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Carbon Sequestration of Pinus spp. Plantation in Various Age Class
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Abstract

The study of carbon sequestration of Eucalyptus camaldulensis and Eucalyptus urophylla
plantations in various age class was conducted in the north and northeast of Thailand. The results
revealed that growth annual increments of P. caribaea were high in the first stage. Height annual
increment was 1.10-1.14 m.yr™' and DBH annual increment was 1.17-1.36 cm.yr~". Bark thickness
increased with stand age of 6, 9, 18 and 29 year-old at respectively as 0.87, 1.29, 1.64 and
1.87 cm. Stem volume under bark increments of 6, 9, 18 and 29 year-old were 0.004, 0.001,
0.017 and 0.018 m? individual™ yr~". Plant biomass storages were 2.7, 4.6, 12.5 and 14.3 kg
individual™" yr™".  The average of carbon contents in stem, branch, leaf and root of 6, 9, 18 and 29
year-old were reported as 46.4, 43 .1, 47.5 and 43 .5 % while the average of carbon

accumulations in biomass were 1.9, 2.2, 6.8 and 7.0 kg tree™ yr™', respectively. The litterfall



occurred throughout the year but they were found higher during August-December. Litter
decomposition throughout a year in different sites were varied during 33.0-78.6%. The rate of
litter decomposition increased during rainy season in July to November after that it decreased

during December to June.
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Age Spacing

Equation

RZ

11.37 In(DBH) - 15.3
3.0797 In(DBH) + 0.2256
5.8075 In(DBH) - 5.5089
7.2469 In(DBH) - 4.2733
9.0659 In(DBH) - 7.8324
9.091 In(DBH) - 5.2636

10.108 In(DBH) - 6.9066

0.7676

0.8185

0.8611

0.7996

0.7425

0.8352

0.7222

Species (yrs) (m) Station
Pinus caribaea All Age & Spacing
6 1.5x 3  In Takin, Chiang Mai
9 3x3 Baw Kaew, Chiang Mai
18 3x3 Huey Bong, Chiang Mai
29 3x3 Huey Bong, Chiang Mai
29 3x3 In Takin, Chiang Mai
29 3x3 Dong Lan, Khon Kaen
Pinus oocarpa 29 3x3 In Takin, Chiang Mai

10.883 In(DBH) - 13.552

0.8756

Pinus patula ssp. tecunumanii 29 3x3 In Takin, Chiang Mai

9.1139 In(DBH) - 5.4565

0.7986
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Age H (m) DBH (cm) Crown diameter (m) Crown depth (m)

(yrs) Mean SD  MAI Mean SD  MAI Mean SD Mean SD

6 6.6 1.8 1.1 8.1 23 14 2.8 1.1 5.0 2.1

9 13.2 2.6 1.5 13.7 58 15 2.4 0.9 6.5 3.4

18 20.6 3.3 1.1 21.0 46 12 4.5 1.6 8.4 2.9

29 211 20 0.7 25.6 6.0 09 4.9 2.3 8.9 3.1
Note: SD = Standard deviation, Min = Minimum, Max = Maximum, MAI = Mean annual increment

