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ABSTRACT

Genetic improvement of Acacia auriculiformis A. Cunn. ex Benth. hybrids have enhanced their growth
potential and adaptability to planting sites. However, differences in stem characteristics, yield and growth are
evident. Consequently, this study examined the variation in 23 clones of a 5-year-old A. auriculiformis hybrid that
had been planted at Silvicultural Research Center 6 (Nakhon Ratchasima) in terms of their growth, biomass and
fresh weight, stem volume and carbon storage. The clonal test involved plots in a randomized complete block
design with four replications. The diameter at breast height and total height of all trees were measured;
subsequently, allometric equations were developed to estimate the biomass, carbon storage and stem fresh weight
and volume of the trees.

Based on the results, there were highly significant differences (p<0.01) for all variables examined among the
23 clones. The RFD 3-2 clone, which was registered as a new plant variety, produced the highest total biomass
and carbon stored in biomass, with mean values of 99.03 and 47.20 t/ha, respectively. Furthermore, the stem fresh
weight and volume of this clone were the highest, with mean values of 102.12 t/ha and 130.02 m’/ha, respectively,
due to its straight stem and lack of forking at a low level. In addition, clones No. 12 and 13 were superior in terms
of growth, biomass, stem fresh weight and stem volume, with values that were comparable to those of the RFD
3-2 clone. The findings suggested that these A. auriculiformis hybrid clones were suitable for reforestation and

commercial plantations in Nakhon Ratchasima province and other regions with similar site conditions.

Keywords: Biomass; Volume; Allometric equation; Acacia auriculiformis hybrids; Carbon sequestration
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datum : WGS 1984
scale 1 : 15,000

Legend
:l Silvicultural Research Center 6 (Nakhon
Ratchasima)

D Study area

Nakhon Ratchasima Province

Figure 1 Clonal test site for Acacia auriculiformis hybrid at Silvicultural Research Center 6 (Nakhon Ratchasima)
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Figure 2 Planting layout of clonal test of Acacia auriculiformis hybrid at Silvicultural Research Center 6 (Nakhon

Ratchasima)
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Table 1 Genetic background of 23 Acacia auriculiformis hybrid clones planted at Silvicultural Research

Center 6 (Nakhon Ratchasima)

Clone No. Clone ID Cross (Female x Male)
1 1/1/7 NT1 X QLD1
2 1/1/11 NT1 X QLD1
3 1/1/12 NT1 X QLD1
q 13/8/9 PNG1 X QLD2
5 13/8/11 PNG1 X QLD2
6 14/8/19 PNG1 X QLD2
7 24/13/28 PNG2 X QLD2
8 RFD 3-2 (Y31.3-2) PNG2 X QLD2
9 25/14/19 QLD1 X NT2
10 27/15/21 QLD1 X PNG1
11 RFD 3-3 (Uu.3-3) QLD1 X PNG1
12 28/16/15 QLD1 X QLD2
13 29/16/24 QLD1 X QLD3
14 29/16/28 QLD1 X QLD3
15 29/17/15 QLD1 X QLD3
16 30/17/16 QLD2 X NT3
17 RFD 3-4 (U3.3-4) QLD2 X NT3
18 31/18/10 QLD2 X NT3
19 RFD 3-1 (Yu.3-1) QLD2 X NT3
20 33/19/3 QLD2 X PNG1
21 33/19/5 QLD2 X PNG1
22 33/19/8 QLD2 X PNG1
23 RFD 3-5 (Ua. 3-5) QLD2 X PNG1

Remark: NT = Northern Territory, Australia; PNG = Papua New Guinea; QLD = Queensland, Australia;

RFD = Royal Forest Department
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wuiwng dadurnadniigaldidududls Tagldgns
984 Smalian ’s formula (Avery, 1967) et

B+b

Vs = X L

lng@l Vo = Usnwsliivewiuldusiasvieu (gnuian
LURS)

= NUNNTIAA 2 LAUYIaU (AN519UMS)

¥ '
&g a v

= NUNVLNAA o Yanevou (1519uns)
= Anugvawiaulyl (wns)

ihdoyavesdulddegrayadl 1 S1uau 23 du
wafaunsUiesvesarulugliuvaunisiealains
(allometric equation) Tug UWUUY0IANNITENAAY
(power equation) vasUTuRsVRIARURUIUIATRIAULL
(Sahunala, 2009)

Y = ax®

Ty ¥ = YSuesvesdduiidududnle @nuien
LAY
X = parabolic volume Tugusing 9 DBH,
DBH?H, Do®, Do’H (DBH wag Do, LuRtuns; H, uns)
a uae b Juaasiivesaunis

PIAUNITANNFUNUTTENINUS LIRS VRIA A UFIU
Mduduals dvauinvesiuldludfnig q 4199 way

Fonaunsendudsavdaaimun (R) fifiangeigaunld
TunsussiiuUinmsvesdduduiiiuaudily
ihdeuayadl 2 $1u2m 23 Fu LIMAABUANNS
wealawwivesnatnnin tdnanuasuinnsuesddu
Adududnld Tnensduialagldaunisiideniie
Wisuisusudoyatminuazyiumsdldainnisi
Foyameau Tnsnmsasrsnsmliitefiarsanaudusiugs

N15USSINNIATININ  Undnan  JSu1nsainu

waznMsNnNUAISUBY

AMUIAINATININEIUAN dhoinanuaz3ums
ﬁwﬁummd’suﬁLﬂuﬁuﬂ”wlé’f%aqﬂisﬁumﬂﬁqﬂwauv“?q 23
anefiu sreaunsuealawnifidndenwas iU MAgeU
wazAumsenhefuil (Rewenns) AMurmnisiniy
A1svauluLlat I NI TagAuIMuIadIn 1NN
nuradan e Uiy wazuradannldAd usy
Fanatinmdldfuiumuiannsnsdiusening
1adnmldduseuradinmmilef uiiu (root/shoot
ratio) LviNfU 0.13 warAiuln1saniua1sveuly
matinmrmnnUinamiveuaisvedlianaszande
Faddinfudenay 47.66 veaimynuRs (Faculty of
Forestry, 2011)

n15AATIEidayaneEin
TASITHAUUANA 1NIED AVDIUIAT 1NN
vwinanuazUsinnsvesddudruitiuaudls waznns
faiuasvenluwiadininsenineaedu laeldisnns
AATIERAULUTUSIU (analysis of variance, ANOVA)
wazil3suLfiBuauLANe1IYe IR LRa B o F1833
Duncan’s new multiple range test (DMRT) aglusunsy
d1593Un3adiA R (R Core Team, 2022)

NakarlIasal

nsAule
nsfnwin1siaulnvesatedunsEiumsIAgNHay
U 23 @190U WU dAnuuena1eiuegiidedAty
98198 19888 (p<0.01) seninsarsdu tnsanedu
12, 13 wazanedulu 3-2 fAnadsves DBH gega Wity
12.25, 12.18 way 11.80 l@URLUAT ANUAIAU WaLEI8AY
nszAuusIfgnaniidianiede DBH san leun anedu 14,
4 waraeau 7 Windu 8.33, 8.79 Way 8.89 LUUALUAT
awasu Tuvasfianesiu Uu.3-2, Un.3-6 uazanesy 15
fiAeAsmemugegean Wiy 15.23, 14.43 uas 14.05
WURLUAST AUAIAU WATAIEAY 21, 3 WazdgnY 14



258157UAERS e 44(1): 1-16 (2568)

ﬁﬁwm?wwmmqaﬁwqm WinAu 11.21, 11.59 wag 11.76
RS MUy §aaulanig (DBH) WagAINEs (H)
(Table 2) annuansnwidsduiiuldiniuiivesqud
WA 6 (uass1dn1) Susinaiuaden el
Uszana 1,300 fadwnsdel defiednfiadeutaguile
Wisuieuiuiuiisu q Sellnavilinssduasedd
AM9AUlAR LaraenAaINUNaIUITEVDY Choengsaad
et al. (2016) AilF@nwIn19iuln waTanm uazUsuia
ansennsvesA e unsEAuAsIAgnNaN fdnsiAulad
1 6 awau 918 4 U Tudwrinaseuia wudl angeu
n3vfumIIAgANaL @186 14 (QLD x QLD) in1sidule
114 DBH uazAuge Wiy 11.34 wufluns way 11.84
wns sy Andusnsimnuifiayuiedens DBH uag
ANuaslndiAssiunseiumsAgnuay agdiy Yu.3-2
(PNG x QLD) @eau 12, 13 ﬁuﬂuqﬂmammﬁuﬁ’uﬁm
oLD wuiu wilunsdnwiadadiamnuunnsieain
N5 nw1v03 Diloksumpun et al. (2016) & anAde U
anefuveINIEiugnuay ﬁgaﬂisﬁuminﬁqﬂwammﬂuﬁuﬁm
WU NHANTENINTERUNTIALAZNTZAUNNY
LazgnNaNsEINansEAUMILAznsEiumsed Tignly
AUl udosusd1e m an1d3dorumans e
FIRTANI9T 910U 20 @redu wudn Tugas 2 Jusn
aefugnuantuviainisiulnfnitgnuaunseiuused
aelurdalfeiiu daenndosiun15Anyl Thepchatri
et al. (2018) Ainuinnguatedunszfugnuanszning
nszBummuaznsziiunssd eng 2 U Avgnlu 2 Hufives
Janiadeslui dn1sidulafniinguanedunssiumse
QﬂwamﬁuLfJumammﬂmmLLmﬂﬁhwaaﬁuﬁﬂﬂuLaww%’a
Judhwasdaidiiddyvedly sgrslsinig aeduves
nszdugnuanivgn a andiderumandiion 1w 3
%QLﬁmﬂWLLﬁﬂLLﬁﬂuﬁuﬁUQﬂ WU @NYAUIINGNHAY
SEUTNTLAUMTIALALNTED ULINT LA EI8AU
ﬂisﬁumiaﬁgﬂmaumﬂﬁuﬁ%ﬁm PNG x QLD finstiiuln
Andaaedunsedunsidgnuananduinidadu

(Diloksumpun et al., 2016) @0AAABIAUNITANYIVDY
Luangviriyasaeng et al. (1995) finuinaneiusnsziumused
fiAusidaen QLD wag PNG dnsidulpfininaneyiusii
faufuiinain NT waraneiusradslulssmelne

AUNITUIATININ UINUNAAVIIAIAY WAL

Usunnsvesaiu

TunisWwaluraun1sulad 1 nin1s3LATI8 9
AuduiussewiaadanmaIune 4 tiun d1du A
v uazduiiegimdedu wazvurnvesdulifluguiuy
parabolic volume 1@ wn" DBH’, DBH’H, Do, Do’H
TusUnuuvesaunisiealaiuns ulaeIfun1swmw
aunsimdnanvesafuduidududnly wavdsunns
ddudruiIududnle wudn ynaunsilian /Y gea
lewn n1siiAiaugs (H) sndudaudsdasesauiuen
Wurugugnatuiivsenenidsass (DBH) Tuguves
Parabolic volume %58 DBH’H (Table 3) @pnAd aanu
115/ N¥1U04 Kira and Shidei (1967) Ainud 1 §auUs
DBHH TugUve4 parabolic volume 3zl @1u15a
UssinamnuSinannatanmldegegndes ilesannidy
AlpeUssunameslsuinsdulsl §lauduiusegig
Tnd3atunnadanin wieumidn Wl Sahunala (2009)
wuztin waTanm waziudnuisludiudiduesiulsl
ANUFUNUT Y19 INAVUSUIRSVIEIRY waEN1TLY
aunisuealaunslunisussuruuiadinmvesduld
agldvunnveadulsiiinldanadiusing 4 1wy anmgs way
Wurugudnalsieeen Immzi’mmdauﬁﬁgﬂmq
Snwaznisavindaog1991 wazduusinitadiy
Wuieatun1sAneves Khotma et al. (2016) #ilsdnw
wnafnmindeuiy weeUusnewnsluliozade
gnHANANBRUAIS 9 6 a1y Lazldonaunisildly
n1sUszrrmnladianlugduuvaunisuealaiuns
ynaunsldanaunsidsuUs DBHH Safidn R gegaan
Talun1sAruauduien iy
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Table 2 Diameter at breast height (DBH) and height of Acacia auriculiformis hybrid clones planted at Silvicultural

Research Center 6 (Nakhon Ratchasima) (mean + standard deviation)

DBH Height
Clone No. Clone reference
(cm) (m)

1 1/1/7 11.47 + 1.94™" 13.46 + 1.34°
2 1/1/11 10.72 + 2.28%" 11.91 + 1.55%¢
3 1/1/12 10.43 + 1.88 11.59 + 0.92*°
4 13/8/9 8.79 + 2.28% 12.32 + 2.00°
5 13/8/11 10.96 + 2.14°% 12.62 + 1.53°%
6 14/8/19 10.05 + 2.06"* 12.19 + 1.82
7 24/13/28 8.89 + 1.40% 11.76 + 1.61%
8 RFD 3-2 11.80 + 1.87%" 15.23 + 1.19"
9 25/14/19 10.23 + 1.66™ 13.69 + 0.92"
10 27/15/21 9.78 + 1.74> 11.99 + 1.58°¢
11 RFD 3-3 11.68 + 1.76™ 13.59 + 2.11"
12 28/16/15 12.25 + 2.03" 13.92 + 1.73"
13 29/16/24 12.18 + 1.80" 13.64 + 0.73"
14 29/16/28 8.33 + 1.55° 11.78 + 1.71%
15 29/17/15 10.18 + 1.84°¢ 14.05 + 1.77°
16 30/17/16 10.13 + 1.71°% 13.47 + 1.42°%
17 RFD 3-4 10.49 + 1.23%F 14.43 + 0.87"
18 31/18/10 9.29 + 1.38%° 13.25 + 1.46
19 RFD 3-1 10.16 + 1.93°% 13.17 + 1.99%"
20 33/19/3 9.68 + 1.56™ 12.62 + 1.06“¢
21 33/19/5 10.73 + 1.98%" 11.21 + 1.95°
22 33/19/8 11.77 + 2.20° 11.83 + 1.70™°
23 RFD 3-5 10.11 + 1.30° 13.52 + 1.25%%
Mean + S.D. 10.45 + 2.06 12.96 + 1.83

F-value 18.298 27518

P-value <0.01%* <0.01**

Remark: **Highly significant difference (p<0.01)

nsdnyluadsilfidonaunisnatanmlugUuuy
99 DBHH 1ilosaniidn B gean e 3 aums lagaums
Usziluaiadinmaiuanauila R = 0.9744 11a3ann
dAsdien R = 05639 wnadanmasulu fien R = 0.7686
sl aunisuadininvesdidulian R gandt aunns
Wadan e wazlu oradesnanduldsegiewn
90 23 ey Fedlgunssdidu msuanis wagUTnalud
LANMNINAY WANM1991ANISANYI989 Choensaad et al.
(2016) § SWAIUIANNITLANIZVOIABA UNTE A UNTIA
gnuan 6 ey vilvian R vesaunsuiatanimvesiy
warlusldnAaudneg Fau lunsdnwadedl 5eadna
aun1safan e uduliteUssananadan e
Nupiu Feilen R? = 0.9617 uldununasinvewladanm

Y0d1du At warlu AsmnzaNannd (Fisure 3) 1wy
gumsiminanvedduaniilududle wazusinns
duidududle denduussuiuuves DBHH 1flosan
fien R? gean wuiu Tnsaunisiminanvesddudiud
Wudula A R? = 0.9812 uavaunsusuinsanuaIu
fdududle a0 R = 0.9834 FarsudnsgalndiAssiy
dun1suadinInuesasiu (Figure 3) og1slsiniu a1n
nsfnwves Sriarkarin et al. (2022) Fwihnsusziiuna
nanvesliinsziunnieny 6 U . aoniiideuaziinidniu
mans g Ymiauassiedun wudn dunisUsines
LA dududnldvesnszdumm ong 6 T 1daunis
woalawesfifuys DBH Wissesadies uastfuaunisi
oA R? gaiguiiu (R%= 0.9430)
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INNSNAEBUANNITIG 6 dunn3Tedu Taensld
Foyayail 2 S1uau 23 fu afremudiussenindeya
INNIAAUINKALTOLAIINNITAIUINAINAUATT NUT
aunnsTidduieadeaiuddu dun wadinmaiddu
vminanvesdrduduidududnle uay Usunsandu
druiidududile Tidanugniesnnniidesas 99
TagaunIsuadinIndluannudia R = 0.9923 a@unis

vvidnanvesdduauiiduaudle fidn R = 0.9946 waz
aunsusmsanduduidududnle da1 R = 0.9933
asstufuaunIsIIaTInwEdILA wavaaatanwduly
dafiAnnnugndosiosnindesay 85 (Figure 4) My
A1sUsTuIAuaad1a wnd ol uAualsdonld
aunsuadanmiviefiuAud sddaugniosminndd

(R? = 0.9479) FaiiAuusiugrunnnin

Table 3 Allometric equations for biomass, stem fresh weight and stem volume of 23 Acacia auriculiformis hybrid

clones planted at Silvicultural Research Center 6 (Nakhon Ratchasima)

Y X Equation R?
Ws = 0.0126(DBH?H)-* 0.9744
, Wp = 0.0020(DBH?H) % 0.5639

Biomass DBHH S 08836

W, = 0.0040(DBH’H)" 0.7686
Wags = 0.0177(DBH?H)-**** 0.9617
Stem fresh weight DBHH Wi = 0.0245(DBH’H)"**" 0.9812
Stem volume DBHH Vs = 0.000072(DBHH)*™* 0.9834

Remarks: W, = stem biomass (kg); Wy, = branch biomass (kg); W\ = leaf biomass (kg); Wass = aboveground biomass
(kg); We= stem fresh weight (kg); Vs = stem volume (m?); H = tree height (m); DBH = diameter at breast

height (cm)
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Figure 3 Relationship between biomass, stem fresh weight and stem volume of Acacia auriculiformis hybrid clones

at Silvicultural Research Center 6 (Nakhon Ratchasima)
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Figure 4 Relationship between observed and predicted values of biomass, stem fresh weight and stem volume of

Acacia auriculiformis hybrid clones at Silvicultural Research Center 6 (Nakhon Ratchasima)

18U UMMLINFAVRIANRY HazUSaNAsvaIaniy

NSANYINIATINTNVBIAYAUNTEAUMTIAGNHAL
TIUIU 23 @8R U WU @8R UUN.3-2, @8Ry 13
wavanudu 12 fenadsuatininludiuvesdidu fq lu
uazanadinmsingega Ineddedsinadinmaiudidu
fiAyiiu 67.50, 64.96 uaz 64.15 FusolEnans deade
WA NEIR T WU 14.39, 13.84 waz 13.69 Fuse
\gnNAN35 ummaamammwmu’tu Wwiniu 5.75, 5. 55 uae
5.44 Fusielenmd wardAadouladan wmiefi iy
q3dn winfu 87.64, 84.35 uag 83.27 dusialannis
AU U TuaELAEINU WUI1 LIBTINNEIUAIA LB
ANUAU 14, @AY 6 LATE1EAY 7 ﬁﬁ%aé"aﬁwqm WINAU
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Y99E18AY 14, 7 way 4 ﬁmm?{aﬁwqm WINAU 6.22, 6.24
LAY 7.13 Aunolanas waadinnadruluvesansny 7,
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auf 14 waganodu 4 Tanadurgn Wiy 2.91, 2.94
way 3.24 fusiolend wazanatimwmideiufuvesans
#u 14, 7 wavanesu 4 Taedeman Wity 32.24, 39.26
WAL 44.60 AURBLENANST MUBINU WUREINUNANISANY
Yinanveaddy wuin anedut3-2, @edu 13 way
aedu 12 SAedsvestminanvedidugeaaviatu
102.12, 98.31 way 97.04 é’um'al,aﬂmi‘ Lava1eay 14,
#18AU 7 Lagaeau 4 ummaamammﬂu 45.75, 45.78
uaz 52.00 FUADLENANS mu mammwiumwummmu
A1 lu wavsnadanwwidefiufusiy tminanvesddu
flanuuanensiusgreiveddyenedmieadn sendng
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Table 4 Biomass, stem fresh weight and stem volume of Acacia auriculiformis hybrid clones planted at Silvicultural Research Center 6 (Nakhon Ratchasima) (mean +

standard deviation)

Biomass (t/ha) Stem fresh weight Stem volume

Clone No. Clone reference

4!

Stem Branch Leaf Aboveground (t/ha) (m>/ha)
1 /17 58.45 + 28.38° 12.41 + 6.22" 5.07 + 2.128 75.94 + 36.70° 88.50 + 42.72" 114.34 + 49.06"
2 1/1/11 44.74 + 26.28°%¢ 9.43 + 5.76°% 4.02 +1.98%¢ 58.16 + 34.01°% 67.83 + 39.60°% 90.10 + 45.79°"
3 1/1/12 41.46 + 18.89°% 8.69 + 4.08°<" 3.81 + 1.51° 53.96 + 24.47°°% 62.91 + 28.50° 85.11 + 34,520
q 13/8/9 34.23 + 17.62% 713+ 3.77% 3.24 + 1.46° 44.60 + 22.85%° 52.00 + 26.64%° 71.96 + 33.16%
5 13/8/11 49.07 + 21.38% 10.37 + 4.65" 4.36 + 1.65% 69.79 + 27.67° 74.36 + 32.23° 97.90 + 38.00
6 14/8/19 30.08 + 14.90° 8.32 + 3.83°°¢ 3.64 + 1.42° 51.63 + 23.01° 60.20 + 26.83° 81.35 + 32.61°
7 24/13/28 30.11 + 13.94° 6.24 + 2.96° 291+1.20° 39.26 + 18.12° 45.78 + 21.11° 64.44 + 27.21°
8 RFD 3-2 67.50 + 21.51" 14.39 + 4.72' 575+ 1.61" 87.64 + 27.82" 102.12 + 32.69" 130.02 + 37.24'
9 25/14/19 47.92 + 23.54% 10.09 + 5.10% 4.31 + 1.86% 62.32 + 30.49% 72.65 + 35.520¢ 96.59 + 42.71%
10 27/15/21 39.79 + 21.89° 8.33 + 4.70°%¢ 3.68 + 1.79° 51.79 + 28.39° 60.39 + 33.09° 82.08 + 40.81°
11 RFD 3-3 59.51 + 23.84° 12.65 + 5.22" 5.15 + 1.79%" 77.37 + 30.84%" 90.10 + 35.90%" 116.18 + 41.37"
12 28/16/15 64.15 + 22.95° 13.69 + 4.99" 5.44 + 1.78%" 83.27 + 29.71%" 97.04 + 34.60%" 123.14 + 40.97"
13 29/16/24 64.96 +25.398 13.84 + 5.55" 5.55 + 1.92%" 84.35 + 32.85%" 98.31 + 38.24%" 125.57 + 44.50"
14 29/16/28 30.07 + 14.90° 6.22 + 3.17° 2.94 + 1.26° 32.24 + 19.33° 45.75 + 22.55° 81.20 + 27.04°
15 29/17/15 48.20 + 20.36°% 10.16 +4.39° 432 + 1.64 % 62.68 + 26.38% 73.07 + 30.74 % 96.78 + 37.57%
16 30/17/16 42.79 + 16.93°%f 8.99 + 3.67°<Cf 3.89 + 1.32°ce 55.68 + 21.92°°f 64.90 + 25.54°9f 87.06 + 30.43°9
17 RFD 3-4 50.32 + 15.97" 10.61 + 3.45¢ 4.52 + 1.36% 65.42 + 20.69° 76.28 + 24.10° 101.03 + 28.86"
18 31/18/10 37.71 + 12.68%¢ 7.86 + 2.73% 6.56 + 1.03™ 49.16 + 16.43%° 57.20 + 19.15%¢ 79.07 + 23.46*
19 RFD 3-1 45.68 + 22.68°%¢ 9.62 + 489" 4.11 + 1.82°4 59.41 + 29,380 69.26 + 34.24°%¢ 92.15 + 41.60°%
20 33/19/3 39.25 + 13.64° 8.20 + 2.94° 3.67 + 1.11° 51.13 + 17.68° 59.62 + 20.61° 81.78 + 25.27°
21 33/19/5 39.98 + 16.66° 8.39 + 3.61°¢ 3.66 + 1.32° 52.03 + 21.58°¢ 60.66 + 25.15° 81.79 + 30.22°
22 33/19/8 46.14 + 17.90°%¢ 9.76 + 3.91°9%" 4.07 + 1.365% 59.97 + 23.17°% 69.96 + 26.98°%¢ 91.48 + 31.45%¢
23 RFD 3-5 43.64 + 1455 9.15 + 3.13°%f 3.99 + 1.19°% 56.78 + 18.85°%" 74.28 + 24.10°%" 89.20 + 27.04°%"
Mean + S.D. 41.21 + 22.36 8.68 + 4.86 3.70 + 1.73 53.60 + 28.95 62.49 + 33.72 82.97 + 39.94
F-value 15.268 15.486 13.948 15.232 15.228 14.218
P-value <0.01** <0.01%* <0.01** <0.01** <0.01** <0.01**

Remark: **Highly significant difference (p<0.01).
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) dowSeufisudwnatinimsiu wiloiuiuues
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8.87 way 10.08 fusalanaisiot wuiu visll 10aTanm
39 LLaumwmwuwu%mmammwsw flauunnsineiu
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Wiguiisuniadininveseza g nuan 6 anufu
918 4 Tufluisminassuta nui nsy DuMTIAGNHAL
ae 14 (QLD x QLD) d13aT3nmMvesanauean iy
38.61 mummaﬂmi wAgngAu 1 (NT x QLD) umammw
muawumuawam WINAU 76.22 AuABlanms 1iesand
mammwmammayimmﬂummﬁiaaau 50 UD4
waginmmdof ufiy mamawmuummmwmm
st ndiofy 14.13 wag 19.06 furoiana1ined
M1ud19 U (Choengsaad et al., 2016) ﬁfqﬁﬂ'waa'imm
Iﬂammﬂummmmwumammwmmﬂivaummaﬂmau
mamummﬂmwmmmﬂm (16.47-17.13 fiusiolonand
siov) wileafiosananinituiinasUunanihulndiAss
A1 Tun19mnsa914 Khotrma et al. (2016) ¥inn15@ nw
WadInmvesezANTugnNan 6 @a1udiu oy 4 O 9
ﬂaffluwu‘mmmaauimmammmmum WUIT gNNEAY
nszfiumMsIALaznIEiumMMIAERUY 3 (NT X A mang/um)
furadinminilenuaugean 25.14 dusiolanais uag
ﬂivaumsaﬂaﬂwammamu 14 (QLD x QLD) uiadinn
muawumumamwm 19.19 dusialenas uazAnAly
LWuwumammwmuawummwm 6.29 uay 4.80 fiusie
ensned) Sefledeudne mummummmmamwwu
AnudsulnsuuasUsnanidued ssediios 1,067
dadlung
wonani nanisAnwUsuns il duaudnle
VBIAYAUNTEAUNTIAGNNAN 71U 23 A18AY WU
N3vAUMTIANNANAIEAY UN.3-2, @18 13 wagauiu
12 fidnedsvosuiunaslifasan windu 13002, 125.57
wag 123.14 gnuiAilunsdalenind auawiu uazaenu
7, @8AU 4 uazanenu 14 windu 64.44, 71.96 way 81.20
ANUIARLUATADLENATS AINEIAY wazUsunsldiade
UDINTY aumiaﬂaﬂwammauammuummummmu
amqmuamﬂmamammqam (p<0.01) (Table 4) Faflen
maumammauhemmsmﬂumiﬂiymumamamaaiu
N3y fumnieny 6 U ‘LuamumaLLauE‘Jﬂuamumam
Fuhiden Swiauasswan Smuin Wuneslinsyaumm
fvidudumlawingu 70.81 anuUIANUATHBLENANS Y38
11.80 Qﬂummumm’maﬂm{ (Sriarkarin et al., 2022)
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drunilsoraliaananyinfiaeiu wagguwuuauni sty
Ul uUSuImsuAnm19an Y F9US U195 b nsed Unnn
Useifiuanaunisid DBH Wusiuusdaseiieadiien

asinuaIsuauludadanw

nsdnwaedenisiniuadusuluwnadanan
wvasaerunsziuasrgnrandululuiisnaseiu
ﬂuﬂimmmaﬁmmwiumwaammuLLa“mammwmua
Nupu LuanmﬂmiﬂﬂLﬂUmiuau‘[.umammwmaamum
mu‘[.musuuaﬂﬂummu,mnmwwaamammwmaamum
uinndruSurantTuoud asauluuiadanan
(Diloksumpun, 2007) Tunsdnwaed wudh anedu du.
3.2 @efu 13 wazaesu 12 daedsnisiniiuaisueu
90 iy 47.20, 45.43 uag 44.85 fuATUBUAD
LWINAS WaYE8AY 14, @186 U 7 wazanuay 4 mmmam
WiNAU 21.13, 21.1914 Lay 24.02 AUAISUBUABLENANT
pudiU uenandimuinnaiuyuedseTvenis
Anfua1sueuvesanefy Ui.3-2, @196 13 uaganegny
12 dengean Wiy 9.44, 9.09 uay 8.97 AuA1sUBUAD
W@NANSHBY LATANUAY 14, @URU 7 wava1esu 4 dan
WinAU 4.22, 4.23 uag 4.80 AuA1suausalanasnel An
Judnsnseaduiteaisueulnesnledvesanssiu Uu.3-
2, @90 13 wavdeau 12 117U 34.61, 33.32 Lay
32.88 siuasuaulneanlenneienminel wavdtenu 14,
@189 7 wazaneAy 4 iy 15.49, 1550 uay 17.61
funsuaulneanlennoienashet Jearanu Uu.3-2 i
gninisgaduieaiiveulasenlediduasaviives
@y 14 'mu asiaiuAs veuluuladininsu
mmmewmaaasmﬂﬁummsmm‘ums‘uau LaLemnsINIg
rﬂmmﬂwmwaulmaaﬂlwmmmu,mﬂmNﬂuamm
uammaEmawmaamwmwmamu (p<0.01) (Table 5)
31NNNITIVTINTOYAVE Faculty of Forestry (2011) e
3mﬁvﬁﬁ’ﬂamwiumiﬁ’ﬂLﬁumfuauiumaéﬁamwmm
VYDINTLHUMTIA Iuwwmmmmmvamm AU
na19 wazlnzaNtos WUl Saeasnisinfiuaisuey
WU 8.64, 5.92 way 3.91 suaisuaulneanlunne
wnn1sa el muaidu niedadudnsinisgadu
fgansueulneonladadowiniu 31.68, 27.71 Uz 14.32
fumsuaulneanledneanmsaed mudeu Feanesui
fifnenmlunisgaduiivaisveulneanledggn 3
a1AUKIN mamwmsmmmwmwaulmaaﬂiwLaaa
(32.88 - 34.61 mumwauimaaﬂlmmaLaﬂmsmU)
ll’]ﬂﬂ’J’]ﬂin‘NﬂJNﬂ‘VIUﬁﬂIUW uil fiArumuzauuan
Tuvus A gany @180 un uﬂﬂam‘wlumm AYU
m%mwaulmaaniwmam 3 @1FUKSN OMIINIT
mmwm%mwauimaaﬂlwLaaﬂ (15.49 - 17.61 fu
mﬁuau"l,maaﬂiemmmaamsmﬂ) gan11nse aummm
Uaﬂiuwummmmmmyamuaawa,aﬂuaa nansAnwD
5(111/1L‘M‘uﬂﬂﬂ’J’]iJﬁ’]ﬂiUIUﬂ’]iLaaﬂﬁ’]EJﬁu LATANYULNS
Wuqmimaqﬂsmummqﬂwaﬂﬁmmzamuwumqﬂ
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Table 5 Total biomass, mean annual increment (MAI), carbon storage and sequestration of Acacia auriculiformis hybrid clones planted at Silvicultural Research Center 6

(Nakhon Ratchasima) (mean + standard deviation)

Clone Clone Total biomass MAI Carbon storage Carbon sequestration
No. reference (t/ha) (t/ha/yr) (t C/ha) (t C/ha/yr) (t CO2/ha/yr)
1 1/1/7 85.81 + 41.48° 17.16 + 8.30g 40.89 + 19.77° 8.18 + 3.95° 29.99 + 14.50°
2 1/1/11 65.75 + 38.43°%" 13.05 + 7.69°%" 31.33 + 18.32°%f 6.27 + 3.66° 22.98 + 13.43°%
3 1/1/12 60.97 + 27.66° 12.19 + 5.53%% 29.06 + 13.18°¢ 5.81 + 2.64°% 21.31 + 9.67°%
4 13/8/9 50.40 + 25.81% 10.08 + 5.16 24.02 + 12.03™ 4.80 + 2.46™ 17.61 + 9.02°°
5 13/8/11 72.08 + 31.27° 14.42 + 6.25° 34.35 + 14.90° 6.87 + 2.98° 25.19 + 10.93%
6 14/8/19 58.35 + 26.01° 11.67 + 5.20° 27.81 + 12.39° 5.56 + 2.48™ 20.39 + 9.09™
7 24/13/28 44.36 + 20.45° 8.87 + 4.09° 21.14 + 9.75° 4.23 + 1.95° 15.50 + 7.15°
8 RFD 3-2 99.03 + 31.44" 19.81 + 6.29" 47.20 + 14.99" 9.44 + 3.00" 34.61 + 10.99"
9 25/14/19 70.42 + 34.45%F 14.08 + 6.89%" 3356 + 16.42%" 6.71 + 3.28%" 24.61 + 12.04%F
10 27/15/21 58.53 + 32.08° 11.71 + 6.42° 27.89 + 15.29° 5.58 + 3.06™ 20.46 + 11.21°
11 RFD 3-3 87.36 + 34.85%" 17.47 + 6.97%" 41.63 + 16.61%" 8.33 + 3.32%" 30.53 + 12.18%"
12 28/16/15 94.10 + 33.57%" 18.82 + 6.71" 44.85 + 16.00°" 8.97 + 3.207" 32.88 + 11.73%
13 29/16/24 95.32 + 37.12%" 19.06 + 7.42%" 45.43 + 17.69" 9.09 + 3.54°" 3332 + 12,97
14 29/16/28 44.34 + 21.84° 8.86 + 4.37° 21.13 + 10.41° 4.22 + 2.08° 15.50 + 7.63°
15 29/17/15 70.83 + 29.81%" 14.17 + 5.96% 33.76 + 14.21% 6.75 + 2.84%" 24.75 + 10.42%
16 30/17/16 62.90 + 24.77° 12.58 + 4.95°% 29.98 + 11.81° 6.00 + 2.36™%" 21.99 + 8.66°%
17 RFD 3-4 73.93 + 23.38' 14.79 + 4.68" 35.23 + 11.14' 7.05 + 2.23' 25.84 + 8.17"
18 31/18/10 5551 + 18.56™ 11.10 + 3.71%¢ 26.46 + 8.85° 5.29 + 1.77%¢ 19.40 + 6.49™
19 RFD 3-1 67.14 + 33.20°%" 13.43 + 6.64°% 32.00 + 15.82°%" 6.40 + 3.16° 23.46 + 11.60°%"
20 33/19/3 57.77 + 19.98° 11.55 + 3.99° 27.54 + 9.52°¢ 5.51 + 1.90°% 20.19 + 6.98™
21 33/19/5 58.79 + 24.38° 11.76 + 4.88™ 28.02 + 11.62° 5.60 + 2.32" 20.55 + 8.52°
22 33/19/8 67.77 + 26.18°% 13.55 + 5.24% 32.30 + 12.48°%f 6.46 + 2.50°F 23.68 + 9.15°
23 RFD 3-5 64.16 + 21.30°%" 12.83 + 4.26° 30.58 + 10.15°%" 6.12 + 2.03 22.42 + 7.45°%
Mean + S.D. 60.57 + 32.71 12.11 + 6.54 28.87 + 15.59 5.77 + 3.11 23.83 + 11.43
F-value 15.232 15.232 15.232 15.232 15.232
P-value <0.01** <0.01** <0.01** <0.01** <0.01%*

Remark: **Highly significant difference (p<0.01)

(§202) 91-T :(T)bp A13sa104 Jo Yeuwinor tey |



258157UAERS e 44(1): 1-16 (2568)

ayUuazdalauauuy

N5 UlR HANAR WAYNITANLAUAIS UDUVDS
NsEAuMTIAQNNAYN 23 a1gaudaulane19eg 19l
Todfynsadfsewinanedu anedu Uu.3-2 Faduas
sudtladsunsaamsfouiug vl wazanodu 12 uas
anedu 13 dfnenwiansivln nardsuadaniw uay
msfniAuafueugeiian mudisy Taeiti 3 aneduild
Fnuazgunsaddulainss ldfinsuanunadisedus
waiifsnelngsuauties slkidminanuazUsums
vosdwuilldiduaudnlfgeiiandaemuiu s 3 aedull
Falanumnzaniiazugnlneldseudnilugiai eu
TUldUselomdduliiusgd uenanidawudn aredudid
#nenrminand duradanan nrsiaiuans veuly
watinw uagdnsinisgadunisueulaeenlediduans
WinvesaefuRiAnen wan nan1sAnwnda Lndiuds
AanuddylunIsifenaludiu wazdnyauen1eiugnIsy
vosnszfunssdgnuanlfimngautui uiiugn (site
matching) Fata maﬁuﬂizﬁuminﬁqﬂmauma'ﬂiy%ﬁ
mmmmsamﬁﬁ]sﬁﬂﬂ‘dqﬂiuﬁuﬁ'ﬁ‘i’wi’muﬂﬁwﬁm
waguiiduidaniwlndidsstu ldun aningivszina
SNUULAY @aNINYTRINA UATHYINITUAIUTIIUYIA
pg1alsAnu 1aTanm wandn waznisinAuasueuly
183201 vesaefunsyiunssdgnuaslunisdnui
f5UuuunisUgniluensnafuinliusazunuuiiany
mnuuresulidenthefuiiunnsetu nansanwinds
Huanadudadovonis ¢ JUBUU F9sinsiesent
anuuanaswesnnivln waadanin tvdndn Usunns
wazmsiniuasueu lumsUgnusiazsuuuy wlediase
sUuuUii AN wvesnsiivlnnazrandngan uay
winnzaunen s lUldUsEloniusazUssiansaly

ALY

%
N o @

nsfnwndeiidnianaasdiofauedidelag
YOUOUNTTAN ANUIUNT neas ivthauduianided
6 (uns3198L) uarauzdmiAfiswIsALazaInTy
nsiiuteya wazliuAndiuuazAuuzidineliin
Uslomiunnuidelunedl

REFERENCES

Avery, T. E. 1967. Forest Measurements. McGraw - Hill
Inc. New York, USA.

