
International Journal of Bio-Science and Bio-Technology 

Vol. 5, No. 3, June, 2013 

 

 

153 

 

Biomass Accumulation and Carbon Sequestration in Tectona grandis 

Linn. f. and Gmelina arborea Roxb. 
 

 

Priyanka Bohre
1
, O. P. Chaubey

1
 and P. K. Singhal

2
 

1
State Forest Research Institute, Jabalpur - 482008 (M.P.) 

2
Rani Durgawati University, Jabalpur- 482001, M.P. India 

pribohre@gmail.com, chaubey.dr@gmail.com, pksinghalrdvv@gmail.com 

Abstract 

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

recognized, but very little attempts have been made to estimate the biomass accumulation   

and their contribution  for sequestration of carbon, especially in mined out areas. Selection 

of ideal species for carbon sequestration is very important step for restoration of 

reduced ecosystem. Tectona grandis and Gmelina arborea belonging to family 

Verbenaceae, are most widely distributed and economically important timber species in 

India. In the present paper, attempts were made to work out biomass accumulation and 

carbon sequestration of these species raised in age series of plantations on coal mine 

overburden of Singrauli, M.P, India, adopting non harvest technique using following steps: 

volume over bark (vob), standing biomass, carbon of standing tree, biomass accumulation 

and carbon sequestration and finally, preparation of biomass and carbon tables. On the basis 

of maximum correlation coefficient and minimum standard error, the best fit equations were 

computed to be VOB = -0.017 + 0.003D + 0.0014H + 1.899 x 10
-5

 D
2
H (R

2 
=0.986, SE = 

0.0049702113); and VOB = -0.009 + 0.003D + 0.000D
2
 + 4.889x10

-5 
D

2
H (R

2
= 0.979, SE = 

0.0070497) for Gmelina arborea and Tectona grandis, respectively and Where, VOB = 

volume over bark in CMT; D= diameter at breast height in cm; H= total tree height in meter. 

The growth data was collected for 49 trees of Gmelina arborea and 72 trees of Tectona 

grandis (above 5 cm diameter at breast height) covering the over burden plantations of 

Northern Coal Field Limited, Singrauli (M.P.), India. The best fit equation was then applied 

to determine the accumulation of total biomass (above- and below- ground) and carbon 

content adopting IPCC guidelines. The trees were selected in plantations of all available ages 

representing different diameters and heights. The linear correlation between basal area vs 

volume, DBH vs volume and basal area vs total biomass was found to be significant in both 

the species. The values of R
2
 were closer to +1 which indicated the better line fits of the data.  

 

Keywords: Overburden plantations, biomass accumulation, carbon sequestration, non 

harvest technique 
 

1. Introduction  

Carbon management is a serious concern confronting the world today. Since the beginning 

of the industrial revolution, carbon dioxide concentration in the atmosphere has been rising 

alarmingly, i.e., from 270 ppm prior to the industrial revolution to about 394ppm in 

December 2012 (Manua Loa observatory, 2013). In spite of increasing interest of 

ecologists in the production of organic matter in different ecosystems, work of this 

nature in forests of tropical region is scanty due to great biological richness and 

diversity of species. Many workers study biomass production of tropical forests and 
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different species by actual harvest at a predetermined age and allometric equations relating 

biomass with one or more tree dimensions (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; 

Jain and Ansari, 2012). The results may be quite different, if the age of assessments is 

changed. In the scenario of climate change, it is necessary to assess the biomass production 

and carbon sequestration using non harvest techniques through developing multiple 

regression equations. Both Gmelina arborea and Tectona grandis belonging to family 

Verbenaceae, are commercially important and growing throughout the greater part of the 

country. The present paper deals with the biomass accumulation and carbon sequestration of 

Tectona grandis and Gmelina arborea in age series of plantations raised on different project 

sites of Northern Coal Field Limited, Singrauli (M.P.).  

