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@ Abstract

The objective of this study was to determine the utilization of black
soldier fly larvae for laying chicken diets. Thirty 34 to 46 week-old laying hens
were randomly divided into 5 treatment groups. Each group consisted of six
replicates of one bird. The dietary treatments were given to the groups of 1, 2,
3, 4 and 5 with the mixed ratios of the feed containing the black soldier fly
larvae and the regular chicken feed at 0:100, 30:70, 60:40, 90:100 and 100:0,
respectively. The results showed that treatment groups 1 and 2 had significantly
increase in hen-day production and egg mass (p < 0.01). The treatment groups
3 and 5 had highest feed intake per dozen eggs (p < 0.01), whereas the treatment
5 had highest feed cost per dozen eggs (p < 0.05). The treatment groups 1, 2, 3
and 4 had highest shell breaking strength (p < 0.01), whereas the treatment
groups 1 and 2 had highest shell thickness (p < 0.05). The treatment groups
3, 4 and 5 had higher feed cost than that of the groups 1 and 2 (p < 0.01),
whereas the groups 1 and 2 had highest net income (p < 0.01). It was concluded
that the optimum mixed ratio of feed containing black soldier fly larvae and
regular layer chicken diet was 30:70 as it resulted in an increase in net income.
The findings of the study led to the promotion among the farmers in the village
of Non Sala, Chiang Kruea Sub-district, Mueang District, Sakon Nakhon Province

to feed layer hens with mixture of commercial chicken diets and black soldier

2 Uil 17 atuil 2 nsngrau-Sunau 2565
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fly larvae which could reduce the expense for purchasing only the commercial

chicken feed.

Keywords: Layer Chicken, Black Soldier Fly Larvae, Production Performance,

Egg Quality, Net Income

@ unu

nupULLaYIUae (Black soldier fly) H¥einenmansin Hermetia illucens
dnegluaed Stratiomyidae §udy Diptera fafinfeddnvuznisusnadiediang
- | I 2 o & NA S A = = v
a1iildd Margunaiidviutay Uniduikursensunailoasiouwas
mudundewissdosusniudunandvla 2 win duwviosiuaraluwou meide
a b3 1 a a o < v v Yo v v a IS
fuaneviedlngjeniseddn weaiveiviginalulataau iauaevieseiseiuasdl

v e A S - v a & 9 vy N A

sea anasluiihanavseveuns uiasiuriatnauiuglagmagAuninaieninig
AUTIEN o) uddmaniugiuuuleiumeviesd S enauiugivegnesngy
serinadu wadlondddidunguuiuaiivinusesusnvesianlndunaeinis
(Tomberlin & Sheppard, 2001) wupukuasiuategldlaussanu 323-639 wes
arusanulanilvluanimglonnimenseunaziunevau Wuwuasliinlsauay
Liludngity dmsuimusuiuasiuaesivenuazgevaasBunieing Jeanunse
gogleisaninldifouiuds 5 wi (e11g duly, 2561, 9198ty aveuratssrwgny,
2563) 195 IAVUoURIATIUAIENUIE 4 Sz laun svesvueu 81y 19-23 Ju
szoznouddinud 9y 14-19 Ju szednud 11-16 T uwasszesifiuly naduay
wenleany 5-6 Ju issnvusunuasiuaedudn ifumnuazdevaaeBunsetan
JafinsthunldusylenilunsanUSinavesdun3d nueuwiasiuagausanIuAy
wuasiuthule Wesnnvueuluasiua1esUdesasdugan1snely (uams grzuin
uazAUdU 9, 2561, . 50)

lul 2565 Uszwelnglasunansenuainsimingivermsdnd lasanie
nnMnaeIkazsINadlTIAUTumeauanladuasnsuuarnsszuinvedlsa
(lwyad lawan, 2565, u. 6) sunulunsidesdnidniosas 65-70 WWuduyue1eIms
Ingianzemsdisagunensifismgedmalisiuruamemsgaiuluie felu
A Lo a = v a A a v
diaidunismunasingivemslusiunaunuunasingavemisiusiuay lagn1sly