Choengsaad, J., Poolsir, R., Diloksumpun, S. 2016.
Growth, biomass and nutrient content of
Acacia hybrid clones in Sa Kaeo province.
Journal of Forestry, 35(2): 54-65. (in Thai)

Diloksumpun, S. 2007. Carbon storage in forests and
global warming. Journal of Soil and Water
Conservation, 22(3): 40-49. (in Thai)

Diloksumpun, S., Wongprom, J. 2016. Clonal Test of
Acacia auriculiformis Hybrids on Mining
Rehabilitation Area at Phang-Nga Forestry
Research Station, Phang-Nga Province. Final
Report, Kasetsart University Research and
Development Institute, Bangkok, Thailand. (in Thai)

Diloksumpun, S., Wongprom, J., A-kakhun, S. 2016.
Growth and phyllode functional traits of Acacia
hybrid clones planted on a post mining
rehabilitation site in southern Thailand. In:
Proceedings of SEAMEO BIOTROP 2™
International Conference on Tropical
Biology "Ecological Restoration in Southeast
Asia: Challenges, Gains, and Future
Directions", = SEAMEO  BIOTROP,  Bogor-
INDONESIA, 12-13 October 2015, pp. 98-112.

Faculty of Forestry. 2011. Handbook on the
Potential of Tree Species for Promotion
under the A/R Clean
Mechanism Project. Aksorn Siam, Bangkok,
Thailand. (in Thai)

Faculty of Forestry. 2017. Strategy and Action Plan

Development

for Extension of Integrated Economic Trees
(2018-2036). Royal  Forest
Bangkok, Thailand. (in Thai)
Kha, L.D., Neuyen N.D., Hai D., Vinh H.Q. 1998. Clonal Tests
and Propagation Options for Natural Hybrids

Department,

between Acacia mangium and A. auriculiformis. In:
Tumbull JW (Ed.), Advances in Tropical Acacia
Research. Proceedings of an intemational workshop
held in Bangkok, Thailand, 11-15 February 1991. pp.
203-210.

Khotrma, R., Poolsiri, R., Haruthaithanasan, M. 2016.
Aboveground biomass and nutrient content of
various Acacia hybrid clones planted on
degraded soil at Kanchanaburi province. King
Mongkut’s Agricultural Journal, 34: 21-30.
(in Thai)

Kira, T., Shidei, T. 1967. Primary production and
turnover of organic matter in difference forest
ecosystems of the Weatern Pacific. Japanese
Journal of Ecology, 17(2): 70-87.



Thai Journal of Forestry 44(1): 1-16 (2025)

Luansgviriyasaeng, V. 2002. Breeding Acacia species for
commercial plantations. In: The Proceedings
of the 7" Silviculture Seminar, “Silviculture
for the Development of Economic Forest
Plantations”
Thailand, pp. 1-10. (in Thai)

Luangviriyasaeng, V. 2013. Economic Fast-growing

Kasetsart University, Bangkok,

Tree Improvement for Farmers and
Community. Forest Research and
Development  Bureau, Royal  Forest

Department, Bangkok, Thailand. (in Thai)
Luansgviriyasaeng, V., Pinyopusarerk, K., Pitpreecha, K.,
Simsiri, A., Kiatvuttinand, B. 1995. Early growth
of acacia auriculiformis progeny trials. Journal
of Forestry, 14: 81-93. (in Thai)
R Core Team. 2022. R: A Language and Environment
for Statistical Computing. https://www.R-
project.org/, 17 November 2023.
Forest Department. 2023.
Statistics. https://data.forest.go.th/dataset/
https-www-forest-go-th-land, 18 August 2024.
(in Thai)
Royampaeng, S. 2001. Physiology of Intraspecific
Hybrids
auriculiformis A. Cunn. E Benth. Ph.D. Thesis,

Royal Forest Area

and Interspecific of Acacia
Northern Territory University, Australia.

Royampaeng, S. 2002. Growth and physiological
performance of Acacia auriculiformis x A.
mangium hybrids. In: Proceedings of the 7"

Silviculture Seminar. “Silviculture for the

of

Kasetsart University,
Thailand, pp. 370-382. (in Thai)

Sahunala, P. 2009. Biomass estimation of plants and

Development Economic Forest

Plantations” Bangkok,

forests. Forestry Management Journal, 3(5):
63-88. (in Thai)

Sriarkarin, S., Suksard, S., Khunrattanasiri, W., Jundang,
W., Junkerd, N., Tuklang, S. 2022. Yield
assessment and financial return analysis of 6
years old Acacia mangium Willd. at Wang
Nam Khiao Forestry Research and Student
Training Station, Nakhon Ratchasima province.
Thai Journal of Forestry, 41(2): 63-74.
(in Thai)

Staporn, D. 2022: Ecological Application and

Silvicultural Practices for Rehabilitation at

Sakaerat Silvicultural Research Station

Northeastern Thailand. Ph.D. Thesis,
Kasetsart  University, Bangkok, Thailand.
(in Thai)

Thepchatri, T, Diloksumpun, S. Haruthaithanasan, M.
2018. Clonal variations in growth and some
leaf functional traits of Acacia hybrids in Fang
District, Chiang Mai Province. Thai Journal of
Forestry, 37(1): 84-95. (in Thai)

Viriyabuncha, C. 2003. Manual for Estimation of
Forest Biomass Production. Department of

Parks,  Wildlife Plant

Conservation, Bangkok, Thailand. (in Thai)

National and

16



@ KASETSART 258157UAERS e 44(1): 17-26 (2568) nusiuaty

UNIVERSITY
ieinal Arti
B FACULIY OF FORESTRY Thai Journal of Forestry 44(1): 17-26 (2025) (Original Article)

anuvannadnvasnssaddluiuiivisesansdudtndeu
3NBYYN JMIAUIU
Plant Diversity in Nam Liab Watershed Management Unit,
Thung Chang District, Nan Province, Thailand
autiuvt 3Aud’, suins dudssgasens’, Desfia vouunu' uasdian Tosnand”
Danunan Riganl, Thanakorn Lattirasuvan', Piyapit Khonkaen' and Teeka Yotapakdeez*

' anunivinsianstlll s Ine douadla-uns winwssiush uns 54140

' Department Forest Management, Maejo University Phrae Campus, Phrae 54140, Thailand
? @UMivIN1sAaIARYa NN asudla-Lws aunsAush ung 54140

2 Department of Digital Marketing, Maejo University Phrae Campus, Phrae 54140, Thailand

*Corresponding Author, E-mail: teekasom@gmail.com

Fudualdu 9 nIngAu 2567 Fuudly 20 Fomaw 2567 SuasuW 29 Awinay 2567
Received: 9 July 2024 Revised: 20 August 2024 Accepted: 29 August 2024
ABSTRACT

Forest restoration in the Nam Liab Watershed Management Unit has increased the diversity of plant species
on a continuing basis. This study explored and classified plant diversity in the Nam Liab Watershed Management
Unit, Thung Chang district, Nan province, Thailand based on line transect plot sampling across the altitudinal range
in the study area. All collected data were analyzed using the importance value index (IVI) and the Shannon-Weiner
index (H") for dominant species and diversity grading, respectively. Based on the results for the study area, there
were 93 species in 82 genera and 59 families of plants. Based on VI, the top-three tree species were Pterocarpus
macrocarpus, Shorea obtusa and Dalbergia dongnaiensis, while the top-three sapling species were Eurya
acuminata, Croton persimilis and Macaranga denticulata and the top-three seedling species were Croton
persimilis, Eurya acuminata and Castanopsis argyrophylla. Furthermore, the top-three undergrowth species were
Lygodium polystachyum, Chromolaena odorata and Dioscorea birmanica. Bamboo were represented by
Gigantochloa albociliata and Bambusa nutans. The H’ values for the tree, sapling, seedling, undergrowth and
bamboo species were 3.53, 2.57, 2.73, 2.35 and 0.47, respectively, indicating that the forest restoration activities
produced successful succession with greater diversity of tree stage species. However, the sapling, seedling
undergrowth and bamboo species had been affected by forest fires and cattle grazing that had resulted in poor
survival rates for saplings and seedlings. The results should provide useful information for forest restoration
management in setting community rules for awareness and conservation in the upper watershed areas. In addition,
such action will provide an appropriate response to the policy of the Department of National Parks, Wildlife and
Plant Conservation to not only integrate conservation but to also obtain more suitable outputs and outcomes for

the Nam Liab Watershed Management Unit.

Keywords: Plant diversity; Watershed management; Nan province
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nslduselonisauiu ewnniuiifianmdudnden
Insuuarlyanunsail uduanmunldieemusssuei
wiamsiuduaninUndedldszoznanfiensui 5ad
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Feou Tnelifasaneiinlfituiudusuivusn wasadald
vUni (pioneer species) ignaaziulidesndt 5 viia
Tnefdsdansnaunaiutuseninwialiidisousen
Tuduonglifiu iy uazlifudns ludpdufionngaude
(Protected Areas Regional office 15 Chiang Rai, 2021)
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~ 702000

, Sample plots in the Watershed
~ Management Unit of Liab Watershed,

Thung Chang District, Nan Province

A

Scale 1 : 50,000
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[ Eaa—
Legend

Plot 1 mean sea level at 487 m.
(699765, 2144833)
® Plot 2 mean sea level at 685 m.
(701088, 2146156)
® Plot 3 mean sea level at 850 m.
(701373, 2143574)
Plot 4 mean sea level at 1,015 m.
(703480, 2146273)
@® Plot 5 mean sea level at 1,150 m.
(705450, 2150777)
[ the Watershed Management Unit of
Liab Watershed
Il Agricultural Area

Figure 1 Sample plot positions in Nam Liab Watershed Management Unit, Thung Chang district, Nan province,

Thailand
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Figure 2 Sample plots in Liab Watershed Management Unit, Thung Chang district, Nan province, Thailand
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ANNAAYEdEn 5 SuAULIN LAk new (Lithocarpus
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Table 1 Taxonomic distribution by eroup and diversity index of plants in Liab Watershed

. . . . . Stem density
Vegetation structure  Species Genus Family Shannon-Wiener index (H')
(no/ha)

Tree 69 60 42 3.53 1,082
Sapling 22 21 18 257 624
Seedling 23 22 17 2.73 3,500

Undergrowth 17 16 14 2.35 5,200
Bamboo 2 2 1 0.47 24 (clumps/ha)
Table 2 Species of tree, sapling, seedling, undergrowth and bamboo in Liab Watershed
Ranking L Common
Scientific name RD RF RDo VI
(based on IVI) name
Tree (%) (%) (%) (%)
Pterocarpus Burmese
1 6.47 2.59 13.17 2222
macrocarpus Kurz rosewood
Shorea obtusa Wall. ex
2 5.55 2.59 12.59 20.72
Blume
3 Dalbergia dongnaienisi Pierre  Blackwood 9.43 3.45 6.99 19.86
Macaranga denticulata
4 10.54 1.72 3.10 15.36
(Blume) Mull.Arg.
Castanopsis diversifolia
5 i 2.77 3.45 6.74 12.96
(Kurz) King ex Hookf.
Others 65.24 86.20 57.41 208.88
Total 100 100 100 300
Sapling
Eurya acuminata DC. 25.64 14.29 20.28 60.21
2 Croton persimilis Mull. Arg. 10.26 10.20 17.02 37.48
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Table 2 (Continued)

Ranking
Common
(based on Scientific name RD RF RDo VI
name
V1)
Tree (%) (%) (%) (%)
Macaranga denticulata
3 - 10.26 8.16 11.85 30.27
(Blume) Mull.Arg.
Mitrephora tomentosa Hook f.
4 - 8.97 8.16 10.23 27.37
& Thomson.
Viburnum sambucinum BLl. var.
5 - 7.69 8.16 10.37 26.23
tomentosum Hallier f.
Others 37.18 51.03 30.25 118.44
Total 100 100 100 300
Seedling
Croton persimilis MUll. Arg. - 20.00 16.13 - 36.13
2 Eurya acuminata DC. - 12.86 11.29 - 24.15
Castanopsis argyrophylla Kin
3 P SYTopRY s - 11.43 11.29 - 22.72
ex Hook.f.
4 Rhus chinensis Mill. - 8.57 8.06 - 16.64
Indian
5 Phyllanthus emblica L. 5.71 6.45 - 12.17
gooseberry
Others 41.43 46.77 - 88.20
Total 100 100 - 200
Undergrowth
Lygodium polystachyum Wall.
1 s pow 4 - 22.12 14.08 - 36.20
ex Moore
Chromolaena odorata (L.) R.
2 Siam weed 15.38 14.08 - 29.47
M. King & H. Rob.
Dioscorea birmanica Prain &
3 - 14.42 12.68 - 27.10
Burkill
Thysanolaena latifolia (Roxb.
4 - 11.54 11.27 - 22.81
ex Hornem.) Honda
5 Cyperus malaccensis Lam. - 9.62 9.86 - 19.47
Others 26.92 38.03 - 64.95
Total 100 100 - 200
Bamboo
Gigantochloa albociliata
1 - 81.90 75.00 - 156.90
(Munro) Kurz
Bambusa nutans Wall. ex
2 - 18.10 25.00 - 43.10
Munro
Total 100 100 - 200

Remarks: relative density (RD), relative frequency (RF), relative dominance (RDo), importance value index (IVI)
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Table 3 Change in stem density in Liab watershed between 2012 and 2023

Tree Sapling Seedling
2012 2023
2012 2023 2012 2023 2012 2023
MSL. 519 m P1 (MSL. 487 m) 1,240 920 440 680 19,500 19,750
MSL. 613 m P2 (MSL. 685 m) 1,380 1,080 760 - 15,500 16,750
MSL. 1,009 m P4 (MSL. 1,015 m) 1,830 1,240 760 1,120 19,500 12,750

Remark: MSL is mean sea level
Source: Data at 2012 from Lattirasuvan (2012)
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ABSTRACT

At the time of the 2004 tsunami geological disaster, the area around the Kamphuan Canal area, Ranong
province, Thailand was extensively damaged, especially the plants in the mangrove forest. Later, the area was
preserved in its existing natural state. Currently, government agencies and the private and public sectors are placing
increased importance on biological diversity, with Thailand having the goal of carbon neutrality by 2050. The
objectives of this study were to assess diversity and to estimate the biomass of tree species in the mangrove forest
at Khlong Kam Phuan, Ranong Province, Thailand. A permanent plot (40 m x 300 m) was established and later
divided into 10 m x 10 m square sub-plots, resulting in a total of 120 plots. Tree data were collected on all plants
with a diameter at breast height (dbh) >3.2 cm. For tree species that produced large pneumatophores, such as
Rhizophora apiculata and R. mucronata, the measurement was conducted at 20 cm above the root collar. In
addition, a sub-plot size of 4 m x 4 m was sampled for the sapling stage (dbh < 3.2 cm but total height > 1.3 m).
Finally, a plot size of 1 m x 1 m was used to collect seedling data (total height < 1.3 m).

Based on the analysis of the results, there were 1,422 individuals in the study area, consisting of 1,294 trees,
52 saplings and 76 seedlings. Based on identification and classification, the individuals belonged to 5 families, 7
genera and 11 species. Based on plant habit, there were 7 tree species; 3 small tree species and 1 shrub species.
The Rhizophoraceae was the most dominant family, represented by 5 species. The species diversity index or
Shannon-Wiener index (H') was less than 1.22 based on the variety of plant species. In addition, the species richness
and species evenness were 1.39 and 0.51 respectively. Rhizophora apiculata, Rhizophora mucronate and Bruguiera
cylindrica were the top-3 species with order of importance index values of 165.02, 72.46 and 24.96%, respectively.
The averages of height and dbh of the trees were 11.18 cm and 9.31 m, respectively. The total biomass was 459.70

t ha ', consisting of 359.03 t ha " of above ground biomass and 100.67 t ha " of underground biomass.

Keywords: Mangrove forest; Species diversity; Biomass; Khlong Kam Phuan Ranong province
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Figure 1 Study area and permanent plot of 40 m x 300 m subdivided into 120 subplots at Khlong Kam Phuan in

Ranong province
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Table 1 Allometric equations for mangrove species found in Ranong province

Species

Allometric equations

Coefficient of

determination (R?)

" Rhizophora apiculata logW, =-1.117143 + 0.881750 (logD*H) 0.9899
logW, = -1.745870 + 0.951062 (LogD”H) 0.9216
logW, = -1.072607 + 0.600880 (LogD’H) 0.8521
logW,,, = -1.601333 + 0.938298 (logD’H) 0.9486
? WR = 0.00974 (D*H) **° 0.9500
YR mucronata logW, = -1.259330 + 0.935224 (logD*H) 0.9729
logW, = -1.409218218 + 0.786635 (logD’H) 0.9178
logW, = -1.246857 + 0.622163 (logD’H) 0.9030
logW,,, = -1.122568 + 0.808034 (logD”H) 0.9098
? WR = 0.00974 (D*H) **° 0.9500
¥ Bruguiera cylindrical logW, = -1.173820 + 0.890752 (logD’H) 0.9905
logW,, = -1.958986 + 0.960582 (logD’H) 0.8775
logW, = -1.398221 + 0.725531 (logD’H) 0.9466
YWR = 0.0188D"*” 0.9500
¥ Ceriops tagal logW, = -0.8446348 + 0.7468525 (logD’H) 0.9743
logW, = -2.3159916 + 1.1352985 (logD’H) 0.9596
logW, = -2.042828 + 0.746842 (logD’H) 0.9466
*WR = 0.159D"" 0.8700
" Avicennia alba logW, = -2.935441 + 1.301256 (logD*H) 0.9108
logW, = -1.264194 + 0.893776 (logD*H) 0.9953
logW, = -2.042828 + 0.746842 (logD’H) 0.9573
*WR = 1.28D"" 0.8000
" Xylocarpus moluccensis logW, = -0.867407 + 0.775906 (logD’H) 0.9484
logW, = -1.724536 + 0.959918 (logD’H) 0.9396
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Table 1 (continued)

Species Allometric equations

Coefficient of

determination (R?)

logW, = -0.518597 + 0.385954 (LogD"H) 0.8789
“WR = 0.145D** 0.9900
Y Bruguiera parviflora logW, = -0.941214 + 0.789253 (logD*H) 0.9721
logW,, = -2.132710 + 1.096157 (logD*H) 0.9101
logW, = -1.443254 + 0.752373 (logD’H) 0.8854
“WR = 0.0188D""" 0.9500
" Avicennia officinalis logW, = -1.267919 + 0.897218 (logD”H) 0.9939
logW,, = -2.712308 + 1.242563 (LogD*H) 0.8939
logW, = -2.317307 + 0.844606 (LogD’H) 0.8496
“WR = 1.28D"" 0.8000
" Xylocarpus granatum logW, = -0.867407 + 0.775906 (logD*H) 0.9484
logW,, = -1.724536 + 0.959918 (LogD*H) 0.9396
logW, = -0.518597 + 0.385954 (LogD"H) 0.8789
“WR = 0.145D** 0.9900
¥ Aegiceras coriculatum logW, = -0.917362 + 0.809971 (logD”H) 0.9256
logW, = -2.213311 + 1.021904 (logD”H) 0.8905
logW, = -1.397838 + 0.599885 (logD’H) 0.8494
“WR = 0.199p**”D** 0.9500
¥ Heritiera littoralis logW, = -1.212497 + 0.875603 (LogD”H) 0.9812
logW, = -2.750265 + 1.238747 (LogD”H) 0.9755
logW,= -2.573129 + 0.923686 (logD”H) 0.9411
“WR = 0.199p"*”D** 0.9500
Remarks: W, = Stem biomass (kg) W, =  Branch biomass (kg)
W, =  Leaf biomass (kg) W, = Prop root biomass (kg)
WR = Below-ground root biomass (kg) D = Diameter (cm)
H=  height (m) P=  Average 053t ha " (530 kg/m’)

Sources: I/Department of Marine and Coastal Resources (2016); “Tamai et al. (1986); 3/Comley and McGuinness
(2005); “Poungparn et al. (2002); ”Komiyama et al. (2005)
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Table 2 Species list of mangrove plants, habit, presence in plots and number of individuals in Klong Kam Phuan,

Ranong province

Species Genus Family Habit No of plots No of
individuals
Avicennia alba Avicennia Acanthaceae tree 12 26
A. officinalis Avicennia Acanthaceae tree 1 2
Aegiceras corniculatum Aegicera Primulaceae shrub 9 73
Bruguiera cylindrica Bruguiera Rhizophoraceae small tree ar 104
B. parviflora Bruguiera Rhizophoraceae tree 4 a4
Ceriops tagal Ceriops Rhizophoraceae small tree 24 26
Rhizophora apiculata Rhizophora Rhizophoraceae tree 116 772
R. mucronata Rhizophora Rhizophoraceae tree 85 279
Xylocarpus granatum Xylocarpus Meliaceae small tree 1 1
X. moluccensis Xylocarpus Meliaceae tree 6 6
Heritiera littoralis Heritiera Malvaceae tree 1 1
Total (11) 7 5 3 - 1,294
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Figure 2 Distribution of (a) Rhizophora apiculata, Ra (b) R. mucronata, Rm (c) Avicennia alba, Aa

(d) A. officinalis, Ao
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Figure 3 Distribution of (e) Bruguiera parviflora, Bp (f) B. Cylindrica, Bc (g) Aegiceras corniculatum, Ac

(h) Ceriops tagal, Ct
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Figure 4 Distribution of (i) Xylocarpus moluccensis, Xm (j) Xylocarpus granatum, Xg (k) Heritiera
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Table 3 Stand density by species in mangrove forest at Khlong Kam Phuan, Ranong province

Species Density (individuals/ha)
Tree Sapling Seedling Total
Avicennia alba 22 1 33 56
A. officinalis 2 - - 2
Aegiceras corniculatum 61 13 - 74
Bruguiera cylindrica 87 6 - 93
B. parviflora 3 - 17 20
Ceriops tagal 22 a4 - 26
Rhizophora apiculata 643 54 892 1,589
R. mucronata 233 27 83 343
Xylocarpus granatum 1 - - 1
X. moluccensis 5 1 - 6
Heritiera littoralis 1 - - 1
Total species 11 7 4 -
Total individuals 1,078 106 1,025 2,211
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Table 4 Importance value index (IVI) of mangrove forest at Khlong Kam Phuan, Ranong province

Species Relative density  Relative frequency Relative Importance value
(RD %) (RF%) dominance (RDo%) index (IVI%)

Rhizophora apiculata 59.66 37.90 67.45 165.02
R. mucronata 21.56 27.77 23.12 72.46
Bruguiera cylindrica 8.03 15.35 1.56 24.96
Avicennia alba 2.00 3.92 6.82 12.75
Ceriops tagal 2.00 7.84 0.22 10.08
Aegiceras corniculatum 5.64 294 0.32 8.90
Xylocarpus moluccensis 0.46 1.96 0.08 2.50
Bruguiera parviflora 0.30 1.30 0.22 1.84
Avicennia officinalis 0.15 0.32 0.14 0.63
Heritiera littoralis 0.07 0.32 0.006 0.41
Xylocarpus granatum 0.07 0.32 0.004 0.40

100 100 100 300

Shannon-Wiener diversity index: H' = 1.22
Margarlef’s index: d = 1.39
Pielou’s evenness: J' = 0.51

ﬂ'J']NWﬂ']ﬂﬂlﬁﬂ‘UaﬁW'ﬁ'ﬁmlﬁ
NNTAUIAIR IR AIINNa NI nvaans el
1ng Shannon-Wiener fiuszneauludagladlngsauau 11
$in dAMn1fU 1.22 dvdarusisisvessdnnie
AIIUYNYY (species richness) VAU 1.39 AviAy
AWLanee9¥da (species evenness) 1M 1AU 0.51
Fauanslifuiiuiirnumsanantudeuainanema
slanssasn uana1sainanmiiuilagseulasanizly
wlasdnwr wssalddvuinmdunugudnarsvuialng
flufividaunn fmsunaquieusenetiamuiuusasn
wuiud Tnstawnglsanalnama wiuldddiended v g
dedieusuiiuiiau q luuszmelng Sensundwennsma
nziauazveisldinmsmeanuly uazgandnniuviali
dunusesasnlunlas@ne lneadafdanunainvaney
v Tanssad Iaa1nnsAnwindad axlndLAsaiu
N135AN¥1v89 Meepol (2010) 111U 0.71 wanutasnin
N13@N¥1999 Chumriang et al. (2021) 1A 1.39 lag
Shimwell (1971) na131331 ArRvdAuRaInae NI
gRanssandunisuansanisuanuaiianeel’ sauds
msnIngvessianssand Loty Meimguadii
alundazviianssuddwiusulndifsstufminduine
ﬁ%ﬂmmaﬁﬂLamamawﬁmmimzﬁ@hgﬂﬂﬁw LAD1YA
uulunrazsdanssudanuuandresiuanniazdnayi
Tiasvdanuainausvessianssaasmlusouiu
INHAAIIUYANANY TN N1YTANTTUA B NS
nszanenssaildne 11 vdafinulunvasdnel Tagnis

38

Wiguiigutayaves Aksornkaew (1998) wuindguuuy
ns¥an8uyuanssuly (zonation) AsOUARUNNNGY
Bufaursueiefifinssuatu-awonimeia ausonuld
wanuag L@ aduliong udluvrsiufinulilnenis
G?J?’LJEJEJ"LWW drunatanvasaznulninia 62 uazldss
pudy drudulugavestimeauiidiingiaviauis
Bundsnsm wwnungulsilng Wingyu uagldmeuduog
Tnsomgliauuarliinsmatnfumduhdaduiuay
Snuarfiimgavhniaiulsed daludundianves
Urnglauidaduliun aznudn Sngulingyu ke
Iifmaauld wazldimeu Tuogluiiufiounds fufigs uas
dmsavhadadethiugeaavindy
wansAnwldanunsautangunssalioanidu
3 Tou il 1) Wwulsiuaw (Avicennia zone) sfiszuusin
mela (pneumatophore root) eswnuinaiidnuae
Jufwausenlu (unconsolidated zone) sanTaulufiu
i Mndsfesusumliindmionufufiosuoinia vina
51fwwhmﬁmﬂﬂ%gﬁu—aa CHRIGHD aq'iummﬁ’]awi"ﬂqm
(subtidal zone) S usaufunssaldindu ldud dash
Tnsnnsluian wazlnanislulug Tngavnuiduiiouns
nszanenssadundudnvauzadeuanynieguinume
Aans 2.) lwuliilnsnsluidn (Rhizophora apiculata
zone) Faflszuusnaniiu (prop/knee root) Litensduia
uazAdy LLazUﬂﬁaqﬂﬁﬁuixﬁuﬁmzLa \esnnidudu
lau wazusnadtieziug uduusse (regularly
flooded) Fusrutunssndlduindu ldun wauwn dad


https://en.wikipedia.org/wiki/Rhizophora_apiculata

258157UAERS e 44(1): 27-43 (2568)

Tnanaslulug widid919 warlusauns iuridad i
nsnsraeuifisduidinnnntu 3) leuanalddauas
lﬁngu (Bruguiera spp. & Xylocarpus zone) Faflszuu
ey (buttress root) ¥383¥UUTINUNG Lﬁ'mmﬂag
Vinaiuuds vsnadihasviudsldaiase (irregularly
flooded) Fusaufuiugldaidng u ldun waush
Tnsnnsluian Tnennelulug waguseulnnzia lned
s Wusdniusilaneudsdudien dsluloud
azfianunurudunan ndifestudav1s venaini
\feftansannisnszarsvesiuglifluauleui naaun
agnuanilnenisludn wazlnenislulug uldinu
ﬂizmwumﬁumamquﬁuﬁnﬂhu (Figure 5) 17niie

¥

ovay 81.22 etaziuldinlaulilnenne Rhizophora
fifyianuaiianenisviadeutreiinimnley e
wirdy 0.23 Wumsizbillnsmaduldlinusy e
¥auuas (light demanding) vinlsignliffiegduanslai
annsawiauduinlds werlfvladuildinunsnuine
e fsrururdageudfufinnsnssanglaundnyli
anuasianeligwnumieulsudy 9 uazdwinlviadui
aumaineiadeelusne saudaderhnsinazin
AANLUTUTIU (ANOVA) 9891783901530 WUd1
W 3 Tou upnAusg 1Nl ded1AYN19aaa (p<0.001)

PasnadinbenufuLarlanu (Aawandbu Table 5)

Table 5 Diversity indices and biomass according to zoning of plant species in the Khlong Kam Phuan, Ranong

province
Avicennia Rhizophora Bruguiera & Xylocarpus

Diversity index

Shannon-Wiener (H') 1.28 0.57 1.05
Species richness

Margarlef’s index: d 0.69 0.95 1.19
Species evenness

Pielou’s evenness: J' 0.53 0.23 0.44
Total Species 5 6 9
Biomass (t ha™!)

Above-ground 234.59 342.04 388.66

Below-ground 41.32 93.09 114.78
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Figure 5 Distribution of plant species and density zonation in Khlong Kam Phuan (A) sub-plots according to tree

species zonation (B) number of species in each plot (C) number of trees in each plot
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Table 6 Biomass of mangrove species at Khlong Kam Phuan, Ranong province

Below ground

Above ground biomass Total
. 4 biomass .
Species (tha™) 4 biomass
(tha? (¢ hal)
Stem Branch Leaf Stilt root Total Root
Avicennia alba 12.99 8.84 0.32 0.00 22.16 1.574 23.73
Avicennia officinalis 0.16 0.12 0.009 0.00 0.30 0.058 0.35
Aegiceras corniculatum 0.28 0.03 0.002 0.00 0.33 0.184 0.51
Bruguiera cylindrica 1.77 0.48 0.33 0.00 2.59 0.009 2.59
Bruguiera parviflora 0.05 0.03 0.01 0.00 0.10 0.0003 0.1003
Ceriops tagal 0.18 0.06 0.03 0.00 0.28 0.120 0.40
Rhizophora apiculata 120.76 ~ 53.88 10.26 66.78 251.69 73.23 324.92
R. mucronata 49.11 8.78 2.82 20.71 81.45 25.32 106.77
Xylocarpus granatum 0.003 0.0011 0.0014 0.00 0.006 0.005 0.01
X. moluccensis 0.07 0.03 0.01 0.00 0.12 0.154 0.27
Heritiera littoralis 0.005 0.0012 0.0010 0.00 0.01 0.003 0.013
Total 185.41 72.28 13.82 87.50 359.03 100.67 459.70
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ABSTRACT

Classification of recreational opportunities involves defining recreation based on differences in recreational
environmental elements to provide visitors with a meaningful recreational experience that satisfies as many of their
needs as possible. The objectives of this study were to study the recreational settings and to classify the recreation
opportunity spectrum (ROS) of the recreation areas in 6 national parks at 24 sites in Tak province, Thailand. The
indicators used to classify the ROS classes were composed of 7 groups: access, remoteness, naturalness, social
encounter, visitor management, facilities and site management and visitor impacts. The indicators were collected during
November 2022-April 2023. A logistic regression equation was used in the analysis. Based on the results, most the
studied areas in the national parks in Tak Province were categorized as modified natural area (MN; 41.67%), followed
by values that were similar for the primitive area (P; 25.00%) and semi-primitive motorized area (SPM; 20.83%).
Considering the national parks according to the ROS: 1) most recreation areas in Lan Sang National Park were classified
as semi-primitive motorized (SPM);. 2) the areas in Taksin Maharat National Park were in the SPM and primitive (P)
classes; 3) the areas in Khun Phra Wo National Park were in the modified natural area (MN) and P classes; 4) most areas
in Mae Moei National Park were in the MN and semi-primitive non-motorized (SPNM) classes; 5) most areas in Namtok
Pha Charoen National Park were in the MN class; and 6) most areas in Doi Soi Malai National Park for Petrified Wood
were in the SPNM class.

