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ABSTRACT

The color of the ornamental fish plays an important role in the acceptance of the buyer. This study
examined the effect of aquarium color on growth and skin color of blue gourami. An experiment was undertaken
using fish with an average initial body weight of 1.78 grams. Experimental fish were reared in 4 groups of
aquariums with 4 different colors (a control group was glass aquarium with no color and the others were glass
aquariums covered with red, yellow and blue corrugated plastic boards) in triplications with 5 fish each. Fish were
fed on commercial ornamental fish twice a day, for 8 weeks. The fish with the highest average weight gain
(97.08%) and specific growth rate (0.41 %/day) was found in the red aquarium but not significantly different (p >
0.05) from the fish in the other aquariums. Moreover, the fish in the control group had the highest average
survival rate (86.67%). The paleness of fish skin varied with aquarium color - very pale skin was found in the
yellow aquarium and dark skin was found in the blue aquarium. In addition, the skin color of the fish in the blue
aquarium had the greatest similarity to natural fish. Therefore, use of the blue aquarium is the most appropriate

for blue gourami culture.

Key words: water quality, weight gain, specific growth rate, survival rate, skin color

Y

o 9 = J = 1 =
YN mainNaaalaniuwemiie AuuanA19ved

1 T o 3 4 4
darnseauirafa ( Trichogaster FERMUNANBIN VLD DIT oz AU TBNALAZA

1 Y
1 o . . p 1 aa aS A 1 % o \ =\ =)
trichopterus) N¥ee3iny 31 Blue gourami 8¢ 11u29¢ 0gATDATIA  ANLANANINUIZHININALDID

' 9 o A Yq Y=t a
. g

Osphronemidae 1iuararsauves Inenny 1alu vnumdrdyidaunagdlyasgadaunmiie
Y . ]

, g 2 9 Y 1 A L% 1 Y =
unaehiiannninveaszmed (Nukwan  and saundldanggnatmiedn ladreasadrun

' a 9 a & A )
v [ I [ o
Rodloy, 2009) Suanewiug nagwanddu ifhud wFgyi vagzdandnwanuilsndaunsduagina

=

v A ' o o
Heuuindimsuiniaesarie Ivams 1z NENAUANAIINUIRNIZYQNIA (Seasonal

=

= v J Y
[ [ 1 . . .
udausazdeaesgua (Encyclo Fish, 2018) dichromatism) fAeggueneug Tasaunadid

4
=1

' Y
aalaniauneile Fvowlaunagnwannyui

o

= = % J v
gvegardanuaunusnuwaAvedan

Y =\ 3 X
mstnaduazataaieveddludaraivisoniald weraslilaunaiioiudannuainsavesan

v ] o A
I @ @ o
HJL! 2 “,Ufuﬁ@ (1) ﬂauwmj’uazﬂmmmﬁaﬁ% !Wﬁﬁj‘ﬂ’ﬂwE‘Ti'Nl,Lawﬂﬂﬂ@ﬂﬂTmuﬂJﬁlLau?ﬁﬂﬂ

e N DO NI sufluaomsnglvvesaumsile @) Yarfimwar
UANANIAY (Dichromatism) 4891198081 UNIN &

] = aA =} % .
ﬁﬂmmﬁvj’uagmmﬁaﬁ%gmﬂmaﬂuiﬂﬂmai UASIWAINNA YD UNY (Monochromatism) $113

a § Iy Jd g’/ o
(Permanent dichromatism) 154 naulaine1uia Usnalaunadimieunaniuguiniusziiannld

(Wrasses) ngularanuaudiy (Blennies) nguian idaalanduneiioiofsganmaulavoumd

v - = Feietnavenesiug manlaeudvestarlungy
unuN9 (Parrot  fishes) Hagnquila1vued 09 ) ]

(Cichlids) lungragvveaniduensn Tasilan



215815398 YH1INDUNA 11 a1 ¥UIAAATIFY 13(2) : 259-268 (2564) 261

2 a X 4 = Yo v
HIZINAUVUBIAT GlNi%i]1LLuﬂLWﬁﬂa1Ulﬂ

(Kodric-Brown, 1998)

v
[

I Yya o o = 1 A
waani Idinaaludiai 2 nqu Ao

wsad N 1A T 08191939 (Chromatophore) ¥
<

< @ aa g
aﬂ‘ymmﬂummﬂq WHIYIIUATUNINTIUF IV

a

E4
%

wnugeg luAIMTIFulu (Dermis) uazogain
o [ [ [l = 9 < A ]
939220199 13U oguursolAnan 1oy luves
Y [ [ 4 A d A
11049 auod uazlvdunds meoluwsadazlidiad
A J Y = . A .
NIDYAANIING (Pigment granule HID Pigment
A é o Yya A &‘ 1 =
cell W30 Color cell) H# 1FINATA1) YU 1950 &
9 A o S A 1 ci' A Y
1A d3 1A taza TasaTivaiiazinaoua)
4 o 1 4
Tumelumad e199z570A0g05 900 19wA 4
] o I3 o <
wSounnszelnusadnla M lvueudiud
{ ] { < s o
nlasuuilasldqe diadnnsznenusasaziinld
a9 9 ] J o YA
iy nazdregasanaruradazsii lianieas uag

=

/s o a . I
wraanm iinamsazfounas (ridocyte) 1Hud

e

£ Y v oA v A o
dzgneuAMNUTNITINATNO UL 13N 1A
a Y A v Aa . & A a
MaasaENoULAIND NIHU (Guanin) FI9 VAR

A A A
NIDFAVILALIMAD VLA (Narongpong, 2012)
fFvosdalunuIndifAyaen1seeNsy
Sldy a Aa = 1 a J
YOIHHO NINUBIMITNNATT 135U uAsauosd

(Carotenoids) 1u@1ﬁ1i¢l”lll‘ﬁiillslﬂaﬂ%E]E]Tﬁ”li

A o

9 < A a = o Y
dusagdnasuasaavisoiInlanadu
i3 Y

RTRTETATN Y (Sermwatanakul and Bumrungthum,

£ o ¥ 2 d
2000) wona1ni Fuesgilnsainlaselarnil

[l
@ =2

Taded1uaIIndoUNdAIAUFID19NHAND

b2

52ANTAINMIMUVRIT LUV Tu1eame
4 SV S
vouarimziaes Taedvesnaaeed limanz ey

ansamlddanfannuaioald wuilaraan

@

v Y
magalunsadilsnanglaaluidea (Plasma

v Y
glucose) MNANUaraealunIgu1? 09duag 03

A v o o

s A v g a 1
VY UASNTUINUDI NN UYITINDY (p < 0.05)

@

I Y
nanadaraaaniagalunad@aiinlunion

]
@

' a4 A e
mﬂﬂm‘ﬂmmafjﬂumﬁﬂu (Ninwichian et al.,

[

] Y ]
2018) Uagnuensnun@esluniniaoon (@v1a
v uaz@idieon) HUsuunglaaludeauinni
d' cgl v A Y = A o d[ (=t
Jarnaeslunsddy (Fuasuazada) Fauanani
AWATEANINAIT (Okomoda et al., 2017) @IU
v Y
Ua'Inwu (Hucho taimen) Nasalusadimasatian
. Y ' A ;3’ v A (=
Plasma cortisol u@ﬂﬂmﬂmmaﬂﬂumﬁum NG
o vl a v . 42 o
A1 09aU U vazesav1d naasdanaeeluns
=y A =\ G Y 1 P ::i‘ @ dd’!
TraealaNuAssategndlarnmeslunaaou
a2 = aa
(Wang et al., 2016) dnnstaroraasudinives
Ly 1 < 4 1
WINTUBEIIIIAGTUNDADVAUDIADANIATHA
L. o o £
(Ninwichian et al., 2018) UONVINUTUDIDUAYY
FINARDANDEINNUBIMIT YTz aANTAINMT 19
a a = 9
911113 uazmMsIyanIaveaarandie Taogn
S z:y (= g U = a
Jaunsmnaealuas@iiniaoeulnsnueIns
(Feed consumption) LA8AIINITITYLAD I
JUNE (Specific growth rate) 3J1ﬂ17l’q’ﬂ HAZDAT
a g X . .
ﬂmﬂaﬂuammﬂmua (Feed conversion ratio;
v ] v Y
FCR) anga WonfFoufeunudarnbeslund
=1 U v A A 9 v A
[WYIDOU DITVSUUY 11azn TN (Ustundag and
Rad, 2015) ﬂammmvxl?ﬁ'u (Clarias gariepinus) 7

v A o a

Y
woslunsadinuerisuaza guau Tauinnan

Y
v

. .
Paraeaudad@vd aven 1IN nazTuaa

[

T =% o 1 d' dy v A
P81 NI A (p < 0.05) drutlagnnaelunsd
?,’ a v A A = a a Y d'
LHN‘LlLLa%iNE"fHJfJ’HJinLﬂﬁiy}l@]UIﬂu@ﬂ‘ﬂﬁﬂ

q

(Okomoda er  al,  2017) WutAgINUUA 19N
v Y

(Heterobranchus bidorsalis) nageluosgainig

a a = o I = ci’ o o ¥

wagAuTauniga aauntudarn@esludsmin

NULAZO9a87 (Solomon and Ezigbo, 2018) d7U

a 4 o H o a a
Yardaan@eslunid@hRuiionimsnigayla

< A o A a a4
gangaiacsunl FCR anga wazlaraaanes

q

@ a =

TunsadinoasimssgauTadinganaziiai
FCR ga#ig@ (Ninwichian ez al., 2018) M3taond

v dy Y [ a = 1 =
auaeeldvnzaunuyiaveslaineervdinan

! v X ¥
mmymﬂmmmﬂmuu



262 75815398 YH1INDeNA 11 1ag51¥UIAaATIFY 13(2) : 259-268 (2564)

[ v

a dyd s A = =
N1 UUY ﬂQﬂigﬁQﬂLWQﬁﬂH1NﬁﬂJ®\1’d
W

Y a

Lﬁy ! a Lﬁ' s a
ADYIABDNITLT wula vazmadasundas@in

vostlanszau1aih  Feerhwanisiseld1d

dszTomilumaiiumania@o Tasaziddtan

A YA o A A A ' Y

nigaunhIniaduiarsamiemuyan1dun
] 1 E ﬁ’ =)

a1 nazorarrvana lgarelunmsdFeasisaaun

wsulue1ns

A utumsIY
naaeddealarnszauaiingudise

U

4

guaindaidifants gaviad
umAInedsasvaIuasund Inenvanialva)
Tardaaeval  TagnwWRUMIINAaR UGN
auys al (Completely randomized design) L%ﬂﬂﬂm

= £y v
ﬂimuwﬁﬂu@ﬂiz%ﬂmummw 20 %¥U. 173 30

v
AHAA [

= A Y
Y. Lazan 30 FW. NUAANNU 4 T A0 (1) ANTEIN

g 1a o P P e

nlidailvesueia (yanIuqy) (2) iaeseduaq
Y Y Y

(3) iaeaTmans uaz (4) giaeadminty Tagaai

v

4 J aA9Y Y Blc;’
IDTUDITATNADINITINNATUVDINLAYY YANIT

4

o ' 90‘ IS (Y
naaosas 3 41 lutnazalidar 5 a2

A A

A s < Y v X
Lllf)c‘lﬂw'lmf)ﬁﬂﬂiﬂﬂiﬂnﬂﬂ']u"ll@\‘]ﬂlaﬂ\‘]

) .
uavihlszihnlasanasivaslilssna 3/4

Sldy Y % a A 1 o A a
UBDIAUA YU Lla’ﬂﬁﬁ’lﬂiWElVllﬂff)llﬁf)ﬂULﬂiﬂﬂmll

v
=)

4
21m1# (Air pump) avTlugdiaes wilanszd
wathvnadiennnhndalaumalszum 5.0-

't&’ -7
6.5 . NN uelannin sz 1

'
Y a

y 222
WHUNNNVYU (%) =

' ° ' 1 s 3 v W
dland Aowhilanldasliludides Fuimin Ja

[

AV taztamanausunInaans udrli
~ Y ) [
1Mmsmasnneiense (dimsulameaas
< <
Uararsnuna ) wiaorisvuia 1 uw. BTdseu
@ 4 9
35% 13y 4% a3 Tu'latasea 5% 1871 12% uag
&l % g}J 1
ANVFU 10%) IUaT 2 AT 1UFI9 1981 10.00 1.
Y a A = U ?,’
wag 17.00 W. lanuaudn naznlagsuaieiimn
[ 1Y ’.3 1Y 4 gj.l 4
3 Au danuniwiddaiiazase tileniuau
v 1
aumwihiimuzauaasansnaaes Tagian
prH A pH meter fﬂqmwgﬁﬁ’ 28 Thermometer 19
=) 6’ 1]
UsuameuTuwdiosaunaz lulasy dreia504
Spectrophotometer (Boyd and Tucker, 1992) a4
A1 pH uazgavgidszaeunsulasnnfsua
I a A
wou TumHes ywmtdudSvrauenlutedasy

1 (

(Alleman, 1998) HAZIAATAIVIIUNAAIA
) o 4 o {
dardudienn 2 dilad dreniecindoro
1 .. X I
Hunterlab 34 MiniScan EZ @1U3sUU CIE GL]!NL‘]JM
52UUN Commission International de I’ Eclairage
4
o [y I % [
(CIE) léwannauan Tagtadoenuuiluduay lu
5 [ I~ 1
YUNUMTVOURUVDINAALYAAA (Nitayaphat,
o I % o
2015) mMsnaaeuduszezaiu 8 dlav
4 Qg’ Q'l 9Ol %3 U
dledugaminaaesuivinlaimnaa
) A 13 o a4d X
NAUUYTLHUANNATNNUIY (Weight  gain)
HazonIIMINI AU Tndune (Specific  growth
v
rate) (Ninwichian et a/., 2018) SIUNDATINITION

@

Y
A8 TAgAIUIMNINANNITAIL

¥ Y = 9 ¥ o A 4 g9
(u']ﬁuﬂlﬂaﬁlf,jﬂﬂ"lﬂ - U UNRAYLTNAU) x 100

oA IYAD Tad Uz (%/u) =

o A g

3 =
HINUNRAYLTUAY

Y H Y v v
[In(iminmasganie) - InGhminmasEuau)] x 100

9ATINTIOANY (%) =

° o A&
VTHIUIUNLAY

° 4 a3
Nuvlatmasnavua x 100

° A 9
NuIulasuay



215815398 YH1INDUNA 11 a1 ¥UIAAATIFY 13(2) : 259-268 (2564) 263

o 9 Ay a ¢
u’]ﬂ]@gaﬂqﬂﬁ\l'nlﬂi1$ﬂﬂ’31ullﬂﬁﬂ5’)u
RNGER (One-way Analysis of Variance) llag
~ 1 1 d' 1
ﬁ_rdiEIULVIElﬂﬂ'NiJLlﬁﬂg‘nﬂellf]ﬂﬂuﬂaﬂigﬁ'ﬂﬂ‘ljﬂ
NAABIAIYIT Duncan’s New Multiple Range Test

A o A & Y
NITAVANUBDNU 95% ﬂ’JEJITJiLLﬂilI SPSS

a v a\ d
NaN13IvaLLAZIVITIUNA
%’ 9)::9{’ d‘dd 1 [
panin lugiaesnliauanaeny aasa
[ d A ~ I~
srgzaINAand 8 a1y vaunasanuilunsa-
A199¢ 1194 6.84-7.79 gaungiieg1uyI9 26-28 °C
= ' 4 A Y]
Fanuzauuamaealainszaueih aeandoq
AU Sharpe (2019) N51891UNF pH T2HIN 6-8
gaungil 23-28 °C wazlsunauenTuiledase (0-
I 1 = 1 .ci’
0.004 ¥A./a.) 1T UFIHINAVUAMTINIZLIDYS
4 [ '
Yarnszaurai aru'lulasy 0-0.372 un./a.)
g’J = =) d' 1 1 -dgl
pransandsuan muizauuanisiasatlan
nsgauihFauanga1/araoa1y (Ormamental
Aquatic Trade Association (OATA)) Tuavsiy
p1a9ns NS uauen Tuiledaszuas Ty
4 1 a A 1
lasni luaastifsuageandn 0.02 uag 0.2 un./a.
AUAAU (OATA, 2008)

S Y ; Al a a d’
wavesadiaesnenIsiasaAvlavesainsza
w1

3 o A A 9
Winmasisuauvesarlunnyanis
naaod lilianuuanannueswiiediny (p >

] Y ]
0.05) tazduur Tdumndudonatriu'll Tagila
d' dy Y g Aa A g v q' 1 d' dy
nagaludgainIuihvinmasnnninainme

ludddug aaean1snaass (MM 1) wagnun

o
a2 A

9 Y
HINUDN Wﬂﬁullﬁzaﬁi1ﬂ1ilﬂiﬂglﬁﬂiﬁ%11,’1/‘”5
Y

yosannesludauactiargaiga (97.08% uag

| o w 1 ] [ @ Y
0.41%A0 U awde) ua luanarsnuilar ludd
4 . 42
U9 (p > 0.05) LazoRIINMITIOAMEUBIUa1NA
ludganiunu (86.67%) Tsgaga (p < 0.05)

