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This issue focuses on the “

”.  Rapid urbanization, industrial 
growth, change in land use patterns, raise in 
fossil fuel emissions has increased the CO  2

concentration in the atmosphere and 
consequently global warming.  Plants and 
especially forests are of particular importance 
as they are major regulators of global climate 
and are the keystone of the carbon cycle.   In a 
forest ecosystem, trees accumulate large 
amounts of carbon due to their long life and 
growth cycle for many decades unlike annual 
plants.  

Nallamalais A 
Potential Carbon Stock Forests in Eastern 
Ghats, India

Biomass is a key property of 
ecosystems. The estimates of biomass are 
crucial for estimating the carbon flux, but the 
database for estimating the biomass and carbon 
pool in tropical forests is very poor.    Thus, the 
improved quantification of carbon pools and 
fluxes in forest ecosystems is important for 
understanding the contribution of forests to net 
carbon emissions and their potential for carbon 
sequestration. With this background, an attempt 
has been made in the present study, to assess 
the standing biomass stocks and carbon pool of 
tropical deciduous forests of Nallamalais.
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NALLAMALAIS A POTENTIAL CARBON STOCK FORESTS IN                  
EASTERN GHATS, INDIA

 Dr. V. Srinivasa Rao M.Sc, Ph.D
State Project Coordinator, UNEP-GEF-MoEF&CC-ABS Project

thAndhra Pradesh State Biodiversity Board, 6  Floor, Chandravihar Complex,
M.J. Road, Nampally, Hyderabad-500 001

Introduction:                                           

The increase of carbon dioxide concentration in 

the atmosphere and its potential effect on climate 

are the most important global environmental 

issues on the earth (Brown et al., 1989). The life 

time of CO  in the global atmosphere is much 2

higher varying from 5 to 200 years. Currently 

humans are releasing 70 Mt of CO per day into 2 

the atmosphere due to fossil-fuel burning in large 

scale for power generation and automobiles 

(Kannan and James, 2009). One of the major 

global concerns is the increase of atmospheric 

CO  by 15-25% over the past 100 years and its 2

 potential to change the world climate (Haripriya, 

2000). Rapid urbanization, industrial growth, 

change in land use patterns, raise in fossil fuel 

emissions has increased the CO concentration in 2 

the atmosphere and consequently global 

warming. Carbon dioxide levels were under 300 

ppm for the last 600,000 years and for the first 

time these levels touched 300 ppm in the 1900s 

(Cicerone, 2006) and it is all time record of 389 

ppm by August, 2011 (Mauna Loa Records).  

Deforestation and degradation accounts for 20% 

of the total anthropogenic carbon emissions 

(IPCC-WGI, 2007). 

Plants and especially forests are of particular 

importance as they are major regulators of global 

climate and are the keystone of the carbon cycle. 

Tropical forests harbouring rich biodiversity are 

responding in several ways to global climate 

change leading to shifts in species composition 

and overall increase in turnover (Phillips and 

Gentry, 1994). However, species play a potentially 

important role in enhancing ecosystem capacity 

to recover and adapt to the impacts of climate 

change. Substantial amounts of carbon can be 

sequestered through forestry, compared to the net 

volume of carbon released into the atmosphere.  

In a forest ecosystem, trees accumulate large 

 

 

 

amounts of carbon due to their long life and growth 

cycle for many decades unlike annual plants. 

'Capturing and securing of atmospheric carbon in 

the form of CO during photosynthesis and 2 

transform into sugar and subsequently to dead 

organic matter is called as carbon sequestration'. 

Forest vegetation contains over 350,000 Tg of 

carbon and play major role in global carbon cycle 

(Dixon et al., 1994). Estimation of above-ground 

biomass (AGB) is an essential aspect of studies of 

carbon sequestration, carbon stocks and to study 

the effect of deforestation on global carbon 

balance, because it constitutes about 60% of total 

phytomass and is involved in the regulation of 

atmospheric carbon concentration (Ketterings               

et al., 2001).  Tree inventories are an efficient way 

of assessing forest carbon stocks and emission to 

the atmosphere during deforestation (Chave et al., 

2004). 

Biomass represents the largest organic carbon 

pool in mature tropical forest ecosystem. Despite 

its importance it is treated as poorly quantified 

stock, because changes in biomass dramatically 

induced by gap dynamics and succession after 

natural and human-induced disturbances. 

Moreover, biomass shows wide variability with in 

and between forest communities (Sarmiento et al., 

2005). The change in forest biomass has 

considered as key characteristics of forest 

ecosystem (Cannell, 1982). Biomass variability 

can be explained by several factors like climate, 

topography, soil fertility, water supply and wood 

density, distribution of tree species, tree functional 

type and forest disturbance (Sicard et al., 2006).

