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Abstract 

The significance of role of biomass of tree species in carbon sequestration has long been 

recognized. In the present paper, attempts have been made to work out biomass accumulation 

and carbon sequestration by Pongamia pinnata (Linn) Pierre raised on coal mine overburden 

of Northern Coal Field Limited, Singrauli (India), adopting non harvest technique. The age of 

plantation varied from 2 to 18 years. The correlation between basal area vs volume, dbh vs 

volume and basal area vs total biomass was found to be significant. In terms of vertical and 

horizontal growth, Pongamia pinnata proved as an efficient species. The net biomass 

production and carbon sequestration of Pongamia pinnata showed increasing trend with the 

age of plantations.  
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1. Introduction  

In the current scenario of climate change (Manua Loa observatory 2013) and Reducing 

Emissions from Deforestation and Forest Degradation (REDD) and REDD plus (ISFR 2011; 

Ravindranath et al., 2012), eco-restoration on degraded ecosystems is the need of the hour. 

National Afforestation Programme (NAP) and National Mission for Green India (GIM) are 

being implemented in the country. It is estimated that addition or improvement of forest and 

tree cover by implementing the various forestry related programmes will add 2 million tonnes 

of carbon incrementally every year, and post 2020, the forest and tree cover will be adding at 

least 20 million tonnes of carbon every year (Sud et al., 2012; GIM Report 2012). The 

National Afforestation Programme (NAP) aims to restore degraded forests. 

Because of importance of carbon pools in tropical forests and in the plantation systems, 

many organizations around the world carried out studies related to forest biomass and carbon 

storage in recent decades. Many workers studied biomass production of tropical forests and 

different species by actual harvest at a predetermined age and allometric equations relating 

biomass with one or more tree dimensions (Kira et al. 1964; Ogawa et al., 1965; Hozumi et 

al., 1969; Odum and Pigeon 1970; Jordan 1971; Whitemore 1975; Edwards and Grubbs 1977; 

Enright 1979; Tanner 1980; Negi et al., 1984; Prasad and Mishra 1984; Prasad et al., 1984; 

Rai 1984; Sharma and Srivastava 1984; Chaturvedi 1984). The results might be quite 
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different, if the age of assessments had changed. Generation of allometric equations that 

involve felling of trees is impracticable in the current scenario of climate change. Thus, it is 

required to adopt non harvest techniques and acceptable level of accuracy. The present paper 

deals with the suitability of Pongamia pinnata for biomass accumulation and carbon 

sequestration in the degraded ecosystem of coal mine. 

 

2. Materials and Methods  

Singrauli (24°
 
46’ 60’’- 24°

 
78’ 33’’N, 82° 49’ 59’’- 82° 83’ 30’’E, 275 -500m AMSL) 

was granted District Status on 24
th
 May 2008, with its headquarter at Waidhan. Vegetation 

during pre-mining period was very dense and covered with Northern tropical dry sal forests (5 

B/C) and Northern tropical dry mixed deciduous forests (5 B/C 2). Due to mining, the large 

forest areas were clear felled and laid barren. The present study covered artificial plantations 

raised in eight open cast project (OCP) sites viz; Jayant, Dudhichua, Amlohri, Jhingurdah, 

Nigahi, Bina, Kakari and Khadia of Northern Coal field Limited (NCL) Singrauli, India 

(Figure 1). 

For the estimation of biomass, non harvest technique was adopted. The growth data was 

collected for total height and girth at breast height (gbh) over bark. Besides, the length of tree 

after gbh had been divided into different segments of one meter each up to the tip of the tree. 

The girth at over bark of each segment was measured at the center of the segments throughout 

the height of the tree for minimizing the tapering effect. The girth was measured without 

felling trees with the help of climbers. Girth was converted to diameter by dividing π, i.e., 

3.14. Volume was calculated for each imaginary segment using cylindrical cross sectional 

areas, multiplied by height of each segment (πr
2
h). Total volume of the bole was worked out 

by adding the volumes of different imaginary segments starting from gbh to top of a height 

and the volume of the base segment (i.e., below gbh). The dbh, total height and total volumes 

were fed in SPSS software using computer. On the basis of the maximum coefficient of 

determination (R
2
) and the minimum standard error, the best fit model was computed for the 

species. Multiple regression equations were tried to establish the correlation between the dbh 

and height, between dbh and volume, and the biomass and dbh. 