1 Y A =Y :3 d‘
drlarludd@imedionsinsseamiedinga
~ = ' v
(66.67%) (1135199 1) Fawansnaas luaeandoa
AMINANTANYIVDY Okomoda ef al. (2017) NWUN
v Y
Yagnuensn (Clarias gariepinus) Wasa g

o

v 9
ausay Taunnndarndpeslunadn aven

3 a 9w

= ' A W
TUINY UDSTUAIDYINUUITIAY (p <  0.05)

2

uReINUan an (Heterobranchus bidorsalis) ‘I?I

2 v A o A a a -
mesludeddimsnsyaulanniga vazilad

=

a 2‘; v A ' = = A
anmagaluned Inuaig (V17 Fviaod uazd

[

IS =) a a o 'o A IS
VYY) U Gl‘i1ﬂTiL‘ﬂ‘iﬂJLﬁUIﬁ‘ﬂ“W%‘ﬁﬁTﬂq@ uazsy

o—

9951N1559AM18A1 (Solomon and Ezigbo, 2018)
@9U Ninwichian et al. (2018) 51891 NUaaaahn
dy v A %’ Aa Ao a a =

LaENGluaQﬁmum\l@mmﬁmiﬂgmuiﬁ’gwTgm

uaz Ullmann er al. (2011) wundaingwavlug

v v
901 CY = IS

Y
[@OIAUAININHINIRAYZINGA LTAIIINAVOIT
2 k) ] [ A Y ~ g
YBIAUIAGOY 1¥Y INTBYNITINNABA1/A1919
= 1 =) = 3 L% =)
Uwanemsasqay Tavean Tasyuegnuwsila
Y dyd Y A [ dy v A
¥931a1d78 UBNIINUAVDIGHIBNIALITINHE
Y
aolszansninmsl¥e1mis lumamiziaeatlan

9
Y

M

@

YuogiuaowWugla1dao (El-Sayed and El-

=De

Ghobashy, 2011; Eslamloo et al., 2015; Kesbig et al.,

2016; Ninwichian et al., 2018) Tasgnilaunsii

@

faegalunamiimiasouionsinislasuevig
I j’ aa
11uiiie (FCR) aNga (Ustundag and Rad, 2015)

a aa v A o a
ua8ﬂﬁ1ﬁﬁﬂﬂ!ﬁﬂﬁ1u0ﬁﬁﬂ1ﬂﬂ1 FCR qInga

(Ninwichian et al., 2018)



264 75815398 YH1INDeNA 11 1ag51¥UIAaATIFY 13(2) : 259-268 (2564)

Body weight (g)
N w B~ (0]

[any
I
.

o

Weeks
==fil=Control === Red Yellow ==&=Blue

9.

dl ?_.,’ Y d' Lﬁ'dy Lﬁ'dd 1 @ Id [ 4 1 d'
ol 1 dhminarves)anszausihnaedugnidasnu dunat 8 dav (Aunde=SD)

H ' T
IS =

= %’ o A L%' (% a a o [ z:' t:i z:y Y
MINN 1 UINRUDNNUUU ammwmmﬂmﬂmnww LLEWE]@]i'Iﬂ'Iijﬂﬂﬂ'lﬂ‘U@\ﬁ_la'lﬂigﬂuNﬂﬁ/lmstl‘Llig'l‘ y

o

= I o 4 1 A
aa1eanu unan 8 dav (AumaeLSD)*

a d a2y
NWINNIANDI ﬁ(ﬂﬂi%‘ﬂﬂ
=S =S A = : a
‘]gﬂﬂ')'l]f’;m (1198 ayiaoy aUHINU
HHUDTIRNTY (%) 82.76+8.94" 97.08+17.44" 75.7649.19" 95.15+14.81"
onIMsIAnInd U (%/ ) 0.19+0.28" 0.41£0.26" 0.19+0.35" 0.20+0.20"
9MN3INIIONME (%) 86.67£6.67" 80.00+0.00™ 66.67+6.67" 80.00+0.00™

@

= (2 ' A Ao A [ o w 1 v o aa
* Tunuiue eIy Annaenil ﬂ‘]sﬁL‘I’YIJE]‘Hﬂuﬂ'lﬂ‘]JllllLMﬂG]NﬂusluﬂNﬁﬂﬂ (p>0.05)

=% zg 1 Aaa %3 A dy Y A = 1 Y3
HAYDIAAIAELIND TR ITIHI Yarnaealugaon (0 i 2a) A1 a* uaaslvmu
[ =Y 1 = 1 cs' dy 9 Aa A A Y A [
MIIAMTNINTEUY CIE A1 L* Laadnd Mmjariasalunngnaassmimasd Inameanu
v a2 A ' A o R A = A <} Y 1
ANNEINVOIT WA1TLHIG 0-100 (FA109TV17) gazumslasunlavanieslusienisnaass
1 [ 1 [ $ 1 [ < [ L 3
A1 a* UEAAIDIA1 AUAL (+) ATV () AU (MW 2b) arua b* uaaslidundan@ealy
&L 1a A d%’a 1 yd?,’q la'/cs'dnga g’/ "o P
b* UAAIDIATIHNADA (+) HAaLAUIIU () WUN AEUNRUMUUNTAIFUIRY auadiaimin 2
o H T I A 3 4 [
AaoATZezNa 8 e Uanszauiaihinges Wudulduastuur Tdumvvywiieairiu il
' ' a ' { { 2 1 aa {
lugdmaoslimanuainevesdiaganidain (M7 20) uaaliwundAvesanszauah
4 Yo A = y A 2 ' ~ = % o ' a ya £
ealugadu uazluur Tawndy arain un1sdSudinevaueinedgnias

dy Yy ¥ a A 1 aa 9 1
mﬂqﬁlu@ﬁumumwmmmnmmﬁmuaamw



M5A15298 YH1INDeNA 11 1ags1¥UIAaAT %Y 13(2) : 259-268 (2564) 265

a
5 (a)
60 - - .
L1
3
S 40 -
.
20 -
0.
o 2 4 6 8
0.
0 2 4 6 8
5 4
L1
3
] T",;—-f
-15 4 (b)
_20,
20
15 -
10 -
R
g
5 99

Weeks

== Control =—te—FRed Yellow === Blue

! { a st { {2 ! ow g o ¢
mwi 2 msdeunlasmsiiimes dirvesanszaueihndedlugniiduanaresnu funar s dlaid

(ANAYLSD)
1 =1 1 == T A o R A T =1 A =) =
MNBIMe A1 L* HaaeanuaI1evedd U152 0-100 (AADIT1I) A1 a* HaaIdea quas (+) uazd

' [ ] Y A
e () AIUA b* LAAIDIMTMADY (+) tazd1iku ()

v
=1 H 1 @ Y

M 1 vy 2 2 Y
mwi 3 dilanszauaihinnesludinesndaeiu: dinesaniunu (a) §iaoaduaa (b) glaoadiman (c)

4 H a 4 a {
uazdinoaditu (d) nFouieunudanlansgauisihinneluienaia (o)



266 75815398 YH1INDeNA 11 1ag51¥UIAaATIFY 13(2) : 259-268 (2564)

H v Y
Tagnnswdainszausihinnedluda
%’ A AAaAa d' k) 2R o AaAa a d‘
MEuIFHINAd 8RN UFAINNTITNALAZ]
9 A = 9 o =
nelutosnanuniiga Feaeandesiunmsany

V94 Ninwichian e al. (2018) ¥435189147171an

[

a

a d' dy v ISP 1 a2
gaaNae U FUIUAIANUAINVITFINGA

u a

A A A

e 2 4 a .ayw -
pazluduassain(uiilvdaraaaiann
v =2 o a = = '
AABAAINUTITNFIANINNGA HANIIANYINDU

g X .
WU (Crook, 1997; Sugimoto et al, 2005;

9 Y
Ninwichian et al., 2018) HAZHANITNAADINT I

v
9 v A

g ! g > 0
vaaslimunddasuiulatedidyndinua
ANuNvs g uuUaHIve A

danszamnaihiidaiundaninannms

£ Y o Y v a

edlugyaniugueraiilinisdadulaves

9 Aa [ [} 1<

AUs Tnauazyamaainvesaranas g1 lsnaiu
o ! c!' c!' a

vinmsdunanuainisnlainsgauiesdunanis

nasunlasdodienzsiuiuiiodargnére’lalalu

v
YA ya

= o Y g A ]

ALABITUINUY Gl"lﬂ’JE‘ﬂﬁ‘L!“’] ﬂi%‘lﬂm 2-3 wn dan
Aaa A 9 g ng 1 A 9y @

ISUTNINUNUU aﬁummmﬂmummﬂmmm U

aa aA o Y = = Lg Y
Yaliade wazihlvilayamngavumnlya

g2 A
ﬂlﬁﬂ\‘]ﬂlﬂ“’]gﬁu

a5

Q

Y 2

= { = 1 a a
RN mﬁl\‘]"llliJNaglf)ﬂﬁIﬁ]iﬂJum‘UI@ﬂlfN

U

1 o

Parnszauadh uaiinadesasinsseanis lae
~ dy Y A o =
Yan@esludyaniuguiisnsimsseanisganga

v Y
(p <0.05) ua lifinnuuanasnulanbesluga
%‘ =Y Y dyd Qde v A 1
MR uazgauad UoNIINUFVOIIAITITIHAAD
v Y
anududvestan Tastariaoaluganied

v Y ]
manvauesirgainlainibedlugaou uaz

[
1 a =

v Y v
Parnideslugauasiinnuainevesiadinga (p <
J Y ¥ a Aaa oY a A
0.05) druarlugaihRuilirdmihtuuiniga
(v < 0.05) uazdlardaansansdin 1317 1ndiRes

a A A ' Y § A = 0 Y
fﬁiimmsmqummagiu@ﬁumu muuzuﬂ‘w

2 a 1 | { A
lgqaidnlumsideslanszauraduiem

Y aa
ANULYUUDITND

pafanssulszmea
YpUUAM TA.A5.07 Novlszyuia

J o a a J J
0191505z Inemaaslssend aue

a

a 4 a o a 4
INYIFTAT YN 1INYIAYTIVATUATUNG ﬁslﬁ}ﬂ’ﬂll

s A v 1A I A o
BUNTITHIATOIATIVIAAT LASAUFNIINIUYY

s Y AN Y o a Yy A o 1A
U,G]fiﬂ’?l Vﬂ,ﬂLm%unﬁﬂﬁl“ﬁmif)ﬂ’mﬂ1ﬁ

19NE1391999

Alleman, J.E. 1998. Free Ammonia-Nitrogen
Calculator & Information. Available
Source: http://home.eng.iastate.edu/~jea/w
3-research/free-ammonia/nh3.html, March
13, 2020.

Boyd, C.E. and Tucker, C.S. 1992. Water Quality
and Pond Soil Analyses for Aquaculture.
Alabama Agricultural Experiment Station,
Auburn University, Alabama.

Crook, A.C. 1997. Colour patterns in a coral reef
fish is background complexity important?.
Journal of Experimental Marine Biology
and Ecology 217(2): 237-252.

El-Sayed, A. and El-Ghobashy, A. 2011. Effects of
tank colour and feed colour on growth and
feed utilization of thin lip mullet (Liza
ramada) larvae. Aquaculture Research
42(8): 1163-1169.

Encyclo Fish. 2018. Blue Gourami (Trichogaster
trichopterus). Available Source: https://w

ww.encyclo-fish.com/EN/fresh-water/fishe



215815398 YH1INDUNA 11 a1 ¥UIAAATIFY 13(2) : 259-268 (2564) 267

s/trichogaster-trichopterus.php, April 24,
2019.

Eslamloo, K., Akhavan, S.R., Eslamifar, A. and Henry,
M.A. 2015. Effects of background colour
on growth performance, skin pigmentation,
physiological condition and innate immune
responses of goldfish, Carassius auratus.
Aquaculture Research 46(1): 202-215.

Kesbig, 0.S., Yigit, M. and Acar, U. 2016. Effects
of tank color on growth performance and
nitrogen excretion of European seabass
(Dicentrarchus labrax) juveniles. Proceedings
of the National Academy of Sciences
86(1): 205-210.

Kodric-Brown, A. 1998. Sexual dichromatism and
temporary color changes in the reproduction
of fishes. American Zoologist 38: 70-81.

Narongpong, P. 2012. Ichthyology. Chulalongkorn
University Press. Bangkok. (in Thai)

Ninwichian, P., Phuwan, N., Jakpim, K. and Sae-
Lim, P. 2018. Effects of tank color on the
growth, stress responses, and skin color of
snakeskin gourami (Trichogaster pectoralis).
Aquaculture International 26: 659-672.

Nitayaphat, W. 2015. The science of colour. Home
Economics SWU Journal 13(1): 3-11. (in
Thai)

Nukwan, S. and Rodloy, A. 2009. 100 Species of
Thai Ornamental Fish. Aquatic Plants
and Ornamental Fish Research Institute,
Inland Fisheries Research and Development
Bureau, Department of Fisheries, Ministry
of Agriculture and Cooperatives, Bangkok.

(in Thai)

Okomoda, V.T., Tiamiyu, L.O. and Wase, G. 2017.
Effects of tank background colour on growth
performance and feed utilization of African
catfish Clarias gariepinus (Burchell, 1822)
fingerlings. Croatian Journal of Fisheries
75: 5-11.

Ornamental Aquatic Trade Association (OATA).
2008. Water Quality Criteria. Available
Source: https://ornamentalfish.org/wp-cont
ent/uploads/2012/08/Water-Quality-Criteri
a.pdf, November 8, 2019.

Sermwatanakul, A. and Bumrungthum, B. 2000.
Ornamental Fish Feed. Ornamental Fish
Research Institute and Aquarium, Department
of Fisheries, Ministry of Agriculture and
Cooperatives, Bangkok. (in Thai)

Sharpe, S. 2019. Blue Gourami. Available Source:
https://www.thesprucepets.com/blue-goura
mi-1381023, April 24, 2019.

Solomon, J.R. and Ezigbo, M.N. 2018. Effects of
background tank colour on the growth and
survival of juvenile Heterobrachus bidorsalis
fed with coppens commercial floating pellets
and Cyperus esculentus meal. Journal of
Public Health and Environmental
Technology 3(1): 17-33.

Sugimoto, M., Yuki, M., Miyakoshi, T. and Maruko,
K. 2005. The influence of long-term
chromatic adaptation on pigment cells and
striped pigment patterns in the skin of the
zebrafish, Danio rerio. Journal of
Experimental Zoology Part A Comparative

Experimental Biology 303(6): 430-440.