An: BN wazendy (2557)
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Age

Adjust

(yrs) Station Status Equation R? valle Equation R? Adjust value
6 InTakin, | Spacing: 1.5 x 3 m Stem volume V., = 0.0003 (DBH)>%%% | 0.9876 | 1.0008 |V, = 0.0002 (D2H)°782 | 0.9883 0.9963
Chiang Ml Height: 6.58 + 1.75 m Vider ok = 0.0002 (DBH)Z9%%2 | 0.9806 | 11645 | Vyueooxw = 0.0002 (D2H)°76%° | 0.9846 0.7727
DBH: 8.14 + 2.31 cm Biomass Ws = 0.0628 (DBH)>26% 0.9846 | 10159 | Ws = 0.04 (D?H)0864 0.9854 1.0146
Density: 149 trees/rai W = 0.2305 (WS)"092 0.9705 1.0833
W, = 1.2668 (WB)*7 0.9746 1.0511
W, = 0.0445 (DBH)"%0%° 0.9907 | 1.0180
9 | Baw kaew, | gpacing: 3 x 3 m Stem volume V., = 0.00005 (DBH)2" | 0.9961 | 1.0053 |V, = 0.00004 (D2H)>77 | 0.9967 0.9948
Chiang Ml Height: 13.20 + 2.64 m Vider bk = 0.00003 (DBH)22°2 | 0.9784 | 0.9163 | Vygeroox = 0.00002 (D?H)°8% | 0.9857 1.0527
DBH: 12.80 + 4.10 cm | Biomass Ws = 0.0274 (DBH)>55 0.9703 | 1.0210 | Wg = 0.0199 (D2H)094" 0.9822 1.0122
Density: 114 trees/rai W; = 0.0021 (DBH)28%6 0.9440 | 1.0494
W, = 0.0059 (DBH)6'8! 0.9471 1.0549
W, = 3.2649 (WNS)%6% 0.9850 | 0.8299
18 I;E?oyns(;r/]\a Spacing: 3 x 3 m Stem volume V., = 0.0002 (DBH)2474 0.9798 | 07979 | Vowroaxw = 0.00004 (D?H)*%%2 | (9950 0.9711
Height: 20.59 + 3.32 m Vinderbok = 0.00009 (DBH)**™?° | 0.9760 | 1.0586 | Vyersax = 0.00002 (D*H)'%7 | 49930 10852
DBH: 20.97 + 4.62 cm | Biomass Ws = 0.1004 (DBH)23852 0.9432 | 10186 | We = 0.0244 (D2H)*9669 0.9707 1.0087
Density: 138 trees/rai W = 0.0003 (DBH)*9"® 0.9426 1.1001
W, = 0.4527 (WB)*-8048 0.9235 | 1.1226
29 | Huey Bong, | Spacing: 3 x 3 m Stem volume V., = 0.0002 (DBH)2®® | 0.9850 | 1.1633 | V e = 0.00005 (D2H)°%77 | 0.9924 0.9421
Chiang Ml Height: 21.08 + 2.01 m Viderbore = 0.0002 (DBH)2%3 | 0.9634 |  0.9197 | Vyueroae = 0.00004 (D2H)97%8 | 0.9795 0.8925
DBH: 25.63 + 5.97 cm | Biomass Ws = 0.1009 (DBH)2%42 09669 | 10131 | W, = 0.0193 (D?H)°78! 0.9851 1.0065
Density: 88 trees/rai W; = 0.0003 (DBH)?3%7 0.9273 | 1.0865
W, = 1.1055 (WB)o7264 0.9104 1.1265
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Age

