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ABSTRACT

The Permanent Reforestation Project aims to restore degraded forests and reduce the impacts of climate
change by increasing forested areas, biodiversity, and promote public as well as other sector participation. The
objective of this study was to determine tree species diversity, biomass, and carbon sequestration of a hill
evergreen reforestation in the Forest Plantation Target 9/2, Mae Hong Son (FPT 9/2), Pai district, in the Mae Hong
Son province, over an area of 1,194 rai or 191 hectares. A stratified random sampling of tree canopy density (high,
moderate, and low) was employed by using aerial photographs for stratification. Plots of size 100 m x 100 m or 1
hectare in each stratum were demarcated and data related to tree species, diameter at breast height (DBH) and
total height were collected.

The results indicated that there were a total of 1,996 trees or 665 trees per hectare from 62 species, 37
families, with the FAGACEAE family being the most abundant. Tree with the highest importance value index (IVI)
was Pinus kesiya (716.30%), followed by Schima wallichii (37.74%), Lithocarpus collettii (17.16%), Eurya acuminata
(15.70%), and Canarium subulatum (15.59%). The Shannon Wiener's Index was estimated to be 2.99, indicating a
high level of diversity, with an average biomass of 293.88 tons per ha or 56,142.84 tons in total, with Pinus kesiya
having the highest value of 141.34 tons per ha, followed by Schima wallichii, Lithocarpus collettii, Canarium
subulatum, Betula alnoides, with values of 59.13, 17.42, 10.49 and 9.47 tons per ha, respectively. The total amount
of carbon stored buy the trees in FPT 9/2 was 26,388.36 tons carbon or 138.13 tons of carbon per ha on average.
The total carbon dioxide sequestration of trees was 96,754.12 tCOzeq or 506.46 tCO.eq per ha, with the top five
tree species being Pinus kesiya, Schima wallichii, Lithocarpus collettii, Canarium subulatum, Betula alnoides, with
estimated values of 243.57, 101.91, 30.02 and 18.08 tCO.eq per hectare, respectively. The results of this study will
be useful for the management of forest resources, especially forests in highlands, and can be used for forest

restoration management services.
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Figure 1 Location of the study area in the Forest Plantation Target 9/2, Maehongson showing the placement of
the three permanent sampling plots
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Table 1 Trees species that were measured for the density, average DBH and average height in the FPT 9/2,

Maehongson
Density DBH+SD H+SD
No. Scientific name Family
(no./ha) (cm) (m)

1 Schima wallichii Korth. Theaceae 116.33 22.03+11.8 15.76+6.6
2 Pinus kesiya Royle ex Gordon Pinaceae 111.00 35.49+12.6 22.02+5.1
3 Eurya acuminata DC. Theaceae 38.67 14.49+4.8 11.74+3.8
4 Canarium subulatum Craib Burseraceae 36.33 17.93+9.2 13.49+5.2
5  Lithocarpus collettii A. Camus Fagaceae 34.67 21.46+12.6 15.63+6.1
6 Prunus cerasoides D. Don Rosaceae 32.33 18.46+5.8 13.33+4
7 Wendlandia paniculata A. DC. Rubiaceae 30.67 12.04+4.8 9.49+3.4
8  Diospyros glandulosa Lace Ebenaceae 21.67 11.98+5.3 8.64+4.0
9  Camellia chinensis Seem. Theaceae 19.00 9.35+3.4 8.26+2.1
10 Dalbergia oliveri Gamble Fabaceae 14.33 12.946.7 10.44+4.5
11 Eugenia cumini Druce Myrtaceae 14.33 12.14+4.3 10.94+3.0
12 Docynia indica Decne. Rosaceae 13.33 18.15+£8.9 13.25+4.7
13 Calotropis gigantea R. Br. Asclepiadaceae 13.33 9.5+3.8 7.19+2.9
14 Betula alnoides Buch.-Ham. Betulaceae 12.00 23.66+18.4 15.53+8
15 Eugenia ripicola Craib Myrtaceae 9.33 11.21+£3.7 9.46+3.0
16  Grewia eriocarpa Juss. Tiliaceae 8.00 17.16+8.4 13.03+4.8
17 Adinandra laotica Gagnep. Theaceae 7.67 12.18+3.9 9.19+2.7
18  Madhuca pierrei Lam Sapotaceae 7.00 9.45+3.5 8.46+2.2
20  Dolichandrone spathacea Schum. Bignoniaceae 5.67 11.56+5.1 10.15+3.6
21 Gmelina arborea Roxb. Verbenaceae 5.00 16.07+7.8 10.89+2.7
22 Aporusa villosa Baill. Euphorbiaceae 4.00 17.17+4.6 13.46+3.4
23 Cinnamomum bejolghota Sweet Lauraceae 4.00 26.61+17.3 17.24+7.3
24 Ailanthus fauveliana Pierre Simaroubaceae 3.33 14.71£7.1 12.92+5
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Table 1 (continued)