 

2. Materials and Methods  

Singrauli (24
o 

46’ 60’’- 24
o 

78’ 33’’N, 82
o
 49’ 59’’- 82

0
 83’ 30’’E, 275 -500m AMSL) is 

the 50
th
 district of Madhya Pradesh. Considering the geological and technical feasibility of 

mining, and environmental conditions, the opencast mining is prevailing in the entire area. 

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 the mined out NCL area. For the estimation of biomass non 

harvest technique was adopted using following steps: 

1.  Volume over bark (VOB). 

2.  Standing biomass. 

3.  Carbon in standing tree. 

4. Biomass accumulation and carbon sequestration in Gmelina arborea and Tectona 

grandis. 

5.  Biomass and carbon Tables. 

 

2.1. Volume over Bark  

The growth data was collected for total height and girth at breast height (GBH) at 

overbark. Besides, the length of tree after GBH had been divided into different segments of 

one meter each upto 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 both 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. 
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2.2. Standing tree biomass 

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

et al., 1992; Pearson and Brown, 1932) of Tectona grandis and Gmelina arborea. 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.  

 

2.3. Standing Tree Carbon 

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.  

 

2.4. Biomass Accumulation and Carbon Sequestration  

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 

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. The 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

.  
 

2.5. Biomass and Carbon Tables 

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 following nine regression equations, as used by 

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

estimating volume over bark (VOB) for this species: 

 (i)     VOB   =  a + b
 
D

2
H 

(ii)      VOB   =  a + b D + cD
2
H 

(iii)     VOB   =  a + b D
2
 + c (D

2
H)

2
 

(iv)  VOB   =  a + b D + c D
2
H + d(D

2
H)

2
 

(v)     VOB  =  a + b D + c H + c D
2
H 

(vi)     VOB  =  a + b D + cD
2
 + d D

2
H 

(vii)  LogeVOB =  a + b LogeD + c LogeH 

(viii) VOB  =  (a + b D
2
H) D

2
H 
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(ix)     VOB           =       (a + b D
2
H + c /D

2
H) D

2
H  

    Where,   

  VOB  = Volume over bark (m
3
) 

  D  = Diameter at breast height (1.37m) over bark (cm)  

  H  = Height of tree (m)  

  a, b, c  are the statistical constants of the equations.  

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 Tectona grandis and Gmelina arborea. 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

. Finally, carbon tables 

for these species were prepared according to different diameter and height classes. 
 

3. Results 
 

3.1. Tectona Grandis  

 

3.1.1. Biomass and carbon in standing trees of Tectona grandis: Seventy two 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 5.09 to 18.77 cm and 16 to 

59 cm, mainly due to variation in the age of tree in different plantations. Total height ranged 

from 3.5 to 14 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 6.36 cm varied from 4.91 to 7.90 m. Such variations 

were observed in all age classes. The volume of teak trees varied positively and linearly in 

response to variation in its basal area (Figure 1, r=0.959, r
2
=0.92). The variation in basal area 

could explain nearly 92% of the variation in volume. Therefore, basal area can be a good 

predictor of volume in teak trees. The total biomass of trees varied positively and linearly 

with variation in its basal area (Figure 1, r=0.959, r
2
=0.92). Basal area explained a higher 

proportion (i.e., 92%) 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 (Figure 1 r=0.934, r
2
=0.873). DBH could hardly explain 87% of variation recoded in 

volume of teak trees. 

The minimum  and maximum stem wood volume values of trees were found as  0.0044 m
3
 

and 0.1638 m
3
, minimum and maximum total biomass values of trees ranged between 0.0042 

tonne and 0.1531 tonne tree
-1

 and the value of carbon sequestered varied from 0.0021 tonne 

tree
-1

 (minimum) and 0.0766 tonne tree
-1

 (maximum), respectively. The linear correlation 

between basal area and volume, DBH and volume, and basal area and total biomass among 72 

trees taken for actual measurement was found to be significant with the values of R
2
 being 

0.92, 0.873 and 0.92, respectively as depicted in Figure 1. The values of R
2 

are closer to 1, 

which indicates that the better the line fits the data. 
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Figure 1. Relationship Among Different Growth Parameters in Tectona Grandis 
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3.1.2. Net accumulation of biomass and carbon during growth of Tectona grandis (teak) 

in plantation forests: The trees for estimation of biomass accumulation and carbon 

sequestration were taken from 2, 8, 9, 10 and 19 years old plantations at different OCP sites. 

