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The objective of this study was to determine the biomass and carbon storage in the 

biomass as well as the relationship between various parameters and the biomass of teak 

planted at Thongphaphum plantation, Kanchanaburi province. The sampling plots were 

established in 12 age classes, 4-31 years of ages, two 60 m × 60 m plots each. In each plot, 

the total tree height and diameter at 1.30 m (DBH) of all trees were measured. The biomass 

of each tree part was estimated using the allometric equations and carbon storage in the 

biomass was also estimated accordingly. In addition, the relationship between total biomass 

and total basal area as well as leaf area index was also undertaken using regression 

analysis. 

The result indicated that the total height, DBH, biomass of each tree part, stem volume 

and carbon storage in the biomass as well as mean annual increment (MAI) of the biomass 

and carbon storage in the biomass were significantly different among age classes (p < 0.01).   

The MAI of total biomass and carbon storage in the total biomass was 0.47 – 7.22 and      

0.21 – 3.55 t/ha/yr, respectively. The total biomass and carbon stored in the biomass tended to 

increase with age but considerably low biomass and the carbon storage was also observed in 

a few age classes due to the thinning schedule and/or the site quality. In 2009, the 

Thongphaphum plantation, with the area of teak plantation of 2,213.89 ha, provided the total 

biomass of 133,642.90 t and the tree carbon stock of 66,219.56 t, thereby serving as one of 

major forest carbon pools in Thailand. The regression analysis also indicated significant 

correlation, in the form of power function, between the total biomass/carbon storage and total 

basal area and leaf area index. The findings suggested that total basal area and/or leaf area 

index could be potentially applied together with remote sensing technique for large scale 

assessments of teak carbon stock. 
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(19.55 )  37             

(9.4 ) 

 (316.7 )       

(183 ) 

 

 

 25 

 (24.51 )  4  (3.55 ) 

 31  (15.36 ) 

  (  10) 

 

 (p<0.01)  
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 9   

 

  

) ./ ) 

4 1.04a ± 0.25 

6 3.96
ab

 ± 1.75 

9 3.86ab ± 2.44 

12 8.11bc ± 0.74 

15 14.75de ± 1.35 

16 12.76cde ± 0.51 

18 15.60ef ± 0.64 

21 10.30cd ± 2.17 

23 24.68g ± 2.95 

25 31.49
h
 ± 4.40 

28 19.55f ± 1.28 

31 30.44h ± 2.01 

p-value <0.01 

 

   (  ± )  

        (p 0.01) 

  



 

45

 10   

 

  

( ) ( . ./ ) 

4 3.55
a
 ± 0.93 

6 9.82abc ± 3.60 

9 4.80a ± 1.43 

12 8.26
ab

 ± 1.19 

15 17.80cde ± 1.90 

16 15.11bcd ± 0.04 

18 17.80cde ± 0.62 

21 10.54abc ± 0.53 

23 20.61
de

 ± 1.32 

25 24.51de ± 3.17 

28 22.25e ± 9.28 

31 15.36
bcd

 ± 3.99 

p-value <0.01 

 

   (  ± )  

       (p 0.01) 
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 (p<0.01)  31  (3.05)   

9  4   (0.32  0.39 ) (  11  7) 

 9 

 0.32 

 (  11)   

19  

(2543)  1.70  15 

   

 21  (1.40) 

 31 

 (2,991.67 

)  
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 11   

 

 
 

) 

4 0.39a ± 0.02 

6 0.79
a
 ± 0.20 

9 0.32a ± 0.15 

12 1.32b ± 0.48 

15 2.29cd ± 0.05 

16 1.88c ± 0.14 

18 2.24
cd

 ± 0.12 

21 1.40b ± 0.13 

23 2.36cd ± 0.39 

25 2.70
de

 ± 0.03 

28 2.20c ± 0.04 

31 3.05e ± 0.12 

p-value <0.01 

 

   (  ± )  

       (p 0.01) 

  



 

48

 

 

 

 

 7   (1)  4  (2)  6  (3)  9  (4)  

12  (5)  15  (6)  16  (7)  18  (8)  21  (9)  23  (10) 

 25  (11)  28  (12)  31   

(12) 

(5) (4) 

(1) (2) (3) 

(6) 

(8) (9) 

(10) 

(7) 
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(p<0.01)   

(  12)  sigmoid 

curve  8 

  28 

 (652.100  828.167 )  

 4   (4.229 ) 

 28  (29.577 )  

4  (1.057 )  28  

(1.012 )  0.036 

 (  12)   

 4  5) 

 

 (p<0.01) 

