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Evaluation of Accumulated Carbon and Nutrients in Montane

Forest Soils at Doi Inthanon, Chiang Mai Province
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Abstract: Evaluation of accumulated carbon and nutrients in Montane forest soils was studied at Doi Inthanon,
Chiang Mai Province. A 15-ha permanent plot (1,700 m MSL) was established, and 3, 50x50 m’ sampling plots
were arranged along slope gradient. A soil pit was made in each site to the depth of 2.00 meters. Soil samples
were taken from 13 depths; 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60-80, 80-100, 100-120, 120-140, 140-160,
160-180 and 180-200 cm. The samples were later analyzed for physical and chemical properties in a laboratory.
Accumulated nutrients valued in soil were adopted by market valuation and cost replacement method.

The results showed that the soil texture was mainly sandy loam. Specific properties of the top soils
were observed; bulk density: low; soil reaction: very strongly acid to extremely acid; organic matter and carbon:
very high; total nitrogen: medium to high. Extractable K was high throughout the soil profiles at all slope whereas
available P, extractable Ca, Mg and Na were low to very low. The high amounts of organic matter, carbon and
nitrogen were found in the top soils and lower in the subsoils. Valuation of carbon, available nitrogen and
phosphorus, extractable potassium, calcium, magnesium and sodium were 170.73, 7,962.31, 1,197.25,

48,531.97, 3,286.77, 787.84 and 744.31 baht/ha, respectively. The total value was calculated as 62,681 baht/ha.
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2. ANUAMLANARIAY (chemical properties)
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Table 1 Some physical properties in soil profiles of montane forest at Doi Inthanon

Location  Soil depth Bulk Density Gravel Soil particle-size distribution (%) Soil texture
(cm) (mg/mg) Ratingﬂ (%) Sand Silt Clay
Upper 0-5 0.43 L 0.00 69.6 16.3 141 Sandy loam
slope 5-10 0.44 L 0.07 67.0 15.5 17.5 Sandy loam
10-20 0.77 L 3.08 59.4 18.1 22.5 Sandy clay loam
20-30 1.02 L 0.00 56.8 20.7 225 Sandy clay loam
30-40 1.13 L 0.14 51.7 22.4 25.9 Sandy clay loam
40-60 1.26 ML 0.95 49.2 24.9 25.9 Sandy clay loam
60-80 1.21 ML 0.00 51.7 291 19.2 Loam
80-100 1.28 ML 0.06 51.7 31.7 16.6 Loam
100-120 1.34 ML 0.10 51.7 31.7 16.6 Loam
120-140 1.34 ML 0.01 54.3 29.9 15.8 Sandy loam
140-160 1.36 ML 0.00 56.9 26.6 16.5 Sandy loam
160-180 117 L 0.00 54.4 20.6 25.0 Sandy clay loam
180-200 1.25 ML 0.00 62.0 24.1 13.9 Sandy loam
Middle 0-5 0.54 L 1.45 74.7 15.5 9.8 Sandy loam
slope 5-10 0.69 L 17.30 69.6 15.5 14.9 Sandy loam
10-20 0.76 L 2.40 64.6 17.2 18.2 Sandy loam
20-30 0.78 L 1.84 59.5 19.8 20.7 Sandy clay loam
30-40 0.87 L 4.98 56.9 17.3 25.8 Sandy clay loam
40-60 1.31 ML 0.82 54.4 21.5 241 Sandy clay loam
60-80 1.41 ML 1.96 51.8 241 241 Sandy clay loam
80-100 1.34 ML 0.73 49.3 26.6 241 Sandy clay loam
100-120 1.46 ML 0.66 51.8 241 241 Sandy clay loam
120-140 1.19 L 0.09 54.4 23.2 22.4 Sandy clay loam
140-160 1.27 ML 0.13 51.8 26.6 21.6 Sandy clay loam
160-180 1.25 ML 0.81 51.8 28.4 19.8 Loam
180-200 1.24 ML 0.42 56.9 25.8 17.3 Sandy loam
Lower 0-5 0.51 L 2.63 74.7 1.2 141 Sandy loam
slope 5-10 0.65 L 1.03 721 13.8 14.1 Sandy loam
10-20 0.71 L 2.99 64.5 16.4 19.1 Sandy loam
20-30 0.67 L 3.51 64.5 16.4 19.1 Sandy loam
30-40 0.78 L 1.86 64.5 15.6 19.9 Sandy loam
40-60 0.91 L 2.32 59.4 19.8 20.8 Sandy clay loam
60-80 1.20 L 0.48 64.5 23.2 12.3 Sandy loam
80-100 1.1 L 1.21 62.0 20.6 17.4 Sandy loam
100-120 1.21 ML 0.19 61.4 24.5 141 Sandy loam
120-140 1.09 L 1.78 61.4 26.3 12.3 Sandy loam
140-160 1.04 L 0.33 56.9 28.2 14.9 Sandy loam
160-180 1.20 L 0.30 62.0 231 14.9 Sandy loam
180-200 1.17 L 0.18 59.4 25.7 14.9 Sandy loam