The seedlings used for plantations had the average height of 0.59 m. The average DBH in 

different year plantations showed increasing trend with the advancement of age. In different 

aged plantations of 2, 8, 9, 10 and 19 years, the average DBH were 3.8 cm, 7.6 cm, 10.8 cm, 

12.4 cm and 17.8 cm, and average height were 2.41 m, 5.10 m, 7.25 m, 8.15 m and 11.70 m, 

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

and CO2 sequestered were computed 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 

tree stage in plantations of 2, 8, 9, 10 and 19 years was found to be 12.97, 88.84, 202.87, 

279.89 and 706.37 tonne ha
-1

, respectively, showing the increasing trend of biomass 

accumulation (Table 2). The values of mean annual increments in terms of total biomass were 

6.48, 11.10, 22.54, 27.99 and 37.18 tonne ha
-1

 yr
-1 

and for carbon content were 3.22, 5.55, 

11.27, 13.99 and 18.59 tonne ha
-1

 yr
-1

 in 2, 8, 9, 10 and 19 years old plantations, respectively 

(Table 3). 

Table 1. Biomass and Carbon Content in Tectona Grandis (Teak) according to 

Age of the Plantations (values are mean ± standard deviation) 
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Table 2. Net Accumulation of Biomass and Carbon during Growth of Tectona 
Grandis (Teak) in Plantation Forests  

 
 
 

Table 3. Rate of Accumulation of Biomass and Carbon by Tectona grandis 

(Teak) in Plantation Forests  

 
 

3.1.3. Preparation of biomass and carbon tables of teak: On the basis of maximum 

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

computed. Multiple regression equations were tried to work out the relationship between the 

DBH (diameter over bark) and height and also between DBH and volume. The best fit 

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

regression equations were tried to find out best fit equation (Table 4).  
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Table 4. Multiple Regression Equations to Work out best Fit Equation for 

Volume Growth Tables 

S.N. Equations R
2
  SE 

1 VOB = 0.003 + 4.393 x 10
-5 

D
2
H 0.974 0.0077167 

2 VOB = -0.003 + 0.001D + 3.901 x 10
-5

D
2
H  0.977 0.0073601 

3 VOB = 0.000 + 0.000 D
2
 + 3.223 x 10

-9
(D

2
H)

2
  0.958 0.0099550 

4 VOB = 0.002 + 0.000D + 5.431 x 10
-5

D
2
H - 2.338 x 10

-9 

(D
2
H)

2
 

0.978 0.0071566 

5 VOB = -0.006 + 0.000D + 0.001H + 3.887 x   10
-5

 D
2
H 0.979 0.0071356 

6 VOB = -0.009 + 0.003 D + 0.000 D
2
 + 4.889 x 10

-5
 D

2
H 0.979 0.0070497 

7 LogeVOB = -9.584 + 1.768 LogeD + 1.103 LogeH 0.995 0.1177404 

8 VOB/D
2
H = 5.669 x 10

-5 
- 4.078 x 10

-9
 D

2
H 0.301 0.0000067 

9 VOB/D
2
H = 5.285 x 10

-5
 - 2.402 x 10

-9
 D

2
H + 0.000 x 

1/D
2
H 

0.519 0.0000056 

On the basis of maximum correlation coefficient (R
2
) and minimum standard error, the best 

model was computed to be   

VOB = -0.009 + 0.003 D + 0.000 D
2
 + 4.889 x 10

-5
 D

2
H 

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 based on 

data of 72 trees. These trees were used for testing the dependability of the table. The summary 

of statistical analysis of the best fit equation is given in Table 5. Variables all entering or 

removing variables, reveals the independent variables namely D, H and D
2
H are part of the 

equation and V is the dependent variable. The model summary of the output of the volume of 

teak trees is a function of the multiple correlation coefficient (R= 0.989, R
2
=0.978, SE= 

0.007) had its D, H and D
2
H. The ANOVA confirmed that regression of V on D, H and D

2
H 

was highly significant (Fp < 0.001). This denotes that one variability in volume of teak trees 

is directly regulated by independent variables such as D, H and D
2
H. The coefficients of the 

output give us the values that we need in order to write the regression equation.  

