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ABSTRACT

Impacts of rubber plantation to head-watershed area and community’s livelihood was
conducted in Phipun district, Nakhon Si Thammarat province. The research aimed to study on two
contents of rubber plantation, impacts on head-watershed area and the source of income. Soil
hydrological study, sediment and runoff plots, and questionnaire survey were implemented support
this research. The results showed that the calculated constant infiltration rate (f.) and hydraulic
conductivity coefficient (Kyt) of surface soil were 14.10 and 0.002 cm/hr respectively, which defined
as lower rate compared with natural forest. Soil and water loss were 1.21 ton/ha/yr and 130.16
mm/ yr, respectively, which showed significantly greater amount compared with natural forest.
Additionally, the questionnaire survey revealed that average household income of rubber plantation
is 35,000-280,000 THB.yr’l. Therefore, almost respondents (95%) preferred to do continue on rubber
plantation while half of them decided to improve their monogent practices.

Keywords: rubber plantation, head-watershed area, impacts, community’s livelihood

A1
8191137 (Hevea brasiliensis Muell.Arg.) nilsluniwiaswgianidAydsinisugniueg1aunsviaie

v Y

PIUTLNA NILUNUNANALA AAREIUDBN NNARLIUDDNLAYWALE karn1AMLe Taualul w.@. 2557

u
| i

Uszinalnedinunugnenanisdssanu 22.18 a1uls Tnenalddnunvgnuiniiganin 13.94 a1uls (62.9

(Y]

Wesidudvasiunivaniianue) sesan ldun mesgiuesndesnie atanais (sunangiueen) uax
APLTD (19.8, 11.8 waz 5.5 Wasidus) auaisu lnunirnziusaniduaniolasninmnilolsnsiniswiny



2] sJUWAVSNUUT AaouAl1dasSws:=s1U"

vosiiufivgnAndu 102.6 wag 38.3 Wosidud auddy dawnanans (:aunianzTusen) wagnaldd
gnsanas Andu 40.0 uag 0.9 Wesidud muddu (@antuddeens, 2557) luefinanusiaanisananain
g19m91iigs Vilismensmnagetuegisieiiles ilinsugnensmsnfistu uasilossvvudesnis
duUTinunisidaitenansuunuiinnntu viliinsyngnufnisiuiiasisus wasiuilanuresipile
dufiufiugnensmnsndudiuaumnn Taglul we. 2552 namsutanindiensannia uaznndieniiien
dieUspifiunaAsundasiiuiivnlsl uasiuiiugnenens wuh fufitilfenaaviefissfosas 23.05 3
Gi"'mmmsﬁﬁﬁmumimsJﬂmw%f%mum‘%ﬁﬁaqﬁﬁuﬁﬂﬂﬂﬁaaﬁam%faaau 24.18 vioLHuthduthdisns (nasdni
wazfiauing, 2552) Fansyngnituiidiutingsns uagilufleysnss q uaﬂmﬂLﬂumiﬂiummmﬂgwma
e mmﬂmﬂmmammumawuwmmm Lua\‘if\]’]ﬂLUUﬂ’liLUaEJULLUaQIﬂ‘Nai’N (Structure) NdanaTan15vi1
st (Function) vesszuvinmiuth fanan1sfnwvemesdng wavautu (2529) inuininudsundas
fudtn U Buauern e mﬂwmmmuﬁaaaammLiaﬂaam Tunssesutiuanasan 13 Lﬂu 8
mm. wagiiliauannsalunisgadu uazszunsivesiiufionasiesas 4643 (wasdnd, 2531) el
wednvaglasiadmesmunmnififissiudousenien uasnmsdanisdaimstinivisiiuneguin
A ibiAudelas fesensinveionane uazdmansenusesyuuiinalagsiuluegiaun

Tudnuiun sremsdufininunsiaieselsliiuineasnsluiyngiinim Tasiamzinuasnslu
fufinield d93dFinvesauldainefniadagtuiauyniufuodnnisiaiueransaniugiu ull
Tuts 10 Vikuan meemnsaziinnudusiuegian Taggrwnusiufuaunm 3 insdsagsds
Alansuaz 174 v Tuiioununius 2554 uisraendumdeilansuas 37 um luiiounnsnau 2559
(Msesuisdszimalne, 2559) agndlsiniy vthudinadeniioztgnerans msghifesguamnile
deutuiinaiadu waanaanenamsildusslovidldvatsdan 1wy 1iens awsaveanviovhuiu lu
anunsathatanaslsiadiiieruandusianluens way ddu Wesnammilongunn nuaanwliieiuid
ansnsodnueduliveunasianlsl dwmsuuyulunmsgnasrsauadslnlely

nsfnwadsiiiingusrasdifioadnsosdnnug weraudlaieunumeseramnsilu 2 v3un fio
wansenuiiatufuiuiidut wesduordnadrensldvosauluguru Ingvhnisdnuluiiui o fiYu
2.uATATs39UT1Y HansAnwsdudeyatszneunisfiansanuitymiFesssnuuiuiidu e
firrsannansenusedundenuardnvarmansygiadinuaaugiuly

¢ ad
auNTULAZITNTT
1. Nunfne
Hufgrueansivgnuuiunau lulwadiasuuisna dneingyuiazdivangnviden

AINTE 8. WYY 2.UATAIFTINT (Figure 1)

2. miﬁnmwanixwwaamsﬂgnmawwwiaﬁuﬁﬁuﬁﬂ

Lﬂumﬁﬁﬂmmaﬂizmmdﬂismimﬂmiﬂqﬂmquawuﬁuﬁﬁuﬁw Usznausie

2.1 ﬁﬂwﬁagm%ﬁuﬁ Lflumil,ﬁusﬁauuaﬁwmzLLazamwsuaﬂﬁuﬁﬁﬂmmam laun drumis
spauAgs ANsaedy anmnsTETRY wazaniwenaily

2.2 ﬂﬂmau‘umamumwi n15 yinn1siiudieg19funuY Disturbed soil sample hay
Undisturbed soil sample fiszu 0-30 cm dnSuRuuy wazdnnii 30 cm dnsudiuang mmjummaﬂ
i iethudnssRanUantsneamuaznineiiuisdsenis taun Wedu aruvuiudusiy (Bulk
density) Buvieing warUSinusmewnsiiiuussleov

2.3 AnwsMIINSTUtRUERRY (Constant infiltration rate, f.) 8 Double ring infiltrometer



nasus:=ygunisU1TdUs:=310 2560 3

* Location of study area (47Q 569569 E 952156 N)
Figure 1 Study area of rubber plantation at Khao pra sub-district, Phipun district,

Nakghon Si Thammarat province.
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1. MsfnwnansEuYaIsUgnenasseuiidui

1.1 Mwazdoafiuiidn mumawwawé’?&agﬂ%nmﬁﬁ’ﬂ 47Q 569569 E 952156 N luganiwidn
9 quihamneuuy duﬁﬂéaaﬂaaaﬁ’wqm AuaInsy ounefiyu dandauasaIsssusy danuaia
fuvesiiuilad 43% sedunuge 480 m (MSL) anmmsliussleviiaubumuennsony 13 ¥
dnwaizonalaeilufigamgiiiade 27°C gamaiiaean 41°C gumndman 21°C wazUSinauheuded
Laﬁlﬂ 2,700 mm

1.2 msdnwautiveshiuunasens fuvu (seduanudn 0-30 cm) iefulufumiunse-
Auwmiled (sandy clay-clay) Anumuwiusin Wiy 1.42 g.cm” dunseingegluszauliunans (1l
Winfu 2.56%) Uunasigemsiidudselevd 16un veanlesa Inunaidon ueaidon uazuundidoy flog
TuUSainuen Wwaswinfu 4.5 41, 31 wazl6 mg.kg”? MIUAINU dIUAUAN (SEAUAMNANLINATT 30 cm)
Wonuduiumilen (clay) AMURUILUUTIN AU 1.64 g.cm™ Sum%i’mqa@uizﬁwﬁmﬂ (RAswiniy
0.95%) USsnasinermsiiiudselond 1oun veaesa Inunaidon unaoy wazuundifoy degly
USunausin 1dewiniu 2, 40, 24 uaz 9 meke? AU (Table 1)

Table 1 Physical and chemical properties of soil taken from study area.

Parameter
Location Texture BD oM Avail. P Avail. K Exch.Ca  Exch. Mg
(g.cm™) (%) (mgke) (mgke™) (mgke™)  (mgke™)
Surface soil ®  sandy clay-clay 1.42 2.56 4.5 41 31 16
Subsoil @ clay 1.64 0.95 2 40 24 9

Remarks:  Surface soil (0-30 cm); @ Subsoil (30-100 cm)

1.3 $n31n13TureIuAAAuAH (Constant infiltration rate, f.) YesaIue1anI51 da1 f. Wiy
14.10 crn.hr! Fereudnasdlowssudisuiniutusssumia Midoruduiusiumieriunse (sandy clay
loam) f3unFeingogluseiuaeutnags (adewitiu 2.79%) uazldfifanssusuniudu fldviiu 27.0
cm hr' (a¥and uazame, 2540) (Table 2) Insarmasalunsfutiinufiafuszinnvietestuegiy
Snwarlassada uazfanssumslifiau nan1sinwmudn Auluiiufiaaueimnadaiisundoags wasgn
FUNIUIINAINTTUVDINY WY 'swﬁgaﬂﬁaﬁwNuﬁvﬁ’ﬂﬁuﬁwaugﬂmﬁwmsJ AuEBUAdA MALTLILTU 1
Sefunldonn vlilenafiezimilvat miduduldlduinnmniidunnudn demaliusinauazay
suussvasihlnavmifunntu femadadwainuazviaudslufiuils

1.4 nsAnwIdudsraninisdidivespusmsAududadien (Saturated soil hydraulic
conductivity coefficient, Key) ANduUszansn15itnvaiziududaseiivesiuvulugiugromis i
Aade 0.002 cm.hr! daufudnaianads 0.003 cm.hr! Fsdeudeiiieisuiisuiulisssunnd e
AduUsans Mt Aus UM et vesiuULLar A AU 4.212 waz 3.312 cmhr! audadiu
(ol wazAny, 2540) (Table 2) AduUsrAnsnininivugAududidsthdndriuansi Auluaiy
pramsfidnenlunisliiduriuasldmutupuiionudusmelgsiodisuuiisssuni tneale
Audufdetugs auamnsalunsuiditosunn LLamaﬁaﬁuhjmmimzmsJﬁwaqajéﬁuéNlﬁasjm‘i
UsvAvsnn Wuanmeivihliithduiulvaulumumiiu

15 msqiyL?wauLLazﬁwmﬂﬁuﬁmumqwm Usinamznouiintuluudasiitinnuanaduunnin
35% fiAads 1.21 ton.haly ! vaiivsinanilnavifuiidieds 130.16 mmyr! dwdiinamnznou
AAnluntasiilannuaindu 17-35% SA1aas 1.06 ton.ha’y” vasivsunailnatmifuiaeas
120.74 mm.yr’ (Table 2) wanei1 Usinamgneuiaziilvatwihiu iuufanelaensstuanuandy
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93Ul namAe muaatuvesituiiaslutieduasy Mvnlinsievzuaznisinatimipuvesi finny
suusnty uasndlowFeufisutiinanzney wasilvavmihduiiAnnniuiitsssund fedaueds
0.16 ton.ha™y ™" wag 29.88 mm.yr auddu (g3md, 2539) wui USinamznouuazinlnat minauan
fuftaugnmsiidnnndt aadu 6.5 wih uaz 3.4 wheewnznousaztlwaumiAuiiinanitudivn
55507R ogelshnu U‘%@J1mm5@@Lﬁaﬁumaaﬁuﬁa’aumqum dnegluseautosun munueraINTY
Waiufinu (2543) fisvual37iszsiu 0-12.50 ton.haly™

faduandiuléin ausannivgnuuiiuiduihdmansenudeiuiisuihlnenss nanite sl
dnenmlunistusiui elussduinfusasiuaaduldlition Tnegldandnsnistuthinuiinhu wase
Fulsvandnisiivesiuuaziuduiised fdlasomantasililonafiaziinnisvedstimans was
drlavmnudululdann mnddupnmin

Table 2 The comparison of constant infiltration rate (f.), soil hydraulic conductivity coefficient

(ksat), sediment and runoff between rubber plantation and natural forest.

Land use fo (cm.hr) Keat(cm.hr) Sediment  Runoff

Surface soil ' Subsoil (2) ton.ha-1.y-1 (mm.yr-1)

Rubber plantation (slope >35%)  14.10 0.002 0.003 1.21 130.16
Rubber plantation (slope 17-35%)  15.54 0.006 0.002 1.06 120.74
Natural forest *! 27.00 4.212 3.312 0.16 29.88

Remarks: ! Natural forest at Songkha Watershed Research Station, Songkha Province. * Surface soil (0-30 cm) @ Subsoil (30-100 cm)

adada P

2. MsAny3nTinvesynruiiisadestunisugnensmts

2.1 Foyardefiudl wui vyl 5 aivmse oAy 2. unsATsrsnse Dillefiuszaia 27 M
Alawns v3e 16,875 15 fivszwins 155 asusou (e1fbegass 107 afaseu) vau 355 au iunae 194
AU uaznanda 161 au dndruvesiuilivsylovflunythuiedufiegendodiuiu 300 15 Aufiile
ASLNYATINUIU 4,350 15 uaﬂﬁ?mﬁuﬁuﬁmamaﬂ%’g TEun erafiurh wagitusinls

2.2 YoyaduiasugRanazdiny annisdunwalfiunuvesuszunslumyd 5 alvwse Adau
gamnoguuiiuiiduii wud Fauadiodwmdnde mevhaiuensns wagilaausdudwesa il
rounuuaeuam 55% fendnsesiteladusold on fv1e 3udreill uasiununsdu 9 vasdisn
45% fselfannyiaiuenmseginien feensnsianansoaiiselaliuinseunsa seming 35,000-
280,000 YW/ dusedneasisauegsendng 50,000-225,000 /A TnalAesiusele Lavitufidenses
ogfsvuring 3-00 13 willsifenansivsluifu esanegluiiufianuvessy Wranuuiend wardioying)

dFUTElFNMTIENARERE1INIT WU 55% 119INNFTIELEIER 30% N1NNTTIBEN
foutie (@e19) waz 15% wanmsvesnuiy Inedinmsudsdadiuvosnelfssniadwesauuass
$uss Tudnsn 50:50 11ndls 60% vaurlidvesawinesdiiios 30% winiy dwsumssviiaureseiaiFeu
W1 95% fnilAusewing 15,000-230,000 un Inefiundwmunieundsiuduanidlussuuanitunsiu
uazBuananafities safaumasiuduenszuy dussfiuanuiunsSoounanlunsiauemisuy

¥ '
A a

fuaull wud ngudsEnsiegeiuiilignies waglidinnuduadunsusenauendin esanlidl
nysuanslunfy Fuiiearu@sd@niilinsivinyndiudrunindiladnnisgnensmisiuuiuisudnd
HansEVUsefuLazl widiwasnisniagieinddely fauidgrmisaeisaianduazianuiuniu

'
=

AABAYINANLUNNIUN 198 45% 28F9Var1u819NISIVUNUAGULNR lUWUULAL Ve 50% AoIn1T

& A A

USudeusuiuureaing1antst wu nsugnivdy q sadluiiuignensnnst deonvavluiiviilengdu

N A '

wiellengdugnivanel aiusglauasnandn asiliissdiutdssinenisiudeululgnitedu wu Urdy
Uiy viseliina (Table 3)
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Table 3 Information on rubber plantation of the sample respondents.

ltems Detail Percentage (%)
1. Main occupation Agriculture (rubber plantation) 100
2. Secondary occupation General hire or contractor 10
Paddy farming and others 30
Retail trade 15
None 45
3. Size of land areas owned <0.80 ha 10
0.81-1.60 ha 20
1.61-2.40 ha 15
2.41-3.20 ha 25
> 3.20 ha 30
4. Types of rubber products Rubber sheet 15
Rubber latex 55
Rubber cup lump 30
5. Income distribute Only owner 30
(owner : employee) 40 : 60 0
50 : 50 60
60 : 40 10
6. Average annual income < 50,000 5
(THB.yr™") 50,001-100,000 5
100,001-200,000 60
> 200,000 30
7. Average annual expense < 50,000 15
(THB.yr?) 50,001-100,000 45
100,001-200,000 30
> 200,000 10
8. Average household debts None 5
(THB) < 50,000 15
50,001-100,000 25
100,001-200,000 20
> 200,000 35
9. Financial sources Financial institutions 55
Relatives and loan shark 35
Both systems 5
None 5
10. Career stability Keep doing a5
Keep doing with some conditions 50
Change to others 5
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2.3 M3Uszfluyadnanssiiinannsiaiusiang tngldmdnnismunisinuivesaning
wazAy (2503) flagui nandnvessnamsiluiiud 6 Smianeld Ao guns gsrunisnd nsed mss aga
LAYUATAISIINTIY Tnandeads 303.81 nn./l3/d dadu drldsmiudenandnenanns Tasdredasan
138983y .A. 2559 YansENUsUsEMAlNe B1amnTUHUAvTiTIARAEITAY 50 UIn/An. KanIs
Uspdlunudnnunng viderathuasiisgldannsnenaninensnsUssanm 15,200 vin/ls/A iy
uiuenanuanamihensiilazy enamndadideliferanelivdimndusameanin iffwinga wSoudtay
Trudgninaidnuszanalsaz 66,000 um dmsunsdueluldinem vieuszanaliaz 16,500 um nsdung
Bulsiilu (digaf, 2556) ety eduimmasneignislinandnvesianinislasiade 159 wui
gennTansaassglaliuninuasns wserathusinduyarussana 19,600 vn/ls/U nsdianedu
1ffinsn vdeuszana 16,300 vIn/ls/8 nsduioiduldiiu FadewFoufulisssumd Aneddnd uay
finufing (2552) insUszidiuyadmnansaangludiuvessisldainuandadeld wud fyada 27,880
/13 wandlidiuinsssumAaunsaadayadmansadadu 1.4-1.7 wihwesaausnanns sl
syadmsdeuTianAntuainmsgydeiuannataseiomans magadessuunagedu warszunei
mMaasuwUasanmenna uaznsgaduimaniueulaeenled fanduyaddnyszinas 81,000 vm/ls/Al

G
nsUgnaseaInesIIUUiunfudwmansenudednga nvesiunguii Tngviliauiuunm
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dundeTmgquarsmewnsfiiudsslomiogluiinasih nsfuvenivislussduifusasAuaadululdon
Tnefinsunandnsnsfutiriuinfu wesdudsyaninininhvesiurnefudusdetfideutisi dau
Unamgneunazinlnavmihfudvinasnndodieututisssuni wiaussnsuuiuiidudidy
widseBnasmeldliuneulugury sgdlsimusniughmsgnaueamnuuividui duanseny
sofu i uazszuuinaduth uenaniudsfinuldduaddussld Wesanmamandnensnnsitlsl
wiuou uigdeanisusznevenIwriaiugiani el lasusdiudesnisuiuasusduuuyesaiu
g1avnsuitemiunsue T ElH
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Salinity Movement and Relationship between Apparent Soil Electrical Conductivity

and Some Soil Properties on Highland Watershed, Nan Province
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UNANELD

ﬂ’lﬁﬁﬂmw%gaﬁdifmqﬂizmﬁlﬁa AnwaudAnianenn uazieivesiu n1sindeuiivesninuidy
AUITAUANNANVDIAY UATTY “Ummawaqwuw suAnwAnuduTusvesims i fuauRves
Auunlsens Ummwumquﬁmqmauuu ABUNANY LAEABUANY Jarinuiu Ynsiiudieg19hume s
sumulassadiaazlisuniulaseadiefisediuanudn 0-15 uaz 15-30 WURWLAT 1ATIZRAULANAIITDS
YyaN19aifnIeIs Tukey’s analysis LagIATIFYANUAURUSAIEITN1TATIENN1TONDDELTUAUNTS
(linear Regression analysis) #HaN15ANY1 U1 ﬂ'wmaﬁﬂvxlﬁﬂuﬁuuuu’%mmﬁuuﬁqmauuu (0-15
L%uamm) ﬁmaqﬁam 0.05 LPBTUUARDLUAT) TOIRLALA ﬁ"uﬁaamaudw (0.04 FFLUUARDIUAT) Ly
wumamauﬂmwmuawam (0.03 mwmuamamm IusummmmimiWﬁﬂumuma (15-30 LuURLLAT)
Ummwummmauuu uay maummmawam WA 0.03 1ATTLUUARBLUAST LLauwuwmmauﬂaNmmuaa
flan Wiy 0.02 13T uddeiuns IﬂEJmmLﬂmmimaawmﬂwummauﬂmaaﬂﬂawammmwu‘m
pouan uardinisavanaudaiifaniAuduowiliinnedeufiasgiutudrdlites uenaninisi
ihwesiuiaruduiussuuinalulasauimunnnitgn Tnefie R2 wiriu 0.5906 Tuvnzifieaiuds
WU PufiseauauEn 15-30 wuiwns mmahlnihessiuiirnudiusiulsnalulasuiomauas
Usinameanledaiiduusslon] Tnadlen RZ Wiy 0.9932 waz 0.9048 Auadsu
frdhdey: anuifin Ansilid audfvesiu Hufiguihiigs

ABSTRACT

This study attempts to examine the soil physical and chemical properties the salinity movement
in both soil depth level and altitude and the relationship between soil electrical conductivity (EC) and
some soil properties on highland watershed (upland, middle-land and lowland), Nan province. Soil samples
were taken from 0-15 and 15-30 cm depth with the composite disturbed soil samples and undisturbed
soil samples. Data were subjected to analysis of variance statistics and significant means were separated
using the Tukey’s analysis and Linear Regression analysis was used. The results showed that at 0-15 cm
depth, soil electrical conductivity in upland was highest (0.05 dS/m) while, lowland and middle-land were
0.04 and 0.03 dS/m, respectively. Besides, soil electrical conductivity at 15-30 cm depth in upland and
lowland were highest with 0.03 dS/m and middle-land was lowest EC with 0.02 dS/m. Soil salinity
movement showed downward movement from upland toward lowland. While, on surface soil was found
high soil salinity which is a low saline movement through sub-soil. In addition to soil electrical conductivity
was high relationship with total N at 0-15 cm soil depth with R = 0.5906 and at 15-30 cm soil depth, soil
electrical conductivity was high relationship with total N and Avai P with R’ = 0.9932 and 0.9048 respectively.

Keywords: salinity, soil electrical conductivity, soil properties, highland watershed
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KaRveNFD AoaunsnauauNITLNInTzIETesTituaielsald uilumandutunislfindeludiud
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1. Mmysusudayanaegll

a

TRy aUHUTANNANUTEINA 1IM31dIU 1:50,000 NNTUUKUTVTT Toyadadrunisly
Usglgvinnuazdayayaiu annsuinuinau lueguiigesimmnl eunevsinde Jainuiu

2. madanituiifunuuasimuagaifiuiaegng

nsnunassillfdeniufiguihdesthmn suneveinde Swiaiu (Figure 1) iflevinsifiude
yar st lnivesiu uarandfvesiunanenimuwazind vhnisidengaiuiedalaeldszauainudn
vofuLarsERuAIgEosiuIunamilunisfiansan ¥in1919uUasuunn 40x20 ANLRg $1Uau 3
was flsgduiiufigemouuu (Bonen) meunas (narne) uasmaudns (W) luusazulaafiufegnsiu
fisgfuanudn 2 5eu fio 0-15 lwufins uaz 15-30 Wwuflns wayimuafufiegsfua LTIy
U 3 999 1 Llaamaaes

3. MsuAlegNsRULazIATIZRA0E19

Fnsiiusegneiu nefusegafisyiunnudn 0-15 uae 15-30 wufwss wuuldsuniulassass Ty
T¥nszuaniiuded1aiu (soil core) ufag1aulasas 3 a Aasiziaudfnienisninvesiu laun
AUl AuvuLLLTIY §833 eravimetric method waxifiusegnefisysuaudn 0-15 uay 15-
30 WwuRluns wuusuniulaseaste laelddsnisinudiegnsuuunay (composite sampling)
uwasay 3 90 WereiauiimaadvesiuuneUsznns Tiud AUFRsedu Guih whdu 1:1) Jeneside
33 electrometric method lagldia3as pH meter A1n15UN WA (electrical conductivity [EC); i
Wiy 1:5) AisesilaeldinTe electrical conductivity meter (EC meter) Usunadunisfnglufiu
(soil organic matter) agUsurudunsoa1suaulud (soil organic carbon) Ine3s Walkley-Black wet
oxidation method Usinaslulpsiausiansn (total nitrogen, T;N) 3LAT12%A875 Macro Kjeldahl method
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Figure 1 Location of the study area. (Nam-Moaw sub-watesrshed, Bo Kluea district, Nan province)

Weanasanduuselovisediv (available phosphorus, avai.-P) 1A318%728735 Bray Il method Tnunaides
Auaniasula (exchangeable potassium, exch.-K) laa suiiuaniUasuls (exchangeable sodium, exch.-Na)
wral@suLaniuduuld (exchangeable calcium, exch.-Ca) wazuunili@oufiuaniudsuls (exchangeable

magnesium, exch.-Mg) ALAT1E1RI875 Atomic absorption spectrophotometer

4. N1SANEIANUFUNUSTTNI9AINTsE INHve R unUaNURAUUIIUSENNS
IrsrgmnanuFuRussErIngAIn1si ivesRu (Y) AvautRnunisnieninwaziad (X) taaly
WNMTIATIZINTaR008LTREUATS (linear Regression analysis)

NakazITal

1 14
= 1 °

1. mafnwauiBruusUsnTuSnuuiiguiiigs Samdaiy
1.1 audAn1an1enInve sy

mﬂmiﬁﬂmamﬁ’aﬁuwmamwu‘%mmﬁuﬁdmﬁwﬁqq (Futhganthmun) wui Ui
FINBUUY UATADUNANY iloRufissdiuanudn 0-15 way 15-30 wuans TnvusdeAudufumie
(clay) Tummzﬁﬁuﬁqmaumaﬁé’ﬂwwLﬁaﬁmﬁuaui’aumﬁmﬂumw (sandy clay loam) Hemaadn 0-15
uay 15-30 Leufung ATIMUILLLTIesALUUUInAUTIgIneuULLATRDUNAN Aufaumuiuius
Hopvisluseduaudn 0-15 war 15-30 wufuns Turnsfivinaiuiigmoudisndunuirdani
MUUUUTINVBIAULNTIAN 589919 1.08-1.09 nfusiegnuIAriLumg LLaxé’awudm‘%nmﬁuﬁqmaudwﬁ
U%ummm%uiuﬁuﬁm’im’%nmﬁuﬁqwauuu uazaounans lussAutuwazAuas Tnewuiauduludu
Ul (0-15 Lwuflang) Lagiuais (15-30 Lwuiluns) U%Lamﬁuﬁqmauuu ﬁﬂ%mmmm%uﬁummﬁqﬂ
Wiy 61.76 uaw 51.45 Wosiduflastuiin suddy (Table 1) ssililosann vinmituiiganeudrsdin
Tifudunamzgninnine Fuhlidanuivesnindlisslovifuiias iansmdeve fudadiu
wiiy shlsnsomsBudnuesi dealiAminlvauiedraihauiuld Gufing wasene, 2501) Tuvny
fiufigameuvuiinsliusslonidfuduiuiitisssud fiousenmuaugamgivinliuadliannndes
snsgnuiunidulnenss annissswevesiuuiu 3unietagiiviililus vildhuilanmddugs
(Uszing, 2500) Turnrdituiigmoudns Wuiufimeugndnlng Snunrveadouseniiunaauilsisnniin
Uhinadurdeingluduiition dewaliienudulufutosnulugae
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Table 1 Soil physical properties of highland watershed, Nan province.

Soil physical properties

Altitude Soil depth % Particle size Texture Bulk Density Soil Moisture
(cm) Sand Silt Clay (g/m”) (%w)

Upland 0-15 29 22 49 Clay 0.76+0.58b 61.76+4.664a

15-30 29 20 51 Clay 0.85+0.58b 51.45+4.664a

Middle-land 0-15 27 18 55 Clay 0.77+0.58b 52.19+4.664a

15-30 25 18 57 Clay 0.84+0.58b 48.87+4.664ab

Lowland 0-15 49 18 33 Sandy clay loam 1.08+0.58a 36.47+4.664ab

15-30 53 16 31  Sandy clay loam 1.09+0.58a 33.80+4.664b

Remark: Columns with the same letter are not significantly different from each other at p<0.05

1.2 audinnamuinilveshiu
91nNN15AN¥INUIT pH A1N1sE b YSunaBuniedng Usunadunseaisuau Ysuiw
lulnauianun Usinameaneaiidulsslon Usinaulnunadouiiuandiould Uhnuunaidend
waniUeuld werUinauaniifeufivandeuldvesiuremnsdunnugeosiiud uasynszduanudn
VOIAUTAMULANANNUDE 1N TUEAYN19EDA (p<0.05) WU ﬁuﬁqamauéw fiaudn 0-15 uag 15-30
wufiuns SiA pH gefian Wity 5.7 wae 5.2 nudidu Tusefiiuiigimeuuu e pH ditgn dalufu
sefUANEN 0-15 WAy 15-30 wufiuns Wity 4.4 Ansiiliifigeshuuinmiui AuuuiiAEINIFuETg
UsinaduvieTng Uinaburdeaivou wasiinalulnsiauiommn vinafiuigimeuuy fissduanudn
0-15 wufiuns fUnigeiian Wity 932 , 5.41 uag 0.25 Wesidud audiiy Turusditufigamoudied
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Laboratory Staff (1954) 9141w wssel (2531) (Figure 2) ) TnevsawuRuitnasdn 0-15 mmmsuﬂﬂﬂwmmmu
fiaidn 15-30 wufims uagnudn Arnsthlnihesiussdenanaminsedueugaosiuf uarazgn
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peunaNs InsazauvesruAtluRuaINNIIRUUY TiRtEn 60-70 LA 80-90 WURIAT ALY LA
Uinasfineuansdinisavauvesnnuduinnlufuuuannninfuans fiennudn 0-10 wufwnes fienudn 0-15
WwuRns uaznmsAnmAstsmui vinaiufigemeuuy fnshliihgeniuinuiuiigmounans
waznouas ilesanfiufigemeuuuiasnaquiduisssud fuiaduniengludugs Audarwge
auysal warddnvarveadefubuumie: foymannainandeon Jaiermaunsalunageduleoulsd
dwasprilvsianmainlihvesfiugmnuluing Inslanudenndediunanisfnyives Hossain et al. (2015);
Sudduth et al. (2005) WU auﬁﬁmmmaymmﬁﬂ%ﬁmsa:amaqmmLﬁnﬂﬁmﬂmfﬁuﬁﬁummymﬁimg
Tuvafitufineunanwesifuiidnuiinsimsinens wasinsldindaiieldlunsidaiviiy dwaliians
mé’wwaﬁumﬁﬁ&?w \AamsazanvesnnudluituTisnnin (N7 LALNANINY, 2556)
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Figure 2 Soil electrical conductivity in each soil depth and altitude.

3. arwduiusseudndnisilniduasifveshuunsUszns vinaiuiiguirfigs Sawdnui

MnnsAnwarmduiugszrinsthlihfuadRnunsenmuaziadl v Aseduany
an 0-15 wuwns msthlaihwesiuiianuduiusiuuTnalulassutmuamniian Tasiia R? Wiy
0.5906 windunuth AnuduiussEminssn s lwihfuuTnadunietag Suvdsaiveu aruduluiu
i pH Tnunadeufinanudeuls amnamuiuiusy winfidouiivanuieuld wearedailulsslend uay
whaldeufivaniudsuls nduiian R flantdosasniudidu (Figure 3) luvaziifissiuaiiudn 15-30
wuRiues wuhansilifveshulianuduiudtuuimnalulanauimue wasUinareanedaiiy
Useglowidanniign Tneflen R? winiu 0.9932 uag 0.9048 muddu wazwuamdiiusyesanisuilui
fusinudunieing unienfuou Inunadouiuandsuls auvuuius winfidouiuandouls
wradeuiiuanivasuld anuduluiu wazanudunsa-aa fid1 R fandosasnuddiu (Figure 4) An
aruduitusvosanisilieesiuuas Usinalulasiuionas denuduiudiugean Ssaonadosiy
n13fnwIve9 Hossain et al. (2015) wui Ansilaiwesiuiarmduiustuuimalulasauiome
nnitge Ineflandulszandanduius (1) wihdu 0.83 FemmsthlniihwesfiuAedesiuenuansaluns
geansemadiluldlunssuiunismsiivlavesity luAududwmaliialianunsageaisommsdnluldle
yhliUSInuasomnsTinnlufudy innussiuesaludn shlianududuresansemsluiuganiilu
i Viatinansfinwwes Doran (2005) danudn Ansilwiheesiuildannsaldidusiifiovssdumen
Tumsnlusuld
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Relation het EC-moist

005 0.05
0.005 - 0.045 y = 0.0002x + 0.0263 .
0.04 0.04 R = 01543
_,_—-—"—'—/—'—H
0.035 0.035
T o003 * E o003 *
2 005 y = 0.0018x + 0.0393 Zoos
g o0 R = 0.0018 g oo
0.015 0.015
0.01 0.01
0.005 0.005
0 0
0.2 0.4 06 0.8 1 1.2 10 20 30 a0 50 60 70
Relation between EC-pH Relation between EC-organic matter
0.05 0.05 y = 0.0016x + 00274
O;):: y = -0.0026x + 0.0506 ¢ 0?;: =03 ¢
0.035 R* =0.0573 T 0.035 ’,-//
E oo . E o0 o
Zooms Zoos
g 002 g 002
0.015 0.015
0.01 0.01
0.005 0.005
0! 0
1 2 3 a 5 6 2 a 6 8 10
pH OM (%)
Relation b EC-organic carbon Relation between EC-Total N
0.05 y = 0.0027x + 0.0274 0.05
0.045 . * 0.045 y = 0.2155x - 0.0097
0.035 0.035 R = 0.5906
E o03 < £ o003 <
g 0.025 E 0.025
g 002 g 002
0.015 0.015
0.01 0.01
0.005 0.005
o - o -
1 2 3 4 5 6 0.05 0.1 0.15 0.2 0.25 0.3
oc (%) Total N (%)
Relation | EC-Available P Relation between EC-Exchange K
0.05 005
0.045 o .
0.04 0.04
— . 1
0.035 - A
T * E _
§ oli-)zo@ y = -0.0002x + 0.0383 ‘:ﬁ 0.03 * y = 1E-05x + 0.0364
g 002 R® = 0.0004 g 00 RE = 00072
0.015
oo 0.01
n.on; ol
0s 1 15 2 25 3 35 20 40 60 80 100 120 140 160
Avail. P (mg/kg) Exch. K (mg/kg)
Relation between EC-Exchange Ca Relation between EC-Exchange Mg
0.05 0.05 y = -2E-06x + 0.0379
*
0.04 N 0.04 R? = 0.0008 N
b -
£ 003 E 003 *
3z y = -2E-08x + 0.0378 3
o 002 5 0.02
2 RE = TE-06 g
0.01 0.01
0 - [
500 1000 1500 2000 50 100 150 200 250 300
Exch.Ca (mg/kg) Exch. mg (mg/kg)

Figure 3 Relationship between soil electrical conductivity and soil properties

at 0-15 cm soil depth.
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Relation between EC-Bulk density

Relation between EC-moisture
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Figure 4 Relationship between soil electrical conductivity and soil properties

at 15-30 cm soil depth.
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Usinmuihiifinisluaiss (quickflow) ke Uananiififuasiu (ocal recharge) Hliiiudn anvinuasgnndy
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ANEATY: NUSTTUYIF USH it Wauusded wuudnaes InVEST

ABSTRACT

This study aimed to assess the water yield and evaluate the causes of floods and drought
in this watershed.

The results showed that the water yield in Sob-Kok outlet is 249 million cubic meters/year.
The quickflow and local recharge analysis indicated that the main cause of floods and drought in
this watershed is the unsuitable and unsustainable land use in the agricultural area in the
watershed’s middle zone. The results from the analyses conducted clearly show that Mae Wong
dam building only partially solved the flood problem in this watershed.
Keywords: natural capital, water yield, Mae Wong dam, InVEST model
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Wugiy (2556)

8) AuANYaesINl (maximum root depth) Tuusagszuuing 19nu Canadell et al. (1996)
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nsliuseloniinuildannsulanimdieanifiedlunsinuadsdl

11) Arazuuudildvsvanisssansamlunisldivinfilualusistsvasiuidud (e runoff
curve number w3adn CN) fensendng 0 83 100 melddeuladn o Aifiantos maneaait aninitui
wisudiauanansalunisgadusandusniidulilEs sihlshissuelisuiuiivedi fiiatuainnisen
vowluustazaiaiition wardn CN Srnunn wanshiuiwdsiuinnuanmsolumsgedusasiiufniullad

[V 7
U

druiinnasndnlngFessuieldfuiuiivhetuny (weddnd uas fading, 25510) Taglumsanend
Igdonlden CN au wesdng waz fesding (25517)

12) Sruaufuiifimanisalduan T¥nisindsannisiuludeyaimadureansugnieine
svinal WA 2589 — 2559 $au 49 danil seuituiivhnisine

NALAZIR15Al
1. foyaunuiiduavuaziauusmriivesdmiuldluuuusiass
1) unuiidenuivuaznislduseToviaiau wuinislissloviifulugneuwieieg mia
UATAITIARAL TN TAN LN LNYS ifmﬁaajuﬁ']siaaﬁLi‘]uﬁuﬁ%’uﬂgwawnaqvlmuwwﬁmi'mﬁ luwngine
ame1 Favdauasaissd wea. 2559 Usznousneuszinnnisldusslovifiau 12 Ussian dsznausie
thiun difutu diduuds dnuganssay) Yy diluaniwvidotifuass didanh Tiavdelsvmuiion
fufineasnssuuuiiny fuftnunsnssaluiigy gueudes wasundeh (Figure 1)
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Figure 1 Land use map of the study area.
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2) unufinarudndufisanldaiunsaasdnludele (Root restricting layer depth) fiaunns
AU sEIeEENAuare ARty fie y = 226416 0% R? = 0.8624 1fle y fie AruAnaud
sinldasile @adiung) waz x Ao ANUAIATU (9361) (Figure 2A)

3) Lmuﬁﬂ%mﬁuﬁﬁﬁﬁwﬁﬂﬂiﬂﬁ (plant available water) fiA1szinsiosay 0.197-0.268 (Figure 2B)

4) LLN‘LWILLaﬂx‘iﬁﬂEln']‘m’]&Ji“L‘lﬂ&Ju'l (Average annual reference evapotranspiration: ETo)
wuiluiuiivhnsenuniiadndniseaesemeth sswing 1,465 — 1,786 adwmsaed (Figure 20)

5) Usunauiany (precipitation) wmﬂuwumwmmmwmLLmaﬂLLayummaumaasmqmu
Mz TUPBNAUNIBLNDAINYTI JINTAUATEITIA UAISENING 1,039 — 1,393 fadiunseedU (Figure 2D)

6) mwmmm“lumigﬂeﬁ’uLLaSLﬁUﬁ’nﬁwaeau 38 Hydrologic soil group a3193ulnelden
mmmmsa‘lumi@m%’uLLasLﬁUﬁ’ﬂﬁwaqﬁumu WaSANR way feuding (2551n) m&fléfﬁlauh%’aagauwuﬁ
nslddseleniauiildannisulanmanendieslunsanuased (Fisure 2E)

7) deyanugadiaay (digital elevation model) wuinilAnsening 21 - 1,945 wins (Figure 2F)
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Figure 2 Set of digital terrain data input for the water yield model; root restricting layer dept (A),
plant avialable water content (B) and average annual reference evapotranspiration (C)
average annual precipitation (D), hydrologic soil group (E) and digital elevation model (F)
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8) AduUszansnisldunvasiy ludiurestoyaluwiasnisldusslovuinauluiundne) wanns
Table 1

Table 1 Monthly vegetation evapotranspiration coefficient values.

vegetation evapotranspiration coefficient values

Land use
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
hill evergreen forest ~ 0.515 0.385 0.294 0.279 0.414 0.56 0.705 0.825 0974 1 0.89 0.704
moist evergreen forest 0.511 0.377 0.288 0.279 0.41 0.568 0.728 0.864 1 1 089 0.704
dry evergreen forest  0.511 0.375 0.286 0.271 0.407 0.556 0.715 0.841 1 1 089 0.698
dry dipterocarp forest  0.463 0.328 0.235 0.219 0.341 0.562 0.773 0.956 1 1 0.871 0.658
mixed deciduous forest  0.463 0.326 0.235 0.219 0.341 0.569 0.769 0956 1 1 0.871 0.658
secondary forest 0.477 0.34 0.248 0.227 0.35 0542 0.72 0879 1 1 0.878 0.669
riverine forest 0.477 0.34 0.248 0.227 035 0542 0.72 0.879 1 1 0.878 0.669
forest plantation 0.463 0.328 0.242 0.226 0.357 0.568 0.763 0949 1 1 087 0.658
old clearing area 0.528 0.396 0.315 0.301 0.448 0.598 0.756 0.876 1 1 0.905 0.714
water body 0.463 0.328 0.235 0.219 0.341 0.558 0.755 0.934 1 1 0.871 0.658
upland agriculture area 0.455 0.328 0.241 0.229 0.341 0.536 0.693 0.843 1 1 0.871 0.651
lower agriculture area  0.463 0.328 0.247 0.234 0.347 0.516 0.657 0.791 1 1 087 0.658
urban area 0.463 0.33 0.248 0.245 0.356 0.506 0.627 0.748 0.954 1 0.87 0.658

9) AmANYa5INk (maximum root depth) Tulsiazszuving 1dnu Canadell et al. (1996)
wenasa Table 2

Table 2 Maximum root depth by forest type.

maximum root depth  land use type maximum root depth

land use type

(mm.) (mm.)
hill evergreen forest 7,300 riverine forest 5,200
moist evergreen forest 7,300 forest plantation 5,200
dry evergreen forest 7,300 old clearing area 2,600
mixed deciduous forest 3,700 upper agricultur area 2,600
dry dipterocarp forest 3,700 lower agriculture area 2,600
secondary forest 5,200

10) Fhﬂﬂﬁ‘umqqma (Seasonal factor or Zhang constant) wuituSasiuTivinsAnwdl
AAsTivesngnIa vi3e seasonal factor Wiy 3.2

11) Aazuuuiildavenisuszansamlunislddwinilnaludsnsvasiuiidud (d1 runoff
curve number:CN) aglusuvesmazuuLiagnglutaeszming 0 s 100 (Table 3)

12) $rwawiuiifianisailuan [maedernmsduludoyauiimuinuresnsugnienine
sewined W 2569 — 2559 $1uau 49 annfl seuiiufivhnsfin s Table 4
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Table 3 Runoff curve number by forest type and hydrolosic soil group.

Hydrologic soil group

no. land use type
A B C D
1 hill evergreen forest 25 55 70 77
2 moist evergreen forest 25 55 70 7
3 dry evergreen forest 25 55 70 7
4 mixed deciduous forest 36 60 73 79
5 dry dipterocarp forest 36 60 73 79
6 secondary forest 45 66 77 83
7 riverine forest 43 65 76 82
8 forest plantation 43 65 76 82
9 old clearing area 35 56 70 77
10 upper agricultur area 77 86 91 94
11 lower agriculture area 74 83 88 90
12 urban 81 88 91 93
Table 4 Average rain events day by month.
month rain events day month rain events day
January 1 July 13
February 1 August 13
March 3 September 15
April 5 October 10
May 11 November 2
June 12 December 1

2. Gunasiiluszuuiing

Usinadwirdldnszuuinaig 4 aelugnemuuvisniuingg sauidu 364 SrugnuiAriuns
siod Tnerdutsinahilrakiuuinannaunn 249 dugnuiaiunsiod uasTunanimuingney
wismAushiilasiuaunnuagladldiuenaunn Traadludsduingosuiiam 277 Sugnuiadiuns
so¥ Tusmdusnailufiufiduuengnemuuvisniuinaidn 282 Sugnuiadiuased ihgsuneans
Jminunsalssa (Figure 3)
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Figure 3 Water yield in each sub-watershed in Mae Wong national park and the outside area.
3, Giunanhiinsivada

Usinahiiinisluaiga (quickflow) idawansznuiinliindvidlunsneainens Smda
UATAIIIA ahuimgvﬂuﬂ%mmﬁwﬁuwwﬂﬁuﬁ%’uﬂéﬂmsmaﬂLﬁumqmmumamﬁuﬁmﬁ Tnglanzuiiand
Huiuiinenanssudslifdivisrraniuasfvihasglimu silianhifnsinaidasgudthaendn
Felvariururuuazilos viliAmivnaluiinugy duiuidduiuiignetuwianiuine fushedu
flufifinrmaindugs uidumsedanimiliunagu Jsdslunisszaothuastisliuimaihduasiu
Inn dmduunuitesuneuSinanhiiinsinadaluuinasig g lufuiivhnsdne lussezieusansly

Figure 4

dovhnisdnwiamzuinatuiliniaguiriuhe fdvadigiuiistnoanen fantn
uAsanssn lnauuseanilu 2 nou fie mouuy laun ﬁuﬁﬁﬂummqwmuuﬁwﬁLL;JNﬁ Fefsunaqulusne
anmilduaneriataiuiliidlnaiuwazusdniliiiuesaunn uasiuiifioguoniunitufioneu
iR Gedndlugduiuiinuesnssunasfiegorde wasunsdduanmuildl (ueui) (Fiure 5)
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Figure 4 map of monthly quickflow values.

910 Figure 4 WisuifsudSmanfiinsivas snieesusnasna luusazdiaan wuindl
ANuANAeiueg 1AL Tnsamgluiig g FailBmnanhifinslnasiswunnnaniuiinuesnssy
uenumgnIUMRLhTvauluaafatu Tasenzlufeutueneufafounaay Tuvneiiviinanh
fifinslaifiinaniufigneuuienfuhne agliusndstusnninluanieu esnianmiiliies
grasmUE IS uashuazAoy g Udeelilaanaiugisn sldiudisniidilnanasansd dmen
fuinuasnssuenednuazasauimegmaduazimiasl Fanntanalaivsinasnniazyiiliae
sufisuguiaeth waemsiitiduaduiulludulusiinudes Inaeduammuesioudidugguds
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Figure 5 monthly quickflow values which flow through Ladyao district; from inside area of Mae Wong
national park (area A in small size map) and from outside Mae Wong national park (area B in
small size map).
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6. USunauunNTuasny

¥ oo
o aee a

Usnanhiiguasiu (ileviulildtuiafuuazaes q nzeesddesawnanuinaiiainmas ua
saufuihiaiu) UmmﬁuﬁawmuwwmumqﬂUimewwmwummeawwm mmsmuamu
Judiunasnndian saqaqmmusnmqumLﬂuwumﬂwmmswqu (Wanei) dauusiamiiui
nunsnssa sadufineufiruannselunstuasiuldiesniiusinudu q aeandestuusunanifiing

nasq fslenanuailuiden 5 (Figure 6)
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Figure 6 map of local recharge values (left) and map of annual quickflow values (right).
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UNANED
LUU§1889 INVEST Wauilaeg Natural Capital Project \ileafuayunisfnaulalunisdanis
ywenssssunAlnesjatiufinsliuinmsssuuiing mguszasdvesnisussnaniuasnstnifuaisuey
FBUUUTIADY INVEST grgnuuisninesdunuwi daniaded elvmsiumumadiunineinsi
fiuanuaeseonundudwinlfsuguindig 4 wagnstmifuarsuouluiiuiiiivesgreiunieni
posBunuWY MsUszananivsuuusiaes InVEST Suludeddithadeililunisussananasiuim 8 tady
9 (1) Yananiduiads (2) nsmesunedadensd (3) anudndrtaressin @) msldussloviiiauuas
Aaunmquiiu T 2559 (5) WinahitiimitlulEld (6) vouimaguiuazduihgos (7) arudinuesn (8) én
fusAnimsldithoesii Ussnanistnifuasveuluiiufivndeuuusiaes InvesT sudusedlddaded
Tlunsuszanana 2 Jade Ao nsliussloviifunarasnaauiiu U 2559 wagUhunumsinifiuaiuey
Tuwsiazysziamveanisliusslovifunazdwnaquiu lnoudadunisinfuafueulumadinminie
fuAu nstnifunsuenluinatinmlifu mafnfuasveuluiu way matniuaveulumsdunien
AUUA?
uamsUszanaTnud luituiivesgretuuwissisunuud fUSinadiusn 817.43 &u gnuaerd
ins T 500,83 Sugnuiafians/d Amdudosay 66.16 vesUsmnamiduiionun Tag  duiul
Medefdnanwlunsliivingedian fe 2,609.46 gnuiafiuns/ls mmeuiidlngvesguiunegu
dhotdu deAnduyadtifuiiaunseneldlusnsaah Anduya 81.13 §uum wan1susz
N13ANAUAITUBUNUIN @NETULKITIRADE UL fnnssniuansueuluiuiivn 6,581,513.38 M
Asueu Anduyadn 734.76 duum
AdnAy: miﬂimﬁu;ﬁamﬁw yaAIMIinAuASUBY WUUS1aed INVEST MUMNIsssusi enenuwviefnesdunuun

ABSTRACT

INVEST model is developed by Natural Capital Project for water source of management. The
object is to assess the water retention and release from the forest to the surrounding of
Doi Inthanon Nation Park area. The factor for estimating water by InVEST model are 8 factors,
compose of (1) Precipitation (2) Average annual reference evapotranspiration (3) Root of restricting
layer depth (4) Land use/land cover (5) Plant available water content (6) Watersheds and
subwatersheds (7) Depth of root (8) Evapotranspiration coefficient of plant estimates from satellite
image of Landset 8-OLI on 2 times. The data on 7 march 2015 was represented of dry season and
18 November 2015 was rainy season. Estimation the above-ground carbon sequestration of forest
with the InNVEST model were required two data factor inputs including the data of land use and

land cover (LULC) in 2016 and the data of potential for carbon sequestration in different land used,
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which the carbon sequestration were divided carbon density in aboveground biomass, below
ground, carbon density in soil and carbon density in dead biomass.

The results showed that the Doi Inthanon Nation Park has been average annual precipitation
to 817.43 million cubic meters. The annual water was 540.83 million cubic meters/year, the ratio
of 66.16. The left Mae Wang basin, highest water yield is 2,609.46 cubic meters/rai. Because most
of the watershed area is covered by montane forest. Considering to annual water was 81.13 million
baht. The forest biomass and organic carbon of Doi Inthanon Nation Park were estimated to
6,581,513.38 tons of carbon, which the value was 734.76 million baht.

Keywords: The Assessment of Water, Value of Carbon storage, INVEST, Natural capital, Doi Inthanon Nation Park

A1

mMafisturessiuudssrnuasmsveefvosszuuassghanuuyuiolussfuamanadsnaly
AneudesnslivsslominineinssssumAifiunniununalnilenevaussmiudonistuiiugiuves
uywd Turagiininenssssumisssumivisedisiullegessdita auilviAedennastunisudlodym
arudeuinsuvomneInssTsued waznseuindamnunanvatsriauazaneiusuesdildindiisty
ndennassEiuuIuId (Agenda 21) TiAndudaudd w.a. 2535 wioudnseinsdnvhizansiedln
(Kyoto protocol) Tud) w.a. 2548 Aifqmsjansnefonisanmsvassfnedounszaniitednnisiuninzlaniou
Tuvauzfinmsimuiasugiasazdsnuvesussmalngiesfidudiunilsiogneldnalnadananudluzianan
‘wmummmLﬂmﬁmmmu’maama mmLaamimmaqmwmmﬁismmuJuasmmn wazUaymilen?
ATIITULTINAT U AT foghadussnuanIunsainuWAIIRdeL WA, 2558 syyimineansin
livpssmnalnefuuliuanas 1nadflud we. 2516 Ussinalnedinadifiuiivregussanaiosay 43.2
uiaNNanTdNsIaaanlul we. 2556 UssmAlnewmdoiuiivnfissfosas 31.57 lnediaunaddnyfonis
yngniftedaliflulivsslond uazufonsiuiitifionsiinunsnssy deidufiinduandiduingy
niwgrnstilifanas  grunimensdudfliuansfennuddnydenuivemineinssssund lnonne
ufminenssssuniynussion Thidfisausiauddymaassgiavidy widinnuddluguei
Dutlafedlviruyuvwiesdudondnussiuliiuanuiunsesnun m@in grunineinsildfedud
nilwesiginssssumilunisnyudousswing eandiau asuou wasilussuuiing Seilusslowdins
yamsaasedon daudnsliandnlaenssanidelsl 1y nisugnadieilegends nsldifudomas iy
fiu vidafuundsamslifusuruiiondveglnesou uidsddyBnuseniamilsdo fuiltr Wuadlouds
AuANTzUUMIgAduiusiukazssusdluiulituds ililsssanisivavesinlugisnsd
wngaunanie liiminanlugasgeiuuarlsitosnuiululudinguds uenanidufuundsinifu
arsuauLarUanUdesaandiaunduiugtuusssinia fadugrunineinstilifodununisssueid
(Natural capital) imasAunnisquasnw mseiiusglovdunninenatssu uazdagduiiuunaaiiieides
funisanaudenlvsuvedth nsaanisinatetn uaznnseusneiilel (REED+) eilinguszasdudndo
nsannsuanUdesuaynisiniiueniueulasenled sududunininnslivinisvesssuuinangiu
n3we1nsUilel lnouurAnnisuinisvesseuuing Ao nsnaunauszninuslonifuyesléuang
n¥neInssIINTIR Aswandon wiosruuiing e lRuyusidiauararuduegiitu n1soysng
ninenssssrAluiuiigneuwieninosdunuu Wil udismsnviuusdaiunnivinmns
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Yar1a9n15hiusn1sAInsruLilg luitufigneuuianineedunuun Janiadiesdval iivelinsiuianu
nnuninensihfivanUaesesnunduivintbituguineing q fegluusaveiuwiwfnesdunuuy

gUnIaluazIsns
KWUUI188Y INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) Qﬂﬁ@ummﬂﬁ
159115 The Natural Capital Project 3ui8ua1usiuilevesan1dunisine 2 wwa e uninende
Stanford uag Minnesota uana1nigadinusaniiofuosdnsiaurionsudn 2 wis Ao The Nature
Conservancy wag World Wildlife Fund wuudnasslagnitaueesnunludnuvaglusunsudiiagulag
snuuvILiloatiuayunsindulalunisdanimineinsssmwid Tnordevdnnisdesduimninig
Wasuuadluszuuiinmfniu avdsanssnusioysslovifuyudagldfunnssuuinaedils

nsUszInthdaBIUUTIaed INVEST 3.3.3

THtadeiidmiunisussananadiuiu 8 dade Taseglugluvugudeyaamsinagimans S1uau 6
oo waregluguuuumedona 2 Hade TneflswanBonisnisdel

1. Usunasindluiade (Average annual precipitation) U‘%mmﬁwﬂum%ﬁm%’umei’ﬂaaaéfaqagj
TugUuuudeyanin Raster) lnefimieiduiiodiuns n1sfnwadsilldasedutosaiinaridunde fe
nsUsznaAdsiuiinndeyauinudiueiessd e 10 U sewind 2549 - 2558 anandnmain
Usinaiiulngsousiuau 9 annil (Table 1) suwmisanniingra¥auiunainy wazuTinaugnin
yhmsUsznaedsituiliineandeaganin 30 wes TnsdsznuaSsuileuiusswing 2 medandn
D Inverse Distance Weighting Wwag Radian Basis Functions 1agn15Wa15197nA1 Root mean square
errors WU11N15USEUIUAIAIELNATA Radial Basis Function 1aely Kernel Function LUy Inverse
Multiquadric Wkadwsifian Se1 RMSE agfi 526.85 fafluns aadnsainnisUssunmayinanly
fufiFnuiiusinadilugean san uaziade ogfl 2,567, 978 way 1,703 fedlunsamady TneUsuio
‘13WNuqqqmﬁ]zagju'%nmaammaa%wuuﬁmz%aaaﬂﬂmmzﬁummgﬂ (Table 1)

Table 1 Rain gauges.