" Classification of bulk density (mg/ms): L = low; ML = moderately low (Kanchanaprasert, 1986)
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Table 2 Chemical properties in soil profiles of montane forests at Doi Inthanon

Soil Depth pH O.M. C Total N Available P Extractable (mg/kg)
Location

(cm) Rating" (g/kg) Rating (g/kg) Rating (g/kg) Rating (mg/kg) Rating K Rating Na Rating Ca Rating Mg Rating

Upper 0-5 4.38 very strongly acid 130.20 VH 75.52 VH 6.40 H 4.33 L 210.53 VH 147.14 VL 32.70 VL 34.34 L

slope 5-10 412 extremely acid 60.40 VH 35.03 VH 5.10 H 2.38 VL 197.10 VH 25.93 VL 6.25 VL 29.33 L

10-20 4.60 very strongly acid 48.50 VH 28.13 VH 3.90 M 1.57 VL 172.93 VH 17.51 VL 9.68 VL 26.94 L

20-30 4.89 very strongly acid 23.80 M 13.81 M 3.30 M 0.98 VL 132.65 VH 15.82 VL 4.82 VL 32.82 L

30-40 5.00 very strongly acid 8.70 ML 5.05 L 3.20 M 0.92 VL 121.91 VH 19.19 VL 4.10 VL 29.99 L

40-60 522 strongly acid 6.60 ML 3.83 L 2.90 M 1.01 VL 175.62 VH 17.51 VL 3.39 VL 29.33 L

60-80 5.00 very strongly acid 12.70 ML 7.37 ML 1.10 L 0.83 VL 151.45 VH 20.88 VL 3.53 VL 27.16 L

80-100 517 strongly acid 4.50 VL 2.61 VL 1.00 L 0.90 VL 138.02 VH 19.19 VL 2.82 VL 29.55 L

100-120 5.14 strongly acid 2.80 VL 1.62 VL 0.40 VL 0.87 VL 170.25 VH 15.20 VL 4.53 VL 32.60 L

120-140 517 strongly acid 3.00 VL 1.74 VL 0.30 VL 0.76 VL 202.47 VH 20.88 VL 5.68 VL 37.39 L

140-160 5.21 strongly acid 2.60 VL 1.51 VL 0.30 VL 0.86 VL 100.43 H 24.24 VL 5.10 VL 27.81 L

160-180 5.23 strongly acid 3.90 VL 2.26 VL 0.30 VL 0.78 VL 164.88 VH 22.51 VL 6.68 VL 28.68 L

180-200 5.33 strongly acid 5.40 L 3.13 L 0.30 VL 1.43 VL 207.84 VH 20.88 VL 4.25 VL 32.38 L

Middle 0-5 4.46 very strongly acid 121.80 VH 70.65 VH 6.80 H 3.50 L 293.77 VH 941.41 L 138.7 M 33.47 L

slope 5-10 4.45 very strongly acid 86.30 VH 50.06 VH 5.40 H 5.16 L 234.69 VH 933.8 L 141.2 M 27.37 L

10-20 4.42 very strongly acid 60.30 VH 34,98 VH 2.40 2.15 VL 248.12 VH 59.6 VL 16.54 VL 28.46 L

20-30 4.57 very strongly acid 36.80 H 21.35 H 0.80 VL 1.23 VL 312.57 VH 19.19 VL 8.11 VL 30.86 L

30-40 4.78 very strongly acid 26.60 MH 1543 MH 0.80 VL 1.03 VL 393.13 VH 17.51 VL 6.25 VL 25.63 L

40-60 4.95 very strongly acid 12.10 ML 7.02 ML 0.70 VL 1.30 VL 446.83 VH 15.82 VL 5.1 VL 33.47 L