The general volume table was prepared after getting values of constants for best fit 

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

computed. It was found that all cases, actual volume resembled closely with predicted 

volumes. The volume tables give volume in cubic meters for each one meter height class and 

2 cm DBH class based on best fit regression equations. The correlation between actual and 

computed volume for 72 trees, was found to be highly significant at 0.01 levels (99% 

confidence level). Since the accuracy of the volume table has been tested statistically, 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 of teak (g cm
-3

 = tonne m
-3

) x volume of tree 

(m
-3

) x BEF (Biomass Expansion Factor). The above ground biomass table showed the 

increasing trend between biomass and growth (height and DBH) parameters. The minimum 

and maximum above ground biomass was found to be 0.0038 and 2.3978 tonne tree
-1

, 

respectively (Table 6). The minimum and maximum below ground biomass was found to be 

0.0009 and 0.5994 tonne tree
-1

, respectively (Table 7). The total minimum and maximum 
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biomass was found to be 0.0047 and 2.9972 tonne tree
-1

, respectively (Table 8). The 

minimum and maximum values of carbon content were 0.0023 and 1.4986 tonne tree
-1

, 

respectively (Table 9).  

Table 5. The Statistical Summary of the Data Based on Best Fit Equation  

Variables Entered/Removed
b
 

Model Variables Entered Variables Removed Method 

1 D
2
H, D, D

2a
 . Enter 

a. All requested variables entered. 
b. Dependent Variable: V 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.989
a
 0.979 0.978 0.0070497 

a. Predictors: (Constant), D
2
H, D, D

2
 

ANOVA
b
 

Model 
Sum of 
Squares df Mean Square F Sig. 

1 Regression 0.223 3 0.074 1496.900 0.000
a
 

Residual 0.005 96 0.000   

Total 0.228 99    

a. Predictors: (Constant), D
2
H, D, D

2
 

b. Dependent Variable: V 

Coefficients
a
 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -0.009 0.003  -3.129 0.002 

D 0.003 0.001 0.330 4.360 0.000 

D
2
 0.000 0.000 -0.423 -3.120 0.002 

D
2
H 4.889E

-5
 0.000 1.099 13.809 0.000 

a. Dependent Variable: V 

 

Table 6. Above Ground Biomass  (Wood Density =0.50*V)  table of  Tectona 
grandis 
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Table 7. Below Ground Biomass (25% of the above ground biomass) Table of 
Tectona Grandis 

 

 

Table 8. Total Biomass (Above ground + Below ground biomass) Table of 
Tectona Grandis 
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Table 9. Wood carbon (Total Biomass*0.5) table of Tectona Grandis 

 

 

3.2. Gmelina Arborea 

 

3.2.1. Estimation of biomass and carbon of standing trees of Gmelina arborea: Forty nine 

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 3.82 cm and 

22.91 cm and 12 to 72 cm, mainly due to variation in the age of tree in different plantations. 

Total height ranged from 5 to 15 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 8.273 cm varied from 5.23 to 

8.50 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 (Figure 2, r=0.986, r
2
=0.974). 

The variation in basal area could explain nearly 97% of the variation in volume. Therefore, 

basal area can be a good predictor of volume in trees. The total biomass of trees varied 

positively and linearly with variation in its basal area ((Figure 2, r=0.986, r
2
=0.974). Basal 

area explained a higher proportion (i.e., 97%) 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 (Figure 2 r=0.939, r
2
=883). DBH could hardly explain 88% of 

variation recoded in volume of trees. 