Adjust

(yrs) Station Status Equation R? valle Equation R? Adjust value
29 | Donglan, | Spacing: 3 x 3 m Stem volume V., = 0.0008 (DBH*?® | 0.9676 | 1.0037 | V,epx = 0.0001 (D2H)087" 0.9733 1.3858
Khon Kaen Height: 28.65 + 2.86 m Virder e = 0.0007 (DBH)?0584 0.9639 | 10624 | Vygeoae = 0.0001(D2H)832 | 0.9656 1.3243
DBH: 30.63 + 5.20 cm | Biomass Ws = 0.2833 (DBH)>2205 0.9285 10115 | Wy = 0.0404 (D2H)09425 0.9456 1.0093
Density: 85 trees/rai W = 0.0741 (Wg)*9308 0.9431 0.9655
W, = 1.914 (W,)°587® 0.8772 | 1.0229
W, = 0.0616 (DBH)226% 0.9745 1.0071
29 Khong | Spacing: 3 x 6 m Stem volume V., = 0.0007 (DBH)297® 0.9606 | 0.9447 | V,.om = 0.00007 (D2H)09%26 | 0.9804 1.0184
CSEOT’ Height: 21.19 + 3.37 m Viderboe = 0.0006 (DBH)2%8" | 0.9499 | 0.9414 | Vyopee = 0.00006 (D2H)% | 0.9765 0.9773
Ratchathani | pBH: 29.96 + 7.01cm | Biomass Ws = 0.1705 (DBH)219%° 0.9453 | 1.0102 | Wg = 0.0167 (DH)*-98% 0.9665 1.0083
Density: 47 trees/rai W = 0.003 (Wg)"6761 0.9123 1.0685
W, = 2.7412 (W,)°5622 0.8429 | 1.0661
29 | InTakin, | Spacing: 3 x 3 m Stem volume V. ,m = 0.0003 (DBH)2% 0.9801 0.9194 | Voroox = 0.00004 (D2H)*%Y7 | 0.9885 1.0060
Chiang Ml Height: 23.79 + 4.00 m Vider e = 0.0002 (DBH)%45 | 0.9651 | 0.8605 | Voo = 0.00002 (D?H)'9326 | 0.9775 1.1340
DBH: 28.07 + 6.63 cm | Biomass Ws = 0.0946 (DBH)244® 0.9516 | 1.0079 | W = 0.0129 (D?H)"%276 0.9586 1.0069
Density: 66 trees/rai W = 0.034 (Wg)"18% 0.8888 1.1921
W, = 1.2457 (W,)26657 0.8310 1.1167
Stem volume V., = 0.00004 (DBH)87 0.8573 | 11448 | Vo = 0.00003 (D2H)'9%°2 | 0.8990 1.1068
Vosersar = 0.00002 (DBHZ%7 | 0.8453 | 13133 | Vi, pox = 0.00002 (D2H)'%% | 0.8915 0.9055
Al Biomass We = 0.0208 (DBH)857 0.9554 | 10778 | W, = 0.0173 (D2H)*-%%5 0.9826 1.0319
W, = 0.007 (DBH)220% 0.9061 1.1288
W, = 1.2752 (W,)*6%° 0.8314 1.1746
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In Takin, Baw Kaew, Huey Bong, Huey Bong, In Takin, Dong Lan, Khong Chiam, Ubon
Srats Chiang Mai Chiang Mai Chiang Mai Chiang Mai Chiang Mai Khon Kaen Ratchathani
Age (yrs) 6 9 18 29 29 29 29
Spacing (m) 1.5x3 3x3 3x3 3x3 3x3 3x3 3x6
Area (rai) 5 14.445 13.78 24 2 2 2

