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ABSTRACT

Chainsaw usage is very common during logging operations. Using a chainsaw requires a
sufficiently high level of skills as it is a job which is difficult, dirty, and dangerous (commonly
known as 3D). It is imperative to use a simulation model to practice the chainsaw skills before its
actual operation. We have created a model for skill training and to determine the relationship
between improvement of skills and time spent on the job, as well as other elements that may
have an impact on skill development. The results show that the delimbing times were not
significantly different between the skilled and unskilled sample groups. According to the statistical
analysis, there was no significant difference between the sample groups. However, the learning
curve for the unskilled sample group indicated to a wider distribution range. The lead time tended
to stabilize in 7 or 8 training rounds, compared to the skilled sample group, whose the lead time
stabilized in 5 or 6 rounds. It was found that repetitive experiments resulted in better delimbing
skills and a reduced time to complete the job. When the sample was segmented by gender, the
difference between males and females was not statistically significant. The body mass index (BMI)
classification had a statistically significant influence on the pruning time. This might be due to the
chainsaw's weight causing the test subject to experience varying levels of weariness, which
resulted in an increased time to complete the job, especially for those who are thin. Such a
model can help subjects gain proficiency and familiarity with the chainsaw, which in turn will

make it easier to efficiently manage the equipment in the field.
Keywords: Chainsaw, Safety, Learning ability, Delimbing model, Skill development.
UNANED
nsvhliidnslddesldeudiduduiumn Badesenderinvenisinudeudisgaiieninduns
ihauiienn andsn wazlianusdunsie nsldlueadnassiielnrinvenslddesldeudnoulfUiRnuaseds



Thai J. For. 41(1): 1-12 (2022)

v
< N ]

Hudedudu mﬂmmum%ﬁ]ﬂmﬁmmLLUUﬁwaaaﬁm%’UﬂﬂﬁwzLLasﬁmﬂﬂmmé’uﬁuﬁ‘iwﬁaﬁwzﬁﬁu

Fufunaiild uaztladvduiionvaziinadenmsimurinueseuuudiaes nmsAnvnuinszeznailuns
anfsldunnsnefusznintangulssrnsiiivinusuar iffinvennslfides ldoud 91nnsiinsgsidae
TUsunsumaeaddlinuanuunnnsesaiadessninanguuszvnsiausiinnsmiansinuensiiouves
nguuszvnsglifiinuzdnnsnszatsvesdeyaiininnit uaziiuualiunsldnanasiiluseud 7 uay 8
Tusmefigivinuznanaeasiiluseudl 5 wag 6 mavaassdn 4 AeliAntnugnisanfaiitunasiiuudli
gaan1sianiianas NFIMUNNFUAIRENMUINANUIINAN BLazndliauLanAriveg e lifidud Ay
N9EaR drun1ssuuneuARsiitanie BM) nuidnadesveriatlunisinisedditd Ayn1eadn
prflosniminvendesldeudiidmaliinnaouiinnnzeoudanaiy vilvdmadenafifiniy
Tnsamzgflegluinmsiney uuudassfinanaunsadislifmaasuisanuduigyuazauduiae iy
deosldouddedsmalinsluufoinuniduaunanildiety

o

AdAey: Weelduud AnuUaeady mnuamnsalunsiieus wuudnaesnsanne nsiiuviney

A1 audlalunisyiay wazvndndridnau
A1uUaendy (Wongprathet, 2014) n3ollvinwy
nsltiedesilentfoniiuly Fsnsangtmnain
Asvheuansavildnaneds adiddyie
n1saldaunsaldesiudunsiediuynna (PPE)
(Chai-inkha, 2013) waznisaaasuliinnisin
sinurlunslfidosldudluguuvusieds n1s
susulasidorviy nsfinlfidesldoudly
maauy nsneaesddidosTgeudrulusunsa
L@ilauass (VR) saudensladuuudiaoslunis
WauvinuensldidesTgeud Wy Nitami (2017)
IgvinisAnwnAeadulusunsy ICT wag loT v
desldoudifiewmuunudmsunisdulsd n1sdn

Tuthgiunmshlifinmslddesldoudidu
Smnunnslumsauls davew wavanna nnsld
deslgounsniudesedeinuslunisiiaud
ﬁausﬁwauﬁaammﬂumuﬂivLmn “3D” &4
RN Difficut fAonsvhaudien Dirty fienis
Wufllaerines way wmﬂmﬂmﬂumuw
Dangerous HA3118UAT18ES Fearnadfnisiia
gURmglul w.a. 2537 AUszmaanigowsnidl
naingifmnannisldauiesldeus fomn
IIUIU 42,786 ads InalAnusnauAiye Usw
FUVUYBIAIT USIBLIULALED USLIYN Lay

UStaa L1 (US. Product Safety Commission,
1994) luusgimaeosduiidnsnisiinaURive
sewial e, 2547-2551 Lade 108 AL AoALI
1,000 Au BegtiAmmaningiinannisanily
Nudduld (Robba and Cockingb, 2014) uazlu
Uszindalnediadifinisfingthimeainnisvinldlul
WA 2561 91U 16 518 91NNTHUINIUYTELAN
mmaamqummazﬁﬁmﬁ (Social Security
Office, 2018)
awmnvaenIsingUiwnannsldau
Feslgeudiu dlugiinanmsnammsgnily
N15%1914 1ANISHNDUTY AUIIUYIAAIINS

nouldl waznsanns WinUszavsnmlunisieu
YOINUTULAZAINITOVIEM A DAL UTNIUNS
susuuliifisene wazifinanuvasnseslunis
V9usIudIn1siiiunandn wie Sen et al
(2009) l§vin1sAnwidewudluinadiniu
QUCRITR
wuus1aensilniinuenisldnudes
TWoudlunisAnwindadidunisiduuusiass
nsBafe gasistuifiolfnutuidesTeeusiivh
NneAlYeoNINUIS Lﬁ@lﬂﬁlﬁmé’umwﬁaﬁaﬁ
NAADUVTYININITNAADY TrnUseatAvesnuise
fiile 1) WleWmuazvegeULULSRBEMSUEN



158159UAEAS e 41(1): 1-12 (2565)

Winwen1slddesldoudanie 2) e@nuim
AnuduiussEniesuIusounisliidesldaud
funanildlunsiBoudiauninue waz 3) 1ilo
Anwradeduiionvaziinasionisidouwaun
vinwgldun givinveuazdlifivinuensldides
THoud e wazdailananie Tneluanuideiaed
Uszlewdlfugiiusenouennnisyialil sauds
wieunIeenIiideinsinuuasild
WAlLINYEYeIYARAINTLUaIANTIULITBINS
daad U3udga Waun vinwznsldideslsoudly
RALTIUIRY waziiusmsvhauiliunniu

-4 ad
qﬂnimu,amﬁmi
NISWRILILUUINABY

wuusiaesnisaniadusuusiasives
vieulifnefifiAssouriouliifielilniinuzves
ausilunsanisieusenufofeuaie fauntu
TnedFunuuananuuuassmsaniiuansly
414 Autrofoma U w.¢. 2562 1Jusiunana
in3esdnsnamatnlsiveslssmreoanIen Tatu
yn 4 T (Figure 1) BeldiimnAnmdnnisviinuan
Uszgndlimuizaudvusunveslsenalng
Fenldianfinnlaine s1ailiigs endendnnns
91UT03aUTIAU (compression spring) W11t
suadniieliaenddlsifuaoenunanveuls sus
naassazldursidesfivhinisaenldeanudana
USnaadniieUanden au3efa (extension
spring) agvintiiiAeAsldiiluasenunlivandu
dWnllueuldidomnefianisaniaada 1 A

Figure 1 Foreign prototype models.
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Figure 2 Developed model for practicing the chainsaw skills.
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l 150 mm.

75 mm.

14 mm.

\% ID =9 mm.
OD = 14 mm. i N 0D = 11 mm.
= T=4.5mm. | \\\\\ ¢=1mm.
\ 15 mm.

25 mm, ¥ ID =7 mm.

Lﬂ;ﬂw =1 mm.

&)  OD=9mm.

CAP OD = 12.3 mm.
3 | 17 mm. ¢= 5/16"
[l »

|Process Head Screw 3 mm.
{(Threading head screw)

Figure 3 Model of branches and materials for making this research.
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Figure 4 Depiction of a chainsaw delimbing time study.
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nsmuanwinwens3eusueanguUssvn sl vinwgnsi3ouvaenguussnstidvinuennsld
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Table 1 Sample population data (classified by sample).

Skilled in using a chainsaw No skill in using a chainsaw Sum
Sex  Males 12 3 15
Females 8 17 25
Sum 20 20 a0
BMI Underweight 2 il 6
Normal 14 12 26
Overweight a4 4 8
Sum 20 20 a0

Table 2 Statistical comparison of experienced and inexperienced population uses of a chainsaw.

Population N Mean (min) Standard Deviation Standard Error Sig
No skill 20 1.256 1.094 0.245 0.124
Skilled 20 0.682 0.494 0.110

Learning curve for people without chainsaw skills

8
€6 'Y
£ : ? o [ ] o ]
= 4 °
2 ¢ ° ° ° ° ° °
= 2 e ® 5 a a a

0 @ | o V] V] [ ] ® ®

0 1 2 3 4 5 6 7 8 9 10

Number of times

Figure 5 Learning curve for people without chainsaw skills.
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Learning curve of people with chainsaw skills

8
=6
£
g 4
) e ] ] ® ® -
‘ = - = - - b4 : -
0 < a L L] L] - - - - d
0 1 2 3 4 5 6 7 8 9 10
Number of times
Figure 6 Learning curve of people with chainsaw skills.
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Usgpnsginladiivinwensldifesldeuduningen e x = $1uiusey
Iaevin Scatter plot WUIIN19L3896IV0 YA y = nanlglunisanna

dnwaziduldulAs Exponential @NNT15ULER
AMUFUNUS T AUTIWIUTOUNTNAADU
Tunguusznnsitlifvinugnsléideslseuduans
Tuanns# (1) wazaunsnguussvnsgiidvinue
nslddeeldeuduandluaunisi 2)

Mnnsmlazdanaliinguussansilad
iinvemsldidesldeuiagldinarlunsanisiiuig
ninguiszunsiiinuennsliides ldeuduay
definsflindudestuazdmaiiaafildluns
Wauanas (Figure 7)

y = 1.5516e %% (R* =0.8296) (1)

Learning Curve Compare the average duration of the experimenters.

y = 1.5516005%
R? = 0.8296

08

Time (min)

y = 1.1016e044%
R2 = 0.9192

0.6

0.4

0.2 ®

0 1 2 3 4 5 6 7 8 9 10

Round
@ Average time non-skilled population e Average time skilled population

= £ xpon. (Average time non-skilled population) Expon. (Average time skilled population)

Figure 7 Leaming curve comparison of the average duration between unskilled (blue) and skilled

(orange) experimenters.
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INANTNAFOUAINFURUTTZ NN A AT121A21875 Independent-Sample t-test
AuTzezaMglun1Tanng wuIszezaade NUITATIT 09V UNATIAULANAIADTZZLIAN
YDUNAYIBAD 0.517+0.350 U Lagszuzian Ndogr9luddead1dgnisaid (Table 3)

LABVDUNANYIAD 1.241+1.001 WIT 910NTT

Table 3 Statistical comparison data for the males and females.

Population N  Mean (min) Standard Deviation Standard Error Significant

Males 15 0.517 0.350 0.090 0.064

Females 25 1.241 1.001 0.200
uoNaNHINAITTINUNNGUYTZHINS A1 BMI 23 — 24.90 viane s dwidniiu

panauadvilanieiutseandu 3 ngu Ao W30

nay Und wazdu lagldinauainisuusain aue nnsAnsmuitAadsnaiingy

WWEFNERSASSIMeTUIa (Boonsaen, 2019) st Uszmﬁiﬁ?ﬂ‘ﬁumimaawaqﬂajuﬁaamﬂummeﬁ
A1 BMI < 18.5 wanafie agluinoua HaIAIRY 2.03241.732 urdt tininund

ihwiintosvienas 0.790+0.496 W1 kagdIWINAU 0.751+0.468
A1 BMI 18.5 - 22.90 nu1edie oglu W19 (Table 4)

naUIUNGA

Table 4 Statistical comparison data classified by Body Mass Index (BMI).

Time N Mean Standard Standard Lower Upper Minimum Maximum
Deviation Error Bound Bound
Underweight 6 2.032 1.732 0.707 0.215 3.849 0.53 4.83
Normal 26 0.790 0.496 0.097 0.590 0.990 0.25 2.04
Overweight 8 0.751 0.468 0.166 0.363 1.146 0.18 1.48
Sum 40 0970 0.887 0.140 0.686 1.253 0.18 4.83
PNAITIATIE AN NEDA LABITAATIZY Fregafiifuiinanieunndisiuiinadesseza
ANULUTUTIUMARYY NUTALRGENaIYeINgY lun1sdafsedrelidodAgn1eaia (Table 5)

Table 5 Comparison of data between groups and within group by one way ANOVA.

Time variance Df Mean F Significant
Between groups 7.979 2 3.990 6.507 0.004
Within the group 22.684 37 0.613

Sum 30.663 39
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funquileganugines ieluSsuliteuiungy
Mg wilungueiegisund WawIsuiiiey
AuNguAI9E1987U wudrdiauuwansneiuagisly

NledAgn1eada (Table 6)

Table 6 Intra-sample analysis using multiple comparisons method.

nBMI (J)BMI Mean Difference (I-J) Std. Error Significant
Underweight Normal 1.242 0.355 0.001
Overweight 1.277 0.423 0.005
Normal Underweight -1.242 0.355 0.001
Overweight 0.035 0.317 0.912
Overweight Underweight -1.277 0.423 0.005
Normal -0.035 0.317 0.912
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ABSTRACT

This research compared the operational efficiency between gasoline and battery operated
chainsaws under 3 different aspects; cutting speed, noise, and vibration levels. The test was
performed on dried eucalyptus logs with a diameter of 13 cm. Each type of chainsaw was used on
3 randomly selected logs (replicates), and each log was cut into 10 slides (repetitions). The mean
differences of each of the parameters between the types of chainsaws were tested using an
Independent-samples T-test. The results showed that the average time per cycle of wood cutting
for the battery operated chainsaws was significantly less than the gasoline chainsaws (p = 0.033),
with a mean value of 11.57 and 12.90 seconds, respectively. The operating noise level of the
battery chainsaw was significantly lower than that of the gasoline chainsaw (p < 0.001), with a
mean value of 81.25 and 94.65 dB(A), respectively. The mean noise level of the battery chainsaw
was 15% less than the gasoline chainsaw. The operating vibration level of the battery chainsaw
was statistically significant and less than that of the gasoline chainsaw (p < 0.001), with a mean
value of 0.19 and 1.30 m/s’, respectively. The vibration while operating a battery chainsaw was 7
times less than a gasoline chainsaw. According to the current research, we conclude that battery

chainsaws can run faster and are less affected by noise and vibration than gasoline chainsaws.

Keywords: Gasoline chainsaws, Battery chainsaw, Cutting speed, Sound level, Vibration
o
UNANYD
nATeiAnw AT UNsWIsUTisuM ST nuwesdessudisiulema ez de s uiLunLAes
Tno3puiitouly 3 dudedl 1) amnudrveadessud 2) seduidos uay 3) ussduasiitou nisvaaoufy
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1) dosgududuideinas (STHL
MS180)

Judessusawndniiladmsusia iy
Faumanie wisudnsziisdaduliouindn fanu
Adaea indniun danuaugalunisyiieu
(Figure 1) 1sanilynndrlalladueiniauay
Aglode aunsanionausoulan deesn
WHIU 1.5 Aladnd (2.0 L3951) (Aggie Home,
2017)

STIHL =7000e @ o -

STHL MS180 1JutA3essudiuudu 2
92z dnnaelndln 1.4 w39 1.9 kW / bhp 62
Bevguditngn 3.9 Alandu Anedsldsauiu
difudomas 16 uazunsides) sasrdrumin
FONANIU Ao 3 Alansu/Alaind syAuLTIAUY
Feaaeffl 100 dB(A) sdundadns 112 dB(A) 14
hifulgidosUszian PMM3 fsiasnazuangu
31.8 83 Arrugdaliomas 250 83 aa1uq
vhifundedauld 150 43 aurald PMMC3 3/8"
(Stihl, 2018)

-

Figure 1 Chainsaw brand STIHL model MS180.

2) AoBusuUAAe3 (STIHL MSA120)

Judessuduuufimsilddmivaly
a1 Jldanunsadeutngelansauies Mdmsy
nsfalifiseguuity Freauisldedied
Usgansamyiliarunsongaluidesldodi
590157 (Figure 2) wazldidos 1/4" PM3 (Picco
Micro 3) gﬂaamwumuﬁamié}’ﬂﬁa i
Useaniangs SnvadfeiliFoaiioun Tnelidodld
Lﬂ'%laaﬂaqﬁwg (Stihl, 2018)

STIHL MSA120 1919 Usgiawn Picco
Micro 3 (PM3) fusadfuilsifinegit 36 Taad twiin
YONADUIUATINLUMADS 19 wazUIS Ao 3.8
Alansy WWuumnosimaluladuumnesiadon
losauruinnesinda AK 20 @unsaflazyiauls
g9qn 35 unit ddn1sduaziiioudiudie
3.4 m/s2 AIN1SFUALLTOURIUYIN 3.2 m/s?
syeyi1svosiluld Ao 1/4" ursidessa 30
LUALLAT (Stihl, 2018)

Figure 2 Chainsaw brand STIHL model MSA120.
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Figure 3 Installed sound measuring device on the operator.
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Waiuidesaud lnedaausvinugnenweulagu
lolnlu 6 wewwdiady Vibration Meter -

Seismometer WAUGRBEEUATIUSIAEIATEUUNS
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Figure 4 Installed device on the chainsaw for measuring vibration levels.
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Figure 5 Setup to study the cutting speed.
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Table 1 Comparison between the two types of chainsaws.

STIHL MS180 STIHL MSA120
Weight 3.9 kg 3.8 kg
Engine power 2hp 2hp
Price 5,000 — 8,000 baht 25,000 - 28,000 baht
Guide bar 11.5inch 12 inch
Fuel cost 30 baht/liter -
2T fuel cost 100-300 baht/can -
Saw chain oil cost 200 baht/can 200 baht/can
Electricity bill - 0.57 baht/hour
*Note: Information as of November 2020
UsZANSNINANSTITUT DS B aBaUE wuamedldnaiedsrasounisneuldiiafy
nmsEnEInUI lunisaaneulsives 11.57 39l (581319 8.63 — 19.90 3u17) wazain
Bevsudisiudemadinalunmsveuldsesou Msiasiziidpuiiisuideaiilag test LUy
ANTNAADININAIITEELLIANTN LTVO LA DI URA Independent-Sample t-test wu31 ALadeivEos
wumned Tnedaade windu 12.90 Jund fufinnuuandrsfuedrfidedidynieads
(551319 10.77 — 15.70 3und) luvauziidosausd (p = 0.033) (Table 2)
Table 2 Chainsaw speed test.
Chainsaw The statistics of the time spent on logging.
Min (s) Max(s) Mean(s) S.D. S.E. t Significant
STIHL MS180  10.77 15.70 12.90 1.17 0.21 2.219 0.033
STIHL 8.63 19.90 11.57 3.06 0.56
MSA120
TUdIUYDITEAUANUAIVD T B VD syfuidsaedsvoadessuiitudomasssana
Bosausinudn sedumuwendsvendessus 15% wazilevinisvadeu Independent-
Vrsuliewas ﬁﬁwmﬁlmmﬁ’u 94.65 dB(A) Sample t-test wum mivmmaauaaaﬁuauaaa
[3¥1719 92.5 - 96.6 dB(A)] samﬂauﬁmaamﬂm anmmeLmaﬁummmwLaawauaaaaummu
sedudseadossusLunaes SelAnadewiiu L‘UE]LW@G@H’N&JNEJ&’]@EQHW]NE"{QW (p < 0.001)
81.25 dB(A) [3¥ wm 78.20 - 86.50 dB(A IR (Table 3)

iz(ﬂULaENLQaFJ‘UENLa@EJEJuWLL‘UG]LG]’E]i@JUE]EJﬂ’]’]
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Table 3 Chainsaw noise level test.

Chainsaw Statistics of noise
Min dB(A) Max dB(A) Mean dB(A) S.D. S.E. t Sig.
STIHL MS180 92.5 96.6 94.65 1.18 0.22 35.817 0.000
STIHL MSA120 78.20 86.50 81.25 1.67 0.31

Tudiureussdasiiioureudoveus
WU Aussduasiieureadsssudiniudemas
fianademaiu 130 m/s? (51319 1.20 - 1.40
m/s?) Baoutnganitdusiduazifiouveades
BUSLUARES FeflAmAWINU 0.19 m/s? (58w
0.14 - 0.24 m/s?) TngLdosouduuninedil

Table 4 Chainsaw vibration level test.