The stem wood biomass was worked out by multiplying volume with wood density (Reyes 

et al., 1992) of Pongamia pinnata. The stem wood biomass was then "expanded" to total 

above ground biomass of tree including leaves, twigs, branches, bole and bark using biomass 

expansion factor (BEF). 

Total above ground biomass = Stem wood volume X Wood density X BEF 

The mean BEF value of 1.5 was used for this study as prescribed by Brown and Luge 

(1992). The below ground biomass was calculated by using simple default value of 25% (for 

hardwood species) of the total above ground biomass as recommended by IPCC (2006). 

Wood density information was presented in units of oven dry weight in gm
-3

 (i.e., tonne m
-3

) 

of green volume. Multiple regression equations were tried to establish the correlation between 

the biomass and dbh and / or bole biomass. The amount of carbon in a standing tree was 

calculated by dividing its biomass by 2 as per the guidelines of IPCC (2006), and was 

expressed in tonne tree
-1

 and tonne ha
-1

. Carbon content was then multiplied by 44/12 to 

estimate CO2. 

Nursery raised seedlings were used for this purpose. Fifteen randomly selected seedlings of 

each species were harvested for measuring their height and dry weight (dried at 104°C till the 

constant weight obtained). The average height and dbh of each species according to age were 

taken to estimate volume. The best fit equation was then applied to determine the 
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accumulation of total biomass (above- and below- ground) and carbon content. The initial 

value of biomass and carbon in a seedling of a species was then subtracted from its 

corresponding estimates to obtain realistic amount of biomass accumulation and carbon 

sequestration by a tree. Per tree accumulation of biomass was multiplied by the actual number 

of seedlings usually planted per hectare (i.e., 3333) to express the values in tonne ha
-1

. The 

biomass and carbon tables were prepared after making volume growth tables. The best fit 

regression equation was determined using SPSS software to prepare volume growth tables. 

The general volume equations (GVEs), i.e. regression function in volume diameter and 

height, were selected for each species. The nine regression equations, as used by Forest 

Survey of India (FSI 1996), were attempted to determine the best equation for estimating 

volume overbark (VOB) for this species. After getting values of constants for best fit 

equation, the actual volumes as well as those predicted by the equation were tabulated and 

computed. The biomass tables for above - and below- ground biomass were prepared 

separately for different diameter and height classes for Pongamia pinnata. The table for the 

total biomass of a tree was obtained by adding its values of above and below ground biomass. 

The projected biomass tables for above- and below- ground and total biomass were also 

prepared using data of volumes estimated for tree of different dbh (2 cm interval) and height 

(1 m interval) class. The biomass was expressed in tonne tree
-1

. 

 

3. Results  

One hundred three trees (each having ≥ 5 cm dbh) were randomly selected from total trees 

to quantify their biomass and carbon. The diameter and girth at breast height varied widely 

from 6.36 to 34.36 cm and 20 to 108 cm mainly due to variation in the age of tree in different 

plantations. Total height ranged from 2 to 17.32 m. The height varied significantly within a 

gbh or dbh class, denoting that vertical growth of trees varied among different sites due to 

variation in growth factors. For example, the height of trees with dbh of 7.00 cm varied from 

3 to 9 m. Such variations were observed in all age classes. The volume of trees varied 

positively and linearly in response to variation in its basal area (r=0.953, r
2
=0.909). The 

variation in basal area could explain nearly 91% of the variation in volume. Therefore, basal 

area could be a good predictor of volume in trees. The total biomass of trees varied positively 

and linearly with variation in its basal area (r=953, r
2
=0.909). Basal area explained a higher 

proportion (i.e. 91%) of variation recorded in total biomass. Though, diameter at breast height 

was used to estimate basal area, it could explain relatively lower amount of variation in 

volume (r=0.940, r
2
=0.884). dbh could hardly explain 88% of variation recoded in volume of 

trees. The minimum and maximum volume values of trees were computed between 0.00781 

m
3
 and 0.40646 m

3
, minimum and maximum total biomass values of trees ranged between 

0.008347  tonne tree
-1

 and 0.434401 tonne tree
-1

 and the value of carbon sequestered varied 

from 0.004174 (minimum) to 0.2172000 tonne tree
-1

 (maximum), respectively. The linear 

correlation between basal area and volume, dbh and volume, and basal area and total biomass 

among 103 trees taken for actual measurement was found to be significant with the values of 

R
2
 being 0.909, 0.884 and 0.909, respectively. The values of R

2 
are closer to 1, which 

indicates that the better the line fits the data (Figure 2). 