Keywords: Recreation Opportunity Spectrum (ROS); National parks; Tak province
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Figure 1 Map of locations and boundaries of six National Parks in Tak province

dmuiadeadolunisdrsratoyanianieninly
aauy Ak AmaeneeInIa LLmuﬁqﬁUisz 130
Mvuafinanendaans (global positioning system, GPS)
qﬂﬂiai%’ﬁmﬁuﬁ \wSestiusiuan ndesdenm Luude Uy
dwSuaeunumsiuivesinveaiisasetedouindendiy
ununmsvmedeny edosroninnes waglusunsudisagy
Tunsiaesidoya Inedismsfnundsd
AMsfvunYeULAYDILAE sifunuInsuazAad Talu
n15Anw

dsnaniniialuresilufiuag fnunvouLALYas
ﬁ’uwmmwaqqmmwwwﬁ‘ﬁq 6 wiis lngnnunala
AsauAguUINAA T uguMIneInIvdn (key resource)
wiazUsziand nului ufi dnw do 1) dhen 2) g
3) dinfeunievntifou 4) 3auai uae 5) uneding
s39u91R s1uduinandumadiie Auiivinisgundeu
uaruiisssumnaidensougiundwenslusadl 100 wes
Tnglddoyanindenisonnia unufigivszina uaz GPS
Flunrsd@nuiadad Idmuuadad Tauazinueii 14y
finrsannisivun ROS sanilu 7 ngu e 1) nsidhds 2)
anuvidlna 3) mnandusssued 4) menuuyiinvieailen
na'wd u q vuzUsznoudanssudunuinislud ud

47

5) A5TANISUAYENLT 87 6) A IEIUIBAUAZAINUAY
N15TANISAUR wa 7) $99500HANTENUIINAINTTY
Tnvieadien Fad1985n Tanakanjana et al. (2006)
nsdsradoyaniuiadie

1$33n15d5aauas vt oyaniudadin ROS
w7 nau el

1. MSESNUR fmuanasinsTannsEn g e
neufawnasiunuinislusser 1,500 wnsienisiddeya
PNNSWUANINEEN90INA wagnsasIanmauulagly
\389 GPS

2. Aunalna #197958 88119 uRaIUNUINTg
fuusnaiiflounmuezdyasiagldiaios GPS

3. anandusssuwnd 14 6PS lunswuneveuaiiui
Aflnnswaun Wemuinmdndiuiiufisssumanmdely
YDULUALNAITIUNUINTT

4. Tenalunisnudegyau ¥n153an153U3 ves
Unvisafiensousunatnvieufierinulufiuilfunuinis
Weatu Tnelduuuaeuniududnvieadiens $9uau 400
Freg1s nszanandudndiumusuiuinvendiendiluideu
greTuLARusazue e 6 wie Sauuvasuaudildtiny
mﬁmmaau@mmwiudqumaammLﬁmmm%uﬁamuaz



Thai Journal of Forestry 44(1): 44-56 (2025)

Adlassadlandiderrig mnduhluviniseaoudeu
\Audayansa (try out) Audnviesiierdiuau 30 Mee
thuannudesiulasnisiesgsiadulssans sasin
299A50UUA (Cronbach’ Alpha) léawwinfy 0.917 Fafle
Idanrudestugundnivins andulldlums
Hudeya andumnisfudeyadienisauiaog s
dnvioaiieniifienglivesni 19 U Anvluusazgyneiu
Wi Anaenszezanidniniuteyaniaauy Yrufou
WeARNEY 2565 — Wy 2566 wahaildluudasitud
WisuiuAsziumanasifiesds

¥ '
=]

5. 309398NANTZNUINAINTIUNTITUTE Tl iy
vosdnviondien 1iud Usinauey sesseensinidnald
Jess08msTaidiou Uiinasnlifiluaiuianu Taeifudeya
afafnfioussifiuanmildueyaie m vazdu 1938013

AUNALATNITATIVIALALATS

€

6. AIEIUILAILAAINLATANINNITIANITUNES T4
Bsdrmasniusiviukaslssinnaseivisauaraind
fluwnasunuinig wieUszfiuliassdunisiawiniy
WNUaITIEN9B

7. m3damsifnvieadien T nsdrmanasniusiuau
Fousziandeluvoulunrosuna s unuInig waavh
nsUszfiuliassiunisemuaudnvioniien via 2 2
fo auaumenssladvind uagaruauniedoulagld
TWsunsudoaumung

nounsunuadoyaluannisvesusasiag Yaild
NENNAUT 39 28vn1sARAIUIMYNRAT Tageaniu
WesidudvesmnuaidgluidadSeuiieu (relative
importance) deUszgnaldanivesidudvesanuddnves
i ¥adeslumsussdiutasulemadudununnisussan
w32 910 Tanakanjana et al. (2006) uazthendilaunly
Tumssadasdulonasiudunuinig 5 ¥2edu Jeusas
UszLanunasiununnsfaziivisaruuuiinnlundaydiedy
Tomamutiununnisiunnseiy
nsAATIvidaya

ihdayadildanmsdisanmdidTava 7 ngu an
Uszllulngldaunisannealadadn (Tanakanjana et al.,
2006) Tngin3esneufinmed wazlusunsulunisiasiset o
aumsh

ROS =3.672 + 0.462X; + 0.677X2 + 1.073X5 +
0.483X4 — 0.162X5 + 0.303Xs + 0.189X7
gl Xi = nsundeiiud
X, = Auinalna

Xs = AAJUsIIUTR

Xa = lamalunisnuzgau

X5 = 994508HANTENUIINAINTIUNS LU ST eV
Xs = ANBIUILAUALAINUAZENINANTTANITUNES
X; = nMssanstinvioaiien
TnefinaeinguunskUINgd ROS ¢4 Table 1

Table 1 Score ranges for classification of recreation opportunity spectrum (ROS) of recreation areas in national parks,

Tak province, Thailand
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Table 2 Results from recreation opportunity spectrum (ROS) classification of recreation areas in Lan Sang National Park, Taksin Maharat National Park and
Khunpawor National Park

ROS indicator

. Classification ROS
Recreation area Social Visitor Facilities and site Visitor
Access  Remoteness Naturalness score class
encounter  impact management management

Lan Sang National Park

- Pa Lad Waterfall 1 2 1 4 1.5 2 5 9.891 MN
- Lan Raeng Ma 1 2 1 4 2 5 10.113 MN
Waterfall

- Lan Sang Waterfall 1 3 2 2 1 1 3 10.075 MN
- Pa Pueng Waterfall 4 3 5 5 25 5 5 17.476 P
- Pa Noi Waterfall 4 3 5 5 2.5 5 5 17.476

- Pa Tay Waterfall 5 4 5 5 25 5 5 18.615 P

- trail (Lan Sang 1 2 2 4 2.5 2 4.6 10.726 MN
waterfall)

- trail (Pha Thae 1 3 3 5 2.5 2 4 12.846 SPM
Waterfall)

Taksin Maharat National Park

- Ton Krabak Yai Trail 1 3 2 5 4 3 34 11.720 SPM
- Pang Ah Noi Waterfall il 3 5 5 2.5 5 3.6 17.211 P
Khunpawor National Park

- Khunpawor Trail 1 1 2 5 2 al 32 10.955 MN
- Khun Phra Wo

Waterfall 5 3 5 5 2 4 5 17.716 P

Remark: ROS class = recreation opportunity spectrum class
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Table 3 Results from recreation opportunity spectrum (ROS) classification of recreation areas in Mae Moei National Park, Namtok Phacharoen National Park
and Doi Soi Malai National Park

ROS indicator

Classification ROS
Recreation area Social Visitor Facilities and site Visitor
Access Remoteness Naturalness score class
encounter  impact management management
Mae Moei National Park
- Mon Kru Ba Sai 1 1 1 5 2.5 4.2 9.687 MN
- Mon Poonsuda 1 1 5 2.5 4.2 14.282 SPNM
- Mae Ramoeng
1 1 5 5 2.5 4 4.2 14. 282 SPNM
Waterfall
- Mon Kiw Lom 1 1 1 2.5 5 9.838 MN
- Mae U Su Cave 2 2 2 2.5 4.2 12.202 SPM
Namtok Phacharoen National Park
- Hot spring 1 1 1 1.5 5 9.697 MN
- Namtok Phacharoen 1 1 1 4 1 4.6 9.219 MN
- Namtok Phacharoen
2 1 2 5 2.5 4 4.2 11.525 SPM
Trail
Doi Soi Malai National Park
- Petrified Wood
1 2 1 5 1.5 1 5 10.071 MN
Fossils
- Doi Soi Malai 5 4 5 2.5 4.2 18.464 P
- Doi Soi Dao 5 4 1 2.5 4.2 13.689 SPM
- Doi Luang Tak 5 4 3 1 5 16.229 SPNM

Remark: ROS class = recreation opportunity spectrum class

(8992) 95-vv (1)bv BUjEVELMMELLIELE
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ABSTRACT

Conservation and expansion of green space in city areas not only provides aesthetic value but also has
ecosystem values. This research assessed the diversity of large trees and evaluated the carbon storage capacity
in their biomass. The study was conducted in three areas, totaling 16 rai (2.56 ha) within the Faculty of Agricultural
Production at Maejo University, Chiang Mai province, Thailand. The data were collected using a tree census
survey that included the trunk diameter of trees with a diameter =50 cm and total tree height measured using
laser rangefinder. The amounts of biomass and carbon storage were calculated using allometric equations. Based
on the results of the study, there were 33 species of trees from 29 genera in 15 families. The total basal area of
the 424 trees surveyed was 40.48 m’. The species diversity value according to the Shannon-Wiener index was
2.64. Dominant plant species included Lagerstroemia macrocarpa, Dipterocarpus alatus and Lagerstroemia
speciosa. Of the 33 species identified, 31 were on the IUCN Red List, with 1 species being Critically Endangered
(CR), 2 species Endangered (EN), 2 species Vulnerable-(VU) and 26 species with Least Concern (LC) status. The
total biomass was 335.67 t mostly contained in the trunk (271.82 t). The total carbon stored in all plant species
was 159.23 t content of 583.84 tCO..

Keywords: Green university; Plant species status; Urban forestry
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adalladenaliussmalneannsadnguanysunanis ) o
A3AnuluASIHE ANy lataani Ui v Ave

YapsMasaunseanngldnalnniswauniiazens (clean 3
a a U g Y @ U a 1
ANENAANTTUNITINYAT U1 INe1dewls Taninlealny

development mechanism, CDM) waglasuniladaiuses , ) e
Luaﬁ'ﬂqﬂLUuﬂmgwaﬂGUB\TNVﬁ’QJ'V]EJf]aEJLL@JI?]V]@J‘WUWQLLalI']ﬂ

USunaufnmseunseanfianls (issuance of CERs) F9dana
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NUNFANW
N UN AN IUN UNAUTHAANTTUNITLAYAS
1Inendendls Sariadesdnyd Tnednunovun 1615
wUNdU 3 WUD AINNITHUIVRIUUAD 1) Wuh ANy
Aanswazmalulad waznisuavIvils (zone 1)
193U 6 15 2) Jgudnsaulnduns 200 T 31uau 4 15
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6 15 (zone 3) (Figure 1)

Sustainable Maejo Agro-Tourism Trails

C]ick'for virtual tour
Click Il for panorama view

Map of survey zone in Faculty of Agricultural Production at Maejo University

Figure 1 Map of 3 zones in study area in Faculty of Agricultural Production at Maejo University, Chiang Mai province,

Thailand

mstﬁu%’agamﬂamu
nsiudeyanuunisd1sivnnuaInateves
wssalliluiuiinandnnssunsinens aminendouls
Jamdadedlul are38dmzluussvinsvesdauldd (tree
census survey) lagn1sdrsaanaiuit luiuilfianuise
Hudunud alunisussduandausiavesdsnuiiy
Faunild $auan 3 fufisaaiiown 16 13 (fushedasls
Fururalng 7 flvunduseuisinnidd 50 wufiuns)
(Regulations of the National Forest Reserve Utilization
Consideration Committee, 2022) Lﬁuﬂayjamuﬂmﬁuﬂm
Augnasveslidulaemuindurugudnalauasidu
59U (diameter tape) §%8 PROMA ETC. §u LEO 250
uazianugslnendesinszey (aser rangefinder) 8%e
Nikon 5'u Forestry Pro l Usginad U u s1uunuas
nsraaoud onssaldlneldniteded onssalduns
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Uszwalng (Pooma and Suddee, 2014) LLazisu%amq
WYNWANEAT ANENT AU DNTTUNYNWYIA LIS
Uszndlny (Flora of Thailand) WagnsI19@8UADIUNN
WY UUgTuman1y The IUCN Red List of Threatened
Species (2012)

nsaTeidaya
AaszsiARvianuraInvateves bl Auidvun

L UTBUIININNT 50 LYURLUAS A8 Shannon-Wiener
Index %38 Shannon’s Index (H) m138n15v84 Shannon

and Weaner (1949)
S
H=- Z(Pi x InP)
i=1
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1ng H' = AR AIIUTAINRAN8u89 Shannon-

Wiener
P = dadusemined uIuaubivied i sie 31U
guliiaunluwlas

s = snnueialiimualusasiine

N1TILATIZREIRUNY MIUTTN15ANYIV89 Marod
and Kutintara (2009) ngnisirdesadilédainnisdisg
fuasmeansig o fsteluil

1. AUNUILUY (density, D) B F1UIUNTTUN
yislasonaeiud fgnslunsdunmdsd

uuAuYasivriatuluwlasiiegns

D= RS -
NUNTILVDILUBIRIDE19NAN®EN

2. eI uN i ave s ulddn1sAiuIn
AU UT VU 1F AUDINTTUN VWA a¥A Y (basal area)
(M1319URT)

. TIDBH?

DY ]

NUNNTAAVDINTTUNY = ———
a

mMsUszdiunatanmimilefuiu (@bove-ground
biomass) Nl ¥l anssaulaiwanlyu (deciduous plant
species) fuanuIadanmmilen uiuseduvedlsidu
Tnglfaunisuealawnsfildlunisiuanvidalindaly
Tdaun19v93U L UyaINTIUYDS Ogawa et al. (1965)
PENNIT

WaTINEIUEIAU (Ws) = 0.0396 (D°H)*7*
AT wEnis (W) = 0.003487 (D?H)"%%
wmTIn el W) = (28.0/Wtc + 0.025)"
atinmausin (W) = 0.026 (D°H"'"”

sdaladlunanluldannisvesU1fund sveq
Tsutsumi et al. (1983) AIaNn1s

WaTInEILEIRY (Wo) = 0.0509 (D*H)**™

waTnnauAs (W) = 0.00893 (D°H)*"

watnwmanlu (W) = 0.0140 (D°H)*”

waTanwaIusIn (W) = 0.0313 (D°H)"*”

Tnesnaadan e WT=Ws+ Wb+ WL

3. 9y an133ATIEY NN NeT AL T-VERS-

TOOL-01-01 version 01 Wag Intergovernmental Panel
on Climate Change (IPCC, 2006) lainuai1ussunu
$amay 47 vunadinmvassuldiduasueuy Jaflaunis
At

CS =GB x 0.47
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1o 0.47 e Zewaz 47 Tnthwinwesimiinus
YDIUIATININ

Ing CS Ao NsiniuASUau

GB A8 watanniaunvesiulsl

4. nmseulnUsuaatsveulneanlenifisuin
(CO, equivalent) [unasmvesUSunamsiniiuasuey
YDITEUUU LA (ecosystem carbon stock: EC stock)
AuseAdadusEnitemsvaulasenled (CO.: 1A
luana = 44) uaganiueu (C: waluana = 12) Ae 44/12
#5 9 3.67 (Community Forest Management Office,
2014) I¥aunseiet

COZ absorbtion = ECstock X COZ CF

108 COzabsobtion = UT 18N 150, A4y
asueulneenlanvesszuuiivag (tCO.e/l5)

ECstoa = USHaumsiniAvansuauvessuuiliog
tc/19)

CO, CF = Adndiusyninemsvoulneanlanuay
ASUBY %30 44/12

5. Auan1sAIRNIsalA1s ol avaulud ulyi
diamutulusioly Tngldrnarnadenunisseaumes
Thailand Greenhouse Gas Management Organization
(Public Organization) and Faculty of Forestry (2011) R
fgnnsgeduiwansveulnesnled wiriu 9.5 Alansu
fofusol

6. N3UsEAUAIAISUBULATAR (carbon credit) A
Usunaufneansuaulaeenlesiinifuludulsannsade
11eld el derluldwnauusinunisudesinmiou
N3LINTUNAINAINTIUAN 9 LYU mimemzyﬁﬂﬁuﬁu
Tulsanu seannserunivug n15UsiduyadInsin
Huafueulaglds1a18198991n59A 989N 58 0918
ANT UBUS18d Un1v (Thailand Greenhouse Gas
Management Organization (Public Organization), 2022)
natanaadaslalusguaianeside (U.S. California Carbon
Market) LlU®18U W.A. 2565 AALYINAU 31.47 avaals
ansy/dunrsveulaeanles wie 1,142.36 v/du
msuaulaoenlas (1 neaarfansy fielasideiiiiy
36.3 UN) Gt’faagjaé“mwLLaﬂLUSauﬁusmﬂﬁzmﬂimma?a
sneFuluLiouluwiey 2567 (Bank of Thailand, 2024)
TngluiitasUsuiugadannisaanisaladuoudiazay

'
a

Tusuldiamuiuluden 4 lnefiarsananlsulusn 5
Ydamih (2572)
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NALAZ I

153981309 Aruvainviiavemssallidlng uay
asiniAuasveulusnatinmvesiuld Tuumiine de
waily Sandaaesludl

nansideutsoondu 2 @ fdl

1. @01un N wazauaInvinvesdulilud ui
ANZHARNTIUNITINGEAT UNTINEF8LULY Jarinedlng

2. US1nauveaniadnnn waznisiniuasueulu
Fuliluiuil psnannssunisinens uminerdouslly
Janindesln

P X A
danunnvasdulslunun

91nn15as19an un1neeaU bl lud uit Ay
NARNTTUNITLAYAT UMIINIFBUULY D LnodUNsIY
Farodeodlu Tuslasiegeiilfusunudisiasiuy
3 9udl Taun Tsudsaeiniivaansuazmalulad Touin
Saulnduns 200 U waglouanvivniann wuvialdny
(tree) Mupsiusznevvessdnlsluiiuiidnesimun 33
wiia 29 ana Tu 15 29 Anduiuiividatamueluiiui
599 40.48 11519185 Inefisruruduiidrsianutanun
424 sy TA1ANUVAINYIAMINENTUBY Shannon-Wiener
Index ¥§ @ Shannon’s Index (H) 1My 2.64 waziile
15 udydniseysnynuanIunIniigszdulan
(IUCN Red List of Threatened Species) Wu 30 ¥in
(Appendix table 1) faif anunnlndgaiug o198

(critically endangered, CR) 1 %t laun Wee (Dalbergia
cochinchinensis) aaun1ninageyiug (Endangered-EN)
2 wila lawn UseqUn (Pterocarpus macrocarpus) Wag
#n (Tectona grandis) an1un1niluudliulndgyiug
(Vulnerable-VU) 2 wiin laun weees (Shorea roxburchii)
waze19u (Dipterocarpus alatus) d@arun1wduiia
ﬁ'aﬂﬁlqm (Least Concern-LC) 26 4ila laun nsgviou
(Sandoricum koetjape) muf\ﬁ (Albizia saman) Fivdn
U1 (Senna siamea) AU (Cassia fistula) 31U1 (Magnolia
champaca) YU kAWMLY (Syzygium samarangense)
YU Wus Mweg (Tabebuia rosea) Autda (Alstonia
scholaris) nsgaeluunay (Ficus benjamina) Wen¥
(Albizia lebbeck) Wna (Mimusops elengl) g U1y
(Tamarindus indica) 1gnsne (Pithecellobium dulce)
uzvruteu (Phyllanthus emblica) 1zALA (Sindora
siamensis) widuwe (Syzygium cumini) Tanih (Saraca
indica) @auwnegia (Casuarina equisetifolia) d¥iLm1
(Azadirachta indica) MNUH‘QJ‘GN‘%;G (Delonix regia) WUN3
(Peltophorum pterocarpum) 89131 (Hevea brasiliensis)
uzganmillulney (Swietenia macrophylla) Uu Millingtonia
hortensis) Suvilath (Lagerstroemia speciosa) kagduvitaun
(Lagerstroemia macrocarpa) Waglinutydniseysny
puan unIMAYsEaulan (IUCN Red List of Threatened
Speciesy 2012) 2 ¥1a lawn nzglnul (Diospyros
rhodocalyx) wazazlunu (Lagerstroemia floribunda)
(Figure 2; Appendix table 1)

1 species

78.79%

Bl Critically endangered g Endangered [ Vulnerable

v

y

Least Concern [ other

Figure 2 Statistics on IUCN red list of threatened species in study area, based on IUCN (2012)
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Tnganunsnussenesineasonsas v fiudifl 3 wurdaliiaman 10 ¥ 9 ana Tu 6 29
i 1 wurlaliionun 25 wia 21 ana lu 15 fifufinthdinsauiomn 11.61 pauns nudwaudud
2 Suiivisasutomn 17.61 ms1euns wusiuau dsaanutianun 145 fu wazdlA1ANUaINIARINENS
Futdrsranuiioun 176 #u wariliaumanneiani 294 Shannon-Wiener Index 1Ay 1.62
@n3ves Shannon-Wiener Index ifiu 2.62 W 8 9150179A LA WA TINIUA UM (total
o909 A BAINT WA UTI (total number number of species) 3 29 Wsn laun 29f AzLUN
of species) 4 19Ausn oA WARLLUN (Lythraceae) 1981 (Lythraceae) 19# 813 (Dipterocarpaceae) haz 33 da
(Dipterocarpaceae) 132 (Fabaceae) uazIad neLns (Fabaceae) lngiliUosidus sauvesdiurnisdiauvingy
(Lamiaceae) MuEIdU Jovaz 66, 17 uag 12 aua1iu
Wl a5 A uanTIuIudagay (total
species of family) 4 29d usn laun 29 azuun Usinauvasanadanin msinifiuandusuluduliluiui

(Lythraceae) 749 814 (Dipterocarpaceae) 14 1 ©
(Fabaceae) Waz19Anzing1 (Lamiaceae) Inadilosidud
SAVBITIUIUNAAUYINAU 33, 24, 24 waz 7 Wasigus
AIUAIAU

v P
]

AU 2 wudaldviaonun 15 vlia 13 ana tu 9

v v
d DY) o

29 ANUNUTNAATINANA 11.46 H1TIUUAT WUI WU

Fufidrsranuiaeun 103 fu uazdAranunainsdany

gnsued Shannon-Wiener Index Wiy 1.95
WeRasamedmuanswaiususiu total number

Usunauuladanimnaznisnninuanfuauludulsl

USuaunatinnlussausenauveanssald wuin
JUSUNaTININTIU 335.67 U (131.12 AumBlEnAIs)
FeludruresdduiuTunanatanmanndian winfu
241.41 & (94.30 Furolanad) sesasududiuvesia
WinAU 58.21 AU (22.74 AumelenmIs) @auveesin 30.44
fu (11.89 Aumelannis) wagdiuvedlu winnu 5.61 au
(2.19 FuABLENATS) AUAINU

USunaanadininvesriialed wuin Usuiuuia
Fanmveeiuslalud uil anzadanssunisinuns
uvAnendoulld Smindedminnniign 5 Suduinldl

of species) 5 19A wsn LA LA 29A 819 (Dipterocarpaceae)
AU (Moraceae) 19Angviow (Meliaceae) 1dnzuuN
(Lythraceae) wagdnzins1 (Lamiaceae) AUAINU

defiasamedinuanduaueingu Gotal spedies lefun 8unilaun (Lagerstroemia macrocarpa) 879w

of family) 5 29# Lsn T wn 23819 (Dipterocarpaceae) (Dipterocarpus alatus) & und auw’n (Lagerstroemia
29AvYY (Moraceae) 23dnz oy (Meliaceae) 29Anzuwun speciosa) uxgonmil (Swietenia mahogany) uazuuns
(Lythraceae) Lagasdnzing (Lamiaceae) lneililosidusd (Peltophorum pterocarpum)wiiu 24.50, 22.64, 14.54,
SIVDITIUIUNA AU USDEAE 38, 22, 15, 6 WAL 6 10.27 uay 9.59 fiusiolgnmns muadiu (Figure 3)
AUAGIU
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9.59 t/ha

10.27 t/ha

14.54 t/ha | o

. Lagerstroemia macrocarpa . Dipterocarpus alatus . Lagerstroemia speciosa

. Swietenia macrophylla

24.5 t/ha

- Peltophorum pterocarpum

Figure 3 Tree biomass content based on dominant tree species in study area

asiniuasveulussrusenavveswialdl wui
dn15AnLAUAIS UBUATNSIN 157.76 Hu (61.63 AusD
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Wity 1.02 fusewnms smudsu wazdliemual3une
A1suaulaeanlaniiautyin (CO, equivalent) 1Ay
578.99 fu viseAndu 226.17 dudelanmg

deRiansannisiniuatsvsuvesusaziale
wuia fnsdnifuans vouvesdalslui ufl Aus
NARNITUNITAYATUMIINESoUULY Saniadeslind
uniign 5 susuridnusndsaenadesiuulaiinm
lawn sundaun (Lagerstroemia macrocarpa) 81911
(Dipterocarpus alatus) nséiegluwan (Ficus benjamina)
Sundau (Lagerstroemia speciosa) hagugganniil
(Swietenia mahogany) WinAU 11.51, 10.64, 6.83, 4.82
LAz 4.50 AURBLENATS ANUAIFU

namsanulagsaunuin lufiuidnudlddugu
Wavue wavue 33 v Andufiuivedasteualuui
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591 40.48 m319ns Tnedisuauduiidrsaanuiiomn
424 du viedndunrunuiwiuads wiadu 141 fu
(Table 1) Weiliil psandulivraduiinnsunndrdula
iesangninily vuziufuiidnuusmangnuaans
wuttude dnisuanardudunatsuns lldidudidu
W 9 Gaeduldivinstumeianuuiuduiifinais
wauidu 1 #w) lisudurdafinuunniiaaluiuiiaus
NAMNTINNTTIAYAT UMINe1aoLdld Tandadeslud
Teun Suwilaun (Lagerstroemia macrocarpa) 37U
109 fu so9a3uL0 ugnsun (Dipterocarpus alatus)
$au 69 fu dwduldBuiuaiindu q dalwgnulddes
191 40 fu W usundaun (Lagerstroemia speciosa)
U 39 AU WeuU (Shorea roxburghii) 31U 35 Al
Insdegluwnau (Ficus benjamina) 31U 27 AU way
wzgennil (Swietenia mahogany) 37uau 16 fu 1udu
LLazﬂ'ﬁmmwmﬂ%ﬁﬂmuqmmaq Shannon-Wiener Index
Wity 2.64 Sefienfimnumainialussiuuiunans



Table 1 Quantitative ecological values of plant species found in Agricultural Production Faculty area, Maejo
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University Chiang Mai province, Thailand

Area Number Number Density  Basal area H' Total biomass CS

(ha) of species  of stems (trees/ha) (m?) t, (t/ha) t, (t/ha)
1 (0.96) 25 176 1,145.83 17.41 2.62 54.33,(52.16) 25.54, (24.52)
2 (0.64) 15 103 1,005.86 11.46 1.95 68.00, (43.52) 31.97, (20.46)
3(0.96) 10 145 944.01 11.61 1.62 36.90, (35.42) 17.34, (16.65)
Mean 141.33 1,031.90 13.49
Total 424 40.48 2.64 159.23 (131.12) 74.85 (61.63)

Note H' = Diversity Index (Shannon and Weaver, 1949)

CS = Carbon storage in biomass

nsUszfivyarinisiniuansuauvessinnssalld
9INRAN1TIATIZRNIsANAUAIS vaulugUNIa

Fanmnlonuauveslddusunmualulgiufel 2567
NUN AMENARNTTUNITLNEATIIUIUN 99UUA 33 ¥in

'
a

7 74.85 fumpiunvanua (16 15 S8 2.56 L8nm1S) %38
Andu 61.62 AumaLann1s 11 oAU IMMIUS U
Asuaulaeanled Wity 226.17 duarsusulneanlene

D

B¢

wnand waviilepinnisalannAed sns ud uves
msiniiuasueulaeenlaniudn 5 Ut (w.e. 2572)
mansaindulsinaluiiufinasndnnssunisinuns 424
futfu fnsdnifuansuoulneenladdiudu 20,140
Alan3u 39 20.14 du Andu 7.87 dudeianang
UixLﬁugaﬁwimEJé’wﬁqmﬂsmmmmmﬁyﬁﬁma
AT UBUS188 Ua1Y (Thailand Greenhouse Gas
Management Organization (Publc Organization), 2022)
nannradaslalusguadnesiiy (LS. California Carbon
Market) TR MU 31.47 Aoaalsans gn ofu
Asuaulneanlen e 1,142.35 umasnuAsUsUlaoen
lust (1 aeaansansg fidlaviadowindy 36.3 vm) Joya
SnsuanUasudusisUssinalasadsseduluiou
W®IBU W.A. 2567 (Bank of Thailand, 2024) wu3lyasn
amsnuiuatsveulaeanledainnisananisallud
w.et. 2572 vl B udur snuad it ud ulun udi A dnw
fyariniu 23,006.93 U vi3e 8,987.08 UMsBLENANS
nan1sAnwriaunainvieaveanssalilvg wag
nsinAuasuevlunatinmvesdulsl luilufinusnan
ASUNISINEATHNINENaewllY Jeninlealuid wuuldly
wasdsaiege 11 3 HuiiveInuENEANISUNISINENS
soutanun 16 15 wu3n Srududulsuasdnwazng
dnrvendauuandafuluusaziiuiiagulés Table 1
Fanvin Aufiil 1 d8nwazdaTiiasag 9 uniige
wsgldBuduiinulufiud v dienumunugs uas
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wuseases (NMsugniluun-wwidaiau) ﬂuaﬂmsﬂqmﬁu
voswialslinsiu 19y 9913 (Albizia saman) wagaza
(Tamarindus indica) WJusiu 3efidndrueswdanuglil
wnndiuisy 9 wona Nl Sy Ruitd 2 dd1ua
Srdudeniian WoiSsudioutu Auiifl 1 uasiuifl 3
wadSuausdalduinnduif 3 ieswniiuii 2
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FanIAN1aUY3 (Boontoon et al., 2020) wirfiu 246.11
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natmfuarsventesduldlui ufilassnisoysneg
WugnssuNswazAudnigunluumingrdoniwdy
(Wufiuu) (Termwut and Chaitieng 2021) Fduiu
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Appendix table 1 List of tree species found in all study areas in Agricultural Production Faculty area, Maegjo

University, Chiang Mai province, Thailand

Family Scientific name Condition (IUCN)
Apocynaceae Alstonia scholaris (L.) R. Br. LC
Bignoniaceae Tabebuia rosea (Bertol.) Bertero ex A. DC. LC

Millingtonia hortensis L. LC
Casuarinaceae Casuarina equisetifolia L. LC
Dipterocarpaceae Shorea roxburghii G. Don VU
Dipterocarpus alatus Roxb. VU
Ebenaceae Diospyros rhodocalyx Kurz -
Euphorbiaceae Hevea brasiliensis Muell LC
Fabaceae Senna siamea (Lam.) H. S. Irwin & Barneby LC
Cassia fistula L. LC
Albizia saman (Jacq.) Merr. LC
Peltophorum pterocarpum (DC.) Backer ex K. Heyne LC
Pterocarpus macrocarpus Kurz EN
Albizia lebbeck (L.) Benth. LC
Dalbergia cochinchinensis Pierre CR
Tamarindus indica L. LC
Pithecellobium dulce (Roxb.) Benth. LC
Sindora siamensis Teijsm. ex Mig. var. siamensis LC
Saraca indica L. LC
Delonix regia (Bojer ex Hook.) Raf. LC
Lamiaceae Tectona grandis L. EN
Lythraceae Lagerstroemia floribunda Jack -
Lagerstroemia speciosa (L.) Pers. LC
Lagerstroemia macrocarpa Wall. ex Kurz LC
Magnoliaceae Magnolia champaca (L.) Baill. ex Pierre var. champaca LC
Meliaceae Sandoricum koetjape (Burm. f.) Merr. LC
Swietenia macrophylla King LC
Azadirachta indica A. Juss. LC
Moraceae Ficus benjamina L. LC
Myrtaceae Syzygium samarangense (Blume) Merr. & L. M. Perry LC
Syzygium cumini (L.) Skeels LC
Phyllanthaceae Phyllanthus emblica L. LC
Sapotaceae Mimusops elengi L. LC

Remark: IUCN = Global conservation accounting for plant status, CR = Critically Endangered, EN = Endangered, VU

= Vulnerable, LC = Least Concern
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ABSTRACT

A landslide is a natural disaster caused by the rapid movement of a mass of soil or rock down a slope. This
phenomenon is influenced by slope and heavy rainfall, which act as catalysts for landslide occurrence. Currently,
land use on steep slopes, particularly in high—quality watershed forests (classes 1 and 2), is an important issue.
Primarily, such conversion involves the encroachment and clearing of upland forest areas for monoculture farming,
especially for crops. Climate change and increased rainfall affect the amount of moisture and the area's ability to
hold water. This study focused on the application of the antecedent precipitation index (API) for assessing landslide
risk areas within the Huai Mae U-Mong Luang Sub-watershed, Mae Hong Son province, Thailand. Variations in the
APl were analyzed, with the findings being integrated with critical landslide risk factors using a weighted index factor
derived from the pairwise comparison method. The assessment included the study of landslide risk under
conditions of land use change and climate change, with verification conducted against the landslide assessment
maps provided by the Department of Mineral Resources using the overall accuracy method.

Based on the results of the study, the maximum APl reached 487.18 mm in September, while the minimum
APlI'was 10.90 mm in January, with an average APl of 243.33 mm. Landslide risk areas at a very high level constituted
8.71% in August, followed by September and July at 2.04% and 1.439%, respectively. The verification accuracy was
90.91%. Projections for the year 2027 suggested that landslide risk areas will increase by 31.11% in upper
agricultural lands, with the 5-year and 10-year rainfall return periods indicating increases in landslide risk areas by
8.71% and 8.44%, respectively. In conclusion, rainfall exerted a more significant influence on landslide occurrences
than land use. Consequently, a balanced watershed management structure is imperative to mitigate the impacts
of climate change and reduce landslide occurrences within the watershed.

Keywords: Antecedent precipitation index (API); Landslide; Landslide risk area assessment; Huai Mae U-Mong
Luang Sub-watershed; Climate change
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Figure 1 Land-use classification in 2021 in Huai Mae U-Mong Luang Sub-watershed, Mae Hong Son Province and

location of nearest 5 weather stations
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Table 1 Weighting factors affecting landslide susceptibility

Importance Value

Factor Weighting Source
Detail Ranking
1. Slope 0.24 > 40° 5 Royal Thai Survey
(degree) 31°-40° il Department
21°-30° 3 (2021)
10°-20° 2
< 10° 1
2. Geology 0.06 Biotite granite 5 Department of
Limestone a4 Mineral Resources
Phyllite 3 (2021)
Conglomerate 2 Mairaing et al. (2007)
3. Soil unit 0.08 Soil unit 62 5 Land Development
Soil unit 29E 4 Department (2022)
4. Land use 0.13 Field crop/ Shifting cultivation/ 5 Land Development
Paddy field/ Paddy field and Horticulture/ 4 Department
Perennial crop and Orchard/ 3 (2023)

Orchard/ Orchard and Shifting cultivation
Deciduous forest/ Rangeland 2
Village/ Institutional land/

Other built-up land !
5. Elevation 0.07 > 1,400 5 Earth Data (2021)
(meter) 1,201-1,400 4
1,001-1,200 3
801-1,000 2
< 800 1
6. Average 0.27 > 200 5 Royal Irrigation
Rainfall 151-200 4 Department (2021)
(mm/month) 101-150 3 and Meteorological
50-100 2 Department
<50 1 (2021)
7. API 0.15 > 300 5 Royal Irrigation
(mm) 251-300 il Department (2021)
201-250 3 and Meteorological
151-200 2 Department
< 150 1 (2021)
MIBATITEANLEBIReNITAnR LAY AlAzILY Ry = AIAZLUUATUAIA UAITNEAIA Y UO
wﬁuﬁyuﬁ'ﬁuaa'mﬁwuamﬁ]ﬂﬂmﬂfmﬁﬂﬁﬁ]ﬁwﬁﬂgm swazReniladetoy
AUAIAIRUANNAIA YDA Az U8 DY NINATINYDY n = Sruntadeildlunsinsei
ﬂzLLuuﬁwmm‘uamﬂ{]ﬁa wansFIaun1Sh (6) i=123.n

S = (W1R1) + (W2R2) + (W3Rs) + ... + (WaRn) (6) - . N
Tngllusunsuansaumagiamans a1unsadavila

¥
=~

WD S = HATINYDIASUUUTINA NUINATIUVDIAL LUUTNINUA UM UIYIRNUTEAUNUN

W, = atutinvseladenan
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ddyiidmanonsiasuulasnnutuluiu wandfid Foman ntuUSinaniduaSuanas vl APl anas
TUFmy wazaas guan Sunuindidglu dndegluiiounainy laedia1vindu 423.69 fadwns
NIATUANAT AP duludggudry (ngaInieuliauuwieu) Wuital APl
2) M3ANYIAT AP 51819 nrauane b iuda fuwiltuanasmiuuiiaicy Tasdanegsewing 12.79
AU sATAL Imaiumaaqmuwwawm (‘wqwmﬂum 714 333.05 dadiuns TAnad ity 116.98 fadluns
AatAw) A1 AP mt.miumw s umuusiaiua muLuaqmﬂﬂﬁmmmNunuamaqmLmmaqummau
Amsigauan fanadewindu 369.67 dadwns Tasildeg fegunnau viliaaud uwesfuanasesereiilos
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SZNL‘U“LJ‘U’NNULLiﬂ A1 AP Wiy 204.13 adiuns 0wy AonARDITUNUITEYBY Lekprasoet et al. (2021) i
iintuogrwioidesauiafeudonau Taoiid AP ey fin AP| 31 ¥uiinsiUd suuUasmaUSinasiuye s Tuil
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166.47 fiadiuns audIRy neuszdaivgeaaluion wwtldardulufufudy mndnanisaeszive
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avanvosUTuaidueg el aslugaengu waz (Figure 3)
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Figure 3 Variation of antecedent precipitation Index (API) and accumulated monthly rainfall (mm) in 2021 at Huai

Mae U-Mong Luang Sub-watershed, Mae Hong Son province
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Table 2 Landslide hazard scores in Huai Mae U-Mong

Luang Sub-watershed, Mae Hong Son province

Landslide hazard level Score
Very high risk 4.22-4.93
High risk 3.50-4.21
Moderate risk 2.78-3.49
Low risk 2.06-2.77
Very low risk 1.34-2.05
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Figure 4 Landslide hazard areas by risk class using weight factor index method in Huai Mae U-Mong Luang Sub-

watershed, Mae Hong Son province
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udesay 17.92 1l wa. 2570 mafiaduiiingn
nsUssduiuiidsedeiunan aelduuuusiass FnunignTinYAsNITITeI AU NEIMT Be iendu
wign13al (scenario) AU ULl Uil qeitldsrvunguisusnomaniy
msmamsaluudltiunsldusslewndiiau we. 2570 539017 (lSnyudew) Futunsmdnszerdusasydenlv
nsaamsaiuuldunsldusslonii duaind finszezenauuiiufuaugauanysal Insladoudad
w.a. 2558 Aufisd w.a. 2570 wui1 Auilinuasnssud mawnitulslsnng 7-12 ¥ msvihnsnuesgudihls
waltinisduegerendos Taglul wa. 2558 Wuf furmsnssugnuaosauarrndaneaquiiu dawali
WnensnIsuvuin 5.47 anseilawns Andudesas ALA veronsiAnAunaula$1e (Boonchai, 2016)
17.66 sioulud w.a. 2564 yurpiiuiifisdwdu 5.53 (Table 3)

Table 3 Land-use classification areas in 2015, 2021 and 2027 in Huai Mae U-Mong Luang Sub-watershed, Mae
Hong Son province

Land-use classification p 201> 2 2021 p 2027
(km") (%) (km®) (%) (km*®) (%)
Agriculture land 5.47 17.66 5.53 17.87 5.55 17.92
Forest land 24.88 80.35 24.86 80.27 24.87 90.31
Miscellaneous land 0.18 0.58 0.18 0.58 0.18 0.59
Urban and built-up land 0.43 1.40 0.40 1.29 0.36 1.18
Total 30.97 100.00 30.97 100.00 30.97 100.00
i oS s aurud uii \d setedunaulud w.e. 2570 fnsidsunlanduiu 3.98 msnlawns
w.el. 2564 wudilud . 2570 fuiidssdoRuadusziu wioAndudear 31.11 Woaunannsiudsunlasnisly
#1 Uunans LLagisﬁuqaLﬁwﬁu Imaﬁuﬁ?{&mﬁ’mzﬁuqa Afuuuanmaivszmagungetu Snuriviifounia
Wu91n 4.59 a1s1afTawns 1ud wa. 2564 WJu 4.60 el warnsidsuulasnudulufu vldiuis
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Table 4 Proportion of landslide hazard areas in Huai Mae U-Mong Luang Sub-watershed, Mae Hong Son province

and change from 2021 to 2027

Landslide hazard 2021 2027 Landslide hazard change 2021-2027

(km?) (%)  (km?) (%) (km?) (%)

Very high risk 1.70 5.49 1.70 5.49 0.00 0.00

High risk 4.59 14.82 4.60 14.85 +0.01 +0.03

Moderate risk 7.28 23.54 7.31 23.60 + 0.03 +0.10

Low risk 10.54 34.03 10.60 34.23 + 0.06 +0.19

Very low risk 6.86 6.79 6.76 21.83 -0.10 -0.32

Total 30.97 100.00 30.97 100.00

Naﬂ’liﬁdﬂmﬁyuamlﬁlﬁuﬁqmma"m”r:gﬁuad
nsieszinslduselenifinuuasnisiUdsunlasmes
piussaiensUssiliuruidesiiunay nsveneiives
ﬁ'vuﬁLﬂwmﬂsﬁuimmawwmiﬁwmsmwmwmuﬁau
vosnmiRunzviss ilutladendniidenaliiuiides
fonunauiuay Lda\‘ifﬂ’]ﬂﬁyuﬁLﬂiﬂ@liﬂiiﬂﬂﬂﬂé@ﬂ%’]%tau
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avdmaRen AN S ERTRN55UTR Fedenades
fuauITeves Baiku et al. (2021) wu31 nsiUABULUAS
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Table 5 Proportion of landslide hazard areas in Huai Mae U-Mong Luang Sub—-watershed, Mae Hong Son province

in 2021 and return periods (5 and 10 years)

2021 Return period 5 years Return period 10 years
Landslide hazard p p p
(km®) (%) (km®) (%) (km®) (%)
Very high risk 1.70 5.49 1.75 5.65 2.15 6.94
High risk 4.59 14.82 6.96 22.47 6.29 20.31
Moderate risk 7.28 2351 10.01 32.32 9.81 31.68
Low risk 10.54 34.03 8.12 26.22 8.68 28.03
Very low risk 6.86 22.15 4.13 13.34 4.04 13.04
Total 30.97 100.00 30.97 100.00 30.97 100.00
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ABSTRACT

The socio—economic and general information were studied regarding visitor recreation at Thum Luang
Khun-Nam Nang Non National Park. In addition, the recreational value of this national park was estimated based
on the individual travel cost method (ITCM) and the contingent valuation method (CVM) using willingness to pay
(WTP). The designed questionnaire was distributed to 400 visitors to this national park during June-November
2023. Based on the results of the study, the majority of visitors were female with an average age of 35 years.
Most of the visitors were Buddhists, single, and had graduated with at least a bachelor’s degree. The major
occupation was Government officer with an average income of THB 20,343.56/month. The majority of tourists
were visiting this national park for the first time for a one day trip for recreational purposes with their family. They
had traveled in personal vehicles, with an average of 4 persons/group. The main objective of the visitors was
recreational purposes, with visitor satisfaction ranked overall at the high level (X = 4.08).