Density DBH+SD H+SD
No. Scientific name Family
(no./ha) (cm) (m)
25 Castanopsis echinocarpa A. DC. Fagaceae 3.00 24.2+12.8 15.03+7.8
26  Albizia chinensis Merr. Fabaceae 3.00 18.38+13.5 11.51+4.7
27 Barringtonia acutangula Gaerth. Barringtoniaceae 3.00 20.17+6.7 13.04+3.1
28  Mallotus macrostachyus Muell. Arg. Orchidaceae 2.33 17.12+3.6 13.43+3.7
29  Lithocarpus ceriferus A. Camus Fagaceae 2.33 19.86+6.8 14.37+3.7
30  llex umbellulata Loes. Aquifoliaceae 2.00 14.22+7.1 11.63+3.3
31 Ficus hispida Linn f. Moraceae 2.00 14.38+4.1 12.05+2.5
32  Melia azedarach Linn. Meliaceae 2.00 28.86+10.4 18.33+4.8
33 Casearia grewiaefolia Vent. Flacourtiaceae 1.67 11.49+4.7 10.22+3.6
34 Anthocephalus cadamba Mig. Rubiaceae 1.67 14.67+4.7 12.02+2.8
35  Lithocarpus sootepensis A.Camus Fagaceae 1.67 35.72+25.1 15.88+4.5
36  Fahrenheitia pendula Airy Shaw Euphorbiaceae 1.33 6.18+1.6 5.88+0.5
37 Anneslea fragrans Wall. Theaceae 1.33 11.50+3.9 11.10+4.0
38  Styrax betongensis Fletch. Styracaceae 1.00 19.27+2.2 11.20+0.8
39  Aromadendron elegans BL. Magnoliaceae 1.00 10.55+3 9.13+3.2
40  Vitex vestita Wall. Verbenaceae 1.00 13.95+0.3 12.00+0.0
41 Sapium baccatum Roxb. Euphorbiaceae 1.00 38.74+8.6 21.93+1.6
42  Macaranga quadricornis Ridl Euphorbiaceaea 1.00 15.28+3 12.43+5.6
43 Bauhinia malabarica Pierre Fagaceae 1.00 10.77+4.7 10.20+5.3
a4 Millettia brandisiana Kurz Fagaceae 0.67 8.51+1.1 7.15+0.5
45  Garuga pinnata Roxb. Burseraceae 0.67 26.73+2.1 18.00+0.0
46  Garcinia speciosa Wall. Guttiferae 0.67 12.49+2.9 12.00+0.0
47  Bouea gandaria Bl. Anacardiaceae 0.67 7.81+2.8 9.00+1.0
48  Hydnocarpus castaneus Hook.f. & Achariaceae 0.67 18.52+6.8 12.5+4.5
Thomson