 25  (137.21 ) 

 4  (1.90 )  

(  13)  80  

 (  9)    

 15 

 (p<0.01)  

15  (7.22 ) 

 4  (0.47 )  15 

 (108.22 ) 

 13)  
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 98)  607 

 15  30  

 6.01  ( , 2554) 

  

 16  21   54.82  41.36  

 3.43  1.97  

 16 . 2549 

 376  

  21 

 

 

 16  21  28  31 

 30   (3.80 ) 

, 2554)  23  25  

 30 

 ( , 2554) 

 6  

9  28  (  4 - 7)  9 

 28 

 2  2  

 12 
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 12     (mean annual increment, MAI)   

  

 

( . / / ) 
0.002

a
 

0.006ab 

0.004ab 

0.007
abc

 

0.017bc 

0.013abc 

0.02
cd

 

0.009abc 

0.03de 

0.032de 

0.036e 

0.014abc 

<0.01** 

  (p 0.01) 

 

( / / ) 
1.057

a
 

3.948b 

2.385ab 

4.767
ab

 

11.873abcd 

9.057abc 

14.128
bcd

 

6.366ab 

21.612cde 

23.313de 

29.577e 

12.180abcd 

<0.01** 

 
 

( . ./ ) 
0.007

a
 

0.038ab 

0.034ab 

0.087
abc

 

0.252abc 

0.209abc 

0.362
bcd

 

0.194abc 

0.683de 

0.794ef 

1.012f 

0.427cd 

<0.01** 

 

 ( / ) 

 
4.229

a
 

23.685ab 

21.469ab 

57.200
ab

 

178.092abc 

144.907ab 

254.311
abcd

 

133.682ab 

497.084cde 

582.822de 

828.167e 

377.590bcd 

<0.01** 

 

 
3.330

a
 

18.650ab 

16.905ab 

45.040
ab

 

140.230abc 

114.100ab 

200.245
abcd

 

105.261ab 

391.405cde 

458.915de 

652.100e 

297.315bcd 

<0.01** 

 

 
0.325

a
 

1.625a 

1.475a 

3.690
a
 

10.400ab 

8.670ab 

14.950
abc

 

8.131ab 

27.805cd 

32.170de 

43.910e 

20.815bcd 

<0.01** 
 

 
0.370

a
 

1.860a 

1.685a 

4.195
a
 

11.775ab 

9.825ab 

16.930
abc

 

9.220ab 

31.385cd 

36.290de 

49.435e 

23.485bcd 

<0.01** 

 

 
2.635

a
 

15.165ab 

13.745ab 

37.155
ab

 

118.055abc 

95.605abc 

168.365
abcd

 

87.910ab 

332.215cde 

390.455de 

558.755e 

253.015bcd 

<0.01** 
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 13     (mean annual increment, MAI)   

  

 

( . / / ) 
0.82
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2.07ab 

3.56
ab

 

10.21e 

4.93bcd 
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2.86ab 

6.89cd 

7.48d 

4.18bc 

2.46ab 

<0.01** 

  (p 0.01) 
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0.47
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1.39ab 

1.31ab 
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7.22e 

3.43bcd 

4.65
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5.49de 
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22.08
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0.58ab 

0.81ab 

1.81
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6.32ef 

3.28bcd 

4.92
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2.52abcd 
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3.77cde 

<0.01** 
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a
 

13.29a 

18.65ab 

42.71
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153.20ef 

78.89cd 

119.26
de

 

59.97abcd 

158.50ef 

186.93f 

117.14de 

76.37bcd 

<0.01** 

 

 
1.90

a
 

8.34a 

11.74ab 

28.04
abc

 

108.22efg 

54.82abcde 

83.69
cdefg

 

41.36abcd 

115.29fg 

137.21g 

96.70defg 

68.68bcdef 
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12 

 

(p<0.01)   25 

 (68.70 )  4  (0.84 ) 

 (  14  10) 

 (  8) 

 (2553)      

 23  25  

 23.13  27.81 

 

 (2550)  14 

 4 × 4 

 12.10     12 

 (  44.35 – 50.07 ) 

  9  

 (p<0.01)  15  (3.55 ) 

 4  (0.21 )  8 
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 14   (mean annual  

                increment, MAI)  

                 

 

 

       

    (p 0.01) 

  

  ( ) 
 

( )      ( / / ) 