LLinﬁuavLﬁauﬁﬁaﬂﬂdWLﬁaﬂﬂuﬁﬁwﬂuLﬁaL‘waa
UTeaad 7 191 W Luamm'ﬁwma‘u Independent
Sample t-test wum mLLsnauaumauLaaamamaa
puRLUMADS JuTeenidessudiniuitomas
a9l Wed Ay Ban19add (pvalue=0.000)
(Table 4)

Chainsaw Statistics of vibration
Min (m/s®)  Max (m/s®)  Mean (m/s®)  S.D. S.E. t Sig.
STIHL MS180 1.20 1.40 1.299 0.05  0.009 103.34  0.000
STIHL MSA120 0.14 0.24 0.186 0.03  0.005

NaNIANYINISIUSBUIBUNTSYINUYY
Bevudiansin nuidsssumisudemas
fanusiililunsdaliiadeogi 12.90 Juiisie
FOUNMINAEeY EsssusuunmestaEildly
ﬂﬂiﬁmiﬂLa?{aagﬁ 11.57 3R I8UN1TVNAADY
Fuudessuduunneiiinisinauiisiagingd
Aevsuduinifudomas Wonaaeunisadnuds
WUILANULANANEE N sEAUTIIAAY AT

syfuAMuFweadsweadeaudisy
Jomdsienszduanuimendsaaiveyi 94.65
WTLUAL dIUTEAUANUR D LABDLAos LS
LummedTiszAuANLRIRREogT 81.25 ITluaLe
fesannidessudintuidomaaduniossud
2 997 1995115919UUTENBUAIENITOR NS
wnlugl wagnisvenedalelds (Showbull, 2018)
fefinsgasidadeiifioundminduielode
fﬂziviaaaﬂmmwiaiaﬁaw%auﬁ’uLﬁmﬁqmmﬁm
lidszdunudfmendesuinninbessus
wummesTefendnnisieuvesawesliinig
nsziin Fadensudtduidemasaiunsoan
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gﬂLLUUmﬁmﬁauﬁmmmLﬁmﬁuié’ﬁy’amﬁauﬁ
navlunduuInienisunas (Watchapan, 2016)
Tnodessuiinsiudomaadunioseusd 2 Sune
vhaulagldusaangngulundnmandemiedd
\inN151y U (Showbull, 2018) Vil iusedu
aziiieunnnindessuduunneifionfondnnis
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ABSTRACT

The objectives of this study were to determine the socio — economic conditions, general
information, satisfaction levels, and factors affecting the tourist satisfaction towards the tourism
services at Ramkhamhaeng national park, Sukhothai province. Data was collected through a designed
questionnaire, through which 394 Thai tourists who visited the national park were interviewed during
October 2019 to September 2020. Statistical analysis was used to test various hypothesis, using a
t-test and F-test at a significant level of 0.05.

As indicated by the gender classification of the respondent, there were almost equal
number of males and females, and the average age was 31 years old. The educational level was at
least a bachelor’s degree/master’s degree. The main occupation was company employee with an
average total household income of 834,907.66 THB per year. A majority of the tourists came from
the central region and had some experiences in traveling. The objective of travel were recreation,
camping, and knowledge increasing about the conservation of forest resource, as indicated by an
average score of 4.14. The average score of satisfaction towards tourism services provided at the
Ramkhamhaeng national park, Sukhothai province was 3.87. The analysis also indicated that the
average difference in the satisfaction towards tourism services at the national park were mostly due

to traveling and gaining knowledge about forest resource conservation.

Keywords: Satisfaction, Tourists, Tourism services, National park, Ramkhamhaeng national park

22


mailto:thong.kerd62@hotmail.com

258152UANEAS e 41(1): 22-34 (2565)

UNANED

nMsfnnadsiiingusrasdiiomsfinwanimmaasugia dnu doyaialy seduaufinels
waztadeiiinareruiianelavesinveadeadenisliuinisdunisieaiisrgnenuuisnasueung
Fwingluie doyaililunisfnusiurunusailaslduuvasuaw Wasuawidnviouisrsmlnein
vioufisgneuuianAsudiuns Samiagluie lurisseviafounaiay 2562 Gufeufuensu 2563 au
F1uau 394 AU T33ATE MsadAilinaaevauufsiu 1HaaAT ( ttest) uazadfow ( F-test) fuun
Toddaynada 1ivisedu 0.05

Han1sANYINUI tnvisadieafivhnsfnvidunanesazimands luswauilndidesiu fi91g
1wdy 31 T dnsfnwisziuUiaans /sy lnmieqainin endnwmdn dalngjusznevordmdundney
U /eadnsienvu fiseldvesniasousiuaie 834,907.66 1/ dgiiduneglunianans dnilvajiae
fivsvaumsaimaviendien ingusvasvaamaeniiondumsveaiisnindeusiniu fanumenisin
wsududusisnvesgneruuisnd anufsnunseydnumineinsulsl ldrsuuuade 4.14 dnvieadind
anwitswelasionsliuinmsvesgnetuwisnAsiudiume Smdagluvie ogluseduun danedewiiu 3.87
dumsiinszsinnuuansiiswesatadsiinadennuiianelavesinvieadieiifsensliuinssunis
vioulild gneuwisnAsmium Sminaluie Toun Yaquszasdvesnisvieadier uazarmidiunig
ausn¥nsnensUalel

AdAny: mudianela tnviesdied N1sHUINITAUNITTENTIE) QNENULIIYIR aNETUMAYIATINATWAS

=De

A1 widnil Aynanansineasiagnyitaiedesanseny

#93003nv0Usrnvululsemadusuumin
v a

selaanaanIsinEnslauuantsgadkazly
ANAGBNITAMU Asadiusemnalngfaiy

D

I1NanIuNITalanImAsYgnavedlanty
Tagdu AMasinnisiasundasuazinisudadu
9819894 UL ANIUNTUNIW1ULATYFA IV

Y =~ a daywy o = 2a
y 4 ; 5% navIRaNLATYgAAR AU uAINIg $iAenis
Uszinelneinuanegluaninanney duAinuns 3 ;

wazgmamnssuidududmdn doonvieladle flmseldnnnmsioniivs Salagiuniaigld

smutvine dawalisgdaiiuadladesas
Ssunaflsutszanadumsuimsusemalidifisans
wazSgurannadeldidunisasienelivesseine
INFIUAUNTHAALNYATNTTUUALEAAINNTTY
\Juvdn Tnejadfunisairsnelafinnansudy
WJuaiduses aagfgatunisuinisdnnis
n3nenssssumAnardndenlalafingiaun
TugtuuuliiAneudsdu vivlvmsnennsonlsiuay
nslivsslevininensiananiiflegesisdiinle

WWINNNTHAUNATEFAIAIUA LUAUATT
IS neInTegerIgaatn ianudiAgyiv
n1sUsulassasunassielandnvesssine
wunduandt amseldainnisvieaien laed
ulsuelilneduqudnarsiunsvsafisdves
e Yaimuiwasduasuliussinmduumas
viouoafidnunmluszeren dansianllg
nsiduundwisafivafifiunsgiulussduaina
Suazrthlugmsvondisrvesussimanuudsdy
(Office of the National Economic and Social

gnviateasiivilifianisaluasainulanvesuyud

UNNGY udmansznusoszuuing Andenus Development Council, 2006)

N19555097F Aundd U ¥y Aulaaunau gnenuwtfisudune Jandagloti

<, | add I v Ao aal
ll‘L%'UETﬁl(;f%JUNaﬂig‘WUIﬁlﬁlfﬂiQ'ﬂ’]ﬂﬁlﬂﬁiiquqa LUUQ‘V]EJ']uLLMQSU'WWV]WQQQIUWaQVlEnLﬂaﬂilﬂﬂ

23



Thai J. For. 41(1): 22-34 (2022)

gunavIuAIUAUNeY uazalnelilaegluve
Asaunquituii U lunsiuadiu suaaumos
gunetuAuaIUveY Muailedni duneiiies
way srvaviudeu gnefsua Janingluvie
fanminfiauysaiszneudefiaimiuazinni
A8 LU HOALINYAN HEALIINNT BRALUINTY
wleh wafs wwszuTeal tandindes way
hananes Wudu anmgivssmaduiiionian
gualvg) Fawsndranniitenudug Tnawudn
fidnwazdungeadududounandilunuinie
aseld Wulduhiddsonsinuas danuity
Usznoumieg UnAess Unuganssa UnAuuas
wazU1Auw LUy aneuLisrIRsIuAIuAS
fidfofiuszana 301 aseRlawms wie 213,125
13 Idinszsonquiniseniadnd «d ulud
WA, 2523 UszmaluswAeniuiuny ieud 97 as
Fuil 27 ganau 2523 daidugneruuisnidiiud
18 veaUszinAlney [ugneui daruddnse
Uszmnailuiiui dminalaviouas davnialndides
Tnssessudnyoad 829 9817 lneuaz v
fsseina waslay 23,370 Ay (Toyadnuiu
nvionfleadound we. 2561 - 2563) iilesdae
Fnunmvosiiuiifiiavad uazsssumfilanisu
Tnsianzsennvas daudasdazinisdaiely
ATmeonluImals Frufousuitay veamnl G
I#3uanuauls andnviendeadaningluiie
FmilndiAes uazinvieailsrynlneisza
Jagduiinismeuwnsyssnduiusianssuves
one1uoy tfuszorg uazn ol o9
(Ramkhamhaeng National Park, 2003)

viail wndnnsideanudanelaves
Unyioadi vanensliuinisaunsviesdien
aveuuRImIATINAu Saninaluriy douaviiiu
Ustlomivestoyadsavannsnthlulfifuuuams
UTUUsInNIsU UR UYL NUTULK IY1R
s Swdagludte Wiussansnmiaiuls
A3deliiulselonivesdeyaninany Fadlanu
Uszaudazyinmsnu Tnsaanisiesiteyadi

24

Wl dudoyadiugrui ehluudlausudss
wuIn19luNITUTNITIANTT wasWuIa NIy
wismilvaenadastuanmanuduaidluiiui
sufasnsathdeyaildannsfnululdlunis
MvuALHLULaE UL UUNIRRILINISIAUS NS
Tiasstumnufosmsvesinriouiion iieliAa
Auianelagegn AruafuNsHLIANEAINNTS
UIMITansAtuvie i samness s Alui i
NYIURVIYIATIUANS Faninglunie Tilfn
Uselovdfan1susm1sann1sane ULy
A Jamdnglurie

fau nsdnuilundedl SelingUszase
(1) ilofnwanmasugha dsau uazdoyanly
vostfnvieadinidunaniiiedluiiuiigneu
wisrAsIudune Saninglade (2) i efnw
sefumnufianelavestinvieuiieadenisliuing
Tuilufignenuuisndsudung Sminglode
Lo (3) W oAN¥INTATIERAINLANAIIYDS
Anadstladoiifinadennuielavesinviesiie
Afidenisliuinmsdiunisondier veagney
WAIRTINAE Jandnglutiy

gUnInluazasnig

nuATeedsil fgunsaline Useneude
wuvasuaty d@msuldiiusiusiudeyasnn
Unyieaiii o7 13 eenoufinneduazlusunsy
d15a3u ulelilumsiengideyauazdnm
Awineq maadin uazgunsal in3eadou f8ms
W il
nsdaraasdu

lagyinasiiusiusiudeyanfegd
FITWLBYAINLONAITTYNUNTITLUazad A
s 9 A eafeafuusziduniudad Ta 9n
MIIBIUYBII19NNT 010U WATBIANTAINY
fiades 1y UsenansensimIne nssssua
Lard wIndou NTNENIIUL IR dnT U
wazWug Wy dr1unauadfduneef 1dudu
NnsBnulvieniisfiiumsnileignety



258152UANEAS e 41(1): 22-34 (2565)

WA TINAINY Teandngluie lugiuaou
MAA 2562 - BBy 2563 STUIUVAAY 25,432
AW (Ramkhamhaeng National Park, 2020)
ﬂ']iﬁ%’]\?LLUUﬁE]Uﬂ']N

ANSAS 1M UVABUNIY 11N15ANELAE
13 WivsauTndeyaUgugll (Primary data) lng
nsdunwal nqueiegn nglduuvasuanulu
Lﬂ%’laqﬁalﬁmwiw%aga LALLM BN AN
Lﬁyammamquﬁmu?ﬁa Tnrany dstawuy
AnuUatsln (closed-end ) uazAauvuasitn
(opened-end) dwsuLil em1vesuuvaeUaIY
Usznausme

moudl Hﬁmmﬁmﬁm’faaiaﬁﬂﬂﬁuaa
Unvieadiendivhnsdne

noufl 2 Aruienelavesinvisadien
Aon1sluIn1sdunisviead o2 vesg ey
wiAsIATINAILTe TanTnaleiy Tda1aiuly
ANYUEUINIITALUY Likert s Scale (Boonriang,
2006)

Wi 959USIMAZLINLIIAINE WA
T¥AaavassziuauAuTanelans 5 sydu
wildfunamlunisuissunsaaduitaysuends
sydupuianela Trsmesdnedslunsiasduas
anuniwesty luudazdunsniaty wihiu 0.80
Wine)iu SIUVIAY 5 (Boonriang, 2006) lagsl
sl

AZLUNGITIAR —AzUULEn

FUATANATY = (1)

WU

InasIuSuRsMATuSInainLIY
sail

1.00 - 1.80 188 sgauAUfianela
vasnrefisaronisliusnissiunisviendien
gUEUUIInIRT AT Jndnglevie egluseeu
touiign tufe axdeadnisliuiniseunis
vioulsagreuuienAsmdiuns Sminaleuii
Tidlanmiidguniuiu Tassuiiae

25

1.81 - 2.60 nu18d9 s¥AUANUTAINElY
vosinveudisinenisliusnissiunisvedion
gneTuLRT AU Srinalurie aglusedu
Yoy tuie avdeaiinsliusmssiunisviendien
ANYIULAINAT A Tendnglarie Trdann

q q
"y
S '

AngunInAulnefIu

2.61 - 3.40 muede sgAuANUNanela
vasnvisaiisanonisliusnssunsvieaiien
NEULMIIAT ALK Jandnglorie agluseeiu
Urunans dude asdesdnisiiusnsaiunis
vieaflengneuuisAs A Sminaluvisly
dudidaunnsesegursUssmsmumnumEzay
Tdanmdirgunindy

3.41 - 4.20 BUEHY SEAUANNNINDLY
vasnvisaiisaronislius s unsvieuiien
gneTUwRT AL Srinalurie aglusedu
1 dude nsTvuinisfunisvieniieagneu
WA TImAune Janinaleie agluinueis
Huiiwelavesinvioaiien

4.21 - 5.00 #EHe sTAUANUNINDLD
yasinvisaiieasonisliusnssiunisvieuiien
greTUUAT ALY Savinglurie aglusedu
unfign dude nsliuinnsdunisvienden
gNeIULVIRIA TN FanTaglevie ogly
wnaiauan Wufinelevestnveadisnduseg
mﬂamaiaa"mﬁaﬁ'%ﬁamLLaLLagi"ﬂwﬁsﬁU
wnmsgulvieusuusdlissiusioly

noudl 3 TolauanuzuazALAniuYes
Unreafisafidaenisiiusnisaunisvied e
gneURiIAT ALY Jadnaluie laeinig
wilvwuvgeumuiuvasuauiadsasauaals
9191587 U5 N1 Ma150AUINLNZ AN wa s
Usuuauiloafausn wagnsfiaunnguiosig
fun WnvieaenlugnenunvismAsiudiuns
Fandaglore lngainuavuinna ud 10819
(sample size) Aisziuanudony 95 Wesidud
LAYANLARIALARDUYBINTANFBE1S Wiy



Thai J. For. 41(1): 22-34 (2022)

0.05 lngldgnsmuinives Yamane (1973) fail

n=— )
T 1+Ne2

Muualy n = IuudnvewieINquiiegIs
NepIN1SANY

N = Srusudnvisaifisdliounatay
2562 — Mugngu 2563) (25,432 AL)

e = ANAALAA DUYBINITNTANY
vl ifiszdu (0.05)

Wounualugns Tas1utuves
inviesiisanguiiednaiidedldlunsinuwaded
91U 393.81 AU 130 394 AU
nsiusIuTtoys

yinafivsusnteya Aufgnetu
wisATusuns Soringlurte faduiuiidn
i

->e

nsifuiaog e 1 utunaunisun
wuuaeuaNiidnaiedu Feiunsvagey way
wilvdaunnses Seuesuds luiiusiusudoya
Mndnvondien Mduniavieudorludiui
PNEUUNINATINAMI Fandnalaniy sjatunis
\Ausrusmdeyatutinvieniioafiiiumaniain
Fminglos wazdminduq Wauseine Ald
umanvionid ealud ui auafad u was
sdunisiiusivunuteyaduinyvioadion
nszarevnngu Tutiseny desndt 20 U - deenin
30 ¥, 30-40 U wazunnin 40 ¥ leeldasnsifiu
Foyaandnvioafisamsduuuuiduszuy des
systematic random sampling ¥11N1511%7901%
guseehdlagthduautnmeaiioamsfediuay
ﬁ’nviauﬁmﬂa;u@hasm (25,432/394) 19929013
dudiegne Wiy 64.55 au Yaewduduaudy
WU 65 AU WagMefIBg1weIlssvIng 65
S ULIN 1guvLBlavE AU (random start)
1ngN1589NNqUAI8E19kUULI1¥AT (purposive
sampling) TagWa1su1a1nn1sAnd ulauss
H1n15Anw1les auuadn vinsaudenla
nueLay 40 Aafu nsifusausandeyady

26

Fnvieadieafetisazsuduainaviinadu i
fudoudidui 40 uaziaviirolulinaaiidas
UINAIELavUaNY1an1Ta Y Laun 65 Mnlila
Fnvieui oafdungudieganudify fail
#o d1siud 40, 105, 170, 235, auasusuiutinvieadien
394 Au

¥MINAgeUANNGNABIYBLLAT BaTle
fldlun1sideased Tnonsmanuiisns
(validity) 99nnsiuvvasuamlulig i deoawey
(319U 3 Y1) ATIADUANNYNFBALT BINTY
yoaifiam (content validity) vesfanylunsas
Toinssmuinguszasdvainisidondstuiold
wdtanUTulsailuseld uagyinisnagaeu
Audediy (reliability) Tmeld Cronbach's Alpha
(Cronbach, 1951) 37172u 30 YA ToAnlals1nan
0.80 naey Fulsdasyiiddmanmatede Tagih
wuvasunulunaaedldfuinreuiislugney
wisAasdvunds Tminaleie 7laldd ui
A10819 wdrudiasiginazmiAlaeldgns
Kuder — Richardson 20 (KR - 20)(Kuder and
Richardson, 1937) 1l ons29deus1A1T 03U
T 0.80

wansvageuUTINg 1 IdAAnanderiu
AauAmILUIANLIINAY 0.989

druuuaou i iunismaaesldun
Ufuugauiladeianaindlfainnisnaaesly
fanann wazdmiuuvseunuatuanysaliite
wisn A AuuTadoyatuinteadiealuiiud
AVEUUMIRIRT A Jandngludie siely
nsAATIEdeya

vhnslinseidoya deAnuilevinng
AUTIUTINTBYaR1NuazN 1IN ULUUAD UL
futinvieadion fiuniflergnenuuianisudiung
Sawinglusty il

N1371A 1Y VoY atT NI TuuUD
(qualitative method)

n1371ATgYTesad ldainnisney
wuugeuny laen1sindeyaunsiuTiukanuasly



258152UANEAS e 41(1): 22-34 (2565)

sUad@o819918 1Y U N15LANLIIAIND
(frequency distribution) A1g4a A (maximum)
A1AdA (minimum) A1lad 8 (mean) Lagan
Fovay (percentage) Y0470y ANIIAULATYFAY
FenuuasAnudug Aieates veainreadien
HMOULUUADUNINKINLIITIEALBEALUTUATNS
SovazUsznauAaduly

n1sTiAs IV U oy attauT U
(quantitative method) 3¥119ayadtAs1evilag
msldnsussanana fewedasnoufiumesmuin
AN9EdAlaenSlaNaaeuT (t-test) uagnsld
naaauLan (F-test) ( Luan Saiyot and Angkana
Saiyot, 1997) L VAL LU SERI19i S
Baseiufuusny fisvduileddaniadd 0.05
wiefiszAuaud ety 95 Wedidud wilenien
anuduiuslnedinsizirnuuanaeeed o i
nasonI U enels veslnvienii eamens
TWu3nsdunsviondion vesgneIuuviad
A Jmdnglurie

NaLAz3IAN5al
dnuazniaasugio dau uazdeayanaluves
dnvieaiteaivinnsinen

HAnwlasnenunawazIansaldnume
marsugie dseu uasdeyavinluvesinvieadios
fivmsfinu dwieluil

A KAnSANBINUIN TNyl oadl
ynsAnwalugidumeare $1uu 202 Ay
Anduear 51.27 wagludrwfivdodunands
w192 au Andudewas 48.73

919 HANIIANYINUI1 Wnvieud 8o
insfnwrdiulng dengaaedesndn 20U -
en31 30 Y 91w 208 au Anndudesay 52.79
sesasndotyegluyie 30 - 40 U d1uiu 144 Ay
Anidusenas 36.55 uaviloofianergeyluts
11NN 40 U F1uau 42 au Andusesar 10.66
pddy To1giade 30.99 U florgunniian 64 T
wavengosiiagn 16 U