49  Castanopsis acuminatissima Rehd. Fagaceae 0.33 55.36+0.0 30.2+0.0
50 Vitex glabrata R. Br. Verbenaceae 0.33 36.75+0.0 17.9+0.0
51  Gardenia sootepensis Hutch. Rubiaceae 0.33 15.02+0.0 13.2+0.0
52 Aromadendron spongocarpum Craib ~ Magnoliaceae 0.33 15.4+0.0 12.5+0.0
53 Barringtonia coccinea Kostel. Barringtoniaceae 0.33 14.92+0.0 12.5+£0.0
54 Bischofia javanica BL. Bischofiaceae 0.33 15.59+0.0 14+0.0
55 Erythrina subumbrans Merr. Fagaceae 0.33 16.26+0.0 8.5+0.0
56  Brousesonetia papyrifera (L.) Vent Moraceae 0.33 35.0+0.0. 19+0.0
57  Albizia lebbeck Benth. Fagaceae 0.33 33.09+0.0 10.7£0.0
58  Spondias pinnata Kurz Anacardiaceae 0.33 17.18+0.0 15+0.0
59  Phyllanthus emblica Linn. Euphorbiaceae 0.33 6.84+0.0 4.1+0.0
60  Dipterocarpus var.tomentosus Kerr Dipterocarpaceae 0.33 11.04+0.0 8.9+0.0.
61  Turpinia montana Kurz Staphyleaceae 0.33 7.10+0.0 6.2+0.0
62  Bauhinia saccocalyx Pierre Fagaceae 0.33 10.02+0.0 3.5+0.0
63  Unidentifified 55 11.39+6.7 9.14+3.9

Average 19.77+£12.76  14.00+6.65
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Figure 2 Top five tree species in terms of their number in each plot of FPT 9/2 Maehongson
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WNNGYIUFIATI WTIN1909 NAIE Adadelass
waz nidun de1¥esay 76.30, 37.74, 17.16, 15.70,
15.59, 13.01, 10.16, 8.13, 7.91 hay 6.62 M1UE AU
dldvdndufideaanduiuly uansds Table 2 Wail
auanuluiidrdurwelng el uinisasuves
aduunniian dawaliauauly dardvdauddn
yaflinagaiiganulude dauvdalsidegsesaditu
ALY BuefiuTinthdave s duanuduily
AftANuaINTin (species diversity index)

NUI1 AAUNAINNA18N19T AN (Shannon
Wiener's Index) Wiy 2.99 §sdei1dnnuvainnany

oy luszauuiunans §9fosnd 10138 nu1veg
Chompoowiset et al. (2022) fidnwaunaInwinves
wsnals] (Shannon Wiener's Index) Tul il Tousny
aulifiunanys dawvifu 3.66 Liesainns@nen
auvainedaveanssaldlui ui eusnasuld
funanesivouwsvesnisifudeyaiinseunguuinniy
fnnsdrsranssalivndud fvurnduiugudnans
Wisondaud 2 lwufunsduluilidanamainsie
gandnisdnuiluaded ernaswluisorguesiidae
Tnehlutituyvdetdenlnsuagiimumainuansms
Fanmideenitvreudny 1lesnndieyinddiulng
dudaiilésumsuntesguanduaiuiy fnagidu
U1k udunievnsssueAviauysal uslailuydeld
szprnalumsttunienduaulauys

Table 2 Characteristics of the top ten tree species (in terms of IVl order are shown) in FPT 9/2, Maehongson