Biomass is a key property of ecosystems 

(Champion et al., 2002). The estimates of biomass 

are crucial for estimating the carbon flux, but the 

database for estimating the biomass and carbon 

pool in tropical forests is very poor (Brown et al., 

1989).
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Biomass is closely related to and often estimated 

directly from the growing stock (Volume). World's 

forests accounted for 600 Gt of biomass (above 

and below-ground) and 67 Gt in dead wood (FAO, 

2011). Above-ground biomass estimates are still 

an important source because of scarcity of reliable 

estimates of biomass and its variation across 

landscapes and forest types (Houghton et al., 

2009). The major carbon pools in India are 

estimated based on very coarse resolution data 

and extrapolation because the primary data for 

the many regions of the country are non-existed 

or over-estimated (Dadhwal and Nayak, 1993). 

Due to the lack of reliable data on standing 

biomass and rates of forest degradation, the net 

carbon emission estimates for India are highly 

variable (Ravindranath et al., 1997). Thus, the 

improved quantification of carbon pools and 

fluxes in forest ecosystems is important for 

understanding the contribution of forests to net 

carbon emissions and their potential for carbon 

sequestration (Chhabra and Dadhwal, 2004). 

With this background, an attempt has been made 

in the present study, to assess the standing 

biomass stocks and carbon pool of tropical 

deciduous forests of Nallamalais. 

Study Area:

Nallamalais, one of the 234 Centers of Plant 

Diversity of the world (WWF-IUCN, 1995), lies 

between 15° 20' to 16° 30' Northern Latitude and 

78° 30' to 80° 10' Eastern Longitudes and located 

in the Eastern Ghats, India (Fig. 1). It spreads in 

five districts such as Guntur, Kurnool, Nalgonda, 

Mahaboobnagar and Prakasam. The hill ranges 

extended over an area of 7640 sq. km. The 

elevation ranges 300-950m above MSL. The 

average annual temperature varies from 24 to 

29°C and average annual rainfall is 740 mm. The 

geological formation known as the 'Archaens', the 

non-fossiliferous rocks formed about 2000 

million years ago. The major rivers are Krishna 

and Gundlakamma. The soils are red, black and 

mixed type. The vegetation is tropical deciduous 

and scrub type. The primitive tribe 'Chenchus' live 

amidst the forests of Nallamalais. There are two 

Protected Areas in the study area are Nagarjuna 

Sagar-Srisailam Tiger Reserve (NSTR) which is the 

l a r g e s t  t i g e r  r e s e r v e  i n  I n d i a  a n d  

Gundlabrahmeswaram (GBM)  Wi ld l i f e  

Sanctuary. 

Fig. 1 Map of the study area and sampled sites

Methodology: 

In the present study, a non-destructive approach 

of biomass estimation was done in 30 randomly 

stratified sampled sites comprising 12 ha area. A 

comprehensive format design of Vegetation 

Carbon Pool Assessment Project by Indian 

Institute of Remote Sensing (IIRS) (Singh & 

Dadhwal, 2008) was followed and this has been 

the source of identifying the sample sites (250×250 

m) based on forest type (available at IIRS under 

different projects), forest density and IRS LISS III 

data for Normalized Difference Vegetation Index 

(NDVI) values ranging between 0.0-0.5. On field, 

the sites were located with the help of Global 

Positioning System (GPS) and Survey of India 

reference topographic maps. 

Sampling Design

For trees/liana enumeration, 250×250 m site area 

was divided into 4 plots (NE, NW, SE and SW) of 

size 31.62×31.62 m (i.e., 0.1 ha), about 75-90 m 

away from the centre (Patil et al., 2011). Girth at 

Breast Height (GBH) measurements were taken 

with measuring tape and height was measured 

using Opti-logic digital hypsometer. For 

enumeration of shrubs, two quadrates of 5×5 m 

were laid in opposite corners in each 0.1 ha plot 

and in each quadrate, the number of bushes and 
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tillers in each bush were counted. For herbs and 

litter, 5 quadrates (4 in corners and 1 in centre) of 

1×1 m were laid in each 0.1 ha sample plot and the 

material is harvested for determining fresh and 

dry weight. 

Estimation of Biomass

Basal area of each tree/liana was calculated by 

using standard formula and treated as the critical 

parameter for estimating trees/liana above 

ground biomass. 