Density (individuals.rai™') 149 114 138 88 66 85 48
Volume under bark (m?) 10.8 15.7 473.2 931.7 103.84 140.59 71.54
Adjust value 1.1645 0.9163 1.0586 0.9197 0.8605 1.0624 0.9414
(m°) 12.56 14.37 500.89 856.92 89.35 149.37 67.35
Adjust stem (m®.rai™") 2.51 0.99 36.35 35.71 44.67 74.68 33.68
volume (m2.rai-yr™) 0.42 0.11 2.02 1.23 1.54 2.58 1.16
under bark  (m3 individual™) 0.017 0.009 0.263 0.406 0.677 0.879 0.702
(m®.individual™".yr™") 0.003 0.001 0.015 0.014 0.023 0.030 0.024
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Status In Takin, Baw Kaew, Huey Bong, Huey Bong, In Takin, Dong Lan, Khong Chiam,
Chiang Mai Chiang Mai Chiang Mai Chiang Mai Chiang Mai Khon Kaen Ubon Ratchathani
Age (yrs) 6 9 18 29 29 29 29
Spacing (m) 1.5x3 3x3 3x3 3x3 3x3 3x3 3x6
Area (rai) 5 14.445 13.78 24 2 2 2
Density (individuals.rai™") 149 114 138 88 66 85 48
Stem 6,059 37,531 293,322 494,832 48,263 102,640 30,331
Biomass (k) Branch 1,721 7,314 36,665 47,562 5,058 4,861 5,152
Leaf 2,123 9,617 8,955 21,927 1,784 2,300 2,260
Root 1,942 14,949 77,468 298,346 * 27,201 *
Stem 1.0159 1.0210 1.0186 1.0131 1.0079 1.0115 1.0102
Adjust value Branch 1.0833 1.0494 1.1001 1.0865 1.1921 0.9655 1.0685
Leaf 1.0511 1.0549 1.1226 1.1265 1.1167 1.0229 1.0661
Root 1.0180 0.8299 * * * 1.0071 *
Stem 6,155 38,320 298,781 501,335 48,643 103,822 30,640
Branch 1,865 7,676 40,336 51,679 6,030 4,694 5,505
Leaf 2,231 10,145 10,054 24,701 1,993 2,353 2,409
Root 1,977 12,406 77,468 298,346 * 27,395 *
Total above ground biomass (kg) 10,251 56,141 349,170 577,715 56,665 110,868 38,554
Total biomass (kg) 12,228 68,546 426,639 876,061 * 138,262 *
Adjust Total above ground biomass (kg.rai’1) 2,050 3,887 25,339 24,071 28,333 55,434 19,277
biomass Total biomass (kg.rai™") 2,446 4,745 30,961 36,503 * 69,131 *
Total above ground biomass (kg.rai~".yr™) 342 432 1,408 830 977 1,912 665
Total biomass (kg.rai~.yr™") 408 527 1,720 1,259 * 2,384 *
Total above ground biomass (kg.individual™) 14 34 184 274 429 652 402
Total biomass (kg.individual™) 16 42 224 415 * 813 *
Total above ground biomass (kg.individual™.yr™") 2.3 3.8 10.2 9.4 14.8 22,5 13.8
Total biomass (kg.individual™.yr™) 2.7 4.6 12.5 14.3 * 28.0 *
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Age (yrs)

Provenance

Organ

Nutrient (g/100q)

C N P K Ca Mg
Stem 46.74 0.277 0.012 0.107 0.093 0.029
_ ) ) Branch 45.70 0.441 0.055 0.216 0.247 0.074
6 In Takin, Chiang Mai

Leaf 48.67 1.065 0.094 0.657 0.418 0.159
Root 46.96 0.278 0.285 0.406 0.671 0.064
Stem 46.88 0.202 0.014 0.028 0.137 0.026
_ _ Branch 45.57 0.264 0.023 0.137 0.145 0.042

9 Baw Kaew, Chiang Mai
Leaf 50.12 0.844 0.053 0.574 0.280 0.089
Root 45.74 0.396 0.042 0.292 0.095 0.061
Stem 49.28 0.209 0.003 0.044 0.062 0.023
_ ) Branch 46.20 0.264 0.010 0.063 0.257 0.039

18 Huey Bong, Chiang Mai
Leaf 48.52 1.058 0.093 0.554 0.250 0.156
Root 41.32 0.263 0.028 0.207 0.021 0.004
Stem 41.50 0.079 0.023 0.101 0.054 0.014
_ ) Branch 37.10 0.167 0.019 0.102 0.135 0.027

29 Huey Bong, Chiang Mai
Leaf 43.90 0.683 0.089 0.473 0.184 0.101
Root 40.16 0.203 0.036 0.140 0.016 0.005
Stem 57.89 0.150 0.002 0.102 0.095 0.018
Branch 55.35 0.420 0.022 0.231 0.479 0.056

29 Dong Lan, Khon Kaen
Leaf 53.85 1.260 0.042 0.528 0.392 0.131
Root 52.75 0.260 0.011 0.301 0.213 0.043
Stem 58.76 0.106 0.009 0.126 0.100 0.028
29 In Takin, Chiang Mai Branch 58.08 0.416 0.088 0.361 0.319 0.080
Leaf 56.08 0.939 0.137 0.715 0.270 0.140
" . b Stem 52.85 0.136 0.005 0.035 0.050 0.023
29 Khong Chiam, Ubon Branch 54.41 0.307 0.008 0.070 0.116 0.037