basal
No. species Density area RD (%)  RF (%) do VI (%)
(no./ha) (m?/ha) (%)
1 Pinus kesiya Royle ex Gordon 111.00 37.11 16.68 11.32 48.29 76.30
2 Schima wallichii Korth. 116.33 7.14 17.48 10.97 9.29 37.74
3 Lithocarpus collettii A. Camus 34.67 5.06 5.21 5.37 6.58 17.16
4 Eurya acuminata DC. 38.67 213 5.81 7.12 277 15.70
5 Canarium subulatum Craib 36.33 3.48 5.46 5.60 4.53 15.59
6 Prunus cerasoides D. Don 32.33 2.85 4.86 4.43 3.71 13.01
7 Wendlandia paniculata A. DC. 30.67 1.22 4.61 3.97 1.58 10.16
8 Diospyros glandulosa Lace 21.67 0.88 3.26 3.73 1.14 8.13
9 Betula alnoides Buch.-Ham. 12.00 254 1.80 2.80 3.31 791
10 Syzygium cumini (L.) Skeels 14.33 0.56 2.15 3.73 0.73 6.62
Other species 217.33 13.87 32.67 40.96 18.06 91.68
Total 665.33 76.84 100.00 100.00 100.00  300.00

Remarks: RD = relative density, RF = relative frequency, Rdo = relative dominance, IVl = importance value

N?ﬁ‘?ﬂﬂ'l‘wLLﬁSﬂqsﬁ’ﬂLﬁUﬂq%UQU
Usunauuadnnn
AsUseiuinadanmveslidudueanidu 2 du
Ao watnmmiefufuiiuseneudiodiuvesdidy As
wazlu wazanadanwldiuiu 1aun dauvessin wui
wlasgnUn FPT 9/2 uwiidesaeu duunauiadinin
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Table 3 Biomass, Carbon content, and Carbon dioxide sequestration of trees sampled in FPT 9/2, Maehongson

Biomass (ton/ha) Carbon CO;
No Species Content sequestration
Ws We wt wt w8 Wiotal (ton/ha) (tonCOzeg/ha)
1 Pinus kesiya Royle ex Gordon 82.60 27.12 1.57 111.29 30.05 141.34 66.43 243.57
2 Schima wallichii Korth. 34.77 11.00 0.79 46.56 12.57 59.13 27.79 101.91
3 Lithocarpus collettii A. Camus 10.22 3.27 0.23 13.72 3.70 17.42 8.19 30.02
4 Canarium subulatum Craib 6.21 1.89 0.17 8.27 2.23 10.50 4.93 18.08
5 Betula alnoides Buch.-Ham 553 1.82 0.10 7.45 2.01 9.46 4.45 16.32
6 Prunus cerasoides D. Don 4.46 1.31 0.14 591 1.59 7.50 3.52 12.92
7 Eurya acuminata DC. 3.11 0.88 0.11 4.10 1.11 5.21 2.45 8.97
8  Docynia indica Decne. 2.11 0.63 0.06 2.80 0.76 3.56 1.67 6.12
9 Cinnamomum bejolghota Sweet 2.00 0.65 0.04 2.69 0.73 3.42 1.61 5.90
10 Wendlandia paniculata A. DC. 1.57 0.44 0.06 2.07 0.56 2.63 1.24 4.53
other species 19.98 5.96 0.61 26.55 7.17 33.72 15.85 58.10
Total 172.56 54.98 3.87 231.40 62.48 293.88 138.13 506.46

Remarks: Ws = stem biomass, Wb = branches biomass, Wl = leaves biomass, Wt (Above ground biomass) = Ws+Wb+W(, WB = Below ground biomass),

Wtotal = Wt+WB

(§202) 20€-162 :(2)vy A13sa104 jo yeuunor leyl



Msa15uANERs Ine 44(2): 291-302 (2568)

ayluasdaiauanus

N1sAnwIAIILTaINNaIEveIug Ll USun
187301 USuranisiniiuasveuveslidu luldas
Ugnin FPT 9/2 wiigesanu nudn S1uausulsiianua
1,996 #u 1ad & 665 AufoLENAT aunsaszyviale
62 wiln $1uru 37 26 1ag 29 FAGACEAE wusnniige
S9989U1AD 29A Theaceae, Euphorbiaceae, Rubiaceae
Wwag Verbenaceae muadu hagliaursadwunaiin
wuglddiuau 55 fu liFuiifdsdnnuddguniign au
a1ulu Ao Sevay 76.30 s83891AD TINU Ne Uawau
uznanind eu urewgyudelase uteninene ndregs
fdudelass wasuindun fAYovay 37.74, 17.16,
15.70,15.59,13.01, 10.16,8.13, 7.91 wag 6.62
mruaidukazulasugnua FPT 9/2 da1ayidad1u
PAINNANEN9YINN (Shannon Wiener's Index) 1Ay
2.99