Rainfall
Organization Order Rain gauges
(mm)
1 Doi Inthanon 2,564.31
2 Chom Thong 917.84
) 3 Mueang Chiang Mai 1,158.14
Northern Meteorological Center
4 Mueang Mae Hong Son 1,295.53
5 Mae Chaem 930.39
6 Samoeng 1,206.96
Upper Northern Region 7 P64 Tambon Yang Piang Omkoi 1,026.05
Irrigation 8 P76 Li Lamphun 1,137.70
Hydrology Center 9 Ban Thung Luang 1,587.07

2. N5ANYSEHED1989518Y (Average annual reference evapotranspiration, ET,) @1u15a%1
1A31naun1s modified Hargreaves’ (Droogers and Allen, 2002) fsil

ET, =0.0013 x 0.408 x RA x (T,e+17) x (TD-0.0123P)*"®
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Tagil  ET, = Anismioszimedneds @adms/ i)
RA = Aednaeniing (Wnnega/msnans/iu)
Tae = fonmgilads (waldoa)
D = swasnssEnisemgiigidauazingn (waidua)

P AUsnanduaranTeieu (adiung)

nsAesemededenedaiusanilaeinaunis modified Hargreaves” Sndudosldyndayaanin
gliomafiaenadestu Uszneudedeyaindesadeunesgnmniaan gamgiman wasaUimuiny
grauseliou amnsanllnanan www.worldclim.org WAENUSUAT RA %38 AIN133USIEINA9017RG
Fowinsuszanaratwes wevinnisamillnandeyaonmnfiade suviniauan wergamnddnanseiiou
911 www.worldclim.org Afivuinganin 30 a1 vieUszanm 900 was WuiiFeuiesudfiaznisda
foyanmliaseunquanzuinaiuidnyiiiodumsasvunuiinadeys deuinsudasdoyasin
syuuiiingiiA1ans (Geographic coordinate system) g3z uufiinn3aLuy UTM 819893 AnNangiu
WGS84 LlevhnnsUstanana fnasnssznitsemgiigagauazingaseiiion $1u 12 ey

nsadrstudoya RA msdrsdaveuumvesdeyauarmeasdeagnnmliviiudeyaaniwnionnie
nsdimsdnwadailaldlsunsuansaumagiimans asstoyadaduuuzuda (polygon) Aifluuinai
naseninsansignd 98° 13° 30” - 98° 35’ 30” nziusen uazdmualiiinnuguesusas JUTAde 30
faunn laSeadaud 18° 15 07 - 18° 47° 0” widle ﬁ]mﬁfuﬁwmazagﬂﬁﬁmﬁaﬂmwmgﬂﬂmmLﬁav‘hmi
A RA dfuunuadluusiarsudadewinnsutasdoyadadulugdeyaninlilsiasusis 12 ey
udTsulasdoyannsruuisagimanigszuuifaniauuy UTM detssnanasiususuteyaromeny
@1n13 modified Hargreaves’

msiifesyislunmsihdeyagamaiiads gumgiigeaauaziian 91 www.worldclim.org o510
Toyananangnuiulegluguvesmheinasrwadea aa dae 10 nsigseansvilideyanmdniuly
EULLUULaﬁJRT’lu’JuLﬁiJ (Integer) Lﬁaammmaﬂw&mw ﬁaﬁ?ﬂuawms modified Hargreaves’ AN Tavg 8T
TD Feoamsde 10 dauen ET, amnaunsaziimiaeidu fadiuns/fu fdulsioninisgudiediuauiy
voudeuiieliidurinsmessmesedaneiiou

3. A2IUANIINAVDI5IN (Root restricting layer depth) as‘lu'ﬁﬂu,uu Raster vy
fidluns Ao Anmdnvestuuiidusmsudinsuinasvesnisanauanifnnmeniwmienisduds
NnAuandiniall Auluwngneuuiiniinesdunuuiiinainnisaaigiiavesingiuiuila Ay
Lmﬂﬁmﬁuaﬂé’ﬂwmzamﬁaquwm@m%wamaqamwgﬁmmﬂ FEAUALES YUIUATTAN fvilanAy
sudsanmenudulupuiinansisty uasdunidnAuiuananaiu (atiumi, 2527)

ArwAndIiavessnazeidnisUszanaaandoyanudnvesiuiituingduidniu uiedu C
Tnsendedoyaninuquiinou 9 9 uazdrmavidnAudraauu 37 90 59 46 90 nsrReTaLTiANY §
AruAnAudaA 10 - 400 iwufiuns Feyamunsarudnvesiugninanyssanaadaiuilifneanden
900 30 WIRT WUIINIUTEAALUY Simple Kriging #e/i3eos Rational Quadratic TWinadnsanian i
A1 RMSE 087l 84.32 iwufiuns nadndnisuszinaearmindifnvessnlufiuiidnudiarwdndidnves
5Ing9@n A1ga Lazlade agil 424, 17 Waz195 Wwufuas awddy Tnsusuiiaudnfunagmny

VTN URLDLAZADUNANUBINUNANY duUTUAURUIZHUUTNaLTLEsFng Juoen (Figure 1)

)}

s

4. msliusslevunaunazaeunaguau (Land use/land cover) agluguiuu Raster lagdayanis

a

Tiusgleminfunardsunraunuieidudiulsenevddnesnuudians nglinnuieiuiudn 3 Jade

q
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R U%mmﬁwﬁﬁmﬁﬂﬂﬁﬁ, ANUENTDITIN wazAduUsEANS sy n1sdangudeyanisly
UstlomififunarAsnaquiu lunsinwedsildnetianissiuun 2 wuu Weldfudoyaain 2 uvas Ao

1) Suunsruuinadiandeyaninaiganadifiey Landsat-8 uiina1n 9 unsiau 2559 lag
Usginanan ulUILATUNIRIUNISE15199n58lna (Remote sensing) Frensieszidadfidiowsn
nduvasdoyagaam (Pixel) Afinaautivsuasiiviioundolndidssiu Tnonissuiunisadsiidonld
Ansuuuiiiu uagldaunisideadifiuuy Maximum Likelihood Snnsiuuaituiigieersianun 10
F9819 ﬂ'ﬁamquﬂizmmﬂﬁqﬁ Unduw, Uraw, Unugyanssas wazdfess

2) MIWUaRANNMILANLAIINANEENIDINIAR U W.A. 2545 WaNINa1831NALAEY THEOS
fisanann & anudueesd sUia-gunssvesing iudy shnssuuniiuiinees T wdn el
Busiu wagfials-fivdn vienuiidnuazdu Wun veudh Ly Auildelds fuftogende-degnasne uay
undai (Figure 2) Wolddoyaniiansiinsudiazinomannusulasodomaianaasaunea
pimansifiolilédeyanslivsslovifiuuardnnnquiuiianysaifstu wuiiuiAnuuduiiuioniy
wsndigaie 159,590 15 (Fewas 53.21) desnAotiuganssas 41y 53,306 13 niefesay 17.77
(Table 2)

5. Banauhiifieilul#18 (Plant available water content, PAWC) o dndauvausuai
fannsadniuliludutasduduiiivanmsaiennldld dedoyaszegluguves Raster Midusunuves
f1 PAWC luusiazUszannsliuselomiifuuazdsunequin msmansinashiifsiluldldduiuns
Tnemsthidrdeyavouiofu Ao fevazveseyniafumilen wasnsny uarfesavresdunisinguesivly
Fu A uingnquiy $1uru 58 nauiiegns Mnaudnuuarifedall qiud (2527); iy (2538) 039
(2545); WA (2546); Inen (2551) Ima«’wEmL”qumﬂ%'ﬁammuﬁuﬁLﬂﬂidﬂ?ﬁqﬁauimgﬁé“ﬂwmzLﬂuwﬁwﬂhj
fntihdu fuflegende-Asgnadns uazumanit iflevhnisduindieannis Soil Water Characteristics-
Equations u&thenadnsyiumaadsveudazUszinnnsliusslovifiaunazdsunaguiu 910
nsfinw nuinhAuniiangaiiga Ae 0.146 drutusedsiiaedian fie 0.091 (Table 3) AvesHadwsas
gniluideulsstudeyanislivsrlonifinuuarasnaquiuiohnmsaiadutoyausmani i luly
Inlugduuudeyanin

6. %auwmjuﬁémazzjmﬁwsjaﬂ lusduuudoyadiadu (Vector) wuuaesUszanmi 1idmsy
ayunadngaInNnIsUTENIAT UsgnaufeUiinaiueds dndnismeseveiads Annsaessmeiaie
adednenmlunisliivh Ysinadwi neluveuanduinis q ileldnsavannsasidunsls
agmndaluiiuiivualng o1fensldlusunsusuansaumagimansiiundosielunisuszananasin
wuuIIaRIANgaLTua (Digital Elevation Model, DEM) ﬁﬁiwazlﬁammmw 30 x 30 AN319LUAT

nsnwadsildtmualilusunsuadrsouinguingesiidvunaiiuiisuiilitesndy 1.8 e
Alawns v3edmau 2,000 9ann eUszananaudiavifeyaunsivaeusufuuiigiussmmnn s
41 1: 50,000 lngfinnsanatndutunugs ssuunia el uudveualigndeandsiu lne
hsaguiuazsaduingosiiieusvananaluuuusiass INVEST wanisnw wuindguihlufiufisa
17 quiin woaduguihdes 143 dui Tnsguiudnansdivuiafiuiiuiniian 93,063 15 ($osas 31.04)
599891179 fcjmjﬂl,l,ajaz U 46,273 15 (Sevaz 15.43)
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Figure 1 Root restricting layer depth. Figure 2 Land use/land cover.

7. AuAnYesIn Mneiinrmanuniignvesinuia azliifisseudnuessnlneuszanniiies
a¥ 90 VDTN MVDIIIN BearwAnvesriniuuansisarmannsalunsddaumaniluiafuyesiis
mhoduiiadiuns Anwlfandesuiewihdavesiu mneudnwuasideildssylulodn 5 uasvquues
nsdafulzsryUTIaLazswInvesnniieiiny Tnganudnuindavesfuiinusnivuiadnuin
(Furrgudnatsdosnin 1 Sadiums) uazildruauiites (Heandt 1 msandiuns) annisdnwinisld
Usglominpuuazdsnequivludnvaglina-1ifduiu fszuunndniian Tasiade 1,920 faduuns d1du
siosnfie V1AL 10de 1,603.6 fiadiuns (Table 4)

8. AnduUsEaNSN5IdUveINY (Evapotranspiration coefficient, Kc) @unsaAIuiuaie@inig
Normalized Difference Vegetation Index : NDVI 2100181831001 A8NSIAUENA1ITAUEUNUS
5¥119°9A1 NDVI wagen Ke eauns Kendvi = 1.5625 * NDVI - 0.05 (Rocha et al., 2012)

NDVI = NIR - RED
NIR + RED
Tned NIR = emsassieunaudumsisaszeying
RED = #3paususuiiudneg

Tngnsinulalddoyanindreainaradfiey Lansat-8 §1uau 2 aaiaan Ae 7 Juew 2558 (Ju
AIUNUYDIGAA) hay 18 WoAdnIew 2558 (LﬂumaLqumaqquu) mm‘mmLaaaamﬂiuawﬁmﬂ‘nmmaa
wszj msﬂ,uiau 17 evhnisUszunana Kendvi ve39is 2 9299848792 maqmmsﬂmaaﬂwuwmamq
WiemAnadeves Kendvi mmuLﬂumLLmuiuLLmazﬂnﬂﬁaﬂsﬂwumuuazaaﬂﬂﬂqmu WU Anade

'
o

Kendvi vesthaulanilangedign e 0.6358 drwundndiddiiiandie 0.3509 (Table 5)
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Table 2 Land use/land cover.

Order LULC Arze 2
Rai Km %
1 Montane Forest 159,590 255.34 53.21
2 Pine Forest 1,951 3.12 0.65
3 Mixed Deciduous Forest 53,306 85.29 17.77
4 Dipterocarp Forest 47,354 75.77 15.79
5 Paddy Field 5,962 9.54 1.99
6 Orchard 1,597 2.56 0.53
7 Grassland/shrub 17,161 27.46 572
8 Crop 10,619 16.99 3.54
9 Barren 616 0.99 0.21
10 Urban 1,712 274 0.57
11 Water 46 0.07 0.02
Total 299,914 479.87 100.00
Table 3 Plant available water content.
LULC Sample PAWC
Montane Forest 14 0.146
Pine Forest 3 0.129
Mixed Deciduous Forest 3 0.112
Dipterocarp Forest 19 0.091
Paddy Field 2 0.121
Orchard 5 0.121
Grassland/shrub 9 0.125
Montane Forest 3 0.123
Table 4 Root Depth.
LULC Sample Root Depth (mm)
Montane Forest 14 1,603.6
Pine Forest 3 1,563.3
Mixed Deciduous Forest 3 1,396.7
Dipterocarp Forest 19 994.2
Paddy Field 2 500.0
Orchard 5 1,920.0
Grassland/shrub 9 1,577.8
Montane Forest 3 1,403.3
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Table 5 Evapotranspiration coefficient.

LULC Kendvi Average
Dry Season Rain Season
Montane Forest 0.6531 0.6272 0.6358
Pine Forest 0.5030 0.5463 0.5318
Mixed Deciduous Forest 0.3582 0.5511 0.4868
Dipterocarp Forest 0.3269 0.4675 0.4207
Paddy Field 0.3086 0.3721 0.3509
Orchard 0.5453 0.6069 0.5864
Grassland/shrub 0.3366 0.3942 0.3750
Montane Forest 0.5689 0.6496 0.6227

MUTENNIAUNFANAUAISUBUMIBLUUIIADY INVEST 3.3.3

Tladefidmiunmsuszananadiuiu 2 Jade fe

1. msldussTovifiaunazdsunaguiu (Land use/land cover) Mfoyaiiatunsuszana

2. Binunsiniumsveuluusdazussimvasnislivssleviiinunazisinaquiu Ay
nsldusslomifituuarasunmauiniifuiuiiv Tnsuwadu mafnfuansveulunatinmniefiuiu
nsfniuansueulumatinmldfiu mstnfuafueuluiu wee nsfnuafueuluamsdunidine
W (Table 6)

Table 6 Carbon density in LULC type.

o . Carbon
Carbon density in Carbon density Carbon L
. o . density in
LULC aboveground mass in belowground  density in soil .
4 4 4 dead biomass
(tonC-ha™) mass (tonC-ha™) (tonC-ha™) 4
(tonC-ha™)
Montane Forest 98.61 19.72 88 3.43
Pine Forest 73.15 5 4.27 3
Mixed Deciduous
23.32 6.53 38 2.1
Forest
Dipterocarp Forest 27.27 15.27 35 2.1
n1suszliuganin

n519ULeaE 0.15 UIMAD

o
-
>
c
&)
3
ca
=

e

AwIINUSuailuseuuaueig yarnfy Medyadd
anuIAdung (NM3UsEUUATAN)

nmsUssdiuyarinisininuasuay

Usrendldds Market valuation wag Cost replacement method (WauFnd warRaiing, 2552)
ﬁ&ﬁ;&aﬁ’mmm%Uauiuma%’smwﬂszLﬁuﬁ]’mms??amam%uaﬂuma’miaﬂ Tnefumsdenslusanuuy
ainsla (voluntary carbon market: VCM) ;gammi%aﬁmam%uau WinAU 3.3 US$/tonC (Kelley, 2016)
¥30 111.64 U/fupiuou (Sasuanidou 33.83 viv/aeianansy)
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NauazIATal

Ka91NN5UszINMinABLUUSIas INVEST grenuiisfnesdunuuy fanfnidedlua Anw
magudnenimlunisli werUimnanhuesduih WWosmniiufifnunivisildlfeglussuvasguni
v SefesmennuiiteUTeudioy

1) dnenmlunisliid fe mslihdefiufiduth anguihluiiuil wud quihunsdheddnenin
Tunsliivinadegefian fe 2,609.46 gnuratiams/ls seiufidningvosduiunegquiaetifvian
FufuBnsening 2.2 - 3.8 wes Audniads 2.8 was waeduiinaiduadeegludig 1,911 - 2,567
findiuns/D vieady 2,298 faduns/d dauguinfiddneninlunslimivitludduiaumie quiiuain
anunsolsiiiade 2,586.40 gnunadiuns/ls Snvusvosiiufiguinuinndeudisedisadefuguiiuang
d1o flo HufldnluaunaquinethAuin fufufingewine 0.8 - 3.8 was Audniads 2.2 1wes wasduTina
5WNuLa§sJa§Jj"lust 1,761 - 2,567 fadwns/U violads 2,255 faawuns/d é’m%’uajmﬁﬁﬁﬁﬁ’ﬂamwiumi
Thinsilan fio quihusinansdufiannduduiregnoudraveanesdunuu fssuuuarguitsguiill
Fovautdn Muidrulngiluduiede fdufudniies 26 - 68 wufuns fudniade 43 wufues wasd
Uninaluedsoglutag 978 - 1,118 fadwns/D viieiade 1,038 fadwns/ lneliiuade 1,131.8
anuAnwns/ls

2) Yaananh e Usinamhlugunised quihuinans WuTunahgsiian de 178.73 &1 gnuad

u 9 Y
v '

wns/U Gosay 33.6) vealSunaanun wmseiiuisuiauelng Siud $1uau 93,063 15 Govay
31.08) Usznaufuiuiidiulvgdnsunaquinetn Tnslawizthfuie dufudnsswing 0.17 - 3.3 was fu
an1aay 2 wWns LLazﬁﬂ%mmﬂf’]Num%‘lsagﬂuﬂm 1,204 - 2,566 Siadluns/D veewmds 1,800 Jadwns/D 1
dnenmlunislidndugduil 8 fe 1,920.60 gnuiafiuns/ls Srdudesneduiiusinn Faduduihiia
dnennlunisliilusdudl 2 Tngliuaniivh Swau 73.59 & gnuiadiuns/d (Gesar 13.61) feu
ms‘l,ﬁmmﬁ']ﬁzgms@LLa%’mmiw%’wsnﬂsﬂwlﬂummﬁuﬁqwmuLLm‘aﬁhjamnsaﬁmsmLﬁsmwwﬂ%mm
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Figure 3 Water yield per year.

Figure 4 Water yield per pixel.
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3) Ysananisiniiuaisuau mstniuasueuanniigalulifuian 5,354,574.80 duansueu
Anlusesar 81.35 sesaunde Unuganssa Uhsss wavUraue fan 603,531.26, 597,389.66 Lag
25,985.44 fiup15UBY MINEIAU
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Figure 5 Carbon per pixel.

4) Qaﬁ’l‘lf'] SloAnduyarnihAviiannsnneldlusnmasi nihsay 0.15 vwsognuiAfiuns
Anduyaci 81.13 duum

5) yadnsinifuansueu Anduyadt 730.76 Suum yarin1stevisarueu (voluntary
carbon market:VCM) 11U 3.3 US$/tonC (Kelley, 2016) %50 111.64 U/fu A15UDU (s uwaniaey
33.83 UM/AeTaNansy)

GEL
gneuwtend Sunuuidaviaidedlu funaiusin 817.43 S1u gnuiadiuns Wit
540.83 &1u gnureriuns/Y Andudosar 66.16 vesUsinmidutamue Andugyad 81.13 duum
Usinamsinfuasueulufiuitmindu 6,581,513.38 AuA1SUaY ﬁm‘flugaﬂ"] 734.76 AUV
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NFANNA.

g7 Jusmans. 2551, msimseidatemeiuiitnadenisnaaivluiuiisunuut. merdnug
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ABSTRACT

This is a study on the integrated waste and wastewater management models in 10 national
parks, namely, Khao Laem Ya-Mu Ko Samet National Park, Hat Noppharat Thara-Mu Ko Phi Phi
National Park, Doi Inthanon National Park, Khao Yai National Park, Than Bok Khorani National Park,
Erawan National Park, Phu Kradueng National Park, Mu Ko Chang National Park, Mu Ko Lanta National
Park and Tarutao National Park. This operation is the cooperation of Pollution Control Department,
Department of National Parks, Wildlife and Plant Conservation and Wastewater Management
Authority. The purpose of this study was to provide the national parks with the means to develop
a mechanism for effective prevention and treatment of solid waste and wastewater in the national
park area, and to be tourist destinations with the correct disposal of solid waste and wastewater,
as well as to be national parks with environmental management in compliance with the law. The
relevant regulations correlates with the development of tourism for the sake of sustainable

development of the country. It places importance on all sectors in the vicinity of national parks,
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such as local administrative organizations, schools, enterprises including tourists to work together
to solve the problem of solid waste and wastewater in the national park area by surveying the areas
to analyze the problem of solid waste. The waste management model has been developed from
reducing the amount of waste at the source, separating the waste for utilization and collecting the
waste for proper disposal according to academic principles to prevent and reduce the impact on
the environment in the national park. For wastewater management, baseline surveys of building
and structures in the National Park area were conducted to analyze the problems and situation of
wastewater management, assess the amount and severity of problems in wastewater management.
The wastewater management model and the wastewater treatment system suited to the conditions
of each area of the National Park to effectively treat wastewater.

Keywords: Solid Waste Management, Wastewater Management, National Park
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Figure 1 The number of tourists and amount of soil waste in 2016.
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Figure 2 The soil waste management in the land national park.
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Figure 3 The Problems of soil waste in the land national park.
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Figure 5 The number of tourists and amount of soil waste in 2016.

1.2.2 M153AN5VELYANDE VRN UUIIYIANIMELA

aNEULRIYIANIImee n13dnnisvezyadas Tnguuan1siiusiusinvesyatoy
Jureziialy vaedunis wazaesileda lnsesdusznovvezarlngifuvesdunid sesunduvey
Sleda doufivdeiduvezdu q wu wui wlsl irwTanneadns 1a dawveslialdvianindrgneu
Tagvemnususlofugusznounsiniiies dwmiuvezaininmeasinsdauenverilada iothudiming
druvpeihluuazveydunid viauisdinsilsnaunierlendnlufiuiiing wieerathufsuuil iiely
unufuerluituiignenu doumauianie sun. fisuRnveuthlumdaluiiufitnaudoly Feuanss
Figure 6



46| s2UWAVSNUBUI AouAlIdasSwWsS=S1UN

Sale

Recycle

Collection [eusmmnd Separation —‘_’ Landfill

|

Disposal by Local
Organic Waste Collection
government

Compost

Figure 6 The soil waste management in the marine national park.
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Figure 7 The Problems of soil waste in the marine national park.
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Figure 8 The Problems of wastewater in the land national park.

mﬂmiﬁﬂmmamaﬂsﬁa;&amﬁ@mwazgaNa8LLaz{fwLﬁﬂiu‘ﬁuﬁqmmuummaﬁﬁ'aa
wagymauassalunsdnnisuszyarosuazinds luiufignetuwieniiises 10 wis nui Yiinamey
LLamfﬁL?lsﬁ'iLﬁmsﬁuiuﬁuﬁqmmuwiaﬂmamwnLLazmwLaiailmﬂﬁmﬁ’u desnUinaveruasinded
Antunsfunusuauinviondeafidiuniledlugag High Season dswaliiAnuosyarosuazindeidy
Fruaunn dwsuilgmlumsiansvesuasindes wui luiuflgnenuuieninisunuasmagiaddem

'
a0

mMsdamsverisstunuanmgiivssne wu gnotummeiaazidapideufvuuermae gremmng
unaeiifgnniessaivou wregrelsfnulnenmsinazdidymidtlisiatu fe L%ﬂwﬁwﬁﬁﬂﬁﬁamu
1aAu3 Ala ‘lumﬁmmiﬁawasgaﬂaaa&hagﬂiﬁ Usznaufulugng Hish Season finviaadien
Jruauun vnbnAnvezyadesdudiuiunin lauisaifveuldnuauaziinvezandis diatlonin
Tajansau sauﬁ”’wmLmauﬁmﬁwﬁ'Lﬁumsﬂuﬁhm@maﬁauﬁm dmsuilgmidesinde greuuvien’
mevnuazmengaitamiilisety fe vueduinlutuweduemsatainisldfisaelunsiuiide
AinTuainnsusznevianssunisinetms nielifiszuuthdnings wartuindnddnasdu
aYafnsfiszuuirsathdefiiuastin sauiadmihfussfussnounsiuomsnanuiaudle
Tunsquatssinuszuusidaindouuuiniud wasdeinlusiy

2. msdavhgluuunsdansvszyarosuaztidelugnenuwisritnses 10 uvs

augddelddaiguuuunisinnisvesyadesuarindelugnetuuisnnd 10 winiiges tngld
ndnnsdnnisvezyadosuazindeigniosmmaninnns uazduilsamnuiuaneugrinudaiiuun
men1sianisveryadesuazindsluumasiendien SsUsznoufie mhsnuiiAsadesdiunisdanis
dannden wazsmiudmihiigneuuisfithies 10 wis Lﬁ@ﬁﬂlﬂiﬁiﬂummﬁlmﬁay‘mmawgaﬂaaLLazugw
Aelugneunfuienfsely fail



48| s2UWAVSNUBUI AdouAlIdasSwWsS=sS1UN

2.1 nsdansvszyaroslugnetuwiennd aunsaduiiuns feil
1) Anwdnauanansalunissessutinvieadien (Carry Capacity: CC) Lﬁ@lﬁﬁLfJu%’ayja‘Lumi
flnsannssesiuTinageanvestinvieaiisndiedesiuilymuszyadesduluiaggresiien
2) MINuNULaznsBuAUnsaNlun1sIfuNIsIANIsvesLAHol gNneIus ABeiaNTaN
N133AN15NYIUUITIR AITRAITANIURULAIATEAUNTaNluN1TIRITUNMSTAN SV TN eY LYY
nsdnssdeugusznounis nsdnsssuuifununuesivauey Msddnuesluiiug wiensdnwden
saussn iiededmiunisvudsezyaresluindn luanuiidndnignies naemauiiinyszansnmuas
osdanuslunsinnsvezyardegliuniiminfigneny
3) msvenderimunngunast nnsudeu mstansveglumsvieadieluiiuiigneu il
(1) fsumaniuiivasaves TnsniskesunsauesynUsznnmNiaium MeuruTs
osnnUszinmdiluaniuiiiianuddydossuuiing wu dunsfinwsssund ten vunds
fur (Hudu eanUmamszyalesfianiinduluiiufigneus Snmnemils wagdnwvinuifidany
Wgu1anesssuRlviasegauly
(2) nmsaansldwanafinuazivy wagnara@nurivaminfy (Plastic Bottle Cap Seal)
Tngnsusznduiuslidnviouiolddnladelymussveziidesaaeldoandimaning warafnsiusivan
ihin uagvemuiiniodud Sruswnsviondnfusivieldnausivinaniny afuayulildagnauny
vidoTanlufinsiudwnden wu T¥ganszay 1dgu ndesiivinanwanafniigesaanels wietandu 1
figevamelfirounu
(3) nsfiadr-Auturauazussafuriiiuveryades ielitnvieaiioafdnsuinveu
vezyarlanfiiintu Wunsannsznisdafivssyaresluiuiigneiun Taensdadivanuiinamads
gneu viegavieaiendididy wu vianien Fasiimsiadmihfenaderneiesiuuariinging
Rurewhidgven videuinaifine
(4) Mmsdmneszuufnuenvozyadesliimnzan 1Wunisdnnsdavesitiuin sUnud
muunaunduiugnetun ilesesuresuazssnm (ozdunid vesdlufa warvezihly) rnfednw
5&5114’3‘145&LLamgmﬁwﬁwfw’wleﬂaﬂaiﬁmmﬂhﬂ’]iﬁﬂﬁd%:ﬂﬂﬁq wagtiiganaraUTuIukasUssLan
%zyjawayﬁﬁm%u
(5) Msdasalssfausnvey Wunsirmanuiiieduiunsdnuenesslafasendy
UTZLANAN 9 LU WA ASEANY wanadn lave uathludnn1smedsn1seng o WU nsindasnaladn n1g
Jusanszawnioiandminergiidlon TiiuSunsanas fomaluladuioiniosdefivanzay noufles
ihludafiuilesonisdmineseld
(6) mavihijevsinuFeruindaniw uenanver3ludands verunaUsan 1wy vezdey
aane annsotiluldvhdensivietuindanm dethunldusslesilugnenuniodamaaraitevily
Fuhedunglaidigneus
(7) a$193ndrdnuazsafovidelviudnrionden fusznounisiiudn uazidmiind
Tuilufigneuuisn Tnsmssussduazszsdiniug AntheUsznia uielddedng q Tunsussendiniug
nsanuazdnLenuezyaaslufiufignetus eliinreualen fusznounts Wy $1ud $ruswns donu
Usgneumsiiinlugnenus Iénsenindedgmuarsinfuanuazdnuenszyaros uaznisdanisveed
Antu iesnwdwnndesluifuiigneu
(8) U¥udgaanasyliannsaduiunisld suisiedsssuuiestusafivennie
yolulusslomiluiiufidu q uasiinisdanenes feuveryarosin



nasus:=yguni1sU1lduUs:=310 2560 49

2.2 medansindelugnenuwied aansasidunisly feil

1) nsdinuarTuTndeyaiiugueimsuasagnairsluiiufigneuuisd ile
Favianmnisdanisinide daminy Ussidiuuiamarseduausuussrestym saudadariousu
wanssumisinaunaeuinunderiiminide

2) Usuillusgauanusewiiu wagdnaauauddylunisanliun1susulse deuuay 69
dnlasfu sruumuTusEuIet uarssvuthdadnde o undstuie Afegidu Tulluignetuwisni 19
annsaldnulaegeiusz@nsam

3) fwusgUuuumsdanistinde usrssuutimindefvanzanluiufigneuwiens

4) davimangnsnisiineusy LLaz@:ﬁaLﬁ'snf"fumﬁﬂﬂﬂiﬁ’]LﬁaﬁuﬁqmaﬂuLLﬁma

5) susslesdnmd mnudhle wasvinusuAd i AfuTReu wasdmihfinfdes
Tuiuiigneuuisni ieafunisdnnisiids msfess mslfnuagiissnufadnlediu szuutida
Ao o umdarinin msasilduagnsiminduant il

6) miammummaammmwﬁwLLazmﬁﬁwmuixwﬂwﬁ’mﬁmﬁa o uaerndin Tuftud
NYTUUIYIA

7) a¥1snsfidudamtvesdnsunasasdruiosivlunsdanisinde ssuiiefusznoy
psAnTUNATRsEBsiY LazNeTL

mmmﬁwwamaamﬁmﬁﬂgﬂLLUUmié’]’mms%z;&awaﬂLLaz‘fwLﬁsiuqmawuLLﬁqsaﬂaﬁﬂ
$04 10 Wik nui sUkUUMIIAMIvzyalesuartiidsuuiasUssiuaunsosiunsidiasTnegneu
WA 1y n1seanderfuuanginast nnsudey nsdansverlunsveadisrluiuiignetu uiluuis
Uszifiuenasesiimsysannsmsiidunusiniumhsnuduiifentes 1wy msaiadndinuazszdeu
Meliiutnriendlen Usenountsinud wasdwihil Tuitufignetuwieni vienisadensiidausiuiy
osfnsUnAsasdiuiiosiulunsdnnisthide sewhefsney ssdnsUnasesdauviosiu uazgeny

3. Msduasuatiuayuuaza¥rsnsiidausaalunisandunu Weiuuszansamnnsdanisvesyanes
wazthude

nsumuAuNaiiElidansinausIAU URN1T Malasuaseuseansninnisianisvevyanesuas
dndelugneruuisnd defuil 21-25 wgadneu 2559 u wesdszanuidena lsausuuideed

Saesn wilng dwneuindes Faminuassvdun ieliintigne1uuian@insens 10 wis daud

[
o a

fangquiuaznisujualudrunisdanisvesyadosuazdidslulfifuuumedimiunisdniun s
Uizﬁm%m‘wmi%’mmimazaﬂawaaLLazﬁﬂLﬁaLLazﬂﬁsuawﬂizmmiumﬁmﬂﬁmﬂzgamaaLLazﬁwL?lwialﬂ

uananilddafinousdsfoRns: wnvuiuln ldladeuinden Unilosgneu w gnetu
uieTtiges 10 uvia fail

o o

1) Juil 9 nuAUS 2560 i aneuwisniilug Jaminuassvdnn

2) Fuil 23 quAiug 2560w avBUWRIAYNTEAY TmTLae

3)  Fuil 24 wgwniAL 2560 a1 gVEUWAIARBEBUNUWY Tevindesl

4)  Auil 5 Squiey 2560 o greTuuienAsIslunvsdl Sminnsed

5) uil 6 fiquieu 2560 N greNUWiAMAUNSRsI g Sandansed
6) Fuil 7 Tquinu 2560 & gL AVINIzaueN Samiansed

7 Fuil 9 Squieu 2560 M greuLiTRgve LI ARSI Sminana

8) Juil 21 fiquisu 2560 o gMeULTIRIWAIMEN - Nzl

9)  Fuil 23 figuiou 2560 o gMEUWATANYIAEN

10) uil 6 NINYIAL 2560 B4 PN IIIALDTI Tl



EO| sJo2uUwdavsnuuUual dovAlIdasSws:=s1U0

Inefiwnruanlsassulndife s osauane uuisyId 91U 1,000 AW $IUAINTTURUTUTIA
nsdnuenvey nshilldndednslugnetu mslifisaananain uasnanafnvushauaemiiy (Plastic Bottle
Cap Seal) aszia leidunistesfunazudladgmusznanadnlunzia uayldousalvinimg mmwguav
nsUfiRlumsdanisdandon Usznousie nseysnumineinssssuviinimea 3T inganIMi
yziaegnsiede Test kit nstlostunarudlatigmussiAntulugnenu demsan dausnuszsares G
Huausidestuiiduiu dmiueierisenuunsidmsudiodhs Tuasnlominenssamfuay
Annndeuluituiignen

MnMsAnymavesnsauaiatuayuazaiansidnsulumsdiiiunuiefinussansam
nsdanisvezyadesuazinds wui sududesdnmseusalianudifieatisnnad aruila ludosnis

1
o

IANTVELRATULEY WIMTNNYNEIULIIIALITEINT 10 Wiie FIU919 Llevuanlseseulnafsvseseuy
aneuLiend e lviianisiidrunulunmsaniuanulunisisindsgdnsamnisianisvesyadesuay
WndsluiuNgneuLianImingewia 10 uis LN MTINgNe MR ALAZIEITUEIINAIINIAIY

wihlatignaessienistesiunasunlalymassyanesuwazindsluiungne

LY
nsAneluadsdl wudn nsdifiununuuysannisnsdanisvezyadesuasindeluiiud
gNYIULIIYIALITEN 10 U VBINTUAIUANNGTY NTUNYIULUINF d0dUn uariugiiy wazesAns
Fansinide axvilignenuuwienifuumdwioniisniifisuuuumsiansvesyadosuasindeiigniomu
ndnivns wagdimsimunalnlunistestuudladgmussyaosuazindeluiiuiignouwienildogng

a

fuszAnsnin utsdinsdanisdunadoufinluiuigney dwalvinisvienfleundssssumifany
i Famhesnuiiiedesmsiuduns il

1) NINQNEIUINYIR d0IUn uasiuginy mﬂﬁmmﬁﬂﬁzyeia{]q;m%zgawaaLLazﬁ%ﬁa‘Lu
greruuarlinisaduayusuUsssnalunstosiunazudlotigmnisinnisuesyadesuasindeluiiui
greuihUssmligniowmumdnizinig ieldlfiianansenureninenssssumiluiiufigneu Suas
Junafredandenuarnsvesiiivregadiuseld

2)  NYIULNIYIA mﬁyjiwmamaeﬁ’%ﬁmmi’mﬁ’wmmmﬁﬁ'm%@ﬂuﬁuﬁ 917 99ANT
Unasasdutiosiu Tsadou guvu lumsdestunasutladygmmsiansuesyarosuazinide Tasfiarsan

3UluuNIINNIsVEELAH B kAU As TN aNiuNUvewiar ey Feenaunndsiueentuluusag

v
=1

fugneTuaNan ) iussine

anAnssuUsENA
YOVBUANIFUUATIINIINTENTNNINGINToTIIMALALAWINGDN (WaLen g3dnA ngyausnt)
UdansynaamineInssssumfnazdswinden (1e3ansd dunanen) eduinsumuaLLaiiv (Weanns Y3y
Woutl) 59995UANTUAIVANNATY(WIAITTM TUNATH) BBUANTUENEUWIIYA d0iUn uaziugiy (ue
fyn wAsTIING) huthgreuuisfithies 10 wis aaenaudmifinsuaiuguuadis (@1indans
nnvendsuazansdunmeuazdrininnisamnimin) nsugnenuuiend &t wasiudie aviuil

nsaduayuuazanuielumssuiunuluadsidueshed

LANET1984
naumUAULaiY. 2555, gilanmsdanisundedmiutuiou. dudideymey drinauniw
NIUATUANNATY, NTUNNI
nsumUANNaTY. 2556, AdauuInensAniueuan Aauen uasldusslevivesyaclos dmiuasans
Unasasdauiiesiiu. fiusindadl 4. U3 84 $1im, ngamwe



nasus:=ygunisU1TdUs:=310 2560 51

fanssvaslinaneliuiulunguyeil 7 vesgnenulinaneliuiu Swmdanin
Petrology of a Petrified Wood in The Pit No. 7 of Petrified Forest Tak Province, Thailand
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Addey: endndussiliinanoduiiu usmend wsuilvd wsdalad

ABSTRACT

Fossilized wood deposit in Ban Tak District, Tak province, is protected under Fossil
Protection Act B.E. 2551 and registered as petrified forest on March 31 2016. The fossilized wood
deposit is precipitated in Ban Tak — Sam Ngao basin of Pleistocene age. The fossilized wood deposits
are distributed on both side of the Ping and Wang Rivers. The characteristics of fossil woods are
close to Koompassia malaccensis and Afzelia xylocarpa. The fossilized woods are reddish brown
and light brown colour composed of 70% quartz, hematite and illite minerals and 30% empty space
with no crystallization of mineral. The reddish brown fossilized woods mainly consist of quartz and
hematite precipitated between quartz crystals. The light brown fossilized woods predominantly
consist of quartz and illite. Quartz can be separated into two textures: mosaic and saccharoidal

textures. The saccharoidal quartz is characterized by fine-grained, anhedral to subhedral crystals,
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and crystals resembling grains of sugar. The mosaic quartz is characterized by fine-grained,
equivalent crystal size, and jigsaw-like interlocking pattern. A disintegration of the fossilized wood
is recently increased, which is potentially related to the mineral compositions such as hematite and
illite. Hematite and illite are sensitive to temperature and humidity changes resulting in rapid
alteration of the minerals. In addition, the fossilized woods display cracks and no welding of
minerals in fractures. There is a possibility that the fractures were formed after precipitation of
hydrothermal solution in the fossilized woods.

Keywords: fossilized wood, quartz, hematite, illite
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Figure 1 Distribution of rock units in Tak province. (modified after Songtham, 2000)
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Figure 2 The whole trunk of petrified wood in the pit No. 7 is 38.0 meters in length and about 1.5

meters in diameter.

0 5cm

Figure 3 Photograph of trunk is characterized by reddish brown and light brown. The reddish

brown color of petrified wood consists of quartz, hematite and clay minerals.
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Figure 4 Photographs of trunk is showing two colors of reddish brown and grey. The reddish
browns of wood is composed of quartz, hematite and clay. There is an empty space
and fractures.

msunuiigheuslushegldnanedufiulszneusonsaenduuindn 50 i1 400 Tulasuns us
Aendazauiiuuuluan (mosaic texture) WavLUULNA1ANTIE (saccharoidal texture) Tnusniondlsl
wanaguviudn winfauwiai q fu kdnusiieadsrautududeduwuunsnadeinveuiowuy
Tanan (mosaic texture) daliluansfirnsfinsmendnnazaufuazuuuiimanse (saccharoidal texture)
NENTldNwaITeMLan T NENE AT nENLIRnazaLfumiloud YT ENAaNsI uenan
wsmandfinnazausiluiviauimdnnitusaiondiiazaudaluaaisa (Fieures 5A and B) wsdunlng
(Hematite) avansogssvietosihsuaswdnuimandidluiniazaea (Figures 5C and D)

SR ﬁ"‘ 200 o o L il s, N ———————————

RN
s of trunk. (A) Silicified trunk. (B) Quartz is characterized by mosaic texture.

Figure 5 Photomicrograph
(C) Hematite precipitated between quartz crystals. (D) Quartz is characterized by saccharoidal
texture.
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1%

Y 13

nMssussdigfvdnivivestinieuiivavninglugnouwisndilngfowvuasuaiumuin $1udu
tvieaiiiifinssuizesnslremsdnivigneos (3.22+1.48) unnsnafugisusliigndesedislitod iy
tvieaiisrdnilvasuiimesiinansenusodnith (4.39+1.10) uiuiindn it mauvdneummuzuuauy
161 (2.48+1.25) Tnwongilavswasienissus (P < 0.01) sinvieafieniiirurindmiunirsnduiussiudiidnii
dnivnitsesuomsainuysdiiasansegniitfuddny (X(16) =66.34 , P < 0.01) usfiinvieaiilerdulng
Ll sdniin (4.26:1.08) usdruruiilfermsdnitannuduiusfulinviesdieiiiuindn i
asanseeaiiuddny (X2 (16)= 85.61, P<0.01) Iaedadefifinasionislreormsdaivnegeddeddny Téun
97T (X2= 13.79 (3), P < 0.01) wazsziun1sinel 0= 11.41 (4), P = 0.02) wazdmudnindnvioaiien
dnilvigiiiushedunmsdnfanssy ¢ . wazauladhiim uiilinvieaiisrsuutiesiaesud i vdeldid
fafanssy 4 u. netladeiinadenisidiiufanssy 4 1. Ao e n1suduesnisaeiiufansay 4 u. ais
WAueuuyI1 ATTaRansIsuE 4 1. eghwieilles wazmeunsdelidndainvieadieamntu Tag il
foufansadeafunanssnuseda it flanizianzas shudefivarnuans waeksthesaussdlugaifnmgtes
wazLiuledny

Mdfy: AnuAni nansEuYeIMTioulewednivn enenuwisAnlug AansTusased 4 u.

ABSTRACT

This research studied perceptions and attitudes toward wildlife, wildlife feeding behavior,
and opinions toward wildlife and the 4 Prohibitions Alliance Campaign (4 Ps) of Thai tourists. The
result shows that most tourists tended to have accurate perceptions on feeding wildlife (3.22+1.48)
and the numbers of tourists with accurate perceptions are significantly higher than those with
inaccurate perceptions (P < 0.01). Most tourists also had an accurate perception of the impact of
littering on wildlife (4.39+1.10) but more than half of them aged between 21 and 45 years old had
a misunderstanding that wildlife can escape from vehicles on roads (2.48+1.25, Wald X? (4)= 23.15,
P < 0.01). Moreover, the study illustrated attitudes toward wildlife. Most tourists felt that wildlife is
adorable of which this attitude significantly correlated (X? (16) =66.34, P < 0.01) with the attitude
that wildlife waiting for food from humans is pathetic. While most tourists did not feed wildlife
(4.26+1.08), those who still do so expressed that wildlife waiting for food is pathetic (X*(16)= 85.61,
P < 0.01). The factors that affect the behavior of feeding wildlife were occupation (X*= 13.79 (3), P
< 0.01) and education (X°= 11.41 (4), P = 0.02). Even though tourists agreed with the 4Ps campaign
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were interested in attending the event, very few tourists received the information about and
attended it. The factors affecting the participation in the campaign included sex, the perceptions
toward, and the acknowledgment of the campaign. This study suggested that the 4 Ps should be
continued not only during the high traveling season but every month. The volunteer should
promote the campaign more effectively. The tourists suggested that the communicating
signs/messages should guide tourists to specific behaviors toward wildlife and the park. Also, social
networking should be used for communicating with tourists at critical locations.

Keywords: Opinions, 4 Prohibitions Campaign, tourism impacts to wildlife, Khao Yai National Park
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Table 1 The differences of tourists having correct and incorrect perceptions about feeding wildlife.

Perceptions Correct Incorrect P
Insufficient food in forest drives wildlife to find food from 215 121 <0.01
human along the roads.

Human can feed wildlife directly with no harm. 261 122 <0.01
Safe food for humans is also safe for wildlife. 250 110 <0.01
Feeding food debris to wildlife is doable. 310 88 123.83 <0.01

Table 2 The association of tourist perceptions on feeding wildlife.

Perceptions

Human can feed

wildlife directly with

Safe food for human is
also safe for wildlife

Feeding food debris to
wildlife is doable.

no harm
N X P N X P N P
Insufficient food in forest 450 102.78 <0.01 451 127.08 <0.01 450 <0.01
drives wildlife to find food
from human along the
roads.
There is no danger to 449  254.63 <0.01 448 <0.01
humans when directly
feeding wildlife in nature.
Safe food for human is 449 <0.01
also safe for wildlife.
Table 3 The Ordinal logistic regression analysis on the influence of ages and education on
perceptions of feeding wildlife.
Perceptions/Variables Wald X* df Odds Ratio  95% Cl for Odds ratio P
Due to insufficient food in the forest, wildlife waits for food from human along the roads.
Ages 15.30 4 - - <0.01
13 - 20 years old 5.35 1 4.84 1.27 to 18.41 0.02
21- 30 years old 5.39 1 3.92 1.24 t0 12.40 0.02
31 - 45 years old 11.37 1 7.07 2.27 to 22.03 <0.01
46 - 60 years old 7.37 1 5.01 1.57 to 16.04 <0.01
Safe food for humans is also safe for wildlife.
Educational Level 16.56 4 - - < 0.01
Primary school 11.48 1 0.15 0.05 to 0.05 <0.01
Secondary school 11.94 1 0.24 0.11 to 0.54 <0.01
Diploma/Vocational school 8.92 1 0.28 0.12 to 0.65 <0.01
Bachelor degree 7.11 1 0.37 0.18 to 0.77 <0.01
Feeding food debris to wildlife is doable.
Ages 15.30 4 - - <0.01
13 - 20 years old 6.91 1 0.19 0.06 to 0.66 <0.01
21- 30 years old 3.31 1 0.33 0.10 to 1.09 0.069
31 - 45 years old 1.74 1 0.45 0.13to 1.48 0.187
46 - 60 years old 2.33 1 0.38 0.11 to 1.32 0.127
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9819U1939 1wy Tnviesfiewhunilsuansrnudadiuin “Gulienmsas Ao ndremsAninduemsny
s35urduneglile wiemisey q ldldimsizenadudunsie” fefunissausidrazdsymnduiudle
theadienldidlasgreuiasdudesnslemmsdniintuiesndu sgnelsia nssaseiieatunisld
a3 sUniu Hockett and Hall (2007) weuedn nsdemnumnelnglddoionsiiivinlfiinnnunds
(Fean) viodunmofuyudazldsunmsannliemnsdaivl asvilidnsanaswesmsliomnsdariviminni
nsdoanumneivilitinveaiisnfndmdnaiessiusednd 1wy divriiAuevisainuysdenatheuio
Mg nIoliansamemisiedls Wusy

2.2. Ygziudnitn

tnvieufivadiulngfinisuiifeaiudunevesuegdodnitrfignies (4.39+1.10) Tng
wutinveadieadnlng (387 au: 72.79%) wWudieinvesnanain enavgyilidn ivineld wdlinudn
91y A MIANE WaveTndiraiani1sTuIAInaE

wiazliflsnAdeduduinnisiuvezesdaivinansenunetisvesdniv Insanzdnivn
vnuRnaazuelng wallseunsuTssnanaRnlutens (cloaca) veudmzavifideide
meluvdugnyiatg uazdnuinansngluvesusiimeia (Plot and Georges, 2010) Wi usllsinau150
Funanafineenunedld (Sigler, 2014) vauriiunvsiauiavdrsenisunarafineanuild uiiavwatannfivi
Thiledonelugnuinse (Sigler, 2014)

dlesnnnissassdidesmsiweriuldannsalidediaasdudnunsivilfinnnundde
Sunmeiionafnduuayedldmiiousunslionsdnion nuitedfuausuuyiiasldunsnisdu Wy
AssaseAnsiveslunvusidamseulils e?iﬂgﬂaamwumLﬁaﬂmfﬁ’ums‘%uﬁusuaqa’mﬂﬂ Fafidi
tiviosisrnunilsliveyadn “Fewozuuwilngiy dwansadraiiondureresnainuild Ssmsvaass
diooanuuuiseylalassudilidnge TnsvnaostumgiBnsTududerrosaa udnisoonuuuiey
facuueylils”
2.3. Msas1asnuaadvn

fifinvieaifien 91 au (20.50%) Wiuseindnivrvugneuuisndlvgamnsanaunin
grumvuzuunuule (2.48+1.25) uansiansiudilignaes insglaemluudraunaménvesavudad
TneziintuaInAIIEIessakazUSINMNNT29193 (Ramp et al., 2006) BaflUSinaints95193iuds a8
Fuuseduldairuauuanndu (Tok et al., 2011)

N133AT1ENAe Ordinal logistic regression Wu3e18ddnsnasien1ssuiin “dniviuy
gnenuwitIfllngaunsanauranerunirusuuauuls” (Wald X°= 23.15, df =4, P < 0.01) lng
tinvioaflenfiiongegszning 13-20 ¥ (Wald X? (1)= 10.20, P < 0.01), 81 21-30 T (Wald X? (1)= 6.37,
df =4, P = 0.01) wazany 46-60 U (Wald X* (1)= 4.72, df =4, P = 0.03) Qﬂﬁmwdﬂﬁmi%’uifﬁiﬂgﬂﬁm
v 0.15, 0.23, wag 0.27 LﬁwmaaﬁﬂviaqLﬁaaﬁﬁmqmmdw 60 U anua1nu

a

nansfnwluansbiiiuiinisiianuiisemansenuveinisasasiedaiUreldul uas

D.

duasufidfenisduinvuasndeainnisvudnivinfadanudnu (Koko et al, 2015) lnsnislideya

WINER1EAN WU Hnandndldauuinn anunmmseuinyuesd@iriuniFewianisgnsnvy wasunnals

@ 1

seilnseTaduiiey udunisonew (Marcoux and Riley, 2010) uenaniinsvinthedydnwaldinsnndae
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anwansznuld Taoiamzlugisiiinisewemvosdniinn uazmsiinsteduldngrnedmunansigegalu
msAuLAL A3 gNNIERBY warRnmunsgnIntuesda iU vilussesnawarsreven (Kioko et al., 2015)
uena1nil ludssifudesnisasasuugnenuwiinfinnlug ddnvionfleaausizdnnis
Hagmiiaula 1wy 1) Fweumruzviefnssuifidestaiuluvugnenus 2) musuanaisavazas
wnedudunseionuuardnd 3) muauuTinusodesdrineunansiu mneuadsinndsediay
10-20 fu Fadunssumudnidiuastonafiv 4) shathsnsudduyaratuuugnenu wddamsodiass
sannzaliving fefaiaueaniineiinsldlugnenuwimfludsemaanizewsng Wy Zion wae
Grand Canyon LﬁaLLﬁlﬁUﬂfymmif\]iwﬂmi’sqﬁﬁﬁﬂviaqLﬁammuﬂu (National Park Service, 2014)

a A

fruad fo Arwidniidmardenudn n1sdadula nsiuduaswgingsy (LaHart, 1978) faiu
nsidlafruadvesinvieniisasedn it Fssudusenisvhanudlangiinssuiiinviesiieuwanseansde
&0t BeanansnilulflunisadusegdlalumauBeunamginssuldesnamzan muideifnw
virmuaRvosinvioadivarodn it Tu 2 yuseanud Kellert (1984) 1ausly fio yumeasiodniUluudnnuin
uanSugludnuusndudnifes (Humanistio) wazsuuesiodi it luniuywessss (Moralistic) Tnsriaa
Fesiuneludmiuuuuasunuviruafsedeivn dawiiu 0.89

mamiﬁﬂmwudwﬁﬂﬁmLﬁaadaﬂmj (87.13%, 386 AU, n = 443) WiusrendnIvriinnuusn
(4.28+0.36) wansdsrtauniindn it inuasindugmileudnfides (Humanistic) Tnefinviondioaios
8 Ay (1.80%) MviruaAindnivalaiinin uaz 49 au (11.06%) A3dntas q dednith nsimsizvisne
Ordinal logistic regression wuinegiiananasieviauanindmiviisn (Wald X* (4)= 14.09, P < 0.01) lay
tinvieaiieadiflony 13-20 T, 21-30 T, 31-45 U uay 46-60 T dimuaiindnivnindndu 0.06, 0.05, 0.0,
uaz 0.12 wheestinvieuflendiflenguinnin 60 U (Table 4)

Table 4 The Ordinal logistic regression analysis on the influence of age on attitudes that wildlife is

adorable.

