, Ecological diversity and its measurement. London: Croom Helm Limited, 1998. 
[29] A. Takimoto, P. R. Nair, and V. D. Nair, "Carbon stock and sequestration potential of traditional and improved agroforestry 

systems in the West African Sahel," Agriculture, Ecosystems & Environment, vol. 125, pp. 159-166, 2008.Available at: 
https://doi.org/10.1016/j.agee.2007.12.010.  

[30] A. Khan, "Assessment of carbon storage in Pondicherry mangroves, Pondicherry, India," Acta Biologica Malaysiana, vol. 2, pp. 95-
99, 2013.  

[31] S. Sundarapandian, S. Amritha, L. Gowsalya, P. Kayathri, M. Thamizharasi, J. A. Dar, K. Srinivas, D. Gandhi, and K. Subashree, 
"Biomass and carbon stock assessments of woody vegetation in Pondicherry University campus, Puducherry," International Journal 
of Environmental Biology, vol. 4, pp. 87-99, 2014.  

[32] J. H. Zar, Biostatistical analysis. New Jersey. USA: Prentice-Hall, 2007. 
[33] I. Wattenberg and S. Breckle, "Tree species diversity of a pre montane rain forest in the Cordillera de Tilaren, Costa Rica," 

Biotropica, vol. 1, pp. 21-30, 1995.  
[34] N. Manokaran and H. V. La Frankie, "Stand structure of Pasoh forest reserve, a low land rain forest in peninsular Malaysia," 

Journal of Tropical Forest Science, vol. 3, pp. 14-24, 1990.  
[35] Y. Krishnamurthy, H. Prakasha, A. Nanda, M. Krishnappa, H. Dattaraja, and H. Suresh, "Vegetation structure and floristic 

composition of a tropical dry deciduous forest in Bhadra Wildlife Sanctuary, Karnataka, India," Tropical Ecology, vol. 51, pp. 235-
246, 2010.  

[36] R. Sukumar, H. S. Dattaraja, H. S. Suresh, R. Radhakrishna, S. N. Vasudeva, and N. V. Joshi, "Long-term monitoring of vegetation 
in a tropical deciduous forest in Mudumali, Southern India," Current Science, vol. 84, pp. 608-610, 1992.  

[37] T. Ganesh, R. Ganesan, M. S. Devy, P. Davidar, and K. Bawa, "Assessment of plant biodiversity at a mid-elevation evergreen forest 
of Kalakad—Mundanthurai Tiger Reserve, Western Ghats, India," Current Science, vol. 71, pp. 5-10, 1996.  

[38] K. S. Murali, A. Kavitha, and R. P. Harish, "Spatial Patterns of trees and shrub species diversity in Savanadurga State Forest, 
Karnataka," Current Science, vol. 62, pp. 808-813, 2003.  

[39] R. Condit, S. P. Hubbell, and R. B. Foster, "Short-term dynamics of a neotropical forest," Bioscience, vol. 42, pp. 822–828, 
1992.Available at: https://doi.org/10.2307/1312081.  

[40] J. E. Gordon and A. C. Newton, "Efficient floristic inventory for the assessment of tropical tree diversity: A comparative test of 
four alternative approaches," Forest Ecology and Management, vol. 237, pp. 564-573, 2006.Available at: 
https://doi.org/10.1016/j.foreco.2006.10.002.  

[41] R. Daubenmire, "Phenology and other characteristics of tropical semi-deciduous forest in Northwestern Costa Rica," Journal of 
Ecology, vol. 60, pp. 147-170, 1972.Available at: https://doi.org/10.2307/2258048.  

[42] G. Haripriya, "Biomass carbon of truncated diameter classes in Indian forests," Forest Ecology and Management, vol. 168, pp. 1-13, 
2002.Available at: https://doi.org/10.1016/s0378-1127(01)00729-0.  

[43] R. Chaturvedi, A. Raghubanshi, and J. Singh, "Leaf attributes and tree growth in a tropical dry forest," Journal of Vegetation Science, 
vol. 22, pp. 917-931, 2011.Available at: https://doi.org/10.1111/j.1654-1103.2011.01299.x.  