27

TEAUNITANYT HANITANBINUIN
Ynveai a7 vins@nwdi L lms sunidede
$ruau 22 au Andudevas 5.58 drufimdoiu
TnvieadienfildiSeundde S1ua 372 au Anduy
Savaz 94.42 Wnvioadien fvhnsanuiilaiSeu
nilsdodulug Tn1sfnwrszauligyin/
Usyaivvieasndy Sruau 328 au Anludoas
83.25 sesaundnisAnenseaula./Uaa. U/
auU3ayayn 9w 23 au Anduiovas 5.84 e
ﬁ'qmﬁaﬁmaﬁﬂwﬁsﬁ’uﬁﬁwﬁﬂmmuﬁu/
PseuAnwnauvans s1u3u 21 au AncduSesay
5.33

91T wan1sAnwIMUI Ynvieadien
Avinisfnwdulng dednndniduminau
USEM/09ANSenYU 311U 200 AU Anvdudeuay
50.76 799893 01ANMAN SUTIVNN/5TIAMAY/
peRnsUnATosdIuTash Y Arvne/Susraiall/
53R 9d Ui 8198 ug (5¥U) LNYAINTIY
(A83dn%) S1ua 66 AU U 63 AU, TUIU
36 AU uaviiosdian 91uru 29 au Andudosay
16.75,15.99 , 9.14 LLasﬁa&Jﬁqmﬁm%wué’mﬂu
UniSew/ddn/dndnw Anduseuasy 7.36

181Av09ASAUTOUTIN HANSANYINUIN
Wnveiieiivinsd@nw daulngdseldves
ASISaUTIN 91wl 252 Au AnvduSeuay 63.96
fudeldfineldvesnniousiu S1uu 142 au
Amfudosas 36.04 Tudwiidlselsvesniadou
52 dlngisslivesninzousiu deenimse
wirdu 100,000 U 317U 203 A AsnduSesay
51.52 seaaaunfinielavesnsiieusiy aglugis
100,001 - 200,000 UM% F1UU 49 AY AnLTu
Yovar 12.44 d518ldve9asatsousiutade
834,907.22 U FeldvesaiaFeusinmniiae
2,460,000 U uaztiosigniselivesniuiou
394 72,000 uwn

RANWT HaMSANYINUI KAaNIIANY
tnvieaieaiviinisinudnlugiinfdnun Ads
tuFeusgluesii nianats $1uu 294 Ay



Thai J. For. 41(1): 22-34 (2022)

Andusesay 74.62 se9a9unAe ARy TuDDA-
\Boanile uazesiign mamie/mald S1uu
55 au wagtesiian S 45 au Anduiosas
13.96 way 11.42

Uszaunisalnisviendiens nan1sinw
wu3n dnviendisafivihinisfine daulngined
Uszaunisel nmsvisadien sy 331 au dadu
Sovay 84.01 wazdrufivdeollineiuszaunisel
nsvieuiien sauau 63 au Andudesay 15.99
Tnedrufimeivssaunisel nsvieaiien dulng
ALY BUTA BN 6 AT §1UIU 199 AU
Andusesay 50.51 sesaandusyaun1sainig
vieudien 4 - 5 a%s $1uau 59 A fuszaunisal
nsvieaiien 6 A% s1uay 37 Au Andudesas
14.97 ua 9.39 toefiamaavioniien 2 - 3 ads
$1uau 36 Au Anlusosas 9.14 Ynvioafiondl
Uszaunisalnnsviondiealad e 12.96 Ave &
Uszaunisal uindian 150 a9 wazilszaunisal
tovdian 1 as

i’mQUszaaﬁﬁummsﬁaaLﬁm NaN1SANYI
Wu31 Ao 97 vhnsAne daulngd
fnquszasdvesmsvisaiienilevioudieinson/
Wil u $auru 158 au Aatdudowas 40.10
sosaaundTnnUszasdvonisvieadi oaile
VieufieawuunagySe/auiin S1usu 147 Au A

JuSoway 37.31 LLagﬂaﬂﬁqmvimLﬁmﬁmﬁﬂm
Aeatuanmsssund/Meadieafaudnuieatu
mMsvieasndedna/lifinguszasdindnudetng
1o WWuisadumehuringy/ Suq $1umu 89 au
AnluSeway 22.59

FNBUENITNALTY HANITANWINUIN
tnvieadleniivhnsine dwlngfidnuaenisin
Frausa S1uan 365 A Anvdudesay 92.64 @i
wiaelUlanwazn1SRNAILIN 911U 29 AU AR
Judoras 7.36 Tnedwiifldnuwaznsinaiusy
drlngdnvagnmsinarausududuviigves
gNeyIU 1w 190 Au Antduseway 48.48 uay
sesawmduthuinuesgnenus/ iiuindamien
1489 37U 175 A Anldusevay 44.16

ANS AuN1TeUS NY NS nensU Ly
HaNSANYINUIY Ynvieafieafiviinnsanenlaldl
A funseydndnineansuall ade 4.20
tnvioufieiimsng Sanuidumseying
n¥nensuald i e 4.07 wazdnvewd o1
Avn1sAnwmsumanulaazuuwad e 4.11
Ienguuunniian 5 azuuu wagldnzuuulioniian
1 AzLUY

v v
[ a

el s18azidundeyad nyMENIa
\Wiswgna denu wazdeyaniluvestdnvieuien
Mihn1sfiny danandnesiulsingsiu (Table 1)

Table 1 The economic, social, and general indicators of the interviewed tourists.

Data list Number  Percentage Remark
(n=394)
Gender
Man 202 51.27
Female 192 48.73
Age
Less than 20 years— Less than 30 years 208 52.79  Average 30.99 years
30 - 40 years 144 36.55 More than 64 years
More than 40 years 42 10.66 Less than 16 years
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Table 1 (continued)

Data list Number  Percentage  Remark
(n=394)
Education level
Not studying 22 5.58
Lower secondary school/high school 21 5.33
Vocational certificate/vocational 23 5.84
diploma/technical certificate/diploma
Bachelor's degree/masters degree 328 83.25
or higher
Vocational certificate/vocational 23 5.84
Main occupation
Trade/general hireling/personal Business 63 15.99
Student/coordinate/undergraduate 29 7.36
Officialdom/state enterprise officer/ 66 16.75
local administrative organization
Company employee/private Organization 200 50.76
Other occupations (specified) 36 9.14
agriculture (animals culture)
Total household income
No income 142 36.04
Income
Less than or equal to 100,000 baht 203 51.52 Average 834,907.66 baht
100,001 - 200,000 baht/ 49 12.44  Maximum 2,460,000 baht
200,001 - 300,000 baht/ Minimum 72,000 baht
300,001 - 400,000 baht/
More than 400,000 baht
Domicile
Northern region/southern region a5 11.42
Northeast region 55 13.96
Central region 294 74.62
Having experienced in traveling
Never/first travel 63 15.99  Average = 12.96
Ever number Maximum = 150
2 - 3 times 36 9.14 Minimum = 1
4 -5 times 59 14.97
6 times 37 9.39
More than 6 times 199 50.51
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Table 1 (continued)

Data list Number  Percentage  Remark
(n=394)
Objectives of traveling
Recreation/recovery 158 40.10
Adventure travel/sports travel 147 37.31
Travel, field trips about the condition 89 22.59
nature/travel, field trips about
ecotourism/there is no main objective as
the path passes/other
Type of stay
Not staying 29 7.36
Staying
Houses provided by the national park 175 44.16
Tents provided by the national park 190 48.48
rental service
Knowledge about forest resource
conservation
Some knowledge (1 - 4 points) 121 30.71  Average 4.14 points
Sufficient knowledge (5 - 8 points) 273 69.29  Maximum 5 points

Minimum 1 point
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Table 2 Satisfaction score for the tourism services of Ramkhamhaeng national park, Sukhothai

province.
Satisfaction score Number Percentage Remark
(n=394)

The least satisfied (40 - 71 points) 2 0.51 Average = 158.50 points
Less satisfied (72 - 103 points) 8 2.03 Maximum = 200 points
Medium satisfaction (104-135 points) 40 10.15 Minimum = 40 points
Very satisfied (136 - 167 points) 181 45.94
Totally satisfied (168 - 200 points) 163 41.37
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3)

Table 3 The level of tourists' satisfaction towards tourism services of Ramkhamhaeng National Park,

Sukhothai province.

Satisfaction with tourism Satisfaction level Average Remark
Personnel and Service a lot of 4.13
Facilities a lot of 3.95
building a lot of 4.25
In the preparation of natural a lot of 4.16

interpretation

Source: Ramkhamhaeng National Park (2020)
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Table 4 Summary of the test results to find the relationships by analyzing the differences between

the averages of factors affecting the satisfaction towards tourism services of the

Ramkhamhaeng national park.

Independent Variable t-test F-test p-value
Gender 0.340 0.734
Age 1.679 0.188
Educational level 0.960 0.412
Primary occupation 0.846 0.497
Total household income 2.499 0.083
Domicile 0.415 0.742
Experience in traveling 0.642 0.790
Objectives of traveling 0.527 0.043
Type of staying 0.806 0.447
Knowledge about forest resource conservation 1.762 0.037
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ABSTRACT

This research aimed to study the effects of agricultural and forested land use types on
some water quality at the Lam Phachi sub-watershed. Eight water quality parameters were
collected and analyzed during both wet and dry periods in 2018 and were compared with the
surface water quality standard. Additionally, the water quality was determined by the Water
Quality Index (WQI). From the results, it was found that temperature, pH, DO, nitrate, and
phosphate content of the forested sub-watershed, agricultural sub-watershed and outlet of Lam
Phachi sub-watershed were at the surface water standard class 2 during both the wet and dry
periods. However, the Biochemical Oxygen Demand (BOD) of agricultural sub-watershed and total
coliform bacteria of the outlet were higher than the surface water standard during the wet period.
Moreover, the total suspended sediment in the agricultural sub-watershed and outlet, during the
wet period, was greater than the forested sub-watershed. Water quality assessment through the
water quality index (WQJI) indicated that water quality of the forested sub-watershed was at good
level during both the wet and dry periods, but the agricultural sub-watershed and outlet were
poor during the wet period and better during the dry period. It can be concluded that agricultural
land use in the Lam Phachi sub-watershed has affected the suspended sediment and BOD levels.
Hence, soil and water conservation measurement should be applied to reduce surface runoff and

soil erosion in the sub-watershed.

Keywords: Land use, Water quality, Lam Phachi sub-watershed
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Figure 1 Methodology used in the study
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Standard Methods for Examination of Water
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and Wastewater #ifuunlag APHA: American
Public Health Association, AWWA: American
Water Works Association L& ¢ WPCF: Water
Pollution Control Federation ( APHA-AWWA-
WEF, 2012) fa518azidentu Table 1

taaneo

(b)

Figure 2 Study site (a) Land use pattemn in the Lam Phachi Sub-watershed and (b) water sampling points.
Source: Modified from Land Development Department (2017).

Table 1 Methods for water quality analysis.

Water quality parameters (unit) Methods/analysis
Temperature (Celsius) Thermometer
pH pH Meter

Total Suspended Solids (mg/l)
Biochemical Oxygen Demand (mg/l)
Dissolved Oxygen (mg/\)
Nitrate-Nitrogen (mg/l)

N kRN e

Total Phosphorus (mg/l)
8. Total Coliform Bacteria (MPN/100 ml)

Dried at 103-105 °C
5 — Day BOD Test
DO Meter Method
Cadmium Reduction Method
Ascorbic acid Method

Multiple Tube Fermentation Technique

Source: APHA-AWWA-WEF (2012)
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Table 2 Water quality Index (WQI) scores used for the assessment of water quality.

WAQI scores WaQl levels Surface water quality standard types
91-100 Excellent 1

71-90 good 2

61-70 medium 3

31-60 poor

0-30 Very poor

Source: Pollution Control Department (2001B).
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Table 3 Water quality in the Lam Phachi Sub-watershed during the wet period and dry periods in 2019.

Water Water quality parameters
sampling period Temperature TSS pH DO BOD NO3z PO.* TCB
points (°0) (mg/V) (mg/)  (mg/)  (mg/l)  (mg/l) (MPN/100ml)
Forest wet 271.3 13.98 8.00 6.78 1.03 0.23 0.15 1,362
Sub- dry 25.6 9.89 7.64 7.83 0.64 0.14 0.08 600
watershed
Agricultural wet 28.7 97.02 7.90 6.67 3.55 0.88 0.33 3,017
Sub- dry 30.0 5.85 7.11 8.08 0.82 0.62 0.10 228
watershed
Outlet wet 29.2 138.67  7.85 6.43 1.01 0.61 0.32 29,500
dry 29.0 72.33 7.87 7.09 0.72 0.38 0.15 490
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Figure 3 Water quality in the Lam Phachi Sub-watershed during the wet period and dry periods in 2019.
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Table 4 Water quality index (WQI) assessment of the forested, agricultural sub watershed and

outlet of the Lam Phachi Sub-watershed during the wet and dry periods in 2019.

Water Parameters Water quality value Scores
sampling Wet period Dry period Wet period Dry period
points

Forest DO 6.78 7.83 93 99

Sub-watershed pH 8.00 7.64 92 95
SS 13.98 8.89 90 94
BOD 1.03 0.64 89 93
NO5 0.23 0.14 96 98
PO 0.15 0.08 69 82
WQlI score 78 87
WaQl level good good
surface water quality standard type 2 2

Agriculture DO 6.67 8.08 92 97

Sub-watershed pH 7.90 7.11 93 93
SS 97.02 8.85 34 95
BOD 3.55 0.82 65 91
NO5 0.88 0.62 87 91
PO 0.33 0.10 44 78
WQI score 47 83
WaQl level poor good
surface water quality standard type q 2

Outlet DO 6.43 7.09 90 96
pH 7.85 7.87 94 94
SS 138.67 72.33 21 43
BOD 1.01 0.72 89 92
NO3 0.61 0.38 91 94
POs> 0.32 0.15 45 69
WQI score 51 66
WaQl level poor medium
surface water quality standard type 4 3
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Successional Status of Plant Communities of Different Ages in Rubber
Plantations at Songkhla and Phattalung Provinces
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ABSTARCT

Almost all para rubber plantations in Thailand are under monoculture practice, with only a
few rubber farmers interested to adopt rubber-based agroforestry practices. Information of native
trees which can grow well in a rubber plantation is limited. This research aimed to study the
successional status of different-aged plant communities in para rubber plantations. Ten to 77 plots
of 10m x 10m size of each were used as sample plots at each study site. In each plot, the diameter
at breast height of all trees with a stem diameter of at least 1cm were measured at three locations:
(1) near Payang restaurant (successional time 10-12 years), (2) Tamod district (22 year old), and plant
conservation area (40 year old). Importance value index (IVI) of the existing species and species
diversity index was calculated. Plant community structure varied between the sampled sites. Species
with high VI values varied with each site, site 1; Microcos tomentosa, Cleistanthus polyphyllus, and
Mesua kunstleri, site 2; Garcinia merguensis, Decaspermum parviflorum, and Syzygium grande, sites
3, Mesua kunstleri, Microcos tomentosa, and Syzysium lineatum. Litsea grandis, Calophyllum
calaba, and Cinnamomum iners were found on all sites. Similarity in plant communities increased
with age with the older successional stands being very similar. The diversity index was influenced by
distance from natural forest and age of succession. Relative densities of zoochory plants at these
sites varied in a range of 50-85% in each plant community. We recommend that certain successional
tree species with high IVl and species diversity index in the Tamod district can be planted in rubber

plantations with poor soil conditions and low pH.
Keyword: Succession, Rubber plantation, Agroforestry, Plant community, Species diversity
o
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Table 1 Species diversity index, relative density of zoochorous trees, and other environmental

variables measured at the three study sites

Simpson Relative Distance to  succession Rubber Basal Tree
diversity density of nearby age age area density
index zoochorous  forest (m) (years) (years) (m%ha) per ha
trees (%)
Payang 0.857 50.26 2600 10-12 Ca. 60 3.00 1,870
Tamot 0.865 85.17 415 22 45 4.89 2,987
Khohong 0.924 66.70 None 40 Ca. 60 15.17 2,790
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Appendix Table 1 Quantitative features of successional plants at Pa-yang, and Songkhla province.

Thai name Scientific name Fruit type RF RD RDO VI
Plabpla Microcos tomentosa Sm. drupe 1212 2222 3412 6847
Noknon Cleistanthus polyphyllus F.N. Williams capsule 10.61 2646  29.41 66.48
Bunnakkorhong Mesua kunstleri (King) Kosterm. capsule 10.61 7.94 238 2093
Sae Callerya atropurpurea (Wall.) Schot legume 4.55 4.23 6.81 15.59
Jignom Barringtonia macrostachya (Jack) Kurz drupe 4.55 5.82 305 1341
Khao-kwang Mischocarpus sundaicus Blume capsule 4.55 5.29 2.98 12.82
Nga-Sai Pouteria obovata (Lour.) Merr. berry 4.55 2.65 53 12.5
Niang Archidendron jiringa (Jack) 1.C. Nielsen legume 6.06 2.65 1.36 10.07
Mee-men Litsea glutinosa (Lour.) C.B. Rob. berry 4.55 3.7 1.2 9.45
Mao Syzygium grande (Wight) Walp. berry 6.06 2.65 0.71 9.42
Tanhon Calophyllum calaba L. berry 4.55 2.12 0.62 7.29
Keenon Chaetocarpus  castanocarpus  (Roxb.)

i capsule 1.52 212 1.35 4.98
Thwaites
Khem Psychotria stipulacea Wall. berry 3.03 1.59 0.35 4.97
Wana Syzygium cinereum (Kurz) Chanter. & J.
berry 1.52 0.53 291 4.96
Parn.
Maduan- Keenok Ficus chartacea (Wall. ex Kurz) Wall. ex Achene in
. 3.03 1.59 0.27 4.89
King syncarp
Kraton Sandoricum koetjape (Burm.f.) Mer. berry 1.52 1.06 2.03 4.61
Daengklon Syzyegium syzygioides (Mig.) Merr. &
s s yevs s . berry 3.03 1.06 0.51 4.6
L.M.Perry
Kwad Syzygium lineatum (DC.) Merr. & L.M.Perry  berry 1.52 0.53 2.43 4.47
Mahod Lepisanthes rubiginosa (Roxb.) Leenh. schizocarp 1.52 1.06 0.28 2.85
Rakpa Semecarpus curtisii King drupe 1.52 0.53 0.58 2.62
Maduaplong ) o achene in
Ficus hispida L.f. 1.52 0.53 0.46 2.50
syncarp
Daen Syzygium glaucum (King) Chantar.& J.
s yers s s berry 1.52 0.53 0.27 231
Parn.
Chiad Cinnamomum iners Reinw. ex. Blume berry 1.52 0.53 0.19 2.24
Lor-kon Mallotus paniculatus (Lam.) MullArg. capsule 1.52 0.53 0.15 2.20
Han Knema globularia (Lam.) Warb. capsule 1.52 0.53 0.14 2.18
Katangbaiyai Litsea grandis (Wall.ex Ness) Hook f. berry 1.52 0.53 0.11 2.15
Total 100.00  100.00  100.00  300.00
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Appendix Table 2 Quantitative features of successional plants at Tamod district, Phattalung

province.

