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ABSTRACT

Databases of vegetation structure characteristics related to edaphic factors and carbon stock can support
management for forest protection. This study characterized the plant community structure, soil factor gradient,
and carbon storage in the Hin Tang Waterfall Recreational Forest area, Nong Wua So district, Udon Thani province,
Thailand. Fifteen purposive sampling plots of 20 m x 20 m were established in the study area. Data on species
composition and soil factors were collected for use in determining vegetation characteristics related to soil
properties, as well as for evaluating carbon storage in each plant community. Based on the results, there were 636
trees, consisting of 51 tree species, 51 genera, and 26 families. The study sites could be divided into two sub-
communities. The first consisted of mixed deciduous forest (MDF) containing 39 species, 34 genera, and 21 families,
having a Shannon index (H') of 3.03. The stem density and basal area were 1,164.29 trees ha " and 18.50 m” ha
respectively, with the dominant species in this forest type determined based on bulk density. The second sub-
community was dry evergreen forest (DEF), with 32 species, 29 genera, and 22 families, having an H' value of 2.60.
The stem density and basal area were 968.75 trees ha " and 30.05 m” ha™, respectively, with the dominant species
determined by the amounts of organic matter, phosphorus, and potassium, and the pH. The biomass and carbon
storage in DDF (57.78 + 29.37 t ha™ and 99.58 + 50.62 t C ha ™, respectively) were higher than in MDF. Based on
the results, plant community and soil factor relationships could provide important information for forest area
management. Therefore, the data could be applied in guidelines for managing reforested areas, as well as playing

an important role in protected areas to achieve more efficient carbon sequestration.
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Figure 1 Location and sampling plots in Hin Tang Waterfall Recreational Forest, Udon Thani province, Thailand
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Figure 2 Dendrogram of stand clustering in Hin Tang Waterfall Recreational Forest, Nong Wua district, Udon Thani

province, Thailand

Table 1 Ecological characteristics of plant communities in Hin Tang Waterfall Recreational Forest, Nong Wua So

district, Udon Thani province, Thailand

Mixed deciduous forest Dry evergreen forest
Community characteristic
Tree Sapling Seedling Tree Sapling Seedling
Number of species 39 30 30 32 23 22
Shannon-Weiner index 3.03 2.62 2.74 2.60 2.31 2.08
Basal area (m” ha™) 18.50 - - 30.05 - -
Stem density (stems ha™) 1,164.29 13,142.86 28,171.43 968.75 14,400 40,250
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Table 2 Top-five ranked species based on Importance Value Index of tree in each sub—community in Hin Tang
Waterfall Recreational Forest, Nong Wua district, Udon Thani province., Thailand, including relative

dominance (RDo), relative density (RD), and relative frequency (RF)

RDo RD RF
Plant community Scientific name VI
(%) (%) (%)

Mixed deciduous forest

Tree Dialium cochinchinense Pierre 17.05  13.80 6.25 37.11
Peltophorum dasyrrhachis (Miq.) Kurz 1433 11.35 5.21 30.88
Dipterocarpus obtusifolius Teijsm. ex Mig. 11.87  8.90 3.13 23.89
Pterocarpus macrocarpus Kurz 8.72 5.52 7.29 21.54

Cratoxylum formosum (Jacq.) Benth. & Hook.
4.48 8.90 6.25 19.63
f. ex Dyer subsp. formosum

Sapling Hopea ferrea Laness. - 24.35 7.41 31.76
Memecylon edule Roxb. - 20.87 9.26 30.13
Cratoxylum formosum (Jacq.) Benth. & Hook.

- 7.39 7.41 14.80
f. ex Dyer subsp. formosum

Microcos tomentosa Sm. - 7.39 7.41 14.80
Peltophorum dasyrrhachis (Mig.) Kurz - 3.48 7.41 10.89
Seedling Memecylon edule Roxb. - 19.68 11.67 31.34
Peltophorum dasyrrhachis (Mig.) Kurz - 15.21 11.67 26.88

Cratoxylum formosum (Jacq.) Benth. & Hook.
- 13.59 8.33 21.92
f. ex Dyer subsp. formosum

Sindora siamensis - 4.87 5.00 9.87
Hopea ferrea Laness. - 5.88 3.33 9.22
Dry evergreen forest
Tree Hopea ferrea Laness. 23.63  20.00 9.30 52.93
Hydnocarpus ilicifolia King 892 2226 8.14 39.32
Syzygium cumini (L.) Skeels 10.27  10.32 9.30 29.89
Irvingia malayana Oliv. ex A. W. Benn. 20.66 1.61 2.33 24.60
Symplocos sulcata Kurz 3.66 10.65 5.81 20.12
Sapling Hopea ferrea Laness. - 29.86 14.55 44.41
Canarium subulatum Guillaumin - 22.22 3.64 25.86
Hydnocarpus ilicifolia King - 7.64 10.91 18.55
Syzygium cumini (L.) Skeels - 6.25 9.09 15.34
Symplocos sulcata Kurz - 7.99 7.27 15.26
Seedling Hopea ferrea Laness - 41.49 17.39 58.88
Hydnocarpus ilicifolia King - 17.39 15.22 32.61
Peltophorum dasyrrhachis (Mig.) Kurz - 10.31 4.35 14.66