4 0.53a 0.08a 0.07a 0.67a 0.84a 0.21a 

6 2.37a 0.29ab 0.26ab 2.92a 3.70a 0.62ab 

9 3.34a 0.41ab 0.51abc 4.25a 5.21a 0.58ab 

12 8.95ab 1.02abc 0.89abc 10.86ab 13.79ab 1.15abc 

15 35.27def 3.52ef 3.11ef 41.90def 53.20def 3.55e 

16 17.79abcd 1.83bcd 1.61bcd 21.23abcd 26.95abcd 1.68bcd 

18 27.24bcdef 2.74def 2.42def 32.40bcdef 41.14bcdef 2.29cd 

21 13.62abc 1.43abcd 1.26abcd 16.31abc 20.71abc 0.99ab 

23 38.58ef 3.65ef 3.23ef 45.45ef 57.72ef 2.51de 

25 46.02f 4.28f 3.80f 54.10f 68.70f 2.75de 

28 32.69cdef 2.88def 2.56def 38.12cdef 48.42cdef 1.73bcd 

31 23.06bcde 2.13cde 1.89cde 27.08bcde 34.39bcde 1.11abc 

p-value <0.01** <0.01** <0.01** <0.01** <0.01** <0.01** 
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. 2552  2,213.89  

 105,648.62  133,642.90   

 

52,172.99  66,219.56 

 16   340.38 

 (18,661.16  9,173.83 ) 

 3  48.00 

 (68.24  30.27 )  13 

 9.60 

 

 12  (  15)  
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 15   

 

   ( )  ( ) 

) ( )     

3 48.00 53.64 68.24 23.94 30.27 

4 50.88 75.81 96.45 33.84 42.78 

5 94.67 518.32 658.07 229.97 291.85 

6 145.65 956.92 1,214.93 424.57 538.82 

7 15.15 116.12 147.44 51.52 65.39 

8 49.07 403.46 512.27 185.38 227.19 

9 138.98 1,285.57 1,632.25 590.67 723.90 

12 82.69 1,825.80 2,318.73 897.60 1,139.89 

13 9.60 229.63 291.63 112.89 143.36 

14 35.01 2,784.49 3,536.20 1,368.96 1,738.40 

15 134.27 11,441.82 14,530.73 5,625.24 7,143.31 

16 340.38 14,692.50 18,661.16 7,224.57 9,173.83 

17 120.51 6,513.95 8,272.69 3,202.65 4,066.85 

18 20.82 1,372.14 1,742.49 674.57 856.61 

20 57.06 1,851.46 2,247.86 886.33 1,125.51 

21 126.03 4,293.84 5,213.17 2,055.55 2,610.23 

22 123.50 7,565.35 9,485.33 3,739.62 4,749.30 

23 113.01 10,257.92 13,028.56 5,136.30 6,523.40 

25 72.64 7,848.39 9,967.27 3,929.46 4,990.61 

27 89.38 6,559.33 8,334.22 3,285.48 4,172.94 

28 97.28 7,403.49 9,406.81 3,708.31 4,709.99 

29 165.66 13,057.82 16,591.15 6,540.49 8,307.19 

31 83.65 4,522.96 5,744.99 2,265.24 2,876.52 

 2,213.89 105,648.62 133,642.90 52,172.99 66,219.56 
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 (p<0.01) (  11) 

 (power function)  

(coefficient of determination, r2)  

  Wt = 0.276 BA1.961      r2=0.848, n = 24   p < 0.01 

   Wt     )(  

    BA     )(  
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(p<0.01)  (  12)   (power function) 

 (coefficient of determination, r
2
)  

Ct = 0.113 BA2.025      r2=0.846, n = 24   p < 0.01 

  Ct    )(  

  BA   )(  
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(Brown, 1997)  

 

 

 

 (p<0.01 ) (  13) 

 (power function)  

(coefficient of determination, r2)  

 Wt  = 21.410 LAI1.566  r2=0.807, n=24 p < 0.01 

  Wt     )(  

   LAI     ) 
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(p<0.01) (  14)  (power function) 

 (coefficient of determination, r
2
)  

Ct  = 10.123 LAI1.625  r2=0.814 , n=24 p < 0.01 

  Ct    )(  

   LAI  ) 

 

 
 

 14 

  

 hemispherical 

photography 

 

(veqetation index)  (remote 
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sensing) 

 

 (2553) 

 (forest canopy density class) 

  0.719  0.897 
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1. 

          

 

 0.84 – 7.21 

/   

2.  

. 2552  2,213.89 

 105,630.74  

133,702.67 

 52,198.15 

 66,248.15   

3.  (regression analysis) 

 

 (p<0.01) 
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 1   

     

. 
  .  