Trees measured for estimation of biomass accumulation and carbon sequestration were 

taken from 2, 4, 5, 6, 8, 9, 10, 13, 14, 15 and 18 years old plantations. The seedlings used for 

plantations had the average height of 0.55 m. The average dbh in different year's plantations 
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showed increasing trend with the advancement of age. In different aged plantations of  2, 4, 5, 

6, 8, 9, 10, 13, 14, 15 and 18 years, the average dbh were 2.5 cm, 3.6 cm, 5.5 cm, 6.7 cm, 8.8 

cm, 10.2 cm, 11.5 cm, 15.0 cm, 16.9 cm, 19.7 cm and 27.8 cm and average height were 

2.50m, 3.10 m, 4.65 m, 4.80 m, 5.10 m, 6.10 m, 6.50 m, 8.10 m, 8.35m, 9.20 m and 12.15 m, 

respectively. The values of above ground and below ground biomass, and total biomass and 

carbon content were given for different years old plantations determined by using best fit 

equation used for individual trees of different dbh and height (Table 1). On critical 

examination of the data, the biomass accumulation from the seedling stage to sapling and tree 

stage in plantations of 2, 4, 5, 6, 8, 9, 10, 13, 14, 15 and 18 years was found to be 3.90, 4.43, 

26.88, 43.58, 73.88, 106.47, 135.81, 247.32, 310.61, 434.43 and 936.42 tonne ha
-1

, 

respectively, showing the increasing trend of biomass accumulation (Table 2). 

Multiple regression equations were tried to find out best fit equation. On the basis of 

maximum correlation coefficient (R
2
) and minimum standard error, the best model was 

computed to be VOB = -0.007 + 0.002D + 2.638 x 10
-5

D
2
H - 3.863 x 10

-10
(D

2
H)

2
, Where, 

VOB = Volume over bark in CMT, D= Diameter at breast height in cm,  H= Total tree height 

in m. The general volume table was prepared by using the best fit regression equations on the 

actual growth data. Variables all entering or removing variables, reveals the independent 

variables namely D, D
2
H and (D

2
H)

2
 are part of the equation and V is the dependent variable. 

The model summary of the output of the volume of Pongamia pinnata trees is a function of 

the multiple correlation coefficient (R= 0.970, R
2
=0.940, SE= 0.0235515041) had its D, D

2
H 

and (D
2
H)

2
. The ANOVA confirmed that regression of V on D, D

2
H and (D

2
H)

2
 was highly 

significant (Fp < 0.001). This denotes that one variability in volume of Pongamia pinnata 

trees is directly regulated by independent variables such as D, D
2
H and (D

2
H)

2
. The 

coefficients of the output give us the values that we need in order to write the regression 

equation. The correlation between actual and computed volume for 103 trees, was found to be 

highly significant at 0.01 levels (97% confidence level). 

Since the accuracy of the volume table has been tested statistically, thus it can be safely 

used to predict the volume of single trees of different dimensions, in efficient and scientific 

forest management. The general volume table was used for preparing the above ground 

biomass using the formula: wood density (g cm
-3

 = tonne m
-3

) x volume of tree (m
3
). Biomass 

table showed the increasing trend between biomass and growth (height and dbh) parameters. 