2 -1 2Basal Area (m  ha ) = r  × 10

Volume of each tree/liana with ≥10 cm diameter 

was estimated using species specific volumetric 

equation and for species without specific 

volumetric equations, common equation is 

applied based on Forest Survey of India (FSI, 

1996). Specific gravity values of different species 

were selected from literature (Reyes et al., 1992; 

FRI, 1996; Mani and Parthasarathy, 2007). 

Specific gravity values are available for 75-80% 

stems. For species with unknown specific gravity, 

the arithmetic mean of all known species was 

substituted and used in particular sample plot 

following Brown et al., (1989). Volume of 

trees/liana with ≥10 cm diameter was converted 

into biomass by multiplying with specific gravity 

(Rajput et al., 1996). Biomass of all the trees was 

summed to obtain biomass for 0.1ha plot.

3
Biomass (tonnes) = Volume (m ) × Specific Gravity

Since volumetric equations for trees/liana with 

<10 cm diameter are not available, we followed the 

methodology developed for Vegetation Carbon 

Pool Assessment Project (Patil et al., 2011) to 

estimate biomass of this class. The regression 

equation developed by correlating basal area and 

biomass of trees ≥10cm diameter is as follows (Fig. 

2).

        Y=3.6808*X+0.264.                   

where, Y=Biomass,                                              

           X=Basal area of trees (>10cm 

           diameter and <10cm diameter),   

           3.6808 & 0.264=Coefficients

Fig. 2: Correlation between basal area and 
biomass of trees >10 cm diamter 

The biomass of trees with ≥10 cm diameter and 

<10 cm diameter in each plot were added together 

to get biomass of 0.1ha plot.  

For shrubs, herbaceous and litter, the mean dry 

weight (g) is directly taken as biomass. Biomass of 

trees/liana, shrubs and herbaceous were added to 

get above-ground live biomass (AGLB). A 

conversion factor of 20% is used to calculate dead 

wood biomass from AGLB following Achard et al., 

(2002). Litter and dead wood biomass were 

summed up to get above-ground dead biomass 

(AGDB) and Total above-ground biomass (TAGB) is 

calculated by adding AGLB and AGDB. In the 

present study, 20% of the TAGB was considered as 

below ground biomass (BGB) following 

Ramankutty et al., (2007). Total biomass (TB) for 

each sample plot was obtained by addition of 

TAGB with BGB. 

Estimation of Carbon Stocks

Carbon stocks were estimated from the total 

biomass by multiplying with IPCC default carbon 

fraction of 0.47 as follows. 

Carbon (tonnes) = Biomass (tonnes) × Carbon %

We used Mean Biomass Density Method (MBM) 

(Guo et al., 2010) for extrapolation in which mean 

density is multiplied with forest area.

Results and Conclusions:

The present study pertaining to estimation of 

carbon sequestration potential of forests of 

Nallamalais in Andhra Pradesh is sampled 120 

plots recorded a total of 306 plant taxa (124 trees, 
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6 lianas, 18 shrubs, 141 herbs and 17 vines) 

belonging to 215 genera and 61 families. Legumes 

with 54 species and grasses with 32 species are 

the dominating plant groups. Tree component is 

represented by 124 species comprising 14199 tree 

individuals with a range of 26-357 individuals per 

0.1ha plot, which shares 58.33% of the total 

population of the sampled inventory. Lianas are 

represented by 6 species and comprise 162 

individuals. Shrubs represent by 18 species 

comprising 616 individuals. Herbaceous 

component (herbs and vines) represent 158 

species and accounts for 2630 individuals.

Pertaining to trees, the mean basal area is 
2 -117.47±10.99 m  ha  ranging between 1.66-85.62 

2 -1
m  ha  in the sampled plots. The top ten dominant 

tree species shared 48.26% of the total basal area. 

Trees having ≥10cm diameter, shared 86.31% of 

the total basal area and with <10cm diameter 

shared 13.68%. The mean basal area of the 

present study is in between the estimates from 

tropical dry evergreen forests of Peninsular India-
2 -1 2 -1

14.9 m  ha  and 27.0 m  ha  (Mani and 

Parthasarathy, 2009), and near to estimated 
2 -1mean basal area in five inland sites (18.14 m  ha ) 

2and less than that of five coastal sites (25.52 m  
-1ha ) in tropical dry evergreen forests of peninsular 

India (Mani and Parthasarathy, 2007). The total 
3wood volume of the study area is 81.098 M m . 

Indian forests mean volume density for the year 
3 -1 2005 was 59.79 m ha and is lower than reported 

from the present study. 

The mean biomass of trees with ≥10cm diameter 
-1is 55.38±41.30 Mg ha  and ranges between 0.74-

-1205.95 Mg ha  in the sampled plots sharing 

86.28% of the total tree above-ground biomass. It 
-1is 8.80±9.6 Mg ha  for <10cm diameter trees. 