Sindora siamensis Teijsm. ex Mig. var.
- a.97 6.52 11.49
siamensis

Syzyegium cumini (L.) Skeels - 2.24 8.70 10.93

133



Thai Journal of Forestry 44(1): 127-139 (2025)

nnansinetsdudiefiansananedaliinu
gaatuganssa wud Slddvdlududousensysuuy
YIFIANNYUNRULAY WU 1was (Dialium cochinchinense)
p¥319 wazdsAnU RS U LR e (Dipterocarpus
obtusifolius) 5uﬂsﬂuﬁuw35m1ﬁ@iu%aﬂ’1Luzgfﬂmiz:u
i UsegUn WWudy Uedihdseufievnuganssa Tuudl
Anwddnwazidusundeudosznineli (ecotone)
lesnndsanUaiugyanssa fnduaduiuiudwingu 9
(Marod, 2012) denalsoenaserinetratsinnunssalsd
vosdenufindu nedudnnuvainedn wazaunuILy
Tudanuous ol A oudregadl e suiiisuiudsau
UnAvuda iefinnsanlusedulimiuwuiwssaliidayi
anuddgundianidulideiludenuiaadunds uas
sialsl3ousondusestsiludnuiiod Wy aviAeuiiu
favu ndunan Wudy wandlidiuindrugosludnuasd
Anssunwilildieu visldavdnanuldaunsanaunu
Tuiiuiile dawalwlsdiZeusendusosinisnawnudu
e i 0997019893 1955 M3 1905 DU OATIUIULN
(canopy gap) (Asanok et al., 2017) wagluszaundld
WU AL R s vesnssaufialusefundalsl
JulsfZeusontuses waglsiSousenseiuans Wy Ay
0519 uvAug WWudu Turaeiidsaugostnnund suld
sydluduiousenduuy Ao nziAouiy dAsai
Aud AN an uarnuIdeauivused faun
i Ui mindasangfie 30.05 n1319uATE0LENA1S
Tuvasf 1AIUNUILU UL B9 968.75 AU a1gnnns
waneinludinuinuieiussneudelififsdurunalng
Laznszaeiieg v 4 §ududnuusdsaufivd 4
N195UNIUN DY 21AN1TANBIVDY Thipayasak (1984)

AnsAnudsauAuuddugneuuisnilngmnui
Usinglimuludnulawn azideuiiu donad aeiu
n15An¥1989 Marod et al. (2018) fidnwlaseaiisuas
paA Usznauveanssun v A uLaslumoniuwiu
wuhldfisudousentuuuldun asfouiiu nszun (udu
Weftansanluszaulsmyuuazndnlsl wudilagunnd
mavaunuduldluFousenduuunazuualiunisdude
g dunssaldvailudeufisifuudwiold
nswssuLiguauUAny
AAmaTRmluiuiv Iy ansauas1Auwded
AnuLAnaNsiuegslifitedAgynsadin (p<0.05) Tnean
AuaudRn laun Bunsding smermswen (P, K) A1 pH
WAZAMUVUILLUTINYRRIY Hwuildudadudsnudisu
udsBannnitniuganssas (Table 3) flesanduvieing
Wuwnasnndnsinermisvesiia lagianiy lulnsiau
Weanesa warnuzdu muAY audAin1eanignInvediu
wu Tassadnefu eusiuge n1ssEUIeEn wagnnsuan
W& suen1Avesdiu (Plant Protection Promotion and
Soil-Fertilizer Management Division, 2015) @swalvinudl
Anuganauysal Tudiuvesd pH Aradunsa-ansg
wuluUuganssatazUrdvudsiandunsadnuin
\osa1ndnSwavesaningiiennia Lﬁlqm%qﬁqq?ﬁu
SnsndsUfisemaaiifgetunuludae dawaliiva
gnavarweenluanfulaing vilvillslasiauleseuaray
UY3uauunn denadednun1sAnw1ves Sonkanha et al.
(2012) Aiwvindumeldvifuudefianadunsasunse
wnilgn uiilefiarsanlusuemumumiusuvesiiuves
TaosdsnufindalndiApiu

Table 3 Soil properties (mean + standard deviation, SD) of plant communities in Hin Tang Waterfall Recreational