Thai name Scientific name Fruit type RF RD RDO VI
Nuan Garcinia merguensis Wight berry 8.23 32.80 79.32  120.35
Kee-tai Decaspermum  parviflorum  (Lam.)

berry 7.84 8.59 5.09 21.52
A.J. Scott
Mao Syzygium erande (Wight) Walp. berry 7.04 6.74 3.94 17.72
Tungfa Alstonia macrophylla Wall. ex G.
follicle 6.91 5.49 2.81 15.21
Don
Cha-muang Garcinia cowa Roxb. ex Choisy berry 212 6.84 2.89 11.85
Katangbaiyai Litsea grandlis (Nees) Hook f. berry 6.11 3.89 1.61 11.62
Kwad Syzygium lineatum (DC.) Merr. &
berry 4.38 4.34 1.09 9.82
L.M.Perry
Paya-sataban Alstonia scholaris (L.) R.Br. follicle 4.38 2.20 0.43 7.01
Mahuad Lepisanthes  rubiginosa  (Roxb.) )
schizocarp 3.05 2.25 0.41 571
Leenh.
Mangtan Schima wallichii (DC.) Korth. capsule 2.52 2.30 0.65 5.47
Tew kliang Cratoxylum cochinchinense (Lour.)
capsule 3.32 1.80 0.25 5.37
Blume
Tanghon Calophyllum calaba L. berry 3.45 1.60 0.13 5.18
Meemen Litsea glutinosa (Lour.) C.B.Rob. berry 2.92 1.95 0.28 5.15
Chiangpra-nang- . )
Carallia brachiata (Lour.) Merr. berry 2.92 1.75 0.27 4.93
ae
Ka-oum Acronychia pedunculata (L.) Mig. berry 2.66 1.30 0.08 4.03
Machamkong Ardisia colorata Roxb. berry 2.66 1.30 0.07 4.02
Yorpa Morinda elliptica (Hook.f) RidL. berry 1.86 1.35 0.13 3.34
Chiad Cinnamomum iners Reinw. ex Blume  berry 1.99 1.25 0.08 3.32
Hat Artocarpus lacucha Roxb. berry 1.86 1.10 0.15 3.11
Keenon Chaetocarpus castanocarpus (Roxb.)
i capsule 1.73 1.05 0.06 2.84
Thwaites
Plabpla Microcos tomentosa Sm. drupe 1.73 0.90 0.04 2.66
Laebook Phoebe declinata (Blume) Nees berry 1.73 0.85 0.03 2.61
To Rhodomyrtus  tomentosa  (Aiton)
berry 1.73 0.75 0.02 2.49
Hassk.
Mango Buchanania sp. nut 1.20 0.75 0.04 1.98
Dee-ngu Elaeocarpus petiolatus (Jack.) Wall. drupe 1.20 0.60 0.05 1.85
Kor Lithocarpus sp. nut 0.80 0.40 0.01 1.20
Kradukkai Prismatomeris tetrandra (Roxb.) K.
berry 0.66 0.45 0.00 1.12
Schum.
Burong Dasymaschalon  blumei Finet &
berry 0.80 0.30 0.01 1.11
Gagnep
Mamao Antidesma montanum Blume drupe 0.80 0.30 0.00 1.10
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Appendix Table 2 (continued)

Thai name Scientific name Fruit type RF RD RDO VI
Nuansean Aporosa octandra (Buch.-Ham ex capsule
0.80 0.30 0.00 1.10
D.Don) Vickery
Muak-kor Olea salicifolia Wall. ex G. Don berry 0.66 0.30 0.00 0.97
Sakhin Vatica harmandiana Pierre samaroid 0.66 0.30 0.00 0.97
Somling Guioa pleuropteris (Blume) Radlk. capsule 0.66 0.25 0.00 0.92
Koy Streblus asper Lour. drupe 0.53 0.30 0.01 0.84
Satonrok Elaeocarpus robustus Roxb. drupe 0.53 0.30 0.00 0.83
Sae Callerya atropurpurea (Wall.) Schot  legume 0.53 0.20 0.00 0.73
Sumton Pittosporum ferrugineum W.T. Aiton capsule 0.53 0.20 0.00 0.73
Pikulpa Adinandra integerrima T. Anderson
berry 0.40 0.15 0.00 0.55
ex Dyer
Teennok Vitex pinnata L. drupe 0.40 0.15 0.00 0.55
Sai-kee-tai Illex cymosa Blume drupe 0.40 0.15 0.00 0.55
Mamuangpa Mangifera pentandra Hook.f. drupe 0.40 0.15 0.00 0.55
Janpa Dracaena sp. berry 0.27 0.25 0.00 0.52
Khaokwang Mischocarpus sundiacus Blume capsule 0.27 0.15 0.00 0.42
Mai Diospyros wallichii King & Gamble berry 0.27 0.10 0.00 0.37
Takobpa Flacourtia indica (Burm.f.) Merr. berry 0.27 0.10 0.00 0.37
Samrong Sterculia foetida L. follicle 0.27 0.10 0.00 0.37
Ching Ficus fistulosa Reinw. ex Blume achene 0.27 0.10 0.00 0.37
Kaefoy Stereospermum  fimbriatum  (Wall.
capsule 0.27 0.10 0.00 0.37
ex G. Don) A. DC.
Playsarn Eurya acuminata DC. berry 0.27 0.10 0.00 0.37
Champada Artocarpus integer (Thunb.) Merr. berry 0.13 0.10 0.00 0.23
Plalaipeak Eurycoma longifolia Jack drupe 0.13 0.05 0.00 0.18
Manaophee Atalantia monophylla (DC.) Correa hesperidium 0.13 0.05 0.00 0.18
Daengklon Syzygium syzygioides (Mig.) Merr. &
s E yers yars q berry 0.13 0.05 0.00 0.18
L.M. Perry
Muad-dong Symplocos cochinchinensis (Lour.) S.
drupe 0.13 0.05 0.00 0.18
Moore
Plong Memecylon edule L. drupe 0.13 0.05 0.00 0.18
Thumbog Fagraea racemosa Jack berry 0.13 0.05 0.00 0.18
Cha-muang Buchanania arborescens  (Blume)
drupe 0.13 0.05 0.00 0.18
Blume
Wa Garcinia hombroniana Pierre berry 0.13 0.05 0.00 0.18
Krisana Aquilaria malaccensis Lam. capsule 0.13 0.05 0.00 0.18
Samui Clausena excavata Burm f. hesperidium 0.13 0.05 0.00 0.18
Jignom Barringtonia  macrostachya — (Jack)
drupe 0.13 0.05 0.00 0.18
Kurz
Mapring Bouea opposifolia (Roxb.) Meisn. drupe 0.13 0.05 0.00 0.18
Kaithong Erythroxylum cuneatum (Mig.) Kurz drupe 0.13 0.05 0.00 0.18
Kabao-klag Hydnocarpus ilicifolia King berry 0.13 0.05 0.00 0.18
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Appendix Table 2 (continued)

Thai name Scientific name Fruit type RF RD RDO VI
Linkuay Galearia fulva (Tul.) Mig. capsule 0.13 0.05 0.00 0.18
Rongthong Garcinia acuminata Planch. & Triana berry 0.13 0.05 0.00 0.18
Kaikaew Parashorea stellata Kurz samaroid 0.13 0.05 0.00 0.18
Plaiwon Pterospermum lanceaefolium Roxb. capsule 0.13 0.05 0.00 0.18
Neung Archidendron jiringa |. C. Nielsen legume 0.13 0.05 <0.0001 0.18
Isotai Actephila javanica Mig. capsule 0.13 0.05  <0.0001 0.18
Total 100.00  100.00 100.00  300.00

Appendix Table 3 Quantitative features of successional plants at Kor Hong and Songkhla

Provinces.

Thai name Scientific name Fruit type RF RD RDO VI
Bunnak-korhong ~ Mesua kunstleri (King) Kosterm. Capsule 5.57 20.36 202 2794
Plabpla Microcos tomentosa Sm. Drupe 6.58 9.38 9.02 2498
Kwad Syzygium lineatum (DC.) Merr.& L.M.

berry 4.30 777 7.02 19.09
Perry
Jig-nom Barringtonia macrostachya Kurz drupe 6.58 8.04 2.54 17.16
Koynam Streblus ilicifolius (Vidal) Corner drupe 2.28 8.04 1.33 11.64
Ka-arm Crypteronia 60aniculate Blume capsule 1.52 0.8 9.11 11.43
Kee-non Chaetocarpus  castanocarpus  (Roxb.)
) capsule 4.05 33 3.89 11.24
Thwaites
Kor-pua Lithocarpus elegans (Blume) Hatus. Ex
nut 1.27 0.98 7.65 9.90
Soepadmo
Champada ) achene in
Artocarpus integer (Thunb.) Merr. 1.77 0.98 6.65 9.41
syncarp
Dee-ngu Elaeocarpus petiolatus (Jack) Wall. ex
drupe 2.53 0.98 5.39 8.9
Kurz
Nude-ton Prunus grisea (C.Muell) Kalkman drupe 4.81 2.5 0.8 8.1
Daen Syzygium glaucum (King) Chantar. & J.
s s s E berry 1.52 0.71 4.65 6.88
Parn.
Teen-nok Vitex pinnata L. drupe 1.77 1.07 3.73 6.58
Tang-hon Calophyllum calaba L. berry 2.02 223 2.08 6.34
Lakkuay-Lakklia Diospyros sumatrana Mig. berry 3.04 2.14 0.89 6.07
Kaengliangyai Psydrax dicocca Gaertn. drupe 2.78 1.7 1.01 5.49
Lae-buk Phoebe declinata Nees berry 2.02 0.98 1.93 4.93
Cha-muang Garcinia  nigrolineata Planch. ex T.
berry 2.28 1.25 1.15 4.68
Anderson
Kor-keoymu Castanopsis schefferiana Hance nut 1.01 0.89 2.69 4.60
Daengklon Syzygium syzygioides (Mig.) Merr.& L.M.
s s vy yars . berry 1.01 232 0.96 4.3
Perry
Kan Paranephelium macrophyllum King capsule 1.52 2.23 0.54 4.28
Pi-kun-pa Adinandra integerrima T. Anderson ex
berry 253 1.07 0.56 4.16

Dyer
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Appendix Table 3 (continued)

Thai name Scientific name Fruit type RF RD RDO VI
Sae Callerya atropurpurea (Wall.) AM. Schot  legume 1.77 0.89 1.39 4.05
Kanunpa Artocarpus rigidus Blume achene in 0.51 0.18 32 3.88
syncarp
Mungtan Schima wallichii (DC.) Korth. capsule 1.01 0.89 1.48 3.39
Mai Diospyros wallichii King & Gamble berry 1.77 1.43 0.17 3.37
Kee-tai Decarspermum parviflorum (Lam.) AJ.
Scott. berry 2.02 0.98 0.34 3.35
Tangbaiyai Litsea grandis (Wall. ex Nees) Hook.f. berry 0.25 0.09 2.87 3.21
Sator Parkia speciosa Hassk. legume 0.25 0.18 272 3.16
Samed-daeng Syzygium gratum (Wight) S.N. Mitra berry 0.76 1.52 0.83 3.11
Khem Aidia parvifolia Wong drupe 1.52 1.34 0.2 3.06
Krisana Aquilaria malaccensis Lam. capsule 1.52 0.8 0.71 3.03
Cha-muang Garcinia cowa Roxb. ex. Choisy berry 1.52 0.63 0.15 2.29
Mamao-kon Antidesma montanum Blume drupe 1.27 0.71 0.19 2.17
Han Knema globularia (Lam.) Warb. capsule 0.51 0.36 1.26 2.12
Machum-kong Ardisia colorata Roxb. berry 1.27 0.54 0.18 1.99
Somling-kanpeek  Guioa bijuga (Hiern) Radlk. capsule 1.27 0.54 0.17 1.97
Wa-keekwang iy?gg\r//;r: claviflorum (Roxb.) A.M.Cowan berry 076 063 0.4 82
Mao-pa Antidesma velutinum Tul. drupe 1.01 0.54 0.2 1.75
Unknown Unknown - 0.25 0.09 1.18 1.52
San-yai Dillenia obovata (Blume) Hoongland follicle 0.51 0.27 0.59 1.37
Sadaochang Rhus succedanea L. drupe 0.25 0.09 0.94 1.28
Chiangpra-nang-  Carallia brachiata (Lour.) Merr.
berry 0.76 0.27 0.23 1.26
ae
Plubkluay Diospyros venosa (Wall.) ex A.DC. berry 0.76 0.45 0.04 1.24
Wa Garcinia hombroniana Pierre berry 0.76 0.36 0.09 1.20
Taengchang Prunus arborea (Blume) Kalkman var.
drupe 0.51 0.18 0.47 1.15
montana Kalkman
Makatae Sindora echinocalyx Prain legume 0.51 0.18 0.44 1.13
Rakpa Semecarpus curtisii King drupe 0.76 0.27 0.07 1.10
Ka-org Artocarpus elasticus Rienw. ex Blume achene in 0.25 0.09 0.75 1.09
syncarp
Leum-khao Canarium littorale Blume drupe 0.76 0.27 0.05 1.08
Tew-kliang Cratoxylum cochinchinense (Lour.) Blume  capsule 0.76 0.27 0.05 1.08
Yor-pa Morinda elliptica Ridl. berry 0.25 0.09 0.73 1.07
Nuan-Seun Aporosa octandra (Buch.-Ham ex D.
) capsule 0.76 0.27 0.03 1.05
Don) Vickery
Plongbaiyai Memecylon ovatum Sm. berry 0.76 0.27 0.02 1.05
Hadrum Artocarpus dadah Miq. berry 0.51 0.18 0.34 1.02
Ching Licuala distans Ridl. drupe 0.51 0.27 0.21 0.98
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Appendix Table 3 (continued)

Thai name Scientific name Fruit type RF RD RDO VI
Kaeyoddam Stereospermum fimbriatum (Wall. ex G. capsule 0.51 0.18 0.26 0.94
Don) A.DC.
Bu-rong Dasymaschalon blumei Finet & Gagnep.  berry 0.51 0.36 0.04 0.9
Kolan Xerospermum noronhianum (Blume) capsule** 0.51 0.27 0.07 0.84
Blume
Kedsan Olea brachiata (Lour.) Merr. drupe 0.51 0.27 0.01 0.78
Paiwon Pterospermum lanceaefolium Roxb. capsule 0.51 0.18 0.09 0.78
Katangbai Leea indica (Burm.f.) Merr. berry 0.51 0.18 0.03 0.71
Pobai Balakata baccata (Roxb.) Esser berry 0.25 0.09 0.32 0.66
Muad Symplocos sp. drupe 0.25 0.09 0.30 0.64
Yaijunglan Maesa paniculata A.DC. berry 0.25 0.27 0.02 0.54
Dee-ngu-khao Elaeocarpus floribundus Blume drupe 0.25 0.18 0.08 0.51
Lin-kauy Galearia fulva (Tul.) Mig. capsule 0.25 0.18 0.01 0.44
Kaokwang Mischocarpus sundaicus Blume capsule 0.25 0.18 0.01 0.44
Lae-buk Phoebe lanceolata (Nees) Ness berry 0.25 0.09 0.05 0.4
Nga-sai Pouteria obovata (R.Br.) Baehni berry 0.25 0.09 0.04 0.38
Noknon Cleistanthus polyphyllus F.N. Williams capsule 0.25 0.09 0.03 0.37
Kradug-kang Aporosa aurea Hook.f. capsule 0.25 0.09 0.02 0.36
Madua-thong Ficus vasculosa Wall. ex Miq, achene in 0.25 0.09 0.02 0.36
syncarp
Plongmuad Memecylon edule Roxb. berry 0.25 0.09 0.02 0.36
Cha-san Paracroton pendulus (Hassk.) Mig. capsule 0.25 0.09 0.02 0.36
Hang-kwang Agrostistachys indica Dalzell capsule 0.25 0.09 0.00 0.35
Nong-khao Alstonia rostrata C.E.C. Fisch follicle 0.25 0.09 0.00 0.35
Phaya-sataban Alstonia scholaris (L.) R. Br. follicle 0.25 0.09 0.01 0.35
Chiad Cinnamomum iners Reinw. ex Blume berry 0.25 0.09 0.01 0.35
Khemthong Ixora javanica (Blume) DC. berry 0.25 0.09 0.00 0.35
Luadkwai-baiyai Knema furfuracea (Hook.f. & Thomson) capsule 0.25 0.09 0.00 0.35
Warb.
Katorn Sandoricum koetjape (Burm.f.) Mer. berry 0.25 0.09 0.01 0.35
Total 100.00 100.00  100.00  300.00
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Community Approach to Participatory Forest Plantation Management: A
Case Study of the Khlong Takrao Plantation
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ABSTRACT

This research aimed to study the opinions and participation of local people towards the
management of the Khlong Takrao forest plantation and to analyze the participation approaches to
plantation management. Data were collected through semi-structured interviews, a questionnaire
survey using multi-stage sampling of 4 in 7 local communities with 274 respondents and focus
groups discussion. Data was analyzed using the SWOT analysis technique and TOWS Matrix method.

The findings indicated that the level of people participation was low (23%) and the level
of opinion to benefits from the forest plantation was moderate (X=3.13+0.94). However, the level of
expectation related to operations in the forest plantation was high (X =3.55+0.80), the relationship
between the forest plantation and local community was also high (X= 3.47+0.83), and the participation in
forest plantation management was high (X= 3.51+0.81). The results of SWOT Analysis and TOWS Matrix
define 7 principal approaches to increase the involvement in forest plantation management, namely
1) developing forest plantation areas as tourist attractions, 2) promoting participatory forest
plantation management, 3) developing participatory forest management plans, 4) developing
communication systems, 5) building community capacity, 6) integrating management with local

authorities, and 7) strengthening the monitoring and evaluation of forest plantations management.

Keywords: Participation, Forest plantation management, Khlong Takrao Plantation
o
unanga
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LUINNNNNSIANTTAINUNDE 19T EIUTIN A2eN15IASIEYTad8wIndan (SWOT Analysis) Lagn1519lnd
(TOWS Matrix)

wan1sAne wud yeuldusniluianssusing q vesmuthreudnei Wissfesay 29.93 flsgdu
anuAnuiusienislasulsglevianauliegluszauliunans (X=3.13£0.94) seduanuninnisoniu
nsafiunuvesautiegluseiugs (X=3.5540.80) seAumuAIaniswanuauduiussenitsaiu
fuynvuegluseiugs (X= 3.4740.83) wagsvauanuaanisiesunisildausslusiunisiidsidluns
dnmsaiudr egluseaugs (X= 3.5140.81) HaN1TIATIEIATIEYUaTeUIREDN (SWOT Analysis) kg
7132417 (TOWS Matrix) #187150MMUARLININITIANTaUUIRE19l@usn 7 wwime taud 1) Wan
fufiauinfioduwdwioniisvesum 2) duasumsdanisauthegnedidusi 3) Sphukunisdnns
authegnsiidusa 6) wurszuunmsdeans 5) Waunanuduudswesusy 6) ysannisiaudiy
herluiiui way 7) ieduasensfinnuuasssduansinnuesau
AdAgy: N3ildIusIM NM3IaNsaudn audinaewzng

A s1ugsegede uazliidunduwhiumneuiozds
veuiiufianudnlfunsuUnls wienslduselomd
NuRtaindidmaiianmduiiufivisssuniite
asiiurveslnlunisdlnuaziduselaves
af13eu viliAnaudaudafunguugside
aseafinundeldussloviiuivni o lusuiu
AanssumunsRanleSuneunuie Tneladns
Javhduiintennassaunulunisdusenlisnegs
T9Uselomdiudiud fdslaaunsasuiuianssy
vasEuth WioadnuTiiefionsinnisaiu
Uhsmfuguruiiostuldegnadugvina s1ugsdd
Audladn esdnisanamnssuUildsuneuaiu
Yunaniunsidunihsnududeitunsudald
LAYATUENETULIAYA daitn uavus iy Tal
nstasunseyshensnensUald uslupanuass
wd3 dn1sfiandnde n1sugnasisaruyald

aarnisgeamnssudld dansialuns
sfugsiaisatugeamnssulsl Hanisvinld
n1sUgnasisaiud nsduasesshwiUlal was
n15uUs3Ulileing 9 (The Secretarial of the Prime
Minister, 1956) IﬂﬂléfﬁluﬁﬁLﬁ‘umi‘UQﬂﬁ‘EN?{?u
U1 myvilsfeenluiiuiifuisveunasiuiifiveld
Uszlovidhanuuisefannsudald Tud 2532
TsuraldUsgnirenid nduuniuvilddaun
(The Secretarial of the Prime Minister, 1989)
wardudaneguund 1oTud 3 Sunau 2535
(Forest Industry Organization, 2018) kazuf
AnyYguuns Wetui 9 Turaw 2536 (Forest
Industry Organization, 2018A) T#u3 ¥ d9nia
virlif $1dn Fadud Al suduumuiiliuasd
ansfialumstgniinudoulududvu deudiui
Thfunsulel esiiunisdaweuiiuiiliesins
guamnssuUaliiddfiunisuasldusslovily
\BaLAs g

agslsfimu msfuneuiufiandny
ulsuiwaina ndunulaunirs o natedsznis
017 msSuneuiuiiaiuilaglifinsseTaituid
Forau msisugailivsleniluiiuiivesaiu
ﬂ’]Lﬁ@Lﬁuﬁ@@:mﬁﬂ waviuiinuasnssy Seennly
n13figaians nsldunvesiau iesniidu
AIna1 usem Jamdavild 91de teeduseuli

\Ais¥§Na (Forest Industry Organization, 2021)
Fedesdinmehlilufiufiandy iesmiouasld
lumsuimsesrmsgnavnssudiliies uadnae
anidlafinuazuedlulauin asdn1sanannssy
Unldvihaneminwensiald adinnsdnAunsvinldl
gonnauYn dwmansznusonisanduauly
fudy q SavaneUsens W aseldainnis
vl eldlunsuimsesdnisgmanunssaalil
fufieuthUfuddsuduiiuiitionsng Wudu
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JaqUu aadmsgaannnssuinlad 1a i
femnuddnyresyuruiesiu Tuvisnnsousng
NENINTEITUTR wavdawanden Jaldusznie
Weuensdnnsautiegsdu Tnasdudunis
UImsian1saiudimug nsEUIUNSHAILT I
Yo39uvU (Forest Industry Organization, 2021A)
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n5enuAedatan Wudu Wi fivesarulives
osrnsgmavnssulileidesiinisdoasuaznns
USnwimn3ofuguwusiesd u uazdesdalid
AszUIuNsTIvIzaN dvsunisudledeiiondes
wazdaTaRd A9 9 T INITIIURLANTUS IS
InnsauUsmiu (Commercial Wood Innovation
Office, 2015) ei'fqﬁatﬁumiﬁaﬁ’ﬁ@umﬁmmi
guvegnelidiusiu
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azgansn Uszaulymmsaidunusiuduyuou
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A1191AUSEN 1D 9 Tnemdud Faim (UM
Jardavild 91dn) waglaidanguadanisaiuda
Glgﬁ unJ 2533 (Royal Forest Department and
Forest Industry Organization, 1990) wud g1
nnsFeustureLuIIAdILU U U Y AuT s
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iwdwmuﬂwLLammg{Luﬁuﬁ Falgfinisiasan
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W& (key informants) sreuwasanufifumdu
Uszifudniuiuuning 9 wu deyanaluves
YUY FNwUENINATEFAIRAL TN N5
drusalunisdansasudn Wudu Tnedbideya
vdn §1u 10 51 TiuA fihuvy Wmdhiaou
U7 1wy e deyalui@uuuimslunsiaun
wuudunaluazivuadszrnslunisiiutoya
WeUIu
4. nsérsanlsnuuduntwal 1unis
Wivdegannudaiuiaznisddiusinlunig
Samsenuth Feiduneu e
4.1 nswaukuuduntwal Tngin
LUIAALALRENNITAINATTATIVNLONENT AT
Funanisel wazmsdunweifslaseadne W
wuudunualmunundutomaufidenndaaiu
Uszidun1sdnen a1ndusnismnagauuuy
Funaiiiiannduihamageutungusiedieia
Snwarlndfssiulszannsivhnisfing saum
30 ¥a tawn vy Uiunueslands wasiiunues
Usedoy uwda1uniinsieviniainud ey
(reliability) vasAanulunuuduniual Inginniu

donnaninieluniuan Cronbach’s Alpha 14
nausiAudsfuiiensulad 0.7 (Srisuk, 2009)
nan1snaasunud esfuresaina Snsiaundi
0.88 anBuinssusswuvdunwalldiang
AN T

4.2 Usgynsuazna udleg19 lng
Uszrnslumsinunadall AensaiFeudiendeerlu
YuTUTOUR U AUl 1AAIAZINTT TIUIY
7 mitu Tagvhmsdusdegnauuvaisdunou
(multi-stage sampling)Ima‘uguLLiﬂ quny Uiy
Wamnelildlaisnnda Yovas 50 veevy Ty
sravae Tunsdd o mvuany §rud munely
4 vy Uy YNsEuAIe819A8 3N uRI8E9
9813418 (M33uaan) Faldmytuidmanely
nsAne lann Uruln1gnseiie Urunswgiasey
turnsza1y wazduysdie dadaduiou
v 950 AFuFeu MuuATLIARIDE IR
\NaUsiuDe Krejcei and Morgan (1970) laauuna
A18g19 274 aTTou lWgnIn1snseateniy
dadtuluusagny¥ru (Jamekorn, 1983) f4
Table 1

Table 1 Distribution of the total and sample household number by village.