60-80 5.16 strongly acid 8.30 L 4.81 L 0.50 VL 1.12 VL 428.03 VH 14.14 VL 3.96 VL 34.78 L

80-100 5.25 strongly acid 3.00 VL 1.74 VL 0.30 VL 1.16 VL 250.81 VH 12.46 VL 3.25 VL 28.90 L

100-120 5.31 strongly acid 3.10 VL 1.80 VL 0.40 VL 1.32 VL 138.02 VH 14.14 VL 3.25 VL 25.85 L

120-140 5.33 strongly acid 2.90 VL 1.68 VL 0.30 VL 1.8 VL 146.08 VH 15.82 VL 3.39 VL 28.68 L

140-160 5.36 strongly acid 3.10 VL 1.80 VL 0.30 VL 1.73 VL 293.77 VH 12.46 VL 2.82 VL 30.21 L

160-180 5.38 strongly acid 2.30 VL 1.33 VL 0.10 VL 1.71 VL 213.21 VH 10.77 VL 3.25 VL 27.81 L

180-200 5.20 strongly acid 1.70 VL 0.99 VL 0.10 VL 2.01 VL 146.08 VH 10.77 VL 3.67 VL 23.45 L

Lower 0-5 3.58 extremely acid 110.50 VH  64.10 VH 5.20 H 13.08 M 280.34 VH 172.39 VL 24.98 VL 26.29 L

slope 5-10 3.53 extremely acid 98.80 VH  57.31 VH 4.00 M 8.72 ML 296.46 VH 36.63 VL 10.54 VL 21.41 L

10-20 3.93 extremely acid 69.80 VH  40.49 VH 3.80 M 3.75 L 382.38 VH 84.85 VL 13.11 VL 31.95 L

20-30 4.16 extremely acid 28.60 MH  16.59 MH 0.90 VL 2.09 VL 342.11 VH 17.51 VL 5.53 VL 29.12 L

30-40 4.60 very strongly acid 18.20 M 10.56 M 0.70 VL 2.79 VL 207.84 VH 19.19 VL 3.39 VL 27.81 L

40-60 5.19 strongly acid 13.90 ML 8.06 ML 0.60 VL 2.49 VL 454.89 VH 14.14 VL 3.53 VL 31.51 L

60-80 5.45 strongly acid 4.90 VL 2.84 VL 0.60 VL 3.42 VL 304.51 VH 10.77 VL 3.39 VL 27.59 L

80-100 5.72 moderately acid 2.60 VL 1.51 VL 0.40 VL 3.39 VL 479.05 VH 12.46 VL 3.39 VL 33.69 L

100-120 5.72 moderately acid 3.20 VL 1.86 VL 0.30 VL 2.72 VL 240.06 VH 17.51 VL 4.67 VL 37.37 L

120-140 578 moderately acid 1.90 VL 1.10 VL 0.30 VL 213 VL 121.91 VH 19.19 VL 4.53 VL 27.37 L

140-160 5.84 moderately acid 3.10 VL 1.80 VL 0.20 VL 2.43 VL 151.45 VH 20.88 VL 4.82 VL 29.12 L

160-180 5.82 moderately acid 1.40 VL 0.81 VL 0.20 VL 2.70 VL 140.71 VH 27.61 VL 5.1 VL 29.99 L

180-200 5.71 moderately acid 2.20 VL 1.28 VL 0.10 VL 2.48 VL 186.36 VH 10.77 VL 5.39 VL 28.46 L

" Classification of pH, O.M. (g/kg), C (g/kg), Total N (g/kg), Available P (mg/kg), Exchangeable form K, Na, Mg and Ca (mg/kg)

VL = very low, L =low, ML = moderately low, M = medium, MH = moderately high, H = high, VH = very high
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BunnnisavanluauiTnaeeniu Mauazida

@1 AU 171.10, 22374 uar 186.11  Mg/ha
ANAAL (1988 193.65 Mgha) AaduFuim
ANTLAUATANULLTHUIZII19 99.24-129.78  Mg/ha