The minimum and maximum volume values of trees were computed between 0.00372 m
3
 

and 0.21644 m
3
, minimum and maximum total biomass values of trees ranged between 

0.0029 tonne tree
-1

 and 0.1664 tonne tree
-1

 and the value of carbon sequestered varied from 

0.0014 (minimum) to 0.0832 tonne tree
-1

 (maximum), respectively. The linear correlation 

between basal area and volume, DBH and volume, and basal area and total biomass among 49 

trees taken for actual measurement was found to be significant with the values of R
2
 being 

0.974, 0.883 and 0.974, respectively, as depicted in Figure 2. The values of R
2 
are closer to 1, 

which indicates that the better the line fits the data.  
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Figure 2. Relationship among Different Growth Parameters in Gmelina arborea 



International Journal of Bio-Science and Bio-Technology 

Vol. 5, No. 3, June, 2013 

 

 

165 

 

3.2.2. Net accumulation of biomass and carbon during growth of Gmelina arborea in 

plantation forests: The 49 trees measured for estimation of biomass accumulation and 

carbon sequestration were taken from 6, 9 and 10 years old plantations raised on OB Sites in 

different OCP project. The seedlings used for plantations had the average height of 0.60 m. 

The average DBH in different year's plantations showed increasing trend with the 

advancement of age. In different aged plantations of 6, 9 and 10 years the average DBH were 

7.6 cm, 19.7 cm and 21.0 cm, and average height were 5.68 m, 8.50 m and 10.56 m, 

respectively (Table 10).  

On critical examination  of the data, the biomass accumulation from the seedling stage to 

sapling and tree stage in plantations of 6, 9 and 10 years was found to be 45.80, 290.83 and 

371.54 tonne ha
-1

, respectively, showing the increasing trend of biomass accumulation (Table 

11). The values of mean annual increments in terms of total biomass were 7.63, 32.31 and 

37.15 tonne ha
-1

 yr
-1 

and for carbon content were 3.82, 16.16 and 18.58 tonne ha
-1

 yr
-1 

in 6, 9 

and 10 years old plantations, respectively (Table 12). 

 
Table 10. Biomass and Carbon Content in Gmelina arborea According to Age 

of the Plantations (values are mean ± standard deviation) 

 

 

Table 11. Net Accumulation of Biomass and Carbon during Growth of Gmelina 
arborea in Plantation Forests 
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Table 12. Rate of Accumulation of Biomass and Carbon by Gmelina arborea in 
Plantation Forests 

 
 

3.2.3. Preparation of volume, biomass and carbon tables of Gmelina arborea: Multiple 

regression equations were tried to work out the relationship between the DBH (diameter over 

bark) and height and also between DBH and volume. The best fit equation was determined 

using SPSS software to prepare volume growth tables. Multiple regression equations were 

tried to find out best fit equation (Table 13). 

 
Table 13. Multiple Regression Equations to Work Out Best Fit Equation for 

Volume Growth Tables 

S.N. Equations R
2
  SE 

1 VOB = 0.010 + 2.731 x 10
-5 

D
2
H 0.969 0.0073251157 

2 VOB = -0.013 + 0.003D + 1.998 x 10
-5

D
2
H 0.986 0.0049806621 

3 VOB = -0.003 + 0.000 D
2
 + 7.165 x 10

-10 
(D

2
H)

2
 0.982 0.0055600533 

4 VOB = -0.012 + 0.003D + 2.044 x 10
-5

D
2
H - 4.448 x 

10
-11

(D
2
H)