268 75815398 YH1INDeNA 11 1ag51¥UIAaATIFY 13(2) : 259-268 (2564)

Ullmann, J., Gallagher, T., Hart, N., Barnes, A., mykiss Walbaum, 1792).  Journal of
Smullen, R., Collin, S. and Temple, S. 2011. Agricultural Sciences 21: 144-151.
Tank color increases growth, and alters Wang, C.A., Li, J.N., Wang, L.S., Zhao, Z.G., Luo,
color preference and spectral sensitivity, in L., Du, X., Yin, J.S. and Xu, Q.Y. 2016.
barramundi (Lates calcarifer). Aquaculture Effects of tank colour on feeding, growth
322-323: 235-240. and stress responses of young taimen

Ustundag, M. and Rad, F. 2015. Effect of different Hucho taimen (Pallas, 1773). Journal of
tank colors on growth performance of Applied Ichthyology 32: 339-342.

rainbow trout juvenile (Oncorhynchus



215815398 YH1INAUNA 11 a1 ¥UIAAATIFY 13(2) : 269-284 (2564) 269

a A v o w dJ o w_ o
1J‘i$ﬁ°l’lﬁﬂ1wellﬂx‘i!€hﬂﬂﬂinﬂiﬁﬂx‘ﬂu’dﬂﬂ1!13»1141]1@%11!ﬂ1‘§ﬂ1‘ﬂﬂ1!1!a’£1
21N IMININDIAY
Efficiency of Palm Oil Mill Fly Ash for Residential Building

Wastewater Treatment

1* o A a 1 = ~ 1 3 1 a Jd A 2
UHNA NN FUINU Bik) NIU HTIUSAULAL ll“]ﬁ«!% HAY LA WINNY ATLAN
Narumol Thongmakl*, Sunwanee Jijail, Warunee Hajimasalaehl, Saina Muleng1 and Porntip Sridang2

Received: 13 March 2020, Revised: 21 May 2020, Accepted: 2 June 2020

Y3 \
UNACIEID

a o c;’ I = a a 9 % %’ @ 4 o w %’ =
NuIveilumsanelszanianveudiaseanlsesnuanativiavlunisiiiaduaesin
A o @ = s A = [ o = 9 ~ o"/
9113 NNNe1AY Taeldngiszasaiednyl pH srozialdudd wazdSuaumassMvunzay s9uM3

v v
Uszaninmmsmia lagyinsnaaosuuutuunazasa (batch test) HANINAADINUIN A1 pH NHUIZHY
Ao 6 Nszansamlumamda COD Uszunar 60.00+£8.94% F2ozAdURANHMUIZALIINNIITNAADL 7D 60
a A a Aa o w ) @ Y v ¥ o J
N Yszansamlumsman CoD Uszanar 62.96+9.07% d1msvdsuansiaseain lseauanaiiuiay
A 1 % 1 =y 9 [ ?,’ o S A [ %’ = =\ a A

NranaNsgaty W Usandiassainlssnuanainiuiduin 2 g aerudes 100 mL Niszansnimly

o w d‘ A ) [ T 1 &% A zg 9
M3MIA COD gaNga Av 84.62+9.73% i UsnannuyunuInlsiumumsiauveSauaase

[ g @ o I'4 1% 1 1Y

1nTssnuanaidulidy uazernmsane lo Tamesunisgadu wudn Msgasu COD Meid1asean

v 3 o 7 Y o s o A o
Ti\?\’l']uﬁﬂﬂu'IIJUTJ'Iallﬁ@ﬁﬂ'ﬂ@\?ﬂﬂll@T“]ﬂ‘ﬂ@ﬁJﬂ'li@JﬂG]ﬁJLLU‘ULLa\HiJfﬁ

= o

o_o ¥ J
MEINeY: 101008, UUTY, MIYAN, ToTamesy

'auzinomansimaluTladuagmanuas BHIINNSowsoza1 Muaaziag suneiies 31nTaszal 95000

: Faculty of Science Technology and Agriculture, Yala Rajabhat University, Sateng, Muang, Yala 95000, Thailand.

* mAdInemaai anadon auzinemand wininmdeaathng suaaumiung sunoidios Sandauasigu 73000

: Department of Environmental Science, Faculty of Science, Silpakorn University, Sanamchandra, Muang, Nakhon Pathom, 73000, Thailand.

* ya P AN oad A o . .
Aunusszaman Tsuaidadnnseling (Corresponding author, e-mail): narumol.t@yru.ac.th



270 75815398 YH1INNDeNA 11 1ags1¥UINAATIBE 13(2) : 269-284 (2564)

ABSTRACT

This research investigated the efficiency of palm oil mill fly ash for residential building wastewater

treatment. The objective was to study the effects of pH value, contact time and optimum dosage of palm oil mill

fly ash, including removal efficiency. The experiments were carried out in the batch test. Results showed that the

optimum pH value was 6 with COD removal efficiency of 60.00+£8.94%. The optimum contact time was 60

minutes with COD removal efficiency of 62.96+9.07%. The influence of palm oil mill fly ash dosage on

adsorption efficiency was 2 g of palm oil mill fly ash per 100 mL of wastewater, allowing the highest COD

removal efficiency of 84.624+9.73%. The turbidity was varied according to palm oil mill fly ash dosage. The study

of adsorption isotherm revealed that COD adsorption with palm oil mill fly ash corresponded to Langmuir

isotherm.

Key words: fly ash, wastewater, adsorption, isotherm
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Compound Concentration (%)

F 0.176
Na,O 0.087
MgO 3.649
ALO, 0.421

Sio, 29.754
PO, 4.405
SO, 0.811
Cl 0.425
K,0 4.747
CaO 8.951
TiO, 0.043
MnO 0.111
Fe,O, 0.750
CuO 0.066
ZnO 0.025
Rb,0 0.035
SrO 0.033
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Parameter Average+SD Range
pH 7.16+0.27 0.53

Turbidity (NTU) 40.63£12.18 27.30
BOD, (mg/L) 58.25+22.60 54.00
COD (mg/L) 188.24+68.61 171.45
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3.1 WaUdd pH NANAAdMIATY

INNTANYINAVEIAT pH  Niwado
UYsz@nTnmnsgad e lsua1 pH NA1A199
fu Ao 567uaz 8 lasldSurandiaosain
[ %’ o 4 1 90‘ = ~
Tsenuanaiiuiliay 1 ¢ @91 1de 100 mL 0
Y = g}J Y
srgzadura 120 Wi nazad 13 ianaznou
I o 1 F)
Wunal 1 9139 HamINaasunUIN [D1asen
[ %’ o S A Aa A o w
Tsanuanaiuihanidseansnmlumsnon
COD 15219 50.00£10.95% 60.00+8.94%
40.00£6.32% 1A% 30.0048.94% AUEIAY 11J0A
A g I = Y I [
pH 1inau1n 5 11y 8 sewaasliifiuinm pH

vedmsazaslaNudIiyAelszansaInmsga

100

o A o w A X2 A A 2
FU AD N1TN1A COD WUUVU LIDAT pH IWNUU

[

' 9
ﬂUﬂigﬂ\iﬁQ 6 Nnuudszansnmlunismia

v
=

§ 4 H A X o
COD anad oA pH VoI H IFoNIUY Aan i 3
Uszansanlunsnida COD A anadan
60.00+8.94% IUNTLN 30.00+8.94% 1i0A1 pH
A g 1] 9 o av
WNAIUIN 6 Wi g d@oananInuaIuITEUD
Kulkarni et al. (2011) Ainu1 Uszansninms
o o A 3 1 d' A g =4 1
M9A COD MNIUMNAT pH TNVUYUIUDIAT pH
9 ' Y
6 UAHaIINUULTTANTAINAARIMINMTINNTY
v Y H v

Y241 pH N91019AA9NNAT pH 1 15202090

9 Lg dy a 1% @ [ Y a
ATNVHVUNUAIVBITAQAAFY azti IviAans

= 1 g a U
asga liihadageszniaiuialszquinvesiag
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Removal of COD (%)
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MWA 3 BNSWaves pH Aolszansinmmsman COD
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r 9 Y ] 1
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Removal of COD (%)
Y [e)) (o]
o (o] o
T T T

N
o
T

4
-+
o4
-4
4
b4
+ 4
+ 4
4|
-4
4
b4
-+
+ 4
4|
-4
4
bd

-+
-+
+
.
-
-
-+
-
+
.
-
-
+
-
+
.
>
-

L 0006556680666 0684

238208828506400884

+
-
+
e
+4
+4
+4
4
b o4
-4
+4
+4
+4
4
b4
d&

R BBt et st i
18408800994
oo bbb ded

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
d

w
o
o
o

120

Time (min)

MNN 5 dONTNAVITTEZNATUNANDTZANTAINNTANIA COD

3.3 waveadInaudiaesainlsanuanAINY
d 1 1%
thauniinanensgadu
NMINATOUINTNaveSuandiaoe
[ %’ o 4 1 a Aa
nnlsanuanaiiuhaudeillse@nsnimmiagea
v A A 9 [
1 naaeanIuiaveudiassainlssauana
%’ o 4 (Y 1 %‘
uiuthay minu 0.3 0.5 1 1ag 2 g avd s 100
mL uazdSua1 pH 1M10U 6 52ezIa1duRed 60
N (man'ldaniinde 3.1 wag 3.2) uazlsd

szezna lumIanazney 1 ¥ 1u9

-
o
o

9 9 Ao
HaN1INAaeIINMI ldid1a0enidadIuves
Si0,/ALO, gIn31 181apeIudes Lazid1any
d‘ dtﬁ’ a =)
UNAY (M13197 4) WNUAIVFVTE UINTU (0.0025
~ ' A VA v 3 a g
um) Hueaueudeiiean i uInga tagiig
3 ' = @ Y
apgYIAENNI 1 pm 3eedlzlunwdiacs
eI (eYMAMAY 53.50 um) FIHAAD
o a A J 1
MIgaduaIsdunsdluzl cop  Tagwui
& a o o 4 & X
Uszansnnlumsmida COD (2 6) 1invY
d d’ 2
10 46.15£12.87% 11U 84.62+9.73% 1o dTuna

£) A X < v ¥ A
DIADYNNVUIN 0.3 L"JJ‘L! 2 g ADUNTY 100 mL

Py o [0
o o o
T T T

Removal of COD (%)
N

o

T

0.3

0.5

1 2

Dose of fly ash (g/100 mL)

a 9 v ¥ o Jd a a o w
MUN 6 Nﬁﬂl'ﬂ\iﬂ%MTﬂ!Lfﬂa@ﬂﬂ?ﬂii\i\ﬂuﬁﬂ@uTZJH‘IJTZ’IN@I'E)‘IJi%ﬁ‘V]‘ﬁﬂ"IWﬂTif‘ﬂﬂ@ COD

@ o

A ' =~
MPIVBINANYIIAAAAFUUTZANAE) (913190 4)

1 9 v ¥ o d A
NWUN Lﬂ1a68ﬁ]1ﬂ15\1\ﬂuﬁﬂﬂuWijuﬂWaijM"’l}uiﬂ

{ < 1 [ Aa
ayuMAmABIANN I8 U 101800 1UTDE



215815398 YH1INAUNA 11 a1 ¥UIAAATIFY 13(2) : 269-284 (2564) 279

Y I Y & a a o w
wazinaveunal Wuau alszansnmnnsmaa

' Y 9 I
COD INNAUMUNUNAT (surface Area) HAZIIUIU

A X

AUNUIVDINTYATY (Adsorption Sites) NWHAY
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Mohan and Gandhimathi (2009) PAAMIMITMNIA

@ ¥ 9
looouTanzminesnniniivzvezyguyulagls

o 1

1 a I (2
Lﬁlwaaﬂmuwugﬂumm&wu Hagnwuyn

szansmnlunmsmoany

A

= 9y
Vuesuaunaoy

' a 4 2 I
DUAUANIUIN 0.5 g/L 11U 2 g/L

1L @
m3lszgnaldidraseinlsssiuana

s A

9 Y v
Hniuthawnwenisiidaddesinen1snn

M9 4 UszAninmmsgaduuaznuaniaveudiane

o

£4
211NNV WU li%ﬁ@ﬂiﬂﬂi’iﬁﬂuﬁ A

(4

? o ¢/ A o I o o o
HUJ‘L!’]_]WQNNﬁﬂfJﬂT‘WLﬂu@l?ﬂﬂ“}fUuﬁgﬂﬁ]ﬂ

u

a A v &= g o o Ao
asounsdluzil cop aniuruiluiageadun

&dl 9 a

° 2
sﬁ'unum AR s GG I RATRI FEA VR 436,800~

3 D @ ay zﬂ' d' A 9
578,998 aunoll Anganalunuinlssanu visely

U

1
o

auf vaziimsdanyuneii U 1dlse Towhiuiaae

Q

a = zg Y =f =K
panlumsnanApuNIAYNUNIAN TINDIANYI
< @ o 7. a 4 o w
1Hutaadunsizvii lowoanes audiau
(Jaturapitakkul, 2012;

Piyang et al, 2018;

Waijarean and Asavapisit, 2019)

Type Physical and chemical Removal efficiency References
characteristics
palm oil mill fly ash 70.67 of SiO,/ALO, 84.62% of COD This study

(81av891nTs3uana

90’ q.l o
Wyuiaw)

coal fly ash
(ravsnruin)
bagasse fly ash
($ave¥1ud08)
palm oil fuel ash

v . 2.
armnihaurigu)
activated rice husk ash
adunaufrums

Y
NITAU)

72.05 m2/g of surface area
0.0025 pm of pore size
53.5 um of average particle
size

<20 um of particle size
>63-90 um of particle size
2.75 of SiO,/Al,0,

90-125 pm of particle sizes

90-100 um of particle sizes

14.68 of Si0,/ALO,

<710 pm of particle size

99.00% of uranium Police et al., 2020
95.80% of uranium
72.00% of COD Chingono et al., 2018
99.60% of Hg(II) ion Syafigah and Yussof,
2018

89% of phosphate Mor et al., 2016
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Mm&an:  uuaiiensauandn, nuames lodu, Tsmaiunemaululauw, Streptococcus  agalactiae,

Streptococcus uberis

ABSTRACT

Bovine mastitis treatment with antibiotics may cause an impact on the quality of raw milk due to the
occurrence of milk residues. Bacteriocin is a peptide or protein synthesized by bacteria. It can be used as a safe
food preservative and used for mastitis treatment. This research aimed to isolate bacteriocin-producing lactic acid
bacteria from pickled cockle, sour pork (Nham), pig and cow dungs using agar spot test. Antibacterial capacity
against mastitis pathogens: Streptococcus agalactiae and Streptococcus uberis were determined. It was found that
57 isolated lactic acid bacteria were gram positive, rod shaped, non-spore forming, non-motile, gas-producing or
non gas-producing, and catalase negative. There were 36 and 32 isolated bacteria that could inhibit S. agalactiae
and S. uberis, respectively. The inhibitory activities of bacterial isolates LAB 21, LAB 31, and LAB 34 were
decreased or disappeared when tested their Cell-free neutralized supernatant (CFNS) with protease. The results
revealed that CFNS were peptide. The efficacy of bacteriocins tested by agar well diffusion showed that bacterial
isolates LAB 21, LAB 31 and LAB 34 had clear zones of 14.50, 12.50 and 14.00 mm against S. agalactiae
respectively, whereas they had lower clear zones of 10.75, 10.50 and 11.50 mm against S. uberis, respectively.
There were no significant differences between clear zones of LAB 21, LAB 34 and amoxicillin on S. agalactiae at

95% confidence interval (p<0.05).

Key words: lactic acid bacteria, bacteriocin, bovine mastitis, Streptococcus agalactiae, Streptococcus uberis
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ABSTRACT

This paper presents the comparative study of using two different compensators in a railway traction

substation with a V/V transformer to alleviate voltage unbalance and low power factor in a railway power supply

system: railway power conditioner (RPC) and Steinmetz compensator. The paper also introduces mathematical

models and a calculation method for searching optimal rating of both compensators. One computer simulation

study case under the worst case of loading condition was used to validate the proposed models and method. The

simulation results showed that the Steinmetz compensator had approximately 30 percent less optimal capacity

than that of RPC and had better capability of substation voltage regulation under the same compensation target,

voltage unbalance factor of less than 2%, and power factor of greater or equal to 0.95. Consequently, the

installation of Steinmetz compensator could result in less compensator cost, with a capacity solely taken into

consideration.

Key words: railway power conditioner, steinmetz theory, optimal compensation capacity, V/V transformer
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ABSTRACT

Growing green oak lettuce by controlling the factors affecting growth requires continual attention to
develop the lettuce plant. For instance, watering must be consistently moist rather than soaking wet. Therefore,
farmers have to inspect humidity in the soil regularly and apply enough irrigation to keep soil moist. For this
reason, the Internet of Things (IoT) was applied to resolve the mentioned problem. The proposed technology aims
to use the sensing system to measure the degree of temperature, humidity, and soil moisture in order to reduce the
burden of farmers by dividing the research methodology into 4 steps: planning, analyzing, designing and
implementing. The findings showed that the sensor could detect the degree of temperature, air humidity, and soil
moisture as well as transfer the data from measurement via MQTT protocol to the server node for processing
every minute. If the detected degree of soil humidity is lower than the set value, then the server node will start the
water pumping system in the green oak lettuce farm. The soil detection system will check the farming plots
automatically and save farmers’ time and expenses. The proposed system requires less amount of watering time
(1 minute) than the traditional method (7-10 minutes) and decreases water consumption from 3-4 liters to 2-3

liters per minute.