Sample village

Number of households

Number of sampled households

1. Ban Thung Sai 353 87
2. Ban Koh Kra Thing 180 82
3. Ban Khao Kradat 295 48
4. Ban Sap Charoen 122 30

Total 950 274

5. M5UsEYUNgY (group discussion) Ag
nsgyiaunuvesyuoy lnswiadungdiuay 7
AL UsENBUIY HUIYUYL WASAILNUYNYY Loy
Wvhitauthaaesmeins 2 au sl 30 au
uszyuiesmiufinnsan Wideiausuus Tuns
Usudsaunle srsuuamensdansaiudiened
s Fainidelddarinduannsiieseian
Wiy gaeau lenna wazdodin WIMUALLINIG
lunsdanisauegrelladsu
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W3504U1 (descriptive statistic) lunmseSuredeya
W Arrnud Aedes Ardesas Wudu e
seAUANUARIURaANNAIANTIlUALANTIANNT
arutwagnisiidusnlunisdanisarutnaes
AzlngT Linueinisiiagluuaes Likert’s scale
(Petsuksiri, 1988) 1hanuUstiswesradefilausd
azdasau wWielisuseiuanudediu Sauds
pentdu 5 sedu leun sedutiosiian (X=1.00-
1.80) s¥AUU oY (X=1.81-2.60) 5zAUUIUNANY
(X=2.61-3.40) 5¢A U (X=341-4.20) uag
syfugefign (X=4.21-5.00)

3. N153LATITH LR 99 AL UINIINIT
Fansarutetsdidiusan Insnisthdeyadils
annsdananIsal nMsdunwalinslaseadng nns
Fuatwalarguvuduniwal WN1TiATIEw
4n1muIngd au (SWOT Analysis) laun 3auds
ngou loma wazdednin udwhwailduniivun
LWINNNNSIANITEIUUNRE I INAETDAS
TOWS Matrix (Hutanuwatr and Hutanuwatr,
2002) lnen1sdue gaudatulonia iWunuinia
31n9AN15L893n (active approach (SO)) 9A8 U
Aulania vdunuiniradaunte (adjusted
approach (WO)) yaudanudadidn 1Ouuuanig
Welesriu (protected approach (ST)) uavngau
Autedin WuuwImadesu (passive approach
W) arntduhluuszgungy i othwadi L
Usudgauilunwimanisdanisaudiegnadidu
sulsflnumnzausng
fufidnun

A7UUIAADINELNTT TINTARLLT ILNT
Wuarudludednesdnisgaamnssudnld
21ANA1Y gqagjmﬁ 2 ANUAYIINZINEU B1LABYIN
asifoy Sonimari@anst fuiinisldusslovves
AUUNAABINLLNTY IaMA 4,824.12 15 wuadu
Aufousny 80.44 13 A uilugnadrsaiut
4,420.69 13 ﬁuﬁﬁu%@uﬁ’mmgﬁ 167.56 15 way
Nufidgu q 158.44 15 vialifAvgn laun &n
(Tectona grandis Lf.) A& UAd (Eucalyptus
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spp.) Usgq (Pterocarpus macrocarpus) W g4
(Dalbergia cochinchinensis Pierre.) 8191191
(Hevea brasiliensis Muell. Arg.) NTEH ULNNA
(Acacia mangium Willd.) uwazdu ¢ %ﬂﬁm‘jﬁmﬁ
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Table 2

Table 2 Communities’ opinion as related to the benefits obtained from the forest plantation.

Benefits Opinion level of the local community Mean Level of
Very Low  Moderate High Very opinion
low High
Number of households (percentage)
1. The plantation always 12 75 83 75 29 3.12+096 Moderate
helps and supports (4.38) (23.37) (30.29) (27.37)  (10.59)
communities such as by
providing for the children
or participating in various
activities.
2. Non-restrictions uses in 12 125 64 69 4 2731093 Moderate
the forest plantation area, (4.38) (45.62) (23.36) (25.18)  (1.46)
such as collecting NTFPs
and raising livestock.
3. The plantation 3 39 110 109 13 3331082 Moderate
encourages the (1.09) (14.23) (40.15) (39.78)  (4.75)
households to conduct
the agroforestry in the
forest plantation area for
income generation
4. The plantation assists 10 37 99 106 22 3.3461+093 Moderate
the local community case  (3.65)  (13.50) (36.13) (38.69) (8.03)
by case
Total 37 276 356 359 68 3.13i0,94 Moderate
(3.38) (25.18) (32.48) (32.76) (6.20)
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(Forest Industry Organization, 2021)

Table 3 Communities’ expectation related to the operations in the forest plantation.

Administration of the forest Expected level by the local community Mean Level of
plantation Very Low  Moderate  High Very expectation
low High

Number of households (percentage)

1. The focus of the plantation 2 18
should be to conserve forest (0.73)  (6.57)
resources and local identity

2. The plantation officials 8 16

should inform the action plan (292) (5.84)
and overall operations to the

TAO and community leaders.

3. The zoning of a conservation 8 8
area will help to preserve the (292) (292
ecosystem.

4. Local people should be 1 17
employed to work in the forest ~ (0.36)  (6.20)
plantation.

5. Allowing community 2 42
members to collect NTFPs in (0.72)  (15.33)

the plantation should be a part

of the action plan.

116 121 17 3.49+0.74 High
(42.34) (44.16)  (6.20)

107 122 21 3.4810.83 High
(39.05) (44.52)  (7.67)
75 162 21 3.6610.78 High

(27.37) (59.12)  (7.67)

77 153 26 3.68+0.74 High
(28.11) (55.84)  (9.49)

90 114 26 3.4440.89 High
(32.85)  (41.61)  (9.49)

Total 21 101
(1.53) (7.37)

465 672 111 3.5540.80 High
(33.94)  (49.05) (8.11)
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Table 4 Communities” expectation related to the operations of the relationship between the forest

plantation and the local community.

Relationship between the Expected level by the local community Mean Level of
forest plantation and the Very Low Moderate High Very expectation
local community low High
Number of households (percentage)

1. The plantation should 18 56 81 106 13 3.15+1.01 Moderate
participate in the community (6.57)  (20.44) (29.56) (38.69)  (4.74)
activities regularly
2. Any conflicts of the 0 32 103 131 8 3.4240.73 High
plantation with the (0) (11.68) (37.59) (47.81)  (2.92)
communities should be
resolved promptly.
3. The chief and staffs of the 0 16 103 118 37 3.64+0.79 High
plantation are friendly and (0) (5.84) (37.59) (43.07)  (13.50)
have good relations with the
local communities
4. Relationship between the 0 13 106 117 38 3.6610.77 High
forest plantation and the local (0) (4.74) (38.69) (42.70)  (13.87)
community should be cordial.

Total 18 117 393 472 96  3.4710.83 High

(1.64) (10.67) (35.86) (43.07) (8.76)
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Table 5 The communities’ expectation related to the operations of participation in forest plantation

management.
Participation in forest Expected level by the local community Mean Level of
plantation management Very Low Moderate High Very expectation
low High
Number of households (percentage)
1. Allow the local communities 8 24 106 122 14 3.4010.83 Moderate
to participate in planning and (292) (8.76) (38.69) (44.53  (5.10)

monitoring the management of

forest plantation.

2. Allow the participation of the 7 24
local communities during the (2.55)  (8.76)
decision-making process related

to utilization of forest plantation

resources.

3. Collaboration with the local 6 22
communities to set the rules and  (2.19)  (8.03)
regulations for the utilization of

forest resources.

4. Yearly feedback about the 3 22
forest plantation management (1.09)  (8.03)
from the local people.

5. The plantation should enable 0 18
the setup of a platform for local (0) (6.57)
people to participate in the

forest plantation management.

98 127 18 3.4610.84 High
(35.77) (46.35)  (6.57)

90 135 21 3.5240.83 High
(32.84) (49.27)  (7.67)

97 138 14 3.50%0.76 High

(35.41) (50.37)  (5.10)

96 125 35 3.65+0.78 High
(35.04) (45.62) (12.77)

Total 24 110
(1.75) (8.03)

487 647 102 3.51+0.81 High
(35.55) (47.23) (7.44)
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Table 6 Developing of a participatory forest plantation management approach.

Internal Origin

External Origin

Strengths; S

S1 The plantation has abundance
and biodiversity in some areas.

S2 Community leaders are
interested in improving the local
area.

S3 The community has support and
dependent lifestyle.

S4 People are focused on the
importance of cooperation towards
participating in community activities
S5 People pay attention and are
aware about the forest resources

and environment.

Weaknesses; W

W1 People have occupations that
are based on seasons and land
W2 There exists limited news about
the activities or actions to take
advantage of the forest plantation
area

W3 The community lacks
understanding of a participatory
forest plantation management

W4 Absence of a forum to exchange
opinions

W5 Absence of a process for
employ locals in labor and
agroforestry areas

W6 Cooperation between forests
and communities is at a low level.

Opportunities; O

O1 FIO policy encourages
participation in forest plantation
management

02 local administrative
organization policy encourages the
development of eco-tourism

03 increasing the convenience of
transportation

O4 Near other tourist attractions
05 Use of latest social media and
other communication technology

trends

Active approach (SO)

SO1 Developing forest plantation
areas to serve as tourist attractions
(S1 52 01 02 O3 O4)

SO2 Promoting participatory forest
plantation management (S2 S3 S4
S5 01 05)

Adjusted approach (WO)

WO1 Developing communication
systems (W2 W3 Wa W6 O1 O5)
WO2 Building community capacity
(W1 W2 W5 W6 01)

Threats; T

T1 Appointment and transfer of
plantation chief affects the local
participation in forest plantation
management

T2 Rapid urbanization

Protected approach (ST)

ST1 Developing participatory forest
management plans (52 S3 S4 S5 T1
T2)

Passive approach (WT)

WT1 Integrating to work with local
authorities (W2 W3 W6 T1 T2)

WT2 Strengthening the monitoring
and evaluation of forest plantations
management. (W3 W 4W5 W6 T1
T2)
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Development of a Spatial Database System for Land Occupation

Management in Khaopu-Khaoya National Park
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ABSTRACT

We present the development of a spatial database system for land occupation
management in Khaopu-Khaoya national park. The aim to design such system lies in the need to
avoid data redundancy, systematically store and manage information, and ease of usage. Through
the development of the database system, we measured the user satisfaction of using the system
to monitor the land occupation management in the national park. The design included collection
of data, design and creation of the database system (conceptually, logically, and physically), ground
check survey, testing the database system, and finally its application in real world management.
The results of this study can be used in two ways: 1) a design based on relational database,
collecting data in the form of Geodatabase, processed through a GIS program, consisting of 6
databases, 2) online map presentation processed through the Google My Maps program, with area
need for an active internet connection to access the database. At present, the users can only view
the land under use and the boundary of Khaopu-Khaoya national park. After the completion of test
phase of the spatial database system, through a feedback of 100 officials of Khaopu-Khaoya national
park, we obtained an average satisfaction score of 4.21, considered a very good score.

Keywords: GIS, Google My Maps, Khaopu-Khaoya National Park, Spatial Database
Y
Unanga
miﬁmsnmsﬂ’mmsvuumwﬁ'amL%qﬁuﬁLﬁami%’mmﬁmimaumaqﬁaﬂummammuummﬁm
U‘J L8N a]mmsvUumusuauamama‘umawm‘LuwmawmuummmLSU'HJ 181 1a8N15eaNIUUIEUU

N

WMGZJEJZLIaLGUQWUV] wamm’]mﬂ%aumawaua %G]Lﬂ“ULLa "ﬂﬂﬂ’]i‘*UE]llﬁ’e)EJ’NLUUi UU hazdnenanislgeu i
20 Uiuﬁ\‘iﬂLW@WGM‘NW?uUUiWU‘U@ZﬂﬁL%QWUW LLau‘UiuLll‘L!ﬂ’J']JJWﬂW@Iﬁ]ﬂ?ib‘[,‘lNWUSVUUjm‘U@%I’aL‘lNW‘LW]L‘W@

e%

o)

78



2158152UANEAS e 41(1): 78-89 (2565)

nsdan1snmsasauasesiitlungreuuisndan d-g dmimuduneu 910 1) nismurudeya
2) BONKUUTEUUTILUBYA (WNUWIAR 1TINTINT Wasldanenm) 3) Invissuugiudeya 4) asiadeutoya
Mg 5) veaesFenlinu 6) iludssgndldfunisiienu namsnwlusunsuiiansesfunsldau
i1 2 gUuUU Av 1. MIanRUUAINgIUTeY L sduus (relational database) s1uTiudeyaluguuuy
Geodatabase Uszaanan 1uIUTUNTUNIGIUTEUUATAUNAIA1anS Adgaauines Usenaudie 6
F1utoya 2. msvnaueunuiieaulal Uszanananulusunsu Goosle My Maps %'!w'%nmm%mugmﬂﬁa;ﬂa
Foafldyyudumesidn ioiFonldgiudeya aunsaFongldifisadainisnse uasesfiAuuazuuas
NI RLINY-19181 Mevidansnageunsliau Tidmhiignenuuiesn @ -wgr $1uau 100
A vhmsUszfiunnufielansldnussugudeyadeiu fauadowinidu .21 eglussdufiinn

AdnAty: udayaldeiiun gudeyamesyuuasaumaniiamans gremUUiaNAWT-w181 Google My Maps

o o
AU

musRn 5L e Tui 26 woedneu
2561 Tinsugneuwsian@ dndvn wagiug iy
fuflunsdiyansaseunsesiinuvesszavui
agedevseviiulunUiousny aneuuaw i
-6 Iddudumsdisanisaseuasesiinu
yossugsluiuiisuinveu 3 Smin liun Semin
NG 739 UATUATATTIINIIY ot 433,750 13
munumensuAledgmitauvessegslunin
Enﬁﬂﬁ (Department of National Parks, Wildlife
and Plant Conservation, 2019) Sued U 114
vy iy iitoudladamiiAuvessiug siegluium
Uheysny Fuhdeyanisasounsesitaudlaan
N13d1993U13A5EUUFIUT0YANITATEUATEN
Anuliduszuy el dmididdedoyalsnn
au U luldluntsnsiaeureuluaLUalInig
AseUATBsTinLUYBUaT Y latestuiliiing
yngnudnsUuiisdy wazdumdoyaldazain
1ne Adulkasem and Noppomchrenkul (2017)
leinanain %mmammmwuw (spatlal database)
\Hunssrusndeyasiie q Afanuduiugiu
dndmiuliegnadussuu iliesenisdanis
wazn1sldaudeyaldazain simisuasd
UszAnsamifindu wuieafu Pungabukkana
(2017) findi Wunguvesteyadernu niedn
@i gnunandaAulisaedu Thongtip (2013)
gaugIIMINANgIUtayaasaumANTimans

79

s

Tnaniseenwuulassadadugiudeyaidedunius
sUsuututoyaoluge viiedu wiefiuiisuln
aunsaleng duAu Ainsgviveyaaingiudeya
1% uonv1nil Thanewtong (2016) lénaa3n1s
Favigrudeyaasaumnaniiaans Anounsuu
\n3eT1eBumesIin vildazminsenssenldau
anuisaldarulaass Mmlinrsendusiud
Uszdnsan wazidusvuuuindu §en1si
Google My Maps fiduszuuunuiteaulat whun
HudagaeTunisyaudeliidmdifiaunsa
Bunldaulanasana wagldnmageunisnseii
Ao laviuvineg

Snnuszasdvnsuidedfeiionmun
wwgm%yjaﬁaﬁuﬁ Fensoungunnsiniiv
feyanisnseunsesiinululngneuuisdien
{1161 Aianansnuszananariulusunsumagy
sgvuansaunagdatans uazs1ulusunsy
Google My Maps Imaumiﬂswt,uumaﬂmqmasum
SEUUFIUTOL AL TN UN NN AU VUV LTIV
mquwahmaiuuugmmaaﬂaﬁuaumwmw1/1
Aedes

gunIaluazIsNTs

fufirnen

A5AnwAsadl fdunissaissuy
gmsﬁagaL%aﬁuﬁmsmaummﬁﬁuiuLsumq‘wmu
WsmALNY-10En mamqmﬁ”wﬁ 3 Janin laun
WNa9 951 LAZUATATSITUIY



Thai J. For. 41(1): 78-89 (2022)

< v

N13NUVYBYA

sundeyanisnseunsesiiauluiun
gneULIrIRy-1nen laun Jaminivg nss
WAZUATATSITUIIY 97U 114 wyUu
LUsunsumaiusEuasauwmagiiaans dmsu
dan1sdeyanuszuualsaunandmans Ay
ABUNILABI NI BNz UUUHUANIS Windows 10
\evhnssusuteyanisaseunsesiauluim
gNEUUInIRRY-g1uad THlUsunsa Google
My Maps ffmsﬁ“mﬁﬁnaua‘ﬁagmmuﬁ (map
visualization) IngaBunedunouldds

L syusiudeyaasaunagdeans
VOULIAVDIQNY ULV IRLUY-LUEN VOULANTS
UNATBITEAUIUNIRN 8118 Lagdua W%@Mﬁzﬂizq
G‘hmemﬁmﬁaQU%Lmﬁuﬁﬁﬂm

2, iwiau%gaL%ﬁﬁuﬁmsmavmm
fifu (shapefile) ildann1sd1s1a $1uau 114
vyt A ogordenseviiAulugneuuviana

Y U
'

CRIVERTEER

3. fawnszvugiudeyaideiiud aneld
Whmneidesmstidmii aunsaidrdedeya
dvnau wazahluldlunsuimsdanisiudls
il

3.1 WWU1TEUUF UYL aLTILuIAn
Tageenuuuszuugudoyatidesnisldam siuds
TWsunsufitnunsessunslénugudeyadiug

3.2 ﬂ’@umswug’m%aaﬂm%amiﬂz
Tnelduuudnanadeons (ER diagram) lsineaidiu
AMTIeslATIasNs (Figure 1)

3.3 WALNSEUUgIUToyaLTINEA M
Arualasaas1adunisne 2 46 augduuy
Frutoyadedusiug

4, %’mﬁﬁwugm%ga@aﬁuﬁ

4.1 ATIRABUANLYNABIVDITDY ALY
A ufin1snsounsesil Auluiung e uuvisenA
SRIVERIRER

80

4.2 Favissuugruteuaideiuiiae
TlUsunsuneauszvvasaunandaansly
ULUY Geodatabase \loli1esensldam ns
dudu Fenld wazusmsdanisteyas aelddeya
asaumagiimaniiildvhnssunimun

4.3 dpvharuugudeyaidiuil de
Google My Maps Lﬁaﬂ’nauai’fazﬁal,muﬁ (map
visualization) TugUwuvesulad aunsaidifi
Toyadsiuildineuazazainuing sl lasld
lneteyansnseuAsesTiny waruUNYAgNETY
WaAUY-LuEn

5. NAADUNNT I UTEUUFIUTBY ALY
flufl Tnslidminigneruuissnfiny-lne
Fuau 100 pudugldnu

6. Uszidumuwsnalanislad ey
W3 ULBUNAAUNIND 152NN DULAZUA S
msﬁmmszwg’mﬂﬁauﬂaL%qﬁuﬁlﬁamﬁmmﬁms
AsoUATEITRLlUIRENIUWAIY-E1 Tag
N153LAT12MLUY Ordinal Scale AMyUANINTIEIY
USTUUALUUALASY (Likert rating scale) Tagd
\NauTiNSUsTINaIAn (rating scale) 1 5 seév @
donAdaariu Silanoi (2021) a3uneiAsatunisld
110 5UT20UAUNITANBIITBITIUTUIU 9119
depurnans 7 deulduinsuszuiman 1-5
v0sdiAsh warldludnuusunnsussinnsudud
(ordinal scale) 3aunansaildludnuueiidu
1A58UAIAA (interval scale) usszeiu feil

1) sgAvuAzluY 1.00-1.80 Wawelalu
SEAULDLIN

2) sgauAziuL 1.81-2.60 Wanalalu
STAUUDY

3) SEAUAZIUY 2.61-3.40 Wanalalu
sEaulIunang

4) sgauAzuY 3.41-64.20Wswalaluy



2158152UANEAS e 41(1): 78-89 (2565)

( Prov_id ) Amp_id
Province ! @ M Amphoe

/N

() (e
N
s

Tambon

(Prov_name )

(Prov_id) @mp_nama

-

Area

Target_id

Name Surname

Land Occupation Data

@>

M Baan_id

Has

{  Ptype ( Remark )

1
Baan Baan_name

Baan_moo

Figure 1 Spatial database structure for land occupation management at the Khaopu-Khaoya national

park using an ER diagram model.
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Figure 2 Geodatabase via the GIS program.
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Table 1 The spatial database designed for monitoring the management of land occupation in the

Khaopu-Khaoya national park.