)  1  2  3 

2548 4 - - - 

2546 6 - - - 

2544 8 - - - 

2543 9 - - - 

2540 12 - - - 

2537 15 - - - 

2536 16 2549 - - 

2534 18 2550 - - 

2531 21 2546 - - 

2529 23 n.a. 2544 - 

2527 25 n.a. 2542 - 

2524 28 n.a. 2544 2549 

2521 31 n.a. 2541 - 
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 2   (diameter at 

                       breast height, DBH)  

 
 

           

) 

 DBH 

) ) ( ) 

4 1 442 4.75 4.89 

  2 458 4.90 4.22 

6 1 375 7.14 7.62 

  2 342 9.13 10.40 

9 1 564 8.38 10.67 

  2 492 6.15 6.59 

12 1 564 9.40 13.32 

  2 422 11.24 12.14 

15 1 603 18.18 16.95 

  2 611 17.90 18.54 

16 1 411 16.32 16.55 

  2 342 16.99 17.00 

18 1 328 19.80 22.77 

  2 331 19.13 21.79 

21 1 328 13.26 16.62 

  2 297 14.24 19.81 

23 1 244 24.43 28.48 

  2 219 23.36 28.71 

25 1 217 24.92 31.77 

  2 258 23.40 29.71 

28 1 97 23.07 29.22 

  2 125 29.00 37.05 

31 1 161 17.77 24.78 

  2 194 19.39 24.69 
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 3    

 
 

   

) ) ( ) ( ) 

4 1 1.22 4.2 0.37 

 
2 0.87 2.89 0.40 

6 1 2.72 7.27 0.65 

 
2 5.20 12.36 0.93 

9 1 5.59 5.81 0.43 

 
2 2.13 3.79 0.21 

12 1 8.64 9.1 1.66 

 
2 7.59 7.42 0.99 

15 1 13.80 19.14 2.32 

 
2 15.70 16.45 2.25 

16 1 12.40 15.14 1.98 

 
2 13.13 15.08 1.78 

18 1 15.14 18.23 2.16 

 
2 16.05 17.36 2.33 

21 1 8.77 10.16 1.31 

 
2 11.84 10.91 1.49 

23 1 26.77 21.54 2.64 

 
2 22.60 19.68 2.09 

25 1 28.38 22.26 2.72 

 
2 34.60 26.75 2.68 

28 1 18.64 15.69 2.17 

 
2 20.46 28.81 2.22 

31 1 31.86 18.18 3.14 

 
2 29.02 12.54 2.96 
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 4   (mean annual increment, MAI) 

 ( ) 

 

) 

 ( ) 
 

)     

4 3.20 0.44 0.39 4.03 5.12 1.28 

 
2.07 0.30 0.26 2.63 3.34 0.84 

6 9.48 1.22 1.06 11.76 14.94 2.49 

 
20.85 2.50 2.19 25.54 32.44 5.41 

9 21.17 2.53 2.22 25.92 32.92 3.66 

 
6.32 0.84 0.73 7.89 10.02 1.11 

12 35.61 4.06 3.57 43.24 54.91 4.58 

 
38.70 4.33 3.81 46.84 59.49 4.96 

15 96.85 10.18 8.97 116.00 147.32 9.82 

 
139.26 13.37 11.83 164.46 208.86 13.92 

16 101.44 10.13 8.95 120.52 153.06 9.57 

 
89.77 9.52 8.39 107.68 136.75 8.55 

18 176.82 17.72 15.65 210.19 266.94 14.83 

 
159.91 16.14 14.25 190.30 241.68 13.43 

21 69.87 7.55 6.65 84.07 106.77 5.08 

 
105.95 10.89 9.61 126.45 160.60 7.65 

23 331.67 31.37 27.79 390.83 496.35 21.58 

 
332.76 31.40 27.82 391.98 497.81 21.64 

25 429.78 39.59 35.11 504.48 640.69 25.63 

 
351.13 32.99 29.23 413.35 524.95 21.00 

28 328.11 31.12 27.56 386.79 491.22 17.54 

 
789.40 67.75 60.26 917.41 1165.11 41.61 

31 188.64 18.77 16.59 224.00 284.48 9.18 

 
317.39 28.20 25.04 370.63 470.70 15.18 
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 5   (mean annual increment, MAI) 

 ( ) 

 

) 

 

./ ) 

 

./ ) 