Key words: [oT, smart farms, wireless sensors, information technology
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® ESP32 Development Board v.1 (Controller ®  Web Server: Nginx

Gateway) ® Front-end: Html5, CSS, Java Script
® Intel Xeon E5 Ram 64 Gb (MQTT Server, ® Back-end: PHP 7

Application Server and Database Server) ® Database: MySQL, MariaDB

Techniques: Mesh Network, MQTT, Web Socket
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1 Gvoid mgttCallback(char* topic, uint8 t* payload, unsigned int length) {
2 char* cleanPayload = (char®*)malloc(length+1);
3 payload[length] = "\e';
4 memcpy (cleanPayload, payload, length+l);
5 String msg = String(cleanPayload);
6 free(cleanPayload);
7 String targetStr = String(topic).substring(16);
8
9 = if(targetStr == "broadcast") //// resive massage from node
10 {
11 DynamiclsonBuffer jsonBuffer;
12 JsonObject& root = jsonBuffer.parseObject(msg);
13 & if (root.containsKey("cmd”)) {
14 E if(root["cmd"] “onoff") { //1/] ON - OFf relay manual
15 & if(root["ch"] I= NULL) {
16 int sw = root["ch"];
17 sw=su-1;
18 & if(digitalRead(relay[sw]) == LOW ){
19 digitalWrite(relay[sw],HIGH);
20 wsSendData(relayStatus());
21 //serial.println("ON Chanel™);
22 String serv_topic = "painlessMesh/from/"+String(mesh.getNodeId());
23 mqttClient.publish(serv_topic.c_str(),relayStatus().c_str());
24 +
25 = else {
26 digitalWrite(relay[sw],LOW);
27 wsSendData(relayStatus());
28 //serial.println("OFF Chanel");
29 String serv_topic = "painlessMesh/from/"+String(mesh.getNodeId());
30 mqttClient.publish(serv_topic.c_str(),relaystatus().c_str());
31 }
32 K
33 H
34 Y ////} end if cmd
35 F else if(dataGet("auto”)=="0ON") { //ff] ON - OFf relay auto
36 E if(root.containsKey("nodeType”)){
37 if(root["nedeType"]=="GardenSensor") {
38 int Relay ch = dataGet(root["nodeld"]);
39 String allNode = dataGet("AllNode_"+Relay_ch);
40 int countCutOff seil = @;
41 int countCutOff_temp = @;
42 int countCutOff humid = @;
43 E if(root["seil"] < dataGet("cutOff_soil")) { 1171/ check cutoff point from soil sensor
a4 dataSet("on_soil "+root["nodeId"],"on");
45 }
46 E else {
47 dataSet("on_soil_"+root["nodeld"],"off");
a8 }
49 E if(root["temperature”] > dataGet("cutOff_temperature”)) { //11] check cutoff point from temperature sensor
50 dataSet("on_temp_"+root["nodeId"],"on");
51 ¥
52 E else {
53 dataSet("on_temp_"+root["nodeld"],"of f");
54 }
55 E if(root["humidity"] < dataGet("cutOff_humidity")) { 1771/ check cutoff point from humidity sensor
56 dataSet("on humid "+root["nodeld"] :
57
58 [= else {
59 dataSet("on_humid_"+root["nodeld"],"off");
60 +
61 DynamicJsonBuffer jsonBuffer;
62 JsonObject& nodeID = jsonBuffer.parseObject(allNode);
63 - check all node in relay control less then cutoff point -------------- I/
64 = for(int i=1;i<=sizeof(nodeID);i++) {
65 = if(dataGet("on_soil_"+nodeID)== "on") {
66 countCutOff_soilt+;
67
68 & if(dataGet("on_temp_"+nodeID on") {
69 countCutOff_temp++;
70 3
71 = if(dataGet("on_humid_"+nedeID)== "on") {
72 countCutOff_humid++;
73 3
74
75 = if(countCutOff_soil >= sizeof(nodeID) || countCutOff_temp >= sizeof(nodeID) || countCutOff_humid >= sizeof(nodeID))
76 digitalWrite(relay[Relay_ch],HIGH); //// switch on
77 Jlf - sent switch status to server —-----------o-—ooo_- I/
78 wsSendData(relayStatus());
79 String serv_topic = "painlessMesh/from/"+String(mesh.getNodeId());
80 mgttClient.publish(serv_topic.c_str(),relaystatus().c_str());
81 +
82 [= else {
83 digitalWrite(relay[Relay ch],LOW); //// switch off
84 11i- - sent switch status to server -
85 wsSendData(relayStatus());
86 String serv_topic = "painlessMesh/from/"+String(mesh.getNodeId());
87 mgttClient.publish(serv_topic.c_str(),relayStatus().c_str());
88 +
89 L e 17
90 }
91 K
92 i
93 mesh.sendBroadcast(msg);
94 }
95 B else
96 {
97 uint32_t target = strtoul(targetStr.c_str(), NULL, 10);
98 & if(mesh.isConnected(target))
99 {
100 mesh.sendSingle(target, msg);
101 }
102 E else
103 {
104 mgttClient.publish("painlessMesh/frem/gateway”, "Client not connected!");
105
106 i
107 T
108 S f=mmmmmmm e end MQTT  ==-=---ommmmmcomoooas v
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[ ci 9 3’; Yo o d o 1Y 1
waanunlsiuagl¥mas 5 Thaddmsvuae |

uuu DC Iisuros Inuauaazed uazleiaalu

log_id log_user_key log_data

sialog  username 3wastaya ayaniti

d o v A o
12 Thaad 5131

log_date log_time
JwnAutaga naiay

1 VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013523182,"te... 2019-06-15 23:14:14

2 VGrsQv826Abg1ljfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:15:10

3 VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor","nodeld":2013523182,"te... 2019-06-15 23:15:47

4  VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:16:42

5 VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013523182,"te... 2019-06-15 23:17:19

O M N O

VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:18:14
VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013523182,"te... 2019-06-15 23:19:10
VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:20:05
VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013523182,"te... 2019-06-15 23:20:42

10 VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:21:38

11  VGrsQv826Abg1jfRyIOWMZEC7 {"nodeType":"GardenSensor","nodeld":2013523182,"te... 2019-06-15 23:22:15

12 VGrsQv826Abg1jfRyIOWMZEC?7 {"nodeType":"GardenSensor”,"nodeld":2013491360,"te... 2019-06-15 23:23:29
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ABSTRACT

The objective of this research was to develop a new method for missing data estimation by using Decile
Mean K-Nearest Neighbor Bhattacharyya Imputation (DKNN-BH). This method evaluated the missing data by K-
Nearest Neighbor Imputation (KNN) from fine-tuning of the decile mean and Bhattacharyya distance to compare
the effectiveness of the new missing data estimation with Mean Imputation (MI), K-Nearest Neighbor Imputation
(KNN) and Decile Mean K-Nearest Neighbor Imputation (DKNN) methods. The Monte Carlo simulation was
implemented for 300 cases with 4 options : sample size, level of missing data, size of outliers, and k constants for
new missing data DKNN-BH, KNN and DKNN methods. Each situation was replicated 500 times. The results
showed that the new developed missing data estimation method, DKNN-BH derived from the fine tuning of KNN
using Decile Mean and Bhattacharyya distance. There were 2 steps of DKNN-BH: calculation of Bhattacharyya
distance and estimation of missing data using Decile Mean method. After comparing the efficacy of both data
missing estimation methods from simulation results, the new method (DKNN-BH) was better than the old one in
all cases by using the lowest mean square error. The simulation results also revealed that when the percentage of
missing data were 5, 10, 20, 30 and 40, the percentage of outliers were 0, 5, 10, 20 and k constant values were 11,
13, 15, 17, and 19 respectively, the lowest mean square error will decrease as the percentage of outliers and k

constants decrease.

Key words: missing data imputation, missing data, adjusted K Nearest Neighbor method
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Effects of Vermicompost and Water Fern (Azolla pinnata) on Growth of

Green Oak Lettuce (Lactuca sativa)
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ABSTRACT

Recently, smart farmers focus on safety vegetable production and consumers give more priority to
product quality. Then, the aim of this research is to study and compare the growth of green oak lettuce (Lactuca
sativa) on soil with different fertilizers which included 7 treatments: 1) vermicompost, 2) water fern,
3) vermicompost with water fern, 4) vermicompost water extracts, 5) vermicompost with vermicompost water
extracts, 6) chemical fertilizer and 7) without fertilizer (control). The results showed that the soil with
vermicompost and water fern added had the highest growth rate of green oak lettuce. This treatment had the least
nitrate accumulation level of 0.68 mg/g of dry weight. Also, the rate of contamination of bacterial gastrointestinal
pathogens, Escherichia coli, was less than 100 CFU/g. In addition, nitrogen fixing bacteria, isolate ME02, in the
vermicompost showed higher ammonia concentration at OD,, of 1.0+0.0, compared to well-known nitrogen
fixing bacteria, Azotobacter vinelandii (controlled bacteria). Based on morphological and physiological
characteristics and biochemical taxonomy, there was a high possibility that isolate ME(Q2 was classified as a
member of the genus Azotobacter which was plant growth-promoting bacteria. Therefore, green oak growing in
soil with vermicompost and water fern not only produces good quality of salad vegetable but also reduce bacteria
contamination that caused gastrointestinal infection and reduce low level of nitrate accumulation. In conclusion, it
is recommended to use vermicompost mixed with water fern to grow salad vegetable and others of soil-based

crops.

Key words: vermicompost fertilizer, water fern, green oak lettuce, soil culture
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Table 1 The average of number leaves per plant of green oak on 7, 14 and 21 days under different treatments

Treatment Number leaves per plant
Day 7 Day 14 Day 21
1. Soil (control) 5.13'+0.26 6.55'+0.34 7.53'+0.40
2. Soil+vermicompost 7.25'+0.47 9.25'+0.57 13.60°+0.65
3. Soil+vermicompost water 5.15"+0.11 6.58"+0.50 7.75%40.42
4. Soil+vermicompost+Azolla 7.68'+0.24 9.70'+0.53 15.30'+0.64
5. Soil+Azolla 5.35°+0.38 6.90°+0.17 9.43°+0.43
6. Soil+vermicompost+vermicompost water 7.28'+0.29 9.13'+0.54 13.00°+0.56
7. Soil+chemical fertilizer 5.70bj0.54 6.65bi0.36 9.05°+0.32

Mean value of 4 replicate measurements + standard deviation

“ different letters in a column are significantly different level (p<0.05) according to Duncan’s multiple range test

Table 2 The average of height (cm.) of green oak on 7, 14 and 21 days under different treatments

Treatment Height (cm.)
Day 7 Day 14 Day 21
1. Soil (control) 4.29°40.30 7.03°+0.31 7.50°+0.52
2. Soil+vermicompost 5.08"+0.29 8.96™+0.21 10.04'+0.43
3. Soil+vermicompost water 4.35%+0.11 7.23°40.44 7.78°+0.30
4. Soil+vermicompost+4zolla 4.78"°40.35 9.44™0.60 10.53"40.65
5. Soil+Azolla 4.43+0.39 7.70°+0.55 8.73°40.57
6. Soil+vermicompost+vermicompost water 4.90abi0.35 9.05'+0.66 10.15°+0.32
7. Soil+chemical fertilizer 4.63"°+0.20 7.85°+0.67 8.93°+0.44

Mean value of 4 replicate measurements + standard deviation

4 different letters in a column are significantly different level (p<0.05) according to Duncan’s multiple range test
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Figure 1 The average of green leaf of green oak on 7, 14 and 21 days under different treatments, 4 replicates
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Figure 2 The average of total chlorophyll content of green oak on 21 days under different treatments, 4 replicates
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Table 3 The average of fresh weight and average of dry weight in green oak on 21 days under different

treatments
Treatment Fresh weight (g) Dry weight (g)
1. Soil (control) 24.00"+2.74 0.50°+0.07
2. Soil+vermicompost 45.25°+4.38 1.83"+0.23
3. Soil+vermicompost water 25.50°+3.64 0.63°+0.15
4. Soil+vermicompost+Azolla 53.50"+2.50 2.33'+0.26
5. Soil+Azolla 36.00°43.61 1.75'+0.18
6. Soil+vermicompost+vermicompost water 41.75bi2.05 1.75bi0.25
7. Soil+chemical fertilizer 45.75°+3.49 1.63"+0.19

Mean value of 4 replicate measurements + standard deviation

® different letters in a column are significantly different level (p<0.05) according to Duncan’s multiple range test
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(European Commission, 2011)

Table 4 The average of Escherichia coli bacteria determinated and average of levels of nitrate in green oak on 21

days under different treatments (3 replicates)

Treatment E. coli bacteria Levels of nitrate
determinated (CFU/g) (mg/g of dry weight)
1. Soil (control) 1.47x10" 1.30
2. Soil+vermicompost <1x10° 0.86
3. Soil+vermicompost water 6.3x10° 1.77
4. Soil+vermicompost+Azolla <1x10° 0.68
5. Soil+4zolla 1.75%10° 1.09
6. Soil+vermicompost+vermicompost water 4.2x10° 1.42
7. Soil+chemical fertilizer 1.66x10° 1.23
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©

(D)

Figure 3 Isolated nitrogen fixing bacteria were grown on Burk’s N—free agar group 1 (A) group 2 (B) selected

from vermicomposting fertilizer, incubated at temperature of 30 degree celcius on 7 days. The gram

staining isolated bacteria group 1 (C) and group 2 (D) appeared under light microscope at 1000X

magnification

Table 5 Biochemical test of characteristics of isolated nitrogen fixing bacteria (ME02) from vermicompost

biofertilizer compared to Azotobacter vinelandii (control), 3 replicates

Biochemical tests Isolated bacteria ME(02 A. vinelandii
Motility + +
Catalase + +
Oxidase + +

Citrate + +
Methyl red - -

Voges-Proskauer

Indole

+ positive - negative
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ABSTRACT

The purpose of this research was to study the mechanical properties of thermoplastic starch and poly
(lactic acid) combined with durian peel ash at 0, 1.25, 2.50 and 5.00 %wt/wt of durian peel ash to polymer blend.
The durian peel ash was made by dry grinding with the planetary ball mill. It was found that the particle size of
the durian peel ash decreased from 29.21 £ 2.46 pm to 11.19 + 0.62 pm after grinding for 1 h at 400 rpm.
Thermoplastic starch and poly (lactic acid) combined with durian peel ash were prepared using an internal mixer
and the test specimens were molded using a compression molding machine. Mechanical and morphological
properties of thermoplastic starch and poly (lactic acid) combined with durian peel ash were studied. The highest
tensile strength and elongation at break were exhibited in the specimen which had 1.25 %wt/wt of durian peel ash.
Tensile strength and elongation at break decreased with an increase of durian peel ash. Young’s modulus and
impact strength decreased with an increase of the amount of durian peel ash. The morphology of polymer blended
with durian peel ash as captured by scanning electron microscopy (SEM) showed that thermoplastic starch and
poly (lactic acid) were immiscible. Additionally, durian peel ash had a better distribution in thermoplastic starch

than poly (lactic acid).

Key words: poly (lactic acid), thermoplastic starch, durian peel ash, mechanical properties
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ABSTRACT

This research examines the potential in developing ground fly ash as a geopolymer material.
Geopolymer mortar ground fly ash with constant liquid to ash ratio was used for testing radiant flow value. Effect
of temperature, delay time of curing, concentration of sodium hydroxide (NaOH) and sodium silicate (Na2SiO3)
to sodium hydroxide (NaOH) ratio on compressive strength were investigated. Test results showed that the
workable flow of geopolymer mortar was in the range of 107-113% and was dependent on the ratio by mass of
sodium silicate to NaOH and concentration of NaOH. The geopolymer mortar ground fly ash with high strength
was obtained with concentration of NaOH of 15M (15Molar, 15M) with the sodium silicate to NaOH ratio by
weight of 1.5. Using ground fly ash as a geopolymer mixture, the compressive strength was gained by leaving the
sample for 1 h (delay time) before being put into the oven, and the optimum curing temperature was 65 °C in 1

day curing period.

Key words: compressive strength, delay time curing, ground fly ash, geopolymer, mortar, pozzolan
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ABSTRACT

This research presents study and design of low cost, high performance solar insolation measurement. The
proposed measurement system consists of a brightness sensor that can measure brightness of UV, visible and
infrared lights. Brightness values are then recorded into the data collection resources through the Arduino board,
and these parameters are compared with the standard values. The experimental results show that visible light
provided the best representative data for the standard solar insolation values with R® of 0.98, followed by UV and
infrared with R* of 0.97 and 0.94, respectively. As a result, visible light was used to form the equation for
determining the solar insolation, which was Isolar=246Xvis+ 126. The results also showed that the accuracy
slightly decreased when the number of data samples decreased with the error rate less than 1%. with relatively

low cost of 1,345 Baht (45 $US), which is 10-15 times lower compared to the standard measurement system.

Key words: solar insolation detector, low cost, estimation
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ABSTRACT

Growing industrial lettuce requires seedlings that grow consistently, have vigor, and can be harvested
right on schedule. Therefore, in the industrial lettuce production, seedlings with both quality germination and
vigor are necessary. Nevertheless, general lettuce seeds have low germination and vigor. This results in nursery
grown seedlings that grow inconsistently and can be easily destroyed by diseases and insects. As a result, the
production cost increases and the schedule for harvest cannot be controlled. From the aforementioned problems,
seed priming with microorganisms is an alternative to enhance the improvement of lettuce seeds. The four
repetitive sets of experiments were based on Completely Randomized Design (CRD). The experiment results are
as follows. All methods of priming used with lettuce seeds resulted in seedlings with better germination
percentage and speed of germination compared with non-primed ones. Moreover, the differences were statistically
significant. However, the differences in germination of seeds primed with water for 12 hours were statistically
insignificant in comparison with non-primed seeds. On the other hand, seeds primed with 0.4% of B. subtilis for
12 hours became seedlings with better total seedling length when compared with those primed by other seed
priming methods. Contrastingly, all seed priming methods did not show the differences in the seedlings’ shoot
length as opposed to non-primed seeds. It was found that primed seeds with 0.4% B. subtilis % for 12 hours
became seedlings with better total seeding length compared to primed seeds with other priming methods.
Nevertheless, the differences in the total seedling length of those seeds compared with primed seeds with water
for 6 hours and those with B. subtilis 0.6 % and 0.8 % for 12 hours were not found. In conclusion, seeds priming
with B. subtilis 0.4% for 12 hours resulted in seedlings with better germination percentage and speed of
germination. It also promoted the shoot growth and improved total seedling length in contrast with non-primed

seeds.