Parameter Wald X? df Odds Ratio 95% Cl for Odds ratio P
Ages 14.09 4 - - <0.01
13 - 20 years old 6.72 1 0.06 0.01 to 0.51 0.01
21- 30 years old 7.50 1 0.05 0.01 to 0.44 <0.01
31 — 45 years old 5.68 1 0.08 0.01 to 0.64 0.02
46 - 60 years old 3.96 1 0.12 0.01 to 0.97 0.05

Youryutesvetinvesnenedaiunlunduyvesssy (Moralistic) Nbauddgyiun1suf idse
figndas wazsadunsituselevdndnivaranugunsdednd daruvainuaie (3.00+1.37, n =

Y q

w3
451) na1afe Wnviealva 167 Au (37.03%) Neeirdnifisesue visannuyudfisunuuLaas us
tinvioaflen 170 Ay (37.69%) Andrdaivniiinsesuemsainuysdiuauulsivhasens wagtnvieadion
114 au (25.28%) 3dniay 9 Idnithiisesuemsnuyusisuouuduihasans uenanidmudnia
thvioufleafifiuseidaivnign Suwliuiesdiuidnifinsefuomsiuauuiienaiiasens (=442,
X? (16) = 66.34, P< 0.01)

fainsAnululssimaanigowininui nquyanadiiviruaidede slund Humanistic way
Moralistic léun nguiinAanssuviesussdiieadudn dnveadierluaiudnd ngudedunisadnd uas
ngutiningmansdiealinsiau (Kellert 1984) Fadululdidmiuvussmalneud dnvieitedivimunise
doithinidnuezdafifiunsefuomssuauuiasens desistunnmsiviruaiidedafde iy

PIULATEIUAR LN UER U 1NNINEUaIdm UM LLIANNTUTUADSTTUR (Naturalistic) bws1¥a1nd
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tnvisafieniies 1.64% wirtunaslauignetuwismunlugie ugudaivn (wildlife viewing) uagdn
1.64% Naulan1sAinwisssuid

4. wRnssunsiiemnsuidnidnvasinviaadien

tinviondlen 355 au (79.07%) lallfermsdn it luiuiigneuuisnfiwilug fazuuuieded
4.26+1.08 usiiinvioafieaunsdn (39 au : 8.69%) filsiemsdnivn uazdmuindruuinvieaiiodily
gmsdniUnduiusiusnutneafisfiiuindaivniasasegedidoddaynisadn ¢ (16)= 85.61,
P<0.01) usid urunvieafidifiiimuniindnivningn liduiusivduudnveafiriliemsdnivn
(X*=20.69 (16), P=0.19)

MNMTIATIEENgAnssun1sliemsdaivivestinrieaiiendie Ordinal logistic regression
WU 01T (X*= 13.79 (3), P < 0.01) wazszaun1sinen (X’= 11.41 (4), P =0.02) luasiongAnssunisii
pmsdnivnegadidudrdyneadid nqudniSeu (X°= 6.79 (1), P < 0.01) dnginssunisiiermsdnivn
Hu 0.44 wiwesiuszneuendngsiadusn uazinvieafisaniinsdnunszdusisendne (= 6.23 (1), P
= 0.01) wazayUSayy/endnwn (X*= 9.06 (1), P < 0.01) IngAnssunisliemisdnivndu 0.32 uaz
0.24 WihweEiinsAnvIganIUIaes audau

Orams (2002) Nd1731 M3t sdniUninansenueg1aunn wu yilidndvnldnailunism
psoras uduTmngy Wnreu uarduiuguniy auhlkiussynsuuiuy Sntadavinlide s
goyderinwelunismemisiusssuvd wavensenyinlifiauiiomsunly wavgnvesdniviasvinlena
Andunismennsaniuiews uazaznaneidudn iaidigm aaﬂmuaﬂﬁuﬁﬂmaziammsmﬂwwé
uenaninslfemnsdunaudaihlddn i dnginssusnidelilisuemsannuyud wagnuan
dningreansitednnisliemsdmaidesoguamuesdnivl defuonstaymdandr Mallick and
Driessen (2003) tauauuyi1 n1sldthesussdlilifinisliemsdniulinadugnsaa o 84.6% vos
tnviouisriiiuthesaussdannisliomnsdaivnaagldifiaini mslimnufifieseiaferenaylsl
Pwannsliiemsdniivesineaiiodls uimsairsusagdlamengmang wuraliomsdnivmiou
umasln (Orams, 2002; Mallick and Driessen, 2003) dsaanadosnnuAaiiuvestinvesiisrauniily
sitedd “arssvuaddfutnveaiisafiliemsansiznisdsunginssudenislinuuae
saussifuiFesiivilden”

5. AnwARiuRBNTssUsIAIREafUdASUn
PMNRANTENUTBIN B adn iuugneuwisnAnlug Juduiulieraadasngy
Tulsf samdiusasedaiennuilefigndeddidnvieniion InsannisAnuinuaisenisinfanssy
sauseAisatudasun dnveadisrdiulngiiuinfianuddyuazsidu (392 au: 86.8%, n=451) laed
tvieadioafissdiunils (44 au: 9.7% ) A¥dniae o AunsdnRanssususadens o uaz 15 au (3.3%) sl
Wiughefunishanssusussdieiudnivn Wnvieadierdningdauladisufanssusassdiieiudng

'
a

U1 (360 Au: 75.2%, n=450) wueiifitnvieuiieddiunila (92 aw: 20.4%) e 9 funisdisauRanssy
SausREuEn U1 uaz 18 au (3.9%) LiauladsuRanssusussdnaiudn it feishveadleriiiuge
fun1sdaRanssusaseAisatudaiinduiusiutnreaiioafiauladisiuionssusasefiieafudnivl
(X?=0.429, P < 0.01)
witnveafidlvgiiuualduaiuayunisinfansmsusidifeiudaiviwazadladis
A9n350 wAndunudn dnvienfieadiulug ldinedunsiu (242 Au: 66.83%, n = 401) ldiaeLfiu
(259:73.92%, n = 355) uagliiaeid1saufianssy 4 u. (352 Au: 88.22%, n=399) HaHaNnISIATIEN
Yoyasie Binary logistic regression wuinwmaldninasen1sidsauianssy 4 u. nvdulngdundgs

(Wald X* (1)=5.40, p = 0.02) wonaninsesunsuiefunsSaRanssy 4 1. (Wald X2 (1)= 12.79, P
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v a

< 0.01) LATLABLAUNNTIANANTTY 4 1. WLa2 (Wald X? (1)=31.69, p < 0.01) ALldnSwanen15i4159u

°o a

A9n35u 4 1. egnalidudAn1sad AL FaansliiuIINIsUTEIdURNUS LA TAAINTIUTUTIA 4 U,

£
' '
[ = a

otsseiloafinwdndny e uauditrsiuAenssuldidniGoud wesidsuuvainssud viruad uas
noAnssulvigneasiadn vl

Tnetinviesfisrifmneunvuasunalaliteiausuuzifinduieitunsinfanssusused 4 u.
nanfe 1) msdinsUssenduiusliunntu 2) dheuwsgngunasiong q dosssylidaauiiderinuoslsthg
g1l fuuelng) uandivsnuihelinniulasameaadsomadueidunmiuldneiedugs
finveufisafesldUsyleniuaziinarsutie wukeni viegaiiindgmmnge 3) asidenlded
vannvaneandu Tnetawizriy socal network LLazmiﬁﬁdugULLw infographic \ileinFsinvieadien
IannTuuasiioudrsisfanssumnntu Snsmsvidelitnviendionsiunin dilaldie WiunadeiAety
dioanunsadilvendeld sauismsidlumeunslulsadoy uazadsqudiFousuaznisifiutie
Uszanduiudiieafudn isunsevienefiddy 4) mhsanunaiguasionvuing q msidiunildmsuly
nssausAlinnty wasmsdalinieudioliAnnudeidouasifiunasie

GELY
1. thwioafieadnluaiinisiuiiferiunsliemnsdn it fineudregnsies (3.55+1.35) Tneduau
youiinsiuiignivaarligniosdimnuunnsinsiuetnedideddyynsedia (P < 0.01)
2. tihveafienfinssudifeiunansenuvesvezsioda iU fignses (4.39+1.10)

Y KU

3. dnviesiigddulvgiiuwiliduasuiindnidiaunsavaunineumvuzuunuuld (2.48+1.25)

o

Fadunissuinligndes lnsergiidvinasenissuifnan (P < 0.01)

a. sfvieufgdnlngdvianfvsuindedaitnidianmiinn (4.28+0.36) lnetinvieaierideng
s 13 - 607 fivauaftunninguitiorgannntt 60 9 (Wald X2 (@)= 14.09, P < 0.01)

5. dnviofisafiianfidunarsindnivnfunsesuemisainuysduiasans (3.001.37) lag
tnveaigafiiiuindnivnindneziiuaenndosindnivnfiinsedueisainuyudirasasie (X2 (16)=
66.34, P=< 0.01)

6. tnvieaflednluafiinginssudignes (4.26+1.08) fe lailviorvnsdniin Inetnviesiledisin
o1 sdniUnasiivimuaiindniUnfiuiseuenmisuiasans (X2= 12.40, P<0.01) laedadefiinase
Wqaﬂiimmﬂﬁmmiﬁmiﬂwaaﬁm/iaaLﬁmasmﬁﬁaé’ﬂﬁiquaaa Town 213w (X2= 13.79 (3), P < 0.01)
SEAUNISANYI (X2= 11.41 (4), P =0.02) Imaﬁﬂviml,ﬁmﬁLffluﬁﬂL%'&Juﬁwqaﬂiiumﬂﬁmmiﬁué’miﬂwﬁaa
ninguiinvienfienfiuszneuengsiadium wariinveiisiinsfnussdusisouAnwinazoy Ui/
91T AN ﬁ‘wqaﬂismmﬂﬁmmiﬁmiﬂwﬁaaﬂdwﬁﬂviaﬂLﬁaa'ﬁﬁﬂ'ﬁﬁﬂmqqn’jw%zgiym%

7. thrieufisdwlnafiudiefunisinianssusmsed 4 1. Weannansenuanmsveuiieade
&niU Seaonndestuauiiauladniufonssy 4 u. (X2= 0.43, P<0.01) wiluarsdussadithrioniien
fosaunniildiflenaiuf uasithswAanssu 4 u. volsiunn

8. msfinsssedfanssy 4 u. veliinndely Tnewiunisdemumnedfiolideifiaasuieatu
nansznusedaiun Widaauuaniiiuldie amsasedelinainuarsinntusazdisnenisdile Insane
heazdosiaglumumisiivngauwasiiuldine wuuinafiRasosudaitives uasfanssususedais
fudunisegnasoios

a a

naanssuUsznIA
vovauamoaaiasnaululdl Meriusndeyasuuasuauwasinmseuteyadniunis
AATIING  UazveueUANAMLILIT) Tadudin NvleUssinanatayaiUoiiuuasinmseus1ananITiy
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n19338iingUsy aaﬂLWaﬂmzm'ﬂLLUUﬂﬂiaamwwmsmimnmammmmwaaﬁuﬁqwmu
WAYANeyS smﬁqmmmmmmumammmmwamu WIMTTgNeUUInIR wastinvieaiie Weaiu
nsdenumnglunsiisvudn it Seinsidudeyanisdenumnevesiiniieaviesiulasldnig
dunauuuildiuslunszuiumsindier dunsfnwanudaiuresiifiewiesiunasiimihiigney
wiawd 1938msiiudeya Tnensdunivaluvuislassasie uazAnwianudniuinvsafiedlagld
wuvaouany fimsduinegrsuvulminszaenudndusiuuinviouiodlutiafounnsiam - fuam
WA, 2559 uarnadeuaLRguAsiuladuifnadenuAaiiuresiinieaiealasld t-test wag ANOVA
Mnnmsnvmuiiisdulnginsernumneifeiuieviauazruiuvesdnivl druglasiad
ddnfe tnvioadedldaulansdernumnedioliwuiudnion suvisiinfleduinauiiignieuas
vinwgnsidutindennuvanesssund fasesiinasiinisdennuvaneifisfude woAnssuvesdnivn
LmeaUgum‘LumawamUﬂﬁuaauﬂmqmsn mmmmiﬂgummﬁuaaLmﬁm‘vﬂumi@LLammUaamm‘Lwﬂu
thvisufleanazdnitn nansdnuiludiunnuAndivsesinvieadivafifidenisdeanuvsnevesiindien
vipaRufinnumsnzauUiunans waznundnvauzveangunsiiumadufivsiadeifier Alnarilraim
Aowfuvestinrionfisauandnsiuetnadved Aymsadffisedu 0.05 waganuanisAnwansaimug
wwnslunsiaundnenmussfiniisaesiueendu 2 dw fe dudenilunisieaumane wardu
V'Tﬂmsumﬂ’mﬂuﬁﬂ?%ammwmaﬁ'jﬂm’%"aqmm%fuawmaﬁ@lumiﬁam’mwms
Fdfey: MsderamnesIsTR fuinileviediu msthifiesdeivn anetuuienineys

ABSTRACT

The objectives of this research were to study the local guides’ nature interpretation
performance at Kuiburi National Park, the opinions of local guides, park rangers, and visitors regarding
interpretation during wildlife viewing tour. The data on local guide interpretation performance was
collected by participatory observation during the touring process. The opinions of local guides and
park rangers were collected by semi-structured interview, and the visitor opinions by questionnaire
survey. The quota sampling was employed to collect visitor data proportionally during the months
of January to March 2016. The hypothesis was tested on the effect of factors related to visitor
opinions using t-test and ANOVA. The results found that the majority of local guides gave
information only species name and number of wildlife in their interpretation program. The major
drawback was found that visitor would disregard the interpretation when they could not spot

wildlife. Additionally, local guides did not have confidence in communicating with visitors as well
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as lacking accurate information and interpretive skills. The interpretive topics that should be added
to the program were wildlife behavior, visitor code of conduct for wildlife viewing, and the park
ranger performance on safety measures for both visitors and wildlife. The results on visitor opinions
toward local guides’ interpretation performance found moderately appropriate. The travel group
was the single factor that affected statistically different on visitor opinions at significant level of
0.05. From the study result, the interpretation guidelines were suggested in two aspects: the
interpretive content and the interpreter skills on subject knowledge and interpretive technique.

Keywords: nature interpretation, local guides, wildlife viewing tour, Kuiburi National Park

AN

w%’wmﬂsﬁsimnﬁﬁmLﬂuﬂaﬁaﬁugwuﬁéﬁ@mmmiviaqt,ﬁaﬂuqmmul,t,msma Fafmnlésu
uansgnuannslidstlenidendsnaliminenssssumiuarsruuiinamaduenlnsuviogniany
sounmAly (Eagle and McCool, 2002) Tngianzniwensdnitlugnemuisnaneyifideduninens
WwaNUDIN1TNOALTB7 Lwﬂumqﬂﬁuﬁuﬁﬁmméauim@iamaﬂiwuqﬂ (Hammitt and Cole, 1998)
FedndudeaiinnsmuauamunmnisvisadisdliiAanansznudednivntdesiian lnonisadieniuiuas
anudlafefunsnenssssumaliundnvieaiion etisairadndrininlunsuszneuianssy
mMsviefisailivinatsaninuindon (@133, 2543) wazidlefiansanmundnnisdanisieadien
Tugneruusiand fndeuldnszvaunisdoanunuessaumlunisliuinisteys Snisasatis
Jsvaunsaifivarnuansudfuniou wazanuansgnuiiAntuluiiud (guéidedilsl 2541) Yseneuiy
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Figure 1 Map of wildlife viewing track in Kuiburi National Park.
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Table 1 Factors affecting visitor opinions toward nature interpretation performed by local guides

Independent variables t-value F-value P-value
Age 0.243 0.784
Level of highest education 2.063 0.070
Travel Group type 3.177 0.014*%
Experiences visiting natural areas 0.941 0.347

Remark: * = Significant at 0.05 level
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ABSTRACT

This study monitored coral status in Mu Koh Surin National Park area after unprecedented
2010 mass coral bleaching using permanent monitoring stations. The study indicated that overall
live coral in the area has shown good recovery although coral reefs at some monitoring stations are
still degraded. Ao Suthep Station with 42.81 percent live coral cover has the most live coral
coverage. While Hinpae station with only 1.25 percent live coral cover is the least coral covered
area. Hinpa area also has 66.94 percent corallimorph cover. This study revealed good trajectory of
coral recovery in Mu Koh Surin National Park. The degraded areas are covered with algae, zoanthids,
corallimorph and sponge. The best areas that continued to recover well are Ao Suthep, Ao Mai
Ngam and Ao Jak with a good abundance of growing Staghorn corals (Acropora spp.) colonies. The
management practices to reduce the impact of human activities have been implemented including
closing some of resilient coral reefs, installing moremooring buoy, ing the composting machine and
bio-gas generator (COWTEC) to reduce nutrient input and conducting experimentlike a Coral Tree,
vertical nursery made from broken pieces collection.

Keywords: coral, status, coral bleaching, management, national park
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Figure 1 Coral reef station in Mu Koh Surin Islands National Park.
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Figure 2 Proportion of coral cover, coral life, dead coral and other elements in the reef.

Table 1 Proportional coverage of coral life, dead coral and other elements.

Coverage ratio (percent)

Station Live Dead Sea
Algae Zoanthids Rubble Sponge Sand Other
coral coral fan
Hinpea 1.25 17.26 0.59 66.94 2.64 0.10 - 11.04  0.18
Ao Jak 37.50 59.58 0.21 - 1.01 0.10 - 1.04 0.56
Ao Mea Yai 38.78 42.40 - - 1.84 0.35 - 16.01  0.62
Ao Tao 38.30 33.72 0.10 - 3.51 0.59 014 2347  0.17
Ao Pakkad 36.04 44.20 0.10 - 1.08 0.31 014 1799 0.14
Koh Torinla 3.78 93.75 1.95 0.45 - 0.07 - - -
Ao Suthep 42.81 37.78 0.03 0.17 4.20 0.45 0.03 1424  0.29
Ao Mai Ngam 33.54 55.38 - 0.45 2.29 0.17 - 8.02 0.15

1. fiuuw vi¥efiunes fugmisnaquituiivszanaiesas 1.25 Usnmefesas 84.20 Uzn¥e
mefinenlimziaiin (Corallimorphs) Tuunaquifiuiiuiifesay 66.94 anwialuresuuienifailanin
oulnsuunn Ugmfaunninsfimeoginisguiiasmesdassaine sunsazn$alidin (coral life form) 1
wudlnglududrsradusuuiadou (Coral Encrusting) TviuunaguuugnUzn3ine sesasnfeuuy
fau (Coral Massive) warUzn15snenidin (Fungia sp. Free living) sudnsiu Uznisefinulududsa leua
Usm%’qﬁwj?j (Porites rus) UgnSsanaluey (Diploastrea heliopora) wayUgnSsmenidia (Fungia spp.)

& ; S aign

o

Figure 3 Coral reef at Hinpea Mu Koh Surin National Park.
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coerulea) uaﬂmﬂﬁé’awuﬂzjuﬂzm%’mmrmq (Acropora spp.) fitdufuladusiuauan

ST +F
oA - a-. o ’;8 .
Figure 4 Coral reef at Ao Jak Mu Koh Surin National Park.
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Figure 5 Coral reef at Ao Mae Yai Mu KohSurin National Park.
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Figure 6 Coral reef at Ao Tao Mu Koh Surin National Park.
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Figure 7 Coral reef at Ao Pakkad Mu Koh Surin National Park.
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Figure 8 Coral reef at Koh Torinla Mu Koh Surin National Park.
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Figure 9 Coral reef at Ao Suthep Mu Koh Surin National Park.
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Figure 10 Coral reef at Ao Mai Ngam Mu Koh Surin National Park.
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Figure 11 Juvenile coral grows on the Ao Jak from comparative growth from 2013-2017.
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Figure 12 Percentage of corals living in 2010-2017.
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Figure 13 The percentage covers the area of coral life. Compare 2009 (bleached) 2010 (bleach
year) and current 2017 (bleached 7 years).
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Figure 14 Characteristics of composting machine and bio-gas generator (COWTEC).
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Figure 15 The buoy for mooring in areas with recreational activities.
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Figure 16 Characteristics of the coral nursery (Coral tree).
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20,000 13 ileUszmedugnenuuisniisnasy malduiiinguszasdiiiofnwanumainvaisresnags
AaTiaUzn3e Winaunenen nneded uasimeded wulsniaienue 39 via etz fo
Porites lutea, Symphyllia recta wag Pavona decussata wuuan 29 ‘UﬁﬂiﬂaﬂmﬁLﬂuﬁ‘nﬁ%%mmﬁuuumj
vosuurUznfafiny Ae Uanfidewndeanuns (Chaetodon wiebel) wazlanfiideuunda (Chaetodon
octofasciatus) warnudninzlanifuruiaivainguiiu lawn viee (Mollusca) 11 wiamunainvaieves
¥ilaUrn139 Uan wazdningianihauunalygusinainmevgagenitunizduinaziniedsd audiu Joya
miﬁﬂmﬁlﬁuﬂiﬂ%ﬂﬁm%’umi’mLLN‘ULLazmﬁmmiﬁuﬁﬁmmmmwzLaiua'nimwiavl,ﬂ
AFNARY: STUUTNA gNEUWIIIA I

ABSTRACT

Department of National Parks, Wildlife and Plant Conservation are conducting surveys in
order to prepare for integrating Ko Sing and Ko Sang with KlangAo,Mae Ram Pueng Forest Parks and
Ko Thalu in Prachuap Khiri Khan province with a total area of more than 20,000 rai to be designated
as a new national park, Ao Siam National Park. This study explored diversity coral communities at
Ko ThaluKo Sing and Ko Sang. The surveys revealedthat a total of 39 coral species were observedat
Ko ThaluKo Sing and Ko Sangdominating with Poriteslutea, Symphylliarecta, and Pavona decussata.
Twenty-nine species of reef fish were found; two of them, Chaetodon wiebeli and Chaetodon
octofasciatus, were indicator species for reef health. In addition, we found as many as twenty-two
species of macrobenthic invertebrates; eleven of them were mollusk species. Species diversities of
corals, fish, and macrobenthic invertebrates observed in Ko Thaluwere higher than those observed
in Ko Sing and Ko Sang areas. The results obtained from this study and managing marine protected
areas in the Gulf of Thailand.

Keywords: Ecosystems, Ao Siam National Park
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7Ry

q

4. \neneq (Mengiueanieamile) N 11°05'1.92", E 99°33'52.10"
N 11°03'20.79", E 99°31'30.85"
N 11°02'02.41", E 99°31'01.57"

5. \NeA (Renile
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Figure 1 Koh Talu and coastal areas.
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msfnwszuuiawuazn13ilagds Line Intercepted Transect Wuasnsiildlunsdnwisyuu
Saalznide Teuldlunsussfiuanmuuusnifanssdinsieglimanuazdeauinnit 35 manta
tow F3Ensfananldzunisiannauduiiseniuinduitnmanasyuiiaugnieusiudigs amnsa
Tseazidenlunisiinsesidoya (Loya, 1978) 4535015 line intercepted transect thunldlusumsiine
N9 UTANUENIINTEANY AIUMAINTATE N15ANILATIATIIVRIYNIUYENITY (Phongsuwan and
Chansang, 2012; Manthachitra, 1994) Wiled Ussanamseussifiuaniusnmeesnuiend seduau
JUUTIVDIHANTENUINNTLUABULY YRS Aeuandon MieNanITeNUAINANTIUAIG 9 18U N13ANY
NANTENUINGITNVIAINITY (Sudara et al, 1992 ) MIUszifiunanIznuAWINGaN1TATINTATS
Aoa¥e AANTTUATHAILNNUTIUS il way Aanssunsvieadien (Liddle and Kay, 1987; Plathong et
al., 2000) é’mi‘wxLawﬂﬁwuumlmjﬁmﬁi’aagjuuﬁumLaIuLLuaﬂxﬂﬁa wazdanluwuivenida Sefnw
A2875 Fish Visual Census (English et al., 1997) lagludagiunszuiuns@nwiide Aaniunis
Wasuwasvesanmmingansvariinisdndunisdrnalasimuaisnisduiindeyaidu 2 nqu de
nsAnwilaguvinetdeinunsmans wazumiingtdoysm vnisdisalaglénsimuangulaiiidise
\Ju 3 wan fe Target species, Indicator species way Major families @1un15d1573lngun1INe18Y
dwaun3uns wazlasens SAMPAN vinisuusnguuateanilu 4 Uszinn@e Target species, Indicator
species, Ornamental fish species Wag Herbivorous species.

NaLazIvNTal
ANUMAINANEYRITTAULNIS

Nenea USunuiiany unnideanie wudrnyatenun 47 vila vdaeu Taud Yenselun
(Porites spp.) Ugn13sdaeanes (Lobophyllia spp.) Uznssausssesidn (Platygyra spp.) Ugn13auny
wWanlw (Pectinia paeonia)  waglgn$991n18 (Acropora spp.)

ez vinasuiieasTuandodd wulgnndetanue 49 ¥ile vdaeu Tiun Yzn1iilen
(Porites spp.) Usm3singaiuds (Montipora spp.) wagUzn1ssansaenlsl (Pavona spp.)

NEneq UShanunianzuan wulsm3siae 20 wila v Wun densdlan (Porites spp.)
UznFamonlimeia (Goniopora spp.)  wazlznssatenenlil (Pavona spp.)

\ngzq vinaduiieesTusenideanie wutzmIstmua 39 iia sladu Tiud Jzn¥dlun
(Porites spp.) Uzn3sauessadlug (Symphyllia spp.) wazUsmsRananiuds (Montipora spp.)

At Ushasuiirvile wudznSananun 26 wie sdawiu Wiud Ysn$dlen (Porites spp.)
Urn¥sanassedine (Symphyllia spp) Yemadaeauss (Lobophyllia spp.) wazUzniseinndntiuda
(Montipora spp.)

el Usnaduiimaile wuusaSutmun 20 wia sdew Iiud Yznidslen (Porites spp.)
Urn159au09389tan (Platygyra spp.) UgniSsauesseslua (Symphyllia spp.) wazdzndedeile
(Goniastrea spp.) (Figure 2)

AUAINAANEYBIERINatiAuIuInlAg

\mengg vinaduiiang funndsanie wudsringaviindumunaleiomn 23 «in dringia
wiAuilawe town wudmunue (Diadema setosum) Meeannaa (Pteria penguin) W3eeivay
(Polycarpa spp.)
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imenea Ushasuiiane fuandeds wuderinzamiAumelg o 18 win dafvzanihiu
wiawnu laun eedlewde (Tridacna squamosa) wueuvia (Sabellastarte sanctijjosephi) ¥oeLa1zUzn159
(Beguina semiorbiculata)

WNIENER USIAuAiAng uan wudninzanthAuwelngiomn 9 wia dnivzianthiuyia
wu laun eedielde (Tridacna squamosa) wusuve (Sabellastarte sanctijosephi) aenlivgia
(Heteractis magnifica)

\nzvzq UTnmiuiiane Tusenidsanie wudn insanihduruslnaiomn 20 ¥ia darinzie
nihausdaey lawn Yen1seeeu (Sinularia sp.) Wuamunena (Diadema setosum) Wéngia Uunceella

sp.)

nEt UShaduficuide nudninsiandifueuialugiomn 13 via dainziandifu
yiaau laun aonldvzia (Heteractis magnifica) weuiiawde (Tridacna squamosa) WusuUve
(Sabellastarte sanctijosephi)

nzded Uhasuinmile nudninsanihavaunlngiomn 16 vin dainzanihauia
Wy lawn wuanuiuea (Diadema setosum) wesLa1eUrn13e (Beguina semiorbiculata) Kieumne

(Sabellastarte sanctijosephi) (Figure 3)

ANMuBaInBatgvaslat lunualznse

\mezq Vinuduiines fuanideanie wutawiivun 14 29 31 Uadaisu 1éun danadnfiudn
Ln&M3173 (Neopomacentrus anabatoides) Uannywaindes (Lutjanus (utianus) Ua1unun?
(Scarusrivulatus)

\ngnga Vinadufians Tunnidedd wulaniman 13 29 39 Uaneiawu Idun Janadaiiubn
\Nan217 (Neopomacentrus anabatoides) Uanngwatnans (Lutianus (utianus) Uannal8uauinaed
(Pterocaesio chrysozona)

\MENER UShaIUTiARY TN wulaiavi 7 29d 21 Yaneiaiy liun Yanadniuden (Chromis
viridis) Yana@adiuauqn (Dascyllus trimaculatus) Yaunuia (Scarus rivulatus)

\mevizg Ui e SuseniBeantie nulaiaun 16 1 26 Umeliautu Tdun Uaindaeuny
W@ (Pterocaesio chrysozona) Uanadniiudtinnna (Chromis cinerascens) Uandeniiu (Monodactylus
argenteus)

el UShnasuiimmile wudaniemn 12 99f 24 Uaradiaiu liun Yanadediudnindnan
(Neopomacentrus anabatoides), Ua1naiuhaulnaes (Pterocaesio chrysozona) Uaiununa (Scarus
rivulatus)

zded USnaduiiaumile wulavanun 794 18 Yarslawiu liun Janadediudnindnan
(Neopomacentrus anabatoides), Uana@aniuid a2 (Chromis viridis) Uarunwia (Scarus rivulatus)
(Figure 4)
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1. Ygn1¥ 10313 (Acropora microphthalma) 2. Uzn1$81nn4 (Acropora digitifera) 3. Uzn153n1udnd (Galaxea
fascicularis) 4. Ygn159191n219 (Acropora solitaryensis) 5. Ugnn$amenidin (Fungia paumotensis) 6.Ugn15snanidin
(Fungia fungites) 7. Ugn153lna1ui@e (Podabacia crustacea) 8.Uzn15341n114 (Acropora muricata) 9. Uzn133
auesseudn (Platyeyra sinensis) 10. Uznnsslam (Porites lutea) 11. Uznn$aiiwanes (Lobophyllia hemprichii) 12.
Uzn§anudn (Plesiastrea versipora) 13. Yen13amnilve) (Diploastrea heliopora) 14. Usnidsteandey (Favites
halicora) 15. Ugm3¥anauiu (Favia speciosa) 16. Ugniuduunainie (Leptastrea transversa) 17. Ugn¥aveuviasy
(Favites abdita) 18.Usm3sunantiuds (Montipora digitata) 19. Uzn1¥sluseaviuny (Merulina ampliata) 20. Uzn3s
anlalwey (Plerogyra sinuosa) 21. Yen13sanemenlil (Pavona decussata)

Figure 2 Diversity of coral species.
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1. Waqﬁwiavg'u%um (Oceanapia sagittaria) 2. WosthmeiadtinGu (Neopetrosia sp.) 3.Uzn15389u (Sinularia sp.) 4.
ponkiivgia (Heteractis magnifica) 5. fallswn (Unidentified Gorgonian) 6.wusuvie (Sabellastarte sanctijosephi) 7.
wouliy (Cypraea tigris) 8. waguua (Trochus niloticus) 9. MWL (Flabellina rubrolineata) 10. nnyy
(Phyllidia elegans) 11. mntU@sevaueu (Glossodoris atromarginata) 12. mnyu (Phyllidiella pustulosa) 13. vioy
felde (Tridacna squamosa) 14. wiewilendl (Hyotissa hyotis) 15. NeYYNNY (Pteria penguin) 16. naelanzlgn1sa
(Beguina semiorbiculata) 17. anamdeutnidy (Culcita novaguineae) 18. wiusinuiuena (Diadema setosum) 19.
WULAIAT (Toxopneustes pileotus) 20. UaanzLla (Holothuria atra) 21. Yaangla (Holothuria leucospilota) 22.
Yianiuding (Dardanus megistos) 23. Y#u (Charybdis sp.) 24. \WwSesiaviasl (Polycarpa sp.)

Figure 3 species of invertebrates in Coral reef.
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1. ﬂawnizwuf\mﬁw (Taeniura lymma) 2. Uaduinhdnnsanden (Myripristis hexagona) 3. Uainsesenwad (Sargocentron
rubrum) 4. Yanneats (Cephalopholis boenak) 5. Uannz3a (Epinephelus fasciatus) 6. Yanz¥attearniiu (Cephalopholis
formosa) 7. UanzSaareideniuena (Epinephelus quoyanus) 8. Uatnznawdes (Lutianus lutianus) 9. Vanexltidealng
(Cheilodipterus macrodon) 10. Uanexlulduindes (Apogon cyanosoma) 11. Yaniideutnin (Chaetodon octofasciatus)
12. Yaniider1nena (Chelmon rostratus) 13 Uanfiidewdassuns (Chaetodon wiebeli) 14. Yarn1iguduieu (Amphiprion
peridarion) 15. Uana@aiiu (Dascyllus carneus) 16. Uanaaniiudnindnina (Neopomacentrus anabatoides) 17. Uanedndons
n35ln3 (Abudefdufsex fasiatus) 18. Yanadnfiuiuinea (Abudefduf bengalensis) 19. Uaunyumnedatenuingn (Halichoeres
hortulanus) 20. ﬂaﬂﬂizﬁ%mmﬁﬁﬂ (Pempheris oualensis) 21.Ua1unuia (Scarus rivulatus) 22. Yarunwniaieane (Scarus
quoyi) 23. Uaweafiu (Monodactyus argenteus) 24. Uannédreuauwdes (Pterocaesio chrysozona)

Figure 4 Fish in the coral reef.
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nsvenenugUzn3alaeldiansssuvii (Coral Propagation) UStaauin1zes

Coral Propagation using Natural Substrate in Yoong Island Area
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ABSTRACT

Coral propagation using natural substrates in Yoong island area, Had Nopparatthara — Phi
Phi Island National Park, Krabi province, studied and tested by Anuar Abdullah from Ocean Quest
and Sea Shepherd Dive, is a sustainable technique to restore coral reef in the long run with minimal
negative effect to the coral community. Yoong Island is chosen as a study site since it has been
totally limited tourist activities that have many negative impacts on the coral reef and its ability to
restore itself. Water quality characteristics have been tested and resulted that they were proper for
coral propagation as standard seawater quality. Living corals that were found broken in the ocean
were used in this study for coral propagation. In this study, stable coral rubles are used as bases for
2 cm-live Acropora sp. corals to grow on. Cyanoacrylate adhesive and catalyst are used to primarily

attach the live corals until the corals produce CaCOs to attach themselves to the bases. Propagated
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corals are placed in nursery transects at 3 to 4 m depth ocean in Yoong island area. Propagated
coral survival percentage deciles from the first week (>70% survived) to the 12" week (<30%
survived) while during week 4 to 9 has <50% survival percentage. Possible factors causing low
survival percentage are waves and currents and unstable ruble bases, which might turn upside
down when the current is strong causing the corals dead. Furthermore, long-term follow-up (3 to 5
years) is necessary to observe coral restoration and this coral propagation technique can be used
in other areas where tourist activities cause the decline in coral communities.

Keywords: coral propagation, Acropora sp., tourism, coral restoration
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Figure 1 Study site: Yoong island, Had Nopparatthara - Phi Phi Island National Park Krabi Province
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Table 1 Water Quality Study Site: Yoong Island.

Depth  Temperature pH DO Salinity Ammonia Nitrate Nitrite Phosphate
(m) (@) (mg/L) (ppt) (mg/\)
8.0
4.00 28.7 0 6.79 32.0 0.25 0.00 8.2 2
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Figure 2 A) 3 - 4 cm long-corals were adhered to stable bases (i.e. rocks, rubles), B) Propagated

corals were placed in nursery transects (3 - 4 m depth)
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Table 2 Coral survival rate.

No. Coral species Started coral size (cm) Coral survival

Week 1-3 Week 4-6 Week 7-9 Week 10-12

1 Acropora sp. 1.8 / X X X
2 Acropora sp. 1.6 / X X X
3 Acropora sp. 22 / X X X
4 Acropora sp. 25 / / / X
5  Acropora sp. 1.9 / X X X
6  Acropora sp. 2.3 / / / /
7 Acropora sp. 24 / / / /
8  Acropora sp. 2.3 / / / /
10 Acropora sp. 3 / X X X
11 Acropora sp. 2.5 / / / /
12 Acropora sp. 3.1 / X X X
13 Acropora sp. 2.7 / X X X
14 Acropora sp. 3 / X X X
15 Acropora sp. 2.8 / X X X
16  Acropora sp. 2 / / / /
17 Acropora sp. 25 / / / X
18  Acropora sp. 25 / / / X
19 Acropora sp. 2.2 / / / /
20 Acropora sp. 25 / / / X

Remarks: / is living colonies in a corals nursery, X is non-living colonies in a corals nursery

aaa
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1NNITsEUAsILsn nmsfudeyanudt gruiliviinsugnuznifandnadn esaniineduanuss
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10 - 12 wuingnsildnasendovas 30 Snnilaspiiunuidlamirednunnuiuiignauiun
Uzn¥aignls (Fisure 3)



nasUus:zyguniasuUlldUs:=310 2560 |101

3 week - intervals

measured
Week 1-3 70
Week 4-6 50
Week 7-9 50
Week 10-12 30
| | | | | | | | |
0 10 20 30 40 50 60 70 80

Coral suvival percentage

Figure 3 Survival percentage of propagated corals measured weekly. Data presented in 3 week-

intervals.

Figure 4 A) Unsuccessful coral propagation: algae grown on a base, B) an up-side down base

caused the propagated coral dead.

NNsAnTulATINTveeRugUen1se lunaneuuiaridmaunsmisns-vdineii Smin
nard nuiAsiususn¥sfiveneiuslneBves Abdullah (2012) f8rmsesluuinmiuit uasiims
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fisoanunsilasunlaseghadiulddaiie Yzn¥awning (Acropora sp.) ﬁﬂqﬂﬁy'uﬁﬂ’mﬁ]’%zy,tﬁuim%uasm
wilddaiau fimaindeuvesiuyuatuuiandanizanialzmsiiinisdgn Wesanuuiaaiuenia
wavau Axial corallites Simsiiuguagetaiay (Veron, 2000; Figure 5)

Figure 5 A) and B) are successful coral propagations: corals grown on bases as they form CaCO3

and produce axial corallites.
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ABSTRACT
The objectives of the study are to analyze the data requirement for and to develop the Area
of Operation Action Plan for Illegal Forest Land Encroachment Protection and Control of National
Park Wildlife and Plant Conservation or AQ.
Information system was developed in Web Application by using System Development Life
Cycle (SDLC) and Program Development Life Cycle (PDLC). The developed system comprises 7

subsystems namely user login, user right management, target area management, target area search,
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validation and monitoring, Reporting and Operation reporting. The evaluation result by target users
of information system for the AO system performance is good, difficulty of using the system is good,
safety of information is g¢ood and total average is good. The system can automatically generate
performance reports in various patterns. In addition, the system could facilitate and reduce
workload of operational staff for the AO implementation.

Keywords: management information system, the area of operation action plan for illegal forest land

encroachment protection and control (AO)
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Figure 1 Context Diagram of Management Information System for The Area of Operation Action
Plan for Illegal Forest Land Encroachment Protection and Control, Department of
National Park Wildlife and Plant Conservation.
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Figure 2 Data Flow Diagram Level 0 (DFD Level 0) of Management Information System for the
Area of Operation Action Plan for Illegal Forest Land Encroachment Protection and

Control, Department of National Park Wildlife and Plant Conservation.

122 #1n1381a0adeaya (Data Modeling) HanualuszuudisnisadiaununInians
ANUFURUSIENINeUaya (Entity Relationship Diagram; E-R Diagram) lagldssuugiudayaidedusius
(Relational Database) lngn1580nUkUUTEUUFIUTBLAMIY E-R Diagram dx#ia1sangudeaya (Entity) 910
wnunnnszeadeya wanhundeulegluguuuudiassaruduiusszninnguioya lnelunisadng
wusiaesteyavessruuiulmiimuamuteyaiildandunounsinmeiarudesnisvesldazuy

2. N159RNLUUITUULINTINE (Logical Design)

yhnmseenuuugudeya eanarutdourasdeya laeimusdsdnuuzvssgiuuunenuiiin
91NMINUTBITEUY Anvaizresnnhideyaingsruunaznadnsildainszuu Tasededeyaain
%gumaumﬁLﬂiwﬁizwmﬁwmmﬂaqLﬁ@iﬁlﬁ%’auﬂamwwmmmsa@ﬂLLU‘U (System Design Specification)
#26738n13 Normalization 91niauvinMsuUasuNunIwW E-R Diagram tJUHUANLEAIANLEUNUSTEWINg
asdeya wdinnsairsmaurynsudeya (Data Dictionary) wesszuvasaumAlien1sInNIIANS
@i’nﬂumumuLLmuﬂﬁﬂ’ﬁﬂWiﬁyuﬁLﬂmmaﬂaaﬁ’uLLawiwﬂimmié’ﬂaauuﬂqﬂﬁuﬁﬂw VYDINTUYNYU
wiad dn it uastugin Tnedngudoyafiuiitne il



nasus:=ygunisU1TdUs:=310 2560 111

1) @ougiuiinnungs Sanuy (Primary Key) uagauiniui
) Toyaiiugiu Usenaume dnwusiuneuiny JaUr swalr miienusuiaveu wagnilgau

Y
a

3) 7

v
' ° o

AU LN ULAR ULTLT

0) Enwneiiudl Ysznaude dnwarnisyngn doulunisiedndasevasesiiuil nszsilay nns
AseUATESTIAWINAY Fofungn uazTeunemu

5) M3wdeAUanduad Usenauig nsastufinusedniu vanglavad vanglaunisganing

1%
o o (% 6§ o (%

A9 Usenaunig myUnu viylil d1ua 81ine Jamin dumbafidagiimansiunuinun wazdu

RVl

A0MULHABIN ATULNNAR WAZNITALTUNITNIUNATEINNULINT 22 WAzsInT) 25
6) MUUALIAT USENBUAIEY TUNSUYINNITAINUAFD U NUTIIMUNE9 N15aIEUN1T ANTUR

¥
=1

uunTALunTs wazueunsAsuan U uTtming

7) §as1ida Uszneuse Sasmadsiidesnsveativayy Snsidaresmiagny wazdnsnias
Wmnefidesns

8) nMsildusan Usznausy sedenguyaraitdinsinlunisufifinig $1uiu wasdnuaznisd
R

9) MsUsEALIY Usenausme dnwazn1sUssaua ngunaTy wardedindu 1

10) nansALiuay

3. N1399NLUUTEUULANNIEAWN (Physical Design)

HAYINNT88NKUUITFULINTUABUNTDDNLULSZUUBATINE (Logical Design) thangdnswa
sruvasaumAiiensiansnsiuiunumuuuiTRnsiuiitmnetestunasusiusunisinasy
yngnituiivn vesnsugnenuwisnd dnitn uaziusite Tuszdunenin Tagldavesnisianissuuly
AUAN 9 el

3.1 a¥ugiuteyade Oracle Wudnlunmsaisssuuinfudoyavesgiudeyaiamun Hosan
Huszuugruteyandniinsugnotuuisnd dndvn wagitugiio Mdudunseglutiagiu Tneldlusunsy
szuudanisgiudeya Oracle Tunisianszuuamuvann1seaniuugutoyaiBeduius lnganiunisaina
maanuaesszuugTuteyanusUuulasEd s eildsunseenuuUIINMssanuUUguTeya
TuszAunssny

3.2 MIvanLUUReWNALATY (Application Design) nseenuuUMsewesszuy levinsiam
izuumiaummﬁamﬁmmimiﬁﬂLﬁumummLLWUQ‘J@miﬁuﬁlﬂmmsn’]aqﬁmmzﬂswﬂimmiﬁﬂaau
yngnitufivn vesnsugneTuLiend #0 iU uazitusiia lugukuy Web Application #sazgninnslii
130Ny (Server) U9aNTUENENLUINIE 0Tt wazsiudily LilonegliuinisAugld (Client Tog
anansalsaulusiunsy Web Application lasuuswes (Browser) ﬁ@m&%agjuuqﬂﬂizﬁﬁmmmL%awia
szuvdumesidnld advayunisdudunudifesnisanusingy wanzau Maoude nguiléidmane
ansaldenildnasnan luaniuiisng  warsesdumInanimaiidavgusesniunisol

3.3 1N1390NKUURIlATIATIIN15Y91UYB5E VY (System Structure Chart) lagUsenausie
1) dunsdngszuu 2) matanisandnisdildnuseun 3) daunisiansdeyaiiufitmaes 4) daunns
ATIVADULALAANINNG LAz 5) dIUTDINTITTIBNUNE  1A8NITTIENUNAUTINOUAIY NITUARNINATIEIY
puwvuazunanstuiunismussuUjiRnsiudidimvene msansassnudoyafiuiisiefiui
e munsumesdld warnisuansadeyaneaziBeniiuiitimne (Figure 3)

3.4 nseanuuuduAanaiugly (User Interface) naniseanuuudiundeiugly laeiiniisiig
iiasesiunsldau dsusingam Figure 3
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rea of Operation | DNP R ® ot o Ceimon  Tesien W

SWWWAN SISO WIWUUTTENS 9 (Area of Operation) | BUUSIBYWS 63U

Area of Operation | DNP R & i o -

a4 wan1sAur

B 8 @B @
0
0
(> |
"
[

Figure 3 Windows for Login, Displays and Management Information System for The Area of

Operation.

4. WauwAzAnRISTUY (System Implementation)

AndunIsHmulUsLATU (Program Coding) floenuuutu andunsuniseenuuuidmsnsuas
MseenkUUBInEn T easalosunsiumuazianinaing q wazyhnsdenlesnissunardarsening
Tsunsuuazszuugiutoya lnesinn1sisuyadidaiieniun PHP (Personal Home Page) HTML
(HyperText Markup Language) CSS (Cascading Style Sheet) wag JavaScript Tunswaiunlusunsa Litels
DulunuaudnuvaziazgUiuuing 9 Alddmualy wagsinismaaeunisyiauvesssuuanusg q veq
TUsunsy mudumaumInAaaUszUY (Testing) Tnsmaifindayadegnsiuidhminegs Whdssuu uas
msudludoya auteya Aumannedestionsldosing o veslusunsy waznsIvaeUMIUanIHatoyaaIN
nsTesuRateyafiufiimnes lustuuusins @ wdeuissidumadalsunsulifldngudmane 1§
yhnsiideyauaznnassmsldnussuuais Tagldvinnssnlvanyamdavesszuundeniugiudeya
Tuluuuedosuitevesnsueve ki it uaziusity Wiefasuandanslinussuuasaume
diensfanmsnisdidununusuonsiuiidmnsdesiusasdmudnunisdnaouyngnituiion
YINTUYNEIUWIIR dn U0 wasiugiy Tnearursasdrldarulaniu URL http/web.dnp.go.th
/Pre/Plan/index.php
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5. n15Us2LaiusEuU (Evaluation)

nan1sUsziuUsEansnmuazaufisnelavessruuasaumaiion158An1 5N 1SRN LILAIL
uuUfAnsfuiitmnsdestunarusuusunsdnasuynanfiuiivn veansugnetuwiand dniin
waiugiy Inensiinzuuuwuuyssiliuldnaaidmiugussdulvinguuy (Rating Scale) maigvesdifAse
(Likert) wazularmuvineanadesedevesuulsadu tnefinadnsveinisussdulseaninmuasaing
ﬁﬂwdﬁmawwmﬂmiL?Jﬂs[,ﬁﬂa'uﬁaa&i'msﬂ%ﬂa'mﬁmmEn/‘hmimauLmuaaummaauiaﬂ&hm”wﬁ URL
http://web. dnp go.th/Pre/Plan/Evaluation.php 3% wineuil 1 - 30 nINNIAU 2560 Immwmuwmau
LUUgBUa VLA 41 AY Iuuneuszaunguildidmungla & el (Table 1)

1) NHUTEAULUIMT 31U 3 AU

2) nauszdu TRy Yseneuse

2.1) WwihiufoRnussiumienuiiesit S1uau 28 au

v ¢ a

2.2) WU uRnussaunhsnuseaudinuimsuneysng 9 1-16 waga1v1dnuam 9 au

1
o

2.3) W fuinussaumhenudiunas 9w 1 au

Table 1 User satisfaction evaluation.

Order User satisfaction evaluation X S.D. Performance
1 System performance 3.96 0.67 Good
2 Difficulty of using the system 3.77 0.73 Good
3 Safety of information 4.10 0.81 Good
Total average 3.92 0.72 Good

nNsUsEiuauianelavesldaussuy 74 3 Frumuin eiedesay Seedenuadaity
3.92 daudsauummsgruniity 0.72 fdudeasuldianuienelavesnguiienagléitmune Al
yasedlsruvamsaunaiionisinnisnsdudunumuunuUfoinsiuiidmnetostulasu s
nsdnasuyNINALTiUn vesnsugne LR it uasiudie oglunasiiia uazainmasiuamma
HuUseansuoarh (Alpha coefficient) ¥asasauuna (Cronbach, 1970) I@naAIAUE o uYe LU VA UL
flatu dmsumsuseliudsydvBamszuunnngusegnagldnguidmane fawintu 0.96 Fsanansaagy
Iuuuaeunufimnuidetioldgaviereudnags

GELY

e srUUaIsaLaiion1sdantsnssdunumaueud fiRnsiuiidmane 1 vesnsy
onEuLiInd dniln uaviusits HimquszasdiioTinsesiniudiosnisdeyauazarsaumaildlunis
FfunumuusuUsAnsiuiidmineg- YINTUGNNULINA 0T uaziugiiy uaziileowannszuy
aflsaumeﬁaﬂflﬁmﬂ’ﬁms@hLﬁumummLmuﬂﬁﬂﬁﬂwsﬁuﬁLﬂmmaﬂmﬁmmzﬁiwuﬂsmﬂ’ﬁé’ﬂaauqﬂqﬂ
fufivosnsugnenuuviend dn it uasiugiy

Tnevhnsfnwuasimunszuuansauna lneUszgnd Tunoun1sfineanaensnsimusEuy
asauLna (System Development Life Cycle; SDLC) waga933n13WaulUsunsu (Program Development
Life Cycle; PDLC) §ail 1) nsiasesiszuy (System Analysis) 2) N1999NLUUTLUULTINTING (Logical
Design) 3) N1590NLUUTLUULTIN18AIN (Physical Design) 4) Wauruazfngasguy (System
Implementation) 5) N5UsELlusEUU (Evaluation)
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Tngntumeunsieszsiszuu wuh ssuudeyaluiligtuinsdafvtoyalugiuuussuutoys
1@na1s (Document Data System) waggunuulnafdnea Useinn Microsoft Word wag Microsoft Excel
wardituneunisdiiunuuaznisrsnuna tnsutanusedudiuaufuiaseunsdiiuauniuany
Safutiyw fail 1) miseuszdudiunans Useneude didfndesiudsiuta wazauaulnUn nay
QMETULR dnin wagusity 2) mheauseduiiesil Usenaude drinuimsiuieyinsi 1 - 16
wazanun 3) mhgnumelidsiaminenussduiiosifinetos Useneude gy wndnwiiug

' v
aa A

dn U0 weiuatdnivn quane1u @augnIYIf @arungneA1ans wavruieaudu 9 ludein NENud

v a v

Suinyeunungraneuidn annsne nauildidminelinnudesnisteyaluausing 9 dsil 1) Toya

e

A 6

= 9} 9} & A | a o &1 1Y)
Wu%quwuwLﬁ’]‘ﬂllﬁlﬁl‘{]aﬂﬂuLLag‘U5’]U1J§’]3JﬂqiaﬂaaUuﬂ§ﬂwu‘V]U’] SU@QﬂiiJQV]EJ’]ULLWQSU']W a@niun LA WUT

<3
=

iy 2) Toyasenuasunanisaiuaunuunuuiinsiunid e desiuuazusiuusunmsdnasuyn

¥

iU YoensueneTUIisnd @i uaztusie Tasvhms@nwmsiesgitazeenuuuszuu Taens
Tdununmnszuadeya (Data Flow Diagram; DFD) Tun1sasranuuinaesdeya (Data Model)

Mndudniunisoenuuuszuugudeyadie Oracle uagimuilusunsuluguuuuaes Web
Application Tuniseanuuuiazimuilusunsuludrudndeiugldauseuy (User Interface) lngszuy
miaummﬁamﬁmmiﬂﬁﬁwLﬁumummmuﬂﬁﬁamsﬁuﬁLi’]mmsn’]aaﬁ’uLLazUi’mUimmié’ﬂaauqﬂqﬂ
fufivn veansugneTuLisnd dniln uasiugiivusznoudiessuudesioun 7 seuuiifinnsvhe
eulearfu Usznouse 1) ssuunisasdedild 2) nnsdanisandnisldaussuu 3) msdamstoyaiiud
Wavange 4) msdumdoyanuilitnue 5) M5nTI9AeULALAAIANG 6) N1531E9TUNA 7) N384
HAN1IALTNU wazanNsUsEuauisnelavesrldaussuuluusaziu Useneume 1) nMsuseidiu
aufianelavesgldszuuimlssaviamussszuy egluinasiie 2) msussidiueuiielavesgfldszuy
supnuendesienisldszuy egluinasiiin 3) msussidiurnufiselavesildszuudumadasnde
vostoya oglunasifia lnsagulsinanufielavesnduiegeglditmne fldveassdldszuvasaume
Lﬁami%’mmsmw’hLﬁumumuLLNuUQﬁ’amsﬁuﬁLi’]mmaﬂaqﬁuuawiwﬂimﬂ’lié’ﬂaauqﬂqﬂﬁuﬁﬂw
YOINTUGNETULVNR d iU waritusity aglunasiiia aunsatsudlstgmiifeduiaznouausmiy
Aosnsvestingudming uwavarunsatseuululdauasela

LANEN531989
And Anfdmuena. 2546, AUATsTUUANTAUWA. USEN 1ATR Aeun wowd Aeudan 911n, n3svme.
Ry FaveIn. 2535, wdnmaisuilestu. faniedii 3. gi5erana, ngamwa
dindansiiautlsl. 2559, sreeuativauysel Tassnsdavhdayaaniwiuditnls U w.e. 2557 -
2558. nsutld, ngamme.
Cronbach, L. J. 1970. Essentials of Psychological Testing. Harper and Row Publishers, New

York.
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nsuaNRaUdayanwarea1IisaiunsEsaniraunnlunsUsiiu
AsinNUATSUBUIMTaNUAY UStagneuuierfies i Jsvdnniyauys
Integration of Remotely Sensed Data and Ground Survey for Assessment of

Above-ground Carbon at Erawan National Park, Kanchanaburi Province

Yszassou ASumednen’ e9ems lnsasod waz Juds agadseanin

Piyawan Sridangraksa’ Yongyut Trisurat and Wanchai Arunpraparat

15N 15Uy awnsuimaninensiilivazdaandon NAfiLAY AUZILAENT WANINEISBINYATANERS NFINNY 10900
Forest Resource and Environmental, Faculty of Forestry, Kasetsart University, Bangkok 10900
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[V

UNANYa
AsENYIATIIN TR UsrasAiiaUsziiunisiniAuasueurilonuAuveldidudy uSuiun

q
[ [

NYIULMINIALD TN FINTANIYAUYS Laevin15719uUasiag1a 99u3u 30 wuas aunakdas 40 x 40
s’ ausedualanysaivesiuiiviudazsiafisuunlasnismeardaifionssn (Normalized
Difference Vegetation Index; NDVI) 91na1wanaanafiey Landsat 8 iiudeyavianssalsl Jaaiugs
wazanulavedlifusuiiivuaduinguinanaiiesen (dbh) snnimdewinfu 4.5 wuRwnsiulunndu
ninneideyauiatininiigaunisuealaiun’ (allometry equations) wagyinnsusziduuIunmnig
fnfuasusumiofuiu nansnwinui dnduvudsdidadematanmanniian wity 184.41 fude
wnas sesasnfe Ynuganssa Unle wasUfess dawvindu 119.32, 94.22 uag 73.00 fuselennng
auddiu uafidnedenisinifiuaisusuvinfu 86.67, 56.08, 44.28 uag 34.31 duasususiolannid
paddu Feaunsaussduldhgneuudinien i Smangeuyd finatinmmiediufiu whiu
5,420,231 ¢iu wazdnstiniuasueu wiiu 2,552,514 fiupisusy

AdAy: MItnuAIsUBY  WaTham  auniswoalani

ABSTRACT

The purpose of this study was to assess above-ground carbon at Erawan National Park,
Kanchanaburi province. Thirty sample plots of 40x40 m? were selected from abundant classes of
forest types using the Normalized Difference Vegetation Index; NDVI) of Landsat 8 images. Tree
species, height and girth of trees greater than 4.5 cm at diameter breast height (dbh) were recorded.
In addition, tree biomass was calculated using allometry equations and carbon storage was
determined accordingly. The study results showed that dry evergreen forest had the highest average
biomass of 184.41 ton/ha followed by mixed deciduous forest, bamboo forest and dry dipterocarp
forest of, 119.32, 94.11 and 73.00 ton/ha, respectively. In addition, the average carbon stocks were
86.67, 56.08, 44.28 and 56.08 tonC/ha, respectively. In total, Erawan National Park, Kanchanaburi
province had biomass above-ground carbon of 5,420,231 ton, and carbon stock of 2,552,541 tonC.