Forest, Nong Wua district, Udon Thani province, Thailand

Mixed deciduous forest

Dry evergreen forest

soil property Mean£SD Min Max Mean+SD Min Max p-Value
Organic matter (%) 2.96+1.08 2.18 5.31 3.18+1.36 1.31 5.21 0.37™
P (mg kg_l) 2.26+1.00 0.80 3.85 5.48+7.10 1.85 22.50 0.06™
K (mg kg_l) 49.71+30.85 28 110 79.13+42.37 28 130 0.08"™
pH 4.61+0.48 3.96 5.41 4.82+0.69 4.13 5.98 0.28™
Bulk density (g cm’) 1.11+£0.09 0.95 1.25 1.10+0.05 0.95 1.19 0.30™

Remark: ™ (not significant) is used to indicate a p-value greater than the predetermined significance level (p>0.05)
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Figure 3 CCA ordination diagram representing relationship between vegetation (tree species) and edaphic factors,

with species codes shown in Appendix 1
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Table 4 Biomass and carbon stock of mixed deciduous forest and dry evergreen forest in Hin Tang Waterfall

Recreational Forest, Nong Wua district, Udon Thani province, Thailand

Mixed deciduous forest

Dry evergreen forest

Component Plant community
Mean = SD Min Max Mean = SD Min Max
Biomass AGB (t ha™) 17.07+7.75 8.13  28.17 45.50+23.12 24.37  93.87
BLG (t ha™) 4.60+2.09 2.19 7.61 12.28+6.24 6.58 25.34
Total (t ha™) 21.67+9.85 10.32 3577 57.78+29.37 30.95 119.21
Carbon stock  C (teq ha™) 10.18+4.62 485 16.81 27.15+13.80 14.54  56.03
CO:; (teq ha™) 37.36+£16.97 17.79  61.65 99.58+50.62 53.34  205.45
ﬂE‘U LLﬁ%‘?JIE]Lﬁua LU Atiey

A UF Ufunuinisiianiud saunsasinun
Fepngoamuuialadinu Usznaulusie 2 dsauity lawn
Fapuiwdnuganssa wasdenuiivnfuuds WeRansan
feanudunusvesasausenevvdaldiuladonindeu
aud@nu wudn ludepudugyanssa gaavuanle
AIUNUILUUTIN UazdapuUnfuuds gnitnunedey
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Appendix 1 Species list of woody trees in mixed deciduous forest (MDF) and dry evergreen forest (DDF) in Hin

APPENDIX

Tang Waterfall Recreational Forest, Udon Thani province, Thailand

Scientific name Family Code MDF DDF
Anneslea fragrans Wall. Theaceae ANNFRA /
Bombax anceps Pierre Malvaceae BOMANC /
Canarium subulatum Guillaumin Burseraceae CANSUB /
Chukrasia tabularis A. Juss. Meliaceae CHUTAB /
Cratoxylum formosum (Jacq.) Benth. & Hook. f. ex Dyer subsp. formosum  Hypericaceae CRAFOR /
Croton oblongifolius Roxb. Euphorbiaceae CROOBL /
Dalbergia cochinchinensis Pierre Fabaceae DALCOC /
Dialium cochinchinense Pierre Fabaceae DIACOC / /
Dipterocarpus obtusifolius Teijsm. ex Mig. Dipterocarpaceae  DIPOBT /

Gluta laccifera (Pierre) Ding Hou Anacardiaceae GLULAC / /
Holarrhena pubescens Wall. ex G. Don Apocynaceae HOLPUB / /
Hopea ferrea Laness. Dipterocarpaceae  HOPFER / /
Hydnocarpus ilicifolia King Flacourtiaceae HYDILI / /
Irvingia malayana Oliv. ex A. W. Benn. Irvingiaceae IRVMAL / /
Lagerstroemia duperreana Pierre ex Gagnep. var. duperreana Lythraceae LAGDUP /
Melientha suavis Pierre Opiliaceae MELSUA /
Memecylon edule Roxb. Melastomataceae  MEMEDU /
Microcos tomentosa Sm. Tiliaceae MICTOM / /
Monoon viride (Craib) B. Xue & R. M. K. Saunders Annonaceae. MONVIR /
Nauclea orientalis (L.) L. Rubiaceae NAUORI /
Peltophorum dasyrrhachis (Mig.) Kurz Fabaceae PELDAS / /
Pterocarpus macrocarpus Kurz Fabaceae PTEMAC /
Rothmannia wittii (Craib) Bremek. Rubiaceae ROTWIT /
Shorea obtusa Wall. ex Blume Dipterocarpaceae  SHOOBT /
Shorea roxburghii G. Don Dipterocarpaceae  SHOROX /
Sindora siamensis Teijsm. ex Miq. var. siamensis Fabaceae SINSIA / /
Symplocos sulcata Kurz Symplocaceae SYMSUL /
Syzygium cumini (L.) Skeels Myrtaceae SYZCUM / /
Terminalia mucronata Craib & Hutch. Combretaceae TERMUC /
Vitex pinnata L. Lamiaceae VITPIN / /
Xylia xylocarpa (Roxb.) W. Theob. var. kerrii (Craib & Hutch.) I. C. Nielsen ~ Fabaceae XYLXYL /
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