Key words: seed quality, seed enhancement, microorganisms
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ABSTRACT

The purpose of this research was to analyze the phytochemical screening, antioxidant activity and
preparation of lotion containing propolis extract from Stingless bees (Geniotrigona thoracica). The propolis was
extracted by reflux method with ethanolic extraction for 1 hour. The ethanol extract (EE) of propolis was
extracted with hexane and ethyl acetate, respectively, to obtain hexane extract (HE), ethyl acetate extract (EAE)
and residue extract (RE). In the phytochemical screening analysis, chemical composition of all extracts included
flavonoid, coumarin, saponin, terpenoid, steroid and cardiac glycoside. The result of antioxidant activity showed
that EAE had the highest antioxidant activity with the IC, value at 262.43 pg/mL and total phenolic content at
60.13 mg GAE/g extract. Therefore, the EAE was selected to prepare the lotion. Five formulations (F1-F5) of
lotion were prepared with various concentrations of propolis extract. All of lotion formula represented the oil in
water (O/W) type of emulsion and the range of pH with 6.12-6.50. The F3 lotion yielded better result than other
formula which revealed homogeneity emulsion and stability temperature changes at temperature of 30+2 and 4+2
°C for 7, 15 and 30 days. However, the efficiency of antioxidant activity decreased after being stored for a long
time. Based on this research, the data might be further used for the development of lotion formulations containing

propolis extract in cosmetic industry.

Key words: propolis, antioxidant activity, phenolic compound, emulsion, lotion
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2. HAMSEANALENESANAYIENUNTOND TR

Mmazay
MIANALEANTONDAAAITAI AT A181E

YU UAZIONADLHAN NUNATANANILTIU

A a = Yy i
ofiaozdan (EAE) Nilsuudosazasanagege

0 64.5 druasananeIUaIMansy (HE) Souas
31.9 uazansanaveuauin liazare (RE) Tuad
9 v
MazaeNaaoIsosas 3.6 19015190 3 A15aNA

a Y 2 o
Me1UNITBNRATIZTATA 8 laa ludlIniazale

naozdan tazazate lauisdiulwanau Iag
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ﬁﬂﬁﬁﬂ?ﬁﬁ%ﬁ1ﬂﬂ]®\‘]ﬁ1§ﬁﬂﬂﬁﬂ?ﬂﬁu@gﬂﬂ
9
ﬂ'JHJﬁUJWiﬂiNﬂWiﬁgﬁWEJ"U@QﬁWi@nMﬁﬂWW"UTU@Q
v o = ] ,1 Y I 1 1
a1tz vadInINIaT Y ‘MQUQ%i’VTLWH’NﬁWiﬁ?u

' g { ) ! 2
Tnajiluansnfianinaadinenoud 19599 (Montes

et al., 2003) D1HBININAIUYTENOUEIRDYUDI
NTONDAA IAINEIIUASITTUIIANT TN %

WaINYa19%¥Ua (Athikomkulchai, 2008)

v 9
msah 3 wawam%’eaagmiﬁﬂmwﬂmawaaaﬁ'wmﬁmzmam 3 ¥UA

MsaANATEIV e (M5%) Seuaz

Hexane (HE) 3.19 31.9
Ethyl acetate (EAE) 6.45 64.5
Residue extract (RE) 0.36 3.6

3. wam‘msmaeumsqumﬂﬁaﬁmﬁu

(Phytochemicals screening)
msnageudsngnuniiiosduvesves

A1sanane1y lasulianisnaaesualsnaggi

Id [ 1
(Secondary metabolites) 1wWuo nqQu hlﬁlm U9aN

v 3
3190 4 LaAIRaNINAdeUIHgNEATIUoIAY

J J a a
avea a1 Tauesd touns1ad luu guisy @11y
a a I J = J Ia
Hu unutu mestuosa dineIesa HazAI3aLD
J o aaa a
alnaln'led Taserdodfnsernisinadnio

Yo

&
ASNOU a;ﬂwamimaaﬂﬂmu

Sample
Test Ethanol Hexane Extract Ethyl acetate Extract Residue Extract
Extract (EE) (HE) (EAE) (RE)
Alkaloids - - - -
flavonoids + + + +
Anthraquinones - - - -
Coumarins + + + +
Saponins + + + +
Tannins - - - -
Terpenoid + + + +
Steroids + + + +
Cardiac glycoside + + + +

MREITHE AT OIHUIGUIN () HAAIINY 1A50IMINEaY () naaed iy

3
NARAMINATIUAITNNHIATITDIAY

YOIFITANANYIUNTONDAT WU IUFITANA

g}/ a 9 4 a
Me1UN9 4 ¥ila Usznouatenarliuooa AUITU

a = 4 = 4 Ia
$111UHY mostlused diReToea LAZAISALD
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s A 4 =\
a'lnalalsd 1Hi991n99Al)szno UM UATvod
a gi 1 [~ 1 4
nyewodauudu vaitluansTungurarToueea
1 o 4
1&un WarTrud (flavones) uwaz Wa1nTuud
) .
(flavanones) Wudu danuldvinluiy
4 d' 1 d" 1 é ds!
2915 NBUNATIINUIMAIT FIUHHINIINH
Y g’/ = a 3 g Y
FulsaiulingAnssunuimnunnnasaen 4
9y a ¥ ~ v v
lFiuermisdanadunueraniieanondu il
4 < o I
e ldgagsaveese 1udu (Athikomkulchai,

2008)
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4. HANITNATBUYNTAIUBUNADAITAIYIT

DPPH
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NMINAAOUYNBAIUOYYADATZVOIAS
3
o a % ] 4

ANANTONOAAURIANTU 159M8WUT Geniotrigono
. Yy as ~ Y [ ?x‘/
thorocica #3875 DPPH 1 149 10a3ananeuag
AU ATANANVAIUVDUTALE Y F1TANANETL
AIUVDUDNA BLHIAN LAZFNTANANNUAIUVD
PNIUBANNITONRATYITUTIY  Tasld

=

a a I
’miazawmmumﬂuﬁnagawmm;@m

H 1 % a A Q! a
msah 5 MIC,, ellf)\ifﬂiﬁﬂﬂ'ﬂEITIJ‘WSE)WE)ﬁﬁG]@QVI‘ﬁﬂHgﬁu@HEﬁﬂﬁi25

Samples and standard

IC,, (ng/ml) £SD*

Ethanol Extract (EE)
Hexane Extract (HE)
Ethyl acetate (EAE)
Residue Extract (RE)

Vitamin C

292.95+8.85°
>1000

262.43+8.54"
>1000

5.341+0.25"

v
HUELHA *ﬂ’ﬂllLLG]ﬂG]N“U’[’JW]’JE’Jﬂ“lel551TH16\‘1ﬂE]‘H‘]N%ﬁ\‘iﬂﬂmmﬂﬂN’l’]Eﬂ\‘iﬂJuﬂi‘hﬂfQ (p value < 0.05)

Tumsnaao Uy NANUTUTUYDIATN
= a a 9 a Sy
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(IC,) WanganodIsanaeIDaIMY0IONA 02 F
1N (EAE) 0g7 26243 luTasnsuaeiiadans

v v
SO9ANIADENTANANOIUAIAY (EE) 0g7 292.95
luTnsnsuroliadans Faumnareegaiiiodingy
(p value > 0.05) tiofSouounuInINUFNLN

(% g’.z v A a A d' Y 1
fsanareIuNIaeddallszansainintesni
FIUATANANGIVFIUVDUTNEY (HE) Lazas
o ' A v =
anaveruaIun luazare (RE) Januaiuisaluy

4 a A o Y
msarueyyasaszndilaglvia I1C,, >1000

v Y
TuTasnSunoiianans Aan13199 5 auiuaIsana
[ a a = A I
Ne1UaIUVDUDNA 0XHIAN (EAE) T9gnaeniilu
grunaulunmswavilasunaualsana
nsewoad
d
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a 4 a = a [%
15 1As1IEH Y5 IMHueans 1y A9
A Ay y " ) o
A135197 6 Nldanasanane1uaIdy asana
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d‘ IS a (% a
i 6 Ysunailusdniiuvesmsanansonoad

Sample mg GAE/ g extract
Ethanol Extract (EE) 35.21+0.93"
Hexane Extract (HE) 43.94+2.21°
Ethyl acetate (EAE) 60.13+2.28°
Residue Extract (RE) 38.22+4.85"

@ o
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LKA *mmummwaw‘ﬁé”nmﬂm15«1f]ym%ﬁdmmgmnmmawﬁuﬂm wilJu (p value <0.05)
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it luanaesuedihivdnyneada
11917398904 Piluzza and Bullitta (2011)
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7. HAMSNATOUANNAITNINYDI AT U

HAN1SNATOUAIINTNINADNIS

nlasunlasgungil Tasmanusau Tadu14h

gungll 3042 uay 42 °C 1Huna1 7 Yu 15 Fu 30

v v @

U ud1ay WuDTaTUSIAIlANLAIEIA 1)
a {’,’, = I dy = @ (= A
NAMIHENTY HaNudluiiaRedIny Ay
1 [ X I
pglur19 6.12-6.50 Fuiuldaruuiasgiu
AATINNTTULON 15-2561 (Thai Industrial Standards
Institute, 2018) FIADNNANWNIZANAUTNIN
A7 9 Phromyothin et al. (2016) la¥iMsnagow
o 1 = S o )
anuadInemsilasunilas Tasnusay Tasuy
v A 3 o o
Anguivigil 442 uag 252 °C Wlunan 7 9u 15 Ju

AU WU IUTZELLID 1NN

9 11
a o % L=\ E!' v
dafaruluinsilasuudasninin vuiaves

o—

AFUNINBULATHAININITNAABYT

! o

‘]Jﬂﬂuvl1ﬂ151/lﬂﬁﬂﬂhlijilﬂ1i

=Y
=
Lo
De

wasunilag



418 75815398 YH1INNDeNA 11 1ag51¥UIAaATI%Y 13(2) : 408-421 (2564)

M3197 8 wamInagouANUAIENIN Taduvesgashi 3 Aldunauansananwsewedd 0.1 wesidud

a

1 d‘ d‘
aamslasuuilasngumgil 3042 nag 4+2 °C

u

3 o { o o o
Gluﬂﬁ!ﬂ‘]JiﬂHWﬁigﬂgL’JﬁW 73U 153U 1ag 30 U

sTaza annz FHUAVDINS IC,, (ng/ml) £SD*
A >1000
AUUSH -
B 507.9240.29"
A >1000
QUNY 30 °C
B 715.76+4.13°
73U
A >1000
QUMY 4 °C
B 578.24+11.90°
A >1000
QUNY 30 °C
B 929.32+54.51°
159U
A >1000
QUM 4 °C -
B 762.55+4.39
A >1000
UM 30 °C
B >1000
307U
A >1000
QUMY 4 °C
B 929.32454.51°

HUYITIN 9715 A = Lotion without Extract

®13 B = Lotion with Extract 0.1%
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* ﬂ'ﬂll!,!,G]ﬂG]N"U’l’)QG]'J’l’)ﬂ‘H5ﬂTHTl’)Qﬂi]“H‘1_IQ“ﬁﬁﬂﬂ'ﬂmtﬂﬂﬂ%‘iﬂmﬂuuﬂﬁ1 o (p value < 0.05)
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ABSTRACT

The research aimed to experiment on the production of an easy chair formed by composite materials, to
test the strength of the chair, to design and make a prototype. The data were collected by 1) recording of
experimental results 2) compression testing machine, and 3) evaluation of design and prototype products. The
data were analyzed and expressed as means and standard deviations. The results were as follows: 1) The
experimental results for the chair made from composite materials showed (1) material formula mixed by weight
(grams) 2 : 2 : 1 : 5 (latex adhesive: plaster: fibers of elephant dung: water), (2) composite materials chair with a
width of 413 mm, a length of 406 mm, and a height 460 mm, and (3) material costs for the manufacture of chair
being 344.70 baht. 2) The results of the chair's strength test showed that the average maximum load on the chair
was 603.77 kg and the plastic chair 569.01 kg. 3) The design evaluation results indicated that the experts agreed
highly on both the overall and individual items concerning product and furniture design ( X =4.20). The prototype
assessment showed a good level of satisfaction in the overall item, and good to very good levels of satisfaction

were found in individual items ( X =4.41).

Key words: easy chair, elephant dung, composite material
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ABSTRACT

This study examines the effect of thymol essential oil alginate-based coating on quality of cooked Pacific
white shrimp (Litopenaeus vannamei) during the chilled storage. The samples were treated by 0.002% alginate
solution (ALO), 0.002% alginate solution containing thymol essential oil 0.1% (TMCO01), 0.002% alginate
solution containing thymol essential oil 0.5% (TMCO05) and uncoated (UCO0), then subsequently stored at 4 °C for
20 days. It was found that the quality of cooked Pacific white shrimp samples was affected by different
concentration of alginate (AL) and thymol essential oil (TMC) in coating solution. Results showed that TMC05
had the lowest changes in microbiological (total viable count), chemical (TVB-N, TMA-N and pH), physical
(shear force and cooking loss), and sensory qualities (p<0.05). This was followed by TMCO01, ALO and UCO,
respectively. Therefore, the result from consumer’ sensory satisfaction revealed that TMCOS5 was suitable for
preserving the quality of cooked Pacific white shrimp and could extend the shelf-life of such shrimp of more than
20 days. While the shelf-life of shrimp coated with TMCO1 and ALO were 16 and 10 days, respectively.
Additionally, shrimp coated with UCO had the shelf-life of 8 days (Considering safety of eating ready-to-eat

shrimp to total plate count of less than 5.0 log CFU/g.).

Key words: cooked Pacific white shrimp, microbiological quality, chemical quality, sensory quality, thymol

essential oil
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ABSTRACT

In this study, Grey’s Model (GM) was used to forecast the amount of suspended
particulate matter, which is smaller than 10 microns (SPM10) with 24 hour mean in Bangkok,
which is a famous tourist destination in Thailand. The predictive value of a small amount of
suspended particulate matter in tourism during an 8-year period (2551-2558 B.E.) and in the
next 5, 10, and 20 years (2570, 2575, 2580 B.E.) showed the two results as follows: Firstly,
there was increasing suspended particulate matter in some stations such as Ratchaburana Post
Office Station, Department of Meteorological (Bangna Station), Housing Authority Office of
Clong Chan Community Station, Stadium of Huai Kwang Housing Authority Station,
Nonsiwitthaya School Station, Chulalongkorn Hospital Station, and Bodindecha School
Station Sing Singhaseni. Secondly, there was decreasing suspended particulate matter in some
stations such as Bansomdejchaopraya Rajabhat University Station, Ministry of Science and
Technology Station, Department of Land Transport Station, MEA Substation Thonburi
Station, Chokchai Metro Police Office Station, and Housing Authority Office of Din Daeng
Community Station. The amount of suspended particulate matter forecast which is smaller
than 10 microns (SPM10)showed that if there are good control and management of
suspended particulate matter, the amount of suspended particulate matter will be decreased
and it will be good for supporting sustainable tourism and strengthening the image of the
country.