Keywords: carbon stock, biomass, allometry

AN
nansznuvainMzlandouiliiinausiieseninnussimelunisudlatynifingn 1wy nsas
umiuaué’zyzyﬂawwsmsmafjwﬁaamaﬂ?ﬁlsmmammwgﬁmmﬂ (United Nations Framework
Convention on Climate Change; UNFCCO) luifiaungedniey 2559 afeydya1anissyvininnienis
WasuuwUasanmgionmaldiinisussquadion 21 (COP21) iledminannunnasiug Paris Agreement
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wnuiiiSansifelafisznuanszadlud 2020 Tnedanszdrdgonisimuadhunesiuiuszaulan luns
anmaiinduvesgamgiiadelantvianas 2 esaueaidoa wasdmundvanemaiivvesgamgdlaliiiu
1.5 pswaldea Ussindlneivuatmnglunisannisuanlaseingiieunszan (greenhouse gases or
GHGs) Uszanmudesay 7-20 nelud 2020 (drifnauuleuisuasinuning nssssueAuazdandos,
2559) viail Urldidunuamdrdgsetndnsanfueu esaninlffanmnsadnifuasveulduszunn
2.6 Wududused vaziReafunshaigdmienmaiudsuasmslivsslenifiau neliiAnnsuanldos
ArsueuUszIa 1.6 Wududunel wieAalufesas 20 vesUSununisvantaeefiniounszanain
nnnedu (@inddeniseusndUiliivagiugity, 2557)

nsdamstnivaiveuredulyl ansoussnaninatiamildanaunisuealamnii
Duaunsanuduiusseninuaiuifvessiulll Uszneudeanulawazanugs Tnglidndudedasduly
anfie (2550) ausandeyanisinfiuarsvelunadannluthsssuynfvesssnalnewagnudn Uinsdud
nsfnfiuaIfueuniige sesaanAetnugyanssamazyniefa lnsflawinfu 42.8, 27.8 uay 14.5
fusiels suddy Usmnunstniuadveuiineaudisiuldnnnisinuluasiesns dilasniog
Tufluiitfiauysal wiluenuiusieiiuiivmesUssmelne Ssifiauysal Vidosingy uasfidds
i dadu Ardldannsussfivlussnude dnddwinninnmduriuasienueaineiou
desnihdeyamiveunnuuasiensiiauysailuguivrnaiiuiivusasein uiluamdusiend
Flaanwawysaiinn Ununans uagiion

Intergovernmental Panel on Climate Changes [IPCC] (2003) 33A1%ual#in1905227A013
Wasuulasfueu Tnsduunszdueugniesuesdoyautsesniiiu 3 sefu A Tier 1 1unslidoyadi
Jurnans (default value) fifavualng IPCC iudulng Tier 2 1unislédeyatanizuasussmanse
vioaRutlndiAes Joyadnlngiunannsmenuneada uay Tier 3 1Wudeyatildannisasiatauaznns
dsaluuasiredemaauluutosiud Fodu masiwaildan Ter 3 Ssdarugndosnniian

nsfnwedsiifiiguszasdifteAnwmatanimuazUiinunstnifuasueunieufuresliiy
sulufiufignenuuvissienin fwtangauyd Tagldnmdeaufieusuuneuauysaivosanmd
uiazriamugiunsdisanaaum Faaenadesiuseiu Tier 3 lileanauaatalAdeufsna 129y
wazanusninimanasteyaludssgndfunisussiiuavouvesssmalnesoly usnainidadunis
ﬁﬂLﬁumiL‘ﬁamaUauaaauﬁzyzmamﬂizwmafjﬁwmsLﬂ?iauLLUaaamWQﬁmmﬂ (UNFCCO) mnumnad
Paris Agreement WazuuusUNTosFUNTIUABULUasAn YT e WA, 2558-2593 Tunisadned
ANAILIIAFIUNITUINIsTAnsAsUdsuudasaningiionnia (ddfnauulevisuazuny
NINYINTETIAUALAWINGDY, 2559)

gUnsaluazasng
aunsal
AmEN9NATITIBY Landsat 8 Path259 Row321 tufindlo¥udl 7 nuaus 2558
LLmuﬁQﬁUizmmmmmmuﬁmmi WIMSEIU 1: 50,000 Sruya L7018 58319 4837 I
w3earmuaiusuuitulan (Global Positioning System; GPS)
Lﬂ%‘aai'mmmqqé’uiﬂ (vertex hypsometer)
wUindusuAugnans (diameter tape)
WUTRTEEEINg AUIAAINET 50 LIRS
AN IMBTAMIUIIATIETeYA
msetuiintoyauaziedonden
wHulavie 1983 nieugunsaldmiudaiunssald

0 o N oy R WN e
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1. wisudayanisduunviatiweansutild mwaeandifiey Landsat 8 uasunuiiniiussme 7
Er .

ARBUAGUILTNIENEUWIANALET I Janinnayauy3
1.1 fnhunuiiuanssiintrlufufigneuusisniesin fmfanigauys Tnelddeyanis
uunviinvrvesnsulaly
1.2 mAdwinawssad (Normalized Difference Vegetation Index; NDVI) 21naa a1 g

Landsat 8 TuusiazyiinUilunungneuuiefies1 i Jamianiyauys

_ NIR-RED

- ’ (1)
NIR+ RED

NDVI

e NIR ANAL Yo ULAIVBIAAUDUNS LSALNA
RED = ANEYVIDULEIUBIARUELAS

TagAn NDVI fdnegszning -1 fs 1 Fadlorn NOVI dndnlng 1 uansirhdanugauanysal
1N UazA1 NDVI dantnlng -1 uansidnilaugauaysaitoy

1.3 uUsr29 NDVI nelumazedatioanidu 3 ¥aawin 9 fu lesutadugasdr NDVI ann U
nan waztios Liermungaaulasiogdlinsyatenasunquituiiine (Figure 1)

scale 1: 200,000 L7018
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Figure 1 Location of sampling plots by NDVI class of each forest type at Erawan National Park,

Kanchanaburi province.
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2. MeulasiegaLuuAndsnung 40 x 40 wns? wazkUasdosauin 10 x 10 wes® Salddusy
(trees) ﬁﬁmmmLé’um@uéﬂmaﬁigﬁummquﬁmaﬂ (diameter at breast height; dbh) 11An11%38LYINAU
4.5 wuimstulunndu wagIald (bamboo) Aifivuiadurgudnatafissen (dbh) snnndiuFewiiiy 2.0
wuRmstulunna @indfeniseysndtliuasiugiin, 2557) laeldmuTaduriugudnans (diameter
tape) wazinanugsvosiulsilaolfiedesinnnugesiuli (vertex hypsometer)
3. MIAIMLALIATIENUBYA
31 Fnasnuiatinmvesduldififivuia dbh 1nnd 4.5 wuRiues tegldaunisuoalawes

JU

UnuganssauazUiess ldaun1sves Ogawa et al. (1965)

W, = 0.0396 (D°H) 2% (2)
W, = 0.003487 (D°H)" 4 (3)
W, = (28/W;+0.025)" @)
UnAuuds Toaunisves Tsutsumi et al. (1983)

W, = 0.0509 (D?H)*** (5)
W, = 0.00893 (D*H)*"’ (6)
W, = 0.0140 (D°H)**%* 7

do D = vwmduihuguinansiiszduaugaiiesen (wufims)
H = Anugeimuavesdulsl (wns)
W, = 1adinwaiuvesandu (Alansu)
Wy = wadanindruvesis Rlansu)
W, = wadindiuveslu @lansu)
Wy = thatinmaiuvesdidu+is Rland)

3.2 Mulad N nvesvadkiliumiazsin Ingldaunisueaalawns sadl
Tei59n Toaun1sves Suwannapinunt (1983)

AGB = 0.22187 (D)*?™* (8)
Tilsuaglennn Toauni1sveas Kutintara et al. (1995)
AGB = 0.2425 (D?)107? 9)

dlo D = ﬁummLé’umu@uéﬂmqﬁsgﬁummgaLﬁmaﬂ (wURLURI)
AGB = mas‘z‘nmwﬁauﬁa&jmﬁaﬁuauﬁy’mm (Alansw)
3.3 thatanmmiefiuiusiouvadildindummnistnivandueu Taetdminandueuly
watanmilinfudesay 47 vashutinuis (IPCC, 2006)
3.4 fwnUsinamsinfuaivouasanluiiuiivn Tnethmsiniuaiveuazauadese
seuAuANy sainfsuade it sarrlefitinssuunsefuaLawysal

NaLazIvNTal

nan15UszLiiual NDVI I@a’[,%m‘wa'wmaLﬁamﬁaLLﬁﬁwﬁ’Uﬂ’Jmamyiaﬂuﬁuﬁﬂw 4 via loun
Unuganssad ULhess Unduuds uazdnld waginaulasdiegis 3 wlasmedasar NDVI lutusazaia
1@s1uauutasiiognenanun 30 wlas Tnedr NOVI Tudruganssa S5enine -0.0735 - 0.5331
druUAess 929A1 NDVI 531319 -0.0571 - 0.4156 UnAunas 429A1 NDVI 581319 0.0303 — 0.4739
waznlil 0981 NDVI sewing -0.0633 - 0.5102 vieil Tuilufignenuuisnionta Smianigauys
fUnuganTI mamquﬁuﬁmmﬁqm Wiy 31,564.80 Lanens sesasunde Uali Undiuuds wasdifeds
Winiu 9,155.16, 6,152.40 way 2,215.08 18nmA1s Aua1eu aduanslu Table 1
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Table 1 Area of NDVI class for each forest type at Erawan National Park, Kanchanaburi province.

Type forest NDVI Area (ha) Total (ha)

MDF low -0.0735 - 0.1977 14,737.14
medium 0.1978 - 0.2952 9,313.56 31,564.80
high 0.2953 - 0.5331 7,514.10

DDF low -0.0571 - 0.15421 936.81
medium 0.15422 - 0.2320 964.71 2,215.08
high 0.2321 -0.4156 313.56

DEF low 0.0303 - 0.2495 1,182.42
medium 0.2496 - 0.3260 2,904.57 6,152.40
high 0.3261 - 0.4739 2,065.41

BF low -0.0633 - 0.1750 5,510.79
medium 0.1751 - 0.2605 2,538.63 1,486.64
high 0.2606 — 0.5102 1,105.74

Remarks:

INDVI : Normalized Difference Vegetation Index 2MDF : Mixed Deciduous Forest DDF : Dry Dipterocarp Forest

°DEF : Dry Evergreen Forest °BF : Bamboo Forest

wadanmniioRuiu

nansUsziiiuinatanmlngldaunisuoalawninuin Uiuganssadiiradinmmiofuiu
9¢38M919 189.08 - 601.04 Fusioienmf (ton/ha) Antduuratinimmiefufuadeniify 11932
éfwial,aﬂm% Unfedetiinairnmnileiiuiueds 78.67 - 364.66 dusiaiennig Anduiiatinmmile

€

a

uhueae Wiy 73.01 susewenmd Jndundediinatinmmieiiufuiaas BYIENIN 72.52 - 297.07
usslnad Anduinadan wmideiudueds wihiu 184.41 fusolanang LLavﬂﬂimmmammwmua
uAuedy 98381319 190.97 - 379.14 FurieLannis Aolusnatin wwiefufueds wihfu 94.22
fufelanmg mLLam‘Lu Table 2

Khoa et al. (2012) lasinnsanwiuiadin wlee193u (Dendrocalamus barbatus) Tuuseine
Foauny wuin Slinafanwmidefiufiuminfu 12,33 dusewnand Fedldtosninnisanuiluadsl siedl

Weosnlilsuaglinnnnulugneuwisifesnin fvuinanulakagdnuiuvesdiuinninbigaduy

Be =

Be =be

LarnMTeTginadinnuesudazsionuin Unduudelidnadeinadanmanniian osandsuld
yungaluguaziiainuvainvaisuazanunuiuiuuinnitawiiadu 4 (Sahunalu, 2010a, 2010b)
FaaonndesfunanisAnyivesaniia wazame (2548) AldAnuTginsasusulusruuinaliAuuds
dzunINy JmiauaATIvdEn LLaw'hng%waimajuﬁmajﬂam FJIIANIEYAUYS wud1 UrAusasaswns1vll
Usinasnedinmeuitegmiefufusasdiuiiogldfunnniiniuganssuduiuinaes

nsiniuAIsuaU

Unugganssadinisfnifiuansueuiadeagsening 88.87 - 282.49 dupnsuausiaenang (ton C/ha)
Amdunisiniiuaisuewadewindu 56.08 fuaisususeianais Yndesidinisiniiuaisveuaioes
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Tu Table 2 21nn15hATzinsiniuAsuaurestusassdnazidiulein Unfvudadinadsnisinufu
Asvoulndign sesasAet U Unld uagdufeds aud iy Jsaenadesiunanisfinyives
anfia (2550) fildmurndeyanisinifuafueuludisssusdudazvina Ingnuin Uansdu Snsdnifv
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m%vaumﬁa‘ﬁuﬁuu‘%L’qummuumﬁm&aiﬁm JIMTIANYIUYT Tuiluiivn 4 w8 1w Unuganssad
Unifiass Unduuds uaznlid wudn UrAvudedaedsutadinindenvasuiniign seadunde
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nsfnuluiiufidy 4 vesUsamalneld msssdiunafusnafveumsiinsfinnunnszes 3-5 9 Ty
wasidu iioazliimanisfinviuuisuiiisunisiuasuntasuiananisiniiuaisueu (carbon

v
a

sequestration) 919l esa1nlassasnsuazesnusenovrestly ddnwaridunatn (Sahunalu, 2010a,
2010b)
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3D mapping at the office area of Sakaerat Silvicultural Research Station
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sanmmnndeudeslddnvurgivssmaniinsuosuuuanudia dddusdnduiFosendiazyii uwitlagdy
Jaunsveameluladnfiansaumasiudulusunsudousunseanudd anansathandssyndldasnammd
amﬁatﬁaLLamﬁ'ﬁuﬁmmmWQﬁUisz an il uazdenioadhs IindunuinislunisueaiinmiliFeniy
3D visualization FsfiUssloviisionisdninsiunidaneaindliaonadesiusssumavesmineinsiild
fuiidnwuinudiineuanihuanddeazunss Sminuasmednn mavihnulsgneudas 1) nuiein

i
3

Frumisiinsoraslussuuiitaglimans uagnsinifvesormsusasnds 2) nuadsdsroaiisauifsme
TUsunsu SketchUp 3) uuanssaensasnoadsasiiivuuuudiassaugadaay (DEM) felusunsy
ArcScene wan13AnyaINNsdTIREein doinnssiuiu 43 i uisiufimunisliuselondld 7 Tou uas
il 41 fu TeeAaneassimuadeguuiiuiifiinruainduindedosas 8.16 Mufifidanuduunn
figareuuemsdulfiRnu ermsivinduseaasiiednsna/dentngs

Fdnfry: wiufienudid nsueafiuamiii dnvazgiivssva nlivien] Asdeaiisanudid

ABSTRACT

The building planning should be consider before construct. Suitable area selection requires
3D terrain. Currently, the evolution of geo-information technology with 3D model drawing program
can be applied to create 3D map for displaying the terrain landscape, forest condition and buildings.
It helps map users to imagine the real world called “3D visualization” that have useful for planning
and harmonizing the building’s location with the nature of forest resources. The study area is
Sakaerat Silvicultural Research Station (SSRS) Nakhon Ratchasima province. The research workflow
process consists of 1) theodolite surveying and measuring the dimension of buildings under
geographic coordinate system 2) 3D drawing of each building by SketchUp program 3) display of 3D
buildings on a digital elevation model by ArcScene program. The results reveal the 3D imageries
model of 43 buildings, 7 zones of land utilization and 41 electric posts. The buildings are located
on slope 8.16%. The highest slope area is operational building zone, dormitory building zone and
mechanical/maintenance zone.
Keywords: 3D Mapping, 3D Visualization, terrain landscape, 3D model buildings

A1t
Sruvansaumailaans (GIS-Geographic Information System) L“f]uw‘jﬂumﬂiuiaﬁgﬁmiaumﬂ
(Geo-Informatics) lfiflen1suimsinnistenalusunvuunui annsouanawaldlusuivuassdfnas
aufif (@ns, 2555) lumsiusuiiduusgnaulufedoyatiinan Tsfeddinalulaslunisdans
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Anedt wasiiauedeya ogslsinaniteliunuifdnvaauanmgivsemaiiusng Sednsvihusud
Tugtuuuanudid vilranansaueadivanwgiiusema anwinlsl wavdsieaidusuawiia Aadusuinis
Tunsuesdiiamifislududn (30 Visualization) Gaiiustleniidenisnsiinsenasienoadredadudsd
msmilsneuaznoadnsernns lnsanziuiinisssaued ioneliiAnguaimdsiaiia ludagdy
Tsunsuldeunmanuiiianuisatsnusuldswiulusunsuasaumagiimans silulaaningiivszine
warAnoadnefifiumisiinslussuufitagimans nmsassunuiiiu Jeuldndnnisdsadeinlasas
myavdnguluiuil NundunsseudiefiursasBenvesan mituiiuasasdeatieng 1 (e, 2553)
dmiudnvazgUieasuarisioadietiu 16innsiadii Safunisaienineseinisdeneaing
udilUFuguselsunsuadlieaaudd fldmuamsovesdfunuiiannnslivsslondlduniy

MuTeEldideniuiivinadidnnuresanidiuimuideasinsny (Sakaerat Silvicultural
Research Station: SSRS) dsminuassedun WWuiiuiidnu iesinilerasinoadaansUssavuay
Freguuiiuiifiauanduainaue swaiuiivszain 6413 namdumisorassteainaldndas
Tnmeaawadu (Total Station) Lﬁ'aﬁmumﬁﬂLmﬁqﬁﬁy'qmqgﬁmam% warl¥infiRvetenmsdsnoasnemiig 1
#e 1lUsunsuasrslnnaauif (SketchUp) lumstuguandd wdrniluanslulsunsu ArcScene Lo
aaunuiiannia Usslovdvesunuiiauifauanddiidiufsaniwnislivsslovifui adauueaun
fdu iedusumslumsdeniidafiangantuanwiuiilfidusged

gunIaluazisns
aunsal
desilefein Usznaudhe ndedlumeaaindu (Total Station) 1dsndes Whids nidnamuas
wdoartmuasuisuuiilan (GPS) U Garmin 72H
NABIENENNFTINDA
FoyanmanIiieuanlusunsy Google Earth
WUUTIERIANENTARY (DEM) ANASLBEATANTI 5 WAT YBINTENTIUNYATUAZANNTA]
Tsunsuasaumnaniiaans (ArcGIS)
TUsunsuas1slinaaud (SketchUp)
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1. YumpuuarIsnsinudaya
Tdndoslnmeaandu drsrassinnyaissousuuisseulanaziuuissoula Wioiusieazidon
yadeneasslaesoudidneu laun 91A15 auy 819Avd waza il 9ndudSundnueseulay
AwrunelulazauramafaunNigensuls lnedsnaeidnsidiualugnees (accuracy ratio)

a

71 1:10,000 Fadunausinmsgrulutu 3 aard 1 (Third-Order, Class 1) vasmthenuamugnssunIsioya

a 4

AlimaniTEAuIgUIaNaaansgelsng (FGDC-STD-007.4-2002) anuuldinsasmmuadwntsuuiulan

Y

yiifandmansvemuamuauiiugasudulunsienondiidaludmyansseudu 4 udaeaziden
dsneadleglussuuiidngiimans dmsunisifiuteyamiugsesesdseain ilsidunismaniugs
vosndoslnveaaiatu uaziiegUdnoainei s uewosoIns
2. AsaviuNuil
2.1 Wiidevewmynasaunglusunsu ArcGIS

2.2 unlvdeyanutudeyanlaeenwuulineunisdrsiasein Usenousie Tudeyaninng

daneasns Tudoyaouu wazdudoyaaliiy lnoudlatudeyaledlusuwuvvesnui Jadudoyaids

a
[
=

WunUszLnnames viin Shapefile
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3. N3E39INQAINTR
3.1 af1alunadenoadneaufin 1aun orarsuazianliih felusunsy SketchUp Tngldrnds
Match Photo laannna8e1m1shazUsuneiisngazidenvae1nsluliasas
3.2 wastudeyaeiaisisdeadisainnisdisadeindulnd cAD waztdndnlulsunsy
SketchUp antduthidrlansadneassanudiafiusuusly warldsds Rotate Ufunsuoimsuasisnoasn
mukIRLTInMsd 1T Welilddneasaufiftounluiuiiviiemanuanmass
3.3 TdAmnugeuesotasasieadndlulusunsy ArcScene mufidrsiafaialuninauy was
wansaugevesiuiilaglduuudiaosnnugudaay (DEM)
3.4 yhnsuufidneadisifssuuitaiuiineatsanudanldsunisusuus
4. ANIATIVFBUAINUGNADIVBIUNLI
4.1 sydeUmNNgNAeseHuiiaesdd Tasusuudnusseulasduasumelulazany
AaaLAAeYNaLTEeN3UlY wazdnaiuuieseulaglinmsiummunguesduiia (compass rule)
4.2 nrRdeuANugNFsBINuTiaudd TnaFeufisumumisiidienmasroasidluiiud
931 Audishumiafertlulsunsy ArcScene
5. msilulguszlevi
afrialenmadenlmlagldfds animation Tulusunsu ArcScene Ssansnsatiufinlaeadn
dhdludsusnndidosnns

HaazIAsel

1. udrsrieia

ﬂ’]iLﬁU%@Qaﬁ’]iﬁﬂ%ﬂ’?ﬂlﬁ?x‘iiauﬂzﬂﬁuﬂ 4 uw2950U wUnTuuuuIsseulndiuau 3 wul uagsiuy
2seuldadia 1 uwa Inefinyansseviinseunquitufidnuivionnn 25 aond awen 2.26 Alawns
ilensaaeunazUiuuiniugndeswesinuiesey nuindsnsidiunugnies (accuracy ratio) Wiy
1:10,717.82 Feflaueanaedeuiiveusuldlunaeidu 3 aana 1 (Third-Order, Class 1) baz31nn15L.AY
s1eazBendsnoadefidnlosiuuuineseu Ineldndeddnneaamiuuas invuindseatiasing o dfifves
p1anshsdeadrsluiiuiivanun 43 & (Table 1) Insunuitlduanaduszduauuuainuing (elevation
profile line) QﬂLUSHHI%NLﬁUﬁ%ﬁU (zone turning point) kazLUYAIRBasTIvNsd TN ML
TUselominann 7 Tou (Figure 1) §adl

Tou 0 esdUftRen fasmeaiieionun 6 09013 Usznausie Andrneuamiduiaide
azuns1y Andrinauaudninifeniengiueeniloanile 1599m1s auddreneamalulad dreaand
way Jaweny

Tou D msfiinuses Tawneasraitavan 8 9113 Usenaude newnl wiestn2 ewnidmiidi
(MoWnIUaTUsS) Urunvmeny Urunmazass Uiuyguin Uudid wae vennseuld

Ty R fiinrouvdouls fdsteasaiomun 3 egreUsznoude aumnihn dunungh aundneu

Tou H 91ensfivinAusy Tasreadrsioun 4 vids Usznoude Feaunauuu 4 aseuasa (Wn2 1)
FIUIY 2 A9 VRAAIUUY 4 ATEUATI (107 2) LaE YiUDIWUY 4 ATBUATA (4RI 3)

Tgu M dhednsnauasdeuiige fdsteasaiavun 4 e1a13 Usznoudae 1seaen 6 §o 15stey
\3esdnsng Imﬁui’am%mﬁa uay lsafiuiaiesdnna

Tou N Founnzdn faseataiomun 13 91a13 Usenaude Foumizduuulnl Feumsth
WUUTR2 STl FounIeEn2 13auN1EE13 Saumizdnd Sounaiely Sounangniztl 01A13
Uftinamzdsaiede Beunsyan manFeumetn uiii wae aonilnsaineinie
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Tou W d1geunds $dneaseianun 3 8115 Usenounie mailie Aamninasy uag 91a1s

Table 1 Dimension of buildings in each zone at head office of SSRS, Nakhon Ratchasima province.

Code Buildings Width Length Height Remark
Zone O: Operational building
01  Office building 9.56 24.86 7.69 2 floors
02  Northeastern Research Center Building 9.56 24.86 7.69 2 floors
03  Canteen 12.30 12.33 6.45
O4  Technology Training Center 7.99 23.22 3.89
05  Garage 7.32 7.67 5.00
06  Station sign 4.08 4.14 -
O7  Guardhouse 3.50 3.50 -
Zone D: Dormitory building
D1  Dormitory 1 9.56 24.86 7.69 2 floors
D2  Dormitory 2 9.56 24.86 7.69 2 floors
D3  Officer dormitory (Champi Sirindhorn) 5.16 33.14 6.62
D4 Mahaprahom house 6.31 12.30 4.12 U-shaped
D5  Kasalong house 6.31 12.30 4.12 U-shaped
D6  Bunnak house 12.12 14.10 7.22
D7 Champi house 6.17 18.31 4.19
D8  Wooden dormitory 7.34 18.31 4.33
Zone R: Recreation
R1  Children's playground 15.06 16.19 -
R2  Sports stadium 18.10 36.17 4.08
R3  Lawn 45.04 58.07 -
Zone H: Workers' house
H1  Workers' house for 4 family (row 1) 7.19 24.50 4.82 basement
H2  Workers' house for 4 family (row 1) 7.13 28.24 4.82 basement
H3  Workers' house for 4 family (row 2) 7.7 28.99 3.64
H4  Workers' house for 4 family (row 3) 9.82 30.55 3.64
Zone M: Mechanical and maintenance
M1  Fuel storage 6.44 12.88 4.39
M2 6-wheel truck Garage 8.44 22.23 4.52 no wall
M3 Machine storage 6.37 24.22 4.59
M4 Machine repair station 8.44 16.65 7.28
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Table 1 (Continued)

Code Buildings Width  Length Height Remark
Zone N: Nursery

N1  Closed nursery 1 17.09 29.35 2.50

N2  Closed nursery 2 16.20 30.36 2.50

N3  Water tank 291 4.11 8.70

N4 Nursery equipment storage 4.47 21.62 277

N5  Nursery pavilion 4.16 5.06 3.00

N6  Conservatory 6.41 16.75 3.83

N7  Tissue Culture Laboratory 10.31 29.31 5.74

N8  Weather Station 10.26 10.31 -

N9  Nursery 1 15.87 45.25 2.50

N10  Nursery 2 16.29 45.22 2.50

N11  Orchid house 13.83 36.19 2.50

N12  Nursery 3 16.74 45.43 2.50

N13  Nursery 4 16.74 45.43 2.50
Zone W: Lathe work

W1  Wood lathe building 4.90 12.16 4.02 T-shaped
W2  Hexagonal pavilion 2.62 2.62 4.43  Hexagon-shaped
W3 lathe building 6.36 32.52 3.99

2. msadedsneadeluzinuuauia

'
a

ieldvuiarnunineenvesidieainesninaudisededn uazruinaugvesdeneainalasld
flafdumanugsanndosinmeaaadu vilildaRvesdsteaieilldlunistuglandi anduiddves
Awreatstamuniie armem uazanuge luadulinmaeiasdsroaeaniii Ineldlsunsuaiduaa
aufld (SketchUp) (Gtiatl, 2549) dmiunnusiesioazidensing 4 munmansdseadslunumeussi
a3 luiludidne nadildde lunadeieatrvauiiffidvuindndiuienfudioadrdluiuil (Fisure 2)
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Figure 1 The map of building’ s location in 7 zones of land use around SSRS head office,
Nakhon Ratchasima province.
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Side View
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Figure 3 3D map of head office, SSRS, Nakhon Ratchasima province.
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Figure 4 Comparison between buildings from original photograph (left) and 3D imageries model
from ArcScene program (right).
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Elevation Profile
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Figure 5 Elevation Profile from Workers’ house to Catchment - SSRS head office, Nakhon
Ratchasima province.
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Application Development of Tree Learning Manual in Arboretum of HM the King Rama
IX Honor Celebration at Wang Nam Khiao Forestry Student Training Station on Android
OS Phone
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ABSTRACT

The smartphone technology has been selected to apply for the dissemination of forest
science knowledge. The development of Tree Learning Manual Application in Arboretum of HM the
King Rama IX Honor Celebration at Wang Nam Khiao Forestry Student Training Station was the action
of moving the data from traditional signs to express on mobile and also showing the coordination
of trees on the map. Nature trails and interesting selected trees (in terms of tree size and distance
between trees) coordinates were collected. The database was designed to store the tree’s data.
Then the android application was developed.

The results showed that the selected trees were composed of 53 trees in 32 species in 16
families. The designed database was composed of 3 tables in MySQL. The android application was
developed with ability to read the data from database and show on mobile phone. The application
was already published on Play Store.

Keywords: tree learning manual, application, arboretum of HM the King Rama IX Honor Celebration,

android
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Figure 1 Shape of nature trails in study area.
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yaAmaAsugiags Iigndnasudaiieawnainainufesnisgevesnisfnseninassimaiaangmung
\n3osneiduenazdduiandlolndvesiidueliiumssoniuindueiesdienifiussansnmlunis
arnasutiaiuiuaziondnuaivesiulinnlivosnarlulsamalve Tuditdfinnsinauend 3 afl Heaiy
nslfiasesmneiidueuaraduindlolndresiiduelunsidedeliuastidesvesnans afinanie
n3nsraaeudn lifuzaiedigndalauainuzanadrmdulinieiunielsl Tneld single nucleotide
polymorphisms (SNPs) US1iadu®9 trnH-psbA spacer region ludiuvasnaslsnaiadoue A5ATIEH
Auuitusifannnislagldteyamsuelsindnuin Wvosnasidfanuduiumaiugnssuiv
gihafusiudomnnniviudushalr  affiaesfensszyilitidesvesnasuarlsvaanandluiiiomeg
Jurliaweriunsel 9nnsliesgiaduiuaveiidue warnsieszianuduiuinadimunnisiag
H8iuiuaves Maturase K Bu Tunaelswanadiduie wuintidosdinarnduauBnasd STERCULIACEAE
dtulivesnansnanliinguan (Aquilaria crassna)  aRflanudunsidadeiwulivenans 142 fun
mndladunisedlifigninasudanielsl mnmsiensieiomneidueialilasuenmalaiainiu
Ifvoanans 64 Fu wuhilsvesnans 2 Fufidnuneitugnssumiloutunslivomegfunisfigninasuda
Fawandlsiiuinegnationdulineys 1 dulugneuwsisnildgndnaoudn Fafuasiiuldhiiinemans

TneldfiBuomelulad WWuBnsmideiinelunsdedulinguuneluussmelnglfognsdiusednsnm
Adfny: inTeaanefidue Tiivermans Aade lvosnans

ABSTRACT

There is the problem on illegal logging especially from high economic forest tree species
in natural forests in Thailand due to high demands in illegally international trade. DNA markers and
DNA sequencing have been acknowledged as an efficient tool to verify species and individuals from
confiscated wood in Thailand. There were 3 case studies on identification of confiscated wood and
sawdust by using DNA markers and DNA sequencing. The first case was to verify whether the
confiscated mango wood is from the protected wild mango using single nucleotide polymorphisms
(SNPs) at non-coding trnH-psbA spacer region in chloroplast DNA. The phylogenetic analysis using
the DNA profile data showed that this confiscated wood is genetically more closely related to
domesticated mango varieties than to protected wild mango. The second case was to identify
whether the confiscated sawdust and confiscated wood at the crime scene are the same species.
Based on the Chloroplast DNA sequence and phylogenetic analysis at non-coding trnH-psbA spacer

region and Maturase K gene, the results showed that the confiscated sawdust is from
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STERCULIACEAE and the confiscated wood is from Agarwood (Aquilaria crassna). The third case
was to identify whether 142 confiscated pieces of wood are from any of 3 illegally logged trees of
endangered rosewood (Dalbergia cochinchinensis) in the National Park. Based on the analysis of 9
SSR makers of 64 confiscated wood pieces, it turned out that there were 2 pieces of wood that had
identical genotypes to one of stumps of illegally logged trees. This means that at least one tree in
the National Park was possibly illegally logged. Therefore, DNA forensics is one of the potential
tools to efficiently facilitate and enhance law enforcement in Thailand.

Keywords: DNA markers, forensics, verification, confiscated wood
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Lindeusuiwszmalnedinisgndnasuundunaiuuazdeidos suillesnainaiy
grnaum i lififangmaneg waznsdanstnliilidedy whegdnsdufiunising q lidfinsususs
ngvsneuaziinaudnelumsdsiuldngmneluuassmaluleiou wityminanfdndey

Tuuszmalnglifidmamsugialdgnanasudnedseiles uazdruniseglutyd CITES 1wy
liwgge 1desandnssviuntsddnsssmaiiianguune limeialudsemalned 171 vda fodl
uzai9Un (Mangifera spp.) Wuliimsiumunsyssnguiiniimvualdnising we. 2530 dieaans
Tnensldmduomeluladuntae Wiinsldisluau (Butler, 2005; Kobilinsky et al., 2005) e (Craft et
al., 2007; Zaya and Ashley, 2012) uazd@niU19819n11997214 (Manel et al., 2002; Wasser et al., 2004;
Withler et al., 2004; Wasser et al., 2007; Dormontt et al., 2015; Wasser et al., 2015 ) Tudszwmelne
fnsduunanesiug (Folass, 11ins, Taune) uazuviasian (95agde) uazinansidadeluldlunisdadu
l¥nguane (Changtragoon, 2012)

TunsAnwindisufunsldindemunsiduienarmarduinidlelndvosiiuenildly
nszvunsiiinemanslulivlulsemelng Galeffiizdesduiiunis 3 afinafe 1. uzaiweanans
Fulfuzihadaduliimeataniell 2. fdssuarlivesnarafusiniortunield 3. 3ulfvesnans
142 Fusnandulineggemidlu 3 #u igndnasudinangnetuusisniviels)

gunsaluazisng

1. mMsafafdule

affn DNA 910 1. iiolifuzahevesnans 1 fede luussiaeth (Mangifera spp.) TugneuuisyF
s 2.glovs 3 foge uarluuzhaiusiiuidies (domesticated mongo species) Tutdiimiiui
ytuilegluuinagnouwiniding1a 10 fegns zsithenenlsl uzsiiadeaas ugsiisfisia
uzaslnetiud ueshadenlng uziieihdy usingaauthu uzdhanystiuain gty wazuzg
&) 2. fredrmasnanaieliiduau 1 fega hegsd 1 fe fedadeliinsafuainganadliily
1) uaridesreenanssiuau 3 feeha (Fhegedl 2 fe s“hast'TlﬁésmwLﬁumﬂqmﬂaﬂﬂuﬂ'] AI9E19
il 3 Aededndidosmmafuaniuduinsuihiiingfosn uas dregedl 4 Ao Fegretifosnsrafiuain
\desldsudveanansluvihiiingfomn) mﬂamuﬁtﬁmmmﬁm viRaAgfunsUnle lungneiy
wiian 2.451eg900d 3. Fulinsgewesnansiiuu 142 Ju idelfnpefigndnaousinduau 3 ne
LLavIUGUaaluwvmmnawmmmwmmwaa . YBULAUTIUIU 15 AU ﬁﬂﬁﬁLE]m@i“UWm’JﬁVlﬂiuﬁlﬂGm%ﬂﬂ
38n15ainves Doyle and Doyle (1990); Changtragoon et al. (1996) waunuazately 1X TE buffer
(10 mM Tris-HCL, 1 mM EDTA, pH 8.0) 50-100 lsilasans \ivansazarefiduleling —20 esmwaldea
Tanun1nuazUIuiuvesarsazatafitdule aieisasnilsaiaadianlnsln3da (agarose gel
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electrophoresis) lngldornilsaraniaiududu 0.8% waziiukuialudesgnielduasdnsllowan
WisuisuanududuiuAidueninsgiuwin 1 kb udtuiinan udrdouweiiatalauiiauiunm
guseglnswes

2. mAmseiasuelaemaiiansmafuianalalndiiedtedeviinwug

Tunsinzidisuiiandlelnsuewhumiaaziudiine fie trH-psbA spacer region Tushega
deldfuzaheesnans Tungshellugneuuimnfsudiume waglussshaiusfudessinas 1 et
(uvadaetinenld uvdaadonars uvdaefuay uzidanedud uzdradenlng wrivaindu
uzshenzaeutu wrahanssthuain uwahaui wevaehinde) Tudolfvesnans 1 feghs Ghetrsdl
1 fie fhegnadeliinafivanganedlsiiul) uastidesronans 3 foe (Fhogeil 2 fio degretides
psrfuanganedlilut foghail 3 Aesegilidosnsrafuaniufudsnidisngiom uazioea
il 4 Ao sogslidesanafunnidesldoudvasnandlunthiingdiomn) uay Maturase K Bu luidlalsl
Y09na 1 faogs (Fregeil 1) lulidosvasnans 3 fegns (Fegafl 2, 3 uae 4) Tunsigaeiniug
INNENAITU8975 Chain termination method 1%’51161 Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) Ineniiidensdsazinaansemgesisaiusd 91t PCR product L&l
yilsusans wazihasazaeiilduiinneidduinnglelnd Tnelfiniediianevidiuindlelnd ABl
PRISM® 3100-Avant Genetic Analyzer (Applied Biosystems, USA) ud3sitasiginaainuiindlalng
TngnmsiUSeuisunnuwnnavesanuinilelng

3. mAnninisuelrswadalulasuennalaiiiofigaiiendnuailudulinegevainans

thansazanefiduefideardlidinnududu 50 uilunfudelulasdng udimsesilaeindeamaney
Adueriinlulasuaninalash (microsatellite markers) 9 1p3osmnefidue neld Tag DNA polymerase
(Qiagen, Germany) Yiansazaneanuadadoniinusuiadumsue Tnoldlusunsused 94 e
wala 3 undl 94 ssmwaldua 30 Junit igamndl 50 3o 55 wie 60 ssmnwaLdEa ANEMMNTveq
annealing Yaalwstuas 30 AuNT uag 72 ssAngaldead 1 3uni 91U 35 59U ATITRlARISNSANE
WgeoLsaldy wdaniuiinszisuiudadaedenedumia (number of allele per locus, N) Lhag
AT BULINUTNTTUVRARZABE MITauNUInUANTuSIMsTugnssulagldlusunsy POPGENE
version 1.31 (Yeh et al.,1999) wag TFPGA version 1.3 (Miller, 1997)

NakazIaTal

ARdiL: nsasraseudnlfiuzinsvesnansunatnuzaiaethiduldinasiamdel

nsanasefediaioliiuzinmenans 1 et ldinsinszimaduianalolnaludn
yoenaalsnatadAiduLe Ao trH-psbA spacer region wan1sAnwIaIndogailelfuzdisvenans
1 feraiouniisuiuliuzshsihiigneuwisniswdiwm gl denTeuisusium 3 fegs
waglfuzahaiugiudos luunaiuiisriuiedluuinugneruwianidnam 10 degs Tiun urs
drnenlsl urihadenas uraheiuey usshdsaotiud uzahadodlng wssheihdy wwahenzdeutu
zshanesthuan uzdiuis wavizihindis nuiitudiuresiiSuevesiunziiwenasiildan PCR
product ﬁmumvhﬁumamﬁuufﬁmﬁm (380bp.) kALVUINAI9A1NNLIUT (680bp.) (Figure 1) Laznuin
Variable nucleotide sites T4 non-coding trH-psbA spacer region IuﬂaaiiwmaﬁLﬁuLamaq%u"Lﬁmamsuaa
nansmilouuvessheiiuidiewuasseanueaiet (Figure 2) wenanisegdlivesnansinmuduniug
yaiugnssalndifeafunshaiusudles (resiedu) (Figure 3)
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Figure 1 PCR product from the DNA of confiscated wood (380bp expected size), wild mango

(650bp expected size) and domesticated mango (380 bp expected size) at non-coding
trnH-psbA spacer region in Chloroplast DNA.

Remarks: No. 1, 2, 3= Confiscated wood; No. 4, 5, 6 =Wild mango; No. 7, 8, 9, 10, 11; domesticated mango varieties
No. 7= Namdokmai No.8= Khieosawoey, No.9= Phimsen, No.10= Chok Anan, No.11=Khieo Yai

w N EL a 5 L » o L] m

D T L L o P [ T e L [ O [ L (P I P

HD mangod COGGAATCAGAAAAATATTACCTTATAATATTATTAAATAGATAGAAACATTGAGTCTATTAAGAGAATAGTGATATTTTACATTAATTATIGGCATAAGG
Rild mango2 COGGAATCAGAAAAATATTACCTTATAATATTATTAAATAGATAGAAACATTGAGTCTATTAAGAGAATAGTGATATTTTACATTAATTATIGGCATAAGG
Fild mangol COOGAATCAGAAAAATATTACCTTATAL ATAGATAGAAACATTGAGTCTATTAAGAGAATAGTGATATTTTACATTAATTATTIGGCATAAGG
Confiscated wood TCAATCC TIGeccet TTGATTACTACAACGAGTC ACAGAGCG 17
DometicntamangoNemddomal) TCAATCC TIGecccet TTGATTACTACAACGAGTC ACAGAGCG 17
Dometicntmango®himswoe) TCAATCC TIG6CCCCT TTIGATTACTACAACGAGTC ACAGAGCG 1T
Domest cataman go(Phimsm) ACAATCC TIG6CCCCT TTIGATTACTACAACGAGTC ACAGAGCG 17
Domesicntmango(Chok Ares)  TCAATCC TIGCcceT TIGATTACTACAACGAGTC ACAGAGCE 1T
DometictmangoPhetbnlay  TCAATCC TIG6CCCCT TTIGATTACTACAACGAGTC ACAGAGCG 11
DomesicatamangoFlaa) ACAATCC TIGecccet TIGATTACTACAACGAGTC ACAGAGCE 17
DometicntmangoRdonbay)  ACAATCC TIGCcceT TIGATTACTACAACGAGTC ACAGAGCE 1T
Domesscatmangoikineg) TCAATCC TIceccer TTGATTACTACAACGAGTC ACAGAGCE 17
Domesicatanango/Khien Fai) TCAATCC TIG6CCCCT TTIGATTACTACAACGAGTC ACAGAGCG 11
Domesicataman goKlnay) ACAATCC TIGCCCCT TTIGATTACTACAACGAGTC ACAGAGCG 11

Figure 2 Variable nucleotide sites in non-coding trnH-psbA spacer region in Chloroplast DNA of
confiscated wood are the same as domesticated mango varieties.

Domesticated maneo (Phimsen)
43

Domesticated maneo (Falan)

31 Domesticated maneo (Kluav)

_r Domesticated maneo (Chok Anan)

aqlo2 Domesticated maneo (Kalon Ban)

Domesticated maneo (Khieo Yai)

Domesticated maneo (Kaeo)
100

Domesticated mango (Phetbanlat)

Domesticated mango (Khieosawoey)
65| Confiscated wood
Domesticated maneo (Namdokmai)

Wild maneo 3

Wild maneo 2

48 Wild maneo1

|_|
0.005
Figure 3 The phylogenetic analysis at trnH-psbA shows that the confiscated wood sample has
genetically closely related to domesticated mango varieties than wild mango. This means
it is from one among domesticated mango relatives and is not the protected wild mango.
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1

ARl 2: maszydldivesnansuaztidesvasnasluiinmaduviafeafuviel

nsAneIdesethaiels 1 fhege (Fhegredl 1) uarlidesvesnanssiua 3 fregs (Fegadl
3 uay 4) Faldihnsinseimaduiandlelndlusuminesfiduewarudiuvesaaslsnaianiidue
o Maturase K 8 waz trH-psbA spacer region wan1sAnwlunismasuiinaalelnalu Maturase K
Bu nudaunsainusinafidueldifisaiiened 3 uaz ¢ udnseinadiduiandlelndlaenis
Wisuliisumnuunnsnavesdduiiindlelns Augiudeya DNA barcode vaslifnluuszimalnedily
ymsAnuunouniig wuidedned 3 uazd Wuliedadisrtusaziianuduiugnetusnsnilndides
Auliluaedus (STERCULIACEAE) (Figure 4)

100 69, Cinnamomum porrectum
4,_( ‘innamomum iners LAURACEAE
100 Listea elliptica

Knema furfuracea === MYRISTICACEAE
63 g I Melodorum fruticosum == ANNONACEAE
100 Platea latifolia === ICACINACEAE
i Alstonia macrophylla === APOCYNACEAE
99 Millingtonia hortensis ==— BIGNANIACEAE
100 L Tectona grandis ——= [ AMIACEAE

Diospyros areolata - e S
B i 5 e | - - -
100 Diospyros mollis } EBENACEAE

18 —f Piper retrofractum === PIPERACEAE

99 Elateriospermum tapos === EUPHORBIACEAE
100 i

Mangifera foetida | ANACADIACEAE
s Bouea oppositifolia | '

64

Lepisanthes fruticosa === SAPINDACEAE
929 U 100 zadirachta excelsa
99 9] E Azadirachta indica A.Juss. var. siamensis : i
[ | 100 — C '."n.‘k!‘a,\'."f_t tabularis MELIACEAE
g q—l E Toona sureni

95 Swetenia macrophylla
Lagerstroemia villosa === LYTHRACEAE

r Artocarpus lacucha | MORACEAE

L Antiaris toxicaria R

45 94 |Saraca declinata N

Saraca thaipingensis

Saraca indica

Sindora siamensis

Intsia palembanica

Pterocarpus macrocarpus .

Peltophorum ;fu'rm'm'pc.‘m . > FABACEAE

Cassia fistula

Xvlia xylocarpa

= Parkia speciosa

= Dalbergia cochinchinensis

A Archidendron jiringa

100

100

85
99

e
Sample 3
Sample 4
Mansonia gagei STERCULIACEAE ]
Sterculia foetiba
Pterocymdium tinctorium

73 e
7; Bombax insighe === BOMBACACEAE
66 — Shorea foxworthyi 3
Anisotera costata
04

Hopea ferrea
Shorea siamensis

Shorea henryana
Shorea roxburghii
Hopea odorota
Shorea guiso o : e
Paranephelium stellata > DIPTEROCARPACEAE
Dipterocarpus kerrii

Dipterocarpus grandiflorus

Dipterocarpus alatus

Dipterocarpus obtusifolius

sg| Dipterocarpus turbinatus

Dipterocarpus costatus

Dipterocarpus intricatus J

—
002

Figure 4 Phylogenetic relationship of confiscated wood and forest tree in Thailand at MatK gene.
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nansinwriselulunismdiduianalelnaly tmH-psbA spacer region ¥89nanIanLa
4 s wuin Megeil 1 uar 2 Wulivdadoarfuasdanuduiugmaiugnsslndifesiulinguan
druseg9i 3 uaz 4 Huldfadaforfunasiauduiugniesiugnssulndifsedulifluledle
(STERCULIACEAE) diatiusswuingnededt 1 uay 2 \ulsiauavaiinfuiiodnait 3 uas 4 (Figure 5)

Sample 3

86 Hibiscus ...

% I: Hibiscus ...

L Quararibe... — STERCULIACEAE

A @ | Sample 2
Aquilaria.)

100 H '
Sample 4 | A |__ Aquilaria crassna

- Al (Agarwood)

A3
L4

0.05
Sample 1

Figure 5 Phylogenetic relationship of confiscated wood and forest trees in Thailand at trnH- psbA- region.

ARd 3: Maitiadedntulivasnans 142 Fudnnanduladuntisvadlifigndnasudavialsi

nansigaifogdlinggawasnans InensinsginansiduenSsuifiouiesiulivesnans
fanannd1 Wusuedumefiusngluuinadiiameuield

Mnmslesginanaiiutulinggevaanansduin 142 $u ffegaduldifiannsaatafifue
wazshmaiuUuiisuely 1-9 wiesmnefsweld 64 dets wawidlethiesnatuliiv 64 fheghg
uihnsFeuiisudnuusmatugnssuiusiogimelsl 3 neflegluunaiiAamamuin

1. nmsfneiluedomsnefiu 9 wdoawmnedl 5 iowmmnefdueiianmsouenaeliiis 3 ne
sananiuld

2. fifrednatulyl 2 fredeie Methetuliiand 29 ez 30 Hdnuazmatugnssuimiloudu
Fregemaldid 1 (Table 1 way Figure 6)

3. fhegnatulel 61 fogs Tdnwarmaiugnssulimiiounsliiis 3 ne Aofulivineas 3, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 24, 25, 27, 31, 32, 33, 34, 35, 39, 40, 41, 42, 47, 48, 51, 53, 54, 55,
57, 60, 61, 62, 63, 64, 65, 66, 67, 71, 712, 73, 74, 75, 716, 77, 78, 79, 81, 84, 90, 91, 92, 103, 131, 133,
134, 137, 138, 140

4. fshegnatuldl 3 Medniifidnuusmetugnssulnddafunelid 1 Ao degrsdulinaneiay
43, 49, 36 uaz93 (Table 1 way Figure 6)

Geagulsrinlimeeaoenatios 1 dulugnenuwisnigndnasudnegnafiangmng



Table 1 Genotypes of confiscated pieces of wood of Dalbergia cochinchinensis and 3 stumps

from illegally logged Dalbergia cochinchinensis trees at 9 microsatellites loci.
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Genotype in 9 loci

sample 1 2 3 4 5 6 7 8 9
(COC 011) (COC_08) (COC 06) (COC 05) (DELB 18) (COC 018) (COC 07) (DL4) (DELB 120)

stump 1 11 23 11 11 12 11 11 33 11
stump 2 12 12 11 11 12 11 12 33 11
stump 3 34 13 11 13 22 11 13 33 11
3 11 23 11 11 22 11 11 33 11
8 11 23 11 11 22 11 11 33 11
9 11 23 11 11 22 11 11 33 11
10 11 23 11 11 22 11 11 33 11
11 11 23 11 11 12 11 11 13 11
12 11 23 11 11 22 11 00 33 11
13 11 23 11 00 11 22 00 00 00
15 11 23 11 11 11 11 00 33 00
16 11 23 11 11 22 11 11 33 11
24 11 23 11 11 22 11 11 33 11
25 11 23 11 11 11 11 12 33 11
29 11 23 11 11 12 11 11 33 11
30 11 23 11 11 12 11 11 33 11
31 11 23 11 00 00 00 11 11 11
32 11 23 11 11 12 00 11 00 11
34 11 23 11 11 22 11 11 00 11
35 11 23 11 11 22 11 11 00 11
36 11 23 11 13 00 00 11 00 11
39 11 23 11 11 22 11 11 33 11
40 11 23 11 11 22 11 11 33 11
41 11 23 11 00 00 00 11 23 11
42 11 23 11 11 22 11 11 33 11
43 11 23 11 00 00 16 11 33 11
49 11 23 11 00 00 00 11 33 11
51 11 23 11 00 00 00 11 23 11
57 11 23 11 11 00 00 11 23 00
60 11 23 11 11 00 00 11 23 00
61 11 23 11 11 11 11 12 33 11
63 11 23 11 11 12 00 11 23 00
64 11 23 11 11 12 00 11 23 11
65 11 23 11 11 12 00 11 22 00
66 11 23 11 11 11 00 11 23 00
67 11 23 11 11 12 00 11 22 00
71 11 23 11 11 00 00 11 23 00
73 11 23 11 11 22 00 00 22 00
74 11 23 11 11 00 00 11 22 00
92 11 23 11 11 12 00 11 22 11
93 11 23 11 11 11 00 11 33 11
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Figure 6 Cluster analysis at 9 SSR loci of confiscated pieces of wood of Dalbergia cochinchinensis
with 3 stumps from illegally logged trees and 7 trees in Nampong National park (NPK) in
Thailand showing that confiscated wood number 29 and 30 are genetically identical to

the stump no.1
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Log chutes: an alternative for wood transporting on Thai steep terrain
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ABSTRACT

Timber extraction on steep terrain mainly operates by manpower and animals, because of
limitations of machinery and forest access. Forest machines can operate up to 35-40% slope,
beyond that only manpower and animal are available. Thus, the timber extraction on steep terrain
has limited working methods and choices. This study introduced new timber extraction method to
Thai steep terrain conditions. The aims of this study were examine the productivity and evaluate
the project economics value. The hypothesis of this study were log chute may improve work
efficiency, reduce workload, and decrease logging cost. This study carried out at Angkhang
Agricultural Station located in Chaing Mai province. The result showed that the productivity of log
chute was 2.73 m*/h, which was two time greater than timber extraction by manpower. The project
economic analysis stated that log chute extraction method is worth to invest. However, before
implement the log chute into the logging site, the operator should take the log chutes limitations
into consideration.