Trees/Lianas are the major contributors of above-

ground live biomass in Nallamalais with 96.72% 
-1

share. The mean density is 64.19±42.63 Mg ha  
-1

ranging between 5.20-299.30 Mg ha  in the 

sampled plots. The total biomass contributed by 

these life forms is 49.041 Mt. The density was 

greater in <10cm diameter class (55.13%) 

followed by ≥10-20 class (32.55%) and is found 

decreasing with the increasing diameter class. 

Shrubs contribute 0.47% of above-ground live 

biomass (Fig. 8), with a mean value of 0.76±0.64 
-1 -1

Mg ha  ranges between 0.01-2.82 Mg ha  in the 

plots sampled. A total of 0.58 Mt of biomass is 

stored by shrubs in the study area. Herbs and 

Vines contribute 2.79% of AGLB with a mean value 
-1of 1.85±1.11 Mg ha  which varied between 0.20-

-1
6.00 Mg ha  in the sampled plots. The total 

biomass accounts for 1.41 Mt. 

The biomass of trees, shrubs and herbs and vines 

in each 0.1ha plot were added together to get 

above-ground live biomass of the plot which 

worked out as 94.77% of the total study area. 

Litter constitutes 12.97% of AGDB and accounts 

for 0.33 Mt in the study area. Mean dead wood 
-1density represented by 3.20±2.13 Mg ha  

-1
(equaling 1.51 Mg C ha ) with a range of 0.26-

-1
14.97 Mg ha  in the plots sampled. It is 87.81% of 

the above-ground dead biomass and accounts for 

2.44 Mt in the study area. In the present study, the 

dead wood is considered as an important 

component of biomass and worked out to be 20% 

of the AGB which is contributing significantly to 

the total carbon. Sum of litter and dead wood 

biomass accounts for 2.78 Mt. The Total AGB 
-1density of the study area is 70.02±45.05 Mg ha  

-1
varies between 6.53-318.52 Mg ha  in the study 

area which is 95.47% of the total biomass and 

accounts for 53.49 Mt in the study area. Below 

Ground Biomass is 4.52% of the total biomass and 

accounts for 2.551 Mt in the study area. 
-1

The total biomass density is 73.36±47.20 Mg ha , 
-1varies between 6.84-33.69 Mg ha  in the sampled 

plots and accounts for 56.047 Mt in the study area. 

The total carbon pool density of the study area is 
-134.48±22.18 Mg ha  ranging between 3.22-156.84 

-1
Mg ha  in the plots sampled. The total carbon pool 

of the study area is estimated 26.34 Mt. Carbon 

densities in different components of the study area 
-1

are as follows:  trees 30.17 Mg C ha , shrubs 0.35 
-1 -1Mg C ha , herbs & vines 0.87 Mg C ha , above-

-1  ground live biomass 31.19 Mg C ha , litter 0.20 Mg 
-1 -1

C ha , dead wood 1.51 Mg C ha , above-ground 
-1dead carbon 1.71 Mg C ha , total above-ground 

-1biomass carbon 32.91 Mg C ha , below ground 
-1

biomass carbon 1.55 Mg C ha . 
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Attempt made in the present study to estimate 

biomass density of top 10 dominant tree species 
-1 revealed that 405.24 Mg ha TABGB, out of which 

the major part is accumulated in the bole 98.14% 
-1(397.54 Mg ha ) followed by branches 1.70% (6.92 

-1 -1
Mg ha ), twigs 0.097% (0.39 Mg ha ) and leaves 

-1
0.045% (0.18 Mg ha ). It is comparatively greater 

than reported total Above Ground tree biomass of 

23 species from tropical Sal forest of Eastern 

Ghats (Behera and Mishra, 2006) which is 30.12 
-1 -1

Mg ha  in 2-yr stand, 49.21 Mg ha in 4-yr stand, 
1 -1

107.54 Mg ha in 6-yr stand and 261.08 Mg ha in 

10-yr stand. Among top ten trees of the sampled 

inventory, Pterocarpus marsupium contributing 

more biomass and carbon followed by Terminalia 

alata, Anogeissus latifolia and Lagerstroemia 

parviflora. It is also found that the density values 

of biomass and carbon are greater in moist 

deciduous forests than dry deciduous forests of 

the study area. 

While working in the represent plots inventoried 

for the present study it is found that  man-made 

fires, grazing, logging, and unscientific collection 

of non timber forest products, logging, and 

pilgrimage to sacred sites are key threats to plant 

biodiversity and has adverse affect on carbon 

stocks. Hence effective conservation strategies 

have to be adopted to combat these threats.
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