2
 

0.986 0.0050348583 

5 VOB = -0.017 + 0.003D + 0.0014H + 1.899 x   10
-5

 
D

2
H 

0.986 0.0049702113 

6 VOB = -0.009 + 0.002 D + 7.546 x 10
-5

 D
2
 + 1.738 x 

10
-5

 D
2
H 

0.986 0.0050143069 

7 LogeVOB = -9.138 + 1.887 LogeD + 0.646 LogeH 0.989 0.0964343727 

8 VOB/D
2
H = 4.504 x 10

-5 
- 3.113 x 10

-9
 D

2
H 0.536 0.0000043131 

9 VOB/D
2
H = 4.227 x 10

-5
 - 2.438 x 10

-9
 D

2
H + 0.001 x 

1/D
2
H 

0.626 0.0000039167 

On the basis of maximum correlation coefficient (R
2
) and minimum standard error, the best 

model was computed to be   

VOB =   -0.017 + 0.003D + 0.0014H + 1.899 x 10
-5

 D
2
H 

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. The summary of statistical analysis of the best fit equation is given in 

Table 14. Variables all entering or removing variables, reveals the independent variables 

namely D, H and D
2
H are part of the equation and V is the dependent variable. The model 

summary of the output of the volume of Gmelina arborea trees is a function of the multiple 

correlation coefficient (R= 0.993, R
2
=0.986, SE= 0.0049702113) had its D, H and D

2
H. The 
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ANOVA confirmed that regression of V on D, H and D
2
H was highly significant (Fp < 

0.001). This denotes that one variability in volume of Gmelina arborea trees is directly 

regulated by independent variables such as D, H and D
2
H. The coefficients of the output give 

us the values that we need in order to write the regression equation. The general volume table 

was prepared after getting values of constants for best fit equation; the actual volumes as well 

as those predicted by the equation were tabulated and computed. It was found that all cases, 

actual volume resembled closely with predicted volumes. Tables based on best fit regression 

equations were then prepared for a DBH interval of 2 meter and height interval of 1 meter. 

The correlation between actual and computed volume for 49 trees, as was found to be 

highly significant at 0.01 levels (99% confidence level). Since the accuracy of the volume 

table was tested statistically, it could be safely used to predict the volume of single trees of 

different dimensions, in efficient and scientific forest management. The general volume table 

was then used for preparing the above ground biomass using the formula: wood density 

(g/cm
3
 = tonne/m

3
) x volume of tree (m

3
). The above ground biomass table showed the 

increasing trend between biomass and growth (height and DBH) parameters. The minimum 

and maximum above ground biomass was found to be 0.0009 and 0.8271 tonne tree
-1

, 

respectively (Table 15). The minimum and maximum below ground biomass was found to be 

0.0002 and 0.2068 tonne tree
-1

, respectively (Table 16). The total minimum and maximum 

biomass was found to be 0.0012 and 1.0339 tonne tree
-1

, respectively (Table 17). The 

minimum and maximum values of carbon content were 0.0006 and 0.5169 tonne tree
-1

, 

respectively (Table 18).  

 
Table 14. The Statistical Summary of the Best Fit Equation for Gmelina arborea 

in Plantation Forests 

Variables Entered/Removed
b
 

Model Variables Entered Variables Removed Method 

1 D
2
H, D, H

a
 . Enter 

a. All requested variables entered. 
b. Dependent Variable: V 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .993
a
 .986 .985 .0049702113 

a. Predictors: (Constant), D
2
H, D, H 

ANOVA
b
 

Model 
Sum of 
Squares df Mean Square F Sig. 

1 Regression .079 3 .026 1068.396 .000
a
 

Residual .001 45 .000   

Total .080 48    

a. Predictors: (Constant), D
2
H, D, H 

b. Dependent Variable: V 

Coefficients
a
 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -.017 .005  -3.343 .002 

D .003 .000 .283 6.938 .000 

H .001 .001 .050 1.093 .280 

D
2
H 1.899E-5 .000 .684 13.366 .000 

a. Dependent Variable: V 
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Table 15. Above Ground Biomass (Wood Density =0.41*V) Table of Gmelina 
Arborea 

 

 

Table 16. Below Ground Biomass (25% of the above ground biomass) Table of 
Gmelina Arborea 
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Table 17. Total Biomass (Above ground + Below ground biomass) Table of 
Gmelina Arborea 

 
 