The recreation value of the Tham Luang-Khun Nam Nang Non National Park in 2023 was estimated using
an individual travel cost method, with the factors affecting travel to this national park being level of education,
total travel cost, and visitor age. The recreational value was estimated at 946,033,575.85 Baht/year. The
recreational value of this national park estimated using the contingent valuation method identified that the
satisfaction level and visitor age affected willingness to pay, with the recreational value estimated at
11,011,056.97 Baht per year. The results of this study should provide information to inform the setting of policies
and guidelines for area management, as well as providing information to determine the National Park entrance

fee for tourists.

Keywords: Recreation value; Tham Luang-Khun Nam Nang Non National Park
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FIVTAULDNAIINIIYINIT F18971UNTTIVE aDARIY 9
Aiatestumsusyiiugasmaasugenans msUszidy
yaAMeiuNLINTg uazdeyagnenuuismAdinas-
yuihusueudsldanmissanussns an1dunising
LazeIAngAng 9 Miieades

2. Yoyauguqd (primary data) laainnislduuy
dunmualiduetesdlelumaifunumsdeya lneduntvol
Funbougneruuisniaval-yutiuisusuyalne
FENINFEUTUIBUTLADUNGAINIEY W.A. 2566 U
400 Ay tnensquiiag1awuudussuu (systematic
sampling) 1l olsildd ey atf srfudadodiuyanauas
woRnssunsveniien Tnewlemvesuuudunivalul
ooty 4 dau leun daudl 1 Toyaduimsugiouas
dsau il 2 Aanssumsvieaiivauazseduanufianela
gl 3 msiiumanazaliselunisuvisaiion uay
g 4 anandailafiazdersssudeudngneuuisni
fmens-quiusuou

nsmadeunuudunualidecd (pre—test) fu
ﬂa;mﬁaaEjm’jmL%qumuLme@g'maN—squﬁwuNuau
$ruu 30 A LiewAudesiy (reliability) Tagldeany
Aenfuanuiianslasienisuivisaiisrgneunvissia
dmass—quitunsueu mndutiluduanmen Alpha
Tae33n15 Cronbach’s Alpha TagAaudesuazdesdl
AlaifNnTn 0.8 (Thaweerat, 2000) %1t 91nnsvaaeuld
Aasdesiuiniu 0.9

N3MUATUIANGNRI18E14 lagdAuinaInYeya
F1urulszwins Ae fundeugneruuisnfnivais-
guihwsueu Tl wa. 2565 favmunsiuau 207,369 au
(Department of National Parks Wildlife and Plant
Conservation, 2024) i sgsunud esTudesay 95
wazduUszans anuduudsinty 0.05 Tagligasves
Yamane (Yamane, 1973) langqua2981991u7u 400
I9E19
nsATIEdaya

1. YeyanuiAsegianardeny tawn e o1y
anuain 019w s18le sEAUN1IAnYl Teyanu
FunuIn1g Aanssunmsnend o auianelade
msviendien wazaudulaf aggreasssudeond
a;wmuumsmﬁgmaad—unugwmduau TadRiBanssou
\ioynAnAud (frequency) Sesag (percentage) AnLade

(mean) Ad@A (minimum) LagA1gedan (maximum)

87

aufianelaranisvieadion fvuaauieves
Ararkuueanidy 5 seau laun Aaviuy 1.00-1.80
vanefs Mewelatoeign Avuuu 1.81-2.60 nuneds
fanelates AzluL 2.61-3.40 nunehs Nenwelaurunai
ATLUY 3.41-4.20 wuneds Naneladin wagAziuy 4.21-
5.00 g flenelasnniian

2. M3UTEIduy an 119 UNUINITUDI9NE1UY
st va-yutisuey TasldisAnAlddelu
NSAUNNTEAUYAAS

2.1 Bpzdanuduiusvesnsnmseaiionlu
NIV AR URUUTBased i 1dun anlddne
TUNITAUNIT hazdIuUInIwAsughauasdIAues
unazyAAa (Isvilanonda, 1997; Suksard, 2003;
Pornpinetpong, 2005) Ada1N13 (1)
Vi=f(TC, A, Iy, Ei, Ly, S9) (1)

Tneft Vi = ﬁi’wmuﬂ%gﬂﬁmﬁawmﬂmLﬁau GEYa)

TC; = AliTreglunisiunall-nduvesiundou
(‘U’Wl/ﬂ%\'i)

A = angvasiundeu @)

I = eldindevesiundeu (Lw/few)

E\ = sefunsnuvesdundeu ($wnlildsu
A3ANYI)

L = 53azmﬂumilﬁumqmﬁaqLﬁmluqmmu
whsAg A yuiusuey Flawns)

S| = WATRNEIERU (18 = 0, M = 1)

| = qﬂﬂaﬁ ilag@l i = 1, 2, 3, .., 400 (§1u7u
fneg19Re 400 Fae)

thuieneimeanuduiusueasnginisvieiiien
Tugneuuwiand dudiwdsdasslagldnsiimsesiaunis
amaaww@mwu%umu (stepwise multiple regression
analysis) Wazihuuszanansiduguasdnisvieiiodlu
meul,l,msmazﬁg’mma—sqwfwmauau
2.2 nsUsziugariunuinisainaunels
dauAuainguidou TagvaunisgUasd i uang
Aruduiusszminesuaiswesminfuneendioaty
Alddrelumsvioniion ieuamdiuiuguilan
(consumer surplus, CS)
Anumeldsnglunsveafisngega (chock
price) ¥aenguiteg e uEou Mlaannisianldany
nsvonisanunvesngudiegeundeundaray
Bosdrduaniesiigalumuniian fmuaesidusding
il 95 vostayarlddrslunisvieadsntmunveangy



Thai Journal of Forestry 44(1): 85-94 (2025)

A79819511L88uU (Thailand Development Research
Institute, 2000)
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Tagil V = gaddutiumnnisvesgrenuusiana
dwa-guiiuneueu (U1m)

WTP = arnudulafi azd1easssuideuidn
q‘wmuLmeagwaN—sqwfwwuau wivsionds (um)

N = fruuundeulud wa. 2566 (F1udu

317,413 Au)

NawazlIansel

dayaniaATegnakasdiauvasunitoy

we WUl fundeudiulvngiidumands Sovas
55.50 wazidumemesosaz 44.50

918 WUl {ungaudlulvgiiviseny 30-39 U
Jeuay 26.25 09a9Ae ¥901g 40-49 U 91y 20-29 T
018 50-59 T toen1 20 T uaz 60 Vauly Andufenas
26.00, 24.75, 10.00, 9.75 wag 3.25 A1ua1nU 1ag
fubeudifiongiesiiande 15 I orgunnitgade 75 3
uazengnde 35.74 U uandiiuinnguiundoudiulvg
azagluipyinau

913 Wud1 undeudsznauaind1s1vnig/
wiinuvesss/5iamie 1nniign fevay 38.75 seda3N
Ao Av1e/gsRadIudd Sudreial/msuaud dniSew/
UnAnw wilnewusdnensy wedrw/uwiviu/Ineeu
nSea waz Bu 4 ldun inunsns Andudesas 21.75,
12.50, 11.50, 10.75, 3.00, 1.25 wag 0.50 AUAIGU

aun Wi Juneutiuiomaumysuinia
Fouaz 89.75 50989K1 Ao ANAUIATAN LazAIaWIBaaY
Aatfiufesar 8.75 uag 1.50 Aud1dy Fawadingn
AzYRUNNANUVAINNANENANAUIVDEL T

anunn wudn Judeudulvgdianiuninlan
Fouay 56.50 T990IUNAD ANUNNANTA ATAIUATN
we1319/mine/weniuey Andusesaz 40.00 uag 3.50
RHGRIT

FEAUNTANY WU JUUToUIUNTANWITEAY
Usnyaeiunnitgn fesay 50.75 sesaanie fsoudnun
mouUae/Uav. audiya/dia. Ysyanln Sseufnuwisu
UsyaudAnw USaygien waglulasunisdnen Andu
F9wag 17.50, 9.25, 9.25, 8.00, 4.00, 0.75 waz 0.50
RHBRIT

seladewieu wuii dundeudiulngiivnenela
10,001-15,000 U1 Aatdusasaz 30.00 50983179
578l 15,001-20,000 UM WINNIMTBLYIAY 30,000
U 5,001-10,000 UM Boaninuseiinu 5,000 U
25,001-30,000 U™ Way 20,001-30,000 Um Andy

89

Souay 15.75, 15.75, 14.75, 8.50, 8.50, wag 6.75
uasu nelisnelaade 20,343.56 UnsoLRou

Jayan1un15UNUINIGg AAINTIUNNTVIBUN B2

KATITAUAUNINA TR
Uszaunisailunisvioadi oa nudn funideu
drulnguviosiisndunfousn Aadudosas 59.50
seeadNABLABNILAY 2-5 AT 11NNT7 10 ATe waw 6-9
afq aadudovas 36.25, 3.25 way 1.00 1uaeu
Tnesruruadawesnisundomdoutosiigade 1 als
wniignsiuau 20 pds wardnueduniede 2.17 afs
unastoyai ilwudeusdngneuusend
fvans-gutsueu Iéud Sumedida fevay 58.00
sesaaAe Insiiml/Ang lou/aseunsy/yid deves
NFUNIIULVINA F0fUn uazWusiy dodsfiusi/
wilsdeRui/dneans nsvieufisawisdsemelng su o
(Huuvasvieadioalndviu funfoudednorainds
anumsalndedniauea 13 nyun uazidndulinvavea
13 vyd) warFInruUIsmiien Aadufesar 52.50,
49.75, 21.00, 20.50, 12.50, 3.75 wag 1.00 ANUE1AY
sULuuMsviondien nuin gundeudaulng
Wumanvieaisuuu sdr-1fundu fesay 95.50
findnsfunaznduaiiendn fevar 4.50 oraidunszi
oL Ag man-quinunaueu fundsviouiiend
ihalanansunasegluuinalndifes annsodhdsiiug
1d1e mMaAunsauuauazanyilidnvioufisatousn
vieufigauuut-Bundy
nauYeINIIYiondier wuli fudeudiulug
Wunanveaisndungulaefiaundn a-6 au Fevay
45.00 s0%a4 Tiun nqs 1-3 Ay wazngy 7 Auduly
Andusesay 35.25 uay 16.75 auadsu lnsiunisiey
‘1'71%391 1Au mm‘ﬁqm 50 AU LaTAY 4 AU
UARATIAUNI WU Jundeudiulugidunis
uvesiiendmiunseunsa fovay 51.25 sesaun Thun
naaLfiou wAuAYY wazan1udnur/mineaiu Aadu
Soway 36.25, 6.50 kay 6.00 AUAIRY
FnqusrasdlunsiAumamieaiion wuin funideu
drulnguviendisnd ewneeungeula Sesar 65.50
509031 A0 slouganuiliAamenisaldte 13 Fimin
waveaitumyt felawnAnwsssund/ssdidygiue
/mssauld/d@ndUn wasnnnsnzifunieiu 1 uunas
voufiealndviu audnwr/eusu/dunun wazdu 9
WU nileurionseuaiIuvieaiion andudosas 55.50,
26.50, 17.00, 16.00, 10.00, 4ag 1.50 Aua1diu wandli



Thai Journal of Forestry 44(1): 85-94 (2025)

wiudn fundeuniiensinsioundela ilosanidy
Hudisssuandenulaney @y ffedonwmuny
UNNISHBUARNY

wndaieadigafifudeudluiieiy Aeuiiim
f1maas Yovay 89.50 sosasunldud quiuisueu
tsrassanmaeludmans o1msdauaninInae THE
HERO @1A1sfinssanis “sauladuniadien” dumadu
AnwsssunAUIng-ynandauns N5 EINRYIUNA LAY
z:igu.ﬁaqm Andusesasy 65.25, 62.75, 53.75, 43.50,
25.50, 24.75, 19.00 ¥az 13.50 ANUSIFU handliliiuI
dvaraduundsioniioafifundeulienualadly
Lﬁmﬂmmnﬁqﬂ g@onnaeINUANEMEN1TUSENBUAANTSY
Tununnsaenisdeudn

anwaen1sUTENBaUNaNIINLUNUINITVD S
funbou daulngfenisdisud Sovay 70.50 sedadn
lawa mswneundeula d1e3U dnnisemadiuiung
UOU UEUNIAN 555U LaLd 00 1MNS/ARS e R/
maa‘ﬁizﬁﬂ Anduesay 70.00, 70.00, 43.00, 36.00 tag
22.00 AUAIGU

szAumuianelanenisvieniien Uszneusae
A TARLLMAT A NADENLTEILAE D UTIEn ATETAIN
Tumadhdsiiui nsliusnmsvesdminfignetuusisni
mﬂﬁ'sﬁagaLLazmiﬁ'ammvﬁma AULRUEEULAE
W INETIEBIUILANUEEAIN N1TSNHIANNEAYEIATBT
wasviaadien n3guanIulaeniy uagAumIzaEL
voaszuzaltunisda-Uan1slivinisuasaneny
wiswd wudn fundeufisziuanuianelaiadoiniy
4.08 agluszauun
dayasunsiauniuazanldang

sreen1slunIsAunIg wuld gundeudiulng
‘W"ﬂmr?i’aaguivmmﬂqmmmmaﬁmﬁﬁgmaw—squﬁwmﬂuau
Wuszagnie 100 Alawasdulusiuiudosas 34.00
3998911A8 41-60 Alaluns 61-80 Alalums 81-100
Alaluns deenin 20 Alawas way 21-40 Alawns Andy
Seway 20.75, 20.50, 10.75, 8.75 ag 5.25 ANAHU

538219817 W IUAISLA UN19V BT 87 WU
gundoudnilvyliszornalunsifunviondieoy
Tutaszozne 1-3 $alus Andudesay 61.75 sesan
Ao LAy 1 2lus 6 Falustuly way 4-6 Falus Andu
Saway 17.50, 12.25 wag 8.50 amuanu tngldiian
Yowilgafe 5 unil mnflande 22 Halus uazddnaded
3 4l

wWivuglunsiAunig wudn gundeudiulugly
mausﬁa’auqmalumiLﬁumqm'auﬁlmai’wmu%”aaaz

90

83.75 T998901AD T09NTIUBUR FOLAYANT 1WUUNIT
sovufien sadnseu Amduderay 6.75, 3.50, 3.00, 2.00
waz 1.00 aua1au wansliiiug duigeuiouden
Wunalagsasusddruyana 1 0991nazaInaule
faududiudl uaztdunianisauuiauaIunsaigs
wawioafiedldine

Anldaglunsiumesvieaiion wud gudeu
dndlngidaldislunsiuniuvieaiisatesnimie
WNAU 500 U 91UAUT 088 53.75 T09a3U1AD
501-1,000 U191 11AN31 2,000 U9 1,001-1,500 UM
way 1,501-2,000 umn Andusoray 22.50, 13.25, 5.50
waz 5.00 auadu Tneflaldanslunisiduniuaie
1,180.29 U

autdulalunisaeatsssudentigvenu
whssfgmaa-yuiusuey wudl fundoudanlvg
Bufifiavdneduiudosay 90.25 tnednlngBudiazdie
Arsssuidoduiudiuiu 11-20 vn Antdusovas
31.25 593830170 41-50 UM 21-30 UM 41NN 50
UM 31-40 UMW way Heesnimsewiniu 10 um Andu
Foway 22.00, 14.50, 9.00, 8.25 way 5.25 A1Ua1AU
Suududeudiliduiiezdne fevaz 9.75 lnglving
Had1 gnenuuisAduanuiivieniisavemissiunig
ldmsifuasssudon sisll fuidoufenuiulafiazane
Asssuileaade 34.67 v

gaﬁqﬁuwuﬂnqs%aquaquLm\aﬂmﬁg’mma—
guthunsuey Tag3sendealdsneluniadums
FTAUYAAR
nsthdeyatadefinindndenuduiugfusiuou
afdlumsvioniisnniinsedlusUaunisonneswnam
wuuduneu wuln dulsdasifinadosuauadly
m’amm’aqLﬁmqmmuumﬂmﬁg’mma—qufmwuamm
dungou (V) laud sedunisdnwivesiundou (B) 01
(A) uazATlIglunaAumasnvieaiien (TC) (Table 1)
Fafipuaenndosunan1sfinuives Jaemkrajang
(2018) NSANIANYIYAATUNUINITVDIGNYIUUNITR
wiAvang Jamiadunys lnedferdualdanely
MILAUNITEAVUAAD Tnoiladeiidnanosiuuadsly
MR syieaiien Ae Suudildunisdne o
wazgaldv18lun1sid unne wagnan1s@ nwlves
La-ongkham (2003) nsfin"sAN¥YaATTUNUINITVR YA
v ithdmvina SaiaRvalon wuitladedidug
fedaTMaIvienien e Avltdrglunsidums



258157UAERS e 44(1): 85-94 (2568)

Table 1 Coefficients for regression equation with number of visits and the independent variable

Independent variable Coefficient t-Value p-Value
Constant 6.12050 10.03825 0.00000%**
Ei -0.20041 -5.46888 0.00000%**
A -0.02107 -2.19030 0.02909%**
TG -0.00028 -4.37017 0.00001***
F =21.98484 p-value = 0.00000*** R* = 0.14277 Adj. R* = 0.13628

Remark: *** = Significant at test level of 0.01

R” = Coefficient of multiple determination; Adj. = Adjusted
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ABSTRACT

Ground-dwelling insect diversity assemblages were studied in the highland reforestation project of the
Royal Project Foundation at the Angkhang Royal Agricultural Station, Chiang Mai province, Thailand. The study
sites were classified into 3 types: 1) natural regeneration; 2) exotic mixed; and 3) exotic mixed native. During
August 2019 to June 2020, ground dwelling insects were surveyed using pitfall traps and Winkler extractors. In
total, 235 species, 74 families and 14 orders were identified, with the greatest number species in the order
Coleoptera, followed by the Hymenoptera and Hemiptera (81, 75 and 24 species, respectively). The natural
regeneration stand (3.92) had a higher Shannon’s diversity index than the exotic mixed stand (3.82) and the exotic
mixed native stand (3.33), respectively. Based on the results of the cluster analysis, the reforestation, natural
regeneration and exotic mixed native stands were classified in the same group, indicating that the pattern of

reforestation influenced the recovery of the ground-dwelling insects.

Keywords: Reforestation; Highland; Ground-dwelling insect; Insect
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a]m’smﬁumaamﬂuwwﬂuﬂdmmmmaixqi Famansag
Hususuiidsnuriamniigaluussanalinuuasiome
dmsusuiudnduninunied Formicidae Tududu
Hymenoptera finus1urusnndign enaiiesinumdu
wiasdsnuinnuagendeidunaulug) (Jaitrong, 2011) B
uananevinaninsaefeuar U U lavsluiui fuuay
Walaslad (Wiwatwitaya, 1991; Seekhiew et al., 2020)



Thai Journal of Forestry 44(1): 95-102 (2025)

Table 1 Number of ground-dwelling insects by taxonomic order at Angkhang Royal Agricultural Station, Chiang Mai

province, Thailand

Number of species

No. Order Exotic mixed Natural Total % Individuals
Exotic stand species
native stand stand

1 Archaeognatha 1 1 1 1 0.34
2 Blattodea 5 6 6 10 0.86
3 Coleoptera 40 ar 57 82 12.28
a4 Collembola 2 2 2 2 21.33
5 Dermaptera - - 0.06
6 Diptera 19 15 15 22 10.63
7 Embioptera 1 - - 1 0.02
8 Hemiptera 14 9 15 24 1.60
9 Hymenoptera 51 a8 61 74 43.36
10 Isoptera 1 1 1 1 0.11
11 Orthoptera 8 11 8 12 5.48
12 Phasmatodea 1 - 1 2 0.04
13 Psocoptera 1 1 1 0.91
14 Thysanoptera 2 2 2 2 297
Total 146 143 171 235 100

MndeyananuamUisuisuiiuiluuday
EULLUUﬂﬁUqﬂﬂﬂﬁux\I‘ wudusasiafulufiuiiiilug,
pusssuRiTuausiauindgn sosasundudiud
ﬂﬂiﬂqﬂﬁuijLUUNamiﬂﬁiN?{u LLazﬁuﬁmsﬂQﬂWuuﬂdeu
TefensusmAulsitudios S1uam 171, 146 way 143 ¥iia
muany lun1siesgviAdviianuainvateniaviia
lngldgnsues Shannon’s diversity index wuinluusiia
Uil udanusssurAdadrianunarnuatenivie
unfiaauiy da1v1du 3.92 sesasundelui udl
msUgnituyuuulsisnsdunauliiuiios fauviiu 382
druluiuit nsug nil urnuunanldaneiu daaded
Anuvanvanevariatesigaiiu 3.33 Weliae
ANHLUTUTIUMEMTUTBUTIgUANUAINTA18N19%TA
Tuwsiaefind wud AufivhnsAnunilenuusndnsiuesng
luifidedfyneana (p>0 05) LLﬁﬂﬂMmU’J’]LLNNﬁﬂ‘Umu
‘UE’JWULLU‘Uﬂﬁ‘UaﬂW‘uWLL(ﬂauW‘u‘VWlLL(ﬂﬂfﬂ’Nﬂu WA e adl
Joduuandanurstedefimalndifoatu iomnwui
BuiuiAfnrsiunanuiunnndt 40 9 Fsaniiinens
narsg1avsldduiunislasanisugnuuudiuiigean
Faund .6, 1982 Fnrsuldfdnsdunanssiaumaass
Ugn (Thaiutsa, 2003; Kongram, 2019) 7 sndaaniu
Wiwatwitaya (2003) IfAnwusaduniamgnliirisivly
fudidanannuidiuulinvousadlufudiug uusd o)
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v

Tuszudisn wenaniidiaenndesiu Janbooppa et al.
(2023) Anulaseadramiadennvosuuasiafui nuin
Tudl uit n13Ug ladlug Yuuvaud uag 1550w
vSnadungneaans Tedudu Smtaasrudafel
Aruma nraten1sidalaunneefuig uiu wai
Zhao and Liu (2013) §aldwuinnisugniitetdsunuy
Usssurfuiinasonnunainuaisvedlassadnives
Hnuuuasieuiu esmnnsidivnaquiuifisun
JuaziinaronisuAsuuamnmiindouuaznsisdia
Guaqt,mmmﬂ%u (Wiwatwitaya, 1996)
N15UTINYUATNITIANGUVBIUNAIEIAY
INATANYINUIIAINITORUITEAUNITUIING VB
yiauuasinulngldrnfesaznisusingluiiuil Tasuus
ponidu 3 ngu Ao nauiinues (euninfevay 50)
nquiinuliunans (Fevar 50-75) waznguiinuuos
(nnirfesas 75) nsuuasiiudnlngidungudiny
Wepdidruauis 154 aila Andudosas 65.53 vasduiu
¥l wuitenue sdauuasiaruisanuuindanly
nq‘mf"l,é’m pa3funszAn (Staphylinidae unknown
sp.15) s998901Ae fanalil (Nitidulidae unknown sp.1)
Tususiu Coleoptera nquuuasinfiufinuurunansd]
$1uu 33 wila Aewdufosay 14.04 vesdruruvdadiny
vavua tnefvdadamisonuuiniaalungui léud
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wuasTuu (Muscidae unknown sp.1) Tususu Diptera
50989u1A0 Aty (Carebara castanea) lugudu
Hymenoptera @2unguiuasiafui nuyesd s
33 4iln Anudusosay 14.04 vesduuriafinuiomun
Tnsfunasiafuiianmsonuinniigalundui THun wuas
#1390 m (Paronellidae unknown sp.1) Tuguau
Collembola ¥8%83u1#® 1a (Brachyponera chinensis)
Tudusu Hymenoptera enguusasiinulsvosnioly
dvareydalung uid Aaulvgidunanualuded
Formicidae @0nAaoiiUNANISANYIVBIMANETI8IUTTY
fiwudmanuaanunsanunszarelduareuiivesnds
wuasHIAU (Wiwatwitaya, 1996, Seekhiew et al., 2020;
Janbooppa et al, 2023)
dofinsandeyavesusasiavluusazifeunuiy
Tudoufiquisuwudiuiuviieanniign 138 vila 509891
AawfiausulAy wudwauie 109 viia dauldunifiou
na1Au wus1uauwda 97 vl Woudi wudiuiuvia
osfigafoidoununiiusnuiiios 83 v lusuves
Srunuimesmiauuasinuluutasdoutu wuilufeu
fguisunuiunudiveauuasnnian Anduiesas
27.90 oAU WUR LA (Figure 1) druiftoufinu
Funuivesuuasiosiigadeidoununius Aady
Sovay 12.19 vosdnnudiinusisun
dassuiiisuluusagilufivesusazifiounyudi
Fuuviavesuuaslurradeudquiou §aduyas

sugguuiuultunfigalunsdasiud dsaonndasiu
Janbooppa et al. (2023) ﬁwm’ﬂuquuﬁﬂ'ﬁmﬁ
AVEIATaIENINNTInauas Bndtaduansliiiuin
aanafiadernuanvasresiiasiRuluua AT
aonAdesiuNIANYIYBa Seekhiew et al. (2020) Aiwuin
luraggauy Ardvdanunainnalen1ewilnigganin
qudadesanuuasuningudioinsiuendedifiniubu
\ipanenazngay vevgquisuazqgiu Javiling
wuasuAazwiialang19AU (Sangnummon et al., 2021)
wanslififiuinaud uuarnisud sunlaswesggnia
fuanen1saLduionssunazniseneiiegordoves
wuasiafu Tagluviinad ui Uil uianusssued
fswusdauuasnniiga Ao 90 ¥iln sesasuiduiiui
nsugnitunliinedusamiuldiusios wusuau 70 wia
ﬁuﬁﬁwuﬁ’m’;wﬁﬂﬁaaﬁqmﬁaﬁ'yuﬁmiﬂqﬂﬁuvjLLUU
waaliiohediu wusuou 68 ¥ila (Figure 2) axifiudnitui
Uil uiamusssued d91uiuvidavesiuasinni
fufitu iosmnidudisssumAdadudiinisiudaa
sssumAgnAui uidud ey snduiuunansd vilid
anmiuindevnsssunilusedunils Wunalvdiannu
MANVANBTBINTIURLINNTALTBY (Kongram, 2019)
%'!qa’mﬂuﬂﬁwﬁaﬁﬁﬁﬁwiamim"ﬁq%imﬁuﬁmmm
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Figure 1 Percentage of ground-dwelling insects in different months
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Figure 2 Number of ground-dwelling insect species in different months for each area

nsfnnquituiilagldedauuasifuinuluudas
Nufitae vhudiesiedlagld Cluster Analysis @150
Suunnauuiasiifinundsadannitgaunguiedu
dleflansananuadisadsnesiiuiif sedusesas 75
mmaa%’mﬂq'uLLmaaﬁaﬁummﬁ”uﬁ"Lﬁ 2 nau (Figure 3)
Fall naudl 1 Ao wuasiaAuiinulufudinisugnitus
wuuwasilifinady wudwou 146 viln Ingusasiafudiny
awznauil 16un soautls (Laena sp.2) wasturen

¥

(Condylostylus longicornis) wasumeh (Ephydridae
unknown sp.1) wuastlule (Embiidae unknown sp.1)
WAs§nTu (Cicadellidae unknwon sp.1) wasuda
(Pseudococcidae unknown sp.1) uau1nd sy
(Calyptomyrmex sp.1) unang (Myrmecina sp.1) und
(Crematogaster sp.2) 4avuln (Trogaspidia sp.1)
B ALAUNUING URIR A (Oedaleus abruptus) wag
FnunuAsls (Phamatidae unknown sp.2)

naudl 2 Ao unasiaAuiinulufiudivnfiudany
s399I wazfiuiinisugniluyldvnsfusuiulifudos
NUTHALNAIIIUIU 171 waz 143 vila a1ua1au lnedl
101 wiln finuldiaesiud luswauinuuasiifsiuu
Fasnitgaie uadu (Pheidole sp.1) unasAaRufinuld
awiznauil 18ui wasau (Blattella sp.1) #ashuly
(Onthophagus sp.) ueald (Scolytidae unknow
sp.1,5p.2,5p.5, Ambrosiodmos sp.) uaailuid os
(Silvanidae unknown sp.1) f3funszan (Gyrophaena
sp.1) wuasiunszlan (Empididae unknown sp.1)

100

1UADN3N (Lygaeidae unknown sp.1) 1ungjl (Miridae
unknown sp.2) HIUNTILN (Ectomocoris sp.) UAFY
(Pheidole sp.2) uanuns (Stigmatomma recliratum)
uANY (Ponera sp.) ualwin (Leptogenys kettle) sinviay
(Gnamptogenys binghamii) a4 (Torymidae unknown
sp.4) Savin (Velarifictorus sp.1, Gryllus sp.3) ¥ty
TnsUgnitusuuuldinsdusausulsfudes fuudliy
goan1snduAnInveNadlufuiifiinurdeuasindide
ﬁ’umﬂﬁa&ﬂuﬁuﬁﬂwﬁuﬁqmmﬁmwamﬂﬂdﬂﬁuﬁﬁﬂqﬂ
wuuldenedu aenadesnsAnuives Kongram (2019)
fienuinsugniuuulimsdunadliiudesluand
WNYRINA9E NI ERTINsarauAsuauluAugIndl
nsugnUwuulsiinsduiivgnuuuidauien esannd
mumaneiavemssalinedalimduarfifudlos
wanafednwazvesriafieililunsugniluyuuiiuigs
fnaroUadeuindouvesii ufl wazdidwanonin
NAINNABNITINING 19 9 IR nAudunus Y
N33 UUTRANIAMUVAINTEA AIULINLIELAZATS
Uiﬂﬂgmawﬁmhﬁuﬁwﬁﬂué’mu (Marod and Kutintara,
2009) wenaNiinansAnuS sdenndaetu Seekhiew
(2020) FinudrUfuwas wazUuganssad wiu
Y5550 mAA AU LU UUAUAAIUAG IUDILNA SR
Funnnd it uii Ui i3 wiinasil ugl fudasssuend
uaﬂmﬂﬁszaznmLLaxmmQﬂuauyﬁﬂjﬁumﬁuﬁﬁﬁuwﬂﬂw
AT NANONITNAUAUNIVOILUAIL 1A UA 1819 UAY
(Janbooppa et al., 2023)
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Figure 3 Cluster analysis of ground-dwelling insects in each area

Remarks: Forestl = exotic mixed stand, Forest2 = exotic mixed native stand and Forest3 = natural regeneration stand
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ABSTRACT

Land use change patterns and their effects on forest fire occurrence were studied in Doi Luang National Park
using data in a geographic information system for 2015, 2019 and 2023. Based on the results of the study, Doi
Luang National Park had an area of 1,204.85 square kilometers. The land use was classified into 6 patterns:
agricultural areas, evergreen forest, deciduous forest, water body, urban and built-up land, and miscellaneous.
From 2015 to 2019, there was a total change of 9.08 square kilometers, with the greatest decrease in deciduous
forest (about 4.35 square kilometers), while agricultural areas increased by 3.41 square kilometers. In 2019, there
were 1,805 hotspots, of which 279 were in areas with changing land use patterns between 2015 and 2019. The
greatest number of hotspots (230) occurred in deciduous forests that had been converted to agricultural areas,
representing 82.44%. From 2019 to 2023, there was a total change of 12.16 square kilometers, with the greatest
decrease in deciduous forest (about 3.49 square kilometers), while agricultural areas increased by 5.15 square
kilometers. In 2023, there were 1,812 hotspots, of which 285 occurred in areas with changing land use patterns

between 2019 and 2023. The greatest number of hotspots (255) occurred in deciduous forest, representing 78.95%.