Database

Type of Database

1. Land Occupation
2. Baan

3. Tambon

4. Amphoe

5. Province

6. Khaopu WGS

polygon
point
polygon
polygon
polygon
polygon
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Figure 3 Land occupation in the Khaopu-Khaoya national park based on the developed spatial

database system.
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Table 2 General information about the Khaopu-Khaoya national park officials using the spatial

database.

General Information Number (participants) Percentage
1. Sex

Male 95 95

Female 5 5
2. Age

21 - 30 age 17 17

31 -40 age 34 34

41 - 50 age 28 28

51 age up 21 21
3. Education Level

High school 61 61

Vocational Certificate 4 4

High Vocational Certificate 14 14

Bachelor's degree 19 19

Master's degree 2 2
4. Position

Government official

Permanent employee

Government employee 45 45

Temporary Employee 7 7

Contractor (TOR) 23 23

Out-sourced worker from the government 17 17

organization

Total 100 100
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2. arruweawalamanislderussuy

gudaya

nsUsziiuanufiowelanisldaudy
wtvoanJuaesdau deil

1. {ldauingldaugudeyanounis
fimungrudoyadeiud nanafe Wunsusudiu
arwienelanmsligudoyadsiiufisulusunsy
NAUTEUUATAUMATAERS wazgudoya
\Fafiuiigae Google My Maps

2. gldnumendinsimungiudeyalda
fiudl nanfe Wunmsdssidiueufianelantsld
mug’m%@;&a@nﬁuﬁﬁw Google My Maps

Aendsn1snaugrud ey ald e ui
Al uguteyaanunsaidfisgruteyalavnau
il I azanuardaaunind u vilinsu
PBULIALUAINIIATOUATEIT ALY FoT1
Bugudoyadia winisldonugudoyaideiui
A28 Google My Maps Hvod1inlun15ld91ufe
Fesfldyanudumnesiinnaoniia ieidesledly
§4931uT03a @aAAd 03U Rungsawang (2019)
WUI1 N15L8971U Google My Maps laiaunsald
nuuuveanladls Tnsuansszauanuianelaly
nslgau (Table 3)

Table 3 The satisfaction survey of the officials using the spatial database designed for the Khaopu-

Khaoya national park.

Before Development

After Development

The Satisfaction Satisfac
_ Satisfacti Mod _
Issue Min Max Mode Min Max X tion
on Level e
Level
1. Using the Spatial Database
1.1 The database
) ) Very
is systematic and 3 5 3 4.00 Good 2 5 4 4.21
) Good
organized.
1.2 Quick and
easy access to 3 5 3 3.80 Good 2 5 4 4.14 Good
information.
1.3 The display is
not complicated,
. 3 5 3 3.80 Good 2 5 4 4.14 Good
Not difficult to
use.
1.4 The database
. Very Very
volume is 3 5 5 4.40 2 5 q 4.21
) Good Good
comprehensive.
1.5 Easy to use,
not difficult to 2 5 4 3.60 Good 2 5 4 4.18 Good

understand.
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Table 3 (Continued)

Before Development

After Development

The Satisfaction Satisfac
— Satisfacti Mod —
Issue Min Max Mode Min Max X tion
on Level e
Level
2. Utilization
2.1 The display of
. o Very Very
information is 3 5 5 4.40 2 5 4 4.23
) good good
appropriate.
2.2 Can be used
to check land Very
) 2 5 5 3.80 Good 2 5 4 4.23
occupation good
information.
2.3 The national
park operations Very
3 5 3 4.00 Good 2 5 4 4.23
are fast and good
timely.
2.4 Can be
applied to the
] - - - - - 2 5 4 4.19 Good
operations of the
agency.
2.5 This research
. Very
is useful for - - - - - 2 5 5 4.31
. good
practical work.
Very
Total - - - 3.98 Good - - - 4.21
Good

nMsUseiiiuauianelanisldau
gmﬁﬁagaL%qﬁuﬁ'Lﬁams%’ﬂmﬁmsmaumaaﬁﬁu
Tutwmgneruwisnfiwny-191g1 wuinuszinu
AnufisnalamulsuguteyaiinuAsouay
WAz ILansnaraslayaiinumvzay A1evae
namurgiutoyaideil uii dad vanag
1 999101519 uR Y Google My Maps 1
Senldfeyalddriauazlinsaunqu uazns
LaARIKAEUDTARAILETH wuuaaﬂumm,ia
vesdnyanadumesidnudazyana Welisudu
N5l U U TUTWATUN AU TEUUATAUNA
gimans duansnsndenlitoyaldnseungu uay
wananatoyalavainnateguwuy Jedenaly
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Ustifiuiaesiidnaivanas Ssgrudeyanoums
stanndunuindmihfignetuusienfinng-ane
1 5 Aty fansaldoussuugiutoya
16 iesmnifudiamnuianuannsolunisldau
H1ulUSUNSUNEIUsSEUUASAaUmANAan S &
sefumuiienelasglusedud wiillofnisiaun
izuugm%ga@ﬂﬁuﬁﬁum Vil fignetu
WHIIAIY-01E7 d1unsaidniiassuugudeya
16 9191 100 AY fsgauanuiianelegluseau
AN1n (Table 4) donAd8IiU Meenakate et al.
(2019) szgndld Google My Maps lunsides
Uruvasind@nwing1uta Ysedivanuianelaly
amsimegluseduin
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Table 4 Comparison between the before and after usage of the spatial database system to monitor

the land occupation management in the Khaopu-Khaoya national park.

Number —
Database X Satisfaction Level
(participants)
Before Development 5 3.98 Good
After Development 100 4.21 Very good
GRNl Adley

msldnuszuugudeyadsiuiiiionts
Fansnisaseunsesiidvluiumgnenuusisniian
U111 Tdudesusznaud rateyanns
ATEUATEAT AU AU anytu vouluAiua
91LND JINIA UATULUINIAGNIUUAIVIRLUY -1
g1 iolvanursailuldlumsuimedanisiui
ldegnsaznin sam33 wagdresonisldauniu
lUsunsuneAusEUUaIsaumnaAileans aae
AauImes luguuuugiudeya Geodatabase
LLazﬁﬁLauaﬁayjaLmuﬁ (map visualization) Ing
14 Google My Maps 91nn15UseL i uLdmi 14
NYIULVINIALYIY-1181 NSINTHAUITEUY
grudeya mihiiv awnsadhiedeyaldynau
(fovaz 100) Tuvaed noun1sWauIszUY
Futayaaunsaidnfadeyalaiiies 5 au (Sevay
5) Lﬁaqmﬂdauﬁ’mmszwgw%mﬂaL%Qﬁuﬁﬂfu
Wmthiigldanudesiianuimnuaiisalusiy
nsldlusunsuneauszuuasaumAgdeans
Fevhmsimunssuugiutoyatiu Tauszgndld
Wswnsudi g duanuisad dassuy
suteyaldirouazazaanuild Grelidmig
9NUNURYIIYIFLY-L1u181 @113t 1desEuy
grudeyadaiuiléfomn 100 au

arwienelanmslfnugiuteyadeiiud
i on1sTnnnsnsaseuasesiiAululng ey
WAIYIALUIY-19187 Noukagna IS i
AuaAuogil 3.98 waz 4.21 muddu szdunm
waneladszAuauiiaonelad wazfiuin auaeu
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ABSTRACT

The study of some soil physical properties and its water storage capacity was analyzed to
determine the physical properties influencing soil water storage capacity. We compared the soil
moisture holding capacity (SMwho) and soil moisture saturated soil conditions (SMss) in a mixed
deciduous forest and area under maize crop at the Na Luang sub-watershed, Nan province. The
results indicated that the mixed deciduous forest had a significantly greater amount of organic
matter in the soil and higher soil porosity relative to the area under maize crop (p<0.05). For both
the soil moisture properties (soil water holding capacity; SMunc and saturated soil moisture; SMsar),
we observed that mixed deciduous forest areas had a higher soil water storage capacity than area
under the maize crop (288.02 and 336.71 cubic meters per rai, respectively). As for the area under
maize crop, soil water storage capacity was 268.94 and 318.43 cubic meters per rai, respectively.
The soil water storage capacity was highly positively correlated with the total porosity of the soil,
soil organic matter, and clay percentage but a statistically significant negative relationship was
determined with the soil bulk density.

Keywords: Some Soil Physical Properties, Soil Water Storage Capacity, Mixed Deciduous Forest, Maize
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Figure 1 Study area in the mixed deciduous forest and maize fields at Na Luang sub-watershed,

Nan province.
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RN IDEERERNENGRE uenNiSmuinSunm
dundenniegeaalufudutuuaranasmuse iy
mmﬁﬂﬁuﬁLﬁuﬁutﬂumammﬂmmﬂ’qama@h
suaﬂmwmﬁw?éﬁ'azamaqiuﬁwfuuumu
55517 (Table 1)

2. AU UIHY UTINVBIA U (Bulk
density; BD) kagAun§uay (Porosity)
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AUNUIYUITINVDIAUUT I U
wayanssaduulfintumussiunudniu §
Anadueyil 1.26+0.16 n3usegnuiAfisufins
dauﬁuﬁﬂaﬂ%ﬂwmﬁmLa?iaasiﬁ 1.39+0.11 N3
maaﬂmﬂm%ummm INNITILATIZUNIIEDH
wuiaesiuTiinamuuLTITRuwANaNg
AuegaiivedAgynieana (Table 1) agwiulaan
fufiugninlnadeumuuiusiuesiugeny
YUy anssa \dlomnituiidinaniiianssunis
Miinuuardamsiiuil Ssaenndosiu (Hassan et
al.,, 2007) finuin nslansAuiiliAnnisda
uuvosRuR s ffuaudsiududralagoynia
guaLdnaziad sudeadlusauiulufuduang
dsnaliRududrafiaumuuiuganitduduoy
diuAUNTUIINVIA UT AWK UAUAINY
vuwdusamvesiulagluduganssadaads
Yovay 49.60+5.42 duiuivgnininadiduads
Fovay 43.71+4.32 9INN1TIATIZRNNADANUIN
feaoaiuifnungusuveaRuwAnd1efuogd
HedAyn19aia (Table 1)

3. AU (Soil moisture; SM)

muduRudulsinanhittnfiulily
Yoviuszwineymavesiu Insautuiululh
wayanssauazfiuiivgndnlnaduuliindudy
pusERuANANAY denadeoyi 22.09+4.29
way 24.71+6.20 Fo8azlaaU3ung nua1au 910
MRS Isinaaan U de s uinu TRy
wane A ueg 19l Yad1Agyn1ead @ (Table D
aamaaqﬂ‘u Wannawong (2001) WU mmsuu
muummummummmummaﬂmu \esnn
mm%umuummmuwiaqmaaﬂnmLﬂumamﬂ
anwena AsUnaguiy audAnu saudeanin
2fiUszima 44 Janchay (2006) §aldasuneis
AnutuRuTisEiuATIENAY 0-20 wuRiuas 30
msm?{ammammﬁqﬂLﬁ'aamﬂlﬁ%maﬂism
TnensananImeniadua suwdadluseuiu
duf seAuAINEN 50-100 lwudiuns 9013
Wasuulastiosilgn wiliUSumeuiudugen
szfuBuq (Table 1)
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a. pruansatunsdutivesiu (Soil

water holding capacity; SMwc)
Awannsalunssuivesiui
anzfuiasaninoy lda1nusigadavosiu
Juganssa wazi ui Ugnd1aluad e
37.40+4.51 Uay 39.15+2.30 Sauarlaguiuing
AIUAIAU LﬁaamﬂLﬁaﬁuﬁumﬂ’lmwmsmﬁﬁa
funedudnlng duduiivgninnlnaiidenu
Hudumiler linisgaBainisinveseyniniu
wilgalusunauInnIfunIte wanuIUNUYR
wssalnIMUILLNTIIYesAUTiINGY Uszney
fufiufinabunieingfiuinnifiuiiugndralng
FeuTuuduvdsTandaruannsalunsgedu
1HldUsmuungs 6-20 wirvesuminyily
arwannsolumagedntivesiulufiuiivilie
andaldnnnindufiunmniiveguiulszana
3 windueg1ios (Donahue et al, 1977) vl

m'ma'mﬁz:ﬁ,umié:uﬁwaqﬁuﬁuaqﬁqamﬁuﬁﬁ@h
upnsinsiueeslididudAensada (Table 1)

5. anuduludud efus uid v
(Saturated soil moisture; SMsar)

auguluRudieAususagieilutn

eyanssaaiuiivgndilnedan 47.26+4.32
uag 46.32+1.97 Sevarlngusuns mua1au lng
“Ligwxagmmiaddwuaﬁuﬁgwum whvsae Ui
ﬁLﬁ}aﬁuﬁ'LL@ﬂmnﬁuLLaxam%Lmsﬁwadaymﬂ
Fumderdusuiauinniifunsie winisivl
WanssaudAuiukius e ufivesndn
wazdiUiinaBuvisingfiunniiuiiugndnnlng
vl dvurngesinwesiuiuanniy waziudl
mmmmialumi@msﬁm}]Lﬁﬁumﬂﬁum%i’mq
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v saesiuiidaunnsaiuegldiivedidey
N9ana (Table 1)

Table 1 Some soil physical properties and soil hydrology sampled from study area at Na Luang sub watershed.

Land use types

Some soil physical properties Mixed deciduous forest Maize p-value
Soil texture Sandy Loam Clay
Soil organic matter (%) 3.04+1.99 1.28+0.61  0.002"
Bulk density (g/cm’) 1.26+0.16 1.39+0.11  0.003"
Porosity (%) 49.60+5.42 43.71+4.32  0.001"
Soil moisture (% by volume) 22.09+4.29 24.71+6.20  0.125™
Soil water holding capacity (% by volume) 37.40+4.51 39.15+2.30  0.128™
Saturated soil moisture (% by volume) 47.26+4.32 46.32¢1.97  0.376™

Remarks: ** Significant at probability < 0.01

™ Non significant

ﬂ'a'mmm'miumiﬁnLﬁuﬁwaaau
L:uawmsmmﬂwammLﬂiﬂmauﬂ’ﬁﬁu
VMEAMUIIUTEN TR UT 9a 097 T LE
#1110 UNUTIANULANAIIVDIANEIN T LY
sfnAvivesduldRamusEfuANLAne siy
LagANLLANNIDsS LT RUN T
1. mnwannsalunisinidvinvesiu

ANUTEAUTUAMUANAY
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nsnfuthwesiunsdauansaly
nsduthuesiuiansiiuidanedsgagaiinuuy
Fuuu (0-15 v11) SesasAoRuULTUE1T (15-30
%31.) LLawﬁmﬁaaam‘Luﬁu%uﬁN (30-60 @31.) 1o
UwLummsmm1mmmmm’lumsauuwamu
mmmwummam]'mﬁnuuummumaammﬂu
40.75+4.85, 35.58+3.47 llay 34.94+1.68 Sovay
TneUsung mudsu Sava 3 seumuaniien
unnA1I U Nl dud Ay N9aia (p<0.05) du
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¥
P

fufiugniniinedarmuanusalunisduives
Funusgdutuaudnanduuuistuagn
WINAU 40.34+2.21, 38.35+2.30 Way 38.16+1.82
favazlneUsunns muddu windunudnn 3
sgauANanilALanasiuegelulidudAg
@i (p=0.05) LﬁIE)L‘U%‘EJULﬁﬂUﬁﬂLagﬂi”M’jNﬂ’l
LUMWﬁmLLaku‘wUanm’ﬂwmimmavi s
AuEnRu nut eaesiuiiauuuiisuansety
amﬂumuﬂmmywmaam (p=0.05) drufuaadian
wana 19N ueg 1T UBdIAYNI9aaf (p<0.05)
(Table 2) daunsiniuivesAulunsdld oy

v
]

dudrgU eI uN AR sgeaa i AuUUTY

U sesRsnAeRuULT A uardaiosanlufy
Fuae Iagy WUYPINTIUAT A1 50.00+4.37,
45.77+2.86 way 45.24+4.60 Sosarlnalsunng
ANUAIRU ﬁauﬁuﬁﬂqﬂ%ﬂwmﬁm 46.48+1.94,
06.68+2.27 way 45.36x1.55 Sosarlnglsunng
ANUETU @ a9 adeafiufivg 3 szUﬂamﬁﬂﬁm
upnAnsiuegslifidedAgneadd (0=0.05) e
LﬂssmmsmmLaaﬂﬁvmwmmmmsmmvww
UaﬂmﬂwmiuLLmavivmwummaﬂmu WU I
amwuwmvmwummaﬂmuumLmﬂmmuamq
laifiddAgymeada (020.05) (Table 2)

Table 2 Soil water storage capacity at each soil layer depth (% by vol) at Na Luang sub-watershed.

Soil water storage capacity Mixed deciduous forest Maize
in each soil layer Min Max Mean Min Max Mean prvalue
Soil water holding capacity
0-15cm 3333 4879  40.75°+4.85 37.16 4394 40.34+2.21 0.830™
15-30 cm 30.74 40.35 3558%+3.47 358 4236 38.35+2.30 0.096™
30-60 cm 32.6 36.7 34.94°+1.68 36.16 40.17 38.16+1.82 0.028"
p-value 0.018" 0.158™
Saturated soil moisture
0-15cm 4396 5531  50.00+4.37 42.21 4837 46.48+1.94 0.064™
15-30 cm 41.02 4938  45.77+2.86 44.09 5111 46.68+2.27 0.512™
30-60 cm 38.26 49.25  45.24+4.60 4326 46.81 45.36+1.55 0.964™
p-value 0.064" 0.562"

Remarks:
* Significant at probability < 0.05

" Not significant

2. U5urmnisintf uuveed uly
‘1'hngf\]waimuaxﬁuﬁﬂqﬂ%ﬂﬂwm
Tufi uil g uhgosumans 94 ui
YU anssavinay 2.49 a1319Alaluns a1m13n
furaUsuanstafuive i uldwindu
448,380.86 gnu1AnLuns wieAndu 288.02
anuEfiumseols dwfiufivgndinine daue
Rudiidu 4.31 ansreilawns vliUsunans
SnuAvthvesiy 725,159.87 Qﬂmﬁﬁmm VERGI
\u 268.94 gnuadiunseiels eiFeuiiiou
USmnaimsinfiutinvesiuse 1 mefiud wuin
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Identical letters in a column indicate no statistically difference.

‘Chwz:ya]wssmﬁﬂ'%mmﬂﬁﬁ'ﬂLﬁmfwmmiﬂﬁyuﬁ
Ugninilnaiesay 7.10 Tnovsaosiiufifiaunnsng
AusgslifiudAyneada (0>0.05) (Table 3) Tu
nsdlannzanuiuluiudionusuiadetinuin
Unuganssaluituiiguiigesumaisiviuim
msinfiudivesiiu 524,184.25 anNUIANLLAS %50
Anu 336.71 gnuafumssiols dauiuiign
Falnaiusunamstnfuinuesiiu 858,612.83
anuiafuns viedndu 318.43 gnuiatunsee
15 Wessuifisuusunanisinfivinvesiuse
1 wrefiuf nud1 Ynuganssadiusunanis
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ﬂﬂLﬁ‘U‘ﬁ’]ﬁJ’]ﬂﬂ’J’]WU‘V]Uﬁﬂ‘UTJIW@iE]EJaU 5.74 1y
‘1/1aaamywumLmeaﬂuamﬁmuamﬂzwm
a0# (p=0.05) (Table 3) o dumseiuil
‘UEjJﬂ“UTJI‘Wﬂ?,JmﬂaﬂaUWN*‘Uﬁ%?}’JﬁJL‘Wim’]iﬂﬂLﬂU
‘fﬂuﬁuua“aﬂmiamLﬁafﬂuﬁuﬁﬂﬁmmﬁﬁm
amamnimal,awwﬂuﬂmqm 5K (Wang et al,
2018) Lumﬁmmﬂammwmaumawumuu,a an
msamLaﬂlammﬂwumamimmﬂ (Bogunovic
et al, 2018) Inglanzstilnadfiddiuuszneu
suaamiaﬂaz 70-80 wﬂwmmﬁmuwaqiumn
%ﬂﬂmgnﬁ’mﬁumqfﬁuauLLasLﬁumm%ﬂﬁﬁu
AU (Zhao et al.,, 2013)
NANSANYINUINUN U INTTULAY

fuRvandmlneanzanuduluiuilofudusn

U

Freurauarunsalunisdnifuivesiy
wnninanzaNuansolunsuivesiudes
8% 16,91 WAy 18.40 mMud iy Losnduaning
fivhegifutesinsvesdurunalvg deanunsn
o3 usdnuaznisinfiviivesauludaeggsy
Tnglamzgsiiilunnunigalufoudanauues
fufiguihgosumaniinuasisnuaedudaded
druanneanuamnsalunisduiivesiudy
amwﬂ'ﬁwgﬂizmEﬂﬂmﬂﬁdaad’ldmum‘[.mﬁmu
wsdltfuasveslanuagnussesnanisiuld &
ansnesuednuaznsiniuiivesiludig
riauuawa‘”qq@cmﬁLLamﬁammﬁuuﬂwawfwﬁgﬂ
AnAvlufuteifiudosviotiudamuld

Table 3 Soil water storage capacity of each land use types at Na Luang sub-watershed.