US1NnanaTinmianae 56,142.84 iy vioiaas
293.88 U oLann1s 13 e lasaudatulu TUSuw
wadanmandiae Ao 14134 durolanaiisesasun
T@un sTamnu fe uznenndeu Maudelass fe 59.13,
17.42, 10.49, 9.47 fusaiansns USuiaunisiniuaisuay
vosldlguduluudasugnia FPT 9/2 AW snunin
26,388.36 AUAISUDY 138 138.13 AUASUBUABDLINANS
o avanlu Wuedald@uiidusinanisinfuasueu
uINTign Ae 66.43 AuATUDURBIENANS S0%ANAD
ffanu fe wznenindey wazidudelase SUSunamsin
Viumsuau fe 27.79, 8.19, 4.93 wag 4.45 fuaA1SUDUAe
BNA1S AuERY wazUSuanIaadunisueulneanlen
vosliiusazainluiuiiuuasignin FPT 9/2 uiigosanu
wuTrduiumnisgaduaiduoulneonledsi s
96,754.12 fuA1s uaulnoanlan L figun 58 506.46
fuarsvaulaoenlemifiousindeisnaig sialiduid
Usumnisnaduaisueulneenleduiniian 5
Susfuusn 1dun auansilu Samu de uznenndey uay
naddeolase Ao 24357, 101.91, 30.02 way 18.08
sunsvaulnoanlemiiguminelanais auaInu
anmsAnuluadadvinlimsuismnunainedanas
AnuaRsaluntsinAuas vewvesldduludrduwn
?yxlwd wasgnin FPT 9/2 widesaey Ssanansnihdeya
Alaluldidugiuteya waziduuszlovddunsuins
SoansnsnensUaldlimiinanudadu Tnonsimeunsly
15319619 9 Areldnrsadusiuvesdiulszanu
1ASININILI1AS

301

o

AU
YBYBUAMDIANTY 79 o9 9 a WesUfuAnis
Fansgidaoill wagdl o Wmhieinwniugdad
Unwiian-wiuas miauddesaou Avqeiiuteya
apaw i Ideasaauysal

L 2D

REFERENCES

Chompoowiset, P., Roisakul, P., Niloon, P,
Thinkampheang, S. 2022. Vegetation structure
and carbon storage based on above ground
biomass evaluation in conservation areas of
Phet Thai

Ecological Research Journal, 6(2), 31-46. (in Thai)

Kamphaeng plantation. Forest

FAO. 2020. Global Forest Resources Assessment

2020: Main report. Food and Agriculture

Organization of The United Nations. Main
report. Rome. DOI: doi.org/10.4060/ca9825en
Hemhuk, S., Jingjai, A., Tongsawee, J., Tinkampang, S.,
Marod, D. 2015. Study to species composition,
biomass and carbon stock along the ecotone
between deciduous dipterocarp forest and
lower montane evergreen forest at Doi Suthep-
Pui national park, Chiang Mai province. In:
Thailand forest ecological research network

(T-FERN): Ecological Knowledge For

Sustainable Management. Kasetsart University,
Bangkok, Thailand, pp. 238-242. (in Thai)

IPCC. 2006. IPCC Guidelines for National

Greenhouse Gas Inventories. International

Panel on Climate Change. IGES, Japan.