Keywords: Geographic information system; Land use changes; Forest fires; Doi Luang National Park
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vesdgminisyngnitufilutsendlne deneldifn and Plant Conservation, 2022) @sfinsldusslomifiau
anudeslunisifalidanndu iesainnsldlnduis iuLﬂumqVImuLLmﬁmﬁmawmqLﬁuﬁuﬁawﬁ’aﬁwﬁuas}w
fidrsuazmnidfiaalunsynsnituiivn Snvisdsannsn Ligndewmungmune dnsldusslovifiauinuszian
Uszudanatuazsuuszuadnie Idrdaduanne vunvnsnasiludnuazresnisgnimdafsruuiiuiigs
drfyUsznisvilswesnisanasesiuiuieg193inis Fu (Unduh) Wansiadsuauunn dwaliiinansiad
YagUuszavasnisiialind luszimalnenaiedu andsluituiivndui Sntannsldlnlunseseuiiuiiie
Jadui suniuaunavesszuuiinaog193uuss (Forest ymawizlgn tandsdgmilriluiuiivioying Tned
Protection and Fire Control Office, 2021) lngiin1synsn awmEnnnaaluiufineesnsufilaildfnsaugud
wihmaendiiiusniuluiiuiidng 4 vessanalneotig ﬁamﬁmm'ﬁqﬂmmaﬂ,wr\nﬂﬁuﬁmimwm@ﬁ”uﬁﬂw ithl
foliauarununy (Royal Forest Department, 2021) dinauimunmelulageiniauaziansauna (83An1s
LLaza'amaﬂiwuwgﬂuﬁ"awmaﬂﬂi’uuasﬂaym@u wnvw) lisrenuadfgeazauainuiau (hotspot) a4
PM 2.5 ﬁlﬂuﬁmmﬁzﬁuqﬁmﬂLLaxisﬁuma 5207 Uszinalnelul w.e. 2563-2565 91na12Liisu Suomi
miLUfﬂ"auLLﬂaqﬂ’1ﬂsﬁﬂizia%ﬁﬁﬁuiuﬁuﬁ'au%ﬁﬁLﬁu National Polar-Orbiting Partnership 5UU VIIRS W31
W uivunlng nsquaveudmiing liviafadesann Tuilui Uneusndnuynasauaudeunini anfe
Frurud i qualuudasd uil fisiuaues vilv aawile lngdandndiAngamiudouazauuinian
suduseaiiedesofilddmiunisnaununisinnisliae Ao uigesaou Wedluy d1U19 a1 1Weesne welen
Usgdnsamuiniae 4 eludaguuszuvaisauina Wns 11U uagAIn AuE1RY (Forest Protection and Fire
piimansidundosdondniléanaununisdanissng q Control Office, 2022) $3UAINITHNVIANNITARIAVD
vosituildodrefiuszans nnuaganunsadidunisle nandninunInssuTiFadldduunTmzUgngausnduls
g TIn T uazilug Tusanansnadieausuile mamauLmumﬂﬁaLﬁuhiﬁ:mquiumm%ga utladendnau
dusuntoausng 9 lunisaeuleuisdanisiadale Wiwgiﬁi’wLﬁuﬁawmmﬁuﬁwaﬂqm,ﬁ'm‘fyu Wi olaile
ageiiusEdviznnla wandnluUsinasndu Suthandansyngndufiuialy
gneuRIIAnoenadt Liugneuwiafly v sadadgmilndluiuiivneyfndifad usuy
Sfuil 61 vosuszinalng Tnediuiisesso 3 Fmia Lﬁaammﬂmiaqﬂamsuaqlw‘[,uﬁyuﬁm@mﬂﬁmjﬁ'yuﬁﬂw
#un Toe18 welen uardlns Aseunqulufiviavin TutsngninadenfiufiiienisingUgn 9inuuImienis
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FuiunsuAtgmin1syniniAureansugne ULy
Fnivh uasiugiy snnfutigmnsliusslenififunay
{1w/mlWﬂﬂﬁLﬁm%ﬂuQMmuuvfwﬁmwmq Je9udu
Aol Anwin131Ua suwdasnisldselovdd dud
Wasuuaslusudmaronininliilufiufiviousny
wazilutsglevdlumslddeyadenisdniuaunisdanis
gneukisnineevaliaenndoafunisldusslonl

v
=

Nufidsnan welmsiidunulufuniseyinddesiu
FSnwdnduludrganuseuson uaziinussd@nsam
fau nsAnwiaded Feldviinsfnw guuuunis
Wasuulansliusslovifiauidssaiensiialudly
LAY NUIURTIYIANBENae taeldszuvansauine
piimans ieldidugudeyalunisdaviununisuims

Fansiiufigneruuisnnesvans seld
-4 ad
gunIallazIcNIs
v I
YIYANTNA NN

Wnddeyanmaniiigy Landsat 8 szuuduiinam
Multispectral Instrument (MSI) mmauﬁﬁm’qmmw 30
LIRS T,mEJLﬁaﬂ%’@;ﬂamwﬁﬁ%faaasmwmﬁ’wammﬁasndw
Souay 20 LLas‘vT'lmiﬁ’uﬁﬂ%’agammﬁai’uﬁ 27 UNTAY
w.a. 2558 fifopaznsuatiaveasl 0.02 Yufl 7 nuanius
WAl 2562 fi¥epaznisuativenua 0.06 waz Tufi 25
UNTIAU W.A. 2566 HS08azn1TUATIVDULL 1.19 PATH
130 waw ROW 47 asaunquuiaiuiidny ndndmsi
Foyaduuuu Level-2 (L2) eTfQL‘fJugﬂwaaﬁaaﬂamw
arfieudilaSunisusuninuranadeudeed uaz
anupaInadewdusvndawuuiduszuu (systematic
radiometric and geometric accuracy) Imaéu”aumamw
AL B Landsat 8 w.A. 2558 A1 Geometric RMSE
Model t%117U 1.82, Sun Elevation LORA 1Ay 44.04
Sun Azimuth LORA 1¥nfiU 142.81 Fayan1naniiiiey
Landsat 8 .. 2562 i@ 1 Geometric RMSE Model
LM 1A U 4.64, Sun Elevation LORA Ly 1A U 46.27 Sun
Azimuth LORA 1%111U 139.63 Uaz¥ 03 an1na1iiiiey
Landsat 8 W.A. 2566 1A 1 Geometric RMSE Model
LM1AU 5.11 Sun Elevation LORA tW1AU 43.77 Sun
Azimuth LORA winfiu 143.44

nsAATIEdayan ALy

nsudafiauaznsinsgideyaninaiiiiey
(image interpretation and analysis) ﬁﬁa;ﬂamwmuﬁau
fvimsusuuiteyaniasnadauda Wa 3 gaaaan
LAwnd w.A. 2558, W.A. 2562 waz W.A. 2566 4113
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wasNuUMinnan

nsuszidiuanuanugndsslunisiuundssian

4aya (accuracy assessment)
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ﬁ'wmiﬂ"ﬁu?mqﬂmmaau (Congalton and Green,
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85 uazimualviaduaaalAd ouainnsausensule
LitAudesar 5 Aszdunnuidesiudesay 95 Tasduou
9ansvdeunsEaeynd uteya Tnsguuuudugd
(stratified random sampling) Tulsiaz UszLanuansly
Uselomifinu uazlildrfueilfiiufuiidhogne dmsu
n15UTELuAINgNA 83V0INTTUNYTELANATLY
Usglovtiaulul w.e. 2558 uay n.a. 2562 Fadudeya
Tuedin nsUszfiupugndeadunisuszdiudeaien
Wisuitsuiuunuiinislivssleviiauveansuianniiau
waZNMANIBY Google Earth

Z(p)9)

e2

n=

o n fie S1uugeRTIRERUTIMINzAN

p Ao Temaiaziinanugnies (lAszming 0-1)
q e Temafiaziinauiewann @rwihiu 1-p)
z fiD AR

e AiD AIALTILUNRANAINAINNITEN (T TEAY
ANuRsiuTavay 95 Aanuazlaen e = 0.05)

ATUIUMIAIAIUYNA BIYDINITTIMUNTAL TN
(overall accuracy) lagldm1519 Error Matrix Vil uan
ANugNFasvesNsIuundeyafiiianuaenndonsaiy
5213199ansIadeuiutayadide Andusesazaeiyn
n3RARUTIMNe uazduInELUszAYS Kappa Liiowans
AU NA DAY TINYDINITIIUUNTN AT N YUV
aufianandiiindulu Eror Matrix Tnglddudseans
Kappa 11UsgiiuAnugneas Tnefinsanisnudenndes
sEnintayadnedeiudeyadiuun Iinsgviatualuiue
ANUgNABINAN1IIMUNIAETI (Lillesand et al., 2015)
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Hoyan1slduszloviaau
wansnansldusylovifiduluiungneuuisua
ADENAINT W.A. 2558, W.A. 2562 UAY N.A. 2566 WAL
Anwinsasundasguuuumsliussleviiauszning
U w./. 2558-2562 uaysznined w.e. 2562-2566
Tneldnaiianisdauiu (overlay analysis) A1eTUsHhnTa
UszinanatayaseuuansaunaA)iiaans wazdiasies
Toyan1siud suuvasguuuumsldussloviiauuas
A ufinisud suuvasnisldussloniAfuudas
Usebanseningd w.a. 2558-2562 wavd w.A. 2562-2566
foyagandmdoudiiad ului uiiiifianis
Wasuwasguuuunsldussleviitau
dnd1deyagnainuseul w.a. 2558 w.A. 2562
Wag W.A. 2566 91NA1IT YU Suomi National Polar-

Orbiting Partnership (Suomi-npp) seuy VisibleInfrared

Imaging Radiometer Suite Lﬁaﬁﬂm%’ayjamilﬁmiwm
Tudl uiludazUssLanveanisldussTomia A (Nation
Aeronautics and Space Administration, 2024) Tag 11
Ty aadanisiialudn w.e. 2558 w.A. 2562 way
WA, 2566 sndeuiiufuusuimslivsslonifiau we. 2558
WA, 2562 Uag W.A. 2566 Adglusunsulssiianadoya
szuuansauwmagieans uaginsgideyanisinlnin
Tudluii 51U sundasgunuunisldvsslowdiau
laginadanisiinlivinieyaninusoud w.e. 2562
LAz WA, 2566 Wduiuiudeyaunuiinsiasuuas
sUnuumsliUsEleviifuseningd we. 2558-2562 uay
WA, 2562-2566 HadNETle Aetoyaniafaluluiiui
fiinauasuuasguuuumslivsslesifiauludatiu «
flauandlu Figure 1

Landsat 8 image (OLI) Level-2
in 2015, 2019 and 2023

Image interpretation and analysis (visual interpretation)

Accuracy assessment (error matrix)
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Land use in 2015

Land use in 2019

Land use in 2023

| |
v

| |
v

Land use classification in Doi Luang
National Park during 2015-2019

Land use Classification in Doi Luang
National Park during 2019-2023

Hotspots (2019) in land use patterns
changing during 2015-2019

Hotspots (2023) in land use patterns
changing during 2019-2023

Figure 1 Research process
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NakaziIasel

nsudaiaa waznsanssidayanwaniiivy
U w.e. 2558 W.A. 2562 uaz W.A. 2566

nsliusslevinnuluungneusisniaesvad
U e, 2558 WA, 2562 WAy WA 2566 il 753,031.58 13
7139 1,204.85 15197 LALUAT ﬂiamquﬁyuﬁ 7 871L00
laun gneniu enautasie oneotigsdit Sauin
Weasie onoudla onnediomeien 9T angien
L9917 o LneTunile Jaminarue laglunisaruun
Uszeannslduselovifinu MWinasinisldussTovifiau
sesfuit 1 TudruvesituilUnlsldinasinnslduselow
fifusyauil 2 (Land Development Department, 2003)
\esanituiivindnlusazd ldudnlu farududuves
gAY unns1eiy @a1u1sauysUssiannsly
Usslomidiau 16 6 Ussiam Ae 1) uflnunsnssy 2) fud
Undnly 3) fuftinlaindaly @) fuflgurusasdagnasng
5) fuitunani 6) fudidandn nYayan1suvann
arndioud WA, 2558 .. 2562 Ay W.é. 2566 U
NEAsN5IU AURLTamEa ﬁuﬁqmuuazﬁﬁﬂaﬂma%mﬁ
wunlthninduetseries Tummseiuduiuiivingaly
wazUlindalufivunlduanasegrenaiios fuanddy
Table 1 wag Figure 2

1) fuiitnensnssy nuin 3 e, 2558 il e
21258 mssilans Andudesay 17.64 vesitudidnm

v

T w.e. 2562 o 215.99 as19ilawns Andusesay

17.93 ot ufiAinw wavd w.e. 2566 il ofl 221.14
msnlawns Andudesas 18.35 vesiiuiidnu

2) MudUnlandalu wuin O w.a. 2558 il ofi
45.95 ans1eflaluns Andudesay 3.81 vaeiudidnw
U w.ei. 2562 fiidofl 45.76 mseilaluns Andudesas
3.80 Yol U Anw1 wazd w.e. 2566 G107 43.17
Alawns Andudesay 3.58 vosiiuiiang

3) fufivndalu wuin U we. 2558 fided 936.07
arsrailawns Aadudesas 77.69 vesi uidnyn
WA, 2562 Midled 931.72 mssilawns Andudesas
77.33 vpaRiuiidnwn wazd w.a. 2566 didedi 928.23
msnlawns Andudesas 77.04 vesiiuiidnu

4) Wudiuna s wuan U e, 2558 Midedt 2.17
a1s19ilatuns Aadudesas 0.18909M Ui Anw U
w.a. 2562 fiileft 2.26 ms1eilatuns Andudewas 0.19
vosiuRAnw wavl w.e. 2566 Tiifefl 2.29 ms1eRlawins
Anduteray 0.19 vosiiuiidny

5) ﬁuﬁnmuuas?aﬂqﬂa%’w Wu31 U .M. 2558

v '
& A

el 3.87 m1s19nlaiuns Aslusesas 0.32 Y9N un
w1 U e, 2562 Juilef 4.06 m151971aLuns Ay
Soway 0.34 YaINuUNANY warl w.A. 2566 Jllan 4.15
at a | v 4‘4’ PP

A1santaLuns AnuSesay 0.34 YaINuUNANE

6) NuMdawman wul1 U w.a. 2558 diileN 4.20
A157190tatuns aatduseeas 0.35 Yo W UM A NN
T A 2562 FiloN 5.05 a1519ilauns Asvlusesas
0.42 YaaNUNANwY wazt w.f. 2566 Uo7 5.86 A1514
at a & 12 4‘4’ a
Alawns Andusesay 0.49 YaINUN

l
Gl

Table 1 Land use classification in Doi Luang National Park in 2015, 2019 and 2023

Land use in 2015

Land use in 2019 Land use in 2023

Land use type

km? (%) km? (%) km? (%)

Agricultural land 212.58 17.64 215.99 17.93 221.14 18.35
Evergreen forest 45.95 3.81 45.76 3.80 43.17 3.58
Deciduous forest 936.07 77.69 931.72 77.33 928.23 77.04
Water bodies 2.17 0.18 2.26 0.19 2.29 0.19
Urban and built-up land 3.87 0.32 4.06 0.34 4.15 0.34
Miscellaneous 4.20 0.35 5.05 0.42 5.86 0.49
Total 1,204.85 100.00 1,204.85 100.00 1,204.85 100.00
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Land Use in 2015 Land Use in 2019 Land Use in 2023

Y o o =9
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Mae Lao District
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Mae Saluai
Chiangrai|Rrovince}

Phan District Phan District

'Chiangrai Province (Chiangrai Province

Mae Chai District
Phayao Province

Mae Chai District
Phayao Province

[Mae)Chai District
Phayao Province

Wiang Papao District Wiang PapaojDistrict

Chiangrai Province! Muang)Phayao District Chiangrai Province!

Phayao Province

Chiangrai Province

IMUang Phayao District

Wang Nuea District: Ehayad: Province Wang Nuea District Wang Nuea District’

Lampang Province Lampang Province Lampang Province!

Muan'g Pan Dislmct Ngdo District Muang Pan District Ngao District Muang Pan District Ngad District
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Lampang Province Lampang Pr%vince Lampang P,r‘ovince
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Lampang Province Lampang Province

Lampang Province

Legend
D Doi Luang National Park Area - Urban and Built-up Land - water Bodies [l Evergreen Forest

1 Administrative District B Agricultural Land B viscelaneous M Deciduous Forest

Figure 2 Land use classification in Doi Luang National Park in 2015, 2019 and 2023

A15USZLAUAITNa N 29 lUNISTILUAUSZLAN ATIVADUAIAAUINTININYIIAU 202 90 IAgUUIUIUge
Y ' [
arvaeulvinsounqunslduselovifau s 6 Ussan

v
9aya (accuracy assessment)
(Table 2) #an15UsziduANNABIYBINITUUANIN

UszilumugnAe9vaenIsdnwunlseinndoya ATiEY Landsat 8 U w.e. 2566 AU3ANTINIAAUIY
nsldusElevifduainameiiiiey Landsat 8 Tud U .. 2566 @11150UT2LHUAIINYNADIYDINITTIUUN
W.A. 2566 Iﬂa‘lﬁ'ﬂ’fagamﬂﬁyuﬁumﬁmﬂmia’ﬁm Taes2u (overall accuracy) LAy Seuag 90.59 uay
ApauLdenIes GPS Tud w.a. 2566 Tunisasiadeu AadARAUYUN Kappa Statistics winfuSesay 78.00 Inesl
mmqﬂﬁawaamiﬁﬁLLuﬂm'ﬂﬁz’fﬁﬁu LAIATUIINIAN Tgagiduand Table 3 daAAugndeeyluinmuigs
AU niaelaeldm1519 Error Matrix 115A1MUAYA dewssuiisudu Iﬂiami%’ﬂﬁﬂ%yjaamwﬁuﬁﬂﬂ,ﬁ
avavaeunsiusElevifinu 1935013 Stratified Random U w.ei. 2565 idavilaensuUalddean AUYNHBIVDY
Sampling ImEJffmuﬂiamaﬁ'wLﬁmmmgﬂéfm WAy m‘iaﬁLLuﬂﬂTay‘aaﬂwwﬁyuﬁﬂﬂﬁ WINAU SouaY 96.97
0.85 wazloniafiazinAdnufinwana wiadu 0.15 ﬁ]ﬂé’ﬁ;m (Royal Forest Department, 2022)
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Table 2 Field survey point determination (stratified random sampling)

Land use type (k/::ze)a %) Number of field survey points

Agricultural land 216.80 17.99 36

Evergreen forest 43.31 3.59 8

Deciduous forest 933.84 77.51 152

Water bodies 2.18 0.18

Urban and built-up land 4.02 0.33

Miscellaneous 4.71 0.39

Total 1,204.85 100.00 202

Table 3 Accuracy assessment of land use categorization based on Landsat satellite images in 2023 for Doi Luang

National Park

Reference data

Land use type

AL EF DF WB UBL ML Total User Accuracy (%)
© AL 34 - - - 1 1 36 94.44
S fF -5 3 - - - 8 62.50
C
8 DF 10 4 138 - - 152 90.79
M
= WB - - - 2 - - 100.00
g UBL - - - - 2 - 100.00
YoM - - - - - 100.00
Total 44 9 141 2 3 202 -
Produced
T7.27 97.87 100 66.67 66.67 - 90.59
Accuracy (%)
Overall Accuracy =90.59 %  Kappa statistic = 78 %

Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies

nswasunUasnisTdussleviifiau

n3a suulasnslduselevii aulug neu
WAIYIA ABERATY S¥rI19T W.A. 2558-2562 WUl
150U suLUaseeil Ui wanun 9.08 m1519Alaluns
Tnedluiivndaluanasuiniian 4.35 ansnsilaiuns
Aadudovas 47.91 voai Uit 7 1UE suLUassianun
sosaunAefiuiiU lindnluanas 0.19 as1eAlawuns
Andudevay 2.10v0sfiuinasuLlasimun diufiui
fifmafadunniian Ao Auflnunsnssy 3.41 a9
Alawuns Anduteray 37.54 vesitufinasundasiiaun
sesaunAoiufinuiamanfiudy 0.85 ns1enlawns
Andudoray 9.37veiuAiUA UL AW e Hufumas
Yufiudy 0.09 mseilawns Andudesas 0.98 vositui
fiudbuuasiton LLﬁSﬁNﬁ@N%HLL@S%JUQﬂﬁ%’NLﬁmsﬁu
0.19 a519Alatuns Aadudesas 210 Yo udi @
WabuLUawiavuauansss Table 4
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n5LUd suudasnisldusslevdd aulug nenu
WA ABenRale 583190 n.A. 2562-2566 WUI
n15WA sunUawesitufivenun 12.16 asnsilaluns
Tngit uilUindaluanasundian 349 aseilamns
Aadudosar 28.70 9097 Ul 7 1UE suLUa anun
sesaunAefiuiiUnldndnluanas 2.59 ansreilawuns
Aardudovay 21.31 Y0t Uit 7 LA suLUasst auun
duituiiddnsfiviunnian fo Aufiinuasnss 5.15
anseRlatns Anduferay 42,38 vesiuiTiudsuulas
Vs sesunAefiuidanaaiiugu 0.81 msilawms
Aodudosas 6.67 vosfiufiiiUa suudasievun AU
sqmjuLLaz?{wqﬂaﬁ”mﬁm%u 0.09 a1seilatuns Andu
¥ovay 0.74 vosHuAmUdsunanionun fuiiungei
Wudy 0.03 anseRlawns Andudesay 0.25 veafuid
WabuuUawiavue uanes Table 5
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U W.A. 2558 W.A. 2562 was W.A. 2566

dUayagnAuTeuvet w.e. 2558 W.e. 2562
WAy W.A. 2566 NkANAILAEL Suomi National Polar-

Orbiting Partnership (Suomi-npp) s¥UU Visible Infrared
Imaging Radiometer Suite ¥ ouUNUAUKUIUANYY
LmaﬂmﬁﬂawmqLﬁaﬁﬂmaﬁmummm%au‘ﬁ"LﬁWTTu’Lu
wiazUszinnvesnslivsslomiAaulddeya fauandly
Table 6 wag Figure 3

Table 4 Land use classification in Doi Luang National Park in 2015 and 2019

Land use in 2019 (sq.km.)

Land use type Total
AL EF DF WB UBL ML
“Q AL 21091 0.61 0.04 0.08 0.13 0.81 212.58
& EF 0.77 45.15 - - 0.01 0.02 45.95
'5 NE DF 4.02 - 931.68 0.03 0.04 0.30 936.07
5 < wB 0.02 - - 2.15 - - 2.17
2 UBL - - - - 3.87 - 3.87
- ML 0.27 - - - 0.01 3.92 4.20
Total 215.99 45.76 931.72 2.26 4.06 5.05 1,204.84
Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies
Table 5 Land use classification in Doi Luang National Park in 2019 and 2023
Land use in 2023 (km?)
Land use type
AL EF DF WB UBL ML Total
o AL 215.69 - 0.02 0.01 0.01 0.26 215.99
& EF 1.95 43.17 - 0.06 0.04 0.54 45.76
'i NE DF 3.46 - 928.21 - 0.04 0.01 931.72
5 = WB 0.04 - - 2.22 - - 2.26
2 UBL - - - - 4.06 - 4.06
— ML - - - - - 5.05 5.05
Total 221.14 43.17 928.23 2.29 4.15 5.86 1,204.84

Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies

Table 6 Hotspots by land use type and province in Doi Luang National Park in 2015, 2019 and 2023

Hotspots in 2015 (points)

Land use type

Hotspots in 2019 (points)

Hotspots in 2023 (points)

Chiang Rai Phayao Lampang Chiang Rai Phayao Lampang Chiang Rai Phayao Lampang
AL 92 2 38 278 26 91 251 58 69
EF 10 - 7 29 - 9 29 - 11
DF 171 110 113 688 356 293 964 219 172
WB - - - - - - - - -
UBL 1 - - 3 - - 2 - -
ML - - 1 18 5 9 28 1 8
Total 274 112 159 1,016 387 402 1,274 278 260
Grand total 545 1,805 1,812

Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies
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Hotspots in Doi Luang National Park in 2015 Hotspots in Doi Luang National Park in 2019 Hotspots in Doi Luang National Park in 2023
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Figure 3 Hotspots in Doi Luang National Park in 2015, 2019 and 2023
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Table 7 Hotspots (2019) in land use patterns changing during 2015-2019
Land use in 2019 (km?)

Land use type

AL EF DF WB UBL ML
“g AL - 4 - - - -
< EF 16 - - - - -
a
S DF 230 - - - 1 23
g wB - - - - - -
>
T UBL - - - - - -
&
3 ML 3 - - - - -
Total 249 4 0 0 1 23

Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies
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Table 8 Hotspots (2023) in land use patterns changing during 2019-2023

Land use type

Land use in 2023 (km?)

AL EF DF WB UBL ML
Ng AL - 3 - - - 1
< FEF 23 - - - 1 -
o\
> DF 225 - - - - 32
N
¥ WB - - - - - -
>
- UBL - - - - - -
C
o ML - - - - - -
Total 248 3 0 0 1 33

Remarks: AL = Agricultural land, EF = Evergreen forest, DF = Deciduous forest, ML = Miscellaneous,
UBL = Urban and built-up land, WB = Water bodies
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Hotspots in land use patterns changing during in 2015 - 2019
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Figure 4 Hotspots in land use patterns changing during 2015-2019 and 2019-2023
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ABSTRACT

The objectives of this study were: 1) to study basic economic and social information and the satisfaction
level of visitors to Suan Sri Nakhon Khuean Khan; 2) to evaluate the recreational value of Suan Sri Nakhon Khuean
Khan based on the contingent valuation method using willingness to pay; and 3) to evaluate the recreational
value of Suan Sri Nakhon Khuean Khan based on the individual travel cost method. Data were collected using a
designed questionnaire filled out by 416 Suan Sri Nakhon Khuean Khan Thai visitors during June—-July 2023.
Analysis was based on the frequency, percentage, minimum and maximum statistics and on multiple regression
using the stepwise method in relationship analysis.

Based on the results of this study, the majority of the visitors to Suan Sri Nakhon Khuean Khan were
female (54.8%) and the average age of visitors was 37 years, with most being Buddhists (94.2%), single (51.4%)
and having a bachelor's degree (61.1%). The main occupation was company employees (32.5%), with an average
income of 30,617.7 baht/month. There was an average of 3 members per visiting group. The average cost of
traveling to visit Suan Sri Nakhon Khuean Khan was 417.84 baht per trip and many respondents said they would
return.

Suan Sri Nakhon Khuean Khan is a public park in an urban area with 271,978 visitors in 2023. The
recreational value of Suan Sri Nakhon Khuean Khan based on the contingent value method and using willingness
to pay was 6,826,647.80 baht/year and the recreational value of Suan Sri Nakhon Khuean Khan based on the
individual travel cost method was 44,705,023.86 baht/year. Therefore, relevant agencies should be preparing an
annual budget and site allocation management plan for the visitors who come to use the recreational services

and to further develop the services and facilities in Suan Sri Nakhon Khuean Khan.

Keywords: Recreational value; Suan Sri Nakhon Khuean Khan; Willingness to pay; Individual travel cost method
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Table 1 Coefficients for multiple regression equation for relationship between willingness to pay and

independent variables

Independent variable Coefficient t p-Value
Constant 9.846863 8.318*** 0.000
G 0.026678 8.917*** 0.000
l 0.000134 3.911%** 0.000
F = 124.423*** p-Value = 0.000 R?= 0.376 Adjusted R’= 0.373

Remark: *** =

970 Table 1 @wnsaunuAduUszansnlaainnig
ANUIUAIANNITTN9ES

WTP = 9.846863 + 0.026678C; + 0.000134l;
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903 F JAuvinfiu 0.000 Fefirnifesnitssdutadfgni
adRTitvun 0.01 waneifuUsdasy Sanuduiudiusm
wUsenn a1ARan1sIasEinudnanldenertomnly
N15LAUNIIVBINGUAIRE 1NV U LT oU Uagsalaves
Fundoudanuduiusideuanduanuduladiazane
Arsssuflondraruasuasidoudus Ineferduuszans

122

Significant at level of 0.001; R* = Coefficient of determination
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Table 2 Coefficients for multiple regression equations for numbers of visitor and independent variables

Independent variable Coefficient t p-Value
Constant 51.049 3.811%** 0.000
G -0.171 - 9.561%** 0.000
A 1.561 5.171*** 0.000
l 0.001 0,332%** 0.000
OP; - 0.096 — 3.183%** 0.000

F = 42.839%** p-value = 0.000 R’ = 0.294 Adjusted R’= 0.287

Remark: *** = Significant at level of 0.001; R* = Coefficient of determination
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Figure 1 Demand curve (D) showing relationship
between number of trips (Vi) and cost of

traveling to Suan Sri Nakhon Khuean Khan (G).
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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.

Keywords: Tree species composition; Limiting factors; Soil properties; Recreational forest management
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n13f nwrdnuwazlasead1adanu i guuani e 19y
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Yo355IuMAT 9z FUTesld uagn1sidrusauvesyuauly
mseusnunSnenssssunAfiiaUsslendneussanoulu
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aUnIalLazIsNs
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Undunnstaniiugg é’?@agj inm UTM 48Q X:
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Figure 1 Location and sampling plots in Hin Tang Waterfall Recreational Forest, Udon Thani province, Thailand
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nseudasiiagauazmsinudoya
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fiudl (Figure 1) uaru3nanauUasasusazuUasIug
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wienfuduiinfidaynandimansseindssimuadumis
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geunnnd1 1.3 tes way (3) ndnlsl (seedling) Ao 14fid
yuraanslamaduiiugudnataiiosend 1.30 wwns
Wayndn 4.5 lwufluns geesndt 1.3 wWas vin1siy
Fwugnlduasnailil anglundasvwin 51005 x 5 1003
wieuiuszyToingrmans §19m1u Phuma and Suddee
(2014)
nsiivdeyaandfnulreduinuitegieiuuuuly
sumulassadislagldnszuanifiviiu (soil core) neluy
uUasiaBE19UI0 20 AT X 20 WA NNUAY $117U 5
owteuvas liun aseqagudnans uazai 4 iodinTed
yAuantARuA ugIu Thu Arenamuius (bulk
density) #2875 Core method (Blake and Hartge, 1986)
Araudunsn-ag (pH) Usuaudunieng (OM)
Woanesa (P) uaglnunaideon (K) o viealJuanis
ANZIUANERNS UMINeTBINYATANERS
nsaATIEideya
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vosdsauifitumaunluiuiitdununmeiandiuds
Janingnssnll neldaanuuiuiuvessialdluwsiag
wuassaog19vuin A1 lgInundsan (community
classification) TngUsee nel 1Y na nANAS 18RS 9989
Sorensen (1948) TuN1511AIAIIURANA 19VDIFIANNY
(dissimilarity) wazldmannissiunquniuifves Ward
(Kent and Coker, 1994) Bins1evivayalaelusunsy PCOR
Version 6 (McCune and Mefford, 2011)
n137tAsIzsiA T unan1sdinnvesliifu
TAATIERAINULUINIIVBS Marod and Kutintara (2009)

TngrAasidarudrAyvesvidnlyl (importance value
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index, IVI) 31AN1SMIAIUAUILU Y (density, D: Aume
LENAIs) mwmﬂ'ué’mﬁuﬁwﬁﬂﬁm (dominance, Do: A3
Lmsmal,aml,m) haY r»mam (frequency, F: Wosidus)
Wi emAIANENT NS sduARIng 17 § wasanves
AduimsianuazihTumduiuddyuedliifu ua
miangtiauaInvile (species diversity index) f1u
@1n15 Shannon-Wiener index (Magurran, 1988)

1159AaFU (ordination) Ll evALANT LSV
nylifunauaudiny Tngldrmanumnuduvediifuusay
yilalunaazulasuuin 20 Wwas x 20 wns Wuamsng
wan (main matrix) fuamaudAnu oA AAEnLILIY
571989AU (bulk density, g cm™) AraLdunsa-eing
(pH, 1:1) USuauBun3eing (OM, %) Weanesa (P, mg
ke ") waglnunai@ou (K, mg kg ") Iiiduunsndseq
(second matrix) 1ne1935 Canonical Correspondence
Analysis (CCA) sglusunsu PC-ORD version 6 (McCune
and Mefford, 2011)

nsUspdiunaianinuasmsiniiuaiuey dil

1) Usziiuanadinmwiefiuiiu (above eround
biomass, ABG) n1svdenldaunisuealaiundiiiofuin
muratanmvesldngsnasvuinlng (DBH24.5 cm)
T¥auni15ves Ogawa et al. (1965) T v uaunis# 19
UszdluanadanmvesdidudusualngludifSasy
UnugaInssod il

Ws = 0.0396 (D°H)***

We = 0.00349 (D°H)"

W, = ((28/(Ws+Ws)) + 0.025) "
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[

druthdunas Maun1sves Tsutsumi et al. (1983) sadl

Ws = 0.0509 (DH)***
We = 0.00893 (D*H)™"’
W, = 0.0140 (D°H)**®
Ws = 0.0313 (D°H)***

o Ws = wnadinwunilenunuludiuiiduddu
(Alansu)
128930 1%t o ua uluaun 1 duna

We =
(Alansw)

Wi = wadan1wnd o uduludaui 1 iulu
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Wr = 1aTnmaiuvesadiu + s + Tu Alandw)

Wr = inafinindiuvessin [flansu)
D 38 DBH = usiuAudnatiiesen (wumums)
H = auge (ns)
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2) Usziiuanadnmladu (below ground (root)
biomass, BLG) Aatdusesay 27 v09u7ad1n1winile
WU (IPCC, 2006)

BLG = ABG x 0.27 (1)

3) AdadrunsiniAuA1suau (carbon fraction:
CR) voslddudunnulin AvuainUsesuuiesay 47
ypaatInmvesduliiduaisuau (IPCC, 2006)

CF = (ABG + BLG) x 0.47 (ffuansuau)

4) mdndrunsaaduirgaiiueulneanled (CO)
Wudndiuserinatisaisvaulaeanlas waza1suou
Ao 44/12 (IPCC, 2006)

CO;, = CF x (44/12) (fumsuaulnaanlomiiauin)

Nawaziasel

ANuvaInTlinnazasrusznausialidu
Nufiusnaaniug winnsiasizdsuun
nsvangudsauiivainisauvsesandu 2 dvautoy
Taun ﬁ’qmﬁmﬂwmmwam (MDF) hazdenuivUnfuiag
(Figure 2) uaz lefiansandnuae mﬂuwmmmammaa
W 2 dpuUnnganvusdnuisisasiden il
Fapuiatnuganssas nuwialdiaun 39 vl
34 ana 21 19d danunuisiduvesdtwiuduldvazvuin
Nufiniiasiuvedddidy wihiv 1,164.29 dusieiannns
uaz 18.50 AITINUATABLINATS AUAIRU dAIATEAIL
#a1nvUA (Shannon index, H’) tv11AU 3.03 (Table 1)
silalinudieRnsandainnudidy 5 srduusnie
was (Dialium cochinchinense) ®¢514 (Peltophorum
dasyrrhachis) 8194184 (Dipterocarpus obtusifolius)
Usen, U1 (Pterocarpus macrocarpus) Way F 2vu
(Cratoxylum formosumi) (Table 2) lusgauliigunuin
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1fffanun 30 wila 27 ana 17 29 deruvuiuiuves
uuliigu windu 13,142.86 Ausiaianans waziipnull
AuNaINYida Wiy 2.62 (Table 1) wilaldiawile
NA1TUIAIATLAINAIAEY 5 a1AULINAD AzLABURY
(Hopea ferrea) \il ane (Memecylon edulae) 7 27
(Cratoxylum formosum) WaUWan (Microcos tomentosa)
uazezIN (Peltophorum pterocarpum) (Table 2) Tuszdv
nanldwu 30 ¥ia 26 ana 18 1A TAUNUILLUYEY
Surunanliivindu 28171.43 Auselenmis wazdanul
AUNaINYida Winfu 2.74 (Table 1) wilaldiawile
NA1TUIANTEAIUEIAEY 5 a1nuLInAe (Table 2)
Widlonle 88919 ?TTU‘L! UEAWA (Sindora siamensis) Wag
ALABURLY

FenuiaUafvuds wurdaldioun 32 win 29
ana 22 219 danunuikuuresduIuduld wazvuin
Nuiinifasanveslsidu wiafu 968.75 dusaienais
wag 30.05 ANSIUUATABLINAIS AINAIAU TRl
AuMaInTila Winiu 2.60 (Table 1) sialifinuile
NAITUIARFUAIUEIATY 5 a1AULIA AD AZLABURAY
N32UINAN (Hydnocarpus ilicifolia) Wihume (Syzygium
cumini) nszun(irvingia malayana) waginienng
(Symplocos macrophylla) (Table 2) Tusgauliizu 23
¥iln 22 d@na 16 1A TAunuiwyurestiuIuliyy
WINAU 14,400 AUABLENANS LardA1nvdaunaInsin
WU 2.31 (Table 1) widaldinwd ofiarsana sl
AUEIAY 5 A1AULINAD AZLABURAY UENONLNE BU
(Canarium subulatum) nsssuIndn Wi une waviionns
(Table 2) Tusgaunanldnu 22 ¥ila 20 ana 16 344
TAMUNUILL LI UIUNE LAY 40,250 Fude
wnens wazdaavdanuvainaia windu 2.08 (Table 1)
sialnudieRnsanaieinnudidy 5 dduusnie
ATLA LAY NSTLUINEN 02519 NTALE waswINTune
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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
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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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daglalaun neiAguiu (HOPFER) nsgtuinan (HYDILI)
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(LAGDUP) 13 udiu denalinssalddaiudoinissis
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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
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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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in Ta Phraya National Park
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ABSTRACT

The effects of personal factors were investigated on the performance of 60 Ta Phraya National Park patrol
staff from October 2016 to September 2021 based on a quantitative research method and data from the SMART
database. The data were analyzed using the frequency, percentage, mean, standard deviation, and the Wilcoxon
sisned-rank test. Based on the results, the patrol staff were non-government employees aged 40-49 years, had
less than 5 years of service and had completed high school education. There had been 9,386 patrols conducted
on 23,145 days, with the total patrol distance being 176,519 kilometers. Furthermore, the records included, 374
trees, 288 forage plants, 368 salt licks, 132 water sources, 394 wildlife, 18,890 animal tracks, 29 hunting, 248 logging,
226 shelter, 670 trapping, 248 guns/ammunition and 117 logging equipment. Personal factors of patrol staff with
the highest performance in 3 areas were: 1) patrolling efficiency— non-government employee, aged 20-29 years,
with less than 5 years of services and completed primary education; 2) ecological factors detection-were non-
government employees, aged 20-29 years, with 5-9 years of service and education not exceeding secondary
school, 3) threatening factors detection-aged 20-29 years, with less than 5 years of service and employed on a
term contract and education to lower secondary school level. In addition, personal factors, such as age, years of
service, employment status and education, had different effects on the performance of the patrol staff. The results
of this study could be used as guidelines for human resource management. Taking into account the potential and
personal factors of each patrol staff member would help to maximize the results from the SMART patrol operation

and provide sustainable protection for the area.