Key words: grey theory, suspended particulate matter, natural of travel’s province,
forecasting

INTRODUCTION

Tourism is one of the main incomes
of Thailand. There are high competitions in
tourism in  Southeast Asia. However,
Thailand has more advantages than other of the big problems of the capital city. It
Southeast Asian countries as its culture is comes  from vehicles and industrial
outstanding and unique. Also, there are factories such as carbon dioxide gas,
various types of tourism in Thailand such hydrocarbon, nitrogen oxide, suspended

population causes many environment
problems such as air pollution, noise
pollution, and garbage. Also, there is an
increase of criminals. Air pollution is one

as architectures, caves, waterfalls, local
culture, language, minorities, folk plays,
and natures. All of them are so important
that the government should support both
major cities and minor cities in Thailand to
be attractive and impressive in order to
bring a lot of tourists to spend time and
money there. Bangkok, the capital city of
Thailand, is still popular among tourists as
it can be seen that a number of tourists
entering Thailand during 2549-2554
B.E.were 36,172,138, 35,953,546,
35,110,693, 30,037,911, 38,222,903 and
43,763,002, tourists, respectively. The
number of tourists in Bangkok tends to
continuously increase every year and
higher than those in other provinces.
Additionally, the amount of increasing

particulate matter, lead, and sulfur dioxide.
The air pollution causes bad quality of air
and health. In this study, the classified air
pollution from the examination into two
types. The first type is “Total Suspended
Particulate: TSP”, which causes irritations
of respiratory and bad visuals. The second
type is “Suspended Particulate Matter:
SPM10”, which is the particulate that is
smaller than ten microns, can get into the
respiratory system of human being, and is
dangerous to sinus, oral cavity, larynx,
trachea, and bronchus. It causes irritation,
cough, sneeze and illness as well as
economics and social lost. The chemical
substance from industrial factories was
released into the air and the amount is
above the level of air quality control. In
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Bangkok, the suspended particulate matter
is smaller than 10 microns (SPM10) and
there is suspended particulate matter that is
smaller than 2.5 microns (SPM2.5), which
is above the controlling standard level and
dangerous to health. If the air pollution is
under control, it can be used as basic
information which is useful for preventing
and solving air pollution problems.

Grey theory is a model finding
trend of forecast value from many sources
of data, such as medicine, agriculture,
engineering, economics, and marketing.
All the data were made in grey model
(GM) by Deng (1989). Moreover, there
were further studies developed, such as
those from Yang and Wen (1997), Diyar
and Mehmet (2007), Dend (2005), Erdal et
al. (2010). The analysis of the GM is
suitable for data with uncertain formats but
GM is popular to use in accurate forecasts.
The GM considers the value of beginning
data to find parameter estimation and there
must not be so many data to be analyzed.
Therefore, the study of GM is suitable with
the SPM10 data from 14 stations in
Bangkok, and can be used to forecast the
amount of suspended particulate matter in
the future onward.

The GM is beginning data as equation (1) below,

x© {X(o)(l), xO(2)...., X(o)(m)}

MATERIALS AND METHODS

In the research, the GM was used to
analyze the amount of SPM10 in Bangkok
from 14 weather radar stations, such as
Bansomdejchaopraya Rajabhat University
Station (02T), Ratchaburana Post Office
Station (03T original), Department of
Meteorological (Bangna station) (05T),
Housing Authority Office of Clong Chan
Community Station (10T), Stadium of
Huai Kwang Housing Authority Station
(11T), Nonsiwitthaya  School  Station
(12T), Ministry of Science and Technology
Station (48R), Department of Land
Transport Station  (49), Chulalongkorn
Hospital Station (50R), MEA Substation
Thonburi station (52R), Chokchai Metro
Police  Office Station  (53R), Housing
Authority Office of Din Daeng Community
Station (54R), The Government Public
Relations Department Station (59T) and
Bodindecha School Station (Sing
Singhaseni) (61T), from year 2551-2558
B.E. totally eight years. Then the accuracy
of the GM was compared with mean
absolute percentage error: MAPE

D

Then find sum total value of primary data as the equation (2)

k

xU(k)=>xOi)k=12,...,m

i=1

(2)

And from sum total value of data is x® = {x®(1),x®(2)....,x®(m)}. It can find mid-range and

derivation of sequence of data in GM is

function will be as below,

x(k)+az"(k)=bh.

+ax® =b. Therefore, to find derivation of

®)

When a and b is parameter of the model and k is sequence of data as the equation (3)
To estimate the parameter by least sequence will be as below
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[a,b] =(B"B)"'B"Y,. 4)
0)(2) x© o) 29(3) 1
When Y, =[x©(2),x®(@3)...x"(m)] and B=| ° then calculate the new value as
_Z(l)(m) 1
following
20(k +1)= %(x(l)(k)+ xO(k + 1)k =1,2,..,m 1. (5)
To find forecast value of the GM is % (k +1)=(X(0)(1)—gje_ak +§, it can be written as
below

ROk +1)=xY(k +1)-x? (k)= (1—ea{x(°)(l)—gje‘ak k=12,..k-1.

In the sequence of data Z(l)(k +1) to find the original function for X(l), and

z(l)(k+1):%(x(1)(k)+x(1)(k+1)) (6)

: 1)
To find X (k) is to replace by exponential function. Mathematical estimation is an
alternative to find estimation and decrease mean absolute percentage errors as the equation
(7), that showed the most proper beginning value
) _ 23, 0(k) 4 22 4 ZAN)
z9(k+1)=—x"k)+ —=x"(k+1)——x"(k+2 7
(k+0)= 22X 0)+ 2 x0k+1)2 x c +2) @)

Estimation of properness is to consider the properness of forecast value of amount of

the SPM10 in Bangkok by errors as below

% ={e(1).£(2).... s(m)}

8)

— {x9(1)-£9) x9(2)— KO(2),..., X (m)—KO(m)}.
Then find mean absolute percentage errors: MAPE as below.

1m

MAPE:[Z

miz

RESULTS AND DISCUSSION

1. Data of the amount of the
SPM10 in Bangkok: Bangkok is the capital
city of Thailand and has the most
population. Also, it is the center of
education, transportation, bank and
financial, communication, and center of all
development. Bangkok has Chao Phraya
River flowing through and has many
important tourist destinations such as the
Grand Palace, Wat Phra Si Rattana
Satsadaram, Wat Arun Ratchawararam,

£(0) - x(i)
(i)

j ,fori=12,...,m,

Wat Benchamaborphit Dusitwanaram, the
Ananta Samakhom Throne Hall, Siam
Square, Madame Tussauds Bangkok,
Asiatique, shopping malls, and many more
tourist sites in Bangkok. The important
tourist spots and the data of the SPM10
collected in Bangkok were the amount of
the SPM10 in each station that tended to
increase and had air quality problems in 8
years during the years 2551-2558 B.E. The
14 weather radar stations in Bangkok are
shown in Tablel and Figure 1.
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Table 1 Amount of the SPM10 of 14 stations in Bangkok

Weather radar
stations

Basis information and general information

1. Bansomdejchaopraya Amount of the SPM10 was high in January, February, March,

Rajabhat University

November and December.

2. Ratchaburana Post
Office (Original)

Amount of the SPM10 was high in January, February, March,
October, November and December. Moreover, it was found that
the amount of the SPM10 during years 2556-2558 B.E. was very
high.

3. Department of
Meteorological
(Bangna)

Amount of the SPM10 was high in January, February and
December. Moreover, it was found that the amount of the SPM10
during January of years 2556-2557 B.E. and in February of year
2551 B.E. and in February of year 2555 B.E. was very high.

4. Housing Authority
Office of Clong Chan
Community

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of years 2551-2553 B.E.
and November to December of years 2552-2554 B.E. was very
high.

5. Stadium of Huai
Kwang Housing
Authority

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of year 2551 B.E. and in
June of years 2554-2556 B.E. was very high.

6. Nonsiwitthaya
School

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of year 2551 B.E. and in
June of years 2554-2556 B.E. was very high.

7. Ministry of
Science and
Technology

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of years 2555-2557 B.E.
and November to December of years 2552-2556 B.E. was very
high.

8. Department of
Land Transport

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of years 2551-2553 B.E.
and November to December of years 2552-2554 B.E. was very
high.

9. Chulalongkorn
Hospital

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of years 2555-2556 B.E.
and in December of years 2552-2556 B.E. was very high.

10. MEA Substation
Thonburi

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March, and in December of year
2551 B.E. and in November of year 2556 B.E. was very high.

11. Chokchai Metro
Police Office

Amount of the SPM10 was high in January, February, March,
November and December. Moreover, it was found that the amount
of the SPM10 during January to March of year 2551 B.E. and in
June of years 2554-2556 B.E. was very high.
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Table 1 (Continued)

Weather radar Basis information and general information
stations

12. Housing Authority Amount of the SPM10 was high in January, February, March,

Office of Din Daeng November and December. Moreover, it was found that the amount

Community of the SPM10 during January to March and October to December of
years 2551-2553 B.E.

13. The Government ~ Amount of the SPM10 was high in January, February, and March.

Public Relations Moreover, it was found that the amount of the SPM10 in January to

Department February of years 2556-2558 B.E. and in March of years 2551-2553
B.E. was very high.

14. Bodindecha Amount of the SPM10 was high in January, February, and

School (Sing December. Moreover, it was found that the amount of the SPM10 in

Singhaseni) January of years 2556-2558 B.E. in February of year 2551 B.E. and

in December of years 2556-2558 B.E. was very high.

Bansomdejchaopraya Rajabhat University Ratchaburana Post Office Station (03T
Station (02T) original)
500 | 2551 200 m 2551
0 ‘IILI.II_Ill_u._nu._.._..._a._-_lh_llL 0 sttt ]
Jan Mar May Jul Sep Nov I 2552 Jan Mar May Jul Sep Nov W 2552
(1) Bansomdejchaopraya Rajabhat (2) Ratchaburana Post Office Station
University Station (Original)

Department of Meteorological (Bangna
Station) (05T)

Housing Authority Office of Clong Chan
CommunityStation (10T)

200 | 2551 200 W 2551
0 liILLlu_l.Ih.lJnJ.ln....n_.Jm_nLu-IJ.llLLllLLlll.l 0 |.||In_|.|||IL|.|..L-.LL..J|||qu.JJ|-...hJ.H.|JII.u.I|m_l

Jan Mar May Jul Sep Nov I 2552 Jan Mar May Jul Sep Nov W 2552
(3) Department of Meteorological (4) Housing Authority Office of Clong
(Bangna Station) Chan Community Station
Stadium of Huai Kwang Housing Authority Nonsiwitthaya School Station (12T)
Station (11T)
500.0 m 2551
208 0.0 M
T T IS R PP T | ) 2551
" Jan Mar May Jul Sep Nov W 2552
Jan Mar May Jul Sep Nov
(5) Stadium of Huai Kwang Housing (6) Nonsiwitthaya School Station
Authority Station
Ministry of Science and Technology Station Department of Land Transport Station (49R)
(48R) 500
500.0 m 2551 | 2551
0.0 Lu._..u.._ln._n._-._..._.._...._..._m_nu_m.. 0
W 2552
Jan Mar I\/Iay Jul Sep Nov | 2552 Jan Mar May Jul Sep Nov

(7) Ministry of Science and Technology  (8) Department of Land Transport Station
Station
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Chulalongkorn Hospital Station (50R)

500

| 2551
0

m 2552

Jan Mar May Jul Sep Nov

MEA Substation Thonburi Station (52R)

200.0

| 2551
0.0

m 2552

Jan Mar May Jul Sep Nov

(9) Chulalongkorn Hospital Station

(10) MEA Substation Thonburi Station

Chokchai Metro Police Office Station (53R)

200

| 2551
0

2552

Jan Mar May Jul Sep Nov

Housing Authority Office of Din Daeng
Community Station (54R)

500.0 W 2551
0.0

W 2552

Jan MarMay Jul Sep Nov

(11) Chokchai Metro Police Office
Station

(12) Housing Authority Office of Din
Daeng Community Station

The Government Public Relations
Department Station (59T)

200
“ i | | M 2551
0

| 2552

Jan Mar May Jul Sep Nov

Bodindecha School Station (Sing Singhaseni)
(61T)

200.0
| | | ul M 2551
0.0

W 2552

Jan MarMay Jul Sep Nov

(13) The Government Public Relations
Department Station

Note Air quality index.

(14) Bodindecha School Station
(Sing Singhasent)

26-37 meg/m® 38-50 meg/m®
good moderate

51-90 mcg/m®
Start to have an impact health

Figure 1 Amount of the SPM10 from 14 weather radar stations

2. Model of amount of suspended
particulate matter in Bangkok: The GM
was used to find parameter and mean
absolute percentage error: MAPE in the
model of amount of the SPM10 in
Bangkok by forecast value showing
trending value of the SPM10 in the future

in 5, 10, and 20 years, which are 2565,
2570 and 2580 B.E. as the following.

2.1 Data of parameter and mean
absolute percentage error: MAPE of use of
GM in each station are displayed in Table
2.

Table 2 Parameters and MAPE of use of GM to find the SPM10 in Bangkok

Weather radar stations Parameters Errors
a b MAPE Relation error (RE)
1. Bansomdejchaopraya
Rajabhat University 0.0563 121.4482 14.0076 17.4197
2. Ratchaburana Post Office
(Original) -0.1250 29.5249 24.7768 51.8218
3. Department of
Meteorological (Bangna) 0.0222 78.6674 23.2480 39.5555
4. Housing Authority Office
of Clong Chan Community  -0.0377 45.8700 24.4011 50.3005
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Table 2 (Continued)

Weather radar stations Parameters Errors
a MAPE Relation error (RE)

5. Stadium of Huai Kwang  -0.0020 62.4334 18.3453 54.8669
Housing Authority
6. Nonsiwitthaya School -0.0424 56.1027 25.2768 57.4015
7. Ministry of Science and 0.1091 161.9240 34.7498 80.4171
Technology
8. Department of Land 0.0563 121.4480 15.1024 18.0336
Transport
9. Chulalongkorn Hospital -0.0033  100.93290 16.7806 19.0219
10. MEA Substation 0.0650 58.7330 17.7784 46.4297
Thonburi
11. Chokchai Metro Police 0.1266 68.5425 20.9162 58.1631
Office
12. Housing Authority 0.0497 120.2770 15.8988 18.8925
Office of Din Daeng
Community
13. The Government Public ~ 0.0051 69.8138 17.1696 31.4525
Relations Department
14. Bodindecha School -0.0173 47.7702 27.7297 64.6542

(Sing Singhaseni)

Table 2 shows that parameter “a”
has opposite value such as Ratchaburana
Post Office Station (Original), Housing
Authority Office of Clong Chan Community
Station, Stadium of Huai Kwang Housing
Authority Station, Nonsiwitthaya School
Station, Chulalongkorn Hospital Station
and Bodindecha School Station (Sing
Singhaseni). The parameter “b” presented
the same direction value in every station.
The MAPE showed the opposite result such as
Bansomdejchaopraya Rajabhat University
Station, Ministry of Science and Technology
Station, Department of Land Transport
Station, MEA Substation Thonburi Station,
Chokchai Metro Police Office Station,
Housing Authority Office of Din Daeng
Community Station and found that the
error relation value was in the same
direction in every station. However, if the
error value is considered from least to

most, it will be stated with Ministry of
Science  and  Technology  Station,
Bansomdejchaopraya Rajabhat University
Station, Department of Land Transport
Station, Chulalongkorn Hospital Station,
Housing Authority Office of Din Daeng
Community Station, Stadium of Huai
Kwang Housing Authority Station, the
Government Public Relations Department
Station, MEA Substation Thonburi Station,
Department of Meteorological (Bangna
Station), Housing Authority Office of
Clong Chan Community Station, Chokchai
Metro Police Office Station, Ratchaburana
Post Office Station (Original) and
Nonsiwitthaya School Station.

2.2The GM indicated trending
value of amount of the SPM10 in the
future in 5, 10 and 20 years, which are
2565, 2570 and 2580 B.E. as reported in
Table 3 and Figure 2 below.
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Table 3 Forecast model of amount of the SPM10 in the future in 14 stations

Weather radar stations

Forecast data of amount of the SPM10 in the future

1. Bansomdejchaopraya
Rajabhat University

Amount of the SPM10 tends to decrease in years 2561-2566
B.E. except in June, and in September, it is constant.
However, it tends to increase in July of year 2580 B.E.

2. Ratchaburana Post
Office (Original)

Amount of the SPM10 tends to increase in years 2561-2566,
2570, 2575 and 2580 B.E.

3. Department of
Meteorological (Bangna
station)

Amount of the SPM10 tends to increase in years 2561-2566
B.E. and will be increasing more in years 2570, 2575 and
2580 B.E. However, it tends to decrease in February, April,
June to August, and November.

4. Housing Authority
Office of Clong Chan
Community

Amount of the SPM10 tends to increase during January to
May of years 2561-2566 B.E. and will be decreasing in June
to August, and in November of years 2570, 2575 and 2580
B.E.

5. Stadium of Huai Kwang
Housing Authority

Amount of the SPM10 is high in January, March to May, and
will be increasing a lot in February, June and December of
years 2570, 2575 and 2580 B.E.

6. Nonsiwitthaya School

Amount of the SPM10 is increasing from January to May of
years 2561-2566 B.E. and will be increasing considerably in
years 2570, 2575 and 2580 B.E. The constant trending is in
February, and June to September

7. Ministry of Science and
Technology

Amount of the SPM10 is decreasing from January to
December of years 2561-2566 B.E. and will be decreasing
substantially in years 2570, 2575 and 2580 B.E.

8. Department of Land
Transport

Amount of the SPM10 is decreasing from January to May and
November to December of years 2561-2566 B.E. and will be
decreasing much in years 2570, 2575 and 2580 B.E. The
constant trending is in June and September to October.