Ratchathani

Leaf 49.64 0.834 0.065 0.314 0.239 0.128
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Status In Takin, Baw Kaew, Huey Bong, Huey Bong, In Takin, Dong Lan, Khong Chiam,
Chiang Mai Chiang Mai Chiang Mai Chiang Mai Chiang Mai Khon Kaen Ubon Ratchathani
Age (yrs) 6 9 18 29 29 29 29
C (Mg.rai™" 1.15 2.23 14.71 15.08 16.60 39.21 9.98
N (kg.rai™") 10.90 16.09 75.54 62.95 47.68 138.16 37.96
P (kg.rai™") 1.90 1.23 3.24 12.08 6.21 3.60 1.76
K (kg.rai™") 6.66 8.00 27.03 48.71 48.65 105.81 10.71
Ca (kg.rai™) 6.58 7.19 23.91 20.33 36.63 94.08 13.32
Mg (kg.rai™) 1.60 2.05 7.43 6.27 10.62 18.03 5.95
C (kg.raiyr™ 191.4 247.8 817.5 520.1 572.4 1,352 344.1
N (kg.rai yr™) 1.82 1.79 4.20 2.17 1.64 476 1.31
P (kg.rai-tyr™) 0.32 0.14 0.18 0.42 0.21 0.12 0.06
K (kg.rai "yr™") 1.1 0.89 1.50 1.68 1.68 3.65 0.37
Ca (kg.rai tyr’ 1.10 0.80 1.33 0.70 1.26 3.24 0.46
Mg (kg.rai tyr 0.27 0.23 0.41 0.22 0.37 0.62 0.21
C (kg.individual".yr™ 1.28 2.17 5.92 5.91 8.67 15.91 7.17
N (kg.individual™".yr™) 0.012 0.016 0.030 0.025 0.025 0.056 0.027
P (kg.individual™".yr™) 0.002 0.001 0.001 0.005 0.003 0.001 0.001
K (kg.individual™".yr™ 0.007 0.008 0.011 0.019 0.025 0.043 0.008
Ca (kg.individual™".yr™ 0.007 0.007 0.010 0.008 0.019 0.038 0.010

Mg (kg.individual~".yr™") 0.002 0.002 0.003 0.002 0.006 0.007 0.004
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Species Station Spacing (m)  Age (yrs) Code Litter dry weight (kg/yr)  Litter decomposition (%)

Pinus caribaea In Takin 1.5x3 9 PcO5_IT_9yrs 77.2 37.5
Pinus caribaea Hyey Bong 3%x3 22 Pc92_HB_22yrs 75.8 78.6
Pinus caribaea In Takin 3x3 30 Pc84_IT_30yrs 100.8 33.0
Pinus caribaea Hyey Bong 3%x3 31 Pc83_HB_31yrs 83.4 54.6
Pinus caribaea Hyey Bong 3x3 35 Pc79_HB_35_yrs 82.0 76.1
Pinus kesiya Mae Sanaam 1.5 x 6 40 Pk74_MS_40yrs 76.7 59.0
Pinus kesiya Hyey Bong 3x3 27 Pk87_HB_27yrs 62.4 73.7
Pinus kesiya In Takin 3x3 33 Pk81_IT_33yrs 102.6 49.3
Pinus merkusii Hyey Bong 3%x3 35 Pm79_HB_35yrs 75.1 75.6
Pinus merkusii In Takin 3x3 36 Pm78_IT_36yrs 98.1 64.1
Pinus oocarpa In Takin 3%x3 32 Po82_IT_32yrs 79.5 -

Pinus patula ssp. tecunumanii In Takin 3x3 30 Pt84_IT_30yrs 90.1 34.7
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