Keywords: log chutes, timber extraction, steep terrain
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Uszundandaaru Jaguiladreluiiesiu n3eeranailaindunaluladfinuizay (Appropriate
Technology) meldiusunvesUsewmelng n1sfnwilingUszasdiiefnuindaninuasUszfiulasinisly
FaAsugenansveinsuszgndldasdsliviou

aunsaluazdsnig

’qUﬂizﬁﬁiﬂumiﬁﬁmﬁﬂﬁﬂauﬂizﬂaué’w Wofid (Polythylene: PE) Yu1atdurnaugnaIs 40 @,
(tvuavewioannsauiudsuldtusgifumualifidomnissdnan) Wenledng waradiu

Brsfarersddiiviou Swiolud

1. tAseiefidnuennaennueie wsanmainvielidus

2. douviuUatsressns 2 radadeiu snsmnegadousevines Mnduldaiiuanes
diefiazldsienanlumsadondendmiumsassuuindluiiuil wieuituhmsimussialfuidnia
Uanemaiuiefemetuuamenaile adileauazainlunishnis

3. indoufhessludiusnaiifimahldifernisiafs msfadsmsnssiiiazas fadmaens
fuhdnann mndeluasifeianuaseeiansinansgiuauagliaunsaniunuld n1sfndarinlé
TnedresensdalssssfuiuliBuduiioglndifesdedonlodns afuialosroritenszanednin
MIMIRLITIELsaUSUlAslUmuirnafisesnsle (Figure 1)

0. \fodousorsimuadndeiu linmaunsaifingshmiiidusangaveulfinnsliuina
Uanes1esuans 1wy enssasust veulsl Wudu ilevzasmnuiiivedliuaglililsiivasenuonuiiim

Figure 1 Log chutes installation and how it works.
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2) Udeglifasgaeddlsl wae 3) dadedlifvinaaesadls nsAnvinadlflunshautdaging
Jufinnauwuusawdossufiniduiial wagynistuiindinaniildluwdaseugesldnaiuiuieds
Tuinnarlumhguendeddunit (cmin) YonaINASTULIAINITHILLE vioulinvieudivinisdne
avfosdinstuiinanulauazainuend wWethudwamanuduiusseninasseznafidiuusuanud
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Uanesesuuuitonuazmnlunsdnannls aunuasimidilunsenldanituniennnedlinneasuy
s niuldeslivioulsinaasgiudsdousidiucn Wasidouiidaszeglume olfindouiiund
vinuUaesudnedaunudnyaniaimihilunisinssdeulfegiudn mnanuenvessiuem
Lifssnamueuliiiisndosns Whinsedoutolitmunauntouneanis antuswinsnaeuie
seaauazinddlmisnads antussdndedddanning vhedriludes 4 suninezdndedldiiome
unfevmenlsifidesnis

Mnnnsinvualsinavieunuitdaiulaedeveslsviou (Fusigudnansnanaiew) wiidy 8.7
WURAT AMNeTIRde 1.9 wes wasUTunswdsdndu 0.012 auaveu szeznandildlunisdndesld
\ndoufiaisesaunisyinuiiu 15.70 Junfl/seun1svinaiu (Table 1) ilefuannana nudinud
s1ddlivieuiindnnimnisviaumindu 2.73 ava/va. Tuvasiinisandedifiousauauindanin
WA 1.19 au.a/vu. wIsldszaziianlunisvingusn 51.60 Aunil/seun1svinenu

Table 1 Descriptive statistics on working time.

Hooking  Dropping log  Arranging  Total working Total working

log to log chutes log time log time manpower
chutes

Minimum working time, 0.90 1.25 0.32 6.06 8.40
(seconds/work cycle)

Maximum working time, 18.26 77.53 11.154 98.02 177.60
(seconds/work cycle)

Average working time, a.74 5.54 543 15.70 51.60
(seconds/work cycle)

S.E. 0.09 0.24 0.07 0.31 1.80
S.D. 2.59 6.80 2.07 8.78 28.80
Variance 6.71 46.26 4.28 77.16 6.90
n 790 790 790 790 357

Nannmuasnstnanliifesruussddliinnnisanuimingu 2.73 aus/va. eemdudeayih
yoan158nanli@roussIuay nasInnsANEIELnALABeTUNSANYIYes Ghaffaryan (2014) uaz
The research agency of the forestry commission (1994) Fnuindnnmuesnisdnainliivnessuusads
fivinfu 2.32 uay 3.79 aua/au. mudsu wenandannsenuluneuldvesUssmameesuinuin nan
alunsandedldfemedddiaagssaing 1.8-3.7 ava/m. seituegfurnalifivianisdndes Bl
fvurnlug wianmitasBegelu Recoftc, 2015) FelndiAsafunisAnululszinaseainioves
Proll (2000) wuiwannmlunisanasdliidaeseddldifinsemwing 1.6-2.0 ava vy, Tnednwluituiias

a

AUAIATUTENING 34-38 LUasidus Aulavesvieuliiiade 14 9. FIn15ANEI909 Proll (2000) U

3
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AeudauanA9InnsAnvdunssivunaueveweuliieninit nandelferiadewiitu 3.8 u.
feenudu 2 wihwosmsinwnd

wenanialdinelunstnannliifeszuumsdsianmsdnuivintu 61 vim/ava. Sdndides
funsAnuiues Ghaffariyan (2014) Aenlddnglunsdnanliiviniu 1.99 neadrfanss/auy. (Uszanm 66
v/aua) seuumstnannldfenedsliifussuuiiaunuiureuinniian Wesanidunisreunssuas
auulifenfuwunuioanvieuliifunavasundemues Fansivvanszesnaifldlunsiauliiu
RERNN

91nNsAnIEAIIEIUNARBULMLSBRUNL (B/C ratio) wudidlAiunnnin 1 dumnefissuunns
Sudelifessddivioudumsiuninisamu wenaninwuiniaislunisusadiulasanisaindn IRR uaz
NPV ltnanisdnaulafulasansidululuiuesdenfuinlesinsifinnumneauludaasvgenans
(Table 2)

Table 2 Project economic value analysis.

Economic value analysis Value
Benefit-Cost Ratio (B/C ratio) 1.58

Net Present Value (NPV) 213,128.05
Internal Rate of Return (IRR) 97.29%

vy
v Y

MeildamInvessedsliivioufoninuenvee319geanlinigiiu 200 wns (Recoftc, 2015) 519aaly
laignunsaselrenawiulule Lﬁaaé’wmmmamaqmmﬂa@mﬁsLLazm‘L%ihsﬂumsawu Joeseislunis
IﬁjivumwaﬂuﬂalmmiasflﬂamLmiwaﬂ,uLLaviJmaiﬂﬂuivmNmmsmaaumaiu wietlostusunse
maaummmmmaavmﬂsuuivmwmsmmu wiu ldnansenainsne udu FatupunuIzdesinwsEee
Uaansie iuagiﬂaummwmmmumimLamlm 9INNsANBIEINNsaaIUTef-Tedinveinsandeald
Aessdwiould (Table 3)

Table 3 Pros and cons of log chutes.

Pros Cons

+ Easy and handy to install Breaks are requires at the end of log
+ Energy saving for workers chutes for safety reason
+ Occupy only 3-4 workers to operate Mainly operate with short logs i.e.
+ Low investment with long lasting uses firewood
+ Log chutes can be expanded More dangerous when longer distances
+ Less environmental impacts compared of log chute

to other extraction methods Cannot operate on flat terrain,
+ Direction controllable minimum slope required 20%
+ Speed can be controlled with breaks Limited to downhill skidding. If would

inserted in chute

like to do uphill skidding, winch is
needed
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ABSTRACT

This article presents the concept in the design of the simulator’s timber extraction tool in
the logging system of teak plantation. By studying a movement pattern of piling process in the teak
log yard, two types of machinery were used: 1) the farm tractor is used for moving the logs on the
ground, 2) the forklift loader is used for lifting the logs up to the pile. Using several machines in one
work phase, resulting in the complex pattern of working with low performance. In mechanical
design, it is necessary to know about influenced factors which may have an impact on lead time of
timber extraction. Designing timber extraction tool was aimed to increase efficiency in loading log
and reduce the amount of machine usage. Furthermore, the financial analysis of the production
tool was also included this design.

Keywords: extraction tool, designed machine, logging system, logging equipment
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avwiln uazdnuiedednuarmsmenmvasivieufineinasiinansenusenisindeuing lieuusnameu
U Wethraild i duwmanisesnuuuiedssdiaindouingiveusuuuiimnray faunisaelui
(Saarilahti, 1992)

SAUNSNADS
T(total) = T(travel unload) + T(hooking) + T(travelloaded) + T(unhooking) + T(pushing)

safiuldl (sa9n)
T(total) = T(travel unload) + T(loaded) + T(travelloaded) + T(up pile)
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W9 Tiotan AD 1IAINNSVINNUNUYBUATDIRNTVINUA L ULGaETOU (AUT)
Titravel unloady A8 L3AIMLATBININARAUNTRUE Il Gund)
T(hooking) Ao Launsnwesyniglivieunvinnsdiaveuseuiey (Guii)

Titravel loadedy A8 3A17LASBIININAWRGOUE e lIviaulUmnasllinnuaunas Guid)
Tunhooking) A9 HIAunsnimesUanlgndinlivieulinuavnes Guii)

I~ 6 o Y1 Y a [ [ a =
Tepushing) Ao LaunsnwesauldvieulildiFosiuduun Guii)
Taoaded) Ao ansausInnldvieulUiesnuavnaclyl (Guii)
Teup pile) Ao nasansuliidunssaumien NSendy Tunes Guii)
, _ 3600V
Tiotal
e P Ao UszAnsnninIasdnsnavihuladentaenan @nuidnwns/dalug)
T A LIAINTVNNUVDAATDIININATMUALULARZTOU (FU1T)
v Ao Usumsldesesdnsnavihaniluwsasseu (gnuidniuns)

1.2 Mylnsevideya
foyaildannssunudeyannmeauazgnioudieionenfinmes uaziinszsiniseda
19U M3UINKAIANNE MaMRABUANLLYSUTIUTBsTeY uaziUSBuisuAadsYeIngui e et e
afnw evmanuduiusmeladefiindesturisnailunsiaveasiesdlenldegifu selusunsy
Awavneada thlulflunsesnuuuiniesiefmnzaniensindeudneliviousioly

2. mssenuuUIIaanfaulglivioudtaengldlusunsusenuuudizagy

nseenuuuiesilaindeudnelivioufivnzautusuuuurestuneumsvuddlinoutuiioums
Sapenadlivueulions wan1sfnwainds 1) deunseanuuutuAnannsdnnieduauinisauiiu
amwena3asieazauisaadslanuanuiuase Fisure 1) warfnwainadesdiondeudieliviouves
AsUsEmafiansaUszgnavietnalnine 4 uldfunsesnuuuieiesiiefmnsaunuguiuutuney
nsvuddliviouneutiaiudiudune lnsl#idnadsududiuniesiiofelusunsueanuuuduiagy
(Giesecke et al., 2003) ﬁﬂ‘fi

2.1 madewedesiioduaedily 2 35 Wunsdeuwuunin 9 wdithia$aduiusuusiass
Mningetnade Wlednwiuazifiunalnveasissile

22 ahstunulidu 3 37 udnhundszneudu Tunulseney

2.3 daesszuunalnmsiadeulmveaiosdeindeuthelivieu e doyavnanamans 1wy
fumis m3d wardeyaniemamans 1wy ussUFAsen useigaiden

Wshunalngng o
LAYANANNTE
YDIUATOIAULUU

TUsunsueenuuy
°o @ aa
dusagy 3 U6

QRO ULy A59AULUUN
indoughgliivien msvuddliineuls Tagedeig

Figure 1 The design processes of the simulator timber extraction tool.

3. MIAATIEINNNTRY
& % 1% A A = o o °
anuduldldveddasinsadiansestiewndoudgldviounuguiuudiassainlusunsuesniuy
du5a3U vhnswssinaneuwnuniainisiu tneldagnesig o lunssuiunmsadaesedianioudneld



nasus:=ygunisUNTdUs:=310 2560 159

viewduwuy fvusliorgmslinundesiieindoudreliviousglurag 1-30 ¥ rvdaunangieunsnines
yasnumaeas (Useiiies, 2548) ndninaminldiarnummnzauveslassnist 3 35 (§uf, 2549)

3.3 dnsmanauknusionuyu (Benefit cost: B/C) nanefs dnsdiuseninsyarilagiuves
NanoULMUlFFUIINNsasu fugaridagtuvesatldanelunszuiunisairaedesileindoudneliivieu
dunvy Roulvlumsdadulalunisasmu fe B/C faannnit 1

B
E _ Zt:l (1 + i)t
C . Ct
2oy (1 +)

fo B Ao nameuunuildsuvdonelsannsliiedesiioindeudneliviewludi t
G Ao mldglumsamuaiaaiedlowndoudnelivion
i fle SnAnan (discount rate) wienonile
t fe szeznanslinuedosdiowndoudrelivewtid 1, 2, .., 30
lng n Ao 91gn1sldeu A 30 U
3.4 yard99Tu (Net present value: NPV) winefis masnsszninayarniagtuvemanauunud
1#5u fugatagtiuresiunuiiiatuainnisamulunssuiunisaiaeiesiiowndoudelivioudunuy
Soulvlunsdndulalunsamu fie 1 NPV fidwnnnin 0

n

", ¢
NPV=;(1+i)t_z(1+-)t

=1

3.5 $nsmanouununglu (Interal rate of return: IRR) Mg Sevazveananauunulisy
mnmsawulunszuaunsaaeiesdlendoudieliveusuuuudsife snsildsulusnsnanuunud
wauulngliyadtagiuiidiiiy o Geulvlunsdadulelunisamudion IRR fidwinniAsnsAn
anfifivun

IRR = DR, + (DRy — DRy) X ~— vk
NPV, — NPV
dlo DR, Ao dn31@man (discount rate) Avilst NPV>0
DR, 78 snsAnandivile NPV<O
NPV, fie yar1UaqUugmdves DR,
NPVy  fie yar1tagiugndves DRy

HauazIAIal

1. namsAneguuuutuneumsinieudrevievudslinaut

MnmsAnssUuuiunsumaedeuineliviouluduneunsdaiFesunediiuinamueuldions
th (Figure 2) wui finnsldiaesdnsnanavun 2 ada Ao saunsnmesmanisinuas wazsafuld (sas)
dosmnauthlifnuuseiiuiivaeulfonsivnadn Ssfenhnmstadesmunedliiduaumisuny
iuneaifiesonisuseyaldidn Tnglunszuaunislisaunsninesanlilumuavnesiu fimnududouves
mMevieu guitRnudesanliluudasifierifiavnesiivheiu enaiseuduaidunismiaunsauasviily
Aodunanisthaniliiduiiansietu dannuannsolunisaintdils 1-2 vieugawiniu fewdunis
yhandldussansamauh dealmAnalding svoginan fiugedu
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spaalan finlilnqele sodansaulal Uanle nognulyl
A
5 Yunaaldl wwanusansaulsl anlyd Jasaidan

Figure 2 Procedure of timber extraction by existing tools from top to below on farm tractor (A),
and forklift loader (B).

31NN55IUTINTYAlUNITITeeTINneUTIavIulln1s Aedeyan1uliain1svinauves
wdosdnsnaiildegifuionn 2 via DnsvhauvessounsnesNanRsTIvrnedoude i
anlufuiiufy Srunusegaianun 99 sounisvhen 2mavieuessaduld (sna) Aldnvumedoude
Wiwwvsnifietunes Swuusegaiman 176 sounsviem vsnduamaadidesiu nui Aadeves
naiildusEavsamussnvhaunsninessinensuazseuuariidgeninishauessaiulsl (s09)
Useanas 2 Wi (Table 1 - 2) Feszazmidlunisideudnelillnssaunsninesiimgeanuszanas 302.39 wns wi
Tusuuuunandeudgliivessaiuldl (sna) duarliifiszosnna domnluiuneutunesduinadunsnines
yremsnuassneaduueuaunedtireunthil

Table 1 Descriptive statistics for farm tractor in procedure of timber skidding. (N=99)

parameter min max average SD
Working time (minutes) 1.78 9.27 5.05 1.37
Distance (meter) 65.65 302.39 156.97 52.79
Log length (meter) 6.20 2.20 4.93 0.65
Number of log (logs) 1.00 8.00 4.00 1.45
Log volume (m?) 0.07 0.74 0.39 0.12
productivity (m*/h.) 1.75 20.29 4.86 2.23

Table 2 Descriptive statistics for frontend loader in procedure of lifted onto log piles. (N=176)

parameter min max average SD
Working time (minutes) 0.53 10.21 2.36 1.58
Number of log (logs) 1.00 11.00 3.00 1.67
Log volume (m?) 0.05 0.23 0.09 0.03
productivity (m*/h.) 0.36 12.34 3.44 2.42

naunsnafildlunmsedeuinglilunmssnssmunasiinanuudadndy Wunseuaaiade
yeanausaviuneulunsindsssunesusnaeuliinnsildirdesdnsnanmmn 2 ¥l (Table 3) Tufe
saunsnnes Adanlunmsyautaaausyan 5.05 wiil/seunsineu wui namssulivessaunsnnes
fiAngean wazsafiuldl (s0e7) T nanmsvinuimmndsyana 2.36 1niil/seunsvinauy wui natuneses
softulsl (5097) fengaga vilianunsadatymniseeniuuldananudesnsiiazannanisduliuaensiu
naﬂﬁmmgﬂLLuumﬂ%Lﬂ%"aﬁmﬂa%ﬁﬂLﬁ:u Lﬁ@ﬁﬂiﬂgjmiaaﬂLLUULLmﬁmdwzamnaﬂu%y’umaumﬁﬁwm
pananilaeeials
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Table 3 Average times of procedure of timber extraction cycle.

Type of vehicle procedures average (minutes) SD

Ttravel unload) 1.07 0.39

Tihooking) 1.05 0.50

Farm tractor Titravel Loaded) 1.00 0.36
T(unhooking 0.71 0.36

T(pushing 1.22 0.59

Titravel unload) 0.38 0.26

Forklift loader Ttonce) 0-56 046
Titravel loaded) 0.66 0.46

Tiup pite) 0.76 0.92

MnmsfnmglLuunsIurenaiesdedldegituty Jefefiinaronainsindeudneldl Taun
svarne Ausvesiould USunasll wavdawitoulsd fuaansrhenlusdasseuiuiiniuduiug
inniigauduaieuliiusmnldlunsldieesdnsnauuuiiu G R=0.64 Aiszdutiuddny 0.01 wagilen
R=0.47 fiszdutiuddey 0.05 aud1diu (Table 4) Fudupseenuuuiriediondoutolludnvar iy
nszuzussnliilddiuaunn Weanduuiealunsndeudeliludnediiing q Ssaenadesduna
A1sFnETes Mousavi (2012) i nanmsvanuresaiamesfildanliduiiauduiusiusuaureuls
wisghslsfinuludiuestatoanuenveweuliildmaniusiesidesnndadedunnieades sgradu
armegvesleiliyniinlifiviou

Table 4 The relation of each measured parameter with timber extraction time.

Distance Log length Number of log Log volume
parameter 3
(meter) (meter) (logs) (m°)
Farm tractor 0.28 0.29° 0.47 0.46"
Forklift loader - 0.12 064" 0.20

Remark: " Correlation is significant at the 0.05 level (2-tailed)
™ Correlation is significant at the 0.01 level (2-tailed)

mAnzimsanneyiiietinadaunsanaesnensaiansiereaaissdnsnadldogifu
ey 2 90 e nafldlumsinmuessaunsnned wuit ansaneinsalldansresmemaanliiuag
Sruruvieuls! a1 R=28% Aireudrsruazan SE fige dwiunafildlunsvirnusafuls (saem) wud
aunsamensallifananuenvediviou dnnuvieuls! wazUSainaslsl e R=38% firouted (Table 5)
HaNSANWIEDAARDIAU Feghhi (2010) 11 giJLLmJamﬁm'«ahiﬁmmmmzamwﬁﬁmi dlosnuansine
Mndeyaszormdlunsanlsl enafimumnudiusiutadeduililiviinsfine Wy anumeduvemon

a5 wavdsniaunegnatunalsl

Table 5 Travel time equations (regression model) per timber extraction cycle.

Type of vehicle Regression model R* (%) R%g(%) SE  Sis

T=145.98+0.36(distance)
Farm tractor 0.30 0.28 55.27 0.00
+21.02(number of log)

. T=16.70-0.15(log length)
Forklift loader 0.42 0.38 0.77  0.00
+0.54(number of log)+0.47(log volume)
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2. NANTS2BNWUULASDaIARR U ITviauNmuzauTuIUABUNISINLSENTIUNDY
msaaﬂLLUUmiaﬂ:ua‘muLLiamamuUﬂmaqmumaﬂLﬁmmem Aaude Lﬂuasm@wiami

= =

mamlmwummmaamimuawumuamwvmmw%m Fenseanuuulildiniossiefiimnyauii
$ududedinsinuniadefitnadenaimsindeudels (ansanwainde 1) Wesalymnisesnuuu
insesilendoudheliveuiivnzanuinadntesunemueuldans dilne

1. aanainseuled

2. aanainsiunadlsl

3. WaszAvsnmnisussynlifluusagseunsviau

Figure 1 flo mndnvalveussesdlowdeuinelivieufiunzarlunudndosaunes (A) fdnuvas
Tumsvireuded Faaurnsavliuvunsyuy (8) YUIALFUHIAUENA1 0.40 - 0.80 LUAT UAZTBITU
druinlumsenusazasaldliiu 0.58 du fsruunsvhounutlanseanderadfumnarsiusidmise
FEUUNN 3 90 (PTO) VaI50uNINNesnNIsinens dmsunszusiimeniadiiumesaunsnines (O a1
sossuthwiinldlaiiu 12 fu Sdnvaefiay Aonsmlfasiuirdieglusuuuunedsinuiaunesiissyly
vulal %su'wamwznaﬂumié’uiﬁuazﬂﬂiﬁuﬂaniﬁmﬂgﬂLmumsv‘mmm%ﬁmﬂaLau

MnmsoanuuLesandeuiheliveutuinlildtoyaiunas fulsslovdlumsldfinsa fanluy
mMsadsfuLuuTetaisafouinglivieuneulfinradlunuindessaunasuinaueuliinns Tne
paslrmiladerinundasauararnuvasnseauianssulunseuiuniseeld

Figure 3 The design of timber extraction tool. A is a concept idea for timber extraction

equipment. B is a grapple. C is a load space with side pouring.
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3. WAN1TIATIININITRY

Aldinelun1samu (Cy)

1. duyusuan Ussneude Tanilldaiaedesndoudelivou vietudueiesnatiiun
Uszneunuiilsviniseenuuuld

2. dunusuusany Wumiehuussnulunsidaeiedioindoudieliivieu S 1 du

3. funusimunsiigednw lussesnanesengnisTdnuidldtimuald 30 U dosdarldarglunis
douiruedesiaindouinelivou

s1¢laannsasnu (8,

seldanmsldiedosiioindeudieliviou dunildannsnelidn Srudeainadfnisdmngls
dnUsednt 2559 (31.A.-5.0.) vesesAnsanamnssuUlyl

HAAULNUNIINITRY

NNMFIATIRaneULUINsiuTeaeslandeudielivieustgnisldem 30 U AsnsAn
anfifmuslviredesas 7.70 198 nsuimsuisUszmAlng (Uszdudeu 1.a. 60) wuin msadaedes
wndeudnelivieud feh B/C innnth 1 wansinsamuataeionndeudieliveuldsuils dmsudn
NPV 110711 0 uanshnsasuaiaedesadoudelivouduldsusils uasdnsmanouumunelu (RR)
ffgsnindnsnaniiivunlilaeidnfesas 509 uansimsamuaaniesieindeudnglsveudulasinis
fimunithalasegsfanisugnairsenutlsfdn (Table 6)

Table 6 Financial analysis per machine of timber extraction tool by discount rate with duration of 30

years.
B/C NPV (bath/machine) IRR (%)
58.57 5,233,766.23 509.00

GELY

nsifeilesuedeiafefidmadonalunsiedeuieliveuresssuunisildaiuds Ty
nsfnwsUuuutuneunsdnFesrunesiiinisliaiestnanaia 2 wlindaedu fo 1) sounsnimedung
manwns Ilumsiedeudeliveuildnarduliigeian 2) sofulsl (sae) MWlunsdnFessiunesiildnan
ﬁfuﬂaﬂﬂgaﬁqm 1NFULUUNTIATBITINNG WU Hafeiiieatosiunsvhaurenaiesdnanaiandy
fauduiusiudauvieulsiinndign thdeyafenanunfundnluniseonuuuiaiesile edelinsg
fnFosnunadiiuasnmaadoudeldliiussavinmasiu Sanmdnuaivesroundoutheliveuiioanuuy
sl Yszneusie nszurusmynliveundeuiiuderstusausninesmenainuns fstaeannisan
lufufiuAy Tenssuzdfidnsaznamlsiasiuiasdsanssesnalutuneunsinnosliiuasdiy
Usgavsamlunisussynliviou Wunisandiuiunsldieiesdnsnaiivdeifisssounsnimednisnisinums
Wity

nnmsiengissunstulusasananiidivuafedosas 7.7 wudn fe1 B/C 1101 1 e
NPV 111031 0 wagdanIRR 1nnnindnsAnaniiiivun wansitnisasmuaianiesdeindoudeliveuls
fls datdu mbeeuiiferdosdiunsilifnasduaiuivasmuiunisiauieiode oy
Usgansnmlunisiau Wesnnlianeuumumsiuiidueiunsasmu

nsauesesdnsnamaduthldonaiidastadmiussmaiimdsiaundensuinduamuads
wsndwiunmsnanifienauaosdioindeudnelivouiimnzanlufurounisindssrunesuinamuouls
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asulgau nsviawmaluladlivg o Wedueiesdnsnan1ewuUldanmsusene wagn1531nAN
aulasawszdnSamnsihnuvesaiesfiendldegiiu Wudu

AnAnssuUIENA
nATeatuldEumuanrTeesifeuld esmnanunganvese s iuinwiiinszanss
vesiifeuisaesihuiuduiivinuuadlimuinuuumiduniadeuanuiving enaudluanuiiouies
paonUAUUELATNTfiaLeIn wavveveunuesinsgramnssunlsl Tlieueynsgianuily
msAnwszuunailiidn
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Aaantansiandvasldyaaudnanesiu K72
Physical Properties of Eucalyptus Clone K72

Uguned 298100 Tl mgndasian  way ey wiandn
Pathompong Wongampa* Wiwat Hanvongjirawat and Nikhom Laemsak
ANNZIUATERS WNINeFeINYRsAERS WANT NFIVNY 10900
Faculty of Forestry, Kasetsart University, Chatuchak, Bangkok 10900, Thailand
* Corresponding Author; E-mail: aon.pathompong@gmail.com

unAnge

TumsideillévinsinuanautfnmsiEndvesldyandudamediu K72 Adduigudnansiina
gaiigaen 5 - 6 ih Faduenedunausewing (€ grandis x E camaldulensis) Flesunswawaesiuain
Uit gandudamalulad lasldvinisnwdinnudasdume Arwduiiganinn Wosidusnisveda
ArwduaunaduesnImetinfigumgiinedl nssexlilvariiu uazArduusAnsnisuninszanenaiy
Falundazduldinismaassfiszfuaugaunnsieiu 5 sedu Ao 10, 220, 430, 640 waz 850 cm
MINAIFU hadauKUNITNAaBIRUUdudoultanysal (Unbalanced Nested Designs) 91nKan1snaaes
wuin ligandudaaedu K72 Saeudissinziianizouuiauaieegi 0.58 farudufiaanuinog
Tuts 28 - 33% msuadananzanfsanzeuLTsRdssiudula fusal uazduaue ogi
8.6% 5.3% Wy 0.4% MUy Aautuaunadveansmethiiguugiiae igungd 40°C fidrgendnd
onumgil 70°C Anseenlsilyasinumisiunueniidiadeegil 2.723 x 109 m? dwnsiariniseenly
Inarunisiududanagausadnuin liwuniseeulilnaniulurisaiudu 0 - 10 kg/cm? wazdlan
uUseAnBnisunsnaraemLTumeiumurg figaungdl 40°C sndntgumgil 70°C Tnerdiseand
MIunInszaeANLTURLiiATRNTY muesTudLIMS RN
AdAey: AnauURnaand ldyanaudaanedu K72

ABSTRACT

In this research, physical properties of eucalyptus clone K72 were studied. Diameter at
breast height of eucalyptus clone K72 were between 5 - 6 inches. Developed by Eucalyptus
Technology Company, Eucalyptus clone K72 is a hybrid between E. grandis and E. camaldulensis.
Physical properties of eucalyptus clone K72 such as specific gravity, fiber saturation point, shrinkage,
desorption isotherms, permeability and moisture diffusion coefficient were studied. In each tree,
samples were tested in each difference 5 height levels 10, 220, 430, 640 and 850 cm respectively
and an unbalanced nested designs were used for analysis of variance. The results showed that the
specific gravity of eucalyptus clone K72 is average 0.58. Fiber saturation point are the value between
28 - 33%. Shrinkage percentage of green condition to oven-dry condition in tangential radial and
longitudinal directions are 8.6% 5.3% and 0.4% respectively. Equilibrium moisture content of water
desorption at temperature 40°C higher than that at temperature 70°C. Average value of permeability
in longitudinal direction is 2.723 x 10® m? and impermeable in tangential and radial directions in
the pressure values between 0 - 10 kg/cm?. Moisture diffusion coefficient in transverse direction at
temperature 40°C lower than that at temperature 70°C, increasing of relative humidity increased
moisture diffusion coefficient.
Keywords: physical properties, eucalyptus clone K72
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A1t

Ifgaaudaduliaduianileiionugniunn wasduliinsugie awnsadydulalddlunn
anmiluil nudeannuindouiiuiuds lnedssmalnedfuiivgnldyaaudaogussam 5.3 §1uls
aunselivsleviannideldldlurengdaiiudussainm 3 - 5 U Usgneufudagtuldfinisduasuns
Ugnafrsaudiitofnuinaznawnulianniisssund dsazdaalinislivsslovianlilngadany
Aosnsidusleviluiuing 4 unauluiig (gudidednlsd augiumans, 2550; 155534, 2556)

Faneun1sldussleniarnideldifiondndundnsusludnuazans 9 Jusndudedineid
anantRvesldl liinzdunnaudfidng auandiniued uasauauifineildndvonidols iefiey
Fonldlsilfogagnies waelivssdvinm fenuanifmardvedliuazaiin viowhaduliaindeaiud
nu xlsindioutu Gae uagnsenan, 2508) Tasranautinisiiandduiioindunmensiddyosausn
flamnsoldesuednuasdesiurendeliiifiavine werduludmdutuneuniseuuisliuazsntenls
16 (35, 2533) 1y marmdsdung Soidumnuandinddyedisannvesls Jaasiinafeatumam
WIaLTe ANULT LLaz@mmwsumw?lmﬁm*flﬁﬁ (Rayirath, 2009) Lﬁmmﬂﬁh@mauﬁ&%aﬂamaﬂﬁ%LL‘UiBTu
ATINUAIANINET WL (Izekor et al., 2010) LLazé'J’aLﬁuqmauﬁ’aﬁLﬁsaﬁﬁ’aaﬁwué’mﬁwm%’ﬂmLﬁ@lﬁ
wazeruauldl 1w lifidnnudassiniggs avsrndenisdntieninvnieold nseuuis Shsnsusiedn
wazinaziadmdanniseunisty waganusaldaanudissimadunasilunindenldansseuld
Fenffuld (Simpson and Verrill, 1997) Aauduiigavanadaruddieafuauautivedls Wy n1s
s Auudauss warnaduauiuliih lneauautivadasiidfiutudoliiviinuanutuanassh
nigeamane (Ugad, 2502) daudnnuduiigavanadinnuanuddydeniseuuisesls Ae doenis
nFauiinntudefiazldlunsssmevesieeninuinged Feausafiuauguusswosanngliiy
ns1eeulslugasilé (Simpson, 1991) manasldfazBunadaiiearudusningavunn Gamaailuus
agfuazliviniu uaznisidenisulssulifdsuasienisnad uaznseuwislideduiu Tngliidemy
dusedl (quarter sawn) aziinsuadamediuniates n1stace wazdmisy 9 Watutesnildidessn
gt (flat sawn) wildidesmudusaituazuridlainniliidessn e (Ugeyd, 2542) wazldifidnnsve
fafigeazsinliduualduaziindmdsendnenisouusiald (Acosta et al, 2008) ArALTUANAAS
(equilibrium moisture content, EMC) 1ﬁlmazsuﬁ®ﬁmﬂ’gw%uama5me§hqﬁ’u \iesa1nAuLANeng
vosmumuntuvenduloilels uardpdiuvesansusznoumaailuidelsd ereutuaugadiduai
ddgluntsivuanssevlsd feluegiudniwavesanuiuduiviuazgamnd uazamsaldnsim
AruduiussEmrinsenaTsiuduis guugll fusaruduaugad Tumsimuafuuuaunsitldilssao
mm’mﬁvuamaﬁlm (Theppaya and Prasertsan, 2002) mmwaﬂﬁlmamummlu THesuenisadoud
vosmuturesuonNtLead fsussuafiaas (capillary force) 1flasamnannuunndnsvosaudy
(Uayd, 2582; Silva et al, 2010) 1HuanandAnldvanisaueindisluniseuld wagnisdadiels
(35, 2533) wavannsoldnsmenuduiusseninautu fusnsnsuis eSuisanissenlflaru
waranwauzvnIN1swiswesldld Jankowsky and Roberto, 2005) LATANIUTE VB NSNS NTYANEAINT
anunsoldesuensdemauluidels Lﬁ@lﬁﬁmm%uﬁmdﬁgwmmiﬁ (Youngman et al., 1999) Ex
nsiesginIsuninszateautuatuisoldlunisuseanaiigeldlunisevuialdls
Tnededddoyannuduiusszninmduussaninmaumninseaiemutu guvgil arududunad umun
vosusiulsl Arnnimasennia natlumseu uazAranuuenaslulnmaaty dddaeitiluldians
naaeaneliannganuiuluieliishningavana (Simpson, 1993) lnganunsavszendldiungquins
LLWi'ﬂizmstm%wumLﬁaiﬁmﬂgmsum (Malmaquist, 1991) iedmdenasseuldiieulduiilaid way
fmiifiAnannseulsitfesiigels (Tari and Madhoushi, 2013)
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v
a v A= Y

iioifunnsléuselemianlifygaaudaliinusslovigaan suideddsliidnunldyandusa
anediu K72 Fuduanedunauszwing (€ grandis x E. camaldulensis) filSuniswaunanadiuain usem
gandudamealulad lunguuidnauing esanlifgmausaaediu K72 Wusunuedliyaausdadiian
arununiuvenileliiuanduaedulml ffenimauisiauantfineiiand Tnsasvhnisinu
AuanSRsTiAndvedls] Iiun anudassumne anuduiiganan nisvai ssduaugaduesnisaei
onumgiiasd enseenllvariy uarAdUUsEANENTUNINTEAIBA MY lngvinisguidentddnuam 5
#u Tuuslazduazyinsmaaesiiszduaugsuansaiu 5 seu fie 10, 220, 430, 640 uay 850 LTUALLNT
puddy dieldifuatugiulunslissloniduliulsg waeinsandonldlufuneuniseulsl vie
Funeunseuthenldl wellmideliidaunmildmngfumadenldanulufwdy q dely

gunsaluazdsnig
1. manseuldaiegng
duidenlsiyadudaaediu K72 Afiduihgudnansiinnugafiesen 5 - 6 41 Tul S1uau 5 fu
Tnevhnslauldigaauiminaniiufulszanm 10 wufwes wididunsdaduuiuld enuen 15
U udazudulivineiu 210 wuRiues audiduaugedadoluil 10, 220, 430, 640 waz 850
HURLINT PABAANENTDIGL AunsesTalifiliduinaudnansszanm 4 T 15lunismeassn
ARaandivadidnd wagldvieuludiuaiuend 210 wuiwes dluldlunisudssuld

2. AauantAnanadnd

2.1 ﬁﬂLL’iulﬂmiJmmim International Organization for Standardization (ISO) 3129 - 2012

2.2 ANAUANTUNE NAFBUANNINTFIY 1SO 3131 - 1975 (E)

2.3 ANsnafn A uduRE AuSAT LagAIUAINE NAFDUAINNINTEIU ISO 4469 - 1981 (F)

2.4 APty mmgguﬁagwmm LLaxmmm?ﬁuam@as}uaﬂmimaﬁﬂﬁqmmgﬁmﬁ NAFOUNN
195§ 1SO 3130 - 1975 (E)

2.5 nMsveulluaniu

FagunadouvLn 1 x 1 x 5 wuins® Irafaneanisinansaiudududa susail wazdu

pen dusudneinismndieldliinasiva Wiluneassieeiesdietanseeulilvaniy Tneld
\3asileTausunsnislwavesennie (variable flow meter) $1uau 3§ fianunsainu3annsnisinadous
6 cc/min - 5 Umin uaziadesiiotnaruduunneia (differential pressure, P) iilefnausuunnsives
Funmaeu wazthaiinldruaiiniseoulrluaiiunuannsd 1 (¥, 2556)

K < naLp (1)
AAPP

Ao Nswaulilranud iy (m?)
flo Aududuysal (Pa)

P AD AMNULANANAINAY (Pa)
Ao Ausuads (Pa)
Ao ANLEITBITUNAFOU (M)
Ao Hufvthdavesdunagau (m)
Ao AuUnila (N.s/m?)
Ao Usumsnistua (m*/s)

O3 »rm = © R
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2.6 fUsEAVENITUNINTTNBAINLTY

ldvuadusiugudng1eed 3.5 lufiins vun 0.3 lwufiuns 311 2 3y Mvnaeuns
uninsreAuty o Aeudusiniganine Tegldnluines Ssssneudedeilda wWelvilanuiy
FUMS 100% Lonldunvassuiudnfnaiuunaealsmen1iseu wagldnimueuuenvesldlagseu 1n
druvsznouiagaldlugaiuauaning figaumgl 40 waz 70°C wagALBULING 90 70 way 40%
AUAAY vﬁmﬁ'ﬁﬁmﬁfﬂnﬂﬁm Tunafisatu anneiidunsedeufiedsaiiavevesautu uandli
Whudlethuinfdsuulamedeiunanieuduiugfudunss mntlienlimeaseanainds
USinaumuty mmmﬂmmu WALAUNUIVOI LT AR N LLmuwauawimmmmmmmamﬂiuam
MSthSINEALEANNST 2 LagFuIAANEIUSERYENSUNSNSEIIALTUALEANNST 3 (Siau, 1984)

o= 0 2
tAAM
do Ky fio dulszAnanisthsmng
m fe wavedletiinuly (g
L Ao AnuvuveslsifinuTusiu (cm)
t fio Fraaiivhnmsin (s)
A Ao Wufinhdainsannsuiiamanisiva (cm?)

AM A8 AULANANANUTUTDITUN 1 way 2

100K
= (3)
Gp,,
WD D Ao dUUSEANTNISHNINTLABAUTU (cm?/s)
G AD ANUDITUNE
p. A9 AUNUIUUVDUN (g/cm?)

3. MsAnseideya

nsnseitoyansaifvasriarudsungvonieldl Anvedidudnisvadaluutasdunii
an wagAnseaulvluaniu Tagn1saaununsnaassluugudeulianysal (Unbalanced Nested
Designs) waziU3suiflsuaasunnsiisvosusiaz Jaduaae35 Duncan’s new multiple range test diufin
Arudufiganuna Aauduangaduesniseethigungiine uas ﬂ’lﬁmﬂiufﬁnﬁﬂ’liLLW'ﬁﬂiuf\]’]EJﬂ’J’liJ‘Uu
swsumdeyaidudade etunuansrudiiugsswisiadureaield visrmnduduivg
soly

HaLAZIANIal

AnENUANINENE

1. MUAWIUWIE (Specific gravity, S.G.)

nMIMAaBIIAIAIIEIE I iannza UL vedliigandudamediu K72 wudn dAaany
fedumiianizeuuiaadsegi 0.58 (S.D. = 0.05) uazaInNaItAsIEsim1eadn nuin Tuudazduiian
AL AT LNy Asgduliuddn 0.05 Insannsautsesnliiu 3 ndu fauandlu Table
1 waziilefosunluwsazsziunuganeludufonty wui farnudissunzadeiliwnndeiu 7
syfutladndy 0.05 HauansAnadely Table 2 §1 35 (2533) Na1791 AARLLUSVBIAIAIINE TN
vouilelsl iintuilesann Tliieiafuy vieudnseitilivdaientu Fuhliaseuuandrsiulua
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wuLuvesnuLanadlunilasEadmaneinig warnstaisunsn wadveielsiivuinveses
melugad uararumesiagaduansiety faunsiidndureseadeiasii o filimieusu Weld
Sufunarilesanitugnssy wazadsinen vesulsl audsanizuindendduliiaiaivln uazengues
fulsidues muvunuduvesdeliuenainaviuuls Wesannduldinsdafu uazuansafuies usfas
Julfefinientu winseiwowderfulusumising q vedldfuientu Afwfusdslimiiousy wiwly
1Udefunldwioudy uwaz Loulidi et al. (2012) lavinnsAnwrAranualssuwizaeslsd £ erandis, E.
camaldulensis Waz@18@uNaLSEINS (E. erandis x E. camaldulensis) wuin 14l E. camaldulensis dan
AU NEgean seunde L (£ grandis x E. camaldulensis) uagldl E. grandis muddu ngd
ﬁhl,a?iaaguiﬁ 0.90, 0.56 waz 0.53 MudFU wazdnlildl (€ grandis x E. camaldulensis) \Julsiifianaany
gndumzegluszAunans

Table 1 Means Specific gravity of individual trees.

Specific gravity

Clone
Tree no. 1 Tree no. 2 Tree no. 3 Tree no. 4 Tree no. 5

K72 0.60" (0.05)  0.60"(0.05)  0.58°(0.05)  0.59"°(0.05)  0.54°(0.04)
Remark: Means with the same letter in the row are not difference at the level of significance 0.05
(..) = Standard deviation, S.D.

Table 2 Means specific gravity of individual height with in trees.

Specific gravity

Height (cm)
Tree no. 1 Tree no. 2 Tree no. 3 Tree no. 4 Tree no. 5
10 0.60 0.61 0.58 0.62 0.54
220 0.59 0.60 0.57 0.60 0.53
430 0.61 0.60 0.59 0.59 0.54
640 0.62 0.60 0.58 0.59 0.55
850 0.60 0.61 0.57 0.56 0.53

2. 9avm (Fiber saturation point, FSP)
mam%}'awaﬂﬁgwmmmLﬁalﬁ 1071507 L991NNIINANUFNRUTIENINAIAIUEIITUNE

ALY (density) fuAinnutureaielsl (moisture content) Tnewuin Frsvesavanavesliigan
Audaanodiu K72 fienaglutag 28 - 33% fauandlu Figure 1 89 Ugayd (2542) nanain 9avsnavedliiusas
yinagiidunnsieiu Tngdulngjazianogsening 25 - 35% uaznisdsuudasmonanaiaugiy
Nyl AeagildnanasUszana 0.1% sogamgdiifisdunn 1 1°C

3. A15UAAD (Shrinkage)
nsvashvedlifniudodelifieuduanasinitgaving Tnensianisvadinududua (tangential,
T) sused (radial, R) warA1un1ue13 (longitudinal, L) vadldyadudaanasiu K72 wuii Sdesidusinis
vafedsnannzanivannzeuuisnsinuduiagsiian sesnde fusall wagfunuen amudiiy
Imawuiwﬁmagﬁ 8.6% 5.3% Wag 0.4% Mua1su Adlkansly Figure 2 La¥AINNAILATIEANISEDRALERS
Tu Table 3 wui1 Wesidudnsvedgegaadsnisiuduia Tuudasdulifianuuandaiu duedidud
nsnagegatadeiinieiiuiall luudazdu danuuandrsiulasaiuisaudseentdidu 4 ngu uaz
Wesldusinanamigeaaadensiumue Tunsagdu fanuuandnaiulasamnsaudseenldifu 3 ngy
fisvautiodrdny 0.05 e 235933 (2556) 31891uin Wgandudaduliiffivefidusinismnfveaiolii
Aoutags Bslsvimsmaaeslulsl £ camaldulensis wUsgueny 20 U wuinfiesidudnig vadflante
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ouLTsaResiuduia fusall wazdunue1 egfl 10.27% 6.31% uay 0.34% ANEIRU UAZAIN
n19AnwIAINISUARI90918 E erandis, E. camaldulensis Wag @8R UN@NIz1i9 (£ grandis x E.
camaldulensis) wu3n I E. grandis fiandedidusdnisuasasinia Wl (€ erandis x E. camaldulensis)
wag £, camaldulensis anudrdu Taefiandesidudnismadiflannzeuuiauadondududa Javegd
8.95% 10.74% waz 12.64% Aud1diu drunisvadimiasusail dr10g7 5.9% 6.81% uaz 8.41%
Aua19Iu (Loulidi et al., 2012)
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Figure 1 Relationships of moisture content on specific gravity and density for determine fiber

saturation point of clone K72.
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Figure 2 Shrinkage percentage of Eucalyptus clone K72.
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Table 3 Means shrinkage percentage of individual trees.

Shrinkage K72
(%) Tree no. 1 Tree no. 2 Tree no. 3 Tree no. 4 Tree no. 5
Tangential 8.64" 8.66" 8.44" 8.86" 8.38"
Radial 5.29%¢ 5.50" 5.15° 5.60" 4.91°
Longitudinal 0.28° 0.42" 0.33%¢ 0.38" 0.34"%¢

Remark: Means with the same letter in the row are not difference at the level of significance 0.05

4. mwmuamaa (Equilibrium moisture content, EMC)
wamsmmammsmmmﬂmuamamaqmimwmammﬁmm maﬂmsmaﬂﬁaaw K72

Y
a ‘d

WUIN ﬁﬂ’JWQJ‘UUﬁMWWﬁL@H’Jﬂu ﬂﬂﬂ’ﬁll‘lﬁ‘uﬁllﬂﬁEJﬁJE]\‘iﬂWiﬂ’]EluWVl’qmﬂﬂﬂJ 70°C §i ummmmammu 40°C

Y 9
LYY

Aawandlu Figure 3 Ing 35% (2533) na1331 WesnmsUdesliilelidudadugamaiias 9 Wunaiuiu vin
Ianauausalunisgaduiiasly dulivgruineiiwaglaa Jelinuaudalunisganieatediinid

q
'

asrUseneumaaiviindy q luileldaaisd Wesngaumginiuay wa leina1i8nin Jadenddgyind

v

dvEnararATUALRadualialyl fin ANuALAINS gamall ansunsnveilolll uavAruuneluiol]

X Temperature 40 'C @® Temperature 70 'C

18 16.33

16 i 4
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Figure 3 Desorption isotherms of Eucalyptus Clone K72 at two temperature.

5. nseeulrluanu (Permeability)

Han1naaaini1sina1nseeulilvadululdyadudaanesiu K72 wudn nisveulvlvasinu
yasuAmE SAnadengil 2.723 x 10° m? (S.D.= 3.860 x 107 m?) uazila1egszning 1.389 x 10° -
3.791 x 10° m? warannsiaseinsadinuii luwsiazduiisnissenlilvariuadenisdunuenii
Talunnsinaify fisesfuideddty 0.05 fuandlu Table 4 uddofinsanluusazszduaugsnelusufiodty
wut Senseenlilvaniuadeiuandieiu fsedutedidey 0.05 Fuananadelu Table 5 daunanis
naaosnsinsnseenliinaiuveulivifntunadeuneiudua wazdudait wud liwunseouls
Tnarulugispaunu 0 - 10 kg/cm?

Table 4 Means of longitudinal permeability of individual trees.

Permeability (m?)
Treeno. 1 Tree no. 2 Tree no. 3
K72 2.98E-6" 3.79€-6" 1.39E-6"

Remark: Means with the same letter in the row are not difference at the level of significance 0.05

Clone
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Table 5 Means of longitudinal permeability of individual height with in trees.
Permeability (m?)

Height (cm)
Tree no. 1 Tree no. 2 Tree no. 3
10 1.11E-06 1.56E-06 1.71E-06
220 2.05E-06 4.82E-06 1.25E-06
430 4.40E-06 4.58E-06 1.25E-06
640 3.20E-06 5.89E-06 2.70E-06
850 4.16E-06 2.11E-06 3.61E-08

6. duUsEavisnsunsnsyatenmLTy (Moisture diffusion coefficients)
AINMTNARDIMANEIUSEANE NSNS NTENANTUN G IUAIYINS ﬁqmm:ﬁ 40 way 70°C
AuAuTudUImE 90 70 uay 40% palandly Table 4 Ima‘wudﬂ ANdIUSE AV NSUNSNSY 8RN UYR S
Iuamaﬂmmsmu K72 Qefianiiniu mum’]muauwmmwmu LazAdUUsSYANE NS LN ST
mmmﬁuu Luaammmwu‘l,uwﬂam’; mwmuauwmwmmimaaq Faldmupnuduiusigudluls
B19W197 wmmiﬂﬂmim‘a Theppaya and Prasertsan (2002) Fawuin AEuUsEENSASUNTNTEANY
mwmuummﬁuu ilenrududiuimisna

«eeohee++ Temperature 40 'C e e 9¢ e Temperature 70 'C
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0.00005 —
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Figure 4 Moisture diffusion coefficients of Eucalyptus Clone K72 at two temperature.