9. Chulalongkorn Hospital

Amount of the SPM10 is increasing from January to May,
July and October to November of years 2561-2566 B.E. and
will be increasing a lot in years 2570, 2575 and 2580 B.E. The
constant trending is in June, August to September and
December.

10. MEA Substation
Thonburi

Amount of the SPM10 is decreasing from January to
December of years 2561-2566 B.E. and will be decreasing
significantly in years 2570, 2575 and 2580 B.E. It tends to
increase in February.

11. Chokchai Metro Police
Office

Amount of the SPM10 is decreasing from January to
December of years 2561-2566 B.E. and will be increasing
much in years 2570, 2575 and 2580 B.E. However, it tends to
much decrease in September.

12. Housing Authority
Office of Din Daeng
Community

Amount of the SPM10 is decreasing from January to
December of years 2561-2566 B.E. and will be decreasing
substantially in years 2570, 2575 and 2580 B.E. However, it
tends to decrease a lot in August.

13. The Government
Public Relations
Department

Amount of the SPM10 is increasing from January to
December of years 2561-2566 B.E. and will be increasing
considerably in years 2570, 2575 and 2580 B.E. The constant
trending is in February and June to December.
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Table 3 (Continued)

Weather radar stations Forecast data of amount of the SPM10 in the future
14. Bodindecha School Amount of the SPM10 is increasing from January to
(Sing Singhasenti) December of years 2561-2566 B.E. and will be increasing

significantly in years 2570, 2575 and 2580 B.E. The constant
trending is in June to December.

Bansomdejchaopraya Rajabhat University Station Ratchaburana Post Office Station (03T original)
(021) 1000
| 2561
200 W 2561 0
0 |.|ll.l_-.l_|.|.Lllu_-.|_|-u_-.I_.-._-.|_lll.I_|-._-.|_
I 2562 Jan Mar May Jul Sep Nov I 2562
Jan Mar May Jul Sep Nov

(1) Bansomdejchaopraya Rajabhat University (2) Ratchaburana Post Office Station (Original)
Station

Department of Meteorological( Bangna Station) Housing Authority Office of Clong Chan
(05T) Community Station (10T)
8 W 2561 2008« 2561
Jan Mar May Jul  Sep Nov Jan _Mar Mav  Jul Seo Nov
(3) Department of Meteorological (Bangna) (4) Housing Authority Office of Clong Chan
Community Station
Stadium of Huai Kwang Housing Authority Station Nonsiwitthaya School Station (12T)
(11T)
1000 m 2561
208 | . | 2561 °
Jan Mar May Jul Sep Nov I 2562
Jan Mar May Jul Sep Nov

(5) Stadium of Huai Kwang Housing Authority  (6) Nonsiwitthaya School Station
Station

Ministry of Science and Technology Station (48R) Department of Land Transport Station (49R)

200 | | 2561
0

m 2562

100 2561
0 i e e e

2562

Jan  Mar May Jul  Sep Nov Jan  Mar May  Jul Sep  Nov

(7) Ministry of Science and Technology Station  (8) Department of Land Transport Station

Chulalongkorn Hospital Station (50R) MEA Substation Thonburi Station (52R)
500 200
W 2561 W 2561
0 0
2562 2562
Jan Mar  May  Jul Sep  Nov u Jan Mar  May Jul Sep  Nov u
(9) Chulalongkorn Hospital Station (10) MEA Substation Thonburi Station
Chokchai Metro Police Office Station (53R) Housing Authority Office of Din Daeng

Community Station (54R)

100 I 256
0 A 200
0

m 2562

T —_— W 2561
Jan Mar  May Jul Sep  Nov

Jan Mar May Jul Sep Nov

(11) Chokchai Metro Police Office Station (12) Housing Authority Office of Din Daeng
Community Station
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The Government Public Relations Department

Station (59T)

2000
o | wt | 2561

Jan  Mar May Jul Sep  Nov

(13) The  Government  Public  Relations
Department Station

Bodindecha School Station (Sing Singhaseni) (61T)

5000

| 2561
o ImI_.

Jan Mar May Jul Sep Nov W 2562

(14) Bodindecha School (Sing Singhaseni) Station

Figure 2 Forecast the amount of the SPM10 in the future of each weather radar station

2.3 Research Result and Discussion: The
GM showed that the SPM10 forecast value
in Bangkok was close to the real value.
The forecast value can be increased,
decreased or constant. However, the
forecast value of the GM can be used to
find the way to support tourism, to
encourage tourists to preserve the
environment and keep it clean. Also,
tourists can work with the community in
each province to take care of the air
quality, join the campaign of preserving
environment by not burning garbage,
campaign of planting trees along the
roadside in order to let them absorb the air
pollution, campaign of keeping any area
clean for good scenery, and join any
project involved that will decrease amount
of the SPM10 in the future. Related
research is as follows. Wongphan (2018)
stated that the pollution control department
has a mission to measure and manage air
quality in Bangkok (Pollution Control
Department Bangkok, 2017). Standard
values affect the health of people and the
image of Bangkok, because this capital city
is the tourism and economic center of
Southeast Asia. Phonviboon et al. (2014)
claimed that rapid economic growth,
enhanced agricultural productivity, and
particulate matter of less than 2.5 microns
emissions in the northern cities of Thailand
have been increasing. Emissions of
particulate matter have brought a series of
public health concerns, particularly chronic
respiratory diseases.

The forecast information amount of
the SPM10 in Bangkok showed that there
are three trending values that can be
compared; such as increasing value,

decreasing value and constant value.
Therefore, the data can be used as basic
information for involved organizations in
order to make advantages in economy,
society and environment, especially major
tourist destination provinces.

1)In Term of Economy: the
statistics showed that air quality in
Bangkok is still a problem because there is
still over standard value every year.
Therefore, the government and the private
sectors should have a policy to control the
amount of the tiny SPM10 to meet the
standard and to be safe for health. In
addition, all the SPM10 resources should
be kept to decrease the SPM10, and an
effective air management should be
planned. Then there should be tools and air
quality examination.

2) In Term of Society: air pollution
problem is an important problem of tourist
destination cities. The vehicles in big cities
have increasing and should be controlled
and the motors should be examined.
Moreover, there should be a campaign of
safe driving and riding in order to keep the
image and quality of good life. Then, the
society in the tourist destination provinces
will be better and health of the population
and tourists will be good. Related research
is as follows. Rodthanee (2015) found that
air conditioning buses had the highest ADI,
followed by minibuses, public vans, MRT
and BTS, respectively. These may be
influenced by other factors, such as getting
on and off the vehicles of passengers
during the trips, traffic conditions etc.
Based on the results, improvement of the
vehicles ventilation systems together with
cleaning up the vehicles cabins regularly
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was  suggested,
conditioning buses.

3)In Term of Environment: the
amount of suspended particulate matter in
Bangkok showed that the SPM10 from the
factories in the big cities has an impact on
tourism. Therefore, there should be campaigns
and projects to manage the environment
properly in order to support tourism
sustainably and make good image of the
country.

especially in air

CONCLUSION

Use of the GM Model to forecast
the amount of suspended particulate matter
(SPM10) in Bangkok from 2561-2566 B.E.
and suspended particulate matter value in
the future can be analyzed and compared
as follows.

1. The result of the SPM10 forecast
amount showed that the amount of the
SPM10 are rising in the following stations;
Ratchaburana Post Office Station (Original),
Meteorological Department of Bangna
Station, Housing Authority Office of
Clong Chan Community Station, Stadium
of Huai Kwang Housing Authority Station,
Nonsiwitthaya School Station, Chulalongkorn
Hospital Station, The Government Public
Relations Department Station and Bodindecha
School Station (Sing Singhaseni). The
amount of the SPM10 in the above stations
was growing because of the increasing
vehicles, with the SPM10 coming from
those vehicles. This problem has a direct
impact to health. It can cause allergy,
pneumonias, cancers, or respiratory
diseases and has an impact on the
environment.

2. The result of the SPM10 forecast
amount indicated that the amount of the
SPM10 are reducing in the following
stations; Bansomdej chaopraya Rajabhat
University Station, Ministry of Science and
Technology Station, Department of Land
Transport  Station, MEA  Substation
Station, Chokchai Metro Police Office
Station, and Housing Authority Office of
Din Daeng Community Station. The
amount of the SPM10 in the above stations

was decreasing because there is good
management. For example, big factories
have efficient environmental management
and give advice to middle and small factories
(SMEs) to have friendly manufacturing to
environment and community, as well as
support to have an association of suspended
particulate material groups in order to
solve pollution problems in the area. Air
pollution values in each station in Bangkok
showed that some stations had good values
while some had fair values of air quality.
This was consistent with the forecast
model showing the increasing value.
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ABSTRACT

This research examines the activated of asparagus seed germination with the combination of electric
field and ozonated water technique. It aims to explore the germination rate of asparagus seed and the length of the
root in comparison to non-stimulated asparagus seeds. The experiment was conducted using the 1-5 kV/cm
uniform electric field for a period of 20, 25, and 30 minutes and the 0.5-2.3 ppm ozonated water for a period of
10, 20, and 30 minutes, respectively. The result revealed that in terms of the germination rate of asparagus seed
and the length of the root, asparagus seeds that have been activated with the combination of electric field and
ozonated water technique have the best result. The combination of using the 3 kV/cm electric field for 30 minutes
and the 2 ppm ozonated water for 20 minutes obtains the highest seed germination rate at 98.45 percent and the
longest length of the root at 1.8 centimeters. Comparing to the nonactivated asparagus seeds, asparagus seeds that
have been stimulated with the combination of electric field and ozonated water technique yield a better seed
germination rate of 29.45 percent higher than non-stimulated seeds and a better length of the root ratio of 88.88

percent longer than non-stimulated ones.

Key words: ozone, electric field, germination rate, asparagus seeds
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ABSTRACT

The objectives of this research were 1) to gather knowledge on dye plants in the community, 2) to
develop natural dyeing process from local natural materials for hand-woven pattern work of the community, 3) to
study the durability of natural dyes to light and for washing, 4) to design and develop hand-woven textile products
from unique natural colors of the community, 5) to design the product tag that can promote community marketing,
and 6) to promote planting dye plants for natural dyeing. This study investigated pigment from dyes plants in Ban
Mae Kee Mook community, Ban Thap sub-district, Mae Chaem district, Chiang Mai Province Natural dyes
technique was used and durability testing was employed prior to product development and marketing testing. The
results of research found that 14 kinds of dyes plants were found in Ban Mae Knee Mook. They provided 5 color
shades: red - pink, yellow, green, orange and brown. The color fastness to artificial light and to washing was at
level 4 which was acceptable according to Community Products Standards, except dyes from Anatto, Sappan and
Alum tree. The natural dyed yarns were woven with traditional pattern and arranged in new elements. Then, the
products were designed under the concept "Adding value of woven fabric to make fashionable and contemporary
style products to urban context". The products consisted of clothes with different six applied pattern and bags with
three contemporary styles where the products met the requirement of cultural-product consumers. The product tag
was designed for recall and re-purchase purposes. Moreover, planning for planting more dye plants in the
community were developed for future dyeing. Therefore, if the community continues planting dye plants and

stops cutting, the community’s ecosystem will be completely restored.

Key words: plant coloring, natural dyeing fabric, cultural textile products, Jok woven fashion
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Genetic Variation of Garra cambodgiensis at Yang River (Tributary of

Nan River): A Case Study of Silaphet Waterfall, Nan Province
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ABSTRACT

The question of this research derived from personal observation on the distinctively smaller size of
Garra cambodgiensis at Silaphet Waterfall compared to those in other rivers. We hypothesized that the
phenotype might be caused by the genetic effects. The small population size and absence of gene flow can lead to
inbreeding and reduction in genetic diversity.Small body size of fish is one sign of inbreeding. Therefore, this
study aimed to assess the genetic variation of G. cambodgiensis from three sites: Silaphet Waterfall, Donmoon,
and Yuu in the Yang River, Nan province by using five polymorphic microsatellite loci. The genetic diversity of
G. cambodgiensis from 3 sites was not significantly different (p>0.05). The Effective population size (V,) in three
samples was large and there was no evidence for recent bottleneck events in these populations. The genetic
differentiation, the Analysis of Molecular variance (AMOVA) was Fixation index = 0.01189 (p=0.01466). The

genetic distance was the highest (0.241) between Silaphet and Donmoon. According to the pairwise F., the

ST

Silaphet was significantly different from Donmoon. The cluster and gene flow analysis found that the admix
genetic and 3 samples were not distinguished. Pattern of genetic differentiation can be explained by the
contemporary stream network R’=0.728. We discuss the results on the hydrological complexity that may imprint

upon patterns of genetic variation of G. cambodgiensis in the Yang River.

Key words: Garra cambodgiensis, genetic, microsatellite, Yang River, Nan River
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2. msannziluvesfinms
-] Y as . @

ANARIDUIDAIYID Salt extraction AaLdlag
91N35U04 Aljanabi and Martinez (1997) Jad/una
e Taamaiinddnlas Tl FauuezmIsana
1% deasedian Ias IS Fauuuueu (BIO-RAD
SubcellGT, Italy) ttazriunszua lih 70 Tran
< A o y 1 Yy oy
Wnat 45 1 vaamniuihuneaudoudie
Fdouadue (FluoroVue Nucleic Acid Gel Stain,
SMOBIO,  Malaysia) U3 14IUAD W 1Y
UgfnsergnTanednesisa (Polymerase  Chain
Reaction; PCR) Ta81A3 99 Thermal cycle (BioRad,
MJ Mini Cycler, Italy) a28lulasusnmalan s
A lalimsaauovadglosmaud laun
GC203 (Jaisuk et al., 2014a), HOLN (Kirchner et
al., 2014), Gar3, Gar6 a2 Garl3 (Su et al., 2013)

d’ == 14 a

(®1519% 2) a1sazareiizers 10 lulnsans
isznoudreaduedunuy 1 lulasaas (anu
wudu 10 nTunsusae lulasans), 1daisazare
Naos (i-taq PCR Master mix Solution, iNtRON
BIOTECHNOLOGY, Gyeonggi-do, 1mM#1ald) s

a 4 v
luTasans Inswes Forward 1ag Reverse 06198

0.2 luTas Twa igdnsilszneudie 1. guugiinih

I (2 .
T anefdueenoenINRU (pre denaturation) 94
paFALKed WIW 2 WIN UIU 1 TPU 2.
AA o Y a a @
gungunyildaisqiduieusneanaIniy
(denaturation) 94 VIAUKATHA 11U 30 IUIN 3.
Aa P P o a g y v
guuin lnSwesuuneznuaediouionsay
) [ I'4 I'4 .
o 114‘31J‘I@ﬂu|,1/\|’imﬂi (annealing temperature; T,) 54
DIFUFATYE U 30 I LAz 4. ANNN Taq
[ a g 9 I aa
Polymerase ¥oua1eatdue Iiauysaliilumioue
GCATANEY (extension temperature) 72 SRGAIG GIG R
WU 30 UM (To 2-4 $14IU 40 TOU) 1Az 5.
a A g Y 4 .
Qmwgu%umﬂmaumiwﬁuy‘sm (final extension)
72 eeAUsALeE WU S W WU T FOU
a [ == o o ==y 4
AsAUNANAUNNIHDIT lagiid1sazatenaels
a Y A ad =y ]
WuenVUIRfL WA IamnataaEn Ias WS wan1u
. J s Y A
polyacrylamide gel 6 1D51HUA AIBIATOAULNTTS
Y
WUFNTINFHALUIAY (Mini  PROTEAN®Tetra
o 1 w L] A A o o
Cell, BIO-RAD) 1a4@2081a101A35124 9 11 i)
(First BASE Laboratories Sdn Bhd, Selangor, J4a
= o {’,’, o 9 = |
@e)  wasniuwihdeyad Tulniuiasivaeu
a g Y
V1AL WA 1U51NTN GeneMapper software
version 3.0 (Applied Biosystems, Foster City, CA,

215M1)

d' o v A = J 1 4 . g o [l
319N 2 amumﬂaia"lmeumg]"lmmm 118¢ annealing temperature (T,) vod luTasusnma'lan 5 duma

voswmus  aeutnalelng s’ 3’ T,(C) 91994
F: GTTCTCCAGGTGTGGATTTCTC
GC203 54 (Jaisuk et al., 2014a)
R : AACATACACTCACAGTTTGGCCT
F : ACTGCGCTCGTACCCTATG
HOLN 54 (Kirchner et al., 2014)
R : CAGCAGCCGGTAAATAGCTG
F: ATTACTGATGCTCCCG
Gar3 54
R : GTTGCTGCTCTTGTCC
(Suetal., 2013)
F: GCTTTACCTCCATCGC
Gar6 54

R : GTCACTCCACCAACCC
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M5190 2 (99)