Soil water storage

Soil water storage for area (m?)

Soil water storage (m®/rai)

capacity Min Max Mean Min Max Mean
Soil water holding capacity
Mixed deciduous forest 239,380.95 585,979.93 448,380.86 153.77  376.40 288.02
Maize fields 266,965.86 1,044,133.13 725,159.87 99.01 387.23 268.94
p-value 0.715™
Saturated soil moisture
Mixed deciduous forest 323,868.34 750,664.61 524,184.25 208.04  482.19 336.71
Maize fields 296,389.03 1,225,226.47 858,612.83 109.92  454.39 318.43
p-value 0.784"
Remarks: ™ Not significant

NS WAVBIFUUTAAUNIINIBATNUIS
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TuAudleRududagaedh wuin mstnfiuives
funeldannzaruanuisalunisduiivesiy
Uit Uy Inssaus AU T auduiusuUs

97

Aunsstuauannsolunsguinvesiueeisd
HodAgmeadfusenauluiie \onuusuaniy
wilealsEauanuduiusas ANuUNTUTINYeFY
wazdunsgingluAudseauanuduiusuiunans
druanUdaud fanuduius uusuniuiy
aruanansalumsginiveshuegieiiduddgmg
adfuszneulufe ieRulssniunsedsei
AUFURUTFY WATAIUNUILUUTINVDIA T
sefuaMudITLs Ut Fauandisandiud
UgndnlwpaudAnuidanuduiusuusiunseiu
ﬂa’lummimsluﬂﬁéuﬁwadauaEiﬁqﬁﬁsé”lﬁzymn
adausznaulume Sunseinglufiuuazainumsy



Thai J. For. 41(1): 90-101 (2022)

smvosAuszduanuduiusas uaziiodu
Uszavhumilendssauanuduiusuiunans diu
audARuifinuduiusudsinduiuauananse
Tunmsguthueshuedredifoddameaifvsenon
TUa18 AU UILY UTINYDIA UN T2 AU
Anuduiusgs uazanutuiudissduanuduius
5 (Table 4)
nsfniuivesiuneldaniyanudy
TufwioRud uiadaey vsaUuganssa
audAnuiinnuduiusudsiunsetuanaduly
fuiloRud uiadaeegddoddyneaia
Usenoulddae il sRudssnnaumieadseiu
Auduiusge ofulssinnAusaunsisuay
AUNFUTINTDIAUTTTAUAINFUNUSUIUNES
SunFeinglufudsefumnuduiusen dauaudd

AuNfANuduNUshUSHNRUAUANNTUluAULED

' v
a o v °

Audumsuegsiitsdfynatadsznauly

1
v g a

me LaRulszianAunitedseaunnuduiusas
LATAIIUNUILUUTINYDIA UL TEAUAUTUNUS
Uunang %aLLmﬂGhaa]’]mﬁuﬁﬂqﬂsﬂ'niwmauﬂﬁau
Afanuduiuduysiunssiuanudulufuiienu

'
a

Susamethegalifdfamenausznauluse
dunIgingluudseiuanuduiusas Anunguy
shuvefuLasd e ulstLandundeaflsydu
puduiusUunas duantRRuifinuduus
wUsandufuanuduluRudionudusdetiegne
HdvdAyn1eada Usznaulunie anunuiliu
5909095 U 11 eR uUsELANAUNS198 SEHU
ANUANRUSUILNAT wazALT U ullsEEy
AudUTLSE (Table 4)

WailuansliifuinauUanunanenw

U19UsEN1IUT MUY InsILas T uiugn

]

]

98

Trlnad arudunwus s atauLg suaniu
anuannsalunsinfuivesiudszneulude
AN UTINVDIAY Buneing uazid ofu
UsziamAumilen Tudsauiiiissnnunuiiiugu
yesuitimuduiustaauiuiaesiiufl s
WU andRAumInIEnINUIaUsEASTing 1
Frafudutadudfyiiinadonisiudsuutas
Auannsalunsnivinveiiudl il
weyanssuddnvasidudusiunsied of
arwanansntunsgaineynatldtosninhu
wiley Milidadedudunsetagluduiulady
ddnfifianuduitusiunsgadneyniailudy
Usgnauiudiuganssaulivsunadunseinglufu
LLazmquummaﬁumﬂﬂdwﬁuﬁﬂqﬂ‘z’]’nlwm
081NN TEAAYNNEDNH LazilAURLILUUTIN
voshufidesninfiuiiugninlnnogisdfoddn
Meadn denaiiiiusinanisinfutivesilu
Uuganssaduinannnitfiuiivgndnlne
1m® The Lecturer Team of Department of Soil
Science (2001) wuduviseIngildvsnadeau U
fusgrann lesandunIeingvminiiniuau
auvANIINIEAINYDIAY TaglanizlAsIasIenu
LAZAIUNUILUUAY ez Treloges (1983) Wuln
AT IR TN whlE AL
vo3fuanal danavinliiauduiusidsaune
auanalunstnfuinvesiu dauluiui
inwnsnssuansAnulusuiorulnsansionu
Sudutladuddnyidnarilveuanunsalunis
fafiuivesiufindu wenand Wongmun et
al. (2017) wuin Aufifiaauasnsalunisinifu
thildudsslevivesfugeosiviinadnduiidy
RRRGERRATR



2158159UANEAS e 41(1): 90-101 (2565)

Table 4 Relationship of soil property and soil water storage capacity at Na luang sub-watershed.

Soil water storage

Variables related to soil water storage capacity

capacity in various locations

Positive relationship

Negative relationship

Mixed deciduous forest
Soil water holding capacity (SMwc)
Saturated soil moisture (SMsar)
Maize fields
Soil water holding capacity (SMwsic)

Saturated soil moisture (SMsar)

Porosity’, OM", Clay’, Silt™
Porosity”, OM", Clay’, Silt"

Porosity”, OM™, Clay™
Porosity’, OM™, Clay”

BD", Sand’, SM™
BD", Sand™, SM™

BD"”, Sand™, Silt™, SM”
BD", Sand’, Silt™, SM"

Remark: ** Significant at probability < 0.01
* Significant at probability < 0.05

ns

Not significant
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ABSTRACT

This research aimed to survey and assessed the Prunus cerasoides D. Don trees growing in
Phu Lom Lo, Phu Hin Rong Kla National Park, Phitsanulok province. The endeavor was to establish
a basic database of trees to be used by the respective department during planning of maintenance
activities of trees. According to the study, tree assessment methods were chosen to assess
conditions of P. cerasoides in Phu Lom Lo. Data field were collected by applying and modifying
from problematic conditions in different parts of trees and to assess the risk that will affect the
damage if P. cerasoides fell or death by using ISA (International Society Arborist) basic tree
assessment criteria.

The survey results show that the number of Prunus cerasoides D. Don trees in the area
were 19,365, with 398 trees having issues with their trunk and branches, as assessed according to
the criteria. The trunk assessment showed that 6 trees were at extreme risk (1.51%), 63 trees at high
risk (15.83%), 137 trees at medium risk (34.42%), and 192 trees were at low risk (48.24%). The
branch assessment found no trees at extreme or high risk, but there were 3 trees at medium risk
(18.75%) and 13 trees at low risk (81.25%). The main problem afflicting the trees at risk were missing

bark, cankers/ galls, cavity, prolific ivy, decay, leaning in the trunk, which was likely to cause future
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damage. Therefore, there should be an urgent management plan in extreme risk first with consult
the professional or arborist.
Keywords: Assessment, Prunus cerasoides D. Don, Phu Lom Lo, Phu Hin Rong Kla National Park,

Phitsanulok Province
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Figure 1 Map of Phu Lom Lo area in Phu Hin Rong Kla National Park.

BN1sE1IvEan AU ILFalATS

PuAdell 1938nmsdinateyaanindiu
wsngdelasslaenisusziiusmeaneni (Visual
Tree Assessment - VTA) dlosnidunisusziiu
aninauldaaen1sdunnd nwuEnIINIgnIN
Funadmiinunuaiuse q vesiulsd Tnenis
d5noudu ndeuatuiinuazdrenmiym
finumuuuurlesuduiindeyanirauiy Sadu
szt AAnduldvui niaduistug i
Tdfuialy Usendanan ldfmaluladfidudou
wavUszudnsuUszanalun1sd eind oadouay
Q‘Uﬂiﬂjﬁi’]ﬂ 9 (Perek et al., 2013)

105

a aa N = I3
F1Y/ACLDYNITNITLASLATIDINBNITLNY

1) ivdeyanule lngldaeiatnseu
Sduiisziunmgadiosen (girth)

2) viiudeyaninugsvesduld Tagld
Clinometer

3) mAnfidavesdulideiniesiafiin
nQilenans (GPS) maqﬁumawzwﬁaim'qﬁu’wm
fuoguunanla

4) finia3omunefidsiaanzysyady
meunudengdldnanneniavsiaynsiu



Thai J. For. 41(1)

5) iiudeyaanmiamves d1du As
nnsUszgndlasianUasanuuunesunIsiv
ToyaN1AAUINYBY Jim and Zhang (2013) uay
Y84 Smiley et al. (2017) mmmwﬁiymﬁ'wa
Table 1

: 102-115 (2022)

6) Usziduavninveesulyd a1uds
Uszidupanund vesulad @ usd ugu 15A
(International Society Arborist) 2017 (Smiley et
al., 2017)

Table 1 Field data record form for risk assessment of Prunus cerasoides D. Don trees. Phu Lom Lo

area.
(A)  General information DD3. Wounds
Date DD4. Cracks
Tree no. DD5. Missing bark
Tree Height (m) DD6. Cankers/Galls/Burls
DBH (cm) DD7. Lean
Tree location DD8. Prolific ivy
(b) Defects & disorders
Trunk
DD1. Decay
DD2. Cavity

Branches

DD9. Decay

DD10. Cavity/Nest hole
DD11. Wounds

DD12. Cracks

DD13. Broken/Hangers
DD14. Cankers/Galls/Burls
DD15. Prolific ivy

Source: Modified from Jim and Zhang (2013) and International Society Arborist (ISA) Tree risk Assessment of Smiley

et al. (2017)
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Table 2 Likelihood matrix indicating the failure of stems and branches of P. cerasoides.

Likelihood Likelihood of Impact

of Failure Very low Low Medium High

Imminent Unlikely Somewhat likely Likely Very Likely

Probable Unlikely Unlikely Somewhat likely Likely

Possible Unlikely Unlikely Unlikely Somewhat likely

Improbable Unlikely Unlikely Unlikely Unlikely
Table3 Risk rating matrix of stems and branches of P. cerasoides.

Likelihood of Consequences of Failure

Failure & Impact Negligible Minor Significant Severe

Very Likely Low Moderate High Extreme

Likely Low Moderate High High

Somewhat likely Low Low Moderate Moderate

Unlikely Low Low Low Low
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Figure 2 Location of P. cerasoides in (a) the whole study area (b) with problematic condition (c)
with problematic condition divided by the diameter at breast height, and (d) with
problematic condition, divided by girth at breast height.

109



Thai J. For. 41(1): 102-115 (2022)

Various trunk conditions

Prolific ivy Cavity

Figure 3 Problematic conditions in different parts of the trees.
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Defects and disorders

Figure 4 Tree count associated with 15 defects and disorders (DD) as indicated in Table 1.
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Table 4 Risk levels according to defects and disorders of the trunk.

Problematic Extreme High

Moderate Low Sum.

Conditions Percentage (no.) Percentage Percentage (no.) Percentage (no.)
Trunk 1.51 6 15.83 34.42 137 48.24 192 398
Sum. 6 63 137 192 398

Table 5 Risk levels according to defects and disorders of the branches.

Problematic Extreme High

Moderate Low Sum.

Conditions Percentage (no.) Percentage Percentage (no.) Percentage (no.)
Branches 0.00 0 0.00 18.75 3 81.25 13 16
(sum.) 0 0 3 13 16

PnszRuAIdsLUeandu 4 sedu
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1) Yoyl ulifannumdssdauss

wunddaminuaidu Tiun arduy ardudu

nse Aaduseeay 0.502 war 1.005 AruaRU
(Figure 5a)
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7.537, 5.025, 2.512, 0.502 tay 0.251 aua1au
(Figure 5b)
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(Figure 5¢)
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IﬁﬂLLazﬂmgﬁﬂJ (National Medicinal Plants Board
[NMPDY, 2006; Joseph et al., 2018) 3saonndas
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2018)
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Figure 5 Risk according to Defects and Disorders (DD) in different parts of the tree; (a) extreme risk,
(b) high risk, (c) moderate risk, and (d) low risk.
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ABSTRACT

The aim of this study was to compare the wood volume, loss volume of wood, and
product price of teak furniture production in Wiang Thong and Mee Kong wood factories, Sung
Men district, Phrae province, Thailand. Ten samples were collected through a questionnaire for
surveying and collecting general data, manufacturing data, and price data from the two factories
with 3 replications. The results show that 75.00 percent of the employees in Wiang Thong wood
factory had worked around 6-10 years more than those in the Mee Kong wood factory (average for
35.00 percent). Around 80.00 percent of employee in the Mee Kong factory were males, with
80.00 percent between the ages of 30-39, 80.00 percent having primary education, with around
80.00 percent receiving a monthly salary between 10,000-20,000 Baht/month. This was on average
5.00 percent more than that of the employees in Wiang Thong wood factory. Wiang Thong wood
factory had an average loss volume of 18.96 percent more than Mee Kong wood factory (average
of 5.88 percent). The Mee Kong wood factory had an average lumber volume of 86.92 percent
more than Wiang Thong wood factory (average of 5.88 percent), with the Wiang Thong factory
having an average profit price of 18.96 percent more than Mee Kong wood factory (average of 3.12
percent). Wiang Thong wood factory had an average loss volume and an average profit price more
than Mee Kong wood factory but Mee Kong wood factory had an average lumber volume more
than Wiang Thong wood factory.

Keywords: Wood volume, Loss volume of wood, Product price, Teak furniture production
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Figure 1 Ten types of beds manufactured by the Wiang Thong and Mee Kong factories: 1. Tao
bed, 2. Cee Kong Phra Jan bed, 3. S7 bed, 4. Cee Tao Klang bed, 5. Bai Bua bed, 6. Klong
bed, 7. Cee Ban bed, 8. Modern bed, 9. Bai Pad bed, and 10. Hua Bung bed.
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Table 1 Percentages of gender, age, and education levels obtained from Wiang Thong and Mee

Kong wood factories.

Wiang Thong Wood

Mee Kong Wood factory  Percentage
factory
List Difference
Quantity Percentage Quantity Percentage (%)
(o]
(Person) (%) (Person) (%)
Male 3 75.00 4 80.00 5.00
Gender
Female 1 25.00 1 20.00 5.00
A 30-39 years old 3 75.00 4 80.00 5.00
e
: 40-49 years old 1 25.00 1 20.00 5.00
Primary
3 75.00 4 80.00 5.00
Education education
level Secondary
) 1 25.00 1 20.00 5.00
education
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Table 2 Percentages of occupation type, experience (years), and income from the data obtained.

Wiang Thong Wood

Mee Kong Wood

Percentage
factory factory
List Difference
Quantity Percentage Quantity Percentage %)
(o]
(Person) (%) (Person) (%)
Occupation  Entrepreneur 25.00 1 20.00 5.00
type Employee 3 75.00 4 80.00 5.00
Experience 1-5 years 1 25.00 3 60.00 35.00
(years) 6-10 years 3 75.00 2 40.00 35.00
10,000-20,000
3 75.00 4 80.00 5.00
Baht/month
Income 20,001
Baht/month 1 25.00 1 20.00 5.00
or more

dayansldlilunisnan
NsAnwTeyANISHANYBIlTULILmNBIAN
Tduazrlssuilvesaild nudn n1s@ne1aiu
Vsnadlsiildlunisnaniiiesiia 10 Ussian Sy
unnaeiueg1 i dudAgyn1sada (p>0.05)
wamefa Table 5 lnelssanuiiganesnldd
Vunslsiussuiililuniswdnindefevay 81.04

Fetounilsenuilvesnnbifusuisslawusnialu
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Table 3 Lumber volume of 10 types of beds made in Wiang Thong and Mee Kong wood factories.

Estimated Wiang Thong wood Percentage
Mee Kong wood factory .
lumber factory difference
No. Type of bed volume (Al Lumber volume Lumber volume of lumber
two wood Quantity Percentage Quantity Percentage volume
factories) (m?) (%) (m?) (%) (%)
1 Tao bed 0.19 0.15 78.95 0.17 89.47 10.52
Cee Kong Phra
2 s 0.21 0.19 90.48 0.18 85.71 a.77
Jan bed
3 S7 bed 0.18 0.14 77.78 0.14 77.78 0.00
Cee Tao Klang
4 0.19 0.15 78.95 0.15 78.95 0.00
bed
5 Bai Bua bed 0.20 0.17 85.00 0.18 90.00 5.00
6 Klong bed 0.23 0.19 82.61 0.20 86.96 4.35
7 Cee Ban bed 0.18 0.16 88.89 0.17 94.44 5.55
8 Modern bed 0.20 0.15 75.00 0.18 90.00 15.00
9 Bai Pad bed 0.20 0.16 80.00 0.17 85.00 5.00
10 Hua Bung bed 0.11 0.08 72.73 0.10 90.91 18.18
Average 0.19 0.15 81.04™ 0.16 86.92™ 5.88

Remarks: The letter ns indicates an insignificant difference between percentage of lumber volume; as obtained

from ANOVA, at a significance level of p<0.05, followed by t-test.

174 = a
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Table 4 Lumber loss volume of 10 types of beds made in the Wiang Thong and Mee Kong wood factories.

Estimated Wiang Thong wood Percentage
lumber factory Mee Kong wood factory Difference
No. Type of bed volume (All Lumber loss volume Lumber loss volume of lumber
two wood Quantity  Percentage  Quantity = Percentage loss volume
factories) (m?) (%) (m?) (%) (%)
1 Tao bed 0.19 0.04 21.05 0.02 10.53 10.52
2  Cee Kong 0.21 0.02 9.52 0.03 14.29 a7
Phra Jan bed
3 ST bed 0.18 0.04 2222 0.04 22.22 0.00
4 Cee Tao Klang 0.19 0.04 21.05 0.04 21.05 0.00
bed
5  BaiBua bed 0.20 0.03 15.00 0.02 10.00 5.00
6  Klong bed 0.23 0.04 17.39 0.03 13.04 4.35
7  Cee Ban bed 0.18 0.02 11.11 0.01 5.56 555
8  Modern bed 0.20 0.05 25.00 0.02 10.00 15.00
9  BaiPad bed 0.20 0.04 20.00 0.03 15.00 5.00
10 Hua Bung bed 0.11 0.03 27.27 0.01 9.09 18.18
Average 0.19 0.04 18.96™ 0.03 13.08™ 5.88

Remarks: The letter ns indicates an insignificant difference between percentage of lumber volume; as obtained

from ANOVA, at a significance level of p<0.05, followed by t-test.

Table 5 Statistical analysis of lumber volume, lumber loss volume, and product profit.

List Wood factory N Average S.D. t Sig.
Wiang Thong 30 81.04 5.72
Lumber volume 2.653 0.602
Mee Kong 30 86.92 5.27
Lumber loss Wiang Thong 30 18.96 5.72
2.653 0.602
volume Mee Kong 30 13.08 5.27
) Wiang Thong 30 39.56 5.05
Product profit 1.718 0.325
Mee Kong 30 36.44 4.99
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Table 6 Product profit of 10 types of beds manufactured in Wiang Thong and Mee Kong wood factories.