Keywords: Patrol staff; Personal factors; SMART patrol; Ta Phraya National Park
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Table 1 Patrol efficiency of Ta Praya National Park patrol staff

Patrol efficiency item Total Min Max Mean SD
Times of patrolling 9,386 19 431 156.43 15.81
Patrolling Days of patrolling 23,145 39 858 385.75 39.75
Total distance of patrolling (km) 176,519 327 7,207 2,941 308
Tree detection (times) 374 0 14 6.23 1.4
Forage plants detection (times) 288 0 19 3.96 1.33
Eco-Factor ~ Water source detection (times) 368 0 51 6.13 1.15
Detection Salt lick detection (times) 132 0 16 2.2 0.37
Wildlife detection (times) 394 0 25 314.83 1.19
Animal track detection (times) 18,890 11 2,165 314.83 75
Illegal hunting detection (times) 29 0 2 0.48 0.19
Illegal logging detection (times) 248 0 31 4.13 2.15
l:::j? Animal trapping detection (times) 226 0 31 3.77 1.16
Detection Shelter detection (times) 670 0 15 11.77 3.46
Guns/ammunition detection (times) 248 0 17 4.13 1.04
Logging equipment detection (times) 117 0 22 1.95 0.98
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Table 2 Comparison of patrol efficiency across different age groups of patrol staff in Ta Praya National Park

Patrol efficiency item Ages
(per year) 20-29 years 30-39 years 40-49 years >50 years
Times patrolling 37.82 3291 26.70 13.77
Days patrolling 100.57 85.28 65.12 36.67
Total distance patrolling (km) 1,774 659 485 309
Tree detection (times) 2.51 1.92 1.24 0.49
Forage plants detection (times) 1.37 1.06 1.03 0.83
Water source detection (times) 0.73 0.87 0.95 1.20
Salt lick detection (times) 0.00 0.21 0.33 0.23
Wildlife detection (times) 1.08 1.15 0.92 1.55
Animal track detection (times) 78.88 70.98 38.20 31.51
Illegal hunting detection (times) 0.19 0.11 0.07 0.04
Ilegal logging detection (times) 1.25 1.65 0.63 0.19
Animal trapping detection (times) 1.09 11 0.71 0.16
Shelter detection (times) 5.01 2.08 1.80 0.97
Guns/ammunition detection (times) 1.38 0.63 0.81 0.39
Logging equipment detection (times) 0.31 0.70 0.32 0.00

Table 3 Comparison of patrol efficiency across different years of work of Patrol staff at Ta Praya National Park

Patrol efficiency item

Years of work

(per year) <5 5-9 10-14 15-19 >20
Times patrolling 37.45 33.16 23.05 9.79 9.84
Days patrolling 98.87 80.19 56.73 25.58 22.15
Total distance patrolling (km) 754 634 4.29 2.01 1.06
Tree detection (times) 2.59 1.08 0.80 0.36 0.20
Forage plants detection (times) 1.62 0.88 0.61 0.21 0.13
Water source detection (times) 0.71 1.54 1.42 0.65 0.27
Salt lick detection (times) 0.02 0.61 0.34 0.37 0.19
Wildlife detection (times) 1.05 1.83 1.00 0.63 0.04
Animal track detection (times) 66.41 48.15 78.98 27.83 15.11
Illegal hunting detection (times) 0.13 0.14 0.08 0.02 0.02
Illegal logging detection (times) 1.64 0.32 0.68 0.46 0.20
Animal trapping detection (times) 1.18 0.92 0.59 0.13 0.13
Shelter detection (times) 3.66 1.88 1.00 0.65 0.78
Guns/ammunition detection (times) 0.13 0.14 0.08 0.02 0.02
Logging equipment detection (times) 0.59 0.11 0.43 0.38 0.07
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Table 4 Comparison of patrol efficiency across patrol employee work status in Ta Praya National Park

Employee status

Patrol efficiency item Permanent
(per year) Out-sourced Contractor Government covernment
worker employee employee

employee
Times patrolling 36.29 36.48 18.02 4.51
Days patrolling 93.71 92.03 45.04 9.09
Total distance patrolling (km) 731 636 331 309
Tree detection (times) 2.18 1.97 0.71 0.04
Forage plants detection (times) 1.29 253 0.57 0.07
Water source detection (times) 1.06 1.62 0.55 0.25
Salt lick detection (times) 0.21 0.00 0.25 0.00
Wildlife detection (times) 1.39 0.96 0.60 0.29
Animal track detection (times) 67.06 39.25 41.58 7.27
Ilegal hunting detection (times) 0.08 0.30 0.12 0.00
Ilegal logging detection (times) 1.02 2.56 0.85 0.11
Animal trapping detection (times) 0.93 2.79 0.47 0.00
Shelter detection (times) 2.37 9.19 1.84 0.25
Guns/ammunition detection (times) 0.93 2.05 0.53 0.00
Logging equipment detection (times) 0.39 0.77 0.40 0.07

Table 5 Comparison of patrol efficiency across educational level of patrol staff at Ta Praya National Park

Patrol efficiency item

Educational level

(per year) Primary school  Middle school High school Above high
school
Times patrolling 40.06 34.52 28.77 15.43
Days patrolling 105.51 90.00 73.12 36.40
Total distance patrolling (km) 822 698 557 268
Tree detection (times) 2.13 2.19 1.55 0.68
Forage plants detection (times) 1.25 1.30 1.01 1.01
Water source detection (times) 1.65 1.05 0.82 0.31
Salt lick detection (times) 0.21 0.09 0.28 0.10
Wildlife detection (times) 2.04 0.92 1.03 0.68
Animal track detection (times) 34.23 59.95 67.74 15.51
Illegal hunting detection (times) 0.04 0.12 0.12 0.07
Illegal logging detection (times) 0.69 2.26 0.75 0.60
Animal trapping detection (times) 1.16 1.59 0.64 0.36
Shelter detection (times) 2.44 5.04 1.84 1.38
Guns/ammunition detection (times) 1.37 1.01 0.75 0.44
Logging equipment detection (times) 0.13 0.86 0.30 0.41
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Table 6 Result of Wilcoxon signed-rank test between personal factor and patrol efficiency

Age Years of work Employee status Education level
Patrol Efficiency
z P-value z P-value z P-value z P-value

Times patrolling -2.81 .005* -5.66 .000* -6.73 .000* -6.73 .000*
Days patrolling -5.23 .000* -6.52 .000* -6.74 .000* -6.74 .000*
Total distance patrolling (km) -6.74 .000*  -6.74 .000% -6.74 .000% -6.74 .000*
Tree detection (times) -6.74 .000* -4.68 .000* -3.07 .002* -3.97 .000*
Forage plants detection (times) -6.74 .000* -5.85 .000* -14.63 .000* -5.34 .000*
Water source detection (times) -6.74 .000* -6.42 .000* -5.53 .000* -5.75 .000*
Salt lick detection (times) -6.74 .000* -6.74 .000* -6.74 .000* -6.76 .000*
Wildlife detection (times) -6.74 .000* -6.16 .000* -5.12 .000* -5.67 .000*
Animal track detection (times) -0.15 .880™  -5.68 .000* -6.73 .000* -6.71 .000*
Ilegal hunting detection (times) -6.74 .000* -6.68 .000* -6.81 .000* -6.76 .000*
Illegal logging detection (times) -6.74 .000% -5.85 .000% -5.00 .000% -5.47 .000*
Animal trapping detection (times) -6.74 .000% -6.08 .000% -5.03 .000% -5.62 .000*
Shelter detection (times) -6.74 .000* -4.32 .000* -1.76 .078™ -2.61 .009*
Guns—ammunition detection(times)  -6.74 .000* -6.18 .000* -5.45 .000* -5.79 .000*
Logging equipment detection -6.74 .000* -6.48 .000* -6.31 .000* -6.31 .000*

(times)

Remark: * p-value < 0.05
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ABSTRACT

The study of vegetation structural characteristics is important for national park management. This study
investigated the vegetation structural characteristics and the influence of some physical environmental factors on
the distribution of tree species in Phu Kao—-Phu Phan Kham National Park, Nong Bua Lamphu province, Thailand.
In total, 30 purposive sample plots (each 20 m x 20 m) were established. Data on tree species composition and
some physical environmental factors were collected and used to analyze vegetation structural characteristics
based on cluster analysis and their relationships with environmental factors. Based on the results, there were 79
species in 65 genera from 30 families, with the species diversity index being 3.63. The cluster analysis identified 3
sub—communities. The first was deciduous dipterocarp forest, consisting of 38 species and 35 genera from 17
families, with the species diversity index being 2.82. The dominant species, such as Dipterocarpus obtusifolius,
Gluta usitata and Pterocarpus macrocarpus, were positively influenced by the altitude above mean sea level (m).
The second sub—community was mixed deciduous forest, consisting of 52 species and 47 genera from 24 families,
with the species diversity index being 3.28. The dominant species, such as Xylia xylocarpa, Pterocarpus
macrocarpus, and Lannea coromandelica, were positively influenced by the temperature (°C). The third
community was dry evergreen forest, consisting of 39 species and 36 genera from 20 families, with the species
diversity index being 2.93. The dominant species, such as Lagerstroemia duperreana, Cratoxylum formosum and
Dipterocarpus turbinatus, were positively influenced by the rainfall (mm) and slope (%). Overall, based on the
results, the Phu Kao-Phu Phan Kham National Park included diverse plant communities that had been determined
by differences in physical environmental factors. Therefore, in zoning the management area, vegetation structural
characteristics and physical environmental factors should be considered as important criteria. Further study should
investigate the influence of soil factors on the occurrence of tree communities, which may provide additional
information to more clearly explain the occurrence of plant communities.

Keywords: Plant community diversity; Limiting factors; Conservation area management

151


mailto:lamthainii@gmail.com

Thai Journal of Forestry 44(1): 151-163 (2025)

v

UNANED

nsfnmdnuuslassairsdsaufivfodutoyaddylunisdanisgnenuusisnd fuiums@nuiddinguseasd
iiofnwdnvazlassaiedinuiiv wagdvinavesdadowndousunmenmuisusznsiisidnsnasenisnszaevesuiia
157 Tuituilgnenuuisniguin-gwius Serfavusstagg TasnmsuuasiioguuUduaIzasmun 20 wns x 20 W
313U 30 wlas ‘Wiaum‘uma;ﬂamﬂﬂﬁmawumimuum{]mmmé’aumqmamwmwsxmnﬁaﬁwmﬁmeﬁﬁﬂwms
daandin nisdnnaumlsl wazmenudiiusutiadeuandon wamsfnuwuldiFuiomn 79 wlin 65 ana 30 2 A1dvd
aravianailn Wiy 3.63 aunsasuundeufivgesld 3 duau liun dautudess wordaliiomn 38 via 35 ana
17 23 daaatinnuvainaide windu 2.82 vialilieu Wy wWies (Dipterocarpus obtusifolius) $nlney (Gluta usitata)
wazUses (Pterocarpus macrocarpus) gninnuslagALgeINTE AU (Wns) dsnudmaundly wurdalsiian
52 %lln 47 ana 24 3 dedvianuvainude winiu 3.28 sllaldisu 1w uas (Xylia xylocarpa) Useq wagfin (Lannea
coromandelica) gnimvunlasgumgil (°0) uasdanniduuds wuvialiianua 39 i 36 ana 20 29d Fadnil
ANMAINTTA LAV 2.93 silaladiau LUy azuuniudenuis (Lagerstroemia duperreana) A 29U (Cratoxylum
formosum) waze194kAs (Dipterocarpus turbinatus)Qﬂrf’muﬂimnﬁmwfwm (Tadung) wazaAuaIngu (%)
KaN13ANIUIE T ne s AgiAn - guud Useneudisdanufieiivanvaisuasgnivundaedadowandon
memeamiiuaneisty dafulunsulsennisanisiuiiasiinnsandnuazdnuivwazdadeundeunanenn
udry ssiilunsdnmedsdeluasiinisfnuwdvinavesiiatofusonisumngdaufindiaia e1avilvesuie
nsUTngdnuiitlddaaubeiu

4

AdAty: ANUraINvanedauiy Jadedaia nsdnnisiuiieusng

A1 fingregadnds Tnslanizluidesvedlasainuas
wihdivostnld Wufsaiudadenisdsuvamestade
windeufifidwddalunstmunnisnszane (distibution)
wazeIAUsENouTln (species composition) Tudanuiie
(Asanok et al., 2015) eﬁ"ﬂuﬂmﬁu F1an15A nw il

AsauAauluynui Immawwluwmﬁuﬁﬂwau%’ﬂﬁ i

v
A d

9NEUUMINA waztum3nwiugAniUn (Dudy Feilud
mmummmmaamwamawu%mmuuL’memmLmush
LuaamﬂLﬂumaagamiﬂummwimiammiww \en1s
oufndarumanvatenisianm fduisasiiazdods

andun1sAnwiveyan uguludiuvesunuineu

Uniumdau (tropical forest) Suinduszuuiinadid
audfyegdudlewSsudisutud e o vedan
Vfﬂfmi’wﬂWme§au§uﬂﬂawuwawﬂwmamq%uqua
(high biodiversity) léua AmunaInatevesd ue iy
(habitat diversity) A11uMa1Nat8v93v1i A (species
diversity) maamumwwmﬂmmmaqm&Jﬁ’uﬁf (genetic
diversity) (Santisuk, 2006) mil,ﬁ'mﬁumaqmsmmuas
maAulamaassgRadmaliinnisyniniisssumniile
W suitui Y duil il ineasnssudud awd e naud
Ha9tu Annnsdsaniiuivild Taensudalsl wudilu
Y . 2504 Useinelnediuiivszana 171 &l vie
Anduseway 53.33 vosUszne wazlulagdu we. 2567
UsemAlnewmdeiufivnliiomndosay 31.47 vesfiui
Uszinel (Royal Forest Department, 2023) szl
Urresuszimmanatduegraunlugag 60 I Aik1uwn
dmsvanvnfifuiivvesUssinaanasd dvateatiug
Wu nsdnasuialiuazwnratednluusnadui
dssadunisyngnyareduitiodeanisiaulunisi
N1LNEAT miﬁmﬂuimﬁ'mmﬁﬂﬁmmEJLLaziﬂj”aasJ
dushnaonuihiiuazinaiu Wusu Geamgnisanag

oI Ui UnaulugtAinainn1snsgvinve sy v
(Ruangpanich, 1998) asuneiinine Ui ldlugasunadng

NEUUIAITIANA-0 WA WU VeI’
a1 Uil 50 vesUszinelneg Lduiui lui saugenia

fieine (ecological roles) Renfupmuduiusiudade
windouluusazdnufivluai uiiousng Suazinle
nvdsesnlsznovrtinueanssaldsiuisanwuz dade
dewandousne q fdnansznusodenuiivgy q (Marod
and Kutintara, 2009) N1SAN®1aNwalATIAS19dIALNY
Fufngnildidudoyatiugnilunisdnnisinlsiaesialy
(Gadow et al., 2019) Fswan1sAnwiilasuuenanasil
Usglevdsionisieunudmiunisensneg (conservation
planning) a7 é'faL‘f]umsLﬁmwuuaaﬁmmfﬁmﬁnﬂ%m
Unldfdwmsulidselonllumamnisdely dafunisdne
Snuarlaseadedsnuiind wludnuumanileiilddmsu

Wennvnseulinuatgdunaty q aiu lu
AsaansU TR TUsEANS A nF e dudealinisAnwinag

152



Msa1suAERsne 44(1): 151-163 (2568)

ariuseniduuntanauuu wonsanannduwdu 3 du
L‘t‘]uﬁuﬁqﬁw 100,848 135 gunuen 45,00013 warituidu
1h 53,125 15 feegluiuiifoinnuestadg ufinoudns
Y9499417AgA5511 Lavey nouvuveITIninvouLy
an Uil dud e Urnaundalu wasUnfunds
(Department of National Parks, Wildlife and Plant
Conservation, 2022) ag19lsfinuauiadagdudlud
N13A NI NBUEIATIETNFIANNY SIUD I NBULYDY
Hospasndorlufiufiuiedognsaseds dadunisdnw
Fnwarlasassdenuiivnazanunainsinvesnuldlu
fufiusnagreruuinigi-griud Seinnudndu
ogsBsdmiulfidudoyaiugiudmiudanisiud a4
AaauiTedd ulnedtanszasdiil of nuidnumy
lasaas1edamuia earUsenouresriln wazdnswaves
Ja8UINaDUNINILNINUIUTEAS BUILVIIANIIUD
ANuFuiusUeItaTewIndau1INIEAINUISUTENNSAE
é’qﬂuﬁmﬁaﬁﬂﬂiﬂﬁﬂwﬁ'agaﬁugmﬁm%miﬁms
dnn1snsnensirldluwngneuuiannfgiin-guiud
Tgneuselomigeanuardedusioly

223000
1

230000
1

A5n1s

Nufifne
n133d8A un13Ane1uT i Uit Ul
PNUIULNIVIA LA 1-QN1UAT TINTANUBITIAN]
wazdaninvouuiy fuilunisfnw 2 dau Ae 1) fiud
] NIFUNARETUANYDIGNYIU
wianie aseunguetneluuds snailomuesdiang

q

v v
v A o a

IAUATLUY

daugdn 1w udl ey

Y

v '

Janinnuesiidng fiufivianun 161.35 a519Alaiuns
%39 100,848 15 2) ﬁi”uﬁdaqumﬁw WuluILw1817
saiestulasissdtununuiiianz Susendsaunie
ﬁﬁuﬁaaﬂumm%’wi’mauudu U 51 A199RLaLURS
%38 31,875 15 Faniavussdaang 91w 21 a159
Alawns 59 13,125 13 ﬁmmqqmﬂisﬁ’uﬂ;ﬁmmmu
NaN98YI¥NINg 250-500 LIRS USinasinrulade 1,385.9
fadiunseiel uasflgnmgiigaaniade 32.69 esmiwaldoa
qmwgﬁ&?ﬂqml@gaﬂsxmm 21.83 osrnwaldiea (Department
of National Parks, Wildlife and Plant Conservation, 2022)

(Figure 1)

237000 244000 251000 258000
1 1 1 1

1882000

scale : 1:200,000

1875000

0 2 4 8 12
W m Kilometers

WGS 1984 UTM Zone 48N

1868000

Symbol Explantion

1861000

©  Sample plot in Phu Phan Kham [PP]

®  Sample plot in Phu Pko [PK]

- Scope Phu Kao Phu Phan Kham
National Park

1854000

1861000 1868000 1875000 1882000

1854000

Phu Phan Kham National Park

T
223000

T
230000

T T T
237000 244000 251000 258000

Figure 1 Location of sampling plots in Phu Kao—Phu Phan Kham National Park, Nong Bua Lamphu province, Thailand
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AMUEIARY (V1) 5 d19uusn Ao wala WA @155 Uzl
(Afzelia xylocarpa) wazfin AA1YNAY 32.25, 24.14,
24.14, 22.88 way 14.77 aua1au (Table 2) dleRasan
panUsEnauvinvesden wuIndldinuresdenudnas
nantuidnduldinuludng 5 Suduwsn wu ung Useg
wazanss Fuduiusleioninfiaunsadeiuasasyivle
Igieluanmiladesifndinainuay

FenuAunds wurdeldviavan 39 wia 36 ana
20 297 darnunruiniuvesTiuiuauliuazauin
Nuimidasiveslidy Wiy 630 duselanand uas
20.77 MSIUUATABLENATS ANARU HARITANKAN
¥fla (Shannon index, H’) AU 2.93 (Table 1) ¥finlsl
wud e ansanaAdedanuddy (V) 5 d1duwsn
fa mzuunUdenuia A2 (Cratoxylum formosum)

819um9 (Djpterocarpus turbinatus) 8¢514 (Peltophorum
dasyrachis) wagnzuunidan ALY 41.95, 22.78,
22.47, 20.83 way 16.44 audfu (Table 2) gnlainy
2 wila 2 ana 2 29 fanuruiuiuvesiugnlldl vy
138 auneolgnn1s darssidaaunainyila (Shannon
index, H’) Wiy 0.69 (Table 1) winldiduiiofiansan
Anviiauddsy (V) Ae U3 (Alangium indochinense)
g9UA TAVNAY 153.70 way 146.30 Aua1AU (Table 2)
wazndlll wu 2 vlla 2 ana 2 29 danunuiniuYes
Fuaunaly WnAU 3,333 AumeLenais dAeanaIu
#a1n¥ia (Shannon index, H’) i1y 0.64 (Table 1)
sialfiaudiefansandweidnnudify (V) Ao azuun
\den Uy dAwniidu 116.67 uay 83.33 a1ud1fu
(Table 2)

Table 1 Plant community characteristics by forest type in Phu Kao-Phu Phan Kham National Park, Nong Bua

Lamphu province, Thailand

Plant community Total Deciduous Mixed deciduous Dry evergreen
characteristic dipterocarp forest forest forest
Tree
Number of species 79 38 52 39
Number of genera 65 35 a7 36
Number of families 30 17 24 20
Stream density (stems ha™) 914 1,181 1,215 630
Basal area (m” ha™) 22.23 26.15 20.82 20.77
Shannon-Wiener index 3.63 2.82 3.28 293
Sapling
Number of species 17 7 11 2
Number of genus 17 7 11 2
Number of family 11 7 8 2
Stream density (stems ha™) 791 1,093 1,057 138
Shannon-Wiener index 2.63 1.83 2.24 0.69
Seedling

Number of species 17 5 12 2
Number of genus 17 5 12 2
Number of family 7 3 7 2
Stream density (stems ha™) 18,000 17,500 28,461 3,333
Shannon-Wiener index 2.62 1.54 231 0.64
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Table 2 Top-five ranking trees based on importance value index (V1) in each forest type in Phu Kao-Phu Phan
Kham National Park, Nong Bua Lamphu province, Thailand, including relative dominance (RDo), relative
density (RD) and relative frequency (RF)

Growth

Plant community Species RDo (%) RD (%) RF (%) VI
stage
Total Tree Xylia xylocarpa 4.97 11.03 5.16 21.16
Pterocarpus macrocarpus 8.78 6.84 4.58 20.20
Lagerstroemia duperreana 8.88 5.56 2.87 17.31
Terminalia corticosa 5.12 4.65 4.87 14.64
Canarium subulatum 5.25 3.92 4.01 13.18
Sapling Xylia xylocarpa - 18.42 14.29 52.60
Bauhinia purpurea - 7.89 10.71 28.74
Microcos tomentosa - 7.89 10.71 25.55
Imbralyx leucanthus - 7.89 10.71 23.99
Lagerstroemia duperreana - 7.89 7.14 23.11
Seedling  Xylia xylocarpa - 12.96 17.39 30.35
Bauhinia purpurea - 12.96 8.70 21.66
Vitex pinnata - 11.11 8.70 19.81
Imbralyx leucanthus - 7.41 8.70 16.10
Afzelia xylocarpa - 11.11 4.35 15.46
Deciduous

. Tree Dipterocarpus obtusifolius 16.21 10.85 8.14 35.20

dipterocarp forest
Gluta usitata 12.01 17.20 5.81 35.02
Pterocarpus macrocarpus 14.30 11.11 6.98 32.39
Pentacme siamensis 12.46 13.23 581 31.50
Shorea obtusa 7.30 6.08 5.81 19.20
Sapling Shorea obtusa - 21.43 12.50 59.29
Microcos tomentosa - 14.29 25.00 57.48
Ellipanthus tomentosus - 21.43 12.50 55.69
Xylia xylocarpa - 21.43 12.50 52.64
Antidesma ghaesembilla - 7.14 12.50 26.31
Seedling Xylia xylocarpa - 21.43 33.33 54.76
Pentacme siamensis - 28.57 16.67 45.24
Vitex pinnata - 21.43 16.67 38.10
Albizia lebbeck - 21.43 16.67 38.10
Dipterocarpus obtusifolius - 7.14 16.67 23.81

Mixed deciduous
Tree Xylia xylocarpa 8.20 18.90 5.70 32.80

forest

Pterocarpus macrocarpus 9.46 6.10 5.06 20.63
Lannea coromandelica .47 5.89 5.06 18.42
Terminalia corticosa 5.47 5.49 5.70 16.65
Bauhinia purpurea 3.81 6.10 5.70 15.60
Sapling Imbralyx leucanthus - 13.64 16.67 46.66
Rothmannia wittii - 13.64 5.56 37.37
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Table 2 (continued)

Plant community Growth Species RDo (%) RD (%) RF (%) VI
stage

Xylia xylocarpa - 18.18 16.67 36.67

Bauhinia purpurea - 13.64 16.67 30.31

Lagerstroemia duperreana - 13.64 11.11 30.20

Seedling Bauhinia purpurea - 18.92 13.33 32.25

Xylia xylocarpa - 10.81 13.33 24.14

Imbralyx leucanthus - 10.81 13.33 24.14

Afzelia xylocarpa - 16.22 6.67 22.88

Lannea coromandelica - 8.11 6.67 14.77

Dry evergreen )
Tree Lagerstroemia duperreana 24.85 12.33 4.76 41.95
forest

Cratoxylum formosum 6.42 9.69 6.67 22.78

Dipterocarpus turbinatus 6.70 11.01 4.76 22.47

Peltophorum dasyrachis 8.21 8.81 3.81 20.83

Terminalia corticosa 5.58 7.05 3.81 16.44

Sapling Alangium indochinense - 50.00 50.00 153.70

Dipterocarpus turbinatus - 50.00 50.00 146.30

Seedling Terminalia corticosa - 66.67 50.00 116.67

Pterocarpus macrocarpus - 33.33 50.00 83.33

P~

Y1nnadeRunuIdInud iy Usingldaudl

AnudAyvenssaliludsruUnfedy wu e Snlng
waztis ueluvagieriudmuldlusaidmuUinaundn
Tuitugduiunssailsfadndu q leun Usee Sausiin
Uszgaznuldludifssusdlaednlngudivszginazgn
Farduldaadlulnaundnlu (Marod and Kutintara,
2009) Fuwansliiiuin vinldvnaundaluudiunly
e uaztilofinnsannsdudeiuglusdulifununssa
I dniluddusdadrumauniluiiui wu wdunan
aunnn wandbiiuindsaugnsunawiiilinulusou
sontusewosdnuaanllansaasaiviald Tuvae
Amsduseriuslusziugnlimunssaliludmnnaundn
TuvgduiunssalddanUnfedy wandiduinluuiinu
wasiegne PP8 wax PP11 Wuiluiiwnsessie (ecotone)
senindufssarUwaunanlu Inedliinulnaunanlu
aninludeny Wesanfiufiuuasosroszuinenid
Ja9ud wandeudianzauuinisdsfavomssald i
Hadourndeuiilndidssiu (Hemhuk et al., 2015) wiuls
Fodidlusyulifunargnlidainssuiunsdusonug
s lUgdsnudnaundalumniuilaflniidutade
dryosUieds Srikoon et al. (2021) na1231 UAess
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wuinderudniuudadidntos wiesaniiudifidisiedau
Tngjegluitufiifianuaindu fudaudntesnistaens
wiAuslinaitluiuiisnu wasduldlesusunseanan
wigyiliduldvnlau Wumglinnunuiuduvesiuld
sisluseaulsddu 15y wazgnld vesdsaudnfuudsd
TUIUUY AF1UATIAUNITANYIVOY Bunyavejchewin
(1987) finuimaasyivlavesulilutduudsiioglu
fuftanadudumelfiuiividaddesninlufiuiisn
AMUFNNUSsZNIUadanIndauusUsEnIsuwas
asaUsznauvialdiau

MITPET ULy WuIe Eigenvalue ULwNT
1 (axis 1) wnufl 2 (axis 2) wazwnudl 3 (axis 3) Aawinfu
0.445, 0.343 uaz 0.298 Aud1Au Fatunisldunuil 1
uaz 2 95 UIINAAIUF LI US Te1 s PN suaz U ady
wndendsdinugniesgegn lnodladedidaruduius
Feaufiuwnudl 1 fe Usnaniru (RAN) pvmianadu (SLO)
warATINgIINTEA UL MzIA (ELE) Tneflanaudusiug
¥ = 0.768, 0.729 uag 0.352 dugaunqd (TEM) laedien
? = 0.325 fianuduiusidauandusnud 1 lnedase
wndeuynamenmiiidvisnasemsUnngueswssailiiisu
Youwsazdnuansandseantaidu 3 ngu (Table 3 waz
Figure 3) il

ngudl 1 afialfidulutuieds wlddgnimun
51”;&Jémﬁwamnﬂﬁammqamﬂizé‘fmfmma (ELE) @il
winludsan 1w LA (DIPOP) Salwngy (GLUUS) 53 (PENSI)
Wudu Fadusdaliiwulududeds danugaan
SERULIMELaTENINe 189-488 a5 FeUnfededlion
ﬂ’]iﬂ‘i%ﬂﬂﬂﬁuﬁ:ﬁWUlﬁﬁzﬂLLG\I‘ixﬁUﬂ’J’mq\‘l 50-1,000 LuAT

Table 3 Physical spatial factors (meanzstandard devi

wilaszdumeia (Bunyavejchewin, 1979) @onndasiu
AM3@Nw1984 Sahunalu (1995) WuInluus e s
W §a uazites Wuliautnagusngegluilufifigendy
F3AuBU 9 wag Choopan (2021) WUNIN5EANBFIV0S
Wi 39 wazUsen IuﬁuﬁﬁﬁmmqqmmsﬁuﬂéﬂmLa
Uiz 300-500 LR

nguil 2 sdalfiduludmaundalu uylsidon
Avueaednsnandadegumgd (TEM) viialdinuly
famu 1w kA (XYLXY) 70 (LANCO) uganlug (AFZXY)
Dudu fguvnfvesiuiiiads 25.7-26.7 ssaueaidea
g didudadoddglunisnszarewus vesiiy
finssmauveslu Aanen senwa wusaziadonml
\dviidenadonisoannonuaznaluszduiiuansneiy
Department of National Parks, Wildlife and Plant
Conservation (2022) Wu31 ¥2sg g filed o inase
n1331mauneslu n1seennen wasinnaroanssaly
wnilanfe Yrsfigamgiiiadeiiregsyning 25.84-28.20
NG BT

nquit 3 wialdidulutrdunds uylddgnivun
Fedvnanntadeusinaiy (RAN) uazauaindy
(SLO) wiialalauludean Wi 8¥319 (PELDA) 8190310
(DIPIN) Tunsiy (WRIAR) 18 ud'y § an1uaindudl
anuduiuslasnsadonudnvesiulaeludl ui 1
Aruandugesdiarudnvesiuduuutoslurnefaty
Auldazdlonalasudnsnavinauniy virliinlau
waztinvesinwaniousendsnaliidulsngniiau
1AEATHANNITTEANNIVAILUIN LLazﬁwﬁﬁmmﬁmmmi
uthiulUdedssalifufivneiugeuauysaidunisng
TuRufieslsmungdonisd aiavesng ulidlandaly
fnavilinisasyAvlnvemssaliludfdn (Marod and
Kutintara, 2009)

ation, SD) of plant communities in Phu Kao—Phu Phan Kham

National Park, Nong Bua Lamphu province, Thailand

. Deciduous dipterocarp forest Mixed deciduous forest Dry evergreen forest
Physical factor
Mean + SD Min Max Mean + SD Min Max Mean + SD Min Max
163.23 217.33 94.60
Aspect (°) 74.66 299.90 86.32 297.65 27.75 165.65
+78.80 +73.15 +48.38
367.50 258.69 348.00
Elevation (m) 25.00 26.30 25.70 26.70 25.50 25.80
+74.45 +67.07 +21.20
1,233.75 1,217.54 1,250.11
Rainfall (mm) 1,204.00 1,264.00 1,196.00 1,239.00 1,231.00 1,275.00
+21.48 +13.93 +21.30
5.81 3.92 6.68
Slope (%) 244.00 488.00 189.00 354.00 323.00 395.00
+3.42 +1.97 +3.13
25.66 26.25 25.76
Temperature (°C) 1.25 10.23 1.14 7.62 3.08 10.07
+0.40 +0.37 +0.10
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Appendix A: Species list of woody trees in deciduous dipterocarp forest, mixed deciduous forest and dry evergreen

forest, in Phu Kao-Phu Phan Kham National Park, Nong Bua Lamphu province, Thailand

Deciduous Mixed Dry
Scientific name Family Code dipterocarp deciduous evergreen
forest forest forest
Adina cordifolia Rubiaceae ADICO / / /
Afzelia xylocarpa Fabaceae AFZXY /
Alangium salviifolium Cornaceae ALASA /
Albizia lebbeck Fabaceae ALBLE /
Antidesma ghaesembilla Phyllanthaceae ANTGH / /
Aporosa villosa Phyllanthaceae APQVI / /
Bauhinia purpurea Fabaceae BAUPU / /
Bombax anceps Malvaceae BOMAN / /
Bridelia retusa Phyllanthaceae BRIRE / / /
Buchanania lanzan Anacardiaceae BUCLA / /
Cananga brandisiana Annonaceae CANBR /
Canarium subulatum Burseraceae CANSU /
Careya arborea Lecythidaceae CARAR /
Catunaregam tomentosa Rubiaceae CATTO /
Cratoxylum cochinchinense Hypericaceae CRACO
Dalbergia nigrescens Fabaceae DALNI /
Dalbergia oliveri Fabaceae DALOL /
Dillenia ovata Dilleniaceae DILOV / /
Diospyros vera Ebenaceae DIOVE /
Dipterocarpus intricatus Dipterocarpaceae DIPIN
Dipterocarpus obtusifolius Dipterocarpaceae DIPOB
Dipterocarpus turbinatus Dipterocarpaceae DIPTU /
Flacourtia indica Salicaceae FLAIN
Gluta usitata Anacardiaceae GLUUS / /
Heterophragma sulfureum Bignoniaceae HETSU
Hopea ferrea Dipterocarpaceae HOPFE /
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Deciduous Mixed Dry
Scientific name Family Code dipterocarp deciduous evergreen
forest forest forest

Hymenodiictyon orixense Rubiaceae HYMOR / /
Irvingia malayana Irvingiaceae IRVMA / / /
Lagerstroemia duperreana Lythraceae LAGDU / /
Lannea coromandelica Anacardiaceae LANCO / /

Memecylon scutellatum Melastomataceae ~ MEMSC /
Microcos tomentosa Malvaceae MICTO / /

Millettia leucantha Fabaceae MILLE / /

Mitragyna rotundifolia Rubiaceae MITRO / /

Morinda coreia Rubiaceae MORCO / /

Parkia sumatrana Fabaceae PARSU / /
Peltophorum dasyrachis Fabaceae PELDA /
Pentacme siamensis Dipterocarpaceae PENSI / /

Pterocarpus macrocarpus Fabaceae PTEMA / / /
Rothmannia wittii Rubiaceae ROTWI / / /
Schleichera oleosa Sapindaceae SCHOL / / /
Shorea obtusa Dipterocarpaceae ~ SHOOB / / /
Sindora siamensis Fabaceae SINSI / / /
Spondiias pinnata Anacardiaceae SPOPI / / /
Terminalia alata Combretaceae TERAL /

Terminalia corticosa Combretaceae TERCU / / /
Vitex pinnata Lamiaceae VITPI / / /
Wrightia arborea Apocynaceae WRIAR /
Xylia xylocarpa Fabaceae XYLXY / / /
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ABSTRACT

The utilization of forest resources in community forests is crucial for the livelihoods of people in rural
communities, especially in areas where forests are close to their homes. Utilizing timber and forest products under
the Community Forest Act of 2019 helps communities manage forest resources sustainably and systematically.
Therefore, effective community forest management must consider the balanced and sustainable use of bamboo
and other forest resources for the maximum benefit of both the community and the environment. The objectives
of this study were to investigate the ecology of plant communities in mixed deciduous forest and to evaluate the
quantity and utilization value of bamboo, using systematic forest sampling surveys, with 14 temporary sampling
plots (each 40 m x 40 m) established in the study area.

Based on the results of the study, there were 66 species, 58 genera and 28 families, classified as 55 species
of tree, 28 species of sapling and 31 species of seedlings. In addition, there were three species of bamboo-Pairuak
(Thyrsostachys siamensis Gamble), Paisangnuan (Dendrocalamus membranaceus Munro) and Paipa (Bambusa
bambos (L.) Voss), with an average density of 2,401.33 clumps/ha. The total amount of bamboo was 2,878,993
clumps, classified into 1,863,385 clumps of Pairuak, 721,362 clumps of Paisangnuan and 294,246 clumps of Paipa.
The total value of bamboo utilization was 1,172,110 baht/year, consisting of 947,848 baht/year for bamboo stalks
and shoots and 224,262 baht/year for the usable bamboo. Pairuak produced the greatest annual increment,
followed by Paisangnuan and Paipa (49.91%, 30.87% and 18.64%, respectively, or 930,015, 222,684 and 54,847

clumps respectively).