The total minimum and maximum biomass was found to be 0.0021 and 0.5571 tonne tree
-1

, 

respectively. The minimum and maximum values of carbon content were 0.0010 tonne and 

0.2786 tonne tree
.-1

, respectively. The minimum and maximum values of CO2 absorbed from 

the atmosphere were 0.0038 and 1.0214 tonne tree
-1

, respectively (Table 3).  
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Table 1. Biomass and carbon content in Pongamia pinnata according to age of 
the plantations (values are mean ± standard deviation) 

 
 

Table 2. Net accumulation of biomass and carbon during growth of Pongamia 
pinnata in plantation forests 
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Table 3 : Volume, total biomass, carbon stock and CO2 tables of  Pongamia 
pinnata in relation to DBH and total height of standing trees 

(DBH = Diameter at breast height in cm, VOB= Volume over bark in m3, TB= Total biomass 

in tonnes tree
-1

, C= Carbon stock in tonnes tree
-1

, CO2= Carbon dioxide in tonnes tree
-1

)  
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Figure 1.  Satellite imagery of the study area showing different opencast 
project (OCP) site and Govind Ballabh Pant Reservoir at Singrauli, India 

 

 

Figure 2.   Correlation among different growth parameters pertaining to DBH, 
basal area, total biomass and carbon stock in Pongamia pinnata 
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4. Discussion  

Perusal of data on biomass accumulation (above ground, below ground and total biomass) 

showed increasing trend with dbh and height classes. The volume and subsequently, biomass 

was reported to be related with diameter (dbh) and height (H) (FSI 1996). For determining the 

best fit equation of volume, independent variables (diameter and height) such as D, D
2
H and 

(D
2
H)

2 
were used for Pongamia pinnata. The range of determination coefficient was found to 

be 94%. This could be explained by the fact that volume (V) and above ground components 

of trees were dependent upon dbh and height (Bohre et al., 2012). 

In terms of vertical and horizontal growth, Pongamia pinnata proved as an efficient 

species with the corresponding heights and dbh of 12.15 m and 27.8 cm, respectively in 18 

years old plantations. During initial growth period, the performance of Pongamia pinnata was 

better in terms of both vertical and horizontal growth (Bohre et. al., 2013).  This was 

primarily due to their nitrogen fixing nature. Most of the leguminous species form nodules in 

the root with the symbiotic association of Rhizobium species and fixes atmospheric nitrogen.  

About 57% of the legume genera comprising 3395 species were examined with nodulation. 

Of the examined species, about 23% species belonged to Caesalpiniaceae, 97% to 

Papilionaceae and 90% to Mimosaceae (Srivastava et al., 1999). It might be due to high 

energy conversion efficiency of these species. The energy conversion efficiency may be 

defined as the ratio of amount of photosynthetically active radiation (PAR) that falls on the 

plant canopy to the amount of energy fixed by the plant. The efficiency of utilization of solar 

energy at cellular level was quite high being 30% (Kok, 1973; Kok et al., 1976).  In the 

present study, the biomass accumulation in Pongamia pinnata takes over the lead successive 

development. Though, the nature of biomass accumulation may vary in the same species 

under different localities under such factors as accumulation of nutrient in the soil, 

management practices and availability of light and other environmental factors. The results 

were in agreement with the findings of Chaturvedi and Behl (1996), Goel and Behl (1999a,b, 

2004, 2005), Singh and Goel (2009) who estimated the production potential of exotic and 

indigenous tree species of degraded soil sites under sodicity stress conditions. The better 

performance of this species in plantation forests might be primarily due to well drained and 

highly porous texture of soil media as found in mined overburdens. 

The net biomass production of Pongamia pinnata showed increasing trend with the age 

(from 2 to 18 years) of plantations. The findings were comparable with the results of Datta 

and Agarwal (2003), Karmacharya and Singh (1992), Buvaneswaran et al., (2006); 

Nandeswar et al., (1996), Pozgaj et al., (1996), Leith et al., (1986) Bohre et al., (2012, 2013), 

Chaubey et al., (2012). 

 

5. Conclusions  

Looking to the serious concern of carbon management, the role of Pongamia pinnata to 

estimate the biomass accumulation and its contribution for sequestration of carbon in mined 

out areas, the following conclusions were derived: 

1. Actual volume resembled closely with predicted volumes and showed significantly 

increasing trend with the increase in the height and diameter of trees.  

2. The best fit allometric equations developed for volume estimation and subsequently 

biomass accumulation and carbon sequestration adopting non harvest technique for 

Pongamia pinnata being VOB = -0.007 + 0.002D + 2.638 x 10
-5

D
2
H - 3.863 x 10

-10 

(D
2
H)

 2
; R

2
=0.940; SE= 0.0235515. 
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