Table 18. Wood Carbon (Total Biomass*0.5) Table of Gmelina Arborea 
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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. In the present study standing biomass 

was estimated using volume and wood density. The volume and subsequently, biomass was 

reported to be related with diameter (DBH) and height (H). For determining the best fit 

equation of volume, the volume as dependent variable and independent variables (diameter 

and height) such as (D), (D
2
), D

2
H, and (D), (H), D

2
H

 
were used for Tectona grandis and 

Gmelina arborea, respectively. The range of determination coefficient was found to be 98% 

and 99% for Tectona grandis and Gmelina arborea, respectively. 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, Gmelina arborea proved better as compared to 

Tectona grandis. The results were in agreement with the findings of Negi et al. (1990), 

indicating average crop diameters of 21.1 cm and 25.4 cm for T.grandis and G.arborea with 

the corresponding heights of 20.4 m and 20.9 m, respectively in 20 years old plantations.  

In the present study, the biomass accumulation in G.arborea was found to be 45.80 tonne 

ha
-1 

in 6 year old plantation, which was better as compared with biomass production of 30 

tonne ha
-1 

found in its 6 year old plantation by Akachuku (1981). The better growth might be 

primarily due to well drained and highly porous texture of soil media as found in mined 

overburdens (Roberts et al., 1988; Torbert et al., 1990; Larson and Vimmersted, 1983).  

The net biomass production of Tectona grandis was found to be 13.99 tonne ha
-1

 y
-1

, which 

was comparable with the findings of Karmacharya and Singh (1992) who reported 14 tonne 

ha
-1

 y
-1

 net production of T.grandis adopting non harvesting techniques in dry tropical regions 

in India. Buvaneswaran et al. (2006) compared biomass of T.grandis plantations in 

Tamilnadu ,India and Costa Rica, Central America and reported that the best fit modals 

developed for one zone cannot be used for other zone. The variation in biomass estimation 

and carbon sequestration were species and site specific and can be reduced to a minimum 

only by employing site-specific equations (Wang et al., 1995).  

In terms of biomass accumulation and carbon sequestration, both T.grandis and G.arborea 

were proved as effective species as shown through the biomass and carbon tables of these 

species and the literature review (Kaul et al., 1979; Hase and Foelster, 1983; Alfaro and 

Camino, 2002; Jain and Ansari, 2012).  

 

5. Conclusion  

Looking to the serious concern of carbon management, the role of Tectona grandis and 

Gmelina arborea to estimate the biomass accumulation and their contribution for 

sequestration of carbon in mined out areas, the following conclusions were derived: 

1. In both cases, actual volume resembled closely with predicted volumes and showed 

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

2. The net biomass accumulation in 10 year old plantation was found to be 279.89 tonne 

ha
-1 

and 371.54 tonne ha
-1 

 in T.grandis and  G.arborea with corresponding carbon of   

139.91 tonne ha
-1 

and  185.77 tonne ha
-1

, respectively. 

3. The minimum and maximum total biomass (above ground + below ground) was found 

to be 0.007 tonne tree
-1

 (with 4 cm dbh and 5 m height) and 2.997 tonne tree
-1

 (with 50 

cm dbh and 25 m height) for T.grandis and 0.001 tonne tree
-1

 (with 4 cm dbh and 5 m 
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height) and 1.034 tonne tree
-1

 (with 50 cm dbh and 25 m height) for G.arborea, 

respectively.  

4. The minimum and maximum values of carbon sequestered by trees of different 

dimensions were 0.003 tonne tree
-1

 (with 4 cm dbh and 5 m height) and 1.499 tonne 

tree
-1

 (with 50 cm dbh and 25 m height) for T.grandis and 0.001 tonne tree
-1

 (with 4 cm 

dbh and 5 m height) and 0.517 tonne tree
-1

 (with 50 cm dbh and 25 m height) for 

G.arborea, respectively. 

Keeping above in view, both Tectona grandis and Gmelina arborea proved as efficient 

species pertaining to biomass and carbon accumulation for restoration of reduced 

ecosystems and for measuring its potential to serve as an efficient carbon offset. 
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