Keywords: Mixed deciduous forest; Bamboo utilization; Product value; Volume
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Thailand

nsiusIuTtoys

nsanlasiegslagligaind duinildidy
yuaiugvesatlneUadlumsinuiiamileuas
finngtuaen uusiuiiuUaswiesradudivdoninia
YUIA 40 LUAT x40 LuA3 (Figure 2) lagyinsmenvyn
souwdasis 4 gy ndurnisuvaiuudasdosaun
10 lum3 x 10 1105 99U9U 16 wlas uazuwlasgaguun
4 15n3 x 4 ns TRNUAIEosTUN 1 1WAT X 1 1A
melundasdesung 10 w3 x 10 s ulasiides 1, 7,
11 wag 13 (Wiriyabancha, 2020)

167

16 15 14 13
10 m.
9 10 11 12
—l 4m.
8 7 6 5 Lm. 1om.
q
—| Im| m™
1 2 3 4

Figure 2 Diagram of sample plots layout for data
collection



Thai Journal of Forestry 44(1): 164-174 (2025)

nsfiutioya Tnsuvsmsiiudoyadall

1) Tuudaed96199U19 10 LUAT x 10 LUAT
mnsiudeyalddu (tree) Wneviinisduunedalil
lnginvuadurugudnataiissen (diameter at breast
height: DBH) fifaw1auinnin 4.50 wufiums uaginaany
avimuavesiulsiftognglundas

2) TuuUaad 108 199u10 4 LUAT x4 LUAT
nsiudeyaldsu (sapling) lnevinsTuunyialyl
Tne¥avunn DBH Aflvunatienndt 4.50 lwufiluns Aags
1NN 1.30 W wazinanugevedlizuiiegneluudas

3) TunUae 108 199U10 1 LuAs x 11UAT
vhnsifuteyandli (seeding) Tasnsduunvialiiid
Augadesnd 1.30 wing wagiudnundliiieganely
wiaq

4) ivdayaliieutuesuliafousainu ne. 2564
TnaiAudeyalinnnefinuluniasiiogawuin 4 lwns
x 4 1uns weiioglunUasianeniousdau ¥1n19ne99
Fuunviali dudwaudliiomeluuiazne duiden
1liineay 3 @1 1 eTawu1n DBH YAAI1NgIYDIND
fudnunmis ETTIn dudwiumiefigniiu wiediuauy
noliili (§lsifignsin) AflengnstiuvSesaliiu 1 7

5) iiudayaminiadsvemieliusazaiagin
migldfuaniidue wdvmdhminadsvomdeld
Wu Alansusdendelivesusasyin vnisdrsianas
doun1usInvisananvendeliudazyie iuuinde
Alansu wavarliusazydn vinded lnen1sdunival
Uszrnanguitimnedivhnmaiumliluinuiuifom

nsAATIEidaya

NM5IATzvtoyavesdenuiy lnevinn1siasien
WIALA ALY ALAUd U Al
mmﬁwﬁ’zyﬁuawﬁmhﬂuﬁyuﬁ (Importance Value Index;
VD) hazdiasIgvi AR YTAunaInylda Augnsves
Shannon — Wiener’s Index (Krebs, 1999)

asUszliuUsunale Tnevinnnsiasigimanuau
aliuazsrurundeliusavadaludl ud A nwistanus
I%QMiﬁaauﬂﬂiﬁ (1) uay (2)

o o 1 A
AN = -xE (1)

e

(B + b)

Fuumiald = x E )

e

A5UsUunsIEUslevdvesan i as sl
lngvinnnsiesgvimduaudbivasmiobiusiasetiniign

168

Aunsegnihunldluiiufidnwvionue Iansdaaunisi
(3) waz (4)

° ° Al & a

Sunudlifignifiuionn = -x E (3)
e

b

-xE

e

° R 2 &
Iwumialifigniiuianus = @)

nsmaandnvein Tdansasaunisn (5) wae (6)

(B +b)

o

Aaandnvadliraenms =

(5)

+b)

o

o - , @
Aaandnvaele =

x 100 (6)

A = Srunudlafinulundasiedng

a = Swnudlifignifuimualunasiiegg
B = Srunumislifinulunlasiedis

b= ai’wmwﬂaiﬂiﬁgﬂLﬁUIuLLUaQﬁaasta

E = fudidnwnsianun

e = fufiuasseges

nsmgan bl Immﬂaﬁhmﬂmmﬂwﬁmmiﬁﬁa
lﬁmﬂﬁmmﬁuawaﬂﬂﬂﬁlﬁummlﬁﬁywmqmﬁw
51017 L@ n158 evrelurtesnan ludi uit sn e Dy
Jariauasadssd wavyaA1anves mldanusuines
lurazutinnmuiiesimnain (Suksard, 2006) l¥anse
aunsdi (7)-(10)

yaARmna livnanla

= TIUIUNS WA HAMUA x SIPFDAN 7

yaAa

= UUAHAMUA x S1AFRET N (8)

waAnudaliimald

= [@nunisliiigniiu x dmtnndeseviaues
wiald x sAdenlanuveamiels ©)

yaA el

= (Frnumidale x twdnedesenievedli x

s1amentansuvaab) (10)

NaLazINTal

ANWULNIULIAINGT
o < o P A da
anwazasnUsznauvssdenunylununfnul
AU dIANNTUILUYINTTUUST LI Un Un
Ww1duaw luiunonewiidu a1nn1sAnwInuindlanin
Judnluse fliunszatgegnne 4 waslliduunaguivud
YeiesEnItuseusenduegnizatendliluisouven



M5a5UAERslne 44(1): 164-174 (2568)

Fusos nuwialivianun 66 ¥in 58 ana 28 19d @7
wUemudaneeIde (habit) Y9Ny 31U 5 gy
Usgnoudne iy 55 viin liduruiaidn 4 vl lavuis
fudu 4 vlin Ly 2 9in wedliwaRados 1 vlin dau
WAETNULIN 3 Suduwsn Tun 29d 89 (Fabaceae) 296
wU1 (Malvaceae) Lag19Alds (Rubiaceae) lagnusnuauy
9,5 uaz 5 ¥in Andusosay 13.64, 7.57 uay 7.57
aruasu Tnednsed Su (Millettia brandisiana Kurz)
&84 (Vitex limonifolia Wall.) kagwn (Xylia xylocarpa
(Roxb.) W. Theob.) v ulsi vy & Av a1 Ay ma
ﬁnﬂ?mmmmﬁqm HeAnaiaudIAyviiny 28.63,
24.70 uag 21.99 MuaIau
dlofinnsanesduszneveiiald wut ldduiidsan

wulununAnwiniavun 59 wila 48 ana 28 29A dandvil

ANUNAINYLA LV1AU 3.33 d9AUNYUS LI A A%

s

vuiuvewyliiludiay winiu 318 dusielanmis Llisun

q
v oA

drsranuiionun 25 wiia 22 ana 16 A Tnodenduil
AunaInyinvesldyudenuiavindu 2.57 denudie
vinaddenumuuiuvemgliuludsauiniu 1,729
Furioienms uagndldwusianun 31 win 23 ana
16 29 aua1au Tnedaaudanurainsiavesdnuneg
Wity 2.98 Feaufiwusnaiianumnuiuveandildly
FIAUWINAU 38,392 AURDLENANS NALABIAUNISANYIVBY
Narknoi et al. (2022) 1#@ nwilufi ufl Yrguaut1uys
Fadudranuuienadldsunsdadadudiguyy
Tusuadniuen sLneass 3auiauns anmdndu
Unanlu (deciduous forests) Usgnaunae Uif a5
(deciduous dipterocarp forest) hazUTNaNNEALUNTD
Uatugyanssa (mixed deciduous forest) L9 uLA 821y
JuBuae wurdalivanun 81 viin 63 ana 26 29
Fruwunduldeu 15w waznd il $uau 79 13 wag 21
il AnuvLduvemyld 829 dusiaienes lnefiuseg
(Pterocarpus macrocarpus Kurz) @n (Tectona grandis
Lf) une nsziiau uazazuuniudenuis (Lagerstroemia
duperreana Pierre) i ulsfvunalvg i fiaudidynis
Tnringnunnigauien iy
AMuransiatazaunuInLuveslnlud i
Unuganssal
Tunsdrsanunainedaveslalui uil wuls
Sruaunedu 3 via laun Tusan Tenawaa wagliin
Taevhs 3 adadulifirnduiunldusslonitamouay
ali (Sangkaew et al,, 2014) 3nA1sdIsatazUsEidu
Usinaililaglidayamnudasegtetomn wulid $1umu
428 no 5,379 a1 Asduruvundueds 191.07 nese
LeNANg W5e 2,401.33 drseLenas detosninuszuna

169

2 @7 3 994 Department of National Parks, Wildlife
and Plant Conservation (2012) fisnea1un1s@nulilu
Tudnuganssadinulunianais de Sarauvuiuiu
Uszanas 306.46 Nofolanas wazil s A
3,625 dsalenag 81914 esuneni uil Anwluaa g
szugiian 2-3 U neunsanwinuandindwrlugdnels
vilsilimoduruann annsadunaldainlidimuviaeg
Tuszezadranelml Feneldmardasisruiuddon 1
uInANUlAveEILazAINgIveInadBenI1 HUNR
aonndosn1sAnuiosdusznaveialslufiuiinudn gnld
waznanldveslisandAmanuvuiuiueglu 10 Suduwsn
yosvialsiiny Wunasnandseuliunaguyonnaseming
Zouvenvodldliludl uiivilruadanas 1l osannludl
Snvawvasnsinfiunsnawn (Griscom et al., 2003)

dloRasadssudisuluwsasednvedlinuin
lm'iaﬂﬁﬁi’wmuumﬁqmﬁgammumLLu'uLLasmmﬁ lagny
Waua 291 ne 3,464 &1 Fatfouninnsdnsaves Ueda
(1966) 579971471 H91UU 800-4,800 NaABLENANS kazd
d1Usram 20,700-27,450 anmelenmns WsInddnaiu
Aardudenay 68 veenslWAwu svun 509810770
Teneua wazlidn dndruandusosay 19 uay 13 989
neldfinustmun mugisu faumuiuiy 129.91 nesie
w@nes waztdy 1,546.43 8169480015 91UIUEWEND
10d8 11.90£9.66 a1 fiAugaady 8.35+1.51 1ung
ailalduningudnanadiade 3.170.67 wufiuns
A AWMgAY 85.71 Wasidus

USuae ey wan1susziiuyantvasli
Tudugyanssau

ﬂ%mmuazmﬂmﬁuw“wmlﬁ

21AN15219UAIE15999UA 40 LUAT x 40 LUAST
91U 14 ulas u,axmﬂmiaaummwgﬂuﬁuﬁwudw
Tughadauiiunaud i ewswsuardnsiiunndels
i wanuausannisgnlald g ondtmolsly
dmsunieldfivhanuilan azuanuissulinandnnue
Fausdugany wiazlinandandounigalutiafou
nsnYIrNddAY drunugasuLazUategaiuazinie
anasly s liTlaAunimsudlanazSenimdedu
ot deyaitldunduindiunauasnsldusylondl
TneLsuanniudidnwstsnun nudndusunalesteomn
2,878,993 a1 1Wuleisan 1,863,385 a1 lelwnsuaa 721,362
a1 warleUn 294,246 81 Aavludnduesay 64.72,
25.06 WAy 10.22 auady USuimud el sy
1,210,338 vio wuadunialisin Wenawia wazliun
Winfiu 930,078, 222,702 Way 57,558 wus AIa16AU



Thai Journal of Forestry 44(1): 164-174 (2025)

gnsunslduselesilnenansanainn1sangd
Favitlo wuin finsldanlevanun 27,497 &1 wiseonidu
TeUn Tsan wazlegnaura windu 15,600, 9,682 way
2,215 muddiu Fanuibivhddadiunisliusslosidee
Uiinallifisnniiga Tnsenguedivrifensdinazoglurag
2-3 T fyuadusiugudnarafisseniady 4.68+1.53
LYURLUAS m’mqﬁﬂma?{a 13.13+3.85 Lu@s Lﬁadmﬂﬁ
AnuRpansian anlgvinnsyuenlid@usumntvany
FlufiuidanuiiiodivnfiteuduldussTonisna
suluddusunuimanssurtiaiosdna esanluo
fiflelsiroudhande ususmuniu wagBangulda

drunsldvtiofiusunasianun 189,351 e wua
sandulusin Tuenauda wazleUn dUSue 176,441,
5379 wag 7,531 wie muasu (Table 1) 4 slesand
mafivmmieuniign osanduifeuihuuilon
fisandd awnsavndusalatuiulizudseniuuen
qama vieratiudend “uieliitu” dnlieisuiad
dadmumafvmeuiinuiitesiian Wedlidunfesly
msdnusiaauayldazainlunsifiuninsgidenvde
THgsuradauf v aeinisAuLazssateia uas
ASAN®IBY Banjay et al. (2022) adungliiluesuia
annsaduldaluusnafiuidoutsaiaduldaluiui
Aout1sa1adu (2.14-15.24 Woesidud) uavegniean
d1vhe (155.22-388.33 wns) Tuvnsiifiufigennudufiay
anasdslimngaudonisusngvedliensuia tiesan
ogvislnauvasun aonadostudnuuziuiidanuiiy
ﬂ’]Lumyfamimu%mmﬁuﬁﬂwLﬁmﬁmdué’wmmmL‘TJuLmeT

\WioSouiisuuSunanandn anufiuyused
wazUSunaumsldUselosivesliunasadalultuganssu
Uity 9unauuillu Jaminuasanssa (Figure 3)
wu31 TW5an TunsAnwanusa d9wulisanianun
1,863,385 a1 Wl luiTeuiisumeainuifiuyusiel
9ndnsindanan Sepay 49.91 wudrdlauifianusie
sat) 930,015 asiet waranAnwInshuselavy wuInd
Astadle 9,682 81 waziiuruele 176,441 v 52Ty
USuaunstguselovdivnnu 186,123 Andudndu
Usuumslduszleviddennudiunaseld 1ivinfy
Yoway 20.01 Fstfounitmnudiinyusiel daulieisuia
TumsAnemudn d1unulieaunansmun 721,362 é1
LﬁaﬁﬂﬂLiJ'%EJULﬁEmmmmLﬁuvguiwﬂmﬂé’mmﬁwﬁamﬁm
Seway 30.87 Wudﬂﬁmwmﬁmmuﬁwiaﬂ 222,684 afal
wazNANwINTUTE Yl wudndnnsldanle 2,215 an

170

waziAunuali 5,379 vis udulSuunisiduselovd
Winfu 7,594 Andudadiulsunanisidusslevinaniny
wismyusioly Idlyindufesay 3.41 Gufesninmnuifiuyy
ol wazliun lun1sAnwnuin deuaulidevue
294,246 1 lethluiSeuifisumanadiiayusiedann
Sasmdaman Sevaz 18.64 wuirdaanfinyusoded
54,847 d19aU waganAnwinisituselovil wuindnasly
alel 15,600 a1 waviiundeln 7,531 wide sasduuSune
nslduslpmdaindu 23,131 Andudadiuusum
mslivsslevidemnuiiismusely Tévihdusesas 42.17
Fafosniianuiinyusiel Tnsarudeanisuazyan
vasliiliusasvinitanlduselovdmnlafinngianld
UszleailarUanslagusnAannnissuniums asunIules
fanazililalutmueudunlduiiandutuluynuia
Tunn 9 @ feduiionevaussnnudosnisld Sanasd
mm'aLﬁ?:mqﬂim'ﬁ'ﬁfﬁé’ﬂm‘mﬁmﬁaaLﬁ'amauaum
AR BINTISUIaANsT oLl eans 1891 U30B AL
vilsdesdaasusrugstidnsldlivie ifidsmandseq
M%ﬁmwmﬁumumﬂﬂdmmmeﬁﬁmﬁﬁumiﬂ (Sriphaya
et al,, 2023)

yaAwadlnludenndugyanssu

ndoyavuai Aualdiuduiugadt
vodl nglddoyasaannisdrsanistensluiuilu
T n.a. 2563 uardeyainiinedsvomelsianmaiiu
fa0819mUabigIn bHasua wasleUl 91w 217, 122
uay 63 Foe Mgy wuiluggnisuaniivihnsfing
ﬁgamﬂ’]{lsﬁﬂiﬂwﬂlw’ﬁ’jﬁyu 1,172,110 U wUadu
gammﬂéﬂwﬁLﬁummlﬁwhﬁu 947,848 UIN FHUN
\Duvsdavedliifyariaindliinanligegade it
sedasnde lignawda uaglidsan dyadwindu 780,000,
129,120 way 38,728 UM ANaRU duyaAInmiell
Fanleingu 224,262 v Suundusiavendols
fiflyadngaandivanls Ae lisin sesasnde luin uas
LHY19waa dyarwviniu 194,085, 16,945 uay 13,232
U auddy wazidefuiuduyarinisldusslov
nlilutiedueld dyae 64,141,018 un Suunidu
yarn1sliuseleviainaili 62,440,582 Uv uazyaen
nslauseloviannuielyl 1,700,436 U agwiiulainugidl
USununislauselosuainarleiissuseunea 1 Ty 6 989
USunamaiiunield windufiyaainisldusslesiann
ﬁwlsiﬁmmlﬁqmjudammﬂsﬁﬂidwﬁmﬂﬁﬁ@iﬂiﬁmm
1959n31 4 i1 (Table 2)



TLT

Table 1 Volume utilization of three bamboo species in mixed deciduous forest

Bamboo species

ltem Thyrsostachys Dendrocalamus Bambusa bambos Total
siamensis Gamble membranaceus Munro (L.) Voss
Volume of bamboo (culm) 1,863,385 721,362 294,246 2,878,993
Volume of bamboo shoot (shoot) 930,078 222,702 57,558 1,210,338
Volume of bamboo for use (culm) 9,682 2,215 15,600 27,497
Volume of bamboo shoot for use (shoot) 176,441 5,379 7,531 189,351
Table 2 Value utilization of three bamboo species in mixed deciduous forest
Bamboo species
Volume and values of bamboo Thyrsostachys Dendrocalamus Bambusa bambos Total
siamensis Gamble membranaceus Munro (L.) Voss
Bamboo price (THB/culm) a 60 50 -
Bamboo shoot price (THB/kilogram) 10 10 10 -
Average weight of bamboo shoot (kilogram/shoot) 0.110 0.246 0.225 -
Bamboo value (THB) 38,728 129,120 780,000 947,848
Total value of bamboo (THB) 3,720,312 43,281,720 15,438,550 62,440,582
Value of bamboo shoots for use (THB) 194,085 13,232 16,945 224,262
Total value of bamboo shoots for use (THB) 1,023,085 547,846 129,505 1,700,436

Remark: Data from surveys in local markets in study area
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ABSTRACT

The objectives of the study were to determine the valuation of the Doi Luang Chiang Dao Nature Trail in
the Doi Chiang Dao Biosphere Reserve, Chaing Mai province, Thailand. The methodology involved the zonal travel
cost method (ZTCM) and the contingent valuation method (CVM) based on willingness to pay (WTP). Data were
collected using a questionnaire with responses obtained from interviews with 475 conservationists as samples.
Based on the results, most of the conservationists were visiting for the first time (82.3%) with friends in a group
(74.7%) and an average of 5 people/group. Top goals were to conquer Doi Luang Chiang Dao (64.6%) and sightseeing
at the highest point of Doi Luang Chiang Dao (89.9%). The average trip expenses were 4,766.84 baht/person. Most
respondents were willing to pay (87.8%) for improving services, facilities and nature trails. The value of the Doi
Luang Chiang Dao Nature Trail, calculated using the ZTCM, was 632,912,500 baht/year, while the value estimated
using the CVM, based on WTP, was 2,317,855 baht/year. The minimum lease payment for ecosystem services was
278.89 baht/person. The output from the study could be used for resource management and determining a

suitable fee for ecosystem services associated with the Doi Luang Chiang Dao Nature Trail.

Keywords: Valuation; Doi Chiang Dao Biosphere Reserve; Nature trail; Conservationists
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Table 1 Conservationists visiting Doi Chiang Dao Biosphere Reserve

No. of Conservationists (persons)

Year November December January Total
2015 1,241 2,162 1,558 4,961
2016 1,869 2,506 1,945 6,320
2017 4,661 9,132 3,423 17,216
2018 3,848 7,041 4,389 15,278
2019 1,654 2,113 3,070 6,837
2020 Closed because of forest fire from 2019
2021 2,473 2,299 133 4,905
2022 - 2,315 1,975 4,941
2023 1,366 2,516 2,149 6,031
Average 8,311

Source: Chiangdao Wildlife Sancturary (2022)
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Tunsiiune uagdud 4 arudislafiazdeanouuny
FEUULNAUINITVBUEUNNANNSTINY IR ADE VAT E9AT7
VOIUNANYISITNYIR

nsiuATEIANgUAIeg19aINNIsAIUINlagly
gn3989 Cochran (Hirankitti, 2009) 19353913 sUT a0
A2838798uuud1999 viuteyanidnAnwisssuyd
fvuaruinvesnguiegiauuulinsudauszrngd
wiluoulufi uf fnw INAITATUIUAINAATLATUIA
fhegnasuay 385 Au dslunsAniadiivhnsfivewe
Fregharanan 475 Ay iielileteyafidninugndes
wlugunntu o sedueuderiuiisesas 95 (p = 0.05)

nsAaTvidaya
N157LATIEY Yoy an1aATEgNnasdIANYe s
UnAnwsssuyd lawn wnel 818 sEAUNISANY 913N
518le lniiegendonazdeyali sadunisiAunisves
Un@nwisssned aufianeladdaonisliuinig
Aad1ueemazan uazauidslafiazdieAne ULy
szuuilaeuinig s[,ugﬂsuaammm?{ (frequency) Sovag
(percentage) Avade (mean) m‘wqum (minimum) kay

AE9EA (maximum)
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Usziliuyadndunsfnusssuviineenalaudenid

n15UsELluyaAdUNAN YIsTIUUIARDETAIN-
Ween1? IngdSAununIsAunieseaulen (zonal travel
cost method, ZTCM) Tneditumeulumsiinsest feil

1) msmumn Tngldunuinansssoznasening
washwiugdn i desnniuimiasig q ludssndlny
Tngiinsunsnuiugdaivndeinadugaqudnans
wazulsiiuiifiogsou q gaquinavesnifualudnuas
UL 11 10 Taeiwadig 4 dszeerinaanniivh
nsindnuiugdrUTeanna il

wad 1 sregnesening 0-100 Alawuns Taun
el

WA 2 sgEEn1eTEndng 101-200 Alaiums 1éun
a11u wazanug

WA 3 szEEn1eTEning 201-300 Alauns 1éun
Weesne uaging

WAl 4 szEEnesEning 301-400 Alatums 1aun
nelen gnsAng an glavie uazu

wAfl 5 sprnesEning 401-500 Alaiuns Téun
wwaglan Munanys ulgesasu wagiang

WAl 6 SzEENeTENIng 501-600 Alatums laun
UATANTIA Ripsil insysel uazduum

WA 7 sgeen1esening 601-700 Alaums léun
AU any3 91aee uaskay

ATl 8 szEEN1eTENIng 701-800 Alatums léun
NWIruATAS0YsY asvyl Uanu Yol uesdadng
VOUWAY NTUNNUMIUAT UaTUUNYS

WAl 9 szEEN1eTEndng 801-900 Alatums laun
AT aYNIUIING NMwdS aunsanas Uyusii
unsUgy Soedn ansond aynsaeasy ¥ays uassIvdNn
ALLUNTT T1PUT ANTIUYT UATUIEN NUBIATY LAY
WWYSYT

WWAT 10 T¥EEN9TEWINe 901-1,000 Alaluns
Lawn uSSug ngyauys Usnduys elass anauas gsuns
5YUD9 91U LAZUNAIMNT

AT 11 Szegvnasaus 1,001 Alawns 3uld Toud
a3zl auas1vsil Junys uasnu UseaduAsITus
ASALINY ATIA YUNT TYUDS 491903571 UATATEIINTY
Wan nsed n¥e Winga it aswan aga Jnendl vzan uas
UIDNE

2) BNIINTANISITUVIRVRIUTEAINTLULUAD
Usgyns 1,000 Ay Tuszeziian 10 lnedluiuuves
aunsi (1) fai (Boonta et al, 2012)

Vi, NDy, x 1,000
n P

(1
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18 Qn = ORTINSINANSTTUIRROUYDIINANE
555UR TduefnwIsssuRneevaaTewn) :nwn

h1ag h A1 1-11 seuseans 1,000 AY

Vi = 91UIUA0E19UDIUNANMISITNRIINUA h
I h flAn 1-11

N = summﬁuamduﬁ’;aﬂwﬁmmium hlag h
A1 1-11

N = $102uTnANYI5SSUTRN IMUA Ve L UNIS
Un@nwsssurfsssurfinesnarndesmiaisluseu
8 U (8,311 Au) (Table 1)

Dy = S1uuS Uil U@ nw15550TIR 910 h e
wagreTnAnwIsIINTR 1 Ay

P = s1uaudszunsanualuwn h lne h e
1-11

H = wnflegorduvenin@nusssund

3) AMUIUMIANUFURUSTEWINERIINITUIANEN
555u91R 6 oUTE1n5 1,000 AU AuAlld T eiads
TunISAUNIIANEIEITUBIALEUNIANEITITUVR
AOYNAIILT 84NN DU NA NYITITUBIA 1 AU
FUsznoudae Arsutavalaganslunisiiunig
Assandenvninviiusdaiviuazaraouiniadug
Aggunsaldu 9 A1 Arvesdinuazvesiisyan
Ald9e8u 9 wazAndelenmavewranlunisfiansan
Andelonavesaaiiu el auudduyuenldiiely
ASLAUNI ANAaRDTIUIUUNANYIFTTUBIATUNTLT NN
ANYUFUNNANBITTINIRADENAINT BN LABIBNIT
ZTCM fie madwaudugUasduesnisifiuni Afsuuuy
AUELNTST (2)

Qn = f (Tcn) (2)

Tag Tan = Anlgarglunisundneidunied nwn
ST5UTRneETaINTEIN NN h WwasUIMFeAuRe Ty

4) @510 dUUaIR TINVBINTUNAURN IS TTUYIA
ABEMALT I IMUAYeIUsEINS Tnen1stnnaves
AUNTTANUAURUT TN IO ATINITUANWITTINYRVD
Useanshuunnauszeins 1,000 Auluunwaazun (Aw)
dlefinsaufifleaifinanldsesonunetu (2 lunisun
AR IsTIIITRTasEi () Judos 9 Tnefifsuuuy
AuELN1ST (3)

Ak = (3)

TChj+ZkJ

Fapidletienldseifiut uiiassesusnsinisan
ANYIGTIUIRAINA1ITANAT ANUSUNITATUINITIUIY
adswesnsuiufnunsssurdvestssansiianunaly
A UNNSANYIGTTUVIRADENAIUNTLIATT Bl SLAUNSLTANY
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auuAm N uTwluwnarseau aeldaunisy (@) aed
(Boonta et al, 2012)

(@)
1,000

10 By = S1unuafmosdnanisnfnwsssui
fodvaainAnwisssuend 1@ nwiduniadnw
535uARNREVANTLAN A h  seAuAldaed
auuFliAnTuden 1

sasuedwesManAnwidumefnwssueni
eEnalNfoin1veUsEyInTYAlYe AuA YT
Wiatuluseaudng q (0 Fadugasing 4 vuduguasa
vaatinAnwsssuwd lngluudazgainanldingauualy
Winduluudazsedu nedyuuvuresaunsi (5) fail
(Boonta et al, 2012)

Yo - e, Q

Tn8Y, = WaTUV0IRIUIUAS T BINTUAT B
L UNANYISITUYIAADENAINTEIA1IVBIUTEYINTYN
wn mueleauATiinTulusysusg

m = Suruaswesn sAnvssTuridunI
ANWI5TTUYIRNDUNANTENAT

5) A iuildidugUasduansdaanina
dinlafizdnevesindnwsssuwd

n1sUsELlluyaAduna@nwIsTIHTIRRDEIAIN-
Wean1a Inedfauuimanisalliszanauainnuiule
7i9z9e (contingent valuation method, CVM) WJunns
aeunufennandulafiavdng (WTP) vestinfnwisssuwid
TnefigUuuumuaunisii (6) dell

WTP = fINCOME, EDU, TIME, MEMBER, DISTANCE,
EXP, AGE, LIKE, REASON) (6)

Tng WTP = anutfiulafiazdiuaineuunussuy
TAUT NS UNIANWITTIUIAA DY NAINTBIA1IVD 4
Un@nwsssuyd (Um/ad)

INCOME = 5181108 omoLd ouvesiinfnw
SITUYR (UIN/1PADU)

EDU = S¢AUNISAN®1UDIUNANYI5IINYR
Fuudildsunsine)

TIME = $110UASe R NA U UN 98 nw155509R
ApMaNTIn (A)

MEMBER = afwmuamW?ﬂﬁywmiuﬂa;mm
UNANYITTINIG (AL)

DISTANCE = szagmslunisifiuma (Alaiuns)
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EXP = anlanglun1siaunieesinAnwisssuea
(Um)

AGE = 91gvastinfinwsssuud (U)

LIKE = na523v0958AuANUNanelafaszuunig
UTN9AUANN 9 TuNISIRUEUN AN BI5TTUYIRADE A
\We9a1 (32U 1-5)

REASON = wmalunsBudiiazdnelunisusulss
N15U5N15 A98IUILANNATAIN LEUNIANBISTTUYR
ADENALTYIAIIAG ATy (Azwuw) AU AAT
dumsAnusssundldsaunisi (7)

V =WTPxN (7

g V = gaAndun1a@nssssuiidunisfnm
SITUANDYNAIUT LA

N = Sruauindnwisssueid 8 Jdeundaiads
Fauet w.A. 2558-2566 F5luT w.#.2563 IaldAnwn
sy5uA esanaoumsallain T we. 2562 (8,311 Aw)

Nawaziansel

dnwuzniaasugiouazdenu uazdayanluvas
UNANYISITUYIA

FoyamluiieafutinAnwsssuwnd nud dhdnw
sssuvfdrulugiduinands 1uu 267 518 Andu
Yoway 56.2 019iaAy 32.6 U auszduMIANWIUIYIR3
F1uau 342 519 Andudesas 72.0 sesaunABaUTEAU
nsAnwIUSgln 1w 90 518 Antdusesay 18.9
Wnfinwisssuvrfdiulng i mnd uduniedne
5ITUYIAADENAINLT8IA1IUTENOUBIT NN NIY
USEVoNTU 91U 193 518 Andudesar 40.6 0989
UTENauaI¥nANvIELaE s INEIUAT 97U 89 1
Anduiovar 18.7 wazendnsusianis $1uu 87 51
Amfudosay 18.3 I51eldadoninnin 30,001 vinuly
$1uu 215 519 Aaduieway 45.3 wandliiuiaindne
sssuvddlngidudfanuy f51eledarunsald
FredmsunIsiuniwvieniisnasdnusssueAd
AREVAIUTIANILA

ANYULNITUINILAULAUANBISITUTIRADY WA
LA WU ﬁau”lmgmﬂuﬂ%«,mﬂﬁwmu 391 519
Anduesas 823 waziumsifumendunguifiou
913w 355 518 Anlusesas 74.7 Suuaundnlungu
\dy 5.38 AU ﬁ'mqﬂazmﬁwé“ﬂ‘uaqmilﬁumaLﬁaé‘?ﬂa
W iefidngennosnarndesnisiuiy 307 518 Andu

v ¢

Jogar 64.6 darwaulalugavudiiiadyngganey

v

vaiudeans 1w 427 518 Anduiesay 89.9 uax
n91UteyanN S UAEUNNANYISTTUIRARENAINTLIAT?
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wnfignan LileunazgyAfites S1uru 242 s Ay
Soway 50.9

ANUTanelavelndnuisITUYIRADAITUIUNS
TAn13venYnsnwInusdndvndesns wudi lusedu
anuianelaundiaa leun nmsliuinisvesniady
Wntilwesnuwugdnivndosnn (fesay 50.1)
A5l AsTBINIANTY SaSUEY wagn1sliusnisues
N1 (Fevay 49.9) anngdvimy alulanieiuy
ANEIBN wagANuraInatsvesnssaliiardniUn
YoenBEvaINTeIn (Fegay 70.5) AnuidanUasndoves
LEUNNANEI5IIHTIRNeNa1LT IR (Speay 53.5)
dmsud Ui ndnwisssuefdseduaiudianelauin
T8un SEUUN590saNs L AUANYIsISUTRABENAIS-
\Feeam (Fowas 50.1) mssuslideyaiieafumstiudy
NANYITITURRBERAINTBIILaLINTSANTS (Sovay
48.4) ADULAULEUNIIANYITITUIIRAABYNAINTYIATD
6 sz‘]gumauuazqmawmﬁau (Sewag 52.2) n1585U1Y
%aaﬂasumﬁﬂ?%ammumsJﬁiimna ($ovaz 41.7) Aesue
AUEEAINUUADENALTBIA (Foay 42.3) A1e15lAn
FEMTNMAAUEUN AN T TIUIRADENAIUT 8IA12
(Sozay 41.3)

anuialafiazsreanauunussuuiaAuins
EunmsAnwsssumAnesraiadewmny wuin Tunsdlis
N15UsuUTINIIU3NIS A uBANAYAIN WEUNFN
sysuTAnesnaInTemasig q Wity wazasiinisiiu
AmaULUsTUUTAUS M LAY TAnwsTTIYE
fimuduifiazene s1uau 417 18 Andudevasy 87.8
Tneaadoanuiulafiazdiemnouwnussuuinausnng
LEUNNANEI5ITUVIRNBYNAINTEIA LINAU 278.89
UINHDAY

N5UTEEILY AANTUNNIRN ST TN INARENAINT BN
1agAFAuUNSIAUNeTEAULYA

I1INNITRU AT 119098 NANWI555UT 1A 98N
Ju 11 s wuddn@nesssusnfiumsnanued 8
unan (wszuasasoysen aszys Tanw gl
MUBIUIENY VBULAU NTUNNAUMIUAT UAZUUNYS) T1UU
241 518 AnvduSesay 50.7 sesasnduilnAnwisssuuna
AUNIILI9Nad 1 wad 9 wadl 11 yendulun
3u 9 fdwnutesndn 20 570 (Table 1)

851U NANWITIIUYIRABUTLY1nT 1,000 AU
Tussoziian 1 0 wudn wadl 1 (Feddnl) $6ms1nsun
AnwisssueAvesssrinsuiniign S1udu 2.40 afasio
Usz91ns 1,000 AY 50380 laun wad 8 fsnsinisun
AnB1535UIRTINIY 1.05 ATereUsyans 1,000 AU
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vonuwaivaeildnsinsundnwisssurfivesssng
Younin 1 ads (Table 2) Tngldszezian 3 Susonsd
ANUINIAIIUTUNUS TEUT 1O ATINITUIA NN
555U R RaUsEYIng 1,000 AU FuA1ldaneiad olu
ANTLAUNITUIA NYIGTTUVIALE UNIANWITITUVIR
AREMaINTBIn1IR el NANeI535UYIR 1 AU (Tcn) &
Usynoudie Ardunazalasanslunisiiunis
AsssuLdnunsnuiusdniviuagaaauiiniadus
Agunsaldu 9 A1915 ANveIRINLAzYeaTisEAN
AldTe8u 9 warAndelenaveniarlunisfiansan
Andelonaveananiy Cesario (1976) wag Thailand
Development Research Institute (2000) lalausiiamg
Tne14381151A1197 (shadow price) 7ioguuilugiuwes
gns1AdansEllaunsalddnsAdnswesiiunidle
Tnoasawazinrieadisadoulaassaussloviainnisun
Vioudfien wsgessaUstlevivesiuslaalildanasn
\Huguduidinandesy osnnldsuessauszlonian

Table 2 Annual visits per 1,000 population by zone

mMsumanfuraniununnsiy Senadidslenia
yasalagnsusuanensinsisrerndusesay 0.33
YOIRNSRIIANE1 WU ANIsTSHT AT nwedt 11
(aszund gUaT1¥e1d TuUNUT UATNUYN UT¥RIUATTUS
ATAYINY ATIA YUNT T¥UDY 31903571 UATATTITUTY
W nsed m g e asvan aga Yaend sxan uas
us181a) Tenldsegefiande 6,278.26 vinseay
s0saaunAtnAnwIsITUIAR NNAT 7 (Feviy3
anys 81mes wazlay) Aldang 6,143.04 umseau wag
wad 10 (Y3508 ngyauys Usduy3 elass anauns
A5UNT J8U9Y 9IUNAITY LAaTYNAINIT) AMETNY
6,098.12 UNFBAY BN ULYABY q daldaedesnin
6,000 U meeAY tnedalganglunisiuniaveaindne
ﬁisuﬂmﬁﬁ’]ﬁqm 1,560 v AntgInglulunisiAun1ses
ﬁ’ﬂﬁﬂmaﬁumﬁqaﬁqm 13,550 U warA1tganely
N5 UN190TNA NWISIIUTIRRA Y 4,766.84 U
(Table 3)

Zone (h) Population No. of visits Percentage of Annual visits per 1,000
(Pn) (Vh) total visitors (%) population (Qn)
1 1,792,474 82 17.3 2.40
2 1,118,347 2 0.4 0.09
3 1,730,305 4 0.8 0.12
4 2,644,711 6 1.3 0.12
5 2,365,999 5 1.1 0.11
6 2,644,368 6 1.3 0.12
7 1,848,018 4 0.8 0.11
8 12,082,422 241 50.7 1.05
9 16,940,563 82 17.3 0.25
10 7,505,028 18 3.8 0.13
11 15,418,240 25 53 0.09
Total 66,090,475 475 100

Source: Population data from Department of Provincial Administration (2022)
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Table 3 Average cost per trip by travel-time zone

Travel cost (THB/person/day)

Zone (h) Round trip . Total Remark
transportation cost Value of time Other (Tewn)

1 484.76 336.60 2,360.85 3,182.21 Minimum travel cost

2 725.00 328.68 2,615.00 3,668.68 per trip = 1,560.00

3 1,000.00 328.68 2,167.50 3,496.18 baht/person.

a 1,300.00 329.08 2,821.67 4,450.74 Maximum travel cost

5 1,324.00 329.42 2,200.00 3,853.42 per trip = 13,550.00

6 1,435.67 330.91 4,045.00 5,811.57 baht/person.