124"

Wiang Thong wood factory Mee Kong wood factory Percentage
Type of Product profit Product profit difference of
Number bed Cost Price Quantit b : Cost Price Quantit b : duct fit
e uanti ercentage uanti ercentage product profi
(Baht)  (Baht) Y ¢ @®ht  Bahd Y s
(Baht) (%) (Baht) (%) (%)
1 Tao bed 3,880 5,400 1,520 39.18 3,880 5,300 1,420 36.60 2.58
Cee Kong
2 Phra Jan 3,725 5,500 1,775 47.65 3,725 4,800 1,075 28.86 18.79
bed
3 S7 bed 3,400 4,800 1,400 41.18 3,400 4,800 1,400 41.18 0.00
Cee Tao
a4 4,085 5,500 1,415 34.64 4,085 5,500 1,415 34.64 0.00
Klang bed
5 Bai Bua bed 4,420 6,500 2,080 47.06 4,420 6,400 1,980 44.80 2.26
6 Klong bed 3,640 5,000 1,360 37.36 3,640 5,000 1,360 37.36 0.00
Cee Ban
7 2,705 3,800 1,095 40.48 2,705 3,700 995 36.78 3.70
bed
Modern
8 3,760 5,000 1,240 32.98 3,760 5,000 1,240 32.98 0.00
bed
9 Bai Pad bed 3,760 5,300 1,540 40.96 3,760 5,300 1,540 40.96 0.00
Hua Bung
10 2,610 3,500 890 34.10 2,610 3,400 790 30.27 3.83
bed
Average 3,599.50 5,030 1,431.50 39.56™ 3599.50 4,920 1,321.50 36.44" 3.12

Remarks: The letter ns indicates an insignificant difference between percentage of lumber volume; as obtained from ANOVA, at a significance level of p<0.05, followed
by t-test.
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ABSTRACT

This research investigated the land use, streamflow, and the effect of land use changes on
streamflow of Mae Nam Khuan and Nam Pi Sub-Watershed in Nan and Phayao provinces. Land use
data from 6 years, namely 2001, 2007, 2009, 2012, 2015 and 2018 and meteorological and
hydrological data during 2000-2019 were used. The data were analyzed for land use change,
rainfall, streamflow, specific water yield, and the relationships between land use and streamflow.

The results indicated that during 2001-2018, the forest area at Mae Nam Khuan and Nam Pi
Sub-Watershed decreased by 11.38 and 4.9 percent of total area, respectively. The most land use
change was from forested area to agricultural area, while the urban and water source areas were
little change. Averages annual streamflow of Mae Nam Khuan and Nam Pi Sub-Watersheds were
398.08 and 167.95 MCM, which were a specific water yield of 457,170.34 and 255,815.25
m3/year/km2, respectively. Additionally, the runoff coefficients at the sub-watersheds were 0.41
and 0.25, respectively.

Considering the relationships between land use and streamflow quantity in the studied
area, the land use changed from forest to agricultural area did not influence the streamflow
significantly as the forested area in the sub-watershed during the study period remained more than

70 percent of the total area.

Keywords: Streamflow, Land use, Mae Nam Khuan sub-watershed, Nam Pi sub-watershed
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Figure 1 The boundary of Mae Nam Khuan and Nam Pi Sub-Watersheds located in Nan and Phayao

provinces.
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Table 1 Land use types and land use change in Mae Nam Khuan sub-watershed during 2001-2018.

Year F (%) +/- A (%) +/- U (%) +/- W (%) +/- M (%) +/-
2001 83.39 - 15.84 - 0.58 - 0.15 - 0.04 -

2007 81.55 -1.84 16.27 0.43 0.71 0.13 0.14 -0.01 1.32 1.28
2009 80.73 -0.82 17.10 0.83 0.71 0.00 0.14 0.00 1.32 0.00
2012 74.07 -6.66 23.93 6.83 0.74 0.03 0.16 0.02 1.11 -0.21
2015 73.27 -0.80 25.22 1.29 0.77 0.03 0.26 0.10 0.48 -0.63
2018 72.01 -1.26 26.38 1.16 0.77 0.00 0.26 0.00 0.58 0.10
Total - -11.38 - 10.54 - 0.19 - 0.11 - 0.54

Remark: Land use type F = Forest, A = Agricultural, U = Urban and Built-up, W = Water, and M = Miscellaneous

Table 2 Land use types and land use change in Nam Pi sub-watershed during 2001-2018.

Year F (%) +/- A (%) +/- U (%) +- W(@%) +/- M%) +/-
2001 77.39 - 20.81 - 1.03 - 0.36 - 0.41 -

2007 76.36 -1.03 21.08 0.27 1.35 0.32 0.34 -0.02 0.87 0.46
2009 75.10 -1.26 22.43 1.35 1.35 0.00 0.35 0.01 0.78 -0.09
2012 72.45 -2.65 25.21 2.78 1.36 0.01 0.37 0.02 0.61 -0.17
2015 72.72 0.27 24.97 -0.24 1.39 0.03 0.38 0.01 0.53 -0.08
2018 72.49 -0.23 25.02 0.05 1.34 -0.05 0.49 0.11 0.65 0.12
Total - -4.90 - 4.21 - 0.31 - 0.13 - 0.24

Remark: Land use type F = Forest, A = Agricultural, U = Urban and Built-up, W = Water, and M = Miscellaneous
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Water

Figure 2 Land use types and land use change in Mae Nam Khuan and Nam Pi sub-watersheds

during 2001-2018.
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Table 3 Average annual rainfall and streamflow in the Mae Nam Khuan and Nam Pi sub-watersheds.

Mae Nam Khuan Sub-Watershed

Nam Pi Sub-Watershed

Month Rainfall Streamflow Rainfall Streamflow
(mm.) (MCM.) (mm.) (MCM.)

April 88.10 4.71 90.53 2.81
May 163.64 11.31 179.98 12.25
June 119.00 16.14 129.47 11.14
July 187.21 43.93 176.42 17.51
Ausgust 230.46 102.64 217.71 45.74
September 174.40 109.63 210.92 45.81
October 93.44 54.16 67.76 18.16
Wet period 1,056.24 342.50 1,072.79 153.42
November 24.06 22.27 25.26 5.46
December 10.15 12.18 9.75 3.03
January 16.04 8.82 13.57 2.82
February 2.23 6.23 6.50 1.71
March 27.19 6.08 30.56 1.51
Dry period 79.68 55.58 85.64 14.53

Total 1,13591 398.08 1,158.43 167.95
USunauinvin guanlwdiouiueneu Wiy 109.63 dugnuied
Burtvinvesruisutianeutiiaoy was wins dmsuguinaii fUsinadwinadene
gjmﬁqmmﬁqﬁ ‘ U wiifu 167.95 drugnuieiuns Tneifuuiunm

fjmﬁﬂmmuahfwmu fusnaiiede
5180 Wiy 398.08 d1ugnuiaiuns lnawdu
Unnathsinlugasimann Wiy 30250 du
anuiAnuns uagluglasuday wiadu 55.58 a1
gnuAfans SsUdunutvinadeaaludiou
w1 WU 4.71 Erugnuiadians uagiade
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Table 4 Streamflow at the Mae Nam Khuan and Nam Pi sub-watersheds during 2000-2019.

Mae Nam Khuan sub-watershed

Nam Pi sub-watershed

Year Wet period Dry period  Streamflow Wet period Dry period Streamflow
(MCM.) (MCM.) (MCM.) (MCM.) (MCM.) (MCM.)
2000 298.86 48.20 347.06 107.99 12.41 120.40
2001 401.55 69.78 471.33 207.96 13.57 221.53
2002 282.28 59.52 341.80 131.49 17.97 149.45
2003 296.76 63.78 360.54 117.69 5.81 123.50
2004 275.10 72.72 347.82 123.15 33.48 156.63
2005 288.64 71.82 360.46 118.15 14.07 132.22
2006 471.76 43.97 515.74 161.76 6.01 167.77
2007 275.83 46.82 322.65 161.83 6.49 168.32
2008 544.96 39.17 584.13 168.98 22.62 191.60
2009 121.62 37.62 159.24 39.34 13.54 52.88
2010 364.32 62.75 427.07 159.44 19.22 178.66
2011 734.23 64.23 798.46 446.69 23.42 470.10
2012 316.27 69.60 385.87 161.77 27.99 189.76
2013 200.94 37.56 238.49 78.21 12.68 90.90
2014 381.15 55.76 436.91 159.32 5.56 164.88
2015 146.34 31.92 178.26 52.52 2.50 55.02
2016 378.85 69.98 448.82 133.29 28.70 161.98
2017 364.53 66.78 431.32 224.51 11.84 236.35
2018 515.32 69.14 584.46 178.11 10.76 188.87
2019 190.61 30.49 221.10 136.27 2.02 138.29
Average 342.50 55.58 398.08 153.42 14.53 167.95
Percentage 86.04 13.96 100.00 91.35 8.65 100.00

nslivsunanividevunanuiguun
quitavInluIAIL JUSHIUINN
398.08 augnuiAiuns Anduuiuna

WiNAU
dvinsentaeituil (specific water yield) 1i1Au
457,170.34 gnuIAnwns/U/m15eAlains wie
ﬁmﬂummqwmﬁﬂﬁvﬁﬁu 466.68 NadLUAT

wazdlAduuseAnsunvinindu 0.41 dwmsuguin
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419110 fUSurmuvn wafu 167.95 d1u
gnuAdns Andudiunadivideniieiud
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anuAiuns/A/msailawns wiednduniugs
999U i AU 284.67 fadiuns wazilan
Fulsyavsivininfu 0.25 (Table 5)
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Table 5 Specific water yield in Mae Nam Khuan and Nam Pi sub-watersheds.

Rainfall-RUNOFF Mae Nam Khuan Nam Pi
sub-watershed sub-watershed

Wet period (MCM.) 342.50 153.42

Dry period (MCM.) 55.58 14.53

Streamflow (MCM.) 398.08 167.95

Specific water yield (m®/y/km?) 457,170.34 255,815.25

Streamflow (mm.) 466.68 284.67

Rainfall (mm.) 1,135.91 1,158.43

Runoff coefficient (-) 0.41 0.25
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fdnoamlunisliwingean uazduianamird
fufitnldidndngjannnindesas 50 Tuituiigu
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Lﬂwmnﬁm,t,axﬁuﬁﬁqmu fdnslhdmsuAanssu
USELANANN 9 NINNIT @OAARBINUNITANYIVOY

Thongduang (2003) Nfnwaunauwaganyuy
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Figure 3 Rainfall and streamflow in the Mae Nam Khuan sub-watershed.
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Figure 4 Rainfall and streamflow in the Nam Pi sub-watershed.
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Table 6 The relationships between streamflow (Q) and remaining forest area (F) during 2001-2018.

Sub-watershed

Equation

Mae Nam Khuan
Nam Pi

Q =572.242 - 2.040F
Q =486.761 - 4.221F

-0.077
-0.086

Remark: Q = Streamflow, F = Remain forest area
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ABSTRACT

Eucalyptus is one of the most popular commercial woods in Thailand. It is an important
raw material for various wood industries. Utilization in the form of sawn timber is limited, due to
lack of basic information, given that Eucalyptus clone K7 is widely planted since it grows fast. The
research objective of this study was to determine the physical and mechanical properties of
Eucalyptus clone K7 as basic data for utilization in the form of sawn timber. The physical properties
of K7, i.e., average specific gravity under oven dry condition was 0.52, fiber saturation point averaged
between 26 to 28 %, maximum shrinkage in tangential, radial, and longitudinal direction was 11.00,
7.00 and 0.65 9%, respectively per moisture content decrease from fiber saturation point to 0 % and
desorption isotherm. The mechanical properties, i.e., modulus of rupture was 72.45 MPa, modulus
of elasticity was 6,654 MPa, compression parallel to grain was 41.94 MPa, compression perpendicular
to grain was 5.33 MPa, hardness was 3,075 N, cleavage and nail holdings were 2.00 and 17.91 N/mm,
respectively. Mechanical properties were compared with wood standard used for the structure and
it was found that the clone K7 is not suitable for use in the main structure of a building. It can be
used for furniture, buttress, flooring, pallet, wood chips for pulp industry, wood composites industry,
firewood, and charcoal.

Keywords: Eucalyptus, Clone K7, Physical properties, Mechanical properties
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= 1o
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Tunansanini uit 1Judu (Royal Forest
Department, 2001)
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UszinalnelsiSuhgeaudasingieg amaaes
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a5edadleUszana w.e. 2508 %ﬁmﬁ'ﬁawqﬂﬁu
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(Department of Agriculture, 2005)

ldgmduda punagiauda Jununas
nsituaneefuiuldde eldroutmaziden
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Antiy dn13nafaAeud19ge (Chomchan and
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140



258152UAERS e 41(1): 139-150 (2565)

wiLsulau (parenchyma) waz tWiuasnsiain
(fiber-tracheid) (Dadswell, 1972) 181 Fuca y,otus
deglupta \ioldidahmaseunazduiiua iife
leivenu Sanuudeusarunansuslinmu dnnu
WL 390-810 nn./av.a. daulvgfldviude
nszany U1siauedn fulazdiu (Orwa et al,
2009)
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(Dillner et al., 1970)
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3AnuIn (Wisuttapekul et al,1997) 1sg ma Usa
PINARLAUTE 1A1AIUN9T7 wnzdfind udloldd
o1gundu lfengsendng 612 9 daalugda
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10 ﬂ%ulﬂﬁﬁﬂuaé’al,mnﬁﬂqm’h 1,000 Nn./A5.553.
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Arnaa g antsuld ldld Uselovd
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Figure 1 Diagram depicting the log cutting.
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ALULD (hardness) way u,iqﬁﬂmﬁmmg (nail
holding) ¥1N13NAABUAIUNINTIFIU ASTM D
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direction) fAl0Agegszmning 0 fis 7 1Wodidud
N13UARINIeeUdURa de1gendmiesusadl
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qanuInudienudu 0 wWodidus wasnuin
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Wisgy Lﬁamm%uamaqmmgwmmuﬁamm%u
0 Woasidusd

Tu Figure 3 WaAAINITVAR 21VOILH
gAdUAAaNgY K7 n1uA311817 (longitudinal
direction) WU Wasiduinsuafn1em1uaINY
g1ilAadegszning 0 fls 0.65 Weslud wle
A9 uanasaInYAnuInaufeAud u 0
Wasidud

nsnafigsanuesliyadudaaasiu K7
MR UFURE 119U AT LagA 1 unINe17 3
Anadsindu 11.00, 7.00 uay 0.65 1Wasius
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Wosidudnsuadisiuanueivedls
Unf (normal wood) Tnevhluiantdesunnaninsa
Fadalulglideniunfionsan wWesdunisuadn
nenuduiavedlddiulvgjasdegandinuiad
Uszua 2 1w (Siau, 1984) ﬁaiﬁmmmmwm
Flunundadl fiwadsedvredudinisunda dau
maduduialyifiwad Satlyaedudinisunds i
Inisuadmedududadagandinused
(Panshin and de Zeeuw, 1980)

9
8 T L
7 =R H
=6
= i * 4 y= -0.22694)( +7.2899
E’ % \"l R2=0974
£ 3 2 . \
£ @ el Py
7] = d
< y=-0.1647x+ 4.2144 EI
1 RT=0.8081
0 T T T T
0 5 10 15 20 25 30

Moisture content (%)

Figure 2 Shrinkage in radial (R) and, tangential (T) directions, with fiber saturation point (FSP) of

Eucalyptus clone K7.
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Figure 3 Shrinkage in longitudinal direction and fiber saturation point (FSP) of Eucalyptus clone K.7

autureniolifiaunasuanuduly
usseIma Aanzaavgilagunginduas
Aud uduimslanud uduimsnids Sonin
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Aefi 1Sendn nsnALAY mam‘mamwnumm

Y
°

(sorption isotherm) N3 AkazA1su LTy
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Lf]umaimﬂﬁmmm%uaumaamauﬁ'aamuﬂﬁ
L‘Wﬂ,ﬁuu (Patlpane and Drlscott 1992) hagnuln
mamvmmmwmmwmuamaammmmmiamaa
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Figure 4 Desorption isotherm of Eucalyptus clone K7.
AMaNTANIING lugdatinvigu (MOE) vasldyaaudaanssiu K7 4

neuvnIsvegeuAIAuaNdAnIIng ta
‘vT’]msmuqmmwwﬁvmaﬁwmaau Tngthdu
naasululifivesnuauanrauduiigumnd
23 1 2 peAwaLTud LaTAUT UGG 65 + 2
Weddus aunseialiifvhminasd wazldvinns
WAL U UNAGDY ANANT URE BRIy
NAFOUNANYIAY 10.81 LUBSIF UM LavilaA
Weauunamguiiy 0.1

Anaauyfvesliyadudaaisdu K7
uanslu Table 1 IngiSouifisuAinaauddnulsd
gAdUdaanesu K58 (£ urophylla clone K58)
IiaswgAan ldlunisndaneddiaed dun
18190151 (Heavia brasiliensis) l3dn (Tectona
grandis) uagliildlunsieadns Téun 1ifseg
(Pterocarpus macrocarpus) liuns (Xylia xylocarpa)
uaelslifia (Shorea obtusa).

Alugdaunniin (MOR) vasliiymauda
aefu K7 deedowindu 72.45 wnzUiaaia
ﬁﬂ"]ﬁhﬂ’i’flﬁ%ﬂ’]ﬁﬂﬁﬁﬁ’mﬁu K58 lag1anisn
Liusezg Wune wazldifis wafirnaendnlddn
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AaAEWiNfy 6,654 lungUrana Slaendigalo
Wisuduldyandudaanedu K58 lderanisn
1Used luna T waglddn usednouudoy
(compression parallel to grain) ﬁladlﬁgmaﬂﬁa
anedu K7 fanadewindu 41.94 wngliania
desninlyadudaaioiu k58 lLiferamne
LdUszg Wuns wazldifis uafirngendnlddn
TR GCT U0 (compression perpendicular
to grain) vadlsfymaudaaesiy K7 daade
Wiy 5.33 lwnglhania fiedndigaiderieuiu
Iypndudaanesiu K58 Tenamsn Tiuseq luns
LA wazlddn Arpauuds (hardness) vodld
yandUsiaanesu K7 fanadewintu 3,075 Ty
fiandfaadleifiuiuligaaudaanesiu K58 15
g19m157 WiUszg 10une Lie wazliidn usedn
(cleavage) uway LLSﬂgﬂmﬁlﬂ’m&‘q (nail holding)
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Table 1 Mechanical properties of Eucalyptus clone K7 compared to other commercial woods.

Wood Oven- MOR MOE Compres-  Compres-  Hardness Clea- Nail
species dry (MPa) (MPa) sion sion (N) vage Holding
Specific Parallel Perpendi- (N/mm)  (N/mm)
gravity to grain cular
(MPa) to grain
(MPa)
K7 0.52 72.45 6,654 41.94 533 3,075 2.00 17.91
(0.02) (8.22) (1204) (2.46) (1.11) (561.91) (0.31) (4.85)
K58 072! 125.18! 11,137 63.50" 9.20! 6,0111 3.35! 38.39!
003" (9.53)'  (962.26)! (251! (1.89)1 (663.39) ! (4.55)1 (9.63)1
Rubber- 0.652  100.20° 9,4032 47.01% 14.34? 6,4987 - -
Wood
Teak 0.62° 63.00° 7,996° 32.00° 8.00° 4,864° - -
Pradauk 0.82°  114.00° 12,596° 49.00° 20.00° 9,097 - -
Daeng 1.05°  117.00° 15,017° 53.00° 21.00° 10,101% - -
Teng 1.07°  91.00° 11,323° 43.00° 18.00° 9,454* - -

Remark: Values in parentheses are standard deviations.

Wood species: K58 (Eucalyptus urophylla clone K58), Rubber Wood (Heavia brasiliensis), Teak (Tectona grandis),

Pradauk (Pterocarpus macrocarpus), Daeng (Xylia xylocarpa), and Teng (Shorea obtusa).

Sources: 'Hanvongjirawat (2016), Riyaphan (2013), > Saneg-ah-tit (n.d.) and * Forest Products Development Division

(2010).

Alundauwnniin vadldyadiudaaiesiu
K7 fanadowiiu 72 wnzU1dna wazusisn
yuuE o fAadswindy 61.94 wnzUraana
AunsIaduauLdwsweaniels dyandusa
aufu K7 ﬁmaeﬂu%ummﬁum B (ANLT LTS
Urunane) Ingdarelugaaunniney sening
60.0-94.9 wnzU1aAa LLﬁSLLNEQJJWZJu”IuLgEJUEJgJ:
¥ 35-50.9 wngUrd@mia (Forest Products
Development Division, 2010) LAZANUNINTIFIU
AvuaRdnyaRnzyesian [dnululaswasng
91A153 dwmsuanuld vesnsulesisnisiaviaios
Avualdfild dulassadrmdnaesernsdondu
I deudsfifiaruiumunssingeganielug da
wanWnldtasnin 100 wnzUnaAa wazilisaon
vud sugeanludosndt 52 wnzuiaaa
(Building Control Bureau, 2021) L'y Ad Usia
gesu K7 ladmingauyinlassasnaanuesennis
\owFeuiisuiuligamaudamedu K58 4
Alugdawaninivaiu 125.18 lwunzdaana uas
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Tanldaululassasieerns dmsuvaulyl ves
nsulesiEnmisuardados llyadudaanedu K58
anursaiuvindulassasiavdnvesennisie
(Hanvongjirawat, 2016) safunsldussTendls
gandudaaedu K7 anunsailush inseaiou
ey Ly 7sesves vd ulddudmdy
gnavnssudonseay gaamnssulsiszney
fuwazau Wudu

GELY
lsfyanduda anedu K7 fldadsainu
fadmziianzeuuiaitiu 0.52 qane
fiAnadvogszning 26 s 28 Wedldusinisuady
madududa Tanadveysening 0 i 11
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