4 0.009 0.002 

 
0.006 0.001 

6 0.024 0.004 

 
0.051 0.009 

9 0.052 0.006 

 
0.017 0.002 

12 0.084 0.007 

 
0.090 0.008 

15 0.215 0.014 

 
0.289 0.019 

16 0.217 0.014 

 
0.201 0.013 

18 0.380 0.021 

 
0.345 0.019 

21 0.156 0.007 

 
0.232 0.011 

23 0.683 0.030 

 
0.684 0.030 

25 0.868 0.035 

 
0.719 0.029 

28 0.677 0.024 

 
1.348 0.048 

31 0.403 0.013 

 
0.452 0.015 
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 6   (mean annual increment, MAI)) 

 

 

) 

 ( ) 
 

)     

4 1.41 0.19 0.17 1.77 2.26 0.57 

 
0.95 0.14 0.12 1.21 1.53 0.38 

6 3.56 0.46 0.40 4.42 5.60 0.93 

 
7.12 0.85 0.75 8.72 11.08 1.85 

9 11.94 1.43 1.25 14.62 18.56 2.06 

 
3.11 0.41 0.36 3.88 4.93 0.55 

12 20.08 2.29 2.01 24.38 30.97 2.58 

 
16.34 1.83 1.61 19.78 25.12 2.09 

15 58.38 6.14 5.41 69.93 88.80 5.92 

 
85.10 8.17 7.23 100.50 127.64 8.51 

16 41.70 4.16 3.68 49.54 62.92 3.93 

 
30.67 3.25 2.87 36.79 46.72 2.92 

18 57.96 5.81 5.13 68.90 87.50 4.86 

 
52.86 5.34 4.71 62.91 79.89 4.44 

21 22.90 2.47 2.18 27.55 35.00 1.67 

 
34.49 3.24 2.86 40.59 47.73 2.27 

23 81.07 7.67 6.79 95.53 121.33 5.28 

 
73.02 6.89 6.10 86.01 109.24 4.75 

25 93.12 8.58 7.61 109.31 138.82 5.55 

 
90.71 8.52 7.55 106.78 135.61 5.42 

28 31.90 3.03 2.68 37.61 47.76 1.71 

 
98.60 8.47 7.53 114.60 145.64 5.20 

31 30.39 3.02 2.67 36.08 45.83 1.48 

 
61.71 5.48 4.87 72.06 91.53 2.95 
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 7   (mean annual increment, MAI)   

    

 

) 

 

./ ) 

 

./ ) 

4 3.85 0.96 

 
2.69 0.67 

6 9.13 1.52 

 
17.44 2.91 

9 29.14 3.24 

 
8.17 0.91 

12 47.39 3.95 

 
38.02 3.17 

15 129.73 8.65 

 
176.67 11.78 

16 89.17 5.57 

 
68.62 4.29 

18 124.43 6.91 

 
114.09 6.34 

21 51.11 2.43 

 
68.83 3.28 

23 166.90 7.26 

 
150.09 6.53 

25 188.04 7.52 

 
185.83 7.43 

28 65.81 2.35 

 
168.48 6.02 

31 64.92 2.09 

 
87.82 2.83 
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 8    (mean  

       annual increment, MAI)  

 
 ( ) 

 

 

   ) 

4 0.63 0.09 0.08 0.80 1.00 0.25 

 

0.42 0.06 0.05 0.53 0.68 0.17 

6 1.58 0.20 0.18 1.96 2.48 0.41 

 

3.16 0.38 0.33 3.87 4.91 0.82 

9 5.29 0.63 0.56 6.48 8.23 0.91 

 

1.38 0.18 0.46 2.02 2.18 0.24 

12 9.87 1.13 0.99 11.99 15.22 1.27 

 

8.03 0.90 0.79 9.72 12.35 1.03 

15 28.70 3.02 2.66 34.38 43.65 2.91 

 

41.84 4.02 3.55 49.41 62.75 4.18 

16 20.50 2.05 1.81 24.36 30.93 1.93 

 

15.08 1.60 1.41 18.09 22.97 1.44 

18 28.49 2.86 2.52 33.87 43.01 2.39 

 

25.99 2.62 2.32 30.93 39.27 2.18 

21 11.47 1.24 1.09 13.80 17.52 0.83 

 

15.77 1.62 1.43 18.82 23.90 1.14 

23 40.59 3.84 3.40 47.83 60.75 2.64 

 

36.56 3.45 3.06 43.07 54.70 2.38 

25 46.62 4.29 3.81 54.72 69.51 2.78 

 

45.42 4.27 3.78 53.47 67.90 2.72 

28 15.97 1.51 1.34 18.82 23.91 0.85 

 

49.41 4.24 3.77 57.42 72.92 2.60 

31 15.22 1.51 1.34 18.07 22.95 0.74 

 

30.90 2.75 2.44 36.09 45.83 1.48 
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