7 2,100.00 333.04 3,710.00 6,143.04 Average travel cost

8 2,142.28 337.59 2,975.12 5,454.98 per trip = 4,766.84

9 2,340.11 338.17 2,800.61 5,478.89 baht/person.

10 2,766.67 334.62 2,996.83 6,098.12

11 3,232.00 332.26 2,714.00 6,278.26

WIAMNFUNUS TE NN NUNAN Y555V ARD VeadRnsyav 0.1 nuneauindle log vesArldanely
Uszans 1,000 ausediuanldaeinaglunisimunisle ANSLAUNIIUNEUN A NWITTTUIIAADYNAINT IR
AnuduiuslugUvesaunsannse (Table 4) ol (logTcn) Wintu (anag) 1 v agrilfnTnsunAne

53TUTIAROUTEYINT 1,000 AU BAAY (Lﬁ'mﬁu) 1.464 Ay
wagA1 RZHAWNGU 0.269 waneina1ldarglunsiAunig
A7U19005 U9 9AINLUINUVBITAIINITUIA NI
sysumRlaSonay 26.90 fimdesnsosas 73.10 fuaun
Mnfudsau o Aldlddunfinnsanluid

logQn = 5.062 - 1.464logTch

BNIINITUIANYITTTUIAADUTLVINT 1,000 AU
Janudunusidsaunuanlgareluni1sia uniaundnwd
5550917 ledaduusza@nsvindu —1.464 FeldudAy

Table 4 Regression equation parameters for relationship between number of visits per 1,000 population

and average travel cost per trip (Tc)

Independent variable  Coefficient  Standard error of estimate t-test p-Value R’
Constant 5.062 2.557 1.980 0.079 0.269
logTch -1.464 0.803 -1.822 0.100

Remark: R? is Coefficient of determination

Lé’uqﬂmﬁi'gmmmimﬁmsnﬁﬁwmaﬁﬁmmsuaa Wudwdes 9 warswduauadsvesmsunidufne
UnAnwsssunf Ineianudunusseninegnsinisun ﬁssuﬁmﬁwawiw’msnﬂLGUmmuﬁﬂ%’dwﬁﬁwﬁﬂuazﬁu
AnwssaumAneUszrIng 1,000 au (Qy) Aualdareinde #19  Fadugasiie q vuidugUasdsauvesindnw
TUAITA U ANYITTTUYIT LA UN AN WITITUYA sssunAlagluusazgaasinnaldiauniliauiy
AOYNAINTLININDUNANYISIIUYIA (TCh) NIATUIUNT Tuusiarszav Tnsendaogamsmurnmsuiundswes
NTINTUIANI5TTNYIRADUTEVING 1,000 AU Tulsiay ATUNAULFUNIIANBI5TINYIRADINAINT BIN1IVD
e (A o sanu@inisui uald s oy (2) lunisun Usggnswni 1 i eauudindarldanelunisidunig
oadlerfiazsyau (K Tuluidos q sudnsinsundne i 0 v (2 = 0) wuh SnAnwsTIITRRUman
ﬁiﬁuﬁmmmmmﬁﬁuqu&? (Table 5) mmfummm ANWI555UG 1,540 ﬂ%ﬂ vJudu (Table 5)
mInusinsIRudumEnYIsTsIRnesenae- ﬁwmmmﬁuﬁiﬁﬁuqﬂmﬁuamﬁmaﬂ'wmmLﬁzﬂ,ﬁ]
Feoematomnluusavion a seduanldaneauuAails fzdrevonindnuiossuni (Figure 1) fofu nsUsidiu
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YaA NN AN WISTIHYIRAREVIAINT BN T TR Uy
ANSLAUNITEA VLA ANYTIAU 632,912,500 UM 8U
(632.9 auumeed)
AMUIUYAA LT UNIANYITITUVIAADYNAI
Fesmauitelilasunauszlovdmasmutunuinisesng
F98u 1nolgns capital value lnglddnsnanauuny
WusUnsiguradaviniuiosas 3.4603 sl (Public

Debt Management Office, 2023) LazauUA L9y aA"
L UNNANYI5ITUTIANDEMALT oA ALY 9 AU
Tunn 9 U Ae 632,912,500 vneiad ﬁ’ﬂﬂfusﬂaﬁ%é’umq
ANWITITUYIRNDENAINTLIAIUALYAANAUNIIANY
sssumAnosnalndemniiinsianisedisdsBuilyasi
Wiy 18,290,682,889 usind (18,290.7 aruumsel)
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Figure 1 Demand curve for valuation of Doi Luang Chiang Dao Nature Trail

n1sussiliug aA g un19Ane1sIINYIAABENAIS
Weeana lnedsauufmnnisalliuszanarianaiula
fiazdne

A ulafi 9z9 e Mo UuUSEUUT LIAUS N3
L UN9A BT TUVIRADERAINT BINTIVDI NANWIGTTUR
Tunsdfifinsuduugensuinng dsdrueauazaan
unsfinwsssurinesnaindsmianig o 1Aty
LAz NS UAINBURNUTEUUTLIAUS A15LT LY
Wndnwsssumddiulngfianuduiiazdne 1w
417 s Aviudevay 87.8 wazdndnwisssuaniilddus
318 $auu 58 518 Anvdudesay 12.2 §eAias oi
tnAnwisssuvAduRiaz ety 278.89 U wanad
fanuduffiazaeniniian insgatuayuidmindily
NIQUANINYINTTTTUYA AN IAYLAzLUIIUI9T0Y
fuiliinsogsoly 1y dsaudivAsdalnd wagdafrany
(NN9EHN WALLEBINT) 311U 357 518 Andusesay 75.2
wazlunsaifithAnwisssurdldduifiazdne siziiuin
Sguraasilugsuiaveulunisgua iomnfunidves
Usenuuluuda $1uau 47 510 Andufesas 9.9 uenani
UnAneIsIsuATABAUN1LILEY SAnulsyasifiay
AdULNBN 1w 391 518 AntduSesay 82.3
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nsinwdladeiidnnuduiusfuanuiulefias
YAIMDULNUTEUUTNAUTATEUN AN BI5TIN AR OY
waaidieenna (Table 6) wudadedifauduiussu wrp
launduwdsselawazivana 1ne3s Stepwise Regression
wui1An Adjusted RZ winffu 0.133 (Judfivsvenda
mnutdefiovesdoya annsneSuiemnuulsUsIuves
Hadeiidaruduiusiiae wip lédesay 13.3 dauil
wdedevaz 86.7 Wunavndades u 9 7 bulduiun
fosarluadeidlunuusians sneddeiiuanieaiu
nsvihnengAnssuayed Ingldnismaunisnisanasey
1F9LdU (linear regression model) WU IUVDL Suksard
and Pratumngao (2015) N15Usgiiugameuiuminig
YDIYNYIULNIYIAUITU F9nTAa1UN9 LagaunIsen
ALl 28T 19A10T NI g e UL su A Yed
Trvieaiteatian R = 0.078 saustenmues Wechvitan et al.
(2023) YAAMNTUNUINITVDIEIUNENYANERTAN LU
Fodadiwaglan Tnsaunsemnudislafiorsrersssuden
nsildusnisaungnumansanlameuvedugeu
A1 Adjusted R = 0.482 uag91uv89 Kaewmora et al.
(2023) af1PUTUNUINTVBIIUG NIV IUIHUT S
Jadamsys lngaunisaianuiulagieveadundeu
fif1 R® = 0.031
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Table 5 Number of conservationists and per annum by zone with increasing travel cost per trip

Increasing No. of conservationists (time) Total
Cost (Thai baht) (Number of conservationists visiting per annum)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9  Zone 10 Zone 11
0 0.8590 0.6975 0.7485 0.5256 0.6491 0.3557 0.3279 0.3902 0.3878 0.3315 0.3177
(1,540) (780) (1,295) (1,390) (1,536) (941) (606) (4,715) (6,569) (2,488) (4,898) (26,758)
1,000 0.5758 0.4901 0.5179 0.3907 0.4630 0.2819 0.2630 0.3050 0.3034 0.2654 0.2559
(1,032) (548) (896) (1,033) (1,096) (745) (486) (3,685) (5,139) (1,992) (3,945) (20,597)
5,000 0.2156 0.1981 0.2040 0.1745 0.1921 0.1433 0.1371 0.1506 0.1501 0.1380 0.1347
(386) (222) (353) (462) (454) (379) (253) (1,819) (2,542) (1,035) (2,078) (9,983)
10,000 0.1072 0.1017 0.1036 0.0937 0.0997 0.0822 0.0797 0.0850 0.0848 0.0800 0.0787
(192) (114) (179) (248) (236) (217) (147) (1,026) (1,436) (601) (1,214) (5,610)
50,000 0.0139 0.0137 0.0138 0.0134 0.0137 0.0130 0.0129 0.0131 0.0131 0.0129 0.0128
(25) (15) (24) (36) (32) (34) (24) (158) (222) (97) (197) (864)
100,000 0.0053 0.0052 0.0052 0.0052 0.0052 0.0051 0.0051 0.0051 0.0051 0.0051 0.0050
9) (6) 9) (14) (12) (13) 9) (62) (86) (38) (78) (336)
500,000 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
(1) (1) (1) (1) (1) (1) (1) (6) 9 (4) (8) (34)
1,000,000 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
(0) (0) (0) (0) (0) (0) (0) (2 (3) (1) (3) )
1,500,000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
(0) (0) (0) (0) (0) (0) (0) (1) 2) (1) 2) (6)
2,000,000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
(0) (0) (0) (0) (0) (0) (0) (1) (1) (1) (1) (4)
2,500,000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(0) (0) (0) (0) (0) (0) (0) (1) (1) (0) (1) (3)
3,000,000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(0) (0) (0) (0) (0) (0) (0) (0) (1) (0) 1) 2
3,500,000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(0) (0) (0) (0) (0) (0) (0) (0) (1) (0) (0) (1)
3,600,000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)
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Table 6 Multiple linear regression model for willingness to pay

Unstandardized Standardized )
Model 2 . . t-test R F-test p-Value
Coefficients Coefficients
Coefficients B Std. Error Beta
(Constant) -50.418 45.284 -1.113 0.133 37.292 0.266
REASON 27.635 4.121 0.287 6.706 0.000
INCOME 0.008 0.001 0.233 5.442 0.000

Remark: Dependent Variable: WTP
WTP = -50.418 + 27.635 (REASON) + 0.008
(INCOME) (8)
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ABSTRACT

Thailand has set a target to increase the area under economic forests by approximately 16 million rai by 2037
to support carbon neutrality. Several factors determine a successful completion of this goal, including national policies
and strategies, growth of the wood industry, an expansion of the carbon credit trading market within the forestry sector,
and the promotion of sustainable agriculture in the agricultural sector. However, several key challenges need to be
addressed, including issues related to legal and comprehensive management, efficiency of mechanisms in financial,
fiscal, and markets, availability of land suitable for economic tree planting, as well as technology, innovation, and
forestry standards. Thus, key approaches to successfully promote economic trees should include defining provincial
areas for economic tree planting, promoting the formation of large—scale economic tree planting groups, developing
financial, fiscal, and market mechanisms, applying principles of "market—driven, innovation-enhanced," enacting
comprehensive legislation to promote economic trees outside forested areas, and establishing a national policy to

promote economic trees.

Keywords: Promoting; Economic trees; Carbon neutrality
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melunereuni .. 2608 (Faculty of Forestry, 2022) yinsmdliivgnuieduesmusssurAuazoguanion
A1aUnlE Sunu s ufauauLdaudunang Ureusndifnsldvsslondidolsl uas/mie ndanadu
N19ASUBDY ImEmhamm%’uﬁw%ﬁuaul;mgﬂisuﬁ naztdu Aldldoldifionasé (Faculty of Forestry, 2019) Fatdu
udaiuarivoutilugurendaliuasndnfasionnls Uimsygaduldfiamnsadunatioyad wloudsguidu
UseuneilneSaldimungnoaians uleis wuen uas wanuiene q lasnnane wu mahlldlugaamnssy
Tasanssng o Lﬁaaﬁum;uﬂ'ﬁuaiqﬂmmaﬁ(Facutty of roads ldildaes ldoinds owns er¥nwilsn dule o1
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aseusyme sudveunsathluldidundndseiunisgsia
WAZNIITOUILATUDULATAN bR

i imswgfaf ddyresuseinalvedvatesia
wi g 2 ylandnd T4 uii Ugnunndidiuls Ao
gAaUAd (Eucalyptus spp.) kavdn (Tectona grandis)
fifuiivgnuszann 4.91 s uay 2.06 dwls pudidy
(GISTDA, 2023 913814l Tangkit et al. 2024) RINLUINL
gnsnisiiulandseentd 3 ngu laud 1) naulilass
\HulsiAfsnsmaiivlnvessuinduitugudnanafissen
1N 1.5 wudiassiel fegseusiniiuuseunn 5-15 U
W gAduda nsgiiunm (Acacia mangium) N3ERUMTIA
(Acacia auriculiformis) nszdiudn (Leucaena leucocephala)
auimnlve (Azadlrachta indica) sui@ield 2) ngalillauunans
\ulsiAfisnsnmaAulnvesvuaduriiugudnaraiiesen
11091 0.8-1.5 wuiunssel deorysoudaiiulssun
15-20 U 1¥u &n waze19un (Dipterocarpus alatus) Wag
3) nqulilnd1 Ul fsasnisidvlnvesvundusiou
Audnanaiigseniosndn 0.8 wufmeel dongseudnily
Uszana 20-30 U 1 e (Xylia xylocarpa) AzLAguNes
(Hopea odorata) We ¢, 1 (Dalbergia cochinchinensis)
uzAlaN (Afzelia xylocarpa) wasdstu (Dalbergia oliveri)
(Royal Forest Department, 2019)

dnannvasifiaseghasenisiniiuaisuey

nsiniua1sueu (carbon sequestration) Mg
13/ 9AS UOUDENIINT LUTTEINADE 1901ITNT
798115 Uintrawet, 2004) laglaniiszuunisgadyu
s uaulaoeanlest (Carbon dioxide absorption) #auy
unuasluamiaunswiunszuiunisdunsigvinas
(photosynthesis) \#i 04U suf19as voulaseonledidy
a15619 q 19 lun1sidulavesit ew suuunuazludh
(Thongprasert, S. and Thongprasert, M., 2009) Aulgdiay
UliiFaduunastnifuasvoudiady 1 eduldidule
adueudegniniAveglusin drdu At wazly uay
annsndnegiuidod svesduliuaniolsiidodaaios
uazilszezIaIADUTINE1IUIU (Phumijumnong, 2004)
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dngnmlunisinifuaiuoutuegiusnaniniule
vouulsl Jadewindeuinadenisiiulavessduld mnugn
Tuiluiifidaumagautusiald ssviliduldiauing
wazausadniivasveulalulsuiugs dmsulsunu
nsfniuasvsuveanssaldusazUszinnlaondqegnali
Tu Table 1 wWiula31 nauldiasugialags laun ganduda
nsgdumn waznseiumsd 18nsnsiniiuaisusugs
ndnguldlaviunans loud &n uaznquliladh (Faculty of
Forestry, 2011) 7144 n1sAnLAuA1S vauvesaiud i
nswdsdudueg futiadesne q wu siald dnvugng
WUFNTTU D14 AUMUIUNLY UATAMNTNYBIAUT TGN
SININTIANNIAAN IR RNl (Poosaksal et al.,
2018) 91nn1sANE1BY Pinthong et al. (2017) wuan Aulsl
AfinsazanunadinimuinuarTuszansaingslu
msniuasveudesinsdanisdulsiliinsnaulaia
\ieuszans nnlumsinuansuouresduldl venanil
et lugulsififengiesasdulnfiunuiuagiesand,
wardasnisfiuyuazanasflofulsideongunduaudulsd
widudl Sasinsidulaanafiuyuarasiivd eliiiiumy
noludn (Ruangpanit, 2013) sy mssaldfluldusslen
Tugasengfimunzan wazugnliluinaunuegieseidos
\unstheiindszaviamnsgadufineaivoulaoenles
uazfnufumsvouvesiulslfnntu

msUseiunmsinfuasveuvessuldaiunsavila
Taomsmuimdnur ol Fsdmnamnaumsuoalawn?
(allometric equation) 7iwanIAILEUNUS TENI 1 E UL
Quéﬂmqﬁixﬁ’ummqq 1.30 LR LLaxmmqaﬁmmmm
Auldl (Thailand Greenhouse Gas Management Organization,
nd.) lag IPCC (2006) 1o AvualiuSunuans veudsau
wiensinifuansveulutwinuiedadesay 47 vo
Yaminust s (Faculty of Forestry, 2011) n1sn1Usu1ad
nsgeduitgasvsulaeenladaiuisavildlasnisdien
Ysunaunisiniuaisveuresduldgudiednsidiunes
ﬁmﬂ’ﬂawammﬁmms‘uau Q) sfmfmﬁ“ﬂimaqasuaq
frgansuaulpeenles deiisnsdiuwiiu 44/12 wie 3.67
(Himmapan et al., 2018)
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Table 1 Carbon storage estimates of some economic trees

Species/Group of trees

Site suitability

Carbon storage

tC/rai/year tCOzeq/rai/year
Tectona grandis High 0.59 2.16
Moderate 0.47 1.72
Low 0.37 1.36
Eucalyptus spp. High 1.66 6.09
Moderate 1.30 a.77
Low 0.86 3.15
Acacia mangium High 1.66 6.09
Moderate 1.20 4.40
Low 1.09 4.00
Acacia auriculiformis High 1.20 4.40
Moderate 0.95 3.48
Low 0.62 2.27
Leucaena leucocepphala High 177 6.49
Moderate 1.31 4.80
Low 0.21 0.77
Slow growing tress group No specified 0.26 0.95

Source: Adapted from Faculty of Forestry (2011)

TanrauazauiinigvaInsaaasuldinsegna

lennd “5 @ Opportunity Aa Taleiuseuain
anminadeumeusniinansumalenaiionivuana
gysmInanfivangauiuAsnadontu 4 (Nitichaowakul,
2022) fetfu Wenedlunivesnsduaiuliiasugia Ton1ad
wunefadeldiussuananimuindeunisueni esdnsi
fuiaveuarunsadianldmuuanag s A sz auly
nsduasuliiesugia lnglomavedldimsugivusznausie
4 Uszinuman lown
1) gnsArans uazulouleseauyid ulouie
Y99NTENTIMINYINT5TINALAE swaadonlunis
Fuindouulouensdaaiunsugnlsifudu Temunl il
gnseansv1d 20 U wwunsunateldgnsanansyid
Uszifiudl 18 msiAulnegededu unumsusuuszina
sumineInsssINvIALazdaIndey ulsuioilsiusiana
w.7.2562 Tud1uii 1A adesiulifiasugia gmsenans
551329 NINYINTEITUYAUALE wwInd o S8E 20 T
(w./. 2560-2579) gwnsaransnsudlyl szeg 20 U

(W.f. 2560-2579) UavensAmansiasiruunsauasulyd
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WAISYFRALUUATUNAT (W.A. 2561-2579) dmsuidmunely
nsuiiuivnasughalilidesas 15 vosiiuiiUssine
(48.52 §1ul9) Tudfagvutszinalned i ui U iasugha
32,65 a1uls Fedadeuiudn 15.87 d1uls avelud
W.A. 2580 (Thai Senate, 2022) imﬁqmi%m?{aumwﬁa
AINULI BCG Ao TulnalAsugaag nswaund 6 adu
ueswghanguilnii nausaiunisiaun 3 dundn
A9 930N (bio economy) LASWEN ANy, UL B (drcular
economy) LLa”Lﬁiw%mamm (green economy) “liﬂimﬁi‘@%ﬂﬁ]
aunsmousroulouisdanaldvaiasugha uenaind
fUszidudy q Mierdeaazairslonalidiuliiasugia
WU INTN15VRIAUNUANENTTUNITALATUNITAMNY
(BON flatiuayumsasuugnlfiasugiouas fondsay
NM38NLENINTY 7 183 W.5.U. Unlel e 2484 Geviallel
Tufl Aunssudns uaglif UgnludAudildsuoynalivin
Usrlowmuuseinnmiadeuansdnsi fguunivsenie
MvualaganuLiureuve IR sguuns idelduldwieinu
nasuilungnsznsranidad il g uduatusaldilu
vénUsziumegsAald nsaavideun@ifumannasinisld
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Usglewifidudioinumsnssy uwarnsudladgmiiauiald
aruulouneanenssun1suleuIen AL @ (Ang.)
fdaaFunsugnslsl

2) nsiAulavesgsnauazanamnssuld urasy
Uszmelnedndildvieunaslinusguiduyarumena uaz
fuulduiuduededeiies mndeyansuaaing wui
Tud w.a. 2562 Ussiwalnedyadinisdidiliuagnio i
167\ Uszunas 36,000 druvm waziiududu 59,000
Fruum Tud wa. 2565 vz yarinisdseenliuag
nansnuatlel el we. 2562 ag’ﬁﬂszmm 87,000 811U
waztiiudu 145,000 d1uum Wl wa. 2565 (Royal Forest
Department, n.d.) wWiulda yardseenlduazninduaily
winnImsidlduasidnduildifeouwings 3ndeya
gaamnssuldTinla wud satalandwwiliumudenis
ounddliiSaiin (wood pellet) gty Tnglul w.a. 2563
mamiaﬂﬁmméfmﬂ'm%yat.wﬁalﬁé’@Lﬁmaqﬁ'ﬂismm
25,000,000 41A3 AL WATAIATT ¥ VE1ER A UT Uil
Usgunad 33,000,000 a3 nAulud w.a. 2568 (Faculty of
Forestry, 2019) Fadulomalumsduasuugnliiasugiiasis
Lﬁaa%ﬁniﬂﬂié’L%'ﬂUiswmLLagammiqz:ytﬁ’afﬁumﬂmiﬂqLSﬁw
luazndniuanldanaelszsma

3) MsveEiIvemaInTevIEAIUBIASARATA
Ulad drusunisuouLasi e (carbon credit) nu1eds
USunaufedeunszaniianuiednifuliannnisdudu
TassnisannisuandasefigSounszan dnuaeidudu
A5 voulaeenlan Meuln i n3e tCOeq (Thailand
Greenhouse Gas Management Organization, 2023) Tu
Uszwmelng A1 UauLATAnIElaTUNITTUTE99IN0IANTT
UINIFIANITATOUNTZAN (BIANITUMITY) T BUN.
Faduniasruneldnsensimineinssssuvfuay
daundeu Inolasinisansueuiasang wiunisaavio
AniuUsuiuiigisounszan awisasdunislanane
sUuuU W lasensdgnduldl Tasanisndenunyuiey
lasan1susulseusednsannislondanu Tasinisdanis
Yuranes Larlasinsusulsaiu Msdavhaiiuewnsin
Tuszwalneazdosnndun19w1ulATIn15 Thailand
Voluntary Emissions Reduction (T-VER) Jagiusinatenay
Teusnaulalasenis T-VER anadlil Tngdnliunisugnin
TunaegULuy Wy vufidunssudnivesmuies naiide
fifu vionsidai uilanuuisnaifguiaeygaald
onvuausaugnaudale wena1nil daudluaduayy
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A9nssun139AvnlAsaNIs T-VER Iuﬂwqmuﬁqﬂwmmz
Uhneiau WeUssiuUinamiueuitnifuldnntige
wwaensUanUaesinnisuaulaeenlenainianssuves
USEW nsvieAdveuasinluatatlfginsdene
AT UBULATANTENINUDNYY wmamuﬁquaﬁuﬁﬂw uag
guummeuludifmun Fahlinaindereaiueunsin
et luvenefedseiies ludrununsnsvie
FUszneunsedesfivgnliiasugiadusasiulenia
Tunslasusglannnisuemsveuwasinuiinasduies
nanaselaainnisugneduldii a1y Kasikorn Research
Center (2024) m1n31lug193z8g 20 (W.f. 2567-2568)
Usuaiueuasinniatildvesineddneniwiiaze
Fuseslauszana 600,000-700,000 tCOeq NIpUIsTUN 5
whanfiaglésunissusesiomn
4) nmsdaazunensnssudduluatanisineas

Arunaufstiagtumitssuiisuinveusunsdaasy
N13NBAT LU NTUALATUNITNYAT NTENTIUNEATHAY
AvNIalNISINEAT lm”m"%ﬁum'ﬁdua%umwmﬂiim%ﬁu
sUkUUAg « luiluiinensnssuialssmaed e og
samavinunsmguiln inwesuausauluiuilsszay
uaznsanasumsUgnlifuduuay i luiufinuasnas
i oliiA AN sWauIn1An1SInYASA aun auaz s adu
ﬁﬂuﬁﬁmwgﬁa Fennuazd swandon tuundagadu
asueulaoenled annsnsesunmaiasunlasesanm
nd91n1¢ (Department of Agricultural Extension, 2023)
Fadulonmanidslunsverefuiivgnlifiasusalui ui
NYATNTIY

A8 118 3  challenge nueds & 991 09
LUzl alWUsTLvang 1y Anusimeianag s
ud el osdnsdeaiomusd eliussquiinane fit
AuTMeenagnsngluedng warauymenieuen
o1aLAgIfuAINdeInIsusenuAIaniwe s fuuInis
wazdfidulddrude srufenisvasunlasveanan
uins viomalulad Anudesdun19iiu iasvgha
Famu n194i0e wavaudesdu q luvuedinuiinnig
Banagnsaislu 8191AsafUANEINITIVeI0IANTNT
n¥NeInTYARALATNSNEINTDU 9 (National Productivity
Institute, 2009)

INAMUNLIBYDIAINT N8 Na 11T 196
Weiarsandennuimedanagnslunisdaasuly
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ussqutivne FaRedesiuanudesnisienunian s
Mg Fuuiniauay wmmummmaamlumimﬂquvuu
Faugduti na1ed auisuaned ﬁummsmaammaq
funsndn n13uin1s wmalulad Audesing o uas
ANEINsaYeRaAnsfisuRaveulunmsduatyliinsugia
WINAATUIINToYA1 q WUl Sgldmmunli
nsuvldidunidisanusuiiageundnlunisdniunisaiy
uI&uwsuﬁuﬁuﬁﬂwmwgﬁa win s LU URH N 138
LiAnnadunydindimsunntn Taglugag 30 Y (e, 2537-
2566) nsuUliiladlasansdaasulgnldiasugianane
Tasans 1w Tsensdaeiunsugniuliifiewrsugia deam
wazdawndon lassnsduaiuugnliiasugiolui ud
mqusmazﬁyuﬁmwsﬂﬁu lassnsdaasuugnlilasa
[ endaTunaLY Imﬂmiauuauumiﬂaﬂlums%na
finumanaidiaulasanissauszana 167,000 18 fiudl
Ugnlsdimsugiiauszanns 1.7 @uls (Royal Forest Department,
n.d) wiewadsdazUszunas 50,000 15 wiulddwunlify
nafiad uresiiuiiugnldiaswgia naulnldduasuds
vidlnadutmsned dmual iuszana 16 dnilsnely 137
niafenfiviuadeday 1.23 d1uld Mo 24.6 wi1ves
ﬁyuﬁﬂ@uﬂlﬁmwgﬁﬁ]ﬁLﬁmﬁmaﬁ'w\'aﬂiuﬁm 30 Ditsinuan)
Fanrsenduemilagmisenunaigduvdnisiuunensd
FJoINAnaIeUsENIT WY U1ANTNEINT NITAUVAUEIN
aewentu arailiwdonvesiudl sl Useifuaraviime
yasnsasasuliiasughandsentoniu 4 dundn loun
1) NUAIBUAZAITUTNITTANITUUUATUINRG

norunewazseileunedesliinsygiakasgaaimnssuly

naenva9ldn1andn (supply chain) lid1azidunisugn
n1sdald n1svuds nsuussuld Tssnugeamnssuld
msdaeen fesduussiuddiidedldsunisiansan ulay
fienameneulunsuiulgaiuinegisderdedunats s
widawuinfinansuszifuiiiunismuguuinnindaady
W n1simuad nuazlssnuudsidldluaenadesdu
Formualy wsu. lssuvesnsensrgaamnssy 3l
sesfumsuusgulsivuiiAuenyuilaidulifveing uas
liisesuinTosdnsnavansussian wu in3esduliiiadoud
(mobile chipper) wazins oad esiad oudl (portable
sawmill) vilildganuinazarunsauiunldnuliegnsls
uanani Msfiasuneygakazavaulssud Ul
wu nsvesslsaauln nmshelssnu wiensfvuayia
yuradeevieusuiiaissinsilisesfumaluladdagiu
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dailinisugnlifimsugialaldsunisduasuogradui
mMsimuammuAunsUsIUliRdmansynunsuUssuUlsl
MnfiRuenvy SwEansdiasanaimsvnuredsey
Faililidudrsenisasmu mszamnlsanudeanisuussy
Ifnannansd udesveeyyinlaed e sudu o lu
qmammiu?ju 9 laifidosinil (Fast Growing Tree Business
Association, 2023) 758 UA AT, ’J'uﬁ 19 g u w.Aa. 2503
fiuiliyanaladasilsndonidisiu shlsag Auldils
mnmsvgnadsarudnazlilufi Aunssudns uazans
asauAsasfingranedwualidldlsmeiu deldnguiiiu
lfddgymansugia wu §n g1 s Useg aziAgunes
liannsaslasnuudsulilneldiadesinsuielsadondng
iloweliiuussuls visdminlifsudesdnsitausaides
Iifnauth Ilufidunssuds uaglimeuseme sihlid
Aldarensvudslsifindu Wunalidunuliaedu (Forest
Research and Development Office, n.d)

91nM3ANwIv83 Olankitwanich (2016) LRgariy
gnamnssunansausilsiuaziadeaFouluiesivaninuny
511 wud anmdynuazguassalunisaiufianiseu
smdsvdengmneuazuumjoadenuddyedluseiv
1IN MITIANUTUTOUTDITUNOUNTEUIUMTUAL TEUZIAN
Tun13W 15001 ¥3031nN15ANYIv0e Jarusang (2014)
\eatutladed ddydawadenisimuignamvnssuldl
waziadpadoudminuunys wuin nildluiaduddny fe
ngseidouuazdotsduresniafsiiiendes vietaiausuus
289 Phiwkhaw and Wongbandit (2022) a1an15@nen
winsn1snenguanelunisdaaiunisgndiasugia
nadiAnwiui onaemmadn Smindeny Iauedn
nstsduldnguanedmsuiiuiaidgmnislisslenily
nsldRuvessgifivarsUssian mstiuiasnislunisudly
oy enisudlunguuneifeados wu nezsadyed
Ul w.e. 2484 Wiyt AUIEIULSRA W.A. 2507
wioeanngnsznaluiliil efvuandninaeiuazisnisg
yfenuantivosUsrasiugninasugialufinuvesigls
Farauioudlvdgmnisyngndiuazidunisdaasale
Usgrvuugniuasegne

wiuldan dedrdadunguineuasssidsudedeiu
dealinisanliunvlunisdeasunisvgnliiiasugiaiie
ANNAntaLazaIdn llaunsanauaueInufeIn1sves
wnuasnIkazaIrenyulnegeldusz@nsain uiiinaed
gnsaansuazulouie sy v A aduayunisugnld
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s w15 lug n1suUadinsadnazein
anudauluvatediu Tnslangnisundiaimndniiaz
nanaun1sduasuliinsygfawuuAIues $IudIN590
AT e fUseAns nnseninanuaeauiif eades
daalvinstuiadeuvesununisugnlsiasugialiaiusn
\AnTuedafuiivioruiuaaiunisalfiivasunUasedis
597137 (Khlangsap, 2022)

2) UszAnNSnmaaenalnnien1sty n1sAae was
AaA ﬁshummia%’ﬂnngﬂa}ﬁaﬂu’m'iﬂ’limqmiﬁu 13
Ads wazmann WieatiuayunsUgnlifiasugia wu Tasanns
T ududundnusziuniagsin vielassnsdudugnly
wiswgha wud Selliiininlasanisldinntdn andeyaves
Department of Business Development (2025) 5181971471
suAsHiensinunsLazannsainsnens (5.n.a.) lasuldl
Fududundnuseiuldisuiu 1,520 du 21dundnuseiy
UINNI 10 AUV UagNATAYDINTURAUIGIAINTITAT
Tunmsau finseangidousuldiunudundnuszAuuda
U 167,302 AU 293UnanUsziunin 185 a1uum
(doya m 31 SurAn 2567) uenand Teyavin
Thansettakij (2023) 1 garulasensdud efnvunliflng
faguves 5.n.4. L‘ﬁaﬂﬁ’UﬁquﬂﬂiﬂQﬂ‘lﬁLﬁiwiﬁﬁ]ﬁL%Iiif;?\‘lLLGi
1 e wel. 2563 wudn asduliaudedisdl i 2 nil
U Gunvediiudiuiy 315.71 duum (Teya o 31
Faman 2565) wielasanisasusuasina1aU ldiifds
Iasumnuauladuunn witidununisussilivasvaumaudi
ganuazszezaAuulagiedeiiuig Juduguassa
AU AeanisiaulasinIsAIsuauAsan tnganiy
LnwAsnINg o Wau1lAsan15s1ee ey n3eyuvuT 4
quuszanley (Leenoi, 2023) uaﬂmm’f mmmnmﬁu%a
Wifawsaasanuivladunauasaanalifuinuasns
undudldlddnswaunlfiinduese vildinuasnsld
annsaviulonalunsveldldegnatuas Jaymidenans
wandbiiiuisguassalunisduasunisugnldimsugialy
sEAUINEAINTIEE0sT adBsnsnsauayului Ry
mssalassnsuaznanueliiiaradresmnutiulauas
Fagaliinunsnaidrdalasanissig q Tduntu aenndes
AUlWIARYY Glover et al. (2013) 194y Ruangchai A.
(n.d.) Fnnumsnsagliidaduladsussuunisndelufinu
vosnutosiuuanazdanudululanissiunisnain
wenani euuansslunalnnisdaaiumanisdusyning
Whaswghanasiivnuns lneniasgasiilasinsatuanumig
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N5RY WY M3FUINIRENISINYAT MIUTEAUTIAN N3
atfuayuiladoniandn wardudemainunsdmiuiivinums
Faaeliinunsnsanunsoandununisnaniasiuseld
widmumsugnlifiasughafidesamuszezenetisies
3-4 YiulU inwasnsudeusznaunisiidnulainenalsl
nd1aau fafu n1suIauAauLsIgelanenIiy uay
svoziaInsamui s1vurudus vassadrd i vinle
WnwRsnIMseRUszneunsedeslindamulunisugnldl
\swgia Fefeanismsatiuayuanmasglusunsiiulay
wmsmsimnzasileduaiunisugnlsiasugio

3) Anuwdouvasiiuiisesiunisdaasuugnld
\sugha nansueuniesesiufiiiiosesiunmaiiia
AufiwasughadnUszanm 16 d1ulsnnelud wa. 2580
fuindudesdrdy wiludlagdu nudn nsmvuediui
duasuugnlifiasugAaludi Audsziansing q 1w 7au
n3sudvd fiul aun. fui Ang. warfiuiivilions Ju
iipanmsamszRusemadsitlifianudaauluseduiiud
liliaiunsaasunuiasdaniuyssidunalaognadl
Uszdviarmdi elvussgudavane wenand Swianis
sasuaaiagnamnssdliluuaznione Saduiuii
misvzduasunsawmuluiuldiasugiauasanaimnssuly
W oltanunsaususdansingAvliuagnaraldogied
Usedngn1n wazanunsaasageamnssulivuuasuies
davzaaglianunsaiauinazduind sugnainnssuls
iswsAaldagnedsdu Feifu audaaulunisdanisiud
wazn1sadslassad el ug il imngandmiunnswam
gaamnssuldiiasvgialusziugliniaddaduninuiine
Snusznswils

4) n1swauraumalulad udanssy uag
winsgruaudld weluladuazuinnssuauliinsvgia
Fududesldsuniswauni osnsedudnaiiuaiuisg
nsudstuldvenarnnislulsemauas seduainaesi
ATUIITS Imamamqmﬂqu@imiﬂqﬂa%"’mmuﬂw Wy
n15UFuUTIRg n1sugnuasdanisaiudn saudeanisly
Uszlowdlifuazmsfiuyanlsl wu nssnwnazdnong
deolsf newmurguuuurdadasianlsd wiluwaglea
nsllddmsundenu W dunuaings Fowndsdaia
ihifudemasnldl venand Sssmdsnsliiniesdnana
Tuauduazanavnssulll ssuudliiviugn uagnsiauw
AUAMNNIRITIUNERA LY TuauasuawAsAn Foadl
meiaunszidouisnisuagiad el e fuszadnsamly
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nsusziulasenisataunlel (T-VER) 1wy musyideu
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