(19@el 112.32 Mg/ha) msazanmadlulasianuluiu (N)
fiBannusymIng 9.895.60-24.982.87 kgha  (19ae)
15,261.10 kg/ha) Brnnmeswesafiiulslom (p)
flAn 1154-3267 kgha (RAT 2004 kgha)
Tnunaienfiainld (k) flan 1,654.91-3,992.74 kg/ha
(19@8 3,033.25 kg/ha) LLﬂ@L%?;IN‘ﬁI@ﬁ/mVLﬁ Ca) HAN
222.23-766.67 kg/ha (19@¢ 406.93 kg/ha) LLunumm
fiarinld (Mg) TAn 47.55-143.84 kg/ha (1@e 80.33
kg/ha) uaslTiReNTaRnlE (Na) fen 275.74-350.41
kg/ha (Lfaalil 314.34 kg/ha) ([51’13"1\117‘1. 3)

4. nM5uszUYAAIAMSLAULATEIRBIMTREAN
Tuhiu

ntlsnfiuyansantessavnsfiazaslu
Fudu fsviunandn 0100 2w, Feulsvgndl4as
market valuation WAZ cost replacement method WA
nsRnewLdn yavesAfueuiazanluAuads
WinAL 170.73 LABENATT YARNEIABINNIATAN
Tuiu duldun o1 ulnsian neanasa Tnunaides
waaiden unnuden uazlnien Syaruadawiniy
7,962.31 , 1,197.25 , 48,531.97 , 3,286.77 , 787.84
Az 744.31 U mAeEnang nuaay Anduyadisan
1848708 U7sazaN I uAULA LN UTunee

BUNUUT WINAU 62,681 LNARENANT (N9797 4)
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AuwAnsnai (Pritchett and Fisher,1987) n9AN®
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vuihiAusauieneuthunaniausauiieandan
Urunans Awdunsadnuiniaguusann diunm
AurzadnguazlulnsiauilAngedegannn Sfsunu P,
K, Na, Ca uaz Mg Wwinfu 0.7-8.3, 121.1-235.1, 5.1-
8.2, 26.2-192.1, Ua 8.3-112.4 mgkg ANAGU (nlg
fnmal, 2552) ugaaldifiulddnantiAaesmiui
ﬂmﬂﬂmnu LLmmem\mulumuﬂ?mmmmmma
fanaz mmmn@mﬁwmmmumwuﬂwmu@ﬂ 3900
mafialiln  azimgaiuARaInaneTeTiln
Wug L fard@ninaati 1N s an Iy U e us1
81913 AINATANTAN Khamyong et at. (2001) wu
Bundunradnguazarfusuluauliauminin
‘ﬁlzgm 7998911 AD Unaunantrfuien Unauuds
Uiinyanssns uaztlFieis puaisL

uenanifAuNALINB AR EWNYE
Auan mmwgumnmemwu%mummﬁ'ﬂ it
soenauinistiesaaaiudaiaagneti o uazazan
Tududiu Audadsunduniednguazanfuem
FEAUGINN AMNNNIANHITBIQUNTUATATUE (2551)
wunsszanvesnfeu Uz ALIINGT uas
UALNgILFInMAeEBWLW HAWINTL 104.8 uay
2888 Mglha viaililagesing | fiflavswasietiunns
nsazangnf g luau laun mﬁmﬁuﬁlﬁﬁwﬂu
GNGIERGHT mmmu@quﬁﬂizmmmﬁuﬁ Vi
A uRTEA e et uesiinisazanaes
ﬁmmmimﬂﬂdﬁﬁuﬁﬁﬁmmmm%umn (Pampasit
et al., 2000) wanANHL B0
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Table 3 Soil carbon and nutrient accumulations in soil profiles of montane forests at Doi Inthanon