GFLY

nsfnwnaniRmeidndveslsigaausaaesiy K72 Alidukiiquinansiianugafiosen 5 - 6
ih 9nwanIAaesalin Wganduiaaedu K72 Seranumsdunziiannizeuuiaadsegd 0.58 3
Armtuigavsnoglutag 28 - 33% wWedldusinisafiainannranivanireuuiaadevnafuduia
Frused wngdiumuen ogfl 8.6% 5.3% wag 0.4% AudRy AAnuFuaunaduesnsatetiignmgd
Asil Tigaungdl 40°C Terganinigamad 70°C Arnseexllnasumsinuamenildedeegi 2.723 x
10° m? a'aumﬁmmmiaamﬁlﬁlmaﬂmmﬂéﬁué’uEd’a uazgusell wut linuniseeulilvariuludaseay
AU 0 - 10 kg/cm® LLavmmauUi Avdnisunsnse mamqmumqmummma wammu 40°C mm’m
guvigdl 70°C lnsAnduuszAnsnisundnsratsanuiuasdaningy auaraduduinsiisdu T
mmnmamawmmwdaﬂmmLuaimu fodndudiddyugiudenisussgndldmnuantfnnaiiand
wighilughunseulsl wazmssmnenilels Favfulsslvddenisldanuanlslugusing q vedldanedu
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MnmsfnyauativewsuiuliEasdasunnliilifiiiunsuiussiasardeu wes 2 (Sou
FIUAZUNTY O 1.0 131 ua 4 (Fourumzuns @ 0.5 1) Tasudsannevesieulsfldiounsduiuliidu
5anme Ae 1. Wililsiou (muaw) 2. lifldeuiigamail 140 ssmuwaldea szoznan 1% $alus 3. 1A
ouTigamnil 140 ssmwaldoa seoziaan 2 alus 4. lifllouflonmad 150 esrwaioa szoziian 2
Hlua 5. Wiliouflgumgil 160 ssmiwailoa szoznan 2 Halus  TagldnngiFenesiiadladuiuna 10
Wesidud Usinmanaisauds 2 wWesiiud (Aeufudminnnue) Wuduszauiiannuvuiuiu 800
Alanfudegnuiariuns wuin wintulsisnaiamuiindnanduldlifiniunisusuugseanuiou agd
anauTRlaeutineauinaznaautfnnuduiulisasinssuantulsililiiunsusulss
Freemdou faiudus Andnandulilifioudioommgf 140 ssanwaiBoa soziaan 2 Falug ddn
AuanTAmsnaauTRATian duuiunaaeuiliduldlioufigaumgd 160 esmiwadea szesan 2 92w §
AnaaTRnneandiangs Wolnseviauuususunneadd wud auaudRnswesianunLmun
n¥auin 1 uay 24 Falug msaw%wé’mﬁﬂfﬂ 1 uay 24 2lus ArwdumuLsin vendadangu Ay
FuusaeRann Rt was ALy fauuansteiuegslidedfynsadfneanzvewiouldlineu
nsdutulsl wezdlowSeuiflousuinasiunasg i JIS A 5908-1994 : Particleboards (Type 18) wag won.
876-2547 : wHuBUlReingnT1U nudt wHus lieuignmnd 140 esmwaidea svaziaa 1% dlug
witun 1flouflgamgfi 140 wag 150 psrmiwailoa svoziaan 2 Halus faniswessandaugih 1 $alu
ATIFLTTULSIRA sondaBangu AnuduLssResaInfURIMIn ALY WasANTY HIuLnael
umsguivue dauusun liliouflgamgll 160 ssmwaldea szoziim 2 9ol danswesiamuam
pumdauttn 1 uay 24 $2lus @ufuusIFeRaInAURIME ANLMUILYY LagANTUR LN
UIRTFIUAVUA
Faddny: ngdevestadled Tl wiuduliSaviasu msusuusdeminiou

ABSTRACT

The study of properties flat press particleboards from bamboo wood before chipping
through improved with heat treatment from number 2 (@ 1.0 mm. sieve) and number 4 (@ 0.5 mm.
sieve) by designing in the five conditions: 1. Bamboo wood no treated. (Control) 2. Bamboo wood
treat at 140°C for a period of 1% hrs. 3. Bamboo wood treat at 140°C for a period of 2 hrs. 4.
Bamboo wood treat at 150°C for a period of 2 hrs. 5. Bamboo wood treat at 160°C for a period of
2 hrs. Flat press particleboards designed target density of 800 kg/m’ from bamboo wood with
various treatment and using urea-formaldehyde 10%, hardener 2% (compared with dry glue weight)
as a binder were found that the flat press particleboards from bamboo through improved with
heat. To qualify for physical and mechanical properties better flat press particleboards from

bamboo wood flakes that didn’t pass by the heat. Both these plates from bamboo flakes baked at
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140 °C for a period of 2 hrs. The mechanical properties are the best. Plate used bamboo flake bake at
160 °C for a period of 2 hrs with the best mechanical properties. When analysis of statistical variance
found to thickness swelling 1 hr and 24 hrs, water absorption 1 hr and 24 hrs, modulus of rupture,
modulus of elasticity, internal bonding and Moisture content. Had different was significant at 95% to the
condition of bamboo flakes before chopping wood when compared to standard JIS A 5908-1994 :
Particleboards (Type 18) and Thai Industrial Standard for Flat pressed particleboards (TIS. 876-2004)
found that bamboo flakes baked at 140°C for a period of 1% hrs, baked at 140 and 150°C for a
period of 2 hrs found thickness swelling 1 hr, modulus of rupture, modulus of elasticity, internal
bonding, density and moisture content pass standard but bamboo flakes baked at 160°C for a period of
2 hrs found thickness swelling 1 hr and 24 hrs, internal bonding, density and moisture pass standard.

Keywords: Urea-formaldehyde glue, Bamboo, Particleboards, Heat treatment
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gunsallunisfnen
1. 1A30sindulyl (Chipper) 4. 1A3estaunln (Electric balance)
2. \A3e9gpeTuldag1anenu (Hammer mills) 5. WS ampaeUiaYian (Universal testing machine)

3. LATDITOUNTOUAZILNTE (Screening machine)  6.1A3999A3U (Hot — press)

Fumaunsinun
1. mMawsgudaauaznfall
1.1 Msnseadngau
1.1.1 msauvieulill neuvadu 5 anne fe
1. Willsiou (Aauaw)
2. ilsiouigamgil 140 esmwaldua szoviian 1% 9l
3. liflsioufigaumgil 140 esmwaldea szozian 2 $l
a. sflsleuiigumndl 150 ssmuwailea szoviian 2 Falu
5. iliouigamail 160 ssmwaldea szoziian 2 $2l
1.1.2 msgelfild Inedduldlidundusendosiaduld anduthuiundesendes
Hammer mill iielsulsflsdvunaidnag
1.1.3 souldilalasnsthaulsilsundieaiessou Wazunseyaiin annduthulsl wes 2 ues 4
Tvhmsndausu (155338, 2543)

Bamboowood | =00 @ mmmmmmmmmmmmmmmmmm—————-
- Temperature 140°C, 1 % hrs

! |
v | |
v ¥ ! :
1 - Temperature 140°C, 2 hrs :
No baking baking  F--A !
v v | - Temperature 150°C , 2 hrs !
v : !
Chipping : - Temneratiire 160°C 2 hrs !
v
Hammer mill
v
Screening Screen analysis
v v
Preparing to board making pH + Buffering capacity

Figure 1 Preparation from bamboo wood before board making.
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Chip baking 140°C, 1% hrs Chip baking 140°C , 2 hrs
of number 2 of number 2

Chip baking 150°C , 2 hrs of number 2 Chip baking 160°C , 2 hrs of number 4
Figure 2 bamboo particle within five treatment condition.

1.2 mawiseun? lunseanuiuiulssauingu i munsefuUsinanesduinoukesotmn
Whsvestulsl (15595Y, 2505) Aisedu 10 Wosdus nfildlunssausiu fe nmgsenesadlen wazld
USunaansisauds 2 Wesidud (AeutuuSunmntiuia)

1.3 N13ASIVFDUNIANAN BT VBIANTNANTEN TN IATARUUAS TevinnIs
Anwnauafvesnnaylduaded

Table 1 The properties of urea formaldehyde resin.

Properties Urea Formaldehyde
pH 9.02
Viscosity centipoises 130.00
Non-volatile content (%) 47.99
Gel time ('min : sec ) at 100 °C 39.00
(mix with ammonium chloride 2% base on dry resin)
Specific Gravity ( at 31 °C) 1.182

Note: Gel time was occurred more than 3 hours without adding hardener.

2. EnswanwazadnuutulSavinsuainiiils
naunfuTulilnedaulilalsimdnaudismun diulildluniemeannniuiuliudiadsd
nmasluuugulstii andudniminsulilifnaunndoutesudmuiildsivun thunlsouiunsousnuas
Wlusndeusunsuiatmudinivun wdrdaiunuiinanlasluusvanisdusseznaiuiu 7 fu (s3sy,
2501) PntniuiuiuliSasianuluneaeugnatinameauifuanaaut
Tunsranwiugulisneiasu fnsvusannzlunsnanusiuazdunaunisuan il

Fuliile HUNN3IBU LUBS 2 way 4
ATIVUIUUUY DAY 800 Alansusegnuiaiiuns
ANUVUIVDIUNY 10 fiadiuns

VUINVBIUNY 400 x 400 Hadiuns
YSunaunnigisenesiaalan * 10 wWasiiud

USUadATLIauTa ** 2 Woesigus
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gounilunisdn 120 aeALwaLTYa
w59nuluNISen 150 AlansuAamMSINYIURLUAT
srazalunNsen 5 977

e * dWeududminnmwisiethminuisvesguld
= euduhniinuisiotminniuis

3. ManassuaFuTRTaswHuU fARauasainanldanan1zaaa s InesITRLATNINAFUTR
3.1 mswdsudunagaulunisnageunenesuTALazINanasNTA
Yhunugulsisnuiasuannlsifsdnldusasusiuiivun 400 x 400 adwns lusnvausenis 4
AU LLé’aﬁﬂUﬁmL“ﬁu%wmaaummmmgm JIS A 5908-1994 : Particleboards kagu1nig1u Uan. 876 —
2547 - wiuAlSiSnvdingnsiu

3.2 ASNATBUANTUAAIG ) VBIUHUAINNIATFIU JIS A 5908-1994 : Particleboards uas

ANATFIU WBN. 876-2547 : wkuduliSaviindau

3.2.1 NAADUAINIINEIIANLANLNUMSILTLN (Thickness swelling; TS)

322 wﬂaaummi@mﬁwé’wﬂifw (Water absorption; WA)

3.2.3 NAABUAIAINATUNIULIIRA (Modulus of rupture; MOR)

3.2.4 ndeuANBndaEAngU (Modulus of elasticity; MOE)

3.2.5 NA@BUANAININULI IR URIYMT (Internal bonding; IB)

3.2.6 MAABUAIAIINIUILUY (Board density; Density)

3.2.7 MadeUAIALTY (Moisture content; MC)

Figure 3 Testing of particleboards. (1) Thickness swelling and water absorption.

(2) Modulus of rupture and modulus of elasticity. (3) Internal bond. (4) Density.
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4. N5AATINAMUUUTUTIUNSETA
nsAnwnsRERuEuUsRRavesanldliinunsusuueadeulaginis@numanauda

aa o

LagyNTIATIEToyan19atAne3s ANOVA way Duncan’s New Multiple Rang Test (A3, 2540)
HauazIAIal
1. wan1adeuaanUAvauHuIulidatiasuanlll

Table 2 The properties of particleboard from bamboo wood using urea formaldehyde (UF) 10% as
binder at board density 800 kg/m”.

Condition  Wood TS (%) WA (%) MOR  MOE IB Density  Moisture
before chip  no. 1 24 1 24  (MPa) (MPa) (MPa) k¢/m’ Content
wood hr hrs hr hrs (%)
No baking 2 10.22 1523 40.05 49.42 3431 4,503 0.85 891.31 7.95

(control) C C b C C C bc a b
Baking 140 °C 2 8.02 1234b 26.30 34.29 2330 3,948 0.89 895.98 7.14
1 % hrs b b b b bc bc a a
Baking 140 °C 2 10.43 15.87 2951 3791 3734 5397 1.10 924.02 7.08
2hrs C C a b b b C a a
Baking 150 °C 2 11.06 1586 32.08 38.42 21.38 3,564 0.72 887.03 6.85
2hrs C c a b ab ab b a a
Baking 160 °C 4 4.09 6.3d 2592 3091 13.42 2,921 0.37 924.73 6.77
2hrs a a a a a a a a a
JS A5908-1994 - <12 - - - >18 >3,000 =03 400-900 5-13
(Type 18)
TIS 876-2547 <12 - - - - >14 >1,800 =04 400-900 4-13

Note: Same letter (a, b, ¢, d) in each column means the non significant difference at 95%.

1.1 nswasiamuaavu vt 1 Halug
MnuansAnmANTHewmA LAYt 1 $alus vewusuiulisneinsuanldils
wuukunaaeuiltlsllieufigumndl 160 ssmwaldya szezinan 2 alus Tadfian e 4.09 Wesidud
50331 Ao wiluneaeuildliflieufigamal 140 ssmwaldoa szoznan 1% Falus fe 8.02 wWesidus
dnununageuldliflilioutareuiigumgil 140 wag 150 ssrmuwaldos szaviaa 2 92lug T 10.22
10.43 waz 11.06 Wosidus auaiu
dlethwanisnaasuluiiasiginnuuususiunisadd wudn wiunaasunldlifl
lalou farn1swesiamuarunumdsdiiuanaisegndhifitodfyniadnsuuiunaaeuildlildoui
guvindl 140 uay 150 sriwaifoad soziian 2 Halus udfidnniswassanueumundaugiunndig
ogsiifdfyymaaiituukunaaeuldliinouiiguvail 140 ssrnwaiea szoznan 1% Hlus uagliila
ouflgaumndl 160 ssrmwailes szozinan 2 $9lug
dlewssuileufusasgiu wen. 876-2547: wkuBuliSavdndnsu wui ousumagouan
nswesamaAL AT 1 $2la HUN TN TFIUATIUA
1.2 mswasianuanuu i 24 dalus
MneamMIAnwAnIwesfnua L 24 Falus vesukutuliiEauinsuannls
1 wudn wiuneaeuildlsilieufigumall 160 ssmwalfoa sroziian 2 $1lua fldddian Ao 6.3
Wesldud sesaan fe wiunaaouildlsiliouigamgil 140 esmwaldea szoviian 1% $2lus fiAn 1234
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Wedldud dauurunaaeultlifliliou uazeuionmgl 140 uay 150 ssrwailos svozan 2 92l 4
Abndvfesiu fie 15.23 15.87 uaz 15.86 WWosldud auddu
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13 magaduvdaudn 1 dalug

MNHANIIANYIAINSgATunE T 1 Falus vosuiutuliiSnaiinsuainlidla wudd
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duukunnaouldlilioufionmgll 140 uay 150 sarmwaidea szozian 2 92lus uazlsiou fdn 29.51
32.08 ua 40.05 wWasiud mud1au
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1.4 nagaduvdaudin 24 Falug
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insgrufivue faiiuandlilu Table 2
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UNANED

Anwilemuiguainaununiuveslifaun3ide (Pinus carbaea Morelet) o1y 35 T
neulvheus fanimdedu Tnenseuthendestusnuiilold femendestusnviilold 8 viln fe
1) Chromated Copper Arsenate (CCA) 2) Ammonical Copper Quaternary (ACQ) 3) Copper Azole
(CA-B) 4) Disodium Octaborate Tetrahydrate (DOT) 5) Wood vinegar (WVG) 6) Permethrin (PMT)
7) @1SHALYBY Zinc naphthenate (ZNT)+Permethrin (PMT) way 8) ensainainildeniuanuzainsiunius
(Chatchew Nut Shield Liquid (CNSL)) Tagl#nssaiBn1sga nisus n1smn wagnsldanudu anndhuiily
YARDUATINUMUAAST T RLULUUA 1 iWFeuiuiuliildldiunisenudien (control) Tnenns
wasmnaeuiidainiadedl nausing Iauaddeilildiunseuisgnuanuandosidvhae
Fomeitaieun daduliilidanumumuaussamdnduaniwnisaaeuuvuiindunatuds
(grave yard test) uaznuuldduianu wuinssuianiservinertestusnuie e duseiusoien
CCA ACQ uaz CA-B ansnsaifiunumumuliudlfauadideldffian deldidameodniosdetinmaaey
naneuss wazilanumunuinduduseiu “nunu” Sevadeunuulddudain daudaen PMT wax
ZNT+PMT i nudniiussansnmdesniulinalunisdostusnunideldildfningen DOT fu WG
dmiuse onsL du ldfiuszansamlunstestusnendelsl esnliaunsaiiuainununliu
Wauasidelalunnguuuuveinsvegeu
frdndy : Wauaside anumumunusssud mseruihentestusnwiilels dendestudnuield

ABSTRACT

To study on durability improvement of Pinus caribaea Morelet, the 35 years of P. carbaea
wood logs from Haui Bong plantation, Chiangmai province, were cut, air-dried and sawn to specific
sizes prior to treating with 8 wood preservatives, namely ; 1) Chromated Copper Arsenate (CCA),
2) Ammonical Copper Quaternary (ACQ), 3) Copper Azole (CA-B), 4) Disodium Octaborate
Tetrahydrate (DOT), 5) Wood vinegar (WVG), 6) Permethrin (PMT), 7) Zinc naphthenate (ZNT) +
Permethrin (PMT), and 8) Chatchew Nut Shield Liquid (CNSL) by using dipping, soaking, brushing
and vacuum-pressure method. The treated wood specimens were evaluated for their durability
with different conditions in Chiangmai province. Results revealed that the untreated P. caribaea
wood, as control, was classified as non-durable and susceptible to attack by destroying termite and
fungi, in both grave yard and above ground tests. Comparison to vacuum-pressure treatment CCA
ACQ and CA-B, they showed best performance in protecting wood in grave yard test. Moreover, they
could improve durability level of treated wood specimens from non-durable to durable level in

above-ground condition. PMT and ZNT+ PMT mixture, even though, they presented lower efficiency
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than CCA ACQ and CA-B, they could display better capability to protect wood than DOT and WVG.
For CNSL, it exhibited worst performance to preserve P. caribaea wood in all of testing conditions.

Keywords: Pinus caribaea Morelet, natural durability, wood preservation, wood preservatives

A1

aun3i10oiideineneansin Pinus caribaea Morelet aglurad pinaceae Salulifauiuniou
fiflvunnlng drduainse fhadnuasiinnsiiiaesaues JGuliidinnesudulnldidudssdunza
Ununansaufia 1,000 wes Shusidadaivedluuoveiininans auaisidegmidndgnlusunalne
dausnlull w.e. 2507 Saufulfaussdurindunmeldlasinsdmatingiuifionsindenszas ag
ANUTIBLEDINIATINITAITHAUILAIANUTZY11R  (United Nation Development Project : UNDP)
Mnmsneassgnlunansiiudl nuirauaisifeanunsausufutirfuaninuindouressemalnylda
:ﬁé’mwmm‘%m@ulmmqﬁmmmgaLLazmﬂaﬂmﬁﬂdﬂlﬁauﬁmﬁaaLLaziﬁau%ﬁﬂﬁuﬁﬁﬂLﬁﬁwuﬂﬂqﬂwgamﬁu
(@imdemsdanstlifuasnannatilsl, 2551; quiwimaded 1, 2505 gudwianAdeniamie, 2550)

auadidsuenanaglfiiuingivdmiugaainssunissdnnseanuids Sannsndnideldluld
Uszlovillugnaimnssudududnnainvanesile 1wy nsneaiis Uszivgnssy wazindeaioulniodld
vaiwmsauaide fidelifiasen mnawaenu fdvneundes deunss aunsalannussuazdald
918 dnduliftdwinu delduiasdinmamaduiunans WelildviieiesZeuldfiun viliuszan
THnuihluvielindauazungadnléd vivliheny lhanuuszan vielinseu uasurumthenldweld

(5 waz Asud, 2531) wivgndlshnnu lunisiliiauasideluldnuegnsfuauasiinUsslo
geantu Sududosfnuauantilududy 4 vedlfesnansudu Tasanizod1sBeguantiduaii
pumureddl esnauaidoduliingwinedu fdninglifassingnyiianslastain wen uasnie
dine dwalmideldfiads Torgmsldnudy

Feifu Tunisneassaded Felitnguszasdfias@nuvinununiunusssusdvesldauaiife

Mmasaivlalulsewalne  waguwimemsiiuanunumuliunld legldwadavesnisenviiendesiu

v v
[ = v

Snwnilelyd wielianusahluldanulugduuusing q Wwannvaneundsu sl wiedunwimalunis
dinganaesugialiuldauansidednmmilesiag

aunsaluazdsnIg

1. manseuliinaaas

Bauasdelilunsmmaendsl termnaniinaaesugnwssaliieus Sunosen Tanindedlml
01y 35 U Asldvieuludy wssagrmeuuasiisuislunszuaoiniadunat 4 Weu aniuuussuld
atanSunliivuefimnzauiunsnegeunumumuludnvasig o di

1. 4R 2.5 x 5.0 x 50.0 lguiuns’ dwmiunsmageunnumumuausssunaiuulniunaiauds
(grave yard test)

2. 9U0 2.5 x 5.0 x 5.0 Wuiwns’ dvsunmmegeuanunumusnuaeliduiany

2. msoutenasiudnunileld

ihlfauadideaneuihendestusnuieliifeusuugsmmnin fenssuisnisliussiu nud
n3gu uazmamn Tngldanstostusnwndelsiationng q fuandu Table 1 woutufindruTinasiely
ilelsl (retention) andufsukstulivesediiuniseruiendestusnuuielfinaidludsuduna
1 ifiou rounensiariulivasowusariu oveasuanuvunulumaausely
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3. manadauUszAnsnmanununiuadliorutien
Asnadeudszansamanumuniludnuazeng q vedauasidesiiiuniservihendeetu
fnwnilolity Snsdnwdsuulamnaesiiunndnedtu fod
3.1 MINAHDUATUNUNNUANNTITUYIRRUY grave yard test
3.1.1 MynuUamegey
MIMAFUANINUYUANSTTNTAveslifaunTiOy dudunsfiudwianidedunda
gunowiuns Yardadeslval munnsgiu AWPA E7-93 (1993) fin13119uKun1snaaedLuy Completely
Randomized Desien Tnefilimpassiiinuniservihetestusnunielifesewasnssuisang q wa
Livaaesiilis nservihendestudnuvnileldfaduyauiouiioy (control) $1uau 15 yannass
uiazganaasiilimnanssiuan 10 vieu (Replication) dainTenuamaasuluiiuisunatsuds dilsl
yiuda Uuanmiudulidovianedu 1efuasdauuniiotmuagayavquiinlimaaedngliissosving
seninavieu 50 wumwes Unlinnassadlufiuin 25 wusiuns U%’Uslﬁé?qmal,l,azﬂauauﬂwqu 2Nty
Nawudsiuiwedinaasausazvieuiiewdsniausziliusudemevedliield
3.1.2 MInsIUsEdiuademe
n19ns19Useiuanudenigredldnaasinigndsannisinnageunalauds
WU grave yard test iuiaan 6 e TasneulimaasmnrieuiuniionsisaouuazUszifiuasiuy
ATAABEAUNATIIATIIL AWPA E7-93 fauanisieazidenluy Table 2 antuilnlinaaesiuavay
fisgfuenudnuiufuuaznavin vinsmsalsaduaudenevedlivaasaguilunn q 6 Wouoes
serlosauniilivaneavioudu 4 sgnvioriadene 1000% Jeasiiendugrengnimmeans

3.2 nManaaeuanunumuludnuuylidudanu
3.2.1 MInlamngeu

AMInAgeuANNUMIUAINsIsuTARUULIdudaRuvesldauniiide Audunisd
AudinuIdedunda dnewduns Jandadedduyl Tdszeziian 10 Wow IN15IMUHUNITNARBILUY
Randomized Completely Block Design Tngilliinaassiiriunisenvihendestusnuilelideseuas
nsAEeng 4 uarlimaaesiiliinuniserviiendestusnuideldfadugausuiiisy (control) $1uau
15 ganmaes uingyavaaosdlivaaesduiu 4 Ju (Replication) FnnIouuvamageulngyuanm
fudulisudou Maedumudvuaduiiguinats 80 lwufiums TansevunUseanm 5 wuiiuns
UsuRminlvisey nedguionuasdeuliinmnsadudestedufenliavevey Jatusetulivaaes
1Y UV MaunuiswiuazsiavedlivansusaziulTluuasvsuazlnnve

Table 1 Treatment processes of P. caribaea for durability improvement.

Wood Preservatives Process of Treatment
Vac/Pres'  Soaking® Dipping’ Brushing4
Chromated Copper Arsenate (CCA) 5% v 4 v -
Ammonical Copper Quaternary (ACQ) 5% 4 4 v -
Copper Azole (CA-B) 5% v v v -
Disodium Octaborate Tetrahydrate (DOT) 5% - 4 - -
v _

Wood vinegar (WVG) 5% - -
Permethrin (PMT) 1% - - - v
Zinc naphthenate (ZNT)2.6% + Permethrin(PMT) 0.13% : - - 4
CNSL 5% (in Ethyl acetate) - - - v
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Notes : 1. Vacuum-Pressure : Vacuum wood specimens at 700 mm.Hg for 15 minutes, prior to pressure
at 150 psi for 45 minutes
2. Soaking : immersing wood specimens under wood preservatives solution for 3 hours
3. Dipping : immersing wood specimens under wood preservatives solution for 1 minute

4. Brushing : overall painting wood specimens 2 times

Table2 Visual grading for natural durability inspection of P. caribaea specimens.

Grading scale Description of condition

10 No damage

Trace attack to 3% of cross section
Damage 3-10% of cross section
Damage 10-30% of cross section
Damage 30-50% of cross section

Damage 50-75% of cross section

SO A O N 0 VO

failure

3.2.2 M3Uszillumnadene
deasutuuniliivaassiuiianuarernuagnsvauaninaudenedienis
Usztliumigangn (Visual rate) Ingldvdninausinmudiuans (@nams, 2540 ; 435507 wazngual, 2555)
wazthemudemeildluinszsiteyanisada

dnsIN51vane (%) AU vedlinaans SYAUANUNUNIY
0 lainuanuidene nunugs (Very Durable)
1-25 FHemedniey v (Durable)
26-50 dereuunang NUNIUUIUNA1 (Moderately durable)
51-75 \Fuseunn Tlainuyu (Non Durable)
> 75 deomeguusannldnuldld  wlsdrennn (Perishable)
NauazIansal

1. MINAFIUANUNUNIUAINSTINTIRLUUTNAUNAT9UAS (grave yard test)
MANansAnIielUIsuifisuaunumumNssINvALUUInAunauda (grave yard test)
yodlifaunzifefinaassiuupnuamilasniserniendestuinuuielithemeuagnssuisang q uas
Aamuusziiunnudemeveslivaasanszes 6 Weusdseideaduauiu 60 ey fuandly
Fieure 1, 2 waz Table 3 avuiulddn Idauasifeiilildriunservinerdesiusnunilels nield
Wisuifieu (control) thy ilelinrtademertiainuninnisdviansvesanuasdennendninnis
dnnpdeuidunan 12 Wou Fedmduldilddanumunumusssund dndldfinuniseudiendestu
Snwniloldivdinmg 4 Ty wansUsyansamlunstlesiudnviieldaunsiSefiunnsrstuogradiulatn
Tabiae1 DOT WVG uaz CNSL Hu Taianunsaifiuanumumuliunlfaua$ideldiae desnnilelsiin
siaFemeimsluszerina 12 Woududsiuliivioudey fedoradumsmsiewmailinmuay
gnazdasenanuilolifldineann (Freeman et al., 2017) fadu Feldmsldruliiinsldnuludnuue
dnfunanauds drufaen ZNT + PMT wag PMT tu annsadaengaumuniuvesliauaiideléding
Tneforgarumumusuiuiudu 30 dou dwiusen CCA ACQ uay CA-B Hu wui fusvansamil
aunn lnsanizliiyanaaesiliniseruthendenssuiinisdameusafuuasnisus wuludszosnm
nsnaapukUlULILEe 60 e fewaidinsannsafiununiadihasvesUmnuazitonléa e
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asmevisdusidulnedidanudenedosnit 30% wasdiazuuueglurig 8.8 - 7.1 azuun dely
nsfnwassdaluaisnaaesuiuanauduturediaen CCA ACQ uaz CA-B lfitanas uaziinny
prvdeuadsmevetlinaaeegsaidesiomarududuimngautunsldnuliludnvasdndu
natawdstugUiuusing 9 deld

drunsadsmaniutheuuunistaluien CCA ACQ way CA-B tu wuilimnzauiasldlunis
Jostusnwnileliauadidelusvezen diidunsznsaiinmsuiu deliudatufeluszozing
Sudu Vilsigadushelilsosvediuiinauseludeldl (retention) i1 ilenFeuiileutunssuisnissn
Froussiunaynsut Geasdiuldinssislunseteliidy f5viwalnemsaaruiinaseiludeld
S?iwhﬂ'%mmé’hsJ'ﬂ,uLﬁﬂiﬁﬁlﬁ‘]uﬁﬁ]é’]’aéwﬁzgﬂizmwﬁquaﬂmﬁamﬂ%ﬁmmﬁamﬁ%Lﬁuﬁqﬂq%&@mmwmm
o uasfusfmunguuuuniednvagnsldaumedliiotutiendy 4 (Eaton and Hale, 1993)

Fadu Fananldd Tumstlfaunaideluldnuiuiidudos fulnuainaumumuyesls
auntdelifunndudeu il edumaduyadliudliauaside Taonsoredesiuinuiie
fifefeuarnssadSans q funzan dWeliivmnameluiolfnnfiomeiazdumumsidvhans
vomnuasitosluanmindeuiivsthlsdululFnuls

—" “ ~—

Figure 2 Failure of P. caribeae specimens in field testing for natural durability.
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2. Msnadauanunumuluanwusldidunanu

Tnmshlffaunsidefiiunservieiosiusnuiielimemeuasnssuisnng q lunadeu
AU IULsSuT Al nvar lddudaiu Tnenmulameaeuluriosidomindednl Wunan 10 deu
wuladnldnudivinanelsd 41uau 4 9lia fie 1) Macrotermes annandalei 2) Hospitalitermes sp.
3) Microtermes obesi Wag 4) Ancistrotermes pakistanicus (EWINT LLasmqiﬁ, 2547)

Figure 3 Field testing of durability of treated P. caribeae in above-ground condition ;
(A) before and (B) after testing.

Figure 4 Pinus caribeae specimens after 10 months of exposure.

NHANITNAFBUANNUNIUANGITUY A LUS N Wz liduiaRuvesldaunsids asuanslu
Table 4 uag Figure 3 - 4 Azl lauaFideiilildoruthen (control) $u gnumnvianewdens
vupanely 10 WouveansaaeuTsinegluszdu “aadioann” usdedluiamunaunmlngnisotu
dhentestusnuileliifnesien CCA ACQ CA-B DOT way ZNT + PMT wudnanansavinlsliifiaumumn
Lﬁwﬁwﬂmzﬁu “NUNIU” LaziIe1 WVG 5u anansadiandussiu “mumutiunans” Tuvasd PMT ﬁ?u
wansUszansamgaiigalummageuanumunumusssuvAludnvaslidudaiy Tngamnsasillsl
diuaunumwdusziv “NUNIUEL” widlenadeununumuRssIITALUUTNALNA1LES (erave
yard test) fauanslu Table 3 asuiuledn PMT aiunsadnumunisidiviatevesdngvitatsldliiies 30
e WisuwhAusaen ZNT + PMT vhussifenfufien DOT way WVG fianunsavinlilddsyduminy
numuiissnndulunismegeuwuulidudany wildldldnatunsvadeuuuudnfunatsuss 1ieains
mmmﬁgﬂ srdeanniiioldiléing (Freeman et al, 2017) et Tun15USUUTIRUNINAIUNUNNY
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vodldauaisidefeniseuinendesiusnwidelity duludesiansandenviiavesielignieuas
waray lneadedsanwagnisidauuesldidu o sy wu Inulunsulududaiu Tdaunanuds
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Table 4 Average of damage (%) of the treated P. caribeae after 10 months of exposure in

above-ground condition.

Preservatives  Treatment process Retention (kg/m’) Damage (%) Durability level

CCA Vacuum-pressure 23.59(3.82) 1.00" a¥ Durable
CCA Soaking 13.71(3.08) 1.00a Durable
CCA Dipping 6.88(3.76) 0.50a Durable
ACQ Vacuum-pressure 3.06(0.31) 0.75a Durable
ACQ Soaking 1.77(0.60) 1.50a Durable
ACQ Dipping 0.95(0.22) 8.75a Durable
CA-B Vacuum-pressure 2.04(0.15) 0.75a Durable
CA-B Soaking 1.71(0.26) 1.25a Durable
CA-B Dipping 1.04(0.25) 4.75a Durable
DOT Soaking 15.67(1.63) 1.50a Durable
WVG Soaking 16.80(3.37) 35.0b Moderately durable
PMT Brushing - 0.00a Highly durable
ZNT + PMT Brushing - 1.25a Durable
CNSL Brushing 1.26(0.61) 61.25¢ Non-durable
Control No treatment - 100.00d Perishable

Notes : 1/ = Mean wood damage rating of 4 replicates
2/ = Means having the difference letters are significantly different at 95% confidence level

by Duncan’s New Multiple Range Test

LY

MnmsmageunmyuuvedliauaFidelusuuuusig q wui Tauadidedulsiilinumiu
LLamgﬁqdwamﬂﬁﬂuamwmﬂ%’muﬁwmzLLUUﬁﬂauﬂaNLL%’a (grave yard) wazdnwazuuuliduianu
Taannsoldauldlihu 12 Wou dwdu Sududosuiuussnmnmanunumuresdsauaiidelidy
sntunouthlsfluldssleond il Wedunafiuyadliudlfauaiide Taonisernendesiusnuiie
Hifefeuaznssadaning q funzay Welrivsinameluielfinniemeriasdununisidvhans
vesmnuasdosiluanmindeniivshiululdonls Tnenwuhsherdosiushuniols CCA ACQ uas
CAB Fiszsunnuidudu 5% Feorutherdenssiisnslduseiudy awnsadestusnuiilolfiaunside
I#luszozenuinnii 60 weulumsldsudnuastnfunatauds Fadlanudssgeienisgninae
PnUannuanides waruenanisiansasnssiuaununeedliauaidetudusedu “aunnu
dmsunsldauwuulidudanu Tnenuinssdanmsenuienlduuulduseiuiy aunsasldeunsn
Fudluludelifldinnniniseuthenlsiuuuutuasuuuguaudidu . daufaen PMT way ZNT+PMT i
Tinalunistestusneilelsdléfingn DOT fu WG Tuvasdisaen ONsL dh lifiussansamlunisdestu
Snwnilelfiiemnldannsafiumunumuldudlfauasidels
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n1sfnwiUTeuiisuuseansameesiagnaunuliisenisidiinaievesdainldnu dregradan
naunuld lasuniseuasiziannaugaavnssuiagmawnuliuaznifalil nguauimuigaavnssuld
dniinifouasiannnsiildl wdn Tuguiedns TasfifesnsTanmaumilsisuauisiu 3 ga dudumsmeaoy
Tuesufufinsiegldununisvaasuuu CRD Wuszaziian 8 dUavi waglumaauiulaglduunisvaaes
uwuy RCBD (uszezianlitonndn 6 euluudasyn s1uiudvisdu 4 91 Taeluusazyeiietelan
nownuliifuandnafy wansnwmudn yad 1 91 16 fegs Gesznoulusmeusiulisiiiauesa
(Particleboard, PB) uriulelsfsmmmmunuvuuiunans (Medium Density Fiberboard, MDF) lSfénunanesdu
(Oriented Strand Board, OSB) wazlinatadn diilea 6 é’haEJ'NﬁagﬂuLﬂm%ﬁamWim’]mﬁuﬂ”ﬁﬁﬂmmm
Uanla laud winliiursaiavesa (PB) mauyudes unulirififiavesa (PB) nauwnauvsneay 4 wHuldl
UhifiAauedn (PB) neuiawstunneiay 3 wiuliur$aiiaveda (PB) naunnides liwanafinnszfiumm
Mndminszues wazlimarafinunay Tuyail 2 Uszneulusmeusiulelifnmnumuiuiuliunans (MDF)
wauogaduauazenameslunanadin (TPE) uazwsiulsiunsmAavesn (PB) nauresliiuazenamesly
Wanafn(TPE) fiaanududuuansneiy nudmnyadiedialdasnsatesiunisiaisveauaanls
Wuigaiilusiegayedl 3 Feuszneulumowiuliuiififavesn (PB) nauliforsmsnazerunedly
wanafn (TPE) finnuiduduunnsaiy mngadedishiannsadosiunisiaevesuanls fdusoe
Faomauwmdliiiliamsanunutensdivharsvesanldtiu mnagihlulidsslond asmuuamalunis
Jostutanyianglillaeisniseng o Aald
awdn: Yainldnu Jaqmawnuld

ABSTRACT

The comparative study on productivity of wood substituted bio-composite to the attack of
subterranean termites. Three batches of wood compositions produced from wood substituted bio-
composite and wood adhesive section, Wood Industry Development Division, Forestry Research and
Development Bureau. Wood samples conducted in laboratory for 8 weeks against most
economically subterranean termite, Coptotermes gestroi Wasmann by no choice test method and more
than 6 months in field test by choice test method. Experimental design in laboratory test was CRD and
field test was RCBD, 4 replications. Results revealed that just 6 samples in first batch can prevent
the attack of termites such as particleboard mixed with bagasse, particleboard mixed with chaff
no.4, particleboard mixed with resin scraps no. 3, particleboard mixed with brewers, plasticwood

mixed with acacia fibers from Ranong province and plastic wood mixed with chaff. Apart from that,
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overall treatments in the second and the third batches were unacceptable in both of laboratory
and field tests. These were non-resistant to termite attack.

Keywords: Subterranean termite, Wood substituted

A1t

nteyaadansudld senuinfivsinaldveunasldudsgudndy ¥ 2557 aglusny 2.6 du
gnuainsiel luvaisifefuainaugnavnssuiaieadeulnauazaaugsialifsmisingldiseay
famsldlsiomnagaouiiondnliusslulssmelnelnaadslsising 4 Sugnuradumseied Fadu
SlefnsanmniawTanliifndofisangramnssuiisiuduion wudnduataglsidldanliiiingian
ieUszmalneladesn 1.72 dugnuiadiunssiod vie 1.03 Sudusiel wanidumlioronsludszme
2.68 dugnuafiunseied wie 1.61 dwdusied dwiuiavliainlionmin szdgnamnssudusessu
ot luldUselemiderdedls 1wy nsndnuruleliidnaumuuiuiunats uazuiuursdiiavesa
doswniviinannifeseussfusialiiferiuiomn uifdifldumdodnluuiinalites vl
nnlifvindu 1wy l5dn uazlinszenas nuirdvsinamnswduliding 1.72 Sugnuiaduaseod
widslaifguszneunsnelailuaayaruisldedninieds Wesnndulifraseiatiludndiuives
wazfleuazgUssiuansaiuie dwinisouazinnnisinlsd nsudaldl nsensrmineinssssund
uardsnnden Iitlassmatanundnnmmsndniagmaunlionianianm deldusslovimaununsld
fanthsssund Wunsldusleviannandanmimdeldidualiiffogluussima THiAauseTov
Audnndign Tasdumdnduwsiusitiavesn (Particleboard, PB) wruleliignnamuiusiuiiunans
(Medium Density Fiberboard, MDF) waziaulsidndiuugd (Wood-cement board) 1Judu

Tuthaguu melulanensliusslovials uasiayianTinmdudiondndugramnssy
Wwinyfmthegnsgs anansaldiaulsl Yanels! lsvunadnvdensing wagtagduleandivinuas undes
aviBuaudidaduniuiaamawnulisssuwf (Wood-based panels) Tnefnaaudilndifssiuldsssui
ynUszns FsfuslaalviniseensuannniwandausiivihainSanussamdu wu wan vie wanadn 1Wusy
wieglsfntammaunulsisssumatliinadugnamnssunisanuiuinifiavesa (Particleboard)
vieunuleldgnninunuinduUIunais (MDF board) wazuiulddn@iuus (Wood-cement board)
Jndudesdinisfnwiinsanisdnenimvenawiaguaazailn wu ldudazyda U Yo Wi g Tuily
yudos 13917 wnau dusfudignds dudiasing Judu Fslassssuvanuandrsiulundagyie
Tnuauivesingiueazanudululdidmndsd asmneauiivsiuldudadugramnssuld
violiifiedla 1ioflagUsutsesnszuiumsidnlimnzauduingauilfiduladeddylunsdniuny

ogslsfinnu TunmsudauiudsznevanntanianinmieTandu q idiwaglaaluesdusznaudy
finaggnuarnidivianguaznelviinainudevieniuasugivegiaue 9 (Harris, 1964; Hickin, 1971)
Tuvssmelnewuiiiuanegauninda harudemeliulilivsslsniuamsdudouidduanies
wazyuun neanudenigvetermsluuaiiswinnidt Segag 90 Wnainnisidivianevesaintanu
(Sornnuwat, 1996) fstiudsdndusgsdafivsdesdinsfnyinasnnaeunramunuvesannaunyliieo
nadwhanevesUanidielimuisdeyaidoswiulufesenunumusadngiaeld Tasianzagnads
vannléfu ieldidunmslunmsfisnsanihlugnmswamunvieuuusanaluladnisuan Tanmaunulsly
fanfuaznunusiomadviangvesuainundedu
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aUnsaluazisns
nsAinwasiUseuiisulseansninvesiannawnulineanisdvitaievesdaintddau anliuns
neaeuilufsftinsuarluneaaun TnefidesnsTaamaunuliwautovmn 3 g dudunmsvmeaey
1 40 siod Inelunsiazynaziividnudiiunnsnaiy

nsnaaeulueslfusins

1438 nsmaaeunuy Modified Wood Block Test #aflunisvaaeuluguisnstisdu (no choice test)
TnaldUainwuiin Coptotermes gestroi Wasmann s?faL{’Juﬂmﬂm%’ﬁ]ummgwiumwmaaﬂu
WoaUURn1s Tdurun1snaasawuy CRD (Completely Randomized Design) WS uiiguaumunuyes
SagmounulinInamndang 4 uasivinuudnuaudioudiousiuou 1 vinand Tnethiudedietan
naunulsvung 2.5 x 2.5 9.2 uazyivindaiuau (control) 3dldlsiuramns naaeulundesmanafnuuin
8x11x5 911.° Beldlanmeitiunsousndeuarliautuudy Tagldumnnanesussunm 400 & Tuusaz
VEMAUS YnsnnaeuTeuunsIuay 4 91 (replication) Whanlunsmadeuiiauuszana 8 da

msvssdiuanudemeuulivegey Tngldamiwinvedliifigyme (weight loss) mniminlinou

a wa

wazvdsnvegey WulesidudanudemeniinannsdviatsvesuantuiesyjUfinns UWPAS, 1981)

400 workers and 40 soldiers
Termites

- /

Wood composites

\

Figure 1 Method test (A) In plastic box (B) Size of samples 2.5 x 2.5 cm?.

nsvagaulunAguy

aufunsnaaeuludnuugliduianiu lngi5idendasy (choice test) UWPAS, 1981) THunuN13
MARBUY RCBD (Randomized Complete Block Design) wW3suiiiguanunuymuvasiannaumiliminime
19 9 uardindnmudauguuToudiousiuau 1 vinsud Tuudazdn Bnslastvediuusdivsanan
YuIRLEURIgUENaT9 80 B, g9 60 wy. Wavineila Sruauiiusiuiuiiasnaaeu naluiiudiild
Souoenlld Tnefiszosvinustosaniniu 1 wms Ysestudaevmenen ihdusesistanmaumildidedivun
5x 10 x 25 1. wawlifonamne (vavnsienuay) Swauiomn 4 61 naudgudenidieliiedlussdumileny
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n1sUszliunanisveass Issezianlunisnageunidulinini 6 e JuiinuazUsediunanis
nageu lnensuseliupnudemevesianvannuldaieanani (visual rating) wazduiindnsinisidnvinane
Juesidudnisdvhate (gwins waz 9136, 2540) Wwdeatunisdneluiesdiinis

Wood compositions

Cement circular tube

Figure 2 Field test (Above ground).

wumensinnsan lunsmeasuiisluies fifinsuasniaauiudesanmisadestulaanid,
vhaneldlunnst # vide fan fo wuanudemefiAaanmadvhaevesanuutuagmaunliliAu
10 wWesdus waznumadvhanetulinaaey (enaws) Alddundnansauay (control) laisnd
35 Woesidus luiosufiRnisuay 75 Wesidus lunimau

menseiteyarlufesfiinsuasmaauu Teyafild Wun Weddudaudemenestan
nawmdlsl tludmszstianuudssiu Wisuiisuaiais Senedetiu o Sdeddunieada auiins
Duncan’s multiple range test (atiusde, 2539)

Table 1 Percentage of damage caused by the attack of termite.

Level Damage average Damage of wood Efficacy
percentage compositions

1 0 No destruction excellent-acceptable
2 1-10 Slightly destruction good-acceptable

3 >10-35 Moderately destruction unacceptable

4 >35-80 Severely destruction unacceptable

5 >80-100 Perished unacceptable

NAKAZI T

Afiunsegeulseavannvesiaanawnilivenisidwiansvesdaniaauldl Maluesufdfinig
wazNIAaWL Ingdinan1snageU fall



nisus:=ygunasuU1TdUs:=310 2560

Table 2 Damage average percentages of wood compositions in laboratory (2 months)
and field test (6 months) of first batch.

199

Laboratory Fleld
Type of  Density (above ground)
Wood Compositions adhesive (kg./cubic Damage Level Damage Level
meter) average average
percentage percentage
1. PB mixed with Acacia fibers from pMDI 10% 800 23.08° 3 100.00° 5
Ranong province
2. PB mixed with corn husk pMDI 10% 600 55.52° a4 100.00° 5
3. PB mixed with bagasse UF 13% 600 5.90°° 2 2.50° 2
4. PB mixed with chaff No.4 pMDI 10% 950 2.83° 2 0.00° 1
5. PB mixed with Eaglewood residue pMDI 15% 950 53.46° a4 100.00° 5
6. PB mixed with straw pMDI 15% - 10.09 3 60.00° 4
7. PB mixed with resin scraps No.3 pMDI 10% 1,000 1.13° 2 0.00° 1
8. PB mixed with rubber wood and pMDI 10% 800 13.58% 3 100.00° 5
dice rubber wood
9. PB mixed with scrap paper and - - 27.28° 3 77.50 il
plastic recycling
10. PB mixed with brewers - - 5.21%° 2 7.50°
11. PB mixed with wood chips - - 24.19° 75.00™ q
12. MDF mixed with Acacia fibers UF 13% 800 38.78' 4 100.00°
From Ranong province
13. MDF mixed with Acacia fibers UF 10% 800 51.55° a4 100.00° 5
from Nakhon Ratchasima province
14. OSB mixed with Acacia fibers pMDI 7% 800 18.47° 3 100.00° 5
from Ranong province
15. Plastic wood mixed with Acacia LLDPE 60% 900 0.12° 2 0.00° 1
wood from Ranong province
16. Plastic wood mixed with chaff pMDI 10%+ 950 0.00° 1 0.00° 1
LLDPE 60%
17. Rubber wood (Control) - - 70.90" 4 100.00° 5

Notes: PB = Particle Board

MDF = Medium Density Fiberboard
OSB = Oriented Strand Board

pMDI = Polymeric Diphenyl methane Diisocyanate
UF = Urea Formaldehyde

LLDPE = Linear Low Density Polyethylene

a

1. nan1snaaeuTaanaunuldnonisidiiaievesvainlanu gadl 1 a1y Table 2 aziwiulddn &
feghatagnaunulsl 6 fegsfianunsadesiunisidvharsvesainuieuanliveuvidelsianunsalidu
o3l Tfun wiuliififaueda (PB) nauudey fradsanudemeluiesufjifiniamiadiu 5.90
wazlunipauumiaiu 2.50 inaeianudemeeglusedu 2 uay 2 audinu wuldurifiiavesea (PB)

HANWNAUINELEY 4 Anadvaudeyneluiesyfifnswindy 2.83 linuanudemeluniaauiy inas
anudeveeglusyiv 2 way 1 ukuldurifiiaueie (PB) wauAws@umanelay 3 Anadeandeniely
e UAniswindu 1.13 ldwuanudemeluninauiy inugiaademeedlusedu 2 uag 1 wiuld

hidiiavain (PB) waunines Anadeanudemeluiosujufiniswindu 5.21 lunaauiuwindu 7.50
wnaesiaudenisegluseau 2 ldnatafinnsefumninindiminssues Aafeaiudenisly
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WeoufuRni1siindu 0.12 lanuanudemeluniaauiy inasianudemeeglusedu 2 wag 1 uag
ianafnunay luiwuanudemedtsluios fiRnsualunaau inurianudemeoglussdu 1 da
feehsiilimumusionisidniansvesain visuananunsaldiduomnsle liun wiulsiunsaifavedn
(PB) namawliinsriummandaininsyues Tnsfidnadeanudemeluiesl joRnisindu 23.08 uaglu
AAEIYINAY 100% nairsdemeeglussiu 3 was 5 amuadu Jsdneglussiuitliannsaousu
16 (unacceptable) uriulifUriAiAavesn (PB) naudondnlna Anadsanudomeluriesfifinng
Wi 55.52 luniaawiuindu 100% inaeinnudemeadlusedu 4 uag 5 uiuldursdiiavesa (PB)
waunINNgEan AnedsaudsmegluiosufoRnisindu 53.46 luniaauuvitiu 100% inasinan
Femeoglusedy 4 wag 5 wiuliuriiiavedn (PB) naun1edn Aedenuidevnsluries joinns
Wiy 10.09 waglunipaunuintu 60% inaeianandemesglusedu 3 way 4 uiuldursaiavesa (PB)
wanliformnsuazgnisilifonmns Aedsanudemeluiesd foaniswindu 13.58 uazluninaum
Wiy 100 Wesidud inawianudemesgluszau 3 waz 5 winliusfinavese (PB) nauaunssnTwLae
wanadnileida Anedenuidemeluviosufiinaviitu 27.28 uaglunaaunsiidy 77.50% wnasi
audemeaglusedu 3 way 4 wiiliifARavedn (PB) wlinay Aedenudemelufes jifing
Wiy 24.19 wazlunpauiuwingu 75% wnasinnnudenisegluszau 3 waz ¢ winlelddaaumuiwiy
Urunas (MDF) nasawliinssdummianiminssues Anadomnudemeluiesfifinnsmindy 38.78
wazlunimauIuwiniu 100% tnaiaaudemeeglusedu 4 waz 5 wiulelddnnnuvuiuduliunans
(MDF) sawaslinsgaummandminuassvdun Andsanudemeluiesufifinmaviidu 51.55 uag
Tun1rauuiniy 100% inasanuidemeeglussdu 4 uay 5 uazlidaindniSesdu (OSB) nauaulsl
nsgdummandaminsrues Alademnudsmelurieau jURn1smindu 18.47 uagluniaauiuviniu
100% Lnausinandemeeglusedu 3 uag 5 lurariivinwudauguiivesidudinisdvianswiify
70.90% luviosufuRnsuay 100% Tuniaauiy inaeiaudemeeglusedu 4 uay 5

Table 3 Damage average percentages of wood compositions in laboratory (2 months)

and field test (6 months) of second batch.

Field
Laboratory
Type of Density (above ground)
Wood Compositions adhesive (kg./cubic Damage Level Damage Level
meter) average average

percentage percentage
1. MDF mixed with Eucalyptus fiber and TPE 0.3%  UF 10% 800 31.56° 3 100.00° 5
2. MDF mixed with Eucalyptus fiber and TPE 0.4%  UF 10% 800 37.50° 4 100.00° 5
3. MDF mixed with Eucalyptus fiber and TPE 0.5%  UF 10% 800 38.67° 4 100.00° 5
4. MDF mixed with Eucalyptus fiber and TPE 0.6%  UF 10% 800 37.68° 4 100.00° 5
5. MDF mixed with Eucalyptus fiber and TPE 0.7%  UF 10% 800 40.09° 4 100.00° 5
6. MDF mixed with Eucalyptus fiber and TPE 0.8%  UF 10% 800 37.60° 4 100.00° 5
7. PB mixed with shredded wood and TPE 0.3% UF 10% 800 37.59° 4 100.00° 5
8. PB mixed with shredded wood and TPE 0.4% UF 10% 800 38.15° 4 100.00° 5
9. PB mixed with shredded wood and TPE 0.5% UF 10% 800 34.30° 3 100.00° 5
10. PB mixed with shredded wood and TPE 0.6%  UF 10% 800 41.25° il 100.00° 5
11. PB mixed with shredded wood and TPE 0.7% UF 10% 800 32.52° 3 100.00° 5
12. PB mixed with shredded wood and TPE 0.8% UF 10% 800 38.35° 4 100.00° 5
13. Rubber wood (Control) - - 7301° 4 10000° 5

Notes: MDF = Medium Density Fiberboard UF = Urea Formaldehyde PB = Particle Board TPE = Thermoplastic Elastomers
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2. samsveaeuTagnaunliiemadivharevesuanldfu yeai 2 nu Table 3 wuih ndaeglal
anusanunuRenIsiiateresain wisuainaunsaldiduemsla laud winlelddaanumuiui
Uhunans (MDF) nasndegandusauazeramoslunarain (TPE) 0.3% Anadearsndemeluies jifng
Wiy 31.56 lumaawavindu 100% inaeginnudemeeglusedu 3 war 5 uiulelddaaunuiwi
Uhunans (MDF) wasndegandusauazeramosTunanadin (TPE) 0.4% Anadsanandemeluiesjians
winiu 37.50 Tunmawnavindu 100% wnaginnuidemeeglusedu 4 war 5 wiulelddnaunuiwi
Urunans (MDF) mauL?J@gﬂ']étléfal,l,azsmmaﬁuwmaaﬂ (TPE) 0.5% AadsAnudemeluios foans
Winu 38.67 luniaawuvindu 100% wnainnuidemeeglusedu 4 war 5 wiulelddnaunuiwi
Uhunana (MDF) wasiBegaaudauazerameslunanaiin (TPE) 0.6% rtadsmnuidemeluiesufonig
Wi 37.68 Tumagunuwiriu 100% naeienudemeegluseau 4 uay 5 uiulglidaaumuiuiuyi
na1a (MDF) wasdegadudauazenamesTunanadin (TPE) 0.7% Aadsauidemeluiesufoanns
Wi 40.09 Tumaawavindu 100% wnaginnuidemeeglusedu 4 waz 5 uiulelddnaunuiwi
Urunans (MDF) mamLﬁagﬂﬂaﬂﬁaLLazsmmaﬁ:uwmaaﬂ (TPE) 0.8% ﬂ'ﬂLQS%JWJWL%WWsﬂuﬁaaﬂﬁﬁﬁmi
Wiy 37.60 Tuniaawiuvindu 100% inaeinnuidemgeglusedu 4 uaz 5 wiuldursiiavesa (PB)
waudeyliuazeraneslunaiain (TPE) 0.3% Atdsauidsmieluiesu joAnisindy 37.59 Tu
AP 100% wnaeianadeyeeglusedu 4 uag 5 wiulivisiiiavesa (PB) nauneslduazens
wesluwanadn (TPE) 0.4% Andsamidemsluviosufuanisminiu 38.15 Tluaiaauiasiniu 100%
wnaaademeeglusyiu 4 uag 5 uiuliiuri@inavese (PB) naudeslduazeraneslunatadn (TPE)
0.5% Aadsanudevgluiesl finswiniu 34.30 Tunaaussiniu 100% inasianudeneeglu
seU 3 uae 5 wiulisAiAauedn (PB) nenosliuazenamesluwanafin (TPE) 0.6% Aadsnadovie
luriesiin1smindu 41.25 Tuamawiuviriu 100% inagiannudemgegluseau 4 wag 5 unuldunsa
\Aavein (PB) nasroslsiazramesTuwatadin (TPE) 0.7% Aedsnnudemeluieal foAn1swiniy
3252 lumeaunuwiniu 100% wnasienadevneegluseiu 3 uae 5 wae PB uuliiifiavesa (PB) nauneeld
wagenamaslunatadin (TPE) 0.8% AnaduainudemeluiosufiRnaviiu 38.35 lunaauirify
100 Wadldud inasinnudevneegluseiu 4 uas 5 vazininudeuauiilefidudnadwhanewindu
73.01% luviesuffURnisuar 100% Tunaauiy inasiaudeyeeglusedu 4 uag 5

Table 4 Damage average percentages of wood compositions in laboratory (2 months)
and field test (6 months) of third batch

Field
Laboratory
Type of Density (above ground)
Wood Compositions adhesive (kg./cubic Damage Level Damage Level
meter) average average

percentage Percentage
1. PB mixed with rubber wood UF 10% 800 41.33° a 97.50° 4
2. PB mixed with rubber wood and TPE 0.5%  UF 10% 800 40.36° 4 95.00° il
3. PB mixed with rubber wood and TPE 1.0%  UF 10% 800 45.32° a4 82.50° 4
4. PB mixed with rubber wood and TPE 2.0%  UF 10% 800 35.33° 4 92.50° il
5. PB mixed with rubber wood and TPE 2.5%  UF 10% 800 42.40° 4 100.00° 5
6. PB mixed with rubber wood and TPE 3.0%  UF 10% 800 33.31° 3 100.00° 5
7. PB mixed with rubber wood and TPE 3.5%  UF 10% 800 36.42° 4 92.50° il
8. PB mixed with rubber wood and TPE 4.0%  UF 10% 800 33.87° 3 100.00° 5
9. Rubber wood (Control) - - 37.72° a4 100.00° 5

Notes: PB = Particle Board TPE = Thermoplastic Elastomers UF = Urea Formaldehyde
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3. wamaaaeuTaanawnmiliivemadvhanevesuaanldfu yail 3 au Table 4 wuih yndaegslal
annsanuusiensdihatsvesain wiedanawnsoldiduemsleiiuieaduyed 2 leua usiuls
UhifiAauedn (PB) nasnaulsinsmne Aiadsanudevgluiios foRnswintu 41.33 Tunasuinty
97.50% tnausiAandevigegluseau 4 wiuliiusiiiavese (PB) mauawlisnsmisuazetunasly
wanadn (TPE) 0.5% anadsnnuidemeluviosufiRniswindu 40.36 Tunaauiyindu 95% inasiany
Hemeaglusedu 4 uiuliivrsiavese (PB) nauiawliisnanisiuaserameslunatasin (TPE) 1.0%
Andsanudsmeluriesujifinisviidu 45 32 Tunaauuiniu 82.50% wnaminnudemeegluszsiv 4
wiulsiuniiAauesa (PB) nawaulsionsmsuazeramesTunanadin (TPE) 20% Aadsadudenisly
WU uRn1swindu 35.33 Tunaimauiumindu 92.50% wnaswianudeyeeglusedu 4 winldurifiiavesa
(PB) nasiAulifonsnisnazsrameslunaraiin (TPE) 2.5% anadsauidomeluriesujuinisuinfy
42.40 TunAauwiiu 100% wnasianudeneeglusedu 4 wag 5 wiuliivrsfinavesa (PB) nauAy
foramsuazeraneilunanadin (TPE) 3.0% anadeanudenisluvisau joAnisuindu 33.31 lu
MAFUININTU 100% inaeiaudeyneeglusedu 3 uae 5 uwiuliursiiiavesa (PB) nawwmwldenanis
wazgamoslunaiadin (TPE) 3.5% Anadsanudemeluriesufiinsmiiiu 36.42 luniaauiyindu
92.50% tnauaiAnuidemieagluseau 4 wazwiuldursinavesa (PB) nauAwliensmnsuaze1aunesiy
wanain (TPE) 4.0% Anademudemeluriesl foRnsiindu 33.87 lunaauisisiniu 100% inasinanm
Fomoeglusedu 3 uay 5 vazdivasudmuauiiedidudnadwhanewiniu 37.72% lufesufinsuas
100% TumAauny

Figure 3 Damage on wood composites in field test.