Kanhom, B., Moungsrimuangdee, B., Waiboonya, P.,
Yodsa-nga, P., Larpkern, P. 2019. Plant diversity
and biomass carbon stocks of Nong Mek
Community Forest, Khok Sung district, Sa Kaeo
province. Thai Journal of Forestry, 38(2), 41-
55. (in Thai)

Kliangsaard, T., Puangchit, L., Suanpaga, W. 2020.
Carbon dioxide sequestration and carbon

storage in trees at the Santiphap Park, Bangkok.

Thai Journal of Forestry, 39(1), 86-96. (in Thai)



Thai Journal of Forestry 44(2): 291-302 (2025)

Marod, D., Kutintara, U. 2009. Forest Ecological.
Faculty of Forestry,
Bangkok, Thaialnd. (in Thai)

Marod, D., Sungkeaw, S., Dounckea, P., Arsanok, L.,

Kasetsart  University,

Kamyo, T. Hermhuk, S., Panmongkol, A,
Tinkampang, S. 2015. Plant diversity of lower
montane evergreen forest at Huai Kogma
Watershed Area, Doi Suthep-pui National Park,

Chiang Mai province. In:  Proceedings of

Thailand Forest Ecological Research Network

(T-FERN):  Ecological  Knowledge for
Sustainable Management. Kasetsart University,
Bangkok, Thailand. pp. 51-60. (in Thai)

Ounkerd, K., Sunthornhao, P., Puangchit, L. 2015.
Valuation of carbon stock in trees at Khao
Wong Forest,

Community Chaiyaphum

province. Thai Journal of Forestry, 34(1): 29-
38. (in Thai)

Pinmongkhonkul S., Boonriam W., Madhyamapurush
W., lamchuen N., Chaiwongsaen P., Mann D,
Riyamongkol P., Seetapan K., Hasin S. 2023.
Species diversity, aboveground biomass, and
carbon storage of watershed forest in Phayao
province, Thailand. Environment and Natural
Resources Journal, 21(1): 47-57. (in Thai)

Rattana, K. 1995. Structural Characteristics of

Natural Hill Evergreen Forests in The
Headwaters of Doi Pui, Chiang Mai Province.
M.S. Thesis,

Thailand. (in Thai)

Kasetsart University, Bangkok,

Rigan D., Lattirasuvan T., Khonkaen P., Yotapakdee T.
2025. Plant diversity in Nam Liab Watershed
Management Unit, Thung Chang district, Nan
province, Thailand. Thai Journal of Forestry,
44(1): 17-26. (in Thai)

Satienperakul, K., Khamyong, S., Anongrak, N., Sri-
K. 2011.

production and carbon stock in aboveground

ngernyuang, Valuated on wood
biomass of Motane Forest at Doi Inthanon,
Chiang Mai province. Asian Health, Science
and Technology Reports, 19(2): 27-37. (in Thai)

Schmidt-Vogt, D. 1998. Defining degradation: The
impacts of Swidden on Forests in Northemn
Thailand.
Development, 18: 135-149.

Sengbuntan, B., Diloksamun, P., Diloksampun, S. 2023.

Mountain Research and

Species diversity and carbon storage in biomass
of tree and sapling in the Ban Nong Kwang
Community Forest, Uttaradit province. Thai
Journal of Forestry, 42(2): 155-168. (in Thai)
Shannon, C.E., Weaver, W. 1949. The mathematical
theory of communication. Cited by Ludwig, J.A,,
Reynolds, J.H. 1988. Statistical Ecology: A
Primer on Methods and Computing. John
and Wiley & Sons Inc., New York, USA.
Tsutsumi, T., Yoda, K., Sahunalu, P., Dhanmanonda, P.,
Prachaiyo, B. 1983. Forest: Felling, burning and
regeneration. In: K. Kyuma and C. Pairintra, eds.
Shifting Cultivation: An Experiment at Nam
Phrom, Northeast Thailand and Implications
for Upland Farming in the Monsoon Tropics.
A report of cooperative research Thai-Japanese

Universities. Tokyo, Japan. pp. 13-62.

302