Location  Soil Depth  Soil Mass O.M. C Total N Available Extractable Nutrients (kg/ha)
(cm) (kg/mz) (Mg/ha)  (Mg/ha) (kg/ha) (kg/ha) K Ca Mg Na
Upper 0-5 21.31 27.75 16.09 1,363.84 0.92 44.86 31.36 6.97 7.32
slope 5-10 21.78 13.15 7.63 1,110.53 0.52 42.92 5.65 1.36 6.39
10-20 76.74 37.22 21.59 2,992.86 1.21 132.71 13.44 7.43 20.67
20-30 102.44 24.38 1414 3,380.52 1.01 135.89 16.21 4.94 33.62
30-40 113.11 9.84 5.71 3,619.52 1.04 137.89 21.71 4.64 33.92
40-60 251.90 16.63 9.64 7,305.10 2.54 442.39 4411 8.54 73.89
60-80 241.10 30.62 17.76 2,652.10 2.00 365.15 50.34 8.51 65.47
80-100 255.84 11.51 6.68 2,558.40 2.30 353.11 49.10 7.21 75.60
100-120 268.62 7.52 4.36 1,074.48 2.34 457.33 40.83 1217 87.57
120-140 268.20 8.05 467 804.60 2.04 543.02 56.00 1523  100.28
140-160 272.86 7.09 412 818.58 2.35 274.03 66.14 13.92 75.88
160-180 234.54 9.15 5.31 703.62 1.83 386.71 52.79 15.67 67.27
180-200 250.90 13.55 7.86 752.70 3.59 521.47 52.39 10.66 81.25
Total (0-100 cm) 171.10 99.24 24,982.87 11.54 1,654.91 231.90 49.60  316.88
Middle 0-5 26.95 32.83 19.04 1,832.60 0.94 79.17  253.71 37.38 9.02
slope 5-10 34.52 29.79 17.28 1,863.81 1.78 81.00 322.30 48.76 9.45
10-20 76.29 46.00 26.68 1,830.96 1.64 189.29 45.47 12.62 21.71
20-30 77.85 28.65 16.62 622.80 0.96 243.34 14.94 6.31 24.02
30-40 87.16 23.18 13.45 697.28 0.90 342.65 15.26 5.45 22.34
40-60 262.40 31.75 18.42 1,836.80 3.41 1,172.48 41.51 13.38 87.83
60-80 282.92 23.48 13.62 1,414.60 3.17 1,210.98 40.00 11.21 98.39
80-100 268.66 8.06 4.67 805.98 3.12 673.83 33.48 8.73 77.64
100-120 292.08 9.05 5.25 1,168.32 3.86 403.13 41.30 9.49 75.50
120-140 238.86 6.93 4.02 716.58 4.30 348.93 37.79 8.10 68.51
140-160 254.52 7.89 4.58 763.56 4.40 747.70 31.71 7.18 76.88
160-180 249.36 5.74 3.33 249.36 4.26 531.66 26.86 8.10 69.34
180-200 247.96 4.22 245 247.96 4.98 362.22 26.71 9.10 58.16
Total (0-100 cm) 223.74  129.78 10,904.83 15.92 3,992.74  766.67 143.84 35041
Lower 0-5 25.69 28.39 16.47 1,335.88 3.36 72.02 44.29 6.42 6.75
slope 5-10 3248 32.09 18.61 1,299.20 2.83 96.29 11.90 3.42 6.95
10-20 70.98 49.54 28.74 2,697.24 2.66 271.41 60.23 9.31 22.68
20-30 66.67 19.07 11.06 600.03 1.39 228.08 11.67 3.69 19.41
30-40 77.51 14.11 8.18 542.57 2.16 161.10 14.87 2.63 21.56
40-60 182.82 25.41 14.74 1,096.92 4.55 831.63 25.85 6.46 57.61
60-80 239.44 11.73 6.81 1,436.64 8.18 729.12 25.79 8.12 66.06
80-100 221.78 .77 3.34 887.12 7.52 1,062.44 27.63 7.52 74.72
100-120 241.76 7.74 4.49 725.28 6.58 580.37 42.33 11.29 90.36
120-140 217.70 4.14 2.40 653.10 4.64 265.40 41.78 9.86 59.59
140-160 208.88 6.48 3.76 417.76 5.08 316.35 43.61 10.07 60.82
160-180 239.22 3.35 1.94 478.44 6.46 336.61 66.05 12.20 71.73
180-200 233.68 5.14 2.98 233.68 5.80 435.49 25.17 12.60 66.51
Total (0-100 cm) 186.11 107.95 9,895.60 32.67 3,452.09 22223 4755 27574
Average (0-100 cm) 193.65  112.32 15,261.10 20.04 3,033.25 406.93  80.33  314.34
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Table 4 Valuation of carbon and nutrient storages in one-meter soil profile of montane forests

C Available forms (kg/ha)
(Mg/ha) N P K Ca Mg Na
Nutrient Storages 112.32 305.22 4589  3,639.90 569.71 136.56 314.34
Price (baht/Mg or kg) 152" 26.09° 26.09° 13.33° 5.77° 5.77° 2377
Value (baht/ha) 170.73 7,962.31 1197.25  48,531.97  3,286.77 787.84 744.31
Total (Baht/ha) 62,681.18

" baht/Mg  baht/kg
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