GELY

AILNUTININTFIUNITNAGOUVBY Japan Wood Preservative Association (JWPAS) imageuiivh
mavngeuTluonvinuarlunmeauudesansanumusenadvhaevesanld Tnedasedua
Femelaifusesu 2 (Wifu 10%) uaglifduwinendmuaudedianudememnnnii 35% lunsneaeuly
HosUfuRng uar75% lumsveaeulumeauny mszariudeannsaasUléi fifesiaamaunulsl 6 dregns
whiluiiasadostunsivhaneveslanld laun wivlsiurifiiavesa (PB) nauudes wivliusa
Aauese (PB) mauwnauvineay 4 wiuliursmiavesn (PB) naumwsdumneay 3 wiulitsfiavesn
(PB) waunniles Liiwanafnnszduwmnanndsminseues uagldwanadnunau drunuliursfnavesa (PB)
nauLAwldnsiumnandminseues uiuldursaiavesa (PB) nauudentnlun uiulddrsiiiavesa
(PB) waun1nngued wiuliiusfnavese (PB) waun1etn wiuldirsfiiavesa (PB) wanlderswisiuay
anwildenamns winldunsiiiavesa (PB) nauwmunseawuwaznatainilafia wiuldursaiavesn (PB)
wwldnan wniuleldidnanunuinuuliunans (MDF) wauawldnszdunmiaindminssuss wHulyliisn
AnLvLLLULNaNs (MDF) rauaslsinssaummandaiauassivdan lismndnSostunaavlsinsyiu
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wandsmiaszues wkulegliSamuvuiuyuuiunats (MDF) saudegaavdanazenaneslumatadin
(TPE) nnauidudy usuldursfiiavesa (PB) naudasliuazerunaslunarain (TPE) nnadsdudy
wiulifrddiAauesa (PB) nawlifonamnsuazerameslunatadn (TPE) e mduty wuanudewed
AnanmsdwhansvesUanlulimeaeusglusssvitliannsosonsuls liasnsanumusionisidihane
yosmnld ddumniimahluldousie Jammmuuamdunmsianuinisiestufdauuasdngrangls
TnglamzUarniangld lne3Bnnseng o Aald

AnAnssuUTENA
NITeneldgalasins nmsiuidnnmnisudniagmawnuliianntandanin dueqaadle
Howeveunnd NI Souaeitaunistnlsl Alalimuaduayulumsifondsd voveunn aansss quinidy
swthylassnsfildlfmuusihsmisraunuluglasmisnlaenaon suieaetnidouasinide
fieatedlumsdnuiteadsdnnviy
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Jusne uteyalIeuifisuanninunsuuusaunauwazilnadafen 198nsinseiuasdanse
foyaauuigiu fo msfidusmvesuvunsiewneisszuununwestglitneldnaealuazannig
wilauls nelddeulvifyumunzmisiiondefisfsinlaonsdansfivnzan annsdnwmuinnis
sruvIunuesTiiuiiade 113/m3u3eu vhaeldas 38,802,390 vin/li/Adl Faliyargeniinisugndlng
fiftftuiiuszana 30 13/a53eu d5oldans 73555 vn/li/d WeRassldadauieunuindselians
38,475.40 Uw/J/AF3ouszuuIuinYas Ssyarigeniinisugndialne 19,989.59 um/A/aaFouugn
F1lnn Fedunisissuuiuneasannsaigadldimasassozinan 5 Iiiuunfuedndadreneld
naentuarliiniaunnnanuns Snunuesnsifdusufistuerannsofisisnslduselovian
IhFuduldtne Tnetanizonms Wity asyulns deud fnan ddududenisdsdin muddesuiidu
deflatfuayumansnszsvidondnuivguasugianeiiios lagldszuuiununsiidnisinnis
ninenssssuAfmnautuguvy Inssildamsitaisuazadimnusiuaduondnldlussezen o
Tiauogld Viagld dnithegls wanfuuumaudladyminduiideonanmuuiiuiigeiu (qumiild) 1§
Adndry: sTuvUAEAT Msaensiuasluendn guvunzmEes nMseia)

ABSTRACT

Umpang Wildlife Sanctuary is a protected area in Thailand. Most of Karen are a farmer that
they depend on natural resources in this area. Therefore, creating a job security with agroforestry
of Karen community at there. We collected data from farmers among integrated farming and maize
farming. The method was analysis data and synthesis data in the condition of assumption. It was
the participation of Karen with agroforestry can have income all year and decrease credit of
agriculture in the condition of Karen community depends on forest with suitable management. The
results were the agroforestry had average area 1 rai’household and got the net income 38,802.39
baht/rai/year. On the other hand, the maize farming had area approximately 30 rai/household and

got the net income 735.55 baht/rai/year. However, the net income household of the agroforestry
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was average 38,475.40 baht/year/agroforestry-household and the maize farming was the net income
19,989.56 baht/year/maize-farming. Thus, agroforestry can verify the income all year of agroforestry
and not have debt from agriculture in a period of 5 years. Karen farmers are increasing and can
receive the indirect benefit forest such as food, firewood, herb, natural dye and wooden bamboo
which was important of life. The research support Sustainable Development from Sufficiency
Economy Philosophy of Royal Philosophy and the agroforestry concept with suitable management
in their community that have to awareness the dependent on forest and a job security in the long
term that can solve the problem of deforestation at head watershed forest.

Keywords: agroforestry, job security, Karen community, dependent on forest
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HaLaIanTel
NAN13ANYT WU nguiIeganunInsyInzsElrdeyadiulvg JumanonaglildFou
ufsdo (Sovay 80 Tult) o1gagluta 31-05 ¥ Tanunmausa Gevay 90 2ull) weedidruauaundnly
AsoUATIUTEINM 5-10 A 1HesandsaunzimdssiinsliiAssinudufiiasouasa vilwnns
Ansedoasviienslideyadilngjazidumamnesnnniuwands (Table 1)

Table 1 The characteristics of Karen samples.

List Agroforestry Maize farming
n=89 Percent n=17 percent

Sex male 77 86.5 15 88.2
female 12 13.5 2 11.8
Age (year) <30 19 21.4 a4 235
31-45 31 34.8 7 41.2
46-60 27 30.3 6 353

> 61 12 13.5 - -
Education unlettered 88 98.7 14 82.35
high school 1 1.13 2 11.76
graduated - - 1 5.89
Status marriage 87 97.8 16 94.1
single 2 2.2 1 59
Member in household (person) <5 a5 50.6 6 35.3
6-10 42 a7.2 10 58.8

> 11 2 2.2 1 59

naiSeudisuiufivhnsineas fenuuandnatusgnaiiuldsn eenguiinnisnunsaunan 3
fuivhnanuesiedetosndwioshty 115 Gevar 89.9) wildwumsdifulunguiyinisinuassaumany
dunduifnisugndminadadsrdnlvgdiuiivhninnunaiade 30 14 (Govay 58.8) unsimediiui
31-60 13 (Joway 41.2) wumsfidulunguilifienwinisugninlnadades Gesar 100) Taedunisd
Snwariuneyuliifowsaius o o1 Tutnisude Ssaufun$uienananfeursyuilliiug astude
venandnlsiuieyuuds Adunsinduualifumenuainnsuedninn Amdedaduseldves
nwasnsludnmamizdgniy fuanidunisdunudnisdann s.n.a. lnevdesAudeldiuinuasnsenn
ﬂzm‘éwﬁ’wmuﬁuﬁﬂixmm 50,000-100,000 uw/Au (Seeay 58.8) (Table 2)

STUUIUAYATTBYITUNE VR BENSTMsInumsLUURausaY dulvgimnzugndnluggru
(n.a.-n.8.) iosandriduemmdnuesymnznies eauiunmisemsIssndudeaddnlud
dinswasionisuilnanelunseunsanaeaiiadl ualinsUgnitsinudagamaiuiendnn duiuiiiing
Faassuvaliifiovinnisugnitvinuasnaunaiu Tasldszuuiunens Mduuvdsemsuazundnisld
Uiviwumuau 5 SIUAY mﬂmimiawaua‘iuww wu liwa fvayulng Wiy fydnanu fldddeudi
fiwomsvesimunazdniaes Lﬂumﬂﬁnﬂiﬂmumaammﬂ (Figure1)



208| souwavsnuBUl dovAlIdaSWS:=S1UN

Table 2 Agricultural area and credit.

List Agroforestry Maize farming
n=89 percent n=17 percent
Area (rai) <1 80 89.9 - -
2-4 7 7.9 - -
5-7 1 1.1 - -
> 8 1 1.1 - -
< 30 - - 10 58.8
31-45 - - 5 294
46-60 - - 2 11.8
Debt no credit from agriculture 89 100 - -
Debt from merchant (baht) < 50,000 - - 6 35.3
50,001-100,000 - - 6 353
> 100,001 - - 5 29.4
Debt from BAAC (baht) no credit from BAAC - - 7 41.2
< 50,000 - - 2 11.8
50,001-100,000 - - 6 35.3
> 100,001 - - 2 11.8
Crop Jan | Feb
Paddy rice
Maize
Vegetable

Tuber crop, Perennial,
Herb, Firewood,
Wooden bamboo,

Natural dye, Food

Figure 1 Agroforestry cropping.

N1531AT1ENYAAITENINNITNUNYATAI TTUUIUNYATUVURANREI LaZN151IN15INEAT
FralwaBufen w1 YaAINITIINYAIRILTTUUIUNEATUUURENNETY KandnTilduisoenidu iilo
msswmhedundnfndudesar 83.42 uasfivdeiionsuilnanieluasiSeudnduiosar 16.58 Tned
57918188891nN158 MU eNaNER 38,475.40 U/AS S eu/T LLaxLﬁaﬂisLﬁumuamﬁlé’mnmiuﬁﬂﬂiu
A313ouads 7,649.85 viw/aiadon/d asiuyarmsuiildnaendniinsdmsuazuilansiuiome
Wity 46,125.26 viw/asadeu/d udiledunuyadirnanissmineuaznisuilan wenoonudy
wiazUssianiFesnudiu wud ldualviyarigegn 2,780,004 v/l (Geway 67.72) sesasndeivdnan
v fyarn 679,688 v/ (Fewar 16.56) uaziininlyann 237,643 v/l (Fevay 5.79) dnfivdy
flyarn 407,813 U /U (Segag 9.93) ety yamTilianss N YR sLUURALHE YN 4,105,148
u//ituit 88.25 19 (Table3)

sruuunuaskuURaNnay daduundsivtungmieddfsidunisisa@inludunism
51818 W@unsldusslonianldnasiuau 19 afia linandniiaseseldtunensns W nde uzun
WAy Yarsaveusaveila 2,073,420 313,248 uay 108,180 uw/U muadu Wusn $1uau 11
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vila Fudnndnfiairsneldfunuasns 16un ugnge 130 wazuninzvies yamisuvesusazyin
152,100 75,650 way 4,800 Uw/A suddiu fwdman - S1uau 7 wdie wdavdniiadraseléls
inwnans Téun afudu ynly uarlng yadrsamvosusiazeia 375,825 210,240 uay 39,750 UW/d
AU warfivdu q Sauau 8 vl Aivdu 4 wdnfiadeneldtuineasns T vuan v LAENg
yarsImvedLsiazlla 111,138 105,000 uag 96,600 U W/l muadu (Table 3)

Table 3 Value of agroforestry from selling and consumption.

List Selling Consumption Total Percent
(baht/year) (baht/year) (baht/year)

Perennial 2,290,414 489,590 2,780,004 67.72

Vegetable 180,335 57,308 237,643 5.79

Tuber crop 624,280 55,408 679,688 16.56

Others 329,282 78,531 407,813 9.93

Total 3,424,311 680,837 4,105,148 100.00

Average per 38,475.40 7,649.85 46,125.26 -

household

Percent 83.42 16.58 100.00 -

Remark: samples 89 and total land 88.25 rai.
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1§ AusFeuiu 221.30 v/l3 wazAthdudomas 21.14 vm/ls Basandudosa 15.68) (Table 4)
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fsugnluiiuiifisdu Frunsiidanedsdninndulngjaslimauainonduindonisdanisuagly
nanuu SelEBmasndudungitewieuiuilunsmzgnluseusely

N13UTeUiigUs8lAvaanBnINIsEnien1TMNEATA TTUUIUNEATUUURENREIUAUNIS
Ugndalwadaden wui1 msvimunessuuukasmanuiiseldavdviniu 38,802.39 vin/ls Bsilyadi
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Table 4 Maize crop cost.

List Seed Fertilizer Pesticide Combine Fuel Soil Hired Total
harvester preparation  labor

and logistics

Cost 322,000 535,180 228,998 315,794 9,765 102,240 152,300 1,666,277

Average per
18,941.18 31,481.18 1347047  18576.12 57441  6,014.12 895882 98,016.29

household
Average perrai  696.97 1,158.40 495.67 683.54 21.14 221.30 329.65 3,606.66
percent 19.32 3212 13.74 18.95 0.59 6.14 9.14 100.00

Remark: samples 17 and total land 462 rai.

Table 5 Maize crop income.

List Cost Yield Price Total income  Net income
(baht) (ke.) (baht/kg.) (baht) (baht)
Average 1,666,277.00 501,525.00 4 2,006,100.00  339,823.00
Average per household  98,016.29 29,501.47 - 118,005.88 19,989.59
Average per rai 3,606.66 1,085.55 - 4,342.21 735.55

Remark: samples 17 and total land 462 rai.

Table 6 Comparing income between agroforestry and maize farming.

List Agroforestry Maize farming
Land (rai) 88.25 462
Samples 89 17

Net income (baht/year) 3,424,311.00 339,823.00
Net income per household (baht/household/year) 38,475.40 19,989.59
Net income per rai (baht/rai) 38,802.39 735.55
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ABSTRACT

The study aimed to investigating the overview processes of community-based and costs
analyzing of this forest rehabilitation project Pong Krai sub-watershed, Chiang Mai province. The
study employed in-depth interview of 7 key informants together with 76 household interviewed.
Data was analyzed by using content analysis technique, descriptive statistic and cost analysis of
project implementation. The study revealed that the community-based forest rehabilitation project
had three period that were 1) community consultation, 2) forest planted and rehabilitation and 3)
monitoring by local community. The total cost for forest rehabilitation at Pong Krai subwatershed,
Chiang Mai Province was 55,405.52 baht/rai/year, included 1) implementation cost for forest
rehabilitation 50,405.52 baht/rai/year and 2) transaction cost for the project implementation
4,907.38 baht/rai/year.

Keywords: forest rehabilitation, cost analysis, community, participation
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==@==Frequency of participation

Meeting&Preparation

141

Monitoring&Evaluation 1.36 2.72 Site survey

3.37
Planting&Maintenance

Figure 1 Community participation in the forest rehabilitation in Pong Krai Subwatershed
Area.

==@==Frequency of participation

Village meetiing

1.32

Plan development 1.32 1.32 Persuding

1.67

Restoration training

Figure 2 Community participation about meeting and preparation.

==@==Frequency of participation

Site survey
2.3

Seegling transportation Seedling survey

3.09 2.3

3.04 2.26
Glyphosate spraying Staking hole digging
3.04 3.04
Weeding Site preparation

Figure 3 Community participation about site survey.
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Frequency of participation

Planting
3.72
3.13 3.49
Fire prevention Weeding&Fertilizing
3.14
Firebreaks

Figure 4 Community participation about planting and maintenance.

Frequency of participation

Monitoring

1.36

1.36 1.36

Survival rate Seedling condition

Figure 5 Community participation about monitoring and evaluation.
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Table 1 Cost for forest rehabilitation in Pong Krai Subwatershed area.

Activity Cost (Baht) Total  Average Cost Average
Year 1 Year 2 Year3 Yeard  Year5 (Baht/Rai/  Cost (%)
Year)
1. Operational cost 891,828 446,614 395480 395,480 395,480 2,524,882 50,497.64 91.14
1.1 Labor 365,678 213,614 193,580 193,580 193,580 1,160,032 23,201 41.87
1.2 Material & Equipment 145,850 13,500 5,700 5,700 5,700 176,450 3,529 6.37

1.3 Fuel & Transportation 380,300 219,500 196,200 196,200 196,200 1,188,400 23,768 42.90

2. Transaction cost 245,369 0 0 0 0 245,369 4,907.88 8.86

2.1 Project Staff 97,744 0 0 0 0 97,744 1,954.88 3.53

2.2 Community Meeting 53,025 0 0 0 0 53,025 1,061 1.92

2.3 Traveling expenses 94,600 0 0 0 0 94,600 1,892 3.41

Total 1,137,197 446,614 395480 395480 395480 2,770,251 55,405.52 100
GELY
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ABSTRACT

This research aims to, 1) study the beliefs, rituals related to biodiversity and sustainable
management of natural resources, 2) develop guidelines for conservative beliefs, rituals, which were
mechanisms to manage natural resources sustainably and 3) study the effectiveness of beliefs and
rituals in sustainable natural resource management. In this study, it is a qualitative research that
takes a paradigm of interpretation. The tools used in the study were 1) in-depth interview
unofficially, 2) community mapping (Outer map and in community), 3) calendar of belief rituals
related to biodiversity and community natural resource management, 4) focus group and indirect
observation 5) study visit, 6) experiments, 7) informal observation, 8) survey, 9) analysis of the
elements (people in the community) involved in the community, 10) taking lessons, or 1) the

stimulation/motivation (from the outside by the stimulant/Motivational creator that Local Research
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Coordinator, Lamphun or Project management officer (Northern Program Officer) Community Based
Research, TRF). The research found that the use of ritual beliefs by Karen ethnic White or Karen
Pau relate to biodiversity and natural resource management is an important mechanism of
propulsion "People in the Forest" through the creation of individual consciousness and virtues with
in the community and became "ethical or community rules" that the community agreed and
accepted practice together. This local mechanism them became sguidelines for the conservation
and inherit and of the beliefs related to sustainable resource management of Mae Sangae, Moo 15,
Tagat Village, Mae Tha, Lamphun.

Keywords: ritual, belief, resource, conservation
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ABSTRACT

The study was conducted by interviewing the sample households on land-use existence of
agroforestry system at Bang Kachao sub-district, Phra Pradaeng district, Samut Prakan province, 9
villages, totaling 8 7 households, and surveying the woody perennial species cultivated in
agroforestry area totaling 9 sample plots. The results of the study found that most of them still
need to land-use existence of agroforestry system in the future (79.3%). They want to grow salt-
tolerant edible woody perennial and meet locally (39.1%). The Factors affecting the opinions were
statistically significant at 0.05.level on sustainability and continuity of productivity or benefits, are
the ownership of land and the security and safety of life is the main occupation and the ownership
of land. Factors affecting the overall picture are the educational level. And importance and is part
of the green area of Bang Kachao. The level of statistical For the woody perennial species cultivated
in agroforestry area of 9 rais (1.44 ha), there were 26 families, 55 species with an average of 225
trees per rai. The most important species that are important for land-use of agroforestry system,
Erythrina fusca Lour., Areca catechu L. and Cocos nucifera L., respectively.

Keywords: Land-use existence, Agroforestry system, The green area of Bang Kachao
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vosmsliinusuautiunazUaenfevesdin dmiuluamsin wui Sadeiifinadenisaseguesns
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USMUNNEAT 1ngllseasldunnan1snadouauuigIuveInsanylun nsmusngaiu Table 1
dmiunmsinvidisuiiisuanuuansiisesdazuuuadsauAniiuifdenisasegvenisly
fummszuvImneasiuduauianzd sunensyuszuas Sminaynsusnns Suunmusesunsfing
vouldinumuszuuanuns [Wunes 1a38 LSD wuin nauiiegluszdusisen@nuneudu finnaiiuiis
sonsaseguaIslifiAuLsTUUIINYesTu M INgINIINgudY Tnefinzuuuiads winfu 4.64 (Table 2)
Table 1 Summarize of hypothesis test for factors influencing an opinion on land-use
existence of agroforestry system at Bang Kachao sub-district, Phra Pradaeng district,

Samut Prakan Province.

Independent Variables t-test F-test p
Economics
1. main occupation 2217 0.140
2. secondary occupation 0.002 0.967
3. income from occupation 1.193 0.318
4. income from agroforestry system land-use 0.442 0.724
5. household income 1.038 0.380
6. area size 1.064 0.369
7. ownership of land 0.032 0.859
8. product/benefit 0.206 0.892
9. number of household labor 1.939 0.150
Social
10. age 0.289 0.833
11. educational level 3.249 0.026*
12. duration of stay in the area 0.144 0.933
13. period of land-use according to agroforestry system 0.334 0.801
14. successor of agroforestry system land-use 0.740 0.392
15. government support 2.009 0.160
Environmental
16. suitability of area 1.564 0.204
17. importance and part of the green area of Bang Kachao 4.783 0.031*
18. environmental impact .468 0.496

Remark: *P<0.05

Table 2 Comparison of differences in mean score of opinions on land-use existence of agroforestry
system at Bang Kachao sub-district, Phra Pradaeng district, Samut Prakan Province as a

whole. Classified by educational level by LSD.

(n=87)
educational level X 1. 2. 3. 4,
1. primary school 4.38 - - * i
2. junior high school 4.64 - - * *
3. high school 3.92 N * - ;
4. diploma level up 4.12 - * - -

Remark: *P<0.05
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Figure 3 Summary of the woody perennial species cultivated in all sample plots.
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Figure 4 Number of the woody perennial species cultivated in all sample plots. Divided by height.
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Figure 5 Number of the woody perennial species cultivated in all sample plots. Divided by the
diameter at the breast height.
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Figure 6 The structure of the woody perennial species according to the profile diagram and the

crown cover diagram in the sample plot.
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ABSTRACT

This research aimed to examine and analyze a fire management system of rotational
farming, which was conducted through the case study of Nam Moa Village, Bokluea district, Nan
province. The research also explored the perspective of local people on making use of a benefit
of fire in their rotational farms including the challenges to manage fire in the farms. The key
methods used were a field survey for collecting both qualitative and quantitative data and
interviewed with the sample households, in total of 60 samples. The results found that the villagers
of the Nam Moa Village have their own systems to manage the fire in their rotational farms. Those
such systems are preparation of the farm areas before burning, residue management, fire lighting
up and controlling management and setting up regulation for fire management. Looking to the
details, the results shown 65 percent of total households used fire for their rotational farming
practice. Within these households’ group, 97.4 percent of them utilized fire for clearing the weeds
and preparing the lands before cultivating. There are 94.9 percent of them agreed that the villagers
should build the fire break line/buffer around their own farm lands. Because it discovered that to
building the fire break buffer can help to reduce circumstance of fire spreading from farm to farm.
The research also noticed that the villagers have had a well practice to following the mechanisms
set by the government to addressing the smog issue. For instance, they would not make a burning

during the certain period prohibited by the government, which call a ‘60 dangerous days’. However,
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this banning impact to traditional way of rotational framing practice, then would affect to local
livelihoods. Therefore, by this research suggests that this mechanism should be reviewed and
adjusted, so as to align with livelihoods of local people. The fire management should be done
through an integration approach and with participatory process by involving all key stakeholders in
the management process.

Keywords: forest fire management, forest fire, rotational farming
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Figure 1 Using fire for burning of fuels in rotational framing system.
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ANudIAaddn tawn waunzia (VI = 145.87) wauu1a (VI = 106.04) uaglnanislulvgy (VI = 25.16)
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Tnwdnilvafanduosar 87.27 fnstesiusnulimoauiitunusssumnivinndunass fnsugnity
Iffuduiuiuuazusseyaveifiodosdniisnde Ussrvuiunaeamarsannsaiinisdnnng
Inoaulinsegiiiaduiunmusssuni lasudeslilimeauivlamumenass ileussloving
mesuassgRadenuuardsnndouluniouriu
fdndny: Uinth Yvneau nsdanis maldustlend aunsanns

ABSTRACT

Mangrove forests are a valuable resource for the basic livelihoods of the people living in
the coastal communities. When mangrove areas are utilized and degraded mangrove forests.
It affects both the economic, social and environmental to community living in the area. This
research aimed to study plant community and productivity of mangrove forest along Khlong Luang
Sahakorn. The line transect method was applied. Wood utilization and management of the
mangrove forest was censused located within 50 m from the canal and study the utilization of
mangrove wood by measuring the diameter and length of all logs used by the household.

The results revealed that the average width of mangrove forest along the Khlong Luang
Sahakorn was 7.68 m. The forest comprised 9 mangrove species, dominated by Avicennia marina
(IVI = 145.87), Avicennia alba (IVI = 106.04) and Rhizophora mucronata (IVl = 25.16). The total

biomass of mangrove forest was 10.96 ton/rai and the total volume was 23.38 m°/rai. (excluded
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Nypa fruticans). The people who live in the area used mangrove wood for construction materials
of their houses. Common species were R. apiculata and R. mucronata with a total volume of 0.03
m>/ household/year. Moreover, most of the households indirectly uses mangrove forests for coastal
protection (52.90%). The most of their houses were built close to the canal or at a distance less
than 10 m from the shore (76.36 %). Most of the local people (87.27%) managed the mangrove
riparian forest by protecting the natural forest along the canal and planted mangrove trees. A few
household has aquaculture pond surrounding with mangrove trees. Thus, the people in the Khlong
Luang Sahakorn community has been gained the benefits from mangrove forests both in socio-
economic and environmental aspects.

Keywords: riparian, mangrove forest, management, utilization, Samut Sakhon
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Figure 1 Study area and line transect method.
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Table 1 Importance value index: IVl of mangrove species in the Khlong Luang Sahakorn.

) Relative Relative Relative Importance
SPecies Density (%) Dominance (%) Frequency (%)  Value Index (%)

Avicennia marina 55.99 37.78 52.10 145.87
Avicennia alba 31.63 36.31 38.12 106.04
Rhizophora mucronata 6.96 13.33 4.86 25.16
Rhizophora apiculata 3.58 4.44 3.80 11.82
Xylocarpus moluccensis 1.33 4.44 091 6.69
Xylocarpus granatum Koenig 0.31 2.22 0.18 2.70
Thespesia populnea 0.20 1.48 0.03 1.72

Total 100.00 100.00 100.00 300.00

Table 2 Importance value index: IVl of mangrove species (East-West in the Khlong Luang Sahakorn).

VI (%) VI (%)
species East West
0-10 m 10-20 m  20-30m  0-10m 10-20m 20-30 m
Avicennia marina 147.67 173.06 - 127.09 186.12 153.33
Avicennia alba 113.39 83.84 - 102.77 113.88 146.68
Rhizophora mucronata 12.59 14.62 - 48.52 - -
Rhizophora apiculata 4.28 16.95 - 21.63 - -
Xylocarpus moluccensis 12.37 11.53 - - - -
Xylocarpus granatum Koenig 5.95 - - - - -
Thespesia populnea 3.75 - - - - -
U 30000. 30000. - 30000. 30000. 30000.
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gnurafiunsdels wanflodnifunasinvesiunaiadeefuiavaaiidnunlduiumsliian 23.38
anueluasials dinnunemuativayunside (2542) Anwuineslitmeeuuinuunutivhiy
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Table 3 DBH, height, volume and biomass in the Khlong Luang Sahakorn.

Species DBH Height Average Total Volume Biomass

(cm.) (m.) (m?3/rai) (ton/rai)
Avicennia marina 10.11 6.16 11.38 5.37
Avicennia alba 12.58 6.77 9.47 4.50
Rhizophora mucronata 9.93 7.04 1.24 0.54
Rhizophora apiculata 12.34 8.19 1.09 0.43
Xylocarpus moluccensis 9.74 4.75 0.16 0.10
Xylocarpus granatum Koenig 8.81 4.50 0.03 0.02
Thespesia populnea 517 4.75 0.01 0.00
Total 23.38 10.96
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Table 4 Distance between home and the Khlong Luang Sahakorn.

Distance East West
number % number %
10-0 14 25.45 28 50.91
20 - 10 3 5.45 6 10.91
30 - 20 1 1.83 1 1.82
3-040 - - 2 3.64
4 - 050 - - - -
Total 18 32.73 37 67.27
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Table 5 Mangrove species for Indirect benefits.

Species Erosion protectior Storm waves Give shade Aquatic Filter sewage
(%) (%) (%) animals (%) (%)
Avicennia marina 45.45 23.64 14.55 3.64 3.64
Avicennia alba 9.09 5.45 3.64 1.82 3.64
Rhizophora mucronata 43.64 21.82 9.09 5.45 5.45
Rhizophora apiculata 16.36 9.09 3.64 - 1.82
Xylocarpus moluccensis 3.64 1.82 1.82 - -
Xylocarpus granatum Koenig 3.64 3.64 3.64 1.82 1.82
Thespesia populnea 3.64 3.64 3.64 - -
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Figure 2 Home area and living with mangrove forest

Table 6 Living style in Khlong Luang Sahakorn.

Style rlome Remark
number %
Home only 7 12.73 Single/two story house
Home with mangrove forest and more
-Vegetable 35 63.64 Basil, lemon grass, coriander
-Tree or Fruit 9 16.36 Coconut, guava
-Aquaculture 4 7.27 Tilapia, Black tiger shrimp
Total 55 100
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yoauuas 12) fvfusha 13) walsin 14) fanreasrsiiegends 15) fwdildluidnssuuazaiuide waz
16) Yanldiduddenndosisin Fayarnisldusslovinandnantivesuvuludnuaziienisuilan
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ABSTRACT

Evaluation of non - timber forest products (NTTP) of community utilization in the buffer
zone of Protected area in Western forest complex by interviewed household or head representatives
of 1,283 families in 46 villages from community 3 km. surrounding the boundary of Khlong Lan national
park, Mae-Wong national park & Huai Kha Khaeng wildlife sanctuary found the communities were
dependency on resources utilization in 3 forest area included 1) Protected area 56.7% (728 families)
2) National reserved forest 13.3% (171 families) 3) Community forest 14.3% (184 families) the character
of resource reliance in 16 forms are 1) bamboo shoot 2) wild mushrooms 3) wild vegetable Plants
4) upstream community 5) leisure attractions 6) materials for handicrafts 7) animal and cattle
husbandry 8) wildlife hunting 9) herbs 10) fire wood and charcoal 11) insect and insect produce 12)
edible tubers 13) wild fruits 14) housing materials 15) plants use in rituals and beliefs & 16) materials
to dyed earments. The evaluation of utilization for themselves = 2,061,309 baht by split into 1st 2nd
and 3rd area = 1,591,548 baht, 240,934 baht and 228,827 baht and sell for family extra income
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8,893,904 baht by split into 1st 2nd and 3rd area = 6,788,451 baht, 1,479,761 baht and 625,692 baht.
Concluded the value of utilization of NTFP which was natural capital of community = 10,955,213
baht/year (average = 26,243 baht/household/year)
Keywords: value, non - timber forest product, community, protected area
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Figure 1 46 villages from community 3 km. surrounding the boundary of Khlong Lan national park,

Mae-Wong national park & Huai Kha Khaeng wildlife sanctuary.
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nzwiRes, wsls, WL uay e Sewar 10.1, 3.4, 1.9 uay 1.8 mudwiu Tanunmausa Jovaz
80.8 drulngiiieuautuuszandu (U.1-4.4) Sosay 37.3 warldldiSounisde Sevay 22,9 Sruaudundnly
p¥3ouds 4 ausendadou Gsondveglugmeuuvisiinunuudaunnn 25 U feva 73 Usznauandn
NuAINTIN kagfudneialy 1uerdnndn fewas 49.8 uay 28.2 mudrdu 1eldaniiadesied
92,388.01 Un/ATITOU
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2. MININaNInens uasdnwarsluuunslidusslevinananandinldlaield (NTFP)
2.1 MIMfansneIns wudi s19gstin1sisiiansnensinenisiinlulguseloviainta Tu 3 wui

v '
A =

Ao 1) luiuiALATEY (NETUUNIYIAAGBIAIU BNETULNIIIALINA Wazlundnyiiugdaivirigvinds)

v '
=] a1

2) Tuflufitranuuised wae 3) luflufitigueu S1uausaw 1,083 e¥adou fesar 84.4 Famnfiansan
Mnnduiiegeneiiuiidnu aznudn gueuilondeeguiinanuninuiuidnivafevuds 4 lold
Uslomiluituiivnia 3 uis sindtan Sevas 96.7 Fssuunsrefuildssi (Table 1)

1) luiluiidunses 19 728 afseu Fesay 56.7 Fwmnfinrsmainngudiedig
seiuiiinu agnui gueuiledvoguinagneuuiminaesai Wilvldussleniluiuiiduases
wnitgn Geforay 74.7

2) luuiithasiuusisnnd S1uau 171 a¥udeu Sevay 13.3 FamnfansanaInnga
fagemeiiuiifnw wewui quauilendueguinmuandnwiugdnilifevuts diluldusslend
Tuiuiithanuuieni wnflan Sefevas 36

3) luiluiitnguau $1uau 184 afadou fesar 14.3 Famnfinnsanannduiaoeis
seiuiiine aznuin gusuiiondeeguiinaneninviuddn fUnfevuds uargnetuuieudae
dluldusslomduiiuiiigue Tndideaty fodosay 21 ua 19.2

1) lufiufiduasesuarlufiufivnanuuisnd $1uiu 899 a¥udou Sovaz 70.1 wn
finsanannguinegneneiuiiine sgnui guilendoeguinugveuwinfinaesaiu uasain
stusdn ilwhevuds Wiluldusslenudiuiiing Tndidestu fodosas 76.1 uay 757

5) Tufiufiduasosuarluiuiivgusy S1uau 912 afuFeu fevay 71.1 Fwnniarsan
MnnguinegaTeiufidnw aznut YuvUTie Ao UTNAIENEULNITIAAABIATY LALENYTLLIYA
whaddnlUldusHledluiuiitnn Tndidestu Aefesas 77.9 uax 74.3

6) Tufiufithanuwisniuaylufiufivigueu S 355 a¥adeu esay 27.7 Fen
firsanannguiieganeiiuiiing agwuin quauitordveguinaindnsiugdniuihevuds ity

TgUselovilununtng uinfian Seeay 56.9

Table 1 Number of family rely on resources by forest utilization.

Resources by forest utilization Community 3 km. in buffer zone of Protected area
Khlong Lan Mae-Wong Huai Kha Total
national park national park Khaeng wildlife n = 1,283
n =435 n =428 sanctuary families
families families n =420 in 46
in 13 villages in 16 villages families villages
(%) (%) in 17 villages (%)
(%)
1.Protected area 325 (74.7) 236 (55.1) 167 (39.8) 728 (56.7)
2.National reserved forest 6(1.4) 14 (3.3) 151 (36) 171 (13.3)
3.Community forest 14 (3.2) 82(19.2) 88 (21) 184 (14.3)
4. Protected area+National reserved
331 (76.1) 250 (58.4) 318 (75.7) 899 (70.1)
forest
5.Protected area+ Community forest 339 (77.9) 318 (74.3) 255 (60.7) 912 (71.1)
6.National reserved forest+ Community
20 (4.6) 96 (22.4) 239 (56.9) 355 (27.7)
forest
Protected area+National reserved forest+ 1,083
345 (79.3) 332 (77.6) 406 (96.7)

Communityforest (84.4)
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2.2 wui yvuiidnwarnnsiisiandneinsaint $1uau 16 sUwuL Teun 1) mislsl 2) etk
3) RNy 4) undsiutinvosyury 5) anuiivieafisnindeungoula 6) famadesldiiodnnssy
7) wndudesdn 8) undsardnivn 9) fvayulns 10) Werwddldfity d1u 11) unawuaskaREATEILIAT
12) fiwfuvi 13) nalsith 14) Sanreasrsiiogords 15) AvildlufiBnssuuazanuide way 16) Janltilu
Atfouiedonjaiu Seluiluiiduases wumsliussleiinniian 15 guuuy Tuiluiitigmy wesanuuske?
wunslduselen 12 way 11 JUsuu mua1au Tagluninsin wud wdeldl winUh wasiiadndn dnns
THUsglovthnndian Souas 80.1, 72 uay 42.7 amiadiu (Table 2)

Table 2 Characteristic of the Non - Timber forest product (NTTP) utilization in Protected area,

national reserved forest & community forest.

Character and format family utilization of Non Timber Forest Product (NTTP)
of the (n = 1,083 families in 46 villages)
utilization of NTFP 1.protected 2.national 3.community Total 3 areas
area n=728 reserved forest  forest n=184 forest n=1,083
(%) n=171 (%) (%)
(%)

1.bamboo shoot 584 (80.2) 144 (84.2) 140 (76.1) 868 (80.1)
2.wild mushrooms 570 (78.3) 112 (65.5) 98 (53.3) 780 (72)
3.wild vegetable Plants 348 (47.8) 36 (21.1) 78 (42.4) 462 (42.7)
4.upstream community 90 (12.4) - - 90 (8.3)
5.leisure attractions 55 (7.6) - 3(1.6) 58 (5.4)
6. materials for handicrafts 7(1) 3(1.8) 2(1.1) 12(1.1)
7.animal and cattle husbandry 7(1) 1(0.6) 1(0.5) 9(0.8)
8.wildlife hunting 5(0.7) 2(1.2) 1(0.5) 8(0.7)
9.herbs 6 (0.8) 2(1.2) - 8(0.7)
10.fire wood and charcoal 3(0.4) 1(0.6) 4(2.2) 8(0.7)
11.insect and insect produce 7(1) - - 7(0.6)
12.edible tubers 3(0.4) 1(0.6) 2(1.1) 6 (0.5)
13.wild fruits 4(0.5) - 2(1.1) 6 (0.5)
14.housing materials 1(0.1) 1(0.6) 1(0.5) 3(0.3)
15.plants use in rituals

- 2(1.2) 1(0.5) 3(0.3)
and beliefs
16.materials to dyed garments 1(0.1) - - 1(0.1)

Total Character and format
15 11 12 16

of the utilization of NTFP

3. wiin Vel uazyadt wandnanihilsiladeld (NTFP)

NndnwazmsisiansngInsantn Sy 16 JUuuy @e 2.2) aunsadsziiuyadnandnaint
flallndels Aywuivmuadddusslonifeuilnaluaiaufou uarsmheaaduneldvesniniou 9nly
i 3 i 18 5 sULUU (Table 3 and Table 4) dwmiudnwagmsfisiisningnsanta 8n 11 sUuuy
laflgvhmsUssiiugad seazBoadsil

3.1 wislsl fyadinnslduselovd louslaalunirdeu S1utu 25,467 Alandu Anduyac
178,269 umsial wagdrnine 1w 735,792 Alansu Antluyacn 5,150,544 vinsed lneifidiuau
sy 761,1259 Alandy yadsamwindu 5,328,813 unsed
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3.2 winUn dnvslduselevideg 5 viia fe wialaw, Winwie, Wnenald, Winselan wasiineu
fiyarnsliuszlond ion1suilnaluasaseu S1utusim 5,795 Alansu Anidugadisiu 1,648,700 um
siod uardmite S1urusaw 11,780 Alansu Amduyadisan 3,521,600 vmded Tnefidruausaudisdu
17,575 Alanu a5 5,170,300 v msed

3.3 fafinth finsliusslondey 3 via Aodnmnu flyarnislivssleviiensuslanlunsaseu
F1UIUSIN 1,130 Alansu ﬁm‘i‘]ugami’m 226,000 Ul kazI1vune 31uusId 782 Alansy Ay
1aA15IM 156,400 Uwisad Tnedidruausaniivau 1,912 Alandu yarisauwinfu 382,400 vwsied dngn
wag davun (1 A1 = 0.5 Alanfu) fyadnsléuseloviifienisuilnaluaiafou sauausi 112
(56 Alansw) Anduyar1san 1,120 sl wardimuie F1uusm 670 i1 (335 Alansu) Aaduyarisu
6,700 Used Tnefidwausaniedu 782 f (391 Alantu) yarsmvindu 7,820 vinded

3.4 uuasuazHanAnvaduuas In1sldiusslomiog 3 via Ao tis fyarinisliusslovdiions
vslaaluasaseu S1uiusin 23 van Andugar1sau 6,900 umsed wazdiviie §1uIuTIL 32 VI
Anuduyadisan 9,600 Vinded Tasfis1uausauiiedu 55 van yadsmiiify 16,500 vised luaung
fyarnsldusslovlifenisuslaelundazeu smaus 1 Alanu Anduyarisan 200 vnsed waz
$19ing S1uausan 5 Alandu Andugad1san 1,000 vnsed Tnefsuausaiieau 6 Alandu yarsam
winiu 1,200 v wised wag wusdyu fyadinisliusslemiiionisuilan Tuasaseu $1urusim 120 6
Anmdugar1sin 120 umsied wagdinune 91uusIn 60 67 Amduyarisiu 60 umsed Tneddiuiu
TaviaAY 180 ¢ yarsauhiy 180 vInsed

3.5 Weuwdlifilu diu fnnsldusslond Ty (ildusefiugadn) wazdiniswndiuiiosiming
T 160 n3zaeu Anduyad 48,000 vvsel

3.6 Snwzmsieiminensanii Tuguuuy wasiunivesmy, anuiivieadiorindeundouls,
*Yaﬁgl,ﬂ'%"aﬂ%l,ﬁaﬁmmm Lméugmé’mi, wrasadnivn, Nayulng, Auiui, naldin, "'Jfa@ﬂ'aa%'wﬁagja’]ﬁa,
floildluiBnssunazanude uay Janliiduddomedonjmiu lilldusziiuyann
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GFLY

NNMsAnY wudn Fevar 84.4 (1,083 a¥adeu) vesaiFeungudions dnsflefianiwennsiag
maitluldUsslemianni Tu 3 fufl Ussnoudne 1) fuiidunses $osax 56.7 (728 a¥adow) 2) Huilas
Uhanuuisnd evay 13.3 (171 aaew) uax 3) iufivmuwy fevas 14.3 (184 A%aFew) Tanvmens
flaflan3nens S1uru 16 Uuuv Tnesingy mislsl waziiat Wunandnandiguyuiiflefisnndign da
yansliUstlovinandnannivosusulassn fyadidiu 10,955,213 v Tnsuenidudnuasiile
nsuslaeluatadou fyaduvindu 2,061,309 vm Fadugadinisfumainiud 1, 2 uay 3 1Hudwau
U 1,591,548 U 240,934 U1 war 228,827 U Mudsy wazkenidudnwuziienissmunedu
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$1uam 6,788,451 UM 1,479,761 Uag 625,692 U MudIRU yaradeiviniy 26,243 um/aFauFeu/d
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The Study on Rubber-Based Agroforestry plantations Models and Financial Returns
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HUgNE1eNmIsY 9983 12 18819 kavusiazii081992319uladf19g19311a 20x20 AN519UAT 31U
1 wias Audeyaudnled dusiugudnarafivaen uazanugeduls Tuuvasdaedne edinsies
Wisuieudoyasuduinden uazifiufeyaoigvesiulilunasiedns :1eld Medeveanuming e
AATIFVNAADULNUNIAIUNITIIU (Benefit Cost Ratio (B/C), Net Present Values (NPV) UagInternal
Rate of Return (IRR)) ¥89a3ug W15 UdazsULUY Han1sAnwnud asnsadwunguuunisugnliisy
&mwwmmmﬁﬂﬁﬁﬁﬁuagﬂmmmﬁﬂimlﬁ 5 suuuu leun 1) mquﬂsmmm%aLﬁm 2) NM3UgNENmNII
Fwiuiivnuns 3) Msvgngramssauduiivnunswazldvi 4) nsdgnersnssindulddl 5) nsdan
gamTuuUtIsTINR adaguldhmsUgnlifmeanamnguuuuiinaneuirunanstudueisents
awu warmsugnlimenmnsfienudfsnudanndeslumsifisnandnnadann

fddy: Wiswmnens smnsidafes sensuuuthsssi

ABSTRACT

The objective of this study was to survey the rubber-based agroforestry plantations models
by using data collected from rubber plantation. The square plots- 20x20 square meters, the data
regarding to species, DBH, and height of trees were recorded within the economic viability (Benefit
Cost Ratio (B/C), Net Present Values (NPV), and Internal Rate of Return (IRR)) of each cropping
systems were analyzed. The results of the study classified types of rubber-based agroforestry
plantations models into 5 models that were (1) rubber monocropping (2) rubber with agricultural
crops (3) rubber with crops and forest trees (4) rubber with forest trees and (5) rubber planted as a
natural forest. According to the data collected from successful rubber planters, all of the systems
have shown the significant Financial and environmentally viabilities.

Keywords: Rubber-Based Agroforestry plantations, rubber monocropping, rubber planted as a natural forest
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AswgiafufuTmenms fesluuumsdgnlituiorduneldtutuanimwadon anwiuil uazaa
dioamsveanynans lasmsugn uisld 6 suuuy il 1) Ugnlussiumenadiedosmsliiléaes 2) Ugn
Tusgninaunenaitedeanisliins 3) Ugnlunguinsvesauens 4) Ugnlumusiafionansenaniun 5) ns
Suliitifieugnasnsanuensuas 6) Ugnlutaseneny 15 U Zuly
nsfnwiadsdifgUsrasdiiofnuvisuuuunisugnlsifanenanist Tasdinsevideyadiu
Awande waziaswgia Tulufinsugnliisamesmnslusiesiivhs 1 vemnnia ileBudusuuuumaden
yosnsinIsineRsiiasaussginguizasduesnsgnlifuesuuiuguvesiunidisliasugie
g1NsIENIaTfine UausIIMsnTeAYAINS LazdarmadaIndes

auUnIalLazIsNg
1. MsnmuaUIEIINILaTNguAIa81e
MnmTleneitoyatuiiugnetsnaieUsema uazsruTndoyanunsnadugnliimenans
ynaavesUsemAlng duu 12 fetne Taensdsadeyaifenfuussianitviiugniaufvenamns eng
g veiuinlasgn wdaihdeyauuanuassuuuumsdgnliiuensmns wasdaidoninunsns
funiluusarsuuvuilednuteyalusuasugia wazdauwndon

2. manusIuTmdaya
2.1 M3AUTIVTINTOYATNUULADUNINNTAUNTBAITIBYARRIINNEATNT 1 5 HI9E19 91N
Jwrinaaiuazdmininas lnewvsidenisiivieyasendu 4 @ fe
2.1.1 dNuaENIATYEN LT fIANYD LN YATNTYIIAIUL NI
2.1.2 dNWUENTINEIUYIUALNTVILNANEAY 1IN
2.1.3 szuun15Ugn Ay LaAIRaULNUAINNYTINENS
2.1.8 Anuiiuasyiruzafnofivsanens
2.2 manunumudeyannuuunesuduiindeyasulilundasiiogns

3. miaszidaya
Tunsfnwizduuunazianauwnun1INsRuven1sUgnllsineasyiliassisuuuunisan
19191 Tnduunguuuuansiinvesiivivgnsiudugnans udvihnsiesgideyadu 2 duw laun
3.1 MFlwTgitoyaudainden
3.1.1 Srnuvdalsinuluulasiiong
3.1.2 M3USTUIUIATININ (NG (2557))

MnMsNadasiiod1svuin 20x20 msauas iudeyaliflvg (tree) Ao duliididy
sugusnanaiesen (1.30 wns Minseduiuiu) avalakous 4.5 wuRwnsiulugndu Suiindeyaudialdl
yadukugudnanafissen arwgeioun fevhnsussnasnatinwsemssalivialy Tagldaums
woalawnsnildmuinmaiiamveswiuliluthduudddagldaunsaunisdalamnin vos Tsutsumi
et al. (1983) Asauns

1ATINNYDIAAU (Ws) = 0.0509D*H%"*
18T mueaRe (W) = 0.00893D°H%*"
waTin sy (W) = 0.0140D?H%¢%*
UIATINNVDITIN (W,) = 0.0313D°H"%%

“hunliuldgusuluamugamsnsaivgnensmsivldvuasuuuiisssued
A5UsENUNIaTIN I8N TRl TEUNNSANNTTOALAIRSNUD WIKANA LaLI3UNS (2531) A9dUNTS
18 INNVBIEAU (Ws) = 0.055590426D?H"8%
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5.9979E-6D?H 114

0.070469307D*H**"2
1D2HO.O73960528

AT (W)

18T Mvedlu (W)

1183101V (W)
nsuszananatinnveslilneldaunisealawninaes Kutintara et al. (1995) Aeauns

1At eIy As Tu (W) = 0.2425(D*)0"!
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Table 1 Species list of Plant in rubber planted as a natural forest.

No Common name Scientific name Family

1 NN Hevea brasiliensis (Kunth) Mall. Arg. EUPHORBIACEAE

2 ﬂiz@ﬂﬂ'w Aporosa aurea Hook. f. PHYLLANTHACEAE

3 NEg Litsea monopetala (Roxb.) Pers. LAURACEAE

4 ‘Uiiwjml,miﬂ Syzygium malaccense (L.) Merr. & L. M. Perry MYRTACEAE

5 "0 Artocarpus lacucha Roxb. Ex Buch.-Ham. MORACEAE

6 “Zﬁ@f Decaspermum fruticosum J. R. Forst. & G. Forst. MYRTACEAE

7 WAUNAD Microcos tomentosa Sm. MALVACEAE

8 vy Litsea elliptica Blume LAURACEAE

9 BRI Knema globularia (Lam.) Warb. MYRISTICACEAE

10 Fudn Alstonia scholaris (L) R. Br. APOCYNACEAE

11 Wi e Caryota mitis Lour. ARECACEAE

12 wgnm Artocarpus thailandicus C. C. Berg MORACEAE

13 YgUN Garcinia cowa Roxb. ex Choisy CLUSIACEAE

14 nge Licuala paludosa Griff. ARECACEAE

15 Youuuy Streblus licifolius (S. Vidal) Corner MORACEAE

16 weN Garcinia speciosa Wall. CLUSIACEAE

17 vilne Rothmannia wittii Bremek. RUBIACEAE

18 81%@m Lansium parasiticum (Osbeck) K. C. Sahni & Bannet MELIACEAE

19 @@ Lagerstroemia tomentosa C. Presl LYTHRACEAE

20 @unvy Prismatomeris tetrandra (Roxb.) K. Schum. RUBIACEAE
subsp. malayana (Ridl.) J. T. Johanss.