Yoswmua  aeuiinalelng s’ 3’ T,('C) 91304
Garl3 F : ACTCACGCAGACTCGC 54

R : GACTACAGAAATAGGGTT

a Jd Y
3. M3ANTIZHIveYa

UssiunNUnaINMaIeN 1N UENI T
mMaluilszrnsnnmsIuIueaaanoA LI Ua (4)

9 9
anaamols lsTndh (Ansama sty Tndaanms

4

duna: H, angamnals lsIngannnisaanune:
H) uagf1 Fixation index (F) laglisunsy
GenAlEx version 6.1 (Peakall and Smouse, 2006)
1 allelic richness (4) 91n1U5UN3Y FSTAT
version 2.9.4 (Goudet, 2003) NAFOUNTIL IV

=) d ad a 1
MINANAAEIA- 1111150 Taomsisziliuna exact
p-value #1287% markov chain M1135U89 Guo and
Thompson (1992) #1611/511n31 GENEPOP version

[ o ] I
4 (Rousset, 2008) Ususzauanuunziu (p-
a ¢ ¥ ¥ v
value) AATIZHEIMA19ATI (multiple test) @Y
. . . 9
Bonferroni correction (Rice, 1989) 19 T1lsunsw
NeEstimator version 2.01 (Do et al., 2014) SIEEARNLY
1UIY effective population  size W) nadou
1 @ 1 k2

dniiznovialunqualedianle Tdsunsy
Bottleneck version 1.2.02 (Piry et al., 1999) NAg9U
ATNUANATIVOITLAVUAIINHAINH AN

ugN330TAENIINANOY Mann-Whitney U
Usziiuanuulsdsiumaiugniswy
seri19lsensneunununlslsiunielu
Yszr1ns nadevaoumand O, senIg
720819 Tag1Usunsy ARLEQUIN version 3.11
(Excoffier et al., 2005) ATLHLHNNNWUFATTY
(genetic distance) 11511053 GenAlEx version 6.1
(Peakall and Smouse, 2006) f1 Genetic differentiation

(pairwise Fy;) NAADUANULANANYBIANUDO AR

1 ad
"llf]\‘ilmagﬂiz"]ﬂﬂiiﬂﬂ Exact test 91UIATUDI Guo
and Thompson (1992) (Dememorization = 1000,
Batches = 1000, Iterations per batch = 1000) 91
T1J5un353 GENEPOP version 4 (Rousset, 2008)

1 o [ I
tazl5uszaunNU19ZU (p-value) Bonferroni

a 4 ] o 4
correction (Rice, 1989) UATITHANUTUNUTD
FERINANVANNNNUFNITY (F) NUITAY
[ [ ?,’
in3eU1e0u1u 1828115005y STREAMTREE
a 4 [ 1
(Kalinowski et al., 2008) 1tagATIZHMIIANGY
1 = Y
LLE’I%ﬂ'l'iﬂ']fJL“V]EJuﬂ’JfJIﬂiLLﬂill Structure 2.3.4
v '
(Pritchard et al., 2000) 91AUUMIAANISEANTMNS
1] a [ o [ ] 1
Lﬂuﬁm%ﬂﬂl@umasmamﬂmmazﬂquiﬂﬂ

Tdsunsuy Pophelper R version 1.0.10 (Francis,
2017)

Aav a d
NAN13IVELUALIDITIUNA
1. anuranraamelulszmnnsvesngs
08N

A RS

msearu1eluTasusninalanng s
o 1 =
A Jaanzvangduuuluynlszng Tae
= Al d' B = % dy o % ' d‘
UAuRdeAIgadIgega Aall S1uIuI91IRdY
(V) TA0g5E 119 25.2020.37 (116) - 41.80£0.20

Y

ANANFAUNTT) ANURAINUAIGNNHUFNTTUT

1 o ]

Anndeded S1uausaadef ML (4) Loy
321319 11.80<1.02 (118 - 12.6020.60 (W19
ADUNET) 5@?16, A1 effective number of alleles )
UA104521919 6.770.83 (ThuasuyA) - 7.630.64
(ﬁMﬂﬁauWﬂﬁ) 9aaa, A1 allelic richness (4) UA1

. . y A
0YTTHINT 11.24£0.95 (U1ANADNUNYT) -
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4
11.69+2.04 (1uf) dada, AnsamelsleIndd
MINMIFUNA (H) IA19g321I19 0.56+0.05 (111

¥ =) 1
ABUYA) - 0.70+0.03 (UIANADUNET) ANTAND 13
Qdﬁl = 1 1 1
Tl Tndavinnsaianuie (H) UA10g521919
E a
0.84+0.02 (T uavUYa) - 0.87£0.01 (1ANfAAI
1 o [} c’;‘/ <3 o 1
INFT)  NQNAIDYIINNY 3 JANUAIDIILAY
nannaten1enugnssuntelunguaiedis lu
1 % = d’
AN (p>0.05) UAURAIAIUHAINHAIINA
9
o @ U U I [ Y
WUFNITNVeINe 3 aguianiu 4 iy
12.33£0.57 A1 4, 1NN 7.14£0.40 A1 4, 1M1
10.54+3.40 A1 H, 1NNV 0.63+0.04 LazA1 H,
910 0.85+0.01 (115197 3)
INTOINNIBNRUTNTTY 4 Awrualinig
= =) d acd 1
Wewuuanduaasia-1idsnluuisngu
[l [ @ 1 4 a y
#1081 Tagnulunguarediaandaunssn
AUNUQ Gar6 NENAI08 1T IUABUYANA NS
Gar6, GC203 118z HOLN taznguinugndmiia
Garl3 M1399NNAUYANNAGIHUITAUTAND
Qt!y ' '
15l TndAvinmsaanane (H) 1Inn1Agane
Y
Ts'laTn@avinnisdauna (H)  (heterozygosity
deficit) Fanaasnalunquilszmnstinnenno1s 1oy
1 § Id 1
Tnaoan1NA259213 1AL 91AAY Fixation index
A A g =K A
(F) nuAuaaeduuin (F,=0.26+0.04) 1eaInal
U d‘d d‘ v A \ o
MIFINNUVIYsErInTNiAINDoaan19n Y
9
(Wahlund effect) (Hedrick, 2011) U®nNIINUUNT
1521UUIUIU effective population size W,) WU
NANQUAI9E19Y N vinalug (A1gegaeglu
5¥A infinity) taz liwumsiiangaovialunn
NQUAI0E19
a a a H a
mswuda@enuluusnanihanfaunys
. y
HAZUI U VoI IANNHAINHAENIY

@

I 2 ¥ =
u“gﬂimqammﬂuwammﬂiumnmumﬂme

1
a % =

mediue NN Naegedyed 19Ny

£l £l

2

I A A A 1 Aaa
L‘]JuNﬁﬂ‘]Jm@\ill”lmﬂLLﬁﬁ\WlElfJiJﬂmﬂ”IWVlﬂiJﬂ’JﬁJ

U a

4 ¥ y %:I a
gavauYsalAIean NN TagseuiianAa NS
I~ ¥ { 1 U ] a
Wununthisuwavesduldlva Hlvadu

[ 1 9 1 I 1 [
adusuFomruIzaem il uuatendeveosilal
151506191 a1deHU AINTANYIVI Neville er

al. (2009) MNUNVUNAUALAVNINYDIHAIND Y

E1)

Nﬁﬁi@ﬂ’31ilﬁﬁ1ﬂﬁa1ﬂ1/lﬁﬁu§ﬂ‘iiiﬁij ‘]JE’IH“VI%’W

(Lahontan cutthroat trout) 88\ ilisd1Aynada

. A X 4 voA
Taon1 4. uaz H, Wuyuioviiaurasned vy
49! g’/ I a A
V1 wenInUueInilumanINFIINIvBIlan
S A d'd 1y 4 1
AerunlmsnauiugneliluggduTagnmnis

Y Y 1 ?.I o 30’ 1
TuggrimarniFnanigeaniuurenudiiign
< A A Vo o A a v
vl Temanne nuwuglandsiuazauisodi
[ %‘ [l o a ~ ] [
rurheriga llsausnanmnzanaenisana la
& A ) A o Y Ao d A A v
FUNUNTIINIT e eN T Irasuitloadne

[} = a Id R =
ladandsdwiulanssouniiaoseragn
¥ 1 (%] 1 1
aszuatiniam livsedieeuliunsnszaie 114
Y ¥ 1 U
NIAaAa1u1 (Jaisuk et al, 2014b) IFUIAINY
= ¥
MSANBIVDY Barson ef al. (2009) USmiirlugg
9 '
wmaniyTomaldainiaungs  (Poecilia
[ %,‘ [ A
reticulata) YPNANING D IOUITINATUAINAYIS
aawalflatimsunsnszaell1dlna
drsumslseueunuanurainvale
Y 1 %
mawugnssuvestlanasriuluninudinheny

a A A AL ' o
Uandenulununoug nul1seaunly
WAINUAENIHUFNssuRANUTAIADUT 1IN
Uanderulunsnadug AInsAnEIved Jaisuk ef

A A a Y g 1 A
al. (2014a) a1@eiu VSNAUIENIE 9.1i010a0
[ Jd o [
2111 910 TuTasusmmalan 3 dwmia wodan
=S = =\ 1 [ v A 1 = ] ]
@orull 4 M0 4-7 9aaa, A1 A, UA10YIZHIN
0.750-0.893, A1 H, UA19EILNI 0.715-0.827
Y '
Jaisuk er al. (2015) Yaudeniu 5 uraaluiun

] A ' J o
9.U9INaD 3. UTU mﬂ"luimmmm”lammm 5

]
S 1 = a0

Aurue wuandenuinnge 4 Ua1e

e

3¥¥I19 5.80-8.00 6090, A4, UAIBYITNIN

U
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3.60-4.65, A1 A UA10YITNIN 6.70-8.16, A1 H,

o

UA10gI2NI19 0.622-0.720 azA1  H, LAy
FENIN 0.694-0.773 UAg Jaisuk e al. (2014b) 1an
@efiumnnuSnaguihney e.Feanare 1.41u 91
TuTasugmma’lan 5 dwmis nuilar 4 sveg
5ENI19 6.00-10.40, A1 4, UANBYITENIN 5.90-8.66,
A4, NA10g521I193.91-6.66, A1 H, NA10Y
5ENI1 0.56-0.67, A1 H, UA10YIZ1IN 0.73-0.83
MINVANUHAINHANNHUFNTTY

o [ (=} 4
1 N, e lngiuas lifidsingmsainevia

U @ 1

vy 1 1
lunaudiedredandsiuludiitgrauaaie

a

9 = @

o A 9 < v 3 o '
Jodunannuvnaddanudvziuauaniona

=1 ' 9 I @ 3},: ~ o 1 ]
NvaaeutIvEan asiulunsalvesmsiive uy
o o ¥ 1 o A U
ugludniheis sz wugiveaesgn
J 1 1 ¥ a ¥ a
WUFAUGUUAQIFITUFIAUUO1VADINIITYN
AOYANNNUFNITUTIWNDANHULNAUNINIAZ
= ~ 1 1] ' Vo d A

nalsnanmnzauaensiune uliugiive

Kl

%
Aululszring

H 1 § 1 w 4 o 1 U
ﬂ'li]Qﬁ 3 AuRdYILazaA1 SD GllENﬂ'J'lll“l’ifﬂﬂﬂﬁ'lﬂ‘VIN‘Wuﬁﬂiﬁlﬁl@\il‘llﬂﬂiu%ﬂlﬂﬁqﬁ% 5 AU Gl.uﬂqu

% Ll = a o %’ 1
areg1aanasriuluaiiens

NQNAIBENY ThanAa Ny thunouya thudl AundeIIw
Aundo N 41.800.20 31.20+0.37 25.20+0.37 32.73+8.41
A 12.60+0.60 12.60+1.40 11.80+1.02 12.334+0.46
A, 7.6320.64 6.77+0.83 7.0320.69 7.1420.44
4, 11.24+0.95 11.67+3.44 11.69+2.04 11.5320.25
H, 0.7020.03 0.5620.05 0.640.08 0.6320.07
H, 0.87+0.01 0.84+0.02 0.85+0.02 0.85:0.02
F, 0.190.03 0.3320.08 0.2520.09 0.2620.07

It

NUB1HE) TIUIUAIDEI (V) TIUIUTAAAADALNU (4) AN effective number of alleles (4,) A allelic richness

Y 4
() angamno s lg Ingaainmsduna (£) angamols ko InFaainmsaianine (H) waza

Fixation index (F,)

2. ANMUANA NN IINUENFINITH N 52905
ﬂijuﬁaaénﬂmmﬁaﬁuﬁa 3 NguNAY
HANANNIIHUFATIN (A1 Global F,, = 0.01189;
AMOVA, p = 0.01466) Minadauanuulsilsiu
NNWUFNTTH AMOVA WU 1.19 1oifud voq
A21uulsUs1UAANANNUANATITS 19
UYszang uaz 9881  11efiFud veaniwy
mlsismAiRannanuuanaes I Fn lu

U515 d1MTUNITNATOUTLILHIINIA

WUFNTIN sumﬂa:m‘h@sinﬁmﬁ’@ﬂ"lﬂumﬁ’qﬁ
0.130 (huasuya:1ug) 0.139 hanAa N
ud) uaz 0.241 (ﬁmﬂﬁmmmzﬂ’mmuga) WA
ANNANTENINGUBINGUAIDEIT 3 UNEIAIY
pairwise Fy, WunguiIedathandaunysiinam
HANANN NN UENTTUAUNGUAIE 1T IUABUYA

1 @ l

ua lig1eernnguatedietiiug nguaiegieriiu

q

9 [ o =
ﬂauagauazmui”lumqﬂu ®INNN 4) wWang

ANT12HNITTANGUUAZNITANOINDUYDING Y



M5815298 YH1INDeNA 11 1agT1¥UIAaAI 1% 13(2) : 501-513 (2564) 509

(Z [}

v
@I0819N9 3 AGUNUNAUIFNUDIUAALNQN
% 1 =\ U -7 1
aegnlimslzduluszauiugnssuuas luuen

v
PONIINAU LAAIDINMIDNGBUTLHINNT 3 NG
Y
TagN5UIAUDVALUING I ULADEAI98199D 4
Y
uAazNgUITUTZNOUAIGHUFNTTNVOINT 3 NN

F
(< 1 @ @ ' <
ﬂaamamﬁlummm’faummﬂﬂqmﬂu 2 (K=2)

1 d‘ o [ a 4
wag 3 (K=3) ngu (MW 2) d1H5UMINATEH
% o 4 ' 1 o
ANUFURUTILHINANIVANN NN UFATIN
1 1] @ [ [ 99}
521219152910 I A VI EAIAT OV 8LNY (stream
[ o ] [ 1Y o 4
tree) IUNGUAIDINUNAIANUAUHUT R® =
=1 % A 1 ] 2,’ = A 1
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ABSTRACT

The aim of this research was to synthesize deterioration of Li river and analyze factors related to Li river
utilization for agricultural purposes. Sample size was 232 households. Data was collected by documentary
analysis including primary and secondary documents reviews. In addition, questionnaires and non-structured
interviews were executed. Data was analyzed by thematic analysis, descriptive statistics, content analysis, and
multiple linear regression analysis. The results showed that the amount of water in the Li river tended to decrease
during the November to June. Water quality deteriorates were mainly caused by the release of wastewater from
the community. In the middle of the river, the contamination of total coliform bacteria (TCB), fecal coliforms
bacteria (FCB) and heavy metals were found. Agricultural use of water from the river was at a low level (X =
1.95). The participation of farmers in water resource management activities had significant positive correlations
with Li river utilization of farmers (p - value = < 0.0001, » =.598). The farmers made policy recommendations to
solve the degenerative problems of the river that there should integrate the activities under the concept of cultural

ecology that is being practiced in the community with the creation of community networks.

Key words: river deterioration, utilization, farmer, Li watershed
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ABSTRACT

This research aims to construct a hot air control system prototype to dry raw bricks before entering the
biomass combustion process. The researchers designed and created the system for repelling moisture by using a
hot air generator which included a biomass furnace, a hot air suction cabinet which transferring heat to 1 hp 17
w/s fan, and finally a4 x 9 x 1.8 m.” heat accumulation room. The system was then tested for expelling moisture
with three different types of raw brick arrangements at 40 °C, 50 °C and 65 °C. It was found that the arrangement
of raw brick with pillar at 65 °C for 8 hours can reduce moisture of 3,300 bricks by 4.20 percent and the average
speed of drying varied according to the rising temperatures. As a result, the hot air control system prototype with
biomass energy can reduce the time for expelling moisture from raw brick more efficiently than the original

process which used at least 30 percent of natural energy in the building. The return of investment was 80 days.

Key words: hot air moisture system, raw brick, combustion process, moisture content in raw brick
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