[44] P. G. Murphy and A. E. Lugo, "Ecology of tropical dry forest," Annual Review of Ecology and Systematics, vol. 17, pp. 67-88, 1986.  
[45] D. M. Newbery and J. Gartlan, "A structural analysis of rain forest at Korup and Douala–Edea, Cameroon," Proceedings of the Royal 

Society of Edinburgh, Section B: Biological Sciences, vol. 104, pp. 177-224, 1996.Available at: 
https://doi.org/10.1017/s0269727000006138.  



Asian Review of Environmental and Earth Sciences, 2021, 8(1): 38-47 

47 
© 2021 by the authors; licensee Asian Online Journal Publishing Group 

 

 

[46] C. J. Krebs, Ecological methodology. New York, USA: Harper and Row, 1989. 
[47] B. Suruchi and S. Roma, "Carbon sequestration estimates for forestry options under different land-use scenarios in India," Current 

Science, vol. 83, pp. 1380-1386, 2002.  
[48] R. Manhas, J. Negi, R. Kumar, and P. Chauhan, "Temporal assessment of growing stock, biomass and carbon stock of Indian 

forests," Climatic Change, vol. 74, pp. 191-221, 2006.Available at: https://doi.org/10.1007/s10584-005-9011-4.  
[49] N. Hooda, M. Gera, K. Andrasko, J. Sathaye, M. Gupta, H. Vasistha, M. Chandran, and S. Rassaily, "Community and farm forestry 

climate mitigation projects: Case studies from Uttaranchal, India," Mitigation and Adaptation Strategies for Global Change, vol. 12, pp. 
1099-1130, 2007.Available at: https://doi.org/10.1007/s11027-006-9066-1.  

[50] R. Baishya, S. K. Barik, and K. Upadhaya, "Distribution pattern of aboveground biomass in natural and plantation forests of humid 
tropics in Northeast India," Tropical Ecology, vol. 50, pp. 295–304, 2009.  

[51] M. Lal and R. Singh, "Carbon sequestration potential of Indian forests," Environmental Monitoring and Assessment, vol. 60, pp. 315-
327, 2000.  

[52] J. A. Vucetich, D. D. Reed, A. Breymeyer, M. Deg´orski, G. D. Mroz, J. Solon, E. Roo-Zielinska, and R. Noble, "Carbon pools and 
ecosystem properties along a latitudinal gradient in Northern Scots pine (Pinussylvestris) forests," Forest Ecology and Management, 
vol. 136, pp. 135–145, 2000.Available at: https://doi.org/10.1016/s0378-1127(99)00288-1.  

[53] A. Pussinen, T. Karjalainen, R. Mäkipää, L. Valsta, and S. Kellomäki, "Forest carbon sequestration and harvests in Scots pine stand 
under different climate and nitrogen deposition scenarios," Forest Ecology and Management, vol. 158, pp. 103-115, 2002.Available at: 
https://doi.org/10.1016/s0378-1127(00)00675-7.  

[54] S. Mani and N. Parthasarathy, "Above-ground biomass estimation in ten tropical dry evergreen forest sites of peninsular India," 
Biomass and Bioenergy, vol. 31, pp. 284-290, 2007.Available at: https://doi.org/10.1016/j.biombioe.2006.08.006.  

[55] K. Murali, D. Bhat, and N. Ravindranath, "Biomass estimation equations for tropical deciduous and evergreen forests," International 
Journal of Agricultural Resources, Governance and Ecology, vol. 4, pp. 81-92, 2005.Available at: 
https://doi.org/10.1504/ijarge.2005.006440.  

[56] H. S. Suresh and A. Nanda, "Comparative phenologies of two tropical dry forests in Southern India," Journal of Global Ecology and 
Environment, vol. 3, pp. 36-57, 2021.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

  

Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the content. 
Any queries should be directed to the corresponding author of the article. 
 