21 wuayn Persea kurzii Kosterm. LAURACEAE

22 Qﬂid Prismatomeris eriffithii Ridl. RUBIACEAE

23 fAaInEn Ardisia polycephala Wall. ex A. DC. PRIMULACEAE

Remarks: List of species listed in this table was found in rubber planted as a natural forest, Phatthalung Province.

Table 2 Comparative on ecological characteristics and economic analysis on Rubber-Based

Agroforestry plantations Models.

Characteristics Unit Models

2 3 4 5
1. Number of species species 1 3 3 2 23
2. Biomass
Upper- ground part ke/rai 17,677.39  32,341.49 20,111.06 22,877.32 30,816.41
Below- ground part ke/rai 167.54 162.04 1,460.98 1,908.87 1,534
Total biomass ke/rai 17,844.93  32,503.53  21,572.05 24,786.19  32,350.40
3. Economic analysis
B/C Ratio 6.51 5.49 7.06 7.39 7.90
NPV (10%) baht/rai  103,723.92 118,748.58 120,305.57 121,204.82 109.789.72
IRR % 48.56 46.33 47.94 48.47 44.08

Remarks: Rubber-based agroforestry plantations models into 5 models that were (1) rubber monocropping (2) rubber with

agricultural crops (3) rubber with crops and forest trees (4) rubber with forest trees and (5) rubber planted as a natural forest
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Figure 1 Comparative on Rubber-Based Agroforestry plantations Models; rubber monocropping
(A) and rubber planted as a natural forest (B).
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UNANED

nsAnwANvaInyiawaznislduselerivestn Tuthguyy duauinsig 81ne389n19 Jnin
uns Tnglduuvdunvaiiduedesfielunisifusiusndeyaainnguiiegne d1uau 259 asa5eu wui
dumnniimslifieinuazaaliifioslng sesawn lildassdmivainsiogonds fiu uavdu fnsium
v09U1 5 Uszinn 1aun a9 ila 1wy wialeu inund Wasslan winwng wiaegle @ 10 wdn wu wueld
favanu uaun Tuveu ugssdun ayulng 3n 6 ¥da Wy uznonth uzawden Ins tn1 31530 wagny
wuasmazdndvwiaidn 19 wila wu liuawas nu Yard vesay Weauw yarmnsldusslevism 1,240,405
ymnaal ﬁuﬂaﬁua?{a@iaﬂ%ﬁau 4,789.21 v el
Adfny: darn1sldusslevd vosln Unuu

ABSTRACT

The study was to determine the species diversity and utilization of non-timber forest
products (NTFPs) at Maesai Community Forestry, Rong Kwang District, Phrae Province. The study
employed designed questionnaires interviewed of 259 respondents for collecting data. The results
shown the most respondents utilize vegetable and fruit, followed by constructing wood, fuel wood,
and charcoal. The respondents gather 5 types of non-timber forest products namely ; 9 species of
mushroom e.g. Teritomyces sp, Russula rosacea, Amanita phalloides, Astreus hygrometricus and
Russula virescens, 10 species of vegetable e.g. Bambusa sp, Mellentha suavis, Dolichandrone
roathacea Schum, Colocasia esculenta var. aquatilis and Momordica charantia, 6 species of herb
e.g. Spondias pinnata, Phyllanthus emblica, Zingiber montanum, Oroxylum indicum and Tlliacora
triandra, and 19 species of insects/small animals e.¢. Oecophylla sp, Hoplobatrachus rugulosus,
Esomus metallicus, Filopaludina martensi and Occidozyga lima. The total utilization values are
1,240,405 Bath/year or 4,789.21 Bath/year per household.
Keywords: utilization value, non-timber forest products, community forest
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piitygywinadulunisldussleviaindl iianseysneddiuey wavlduseloviliognedstu i Tuns
WeasslddlingUszasd WefAnwianuvainvila Ysuiu wazyaen nsldusslovivestn (Non Timber
forest products, NTFPs) Litetayadidgsonisinnisiiguyulvdedu iielivuiundedinineinsainin

yuruldlusuirasaly

gunsaluazdsnig
1. @auiivinn1sAnen
shuauainge Suneiesnan Jwrdauns Yszneuluse 4 wt ldun vgffl 1 thunsingre vy
2 tuwsinseld wyit 3 drunsinsreduiiu wasmgil 4 Sruwinseduiiumie Ni]’lﬂ”.luﬂ’iu‘lﬂﬂi%ﬂ%mﬂ
3,257 AU Anwaziuseine mulmywuqummmm muuwath Wuilnou Aeudnaunth fuiily
yuyudnlvgidufiviininnees uasdssdnd Taoiduiiuiivuasgun Andufesas 81 vesilufivionun

dnuaizinunsTiddgy fie nsugndn Yanengu 41ilwe nsidesdnisinanla ans uwazln Andufosas 13
YOI

2. maiusiusudaya

1. suaua‘wmsmmnﬂmimmLaﬂms‘vim'&rgsummlLsaamvmmsmm PMAUIBIIUAN 9 UaEN13
msdsadesdiu ndouhiaeuniurtugifedes

2 magaﬂgmgulmmmiaiwquammwm mthaiiFeu viefunuaiiieufsaiunisld
UsgloyianUiguoy nsiiusiunindeyalddiiiunisgassiou nuaius - fuiau 2559 Jayavestuay
imudarannUndudeyaluseul we. 2558

3. M3gufeE MNUTERINTIUANMTIE enua 4 vty Ao 734 afadou Tagld3Ems

AUINUUIAYRINANAIDE tBlrinszateynutume gnsves Yamane (1973) ladnuiu 259 asuseou
N

239'13 n =
1+Ne?
HE) n = IUIUNGUAIDENS
N = 9uIUATITEUNIMUA
e = ANUARIALATEUYDINITAUMIDE 0.05
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n1sgunngusieganaziudiunuresflideyaluwdazmitiu lne3sdudiednsegnadng
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o

(Sample random sampling) Tagaurnvesfieg19azidudndiuiulsz v nsNanuAnINaunIS
(faen, 2548) Tgaurungueieeneds (Table 1)

nNi
ﬁj@i [/ —
N
\ie ni = uUsEIInImegsluusa iyt

n = PUIUUTEIINTAIDEN

Ni = F1uudsznnInavunvewsas g
N = vu1nUserIns

Table 1 The categorization of sample size of each village.

Village Population (household) Sample (household)
Maesai 1 135 a7
Maesai 2 206 73
Maesai 3 297 105
Maesai 4 97 34
Total 734 259

3. MFAATIEvdaYa

Fron9itended mdradifngsan Idun A1anud (Frequencies) A3osay (Percentage) A1gean
(Maximurn) A1sga (Minimumn) A1ade (Mean) 1udu m3szydeineimansvesity §19daannmilsdo Jo
wysalfiwisUszinalne Taewdiu (2555) waziiin §19899nmilade aruvainraneveuiinuarsvunlg
Tudszinelng ausd uazaniy (2551)

HaLazIATal
1. LATEFNAUALHIANVINGUAIDE
swgsdlngilumane oradunszfueianuianudilalunisivvesdininningnds
dnilvigfiongsewing 46-51 T aunsfinwnssduuszandnu Tordmnuasnssy uasfisoldiads 31,000 -
86,000 Umsiad (Table 2)

Table 2 Socio-economic characteristics of respondents surrounding community forest.

Characteristics F (n=259) %
Sex (male) 151 53.8
Age 51-46 year 89 34.4
Education (primary school) 220 84.4
Farming 248 95.8
Income 31,000 - 86,000 Bath/year 195 75.3

2. msldiusglevith sy

NNsANwIdnwMzuInTidusEleviaintigueu wudn s1egsdulng Sevas 48.3 WinlUld
Usglowiihguuuiiofumiivdnuagsalsinunuilan fevas 47.90 \iulildaesiiieatrsflegends Souas
11.20 Wumiluuagliiflewnd fesay 10.40 THUszneveImAvues iy wazdesay 8.49 andnd wu
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nu 1Tun § uaznsesen dsaziiulddn dysmudanudududedinanufueguesuszvivu Tnensifium
flusinuaznalitifothuuslnauasldassdudu Wunsussndaaldaneluniaibeu wazdaunsaiiv
yosthuedumaiiuneldlituaiaufeudne

Fruilelst yiinlsisugs danlduselovd éun T (Bambusa sp.), 1A (Afzelia xylocarpa),
Us wj (Pterocarpus indicus), \#4 (Shorea obtusa), &n (Tectona grandis), Waz334 (Shorea siamensis)
AUAAY ﬁm%’uﬂWuaslﬁﬁlfﬂuﬂvqmuﬁ?wunﬁméfaamumiﬂmim’mﬂﬂmzﬂiimwﬁﬂwmwﬁ’waLL;J'
yereu Gesmdnildlunmshiiegends aenifiesdnd wu aenae Fslunytiusinme fmadesnie
Fruruun mudauszana 2,000 6 dedggvitun wathudesihaneludsduideieddliaini

YYWIABNANY kavasensevion

Table 3 Utilization of non-timber forest product in community forest.

Utilization in community forest F (n=259) %
Vegetables and fruits 125 48.30
Constructing wood 124 47.90
Fuel wood 29 11.20
For sales 27 10.40
Hunting 22 8.49

3. mslduszleviuazyarvasinamnUyusu

s1ugstugnvuiinslduselovininensdildsiu 5 Ussian lagnandnaindieenaiuggnia
Muuﬁwmmaamﬁﬂ LLauL?ﬁuaﬂsimﬂudmiﬁﬁq%wmawmﬂuﬁuﬁ 31]LL‘UUmﬂ%’ﬂiﬂwﬂﬁﬁqmwﬁm
Tumasadou wuelulay R]’IM‘LI’IEJ uammmmumﬂmimUﬁuaammwgiiawwmmmmwsJ 2T
$ruau 4,042,180 U Wlewfieuiiv Juuiunguiieg1avianun uammmmmuammimwaammnm
YUYUFAIUALNNTIY T1UIU 8,974,331.54 U Tneuuinslduseloviuazyseiliuganvevasdiusiag
Uszuam 9l (Table 4 uaw Table 5)

win (Mushroom) sl natudesthaldussTeviinndigad o viia e wWislau Wiaune 1
5elan ey Winngla Wavn Wiade Wingi way Winay USunauviniu 666, 448, 268, 206, 105,86 , 63,
S6uay 24 AlanfuseT nudidu sauuTuuitanan 1,922 AlanfudeniaFeused fyadrondusaosng
Wavun 585,250 UNNADY ﬂy’aﬁwudwnﬁ”mﬁmmﬁum&JﬁuﬁuﬁlﬁmasiﬁmﬁﬂLﬁmﬁuaai”mﬁ J9@1u190
WulduSanaunn Tnegmthuiuiialudisfeuanay o9 Weuiueieu Wy Wauag Waselan Winmie
WAV Winan winle dau wiealau Wieds wasiiinay azivludiaseudaneu fufeununiius

{n (forest vegetables) luitufidnwiifiuiiiansnsafuinundulssnuls siadniideunasifiuan
vilnaduussddl 10 wiin Téun wislsl Ay waw uzsstun yn dnge fnia fnvu wastindndu
HUSuaYINAU 1,226 516, 214, 202, 131, 110, 60, 45, 42 uay 35 Alansusrey ANa16U TauUTU

o
g

favmn 2,581 Alan3used sdazdnnaiinisuslaafisinidntuegiuaureuuarasdaufiieatu
fiinUvearntu lneyntuiudnlugadounguniay 89 Weusuinau wu widelil yn waw dnrung
luueu fnga uzszdun fnin dau vy wasintivin axdufinafuduiuaeieununiius Sadu
Farneudaggry szynthudanudedn mindidusn savdvesdinaziasulunazideniundrazyinli
Vioude

auulwg (Herbs) nsldUselovdayulnsivanun 6 wia lHun uznenth uzvuien Ins mnn
1930 war Tug1une Usmnauvinfu 145, 130, 25, 17, 15 uag 10 Alansusiod suddy sauuTunuiamn

275 Alansusel Melinuitvndulianuduineduiuiiusazidnaslavialuedad Faausaivld
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U3maunn Tnsyndmuivayulngld aaoatedauggnia wu ayulnsdszianiuea ldun uznenin
wgutou win1 wundnisiulutadeuliqguisu §1 ngainieu daulugiuns lns s198a Snsiiunaen
it

wuaskazdnivunan (Insects and small animals) nslduszlewidl 19 ¥ia laun lduauns nu
Uanda vesvs Weaun fs 33 usadiu 85819 Ualva wusan viywn 1itn gas gnden nsesen ou uwd
H ?ﬁyﬂmau USuauindu 671, 368, 278, 173, 78, 67, 65, 56, 52, 50, 47, 45, 35, 30, 30, 25, 25, 15 hag
10 AlansusieT amdrdu samUTuasianmn 2,120 Alansusied wwasazdnfvuiadniinunldldiie
$rmheuazuilnaluaiadou iddowasiuldfunineinsiidumenn Jhinuiituldides Sniaadld
Finwranuannsaianzlunisdu lnesntiulinmsfusauasdnivuadnnaeeied mnduisesng
A azdinnsiiugnden nu Bs8na vesy fs e Je3n uaziaay dan 3489 Ua1@y Yalna 1 qu
wardaviau ansnsamldnaeniod Sediknsrundniivathwihiudetniuininmanutuluu

1415ty (Fuel wood) a¥adausoghafusldvsslon 120 gnuradiunsied Taglfifledudomas
Tun1svasn Wrelnlvianuougulutiagguuni warsmne Taevndhufumlftunaontid
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UNAnge
nsfnwiliingUsvasiflensuisdnuaresdusznourdaiusuasanunainuansvesiuging
Ugnuuuinuastiliuunsugniiedminadafmwendunuesnsfiodsegluiuiiansnuiugda iy
W19 Favdamn nnsfunussdeyannandnnguiuiidisiulasinissiuau 6 nguthu Taefidnou
a1 89 31 uarduiiinnlasens 89 13 dmawuriafivianun 250 wia 178 ana 62 29f wady
yialdUmazivinunsiovas 76 wag 24 a1ud1au dardvdanunaineia windu 3.11 AURUILYLY
Tnesau Wiy 280 du/ls wiinfiafidday W dudesa (Ananas comosus) N (Areca catechu) &g
¥1%1 (Musa x paradisiaca) N (Coffea arabica) uxiiis (Mangifera indica) WuesAUsENOUYB NN
stuvulng duliBusiy sosmsndulivy Widuan uasliion Yevas 75,12, 8 way 5 auady Fedy
nsugnfieuuuinuastliidediuaumainrainuanenisianwlifufiuiinasfesdussnauvasius i
IndlAesiu1sssuYa
AENAY: ANUVAINVIATETUSHY msmwmﬁuﬁqa ﬂ’]iﬁ‘uﬂ{l\!ﬂ”l ﬁuﬁaﬁmﬁ?

ABSTRACT

This study aimed to investigate species composition and diversity of plant in the area
planting by agroforestry instead of maize cropping at Umphang Wildlife Sanctuary, Tak Province. We
collected data 6 villages’ agroforestry project that area 89 rai and got 89 household. The result as
plant 250 species 178 genera and 62 families. All of species including wild species and agricultural
species were 76 and 24 percent, respectively. This plant community had Shannon winner index and
stem density were 3.11 and 280 stems/rai, and the important species e.g. Ananas comosus, Areca
catechu, Musa x paradisiaca, Coffea arabica and Mangifera indica. Species composition including;
tree, shrub, herb, and climber were 75, 12, 8, and 5 percent, respectively. Therefore, agroforestry
system can promote biodiversity and enhance species composition similar the natural forest.

Keyword: plant diversity, hishland agriculture, forest restoration, protected area

A1
nwasUnlel vde 2unwes vanefs msdanisnisliusgleniifuedsdadu Inonsuaunay
seninansinuasuazinlil elildnananuaznayszlovigegn lnofinsnannaiusgiansloszning
asdUsznavvasliifudiusiutunininunsuas/vie Uaded luiuiifeatu TaedinsdniFesesnaumngay
dieusslorinsnuinineuaziasugia (Nair, 1993) lutagiuszuuinunstlifldfunnuaulainniy
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(Nair, 1993) daun1svimsinuesidafien Wy nsugndnlnadssdng fesdinisamugedniesndusodld
ansinfiaeadsanunds Tedwmalviudenan (Lal, 1997) nslameznisvhmainenadafeluiiufigaude
nolfAnnsRmargvemihiu vl nounuuvauiuaznoliiAanisgadsaumainvaiena
Fanmlusssuwdsndae (Lin et al, 2015) faifu Fefimsduadalinuasnsiuanldssuuinumstiléiun
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osftsznavvesiaiusfitluiiuiivgniisuuuinuastildfnan hannsaduarnuannuansuasianm
adefuthlsvdolsl iledla ieldifugudeyauszneunsduaiunas Bayviuandnlmdialasenisli
diuduen q Susndusummildunsudtamnisynsnituiiioyindesnsdsdusioly

gunsaluazdsnig
1. Wuidnwn
amsnwIusER Uk Reeguinumamiowassuiirny funnvesUssmealng sevinaduled
15 94m1 33 AUAN G 16 09m1 23 AUavile waziduueil 98 aar 33 AUan Fs 99 Barn 07 AU
Ariugen ﬁmzmmeﬁgaasﬂwfummiﬂﬂmaa vioed fualulng duanussmans fMuaguns fuausinass
FUaLLIY Laziuaklazde 81LN9gUN1e FamTanIn ST AUTEIN 1,619,280 15 %389 2,590
msilawns dnvazgivssmadiulvg Useneumedieniadududeu viawiaduniwigsiuiiag

Y
a

#9581 40-2,198 1ns (5vn.) TUSunautelusendng 651.10 - 1,556.30 fiadkuns sied dgaumgileglutig
25.00 - 40.00 DeALTATLE UUNIIINTgAALadsUIUNA1e 5.00 - 20.23 DeALTALTYH

2. maiudaya

1. Aadonngannunsnsaindniidisulasinisnislidszuuinuasilsl oanlymiivdader 4
o1dvagluiiuiun3niusdnTUndunns wuuia1zas (Purposive sampling) fiamam 6 gty $1uIu 89
AFwseu lawn newdor nufiy Aogn wensvy wene wazvaiasiie S9unuaundn 8,8, 12, 27, 27, way 7
AL ATUAY

2. luusagaiteudnfvioyalnonistufinuagiuduiuiiannadaiugnluiiufiviniu T
wisuiiminunsuasiivtn uazdufinguTiaviedds (habit) vesfinudazaia wioufuaeuauvuiaiiui
MMNINIIAeaiiud

3. MsTeideya

mAnadsiuiiviAuvesudazndutiu nfoufulinseidnvasdauisvesssuuinunsiily
iamﬁy’ﬂmqmiua“mmLwiavﬂa'mﬁm wall

1. ’gms']mmjummmﬂmawumiu (Importance Value Index, V) ) lgannsmAIAINLLLL
(Density, D) way AL (Frequency, F) mﬂuu wiAtAuduInSveaa 2 mmﬂmfa Ao mmwmuuu

U5 (Relative Density, RD) LLazmﬁmauWVlﬁ (Relative Frequency, RF) %ﬂmaﬁmmmmmauwwﬁm
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2 A1 Afe AeaiaNdAty (IVI) maawamwm (nen3n wazaiie, 2552) warlunisAinwillduansaiauauy

Fuituivga (Dominance, Do) ilasanniimstinszsiaduiinnuddysuislifuanuarlfBusuile
PNiFuarumanvagvessiafivifinsgnlas s

2. Apszanviininuvainyila (Species Diversity Index) IngUssynsildaunisves Shannon -
Wiener (Magurran, 2004) ﬁd‘ﬁ

S

H =- Y (Pi InPi)
i=1
b H' = dsvtianunainutinuad Shannon — Wiener
= uuviaiivnssu
Pi = é’mdaumaﬁmawﬁﬂﬁiGiaNaiamaqﬁi’ﬂmuﬁwmnﬂ%ﬁﬂiuﬁaﬂm
HaLAZIA15al

1. $1uumndnuazauinivud

Sruauandniie 6 nautu Swu 89 au fueiiuilasiu 89 13 wlvauay 113 Wefinnsan
Tuwsiagngutiu wuih ngutiusons Souiniiufisniian fe 30 15 sosan ik nqutihuronn uaztu
wongny Ao 27.50, 15.50 13 mud v wazdruruandndiinsulassnsdaissuuinwnstiliinnign
Ao nautuweny wagnguitunenzve Inguuiuay 27 AU sesasnAenguUIuAenn i 12 Au Lagnay
Srumsiosteiidwauandnosiian fo 7 au (Table 1)

1%

2. AURaINYLANUSNY

dmanuiiwiavan 250 win 178 ana 62 294 eiadsanituiivonun 89 15 wuindswusinie
agiiies 2.8 vlia/l3 wse 2.8 vllasosne Tdwdarunainvia wirdiu 3.11 Ianuvuiwiulagsiy vy
280 #u/l5 (Table 1) lefiarsansnengutn wuin nguthusengiiswiunin ana wazdad wndige Ao
162 wiln 131 dna uaz 53 39 AudWy sesaunlaud ndutumensny uay Fog LLavﬂaumumaqg’w
fdauviatosiian muﬂmmmmwmﬂmﬂwumm 6 nquiuildAeudngs lnandudiuragn
A1gedn Ao 2.98 sosasuAenguiiuuens wiostag waznengny mudRy umdefinnsunAia
tuvemylindunudn nqudnunedy denanuvuiwiugean Ae 495 du/ls sewmaunlawn ngudiune
Wiy way nautuwensve AR 479 war 418 du/ls muddu dwunguiiuregn Uiunens uay
Srumiosiay nunuindanuuiuresiusiivdeudistios Ae 246, 191 wag 129 du/ls iy
(Table 1) azdanaiuinnguthuiivgniivegismunuiu 1éun nguthuneindes nods uaznenzng ndu
Adainnuvannaiareuiieios wansinguthumarivgniiveinlavdendaduswuinnuesdifvio

auegliainaveiu luvagingudunugnigauvuiududi laun Aegn ueng wagvdleaniy ndulla

1%

ﬂﬂ

Fudeumanaiadeudiags uansidndiurdaiusfivfivgnlufuivhAusesngudumardday
auauags (Magurran, 2004) 9INN13ANYIV0S Lattirasuvan et al. (2010) wudrluftufiaautu (home
garden) Tuviaaiidaninung firdvianuvanvingann sewing 3.0-3.5 Wesmnibuiiufiewirdimdqly
Ugnluiiudl uansirlufiufissuuinuastildvosnguduneindey nefi wagwonsnz msinisdadndiu
yiafuglimnyandoifunsiuanuvannvanslifinntu egslsiaa ifefinnsandwiuriedesevio
solsnrmannviavesiusiivlussuuinunsilfuisilddioiiivosnn sz 2.8 slindesis) e
Wisuiteuiuituitay 9 AfinsAnuilusiassme wWu smallholders’ farms va3Useind Kenya fidaae
Windu 54 wiln/918 (Lengkeek et al., 2005) wazlu cacao agroforests wa3Usgind Cameroon fidade
winfu 21 ¥89/578 (Sonwa et al., 2007) Wumu
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Table 1 Plant community characteristics of agroforestry farm in each villages.

Characteristics Kuiker Kuita  Kodugu Pokata Mota Monguar Total
No. of species 72 112 136 136 162 70 250
No. of genus 64 90 106 112 131 65 178
No. of family 37 41 46 51 53 34 62
Shannon Index (H') 2.15 2.16 2.98 274 297 2.78 3.11
Density (stem ha™) ar9 495 246 418 191 129 280
Area (Rai) 3.75 7 275 15.5 30 5.25 89
Member (Man) 8 8 12 27 27 7 89

3. AtlAdNEIAYY

dofinrsanviielasriuta 6 nguiiu wuin iflevssiuausuresialiludsnslaeldensi
AuEIATY (V1) mﬁmﬁﬂjﬁﬁmé’%ﬁﬂmuﬁwﬁiyqaqm 10 dusiu laun dutzsn (Ananas comosus) A (Areca
catechu) nd181i131 (Musa x paradisiaca) nuw (Coffea arabica) uzaias (Mangifera indica) 1317
(Cocos nucifera) vy (Artocarpus heterophyllus) %g o3¢ (Archidendron conspicum) #3184
(Calamus diepenhorstii) kagnine (Calamus sp.) HAWUITU 30.69, 22.21, 7.84, 5.77, 5.53, 5.29, 3.88,
3.67, 3.38, 3.04 Mua@u (Table 2) LLasLﬁ'aLLﬂaﬁummmwyjﬁm It

thuneindos wialimdmdviamuddnygean 10 Susu i mnew wnn wne uendn ugsis
@11 Uatropha curcas) % ¥OUAU (Archidendron conspicum) &ule (Citrus maxima) ¥z o3 (Acacia
pennata) wa 153 (Psidium guajava) SRy 36.52, 26.24, 21.64, 5.65, 5.32, 5.11, 4.87, 4.55, 3.88
uay 3.83 suandu thunefiy wlefiviislendvianudifygean 10 Sudu leun duursn mann uzais née
11 wgnd vyu sreudu davanuthu (Sauropus amoebiflorus) Mi3su (Durio zibethinus) uag Vi
(Curcuma longa) #ANMNAY 54.48, 18.65, 6.43, 4.97, 4.94, 4.41, 4.16, 3.31, 3.09 Lay 2.93 AINAIAU
Surogn siefividadeiinnudidaygean 10 Sudu 1iun dutssn mann nu ndaeini aiiu ynle
(Amorphophallus mueller)) 18179 TLOUAU UTUID LAE WANIIAN (Fernandoa adenophylla) fiAn
windu 23.16, 19.04, 13.26, 10.93, 7.31, 5.80, 4.00, 3.82, 3.55 wag 3.50 iy trunengne sindiei
fAdadinuddygean 10 Sudu Tdun duuesn maun ndretn$7 81gu uend1a wgaiag nuw T
(Bambusa sp.) Yyu wag wWamais (Croton persimilis) TAinfiu 34.19, 20.04, 10.54, 10.36, 6.32, 5.88,
4.91, 4.73, 4.2 uay 3.5 pudwu Thuens slafvidadedauddygean 10 Susu ldud duussn
1N 1g3iaa wgndn nd1e113 N (Oroxylum indicum) vyu waveAns LN (Gigantochloa
hasskarliana) Wa e ¥zouAy AALINTU 33.14, 26.68, 5.86, 5.43, 5.27, 3.66, 3.47, 3.44, 3.18, 3.05
audfu trunsesny vdafivfifiddsdanudifygegn 10 Susdu leud vun dudzse uendii
AN U vy &t zeud IWrnn waz uxUse (Bouea macrophylla) sy 39.86,
13.29, 10.69, 9.02, 8.02, 5.88, 5.81, 4.88, 4.29 uag 4.14 gUa 19U

definsanlaesaudmuiwdnfisfifanudfyluseiudu q dnlngdmaduiivlsuayliug dw
silnlsiihfsusngegdnnuties Faaoandestussnures Cotta (2017) iszyinnisugnitvuuuszuy
Lﬂwmﬂwlﬁﬁud'guimgﬁﬂﬂ'ﬁzﬁﬂumjmmmsﬁmmﬁmﬂﬁ]u oty flufiugnarmlngFaduiviasugiad
ansathuvgldnaeanituasfianunsatiandulsemuduemsls ieanrldielunsauiou (Singh
et al.,, 2016) MnToyatduaziiugl aundndrulngdinaUgniials fe dUvzen Wundn lnanizngy
thunefiy Aegn nenzvz wazuens uhdofinnsansinfieidauddysusu 2 SnadulifBusu fe wunn

'
a

Tuvazingquinumiesny YgnunuinnindUuese Tusasiinguinunendeszlinuinignduissaduwda

& dav a °

fyndaaiinnud Ay 10 duduwsn widulnaidurdaldUmazfinlungununn wu wanevy wunn wang
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uzn31 wazdadlling wu wzahe Judu Jegenndaaiunisfineves Pinard et al. (2014) Fesea1uinty
sruuinunsUldves Kenya dlvgjingnitesedunazliing esanassiuanudeinisveswman diu
gilafivnUgnlivslaaluasuseudinduivdrudesnugnluusas sy

Table 2 Top ten ranking of importance species in agroforestry farm of each villages.

Rank Name Botanical name RD RF VI

Total all villages (59unnngutn)

1 duizan Ananas comosus 28.64 2.05 30.69
2 U Areca catechu 19.40 2.81 22.21
3 ﬂé’ﬁﬂﬁﬁ’] Musa x paradisiaca 5.47 2.37 7.84
a4 AN Coffea arabica 4.51 1.26 5.77
5 NN Mangifera indica 2.29 3.24 5.53
6 EALERD Cocos nucifera 2.09 3.20 5.29
7 YU Artocarpus heterophyllus 1.12 2,77 3.88
8 YL OUAU Archidendron pauciflorum 1.22 2.45 3.67
9 "INV Calamus diepenhorstii 2.67 0.71 3.38
10 %Y Calamus sp. 1.93 1.11 3.04
Kuiker village (ngudnunsiagias)
1 "INV Calamus diepenhorstii 34.56 1.96 36.52
2 UIN Areca catechu 22.97 3.27 26.24
3 ehld] Calamus sp. 19.68 1.96 21.64
4 EALERD Cocos nucifera 1.73 3.92 5.65
5 AL VRN Mangifera indica 1.39 3.92 5.32
6 & Jatropha curcas 4.46 0.65 5.11
7 YOUAU Archidendron pauciflorum 0.95 3.92 4.87
8 dulo Citrus maxima 1.28 3.27 4.55
9 YeoU Acacia pennata 0.61 3.27 3.88
10 5 Psidium guajava 0.56 3.27 3.83
Kuita village (ngadnunefis)
1 dulzsn Ananas comosus 51.88 2.60 54.48
2 nUN Areca catechu 16.05 2.60 18.65
3 1N Mangifera indica 3.46 297 6.43
4 & Musa x paradisiaca 2,37 2.60 4.97
5 EALERD Cocos nucifera 2.34 2.60 4.94
6 YU Artocarpus heterophyllus 1.44 297 441
7 Yy ONAU Archidendron pauciflorum 1.56 2.60 4.16
8 Hnmauly Sauropus amoebiflorus 1.82 1.49 3.31
9 V]L%‘Em Durio zibethinus 0.49 2.60 3.09
10 suflyu Curcuma longa 2.19 0.74 293
Kodugu village (ngutinusagn)
1 dulzsn Ananas comosus 21.13 2.03 23.16
2 THIN Areca catechu 16.81 2.23 19.04
3 AN Coffea arabica 10.96 2.03 13.26

4 NABUII Musa x paradisiaca 8.90 2.03 10.93
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Rank Name Botanical name RD RF VI
5 iy Curcuma longa 6.03 1.01 731
6 uﬂlszi Amorphophallus muelleri 5.19 0.61 5.80
7 AERUoN Mangifera indica 1.57 243 4.00
8 YOUAU Archidendron pauciflorum 1.59 2.23 3.82
9 4EUN Citrus x aurantifolia 1.32 2.23 3.55
10 WANIIANY Fernandoa adenophylla 1.07 2.23 3.50
Pokata village (ngudnuwanzng)
1 duvzn Ananas comosus 31.00 3.19 34.19
2 %UIN Areca catechu 17.48 2.56 20.04
3 & Musa x paradisiaca 7.51 3.04 10.54
al ggu Nicotiana tabacum 10.04 0.32 10.36
5 ALY Cocos nucifera 2.33 3.99 6.32
6 139 Mangifera indica 2.05 3.83 5.88
7 AN Coffea arabica 3.63 1.28 491
8 16 Bambusa sp. 2.01 2.72 4.73
9 YU Artocarpus heterophyllus 1.07 3.35 4.42
10 wWamang Croton persimilis 1.85 1.60 3.45
Mota village (ngutuems)
1 duvzn Ananas comosus 31.72 1.42 33.14
2 9%UN Areca catechu 23.60 3.08 26.68
3 139 Mangifera indica 2.90 2.96 5.86
4 TN Cocos nucifera 2.59 2.84 543
5 ﬂé”liﬂfﬁ’l Musa x paradisiaca 2.90 2.37 5.27
6 LWAN Oroxylum indicum 1.41 2.25 3.66
7 YU Artocarpus heterophyllus 0.98 2.49 3.47
8 WAYIIAIY Fernandoa adenophylla 1.19 225 3.44
9 Teiwnn Gigantochloa hasskarliana 1.17 2.01 3.18
10 YOUAY Archidendron pauciflorum 0.80 2.25 3.05
Monguar village (ngutumsiaaniz)
1 1UN Areca catechu 35.66 4.20 39.86
2 dulzin Ananas comosus 11.89 1.40 13.29
3 EALERD Cocos nucifera 5.79 4.90 10.69
4 HnIutY Sauropus amoebiflorus 8.32 0.70 9.02
5 EZUPR Mangifera indica 3.12 4.90 8.02
6 VYU Artocarpus heterophyllus 2.38 3.50 5.88
7 &t Musa x paradisiaca 3.71 2.10 5.81
8 YOUAU Archidendron pauciflorum 2.08 2.80 4.88
9 Teiwnn Gigantochloa hasskarliana 1.49 2.80 4.29
10 FATERN Bouea macrophylla 1.34 2.80 4.14
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3. asAUsEnaUYLANUS

Slofansanesdusznevrasiusiielnesin wui msdgniinlussuuinumstilvesis 6 ngudu
ddlwgjugnlddiuduiosas 75 seswmanlaun lvn ldduan wasliion wiiusewas 12, 8 uay 5 aud1au
wandliifiuinesdusznovsessinfiviidnunslassaiuadiondsiutisssund esndrilvajgnunaay
FelifBusiy wandlefinnsanesdusznevriaiusiivuesusiagnguinu wuivis 6 nqudhufinsugnlifiu
Fusnnninlivuuaglidugnitwientu snunguiuneindos Augnliionnaniiulive widlng)
FaadulifBususudertungtiudu 9 (Figure 1) muu‘tumamamﬂ'smawumwuﬁwsﬂuwumm«nmu
Iwml,ﬂulmumuﬂmaﬂ‘uLiauaamuuummmﬁiimm durindfulivuduFousondusesvasszuy
Tusneiliifugnuarliondulifuamdodundtu silvssvuinunsinliman dvimifiadou
sysuTRTanIaTaeyinvRuLasildosnad (Udawatta et al,, 2017)

dofasandndussrinssuauiuresivinuasuasivdnanduini 6 ngudu lasdnluaiugn
fimnumsuinnirfivin (Figure 24) osniimmdriifeundseldvindstinisugnifusiuounn el
issworfuanudiosnisuaranunsaaienelfidssnseunialdnaonid widefinnsansiuausianuia
\YRINT 11 6 nautu Ugniielmaneslinndifininens (Figure 28) o1auduimsgimnunsfinssiuany
Foamsvesmaatuilegiftoslsifudn luvnedvdalindumldieluiug Sdinsugnuanevdamintudae
diueuvannvanelvuaiud wardnlvginasdensialiidldusslesiintgn wu Wufiverms ey
ayulns WWusiu (Coulibalya et al., 2017) 91n518371UV89 Marod et al. (2012) wudwmaﬂgﬂﬁm%u?isﬂu
fufimngvrduuenilifeufielunadndnliilonanaununduiugdnufivdafuuasdidoma
nsgnuguLslUgauiineidludnie fafunsinnuesiasdgniivuuussuuinensiililuondne
fugdmn fUrgunns Feanunsadasluniseysndiunaiils idesannianinadisadetuiisssuei
uenniumsdgninlaglissuuisaunsaiuammannuansmsadanmlvituiiuiildsnge
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Figure 1 Percent of plant’s habit in agroforestry farm in each villages including; Total of all village
(A), Kuiker (B), Kuita (C), Kodugu (D), Pokata (E), Mota (F), and Monguar (G)
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Figure 2 Percent of individual (A) and species (B) of agricultural plant versus wild plant in

agroforestry farm of each villages.
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msvimainunsiaensugniilusuuuuvesssuuinuastlivesanndn dmau 6 ngudu fiende
aeluasnuiugdn ilndumns wuilisnuaindn 89 au wazifiuiiiisalasins 89 15 wuvdadie
favn 250 %a 178 ana 62 29 Wdediuau 2.8 ¥lia/ls vike 2.8 viasese Sdudaumarnada iy
3.1 flauvunuvulaesau Wiy 280 #u/ls wialsifidnde 1wy dutzse munn ndrerndn nuw way
uzi sadusznevvesyilniudiivdiulvginuasnsugnldBusu sesasunduldny liduan wazliian
audu wasdmuinnuasnsdiulvgugniinnuesuaiinisdenalialdUunugnuanvaienitfivnuns
Fohlidanmlndifestutsssund fafufnsinsduaiuuazuneralfinunsnadisulasansliuin
3 iisandaygnsyngnyhanediiienisvinisinmsidadeasiely

AnAnssuUTENA
anzAnyideveveunaidimihiuninuiugdnividunng nsugveuwisnd dndvn wagiug
fiy yvinu fishuneauazainynedis Gnslundainaiugane 6 U1y aunuidegaluied was
YovounuMINdould-ung 1dunsziAesh Alinsaduayunisienide
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unAnge
nsfnwiFes mslivselovininensimeaunaznisidmusuvesssmeu lunseyinduay
humtneau suawiliui snnefin Smianss Tfmquszasdfe 1) WeAnwimsliusslovininens
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ABSTRACT

A study in mangrove resource utilization and public participation in conservation and
restoration of mangrove forest in Kaomaikaew subdistrict, Sikao district, Trang province aims to study
1) mangrove resource utilization 2) people's participation in mangrove conservation and
rehabilitation and 3) problems, barriers and recommendations for mangrove forest conservation
and rehabilitation in Khaomaikaew subdistrict, Sikao district, Trang province. The research was
conducted during September 2016-April 2017 and 251 households were interviewed. Mangrove
tree utilization was found that the most commonly used tree was the Rhizophora apiculata,
accounting for 37.50% with the average number of 7.79 trees per household and the largest use
was home construction, accounting for 56.00%. In capturing aquatic animals and aquaculture in
the mangroves, it was found that Scylla serrate was the most common type for fishery, accounting
for 92.98% with average 13 kg catch per day by hand. The most utilization was 82.40% of feed and
most of the aquaculture was Epinephelus coioides, accounting for 36.36% raising for 4 months.
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Captured quantity per time was 60 kg with average 220 baht/kg. Utilization of social and educational
resources revealed that the most usage was for recreation site, accounting for 36.40%. The
participation of people in mangrove conservation and rehabilitation. Overall, the level of
participation was at a moderate level. The problem and obstacle in mangrove forest conservation
and utilization was that people in the community rarely received information from the agencies to
participate in activities, accounting for 29.95%. The recommendation was that villagers should
attend meetings with government to conserve and rehabilitate mangrove forests. Staff or
organizations involved in mangrove conservation and rehabilitation should strongly clarify the rules
of mangrove resource utilization. Every villager should be involved in various activities such as
planting mangroves.

Keywords: utilization, participation, conservation, mangroves forest
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Table 1 Number of Sampling.

Village Name of village Number of households Sample of households
4 Ban Bang Khang 249 93
5 Ban Laem Makham 207 7
7 Ban Thung Thong 219 81

Total 675 251

Note: From “Populationdata,” by Khao Mai Kaeo Sub District Administration Organization, 2016.
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Figure 1 Mangrove Forest in Kaomaikaew Subdistrict, Sikao District, Trang Province. (Chanwinit, 2016)
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Scylla serrate Polymeaoda spp Aquaculture
Figure 2 Aquatic Animals and Aquaculture in The Mangrove Forest (Chanwinit, 2016)
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FUNMTATUALUIINNTIVNNS
AdnAsy: nslauselewy msfiasin Uneau

ABSTRACT

The objectives of the research were to study the utilization of mangroves in Ban Tong Tasae,
Thung Krabue Subdistrict, Yan Ta Khao District, Trang Province, to study the participation of the
public in the conservation and restoration of mangroves and to study the problems and obstacles
of the public to implementing the conservation and restoration of mangroves. The study population
living Moo 9 Ban Tong Tasae Thung Krabue subdistrict, Yan ta khao District of Trang Province,
Questionnaires were used as the tools and the frequency and percentage statistics were used for
data analysis.

The results showed that, the utilization of mangrove aquaculture mainly used in cooking.
The fish 86.2 percent. There are 8 types herbs in the mangroves. The most popular herbs used Sea
holly. And utilization of the mangroves forest, Nipa palm is the most by 40.3 percent used cooking.
The level of public participation in the conservation of mangroves overall moderate with an average
of 2.56. The level of public participation in the restoration of mangroves overall at a low level with
an average of 2.01. The problems and obstacles of the public for the implementing the
conservation and restoration of mangroves is nonsupported by the government.

Keywords: utilization, public participation, mangrove forests
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neuil 2 feyaiearunisldusslevdituiivnveiay drujsnzios druasjenszde snegrunivia
AWINATY

nsldUselesidnianiuiivimsaunudt nguuan Téun Uarnewsuas ainanzia van
annzia Uanldsu 1vhe1vns Sesas 86.2 Muiefesar 13.8 Teillananziaildussleminniign nau
A finsldusslovtinnnian Wun denand dafunsia feiuds fune At 1 lihems $ou
ag 87.5 A Yewar12.5 Beilfanuthluldussloviinndian nguves liuA vesunasy vesuass vesus
voutiu vosfunas 1Hvinemns ewas 96.0 Ave Yeway 4.0 Faiivesduiliusslewiuniign nguy
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Table 1 Percentage of mangrove forest utilization in Ban Tong Tasae, Thung Krabue Subdistrict,

Yan Ta Khao District, Trang Province.

Utilization (Household)

Type of aquatic species total

food sell
Fish group 86.2 13.8 100.0
Lutjanus argentimaculatus 29.3 5.2 34.5
Ariidae sp. 32.8 52 379
Plotosus lineatus 12.1 34 15.5
Stolephorus indicus 12.1 0.0 12.1
Shrimp group 87.5 12.5 100.0
Penaeus monodon 17.5 25 20.0
Macrobrachium rosenbergii 17.5 25 20.0
Litopenaeus vannamei 7.5 2.5 10.0

Acetes sp. 425 5.0 475
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Utilization (Household)

Type of aquatic species total
food sell

Fenneropenaeus merguiensis 2.5 0.0 2.5
Shell group 96.0 4.0 100.0

Crassostrea sp. 2.6 0.0 2.6

Anadara granosa 1.3 0.0 1.3
Meretrix Lusoria 45.0 1.3 46.4
Polymesoda proxima 457 2.6 48.3

Cerithidea obtuse 13 0.0 13
Crab group 94.8 5.2 100.0

Sesarma mederi 39 0.0 39
Scylla serrata 76.6 2.6 79.2
Portunus pelagicus 14.3 2.6 16.9

asulnslutheneiau 1 8 vda foll wilenUamue Usmzia azyurn weds Invzia shioss
wanw1) Fuann dsayulnsiivhunlduselovidusu 1 Ao wilonuamue Yevar 30.8 fnisldusgloviimg
asInAmMISEIINTian Fuan Sevay 17.9 dnnsldusleviaisiiogendounniian ayulnsivianld
Usslowtdudu 3 fie nzyuun Fevaz 15.4 fnsliusslovidaisiiogendounniign ayulnsivhunld
Usglonidudu 4 Ao ¥hiews Sesay 10.3 fnsléuszlovineassngamsenmnniign ayulnsiitanld
Usglotidusu 5 A Usanziauazdnnzia evay 7.7 Usmeaiinisliussleminsassmaumisesinign
wazdnnziasinislivssloviiiemaunniian ayulnsihunliusslevisudiv 6 fe mnedstuuauun

Soway 5.1 (Table 2)

Table 2 Percentage utilization of herbs in mangrove forests.

Utilization
Type of Herbs properties make build use total
medicine food residence dye
Acanthus ebracteatus 30.8 0.0 0.0 0.0 30.8
Cycas rumphii 5.1 2.6 0.0 0.0 77
Xylocarpus granatum 2.6 0.0 77 5.1 15.4
Flagellaria indica 2.6 0.0 0.0 2.6 5.1
Barringtonia asiatica 2.6 5.1 0.0 0.0 7.7
Hydnophytum formicarum 10.3 0.0 0.0 0.0 10.3
Avicennia alba 2.6 0.0 2.6 0.0 5.1
Nypa fruticans 2.6 0.0 12.8 2.6 17.9
Total 59.0 7.7 23.1 10.3 100.0

nslUslemivnanlutmeay wuin mslidselovddausing o vesduan 8l duan Tuan
9NN ABNIIN BBANN HAIN Bsdrusing 4 vesduandnsliussleviuniiga Ae gnain fevas 403 lng
fnsliuselomivihomnsinniian sesasn fe Tuain fesay 23.4 Tasfimsldussleviuussunanasiunn
fign vanan fovay 20.8 Inedinmsliusslovinsgunaninsinniign fuan Sovay 13.0 fnmslduslon
a¥aiiogorduanniian aoninuazsasn fesar 1.3 Insliustleviasswaumisennnniign (Table 3)
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Table 3 Percentage of Nipa fruticans utilization in mangrove forest.

Utilization

Create Processing make made Medicinal total

Parts

Of Nypa fruticans
housing products income Food properties

Tree 2.6 39 1.3 39 1.3 13.0
Leaf 0.0 20.8 1.3 0.0 1.3 234
Conquer 0.0 0.0 0.0 39.0 1.3 40.3
Inflorescence 0.0 0.0 0.0 0.0 1.3 1.3
Treetop 0.0 18.2 1.3 0.0 1.3 20.8
Fruit 0.0 0.0 0.0 0.0 1.3 1.3
Total 2.6 42.9 3.9 42.9 7.8 100.0

nslivsslomivmeiau wuih nislivsslemifuiivmneau duresiay suaenszde sune
grumnun Sandanss ffad 1) undemarng Snsiluldusslomdaniian fo Anwifie Wuslsising q
Sovaz 50.0 sosaunfe Anwnszuuindluthelau fesas 405 2) uwnawieailen dnsllduseleviinn
flgn fo vusssunAlumelay fovay 81.2 sosaunie sesFovuunuazdnising q lulhwieiau Yevas
18.8 uaz 3) undssindeundeuls Insilldusslovdunniian Ao nsugnUmeiau Sevas 78.0
FRRINAD MInNUal Seway 22.0 (Table 4)

Table 4 Other Utilization.

Utilization Percentage

Source of knowledge

Study of various plants / species 50.0

Aquatic animal studies 4.8

Study land animals 2.4

Study Ecosystems in Mangroves 40.5

Study place in mangrove research 24
tourist area

Cruises to see birds and animals in the mangrove forest. 18.8

Nature lovers in the mangrove forest. 81.2
Recreation resources

Fishing 22.0

Mangrove planting 78.0

naufl 3 szAumsiidauituvasUszmeuluniseyinduasiiuyinveiay

seiunsiduiuvesszrvlunmseyindnoiaulasnwsmeglussduuiunans fidieds
windy 2,56 9nnsAnwivesdvil (2550) wuinssrvuluiesdudnidug ddwsniuniseysntiie
AU uawaunzaunn 81naUInNts JaniauaAsAssIINgIY lussAunataduiediy Ingluudasiull
drusueglusedusng q fail

1. funnsiidrusalunisinwiniseyindirveiau ddwsunademnigafe saudnuigm
wazmanngnIsinlayn 1y nsasuiiiiednumilvlmananudenTnsuvesdwieay ag/lu
seiutios feadewiniu 2.19
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2. grunsiidausaalunisnauauluniseysndivieau ddwsuaiouniiande sauUssy

q q
v

uansmuAniy Tuniseydndiivioian Wu SunansanuAaiuisiiuiymiliisTulaziaueuun
NeN15OUSNY warsmimUAfINgIY YiAanssu wunsdanauld Saudeviefanssuvgniineiau e
Tusgduunans fianadewindu 2.64

3. frunsildausaulunsufiRluniseusndthmelay Tdwdmiedoniianie suviAanse

=

Wy Suniueysnylmneau dageysnyiineay Tuiuve Juud uazTuddguewmnt egluseduliu
nans fiAadewiiiu 3.26

a. §runsiidausanlunisfunauszleniluniseyindiivieiau dduiiuedonnnigade
safunausglovt 1wy nausslevinndniuaslivselovdannity ayulng egluseduann fenedowiity
3.70 91NNaNSANBIvRLINAUNTAl wazAny (2556) nuilaen nsiuiinisldusyleviaintinieau lay
nsfudnrituuilng waedidusalunsdanstmomdussdunnigui

5. frunsiidausanlunisinmuuazUssfivluniseydndtveiau fdwsmindsuniande
fassiiunuaanugaNaNystivesthseiau wu Anviiudivuaseiednd laefinisdmaiud eglu

seRuULnans flamasyiniu 2.94 (Table 5)

Table 5 Level of public participation in mangrove conservation and rehabilitation.

. e . Average Level of
The process of public participation in mangrove conservation. L
participation

1. Participation in education
- Study areas such as study area. The decline of mangrove forests 2.18 low
and abundance in mangroves.
- Study the problem and find the cause of the problem, such as the 2.19 low

study area, to study the problem of mangrove degradation.

2. Participation in planning

- Join commenting meeting To conserve mangrove forests, such as 2.64 medium
to express opinions about the problems and propose conservation

measures.

- Join define activities such as planting trees. Join the 7 mangrove 2.64 medium
planting activities.

- Join there are five regulations, such as the agreement on the ban 1.97 low

on mangrove intrusion.

3. Participation in practice
- Join information, knowledge, rules. To conserve the mangrove 2.11 low
forests, such as the villagers who cut the trees to use one plant,

planted instead of 5 trees and maintained maintenance for 5 years.

-Join coordinate with other officials or agencies. Mangrove conservation ~ 2.05 low
- join persuade and create consciousness In mangrove conservation 2.85 medium
- join do activities such as mangrove conservation together. Organize 3.26 medium

mangrove conservation camp on Father's Day, Mother's Day and
every year
- Join donate budgets or equipment such as shovels to be used for 2.36 low

reforestation.
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Table 5 (Continued)

Level of
The process of public participation in mangrove conservation.  Average L
participation

4. Participation in Benefit

- Benefit sharing such as animal benefits and the use of medicinal 3.70 high
plants.

- a food source 3.56 high
5. Participation in monitoring and evaluation

- Join, monitor and prevent mangrove intrusion. 2.05 low

- Join Intrusion Alert Or prohibit the intruder mangrove area. 1.96 low

- Assess the quality of mangrove forest fertility, such as plant and 2.94 medium

animal species. By exploring the area.

Average 2.56 medium

sydumsfiduimmesszevulunsiuniimeaulaeninsmeglusedutios Sanadenif
2.01 Tngluusiazduiiauimeglussiusg q il

1. Funnsfidausaumauansanudadiulunsiuyihesieu fdusuedsnniiande nisi
\auenNALudeiuszualiinsUgnUslaunaunutnslaufigniane eglussiuiies fldade
wihiu 2.19

2. Krunsfidausaunmsnauaulunsiuniimeiau Tausmedeuniaato maddade
MusudnrlfiRoututesuiiugihneou egflussdutos Seadesihty 2.03

3. funsfidausanluntsufialunmsiutensiau fdusuedemniigaie nmsatuayul
aundnluesriZeuresiutsiugihmeautuwess eglussduliunan Senadewhiy 334

a. Frunnsfidausaunisamuuazyssfiunalunisiiuytrveay fdudmedonniignie
mstidudalumsusziiunansufinulesiuthgednudmeay eglussdutios Saedewinty 1.93
(Table 6)

Table 6 Level of public participation in mangrove conservation and rehabilitation.

L o Level of
Step of People's participation in mangrove rehabilitation Average L
participation

1. Participation in mangrove rehabilitation

- You jointly assess damage mangrove forest in Ban Tong Tasae 1.96 low
Degraded
- You find the cause or solution to the problem of mangrove 1.78 low

rehabilitation.
- You participating in the meeting was the planting of 2.19 low

mangroves to replace mangroves destroyed.

2. Participation in planning mangrove rehabilitation

- You Participate in planning and solving problems in mangrove 1.78 low
rehabilitation.

- You Attended meetings to plan and prepare mangrove 1.86 low

rehabilitation (5 times)
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Table 6 (Continued)

L o Level of
Step of People's participation in mangrove rehabilitation Average L
participation

- You Attend meetings to plan the prevention. Forest Invasion

1.79 low
(5 times)
- You Join to plan to persuade neighbors to help mangrove
2.03 low
rehabilitation.
3. Participation in mangrove rehabilitation practices
- You are a member of the Tung Taka Village Forest Restoration
. 1.65 low
Committee.
- You joined the rehabilitation of mangrove forest in Ban Tong )
) ) 2.8 medium
Tasae By replanting deforested forest on important days.
- You help support materials to replant mangroves to replace 20 L
. ow
degraded forest.
- You donate money to buy seeds and seedlings for planting
1.84 low
mangroves.
- You encourage the members of your household to help )
3.34 medium
restore the mangrove forest at Ban Tong Tasae
4. Participation, monitoring and evaluation in mangrove
rehabilitation.
- You participate in the evaluation of mangrove maintenance
1.93 low
work.
- You follow and care after planting seedlings in the mangrove
1.79 low
forest in Ban Tong Tasae
- You follow the results of mangrove rehabilitation. 1.85 low
- You follow the changes after mangrove rehabilitation in Ban
1.76 low
Tong Tasae
- You participate in monitoring and evaluation to prevent illegal L84 l
. ow
logging after mangrove rehabilitation.
Average 2.01 low

noufl 4 gy guassauaztairuauuzvasUszvulunsidunudumssydnsuasiuyinsiau
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Wewau Jovaz 68.18 uarlinmuhmnevesnadilufidusalunsduiunuduniseydnbuagiugin
WEAU FoaY 63.63

5. darauanuglunmsfidiusauvasussrvulunseyinduasluyihesiay
dmsutaiausuuglumsiidusiuvesUssmuluniseyinduagiuyinmeiau vy 9 thuvs
ngigy fuavenszde suneguniv Sadanteiy aunsadeadduldded dduil 1 desnsliaeity
nvauluiutanidy die

d
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Jeway 17.27 s09a3un spnlienvudieiuguatarasndndiin defovar 16.36 uavduasulvidgnun
Weauluyuwy Irseuay 13.63
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