& a = A = v & a o el
wiasdusnmadenuilaniiaula damslduuandueimsausssuniavesdnidn
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(Bovera et al, 2015, p. 570) N153ATILHANAIMILATUTVBILDULLAITUAY
wuIlUsAY 42 Wesidus Tushu 35 wWasidud Wi 2,900 Alawaassseilansy
N3norilukaTLIsNeIMITaY 9 (Marco et al, 2017, p. 212) Ysuulusiuiiny
fienlndfesivusnalusiunnuluienns fe 43.20 1Weosidusd (Newton et al., 2005,
p. 20) ¥ uarAudY 9 (Chu et al, 2020) Snenuiwuasivaedunuaiiivsslev
' a a a6 P a a A & ~ o
YanUSunuveLdunsghariinuaIunsalunsasuvesdunsaulusauas Ly
1d vilifiaauanisemsganunzanunnisiiunduemsdnd annsidenuin
madesgninimenisieSuvueuiuasiumeluemsdmavihlvmhwindiatusesas 96
4! a0 1 d‘ =l a % Idl dy v d‘d 1 qi} =l % L%
Falenunnnindleneuisuiugninidesmeemsidlaiunauvesduvosiuluiu
(Park et al., 2017, p. 8) MY wavuesth Wazaudy 9 (2564) a3 unnsemgUu
9y 7-16 dUai awnsaldrueunuasivateunaunuemnsdniegulisesas 4
Tugnsomns wavdmunndasnisdswemaituly dunuateims anugelien
wazAuAlIrIATan Mnwadalinunenunsitenisinwsnsidunisldenms
d‘d ] 'y} l () @ dy [ Y] gj
Nildunanvewusuiasiuagnaunuemsinlvdsagulunsdesdily deulunns
NARDIATINIIANYIDAT V@ IUTNL AU FUVDID NS NUAIUNFUVDINUB UKL AT IUANY
M 10 & - < & v 1 ~ Q,‘, l [l v v

naunuamsinludusasy iellumadeniiuiinunsnsideslnly anunsoanaunu
@hmmﬂfﬂﬂjﬁwL%ﬁ]gﬂLLaza'\ﬁLa%mmiﬁmwuammaﬁumﬂLﬁaﬁlsﬁfﬂummiﬁm%’uLﬁm
Tnlasialy

Sanus:avanisi9y
WaAnwnsltuselavtinuausuasuansiiailuatisiala

35a1tdumsddy

LAUN1SNAADY

yhmadedlldaeiuslalatuimi eng 3d-46 &Uai S1uau 30 f el
NSIHU VWA 40 x 40 x 35 Lwuiums bk 1 damense Tulsaseusyuuda 19wy
NINARBILUUdNENYTDl (Completely Randomized Design: CRD) vin1swusngyl
nsnaaeseanitu 5 ndu nauas 6 91 91aw 1 Inglrlalungunaaesasdosithmiin
waslndfssiu fe 1.54 Alansy wasnandnldwdslndifiosiu fe 48.91 wWasiius
Sutufinnanisnaasdaoutsszozaniseasndu 3 929 ¥a9az 28 Tu ¥aedl 1 Su
7l 18 Auneu-15 ganay 2563 2571 2 Tuil 16 RANAL-12 NoAANEU 2563 1297 3
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Tuin 13 werRn1eu-10 Suneau 2563 lngliensiuay 2 A3 Av 1181 06.00-07.00 .
LaziIan 16.30-17.00 u. LLﬁzLﬁUl&diﬁnﬂ‘fu 1381 16.00 w. ﬁ’uﬁﬂqmmﬁuag
mm%uﬁuﬁwéﬁqﬂ’m Juay 2 AS9 A 1381 06.00-07.00 U. WaLIaT 16.30-17.00 wu.
ANSIRIMITNAADIL1MISENLY 120 ASUFDAIMDTY TAsLUINISIRDINITYITN
48 nSusiafraiu (40 Wasidus) Aaiu 72 nSusiadsaiu (60 Wasigus) tnlalanuii
MNAEeR LU Rnaana Tkas 16 9711990 AIWFIaT 05.00 W. 519 20.00 U.

39555078 Tudnd

Tuaugeriunseusudmunisiddn o numainenamans un U1-02671-
2559 [fiaN151Aa0d A0 UUNUINSALDUNTARER ILNDITUNIINeIANERNS d11nauy
AENITUANTIVYLAIYF

N1SLAIINDIMN SN IUN ANV IV UBUBNAIIUAY

D1MNSNAAIUNANAUDULLATIUAY UTTNDUNIY MUDULLAIITUAYER Sagay 30

v a 5 v % o 1% aa a ¥ | 6
weldesan a1y 60 Ju Seuaz 18 warsmenu Josar 52 Tonswseunales
Mlagnsdung e sanliiivuuinnauning 0.5 WURANs AN 1.0 luiluns
AIBLATBILRENYDINITANT (1ATRIFUIY 8 Usemalny) Yin1suIadIuNaNiavug
ynanlifusen1sNanie tJuan 15 ui naentudIuNaNianun
dl' [ @ v ) [~ ) [ Ql' =1
auAseIemuin kaltnluamnwamdural 12 97lue lngdunnnissagudvesennig
a a =3 a

NARY AU

ASASEUTNINAADS

Tnlaneasdinisandananlnluidivivdntasnanas lilnareesiu Inluneass

a v & ) ¢ A Yy a o Mo

gdlszuznansusudinlussesig 1 dUanvt welvAuduivenmsveass laglnly
naaadluuiaznauazlanuemImMeaes 5 NquVAaed Gl Nguveaedd 1, 2, 3, 4
WAL 5 NUBIMTNLONSIAIUYDIDIMSNLAIUNFUVDINUDULLAITUAYADBNMNT b b
é’wﬁmgﬂ WINAU 0:100, 30:70, 60:40, 90:10 uWag 100:0 MINAIAU UIDIUITNANDY

1 a '3 1 v} 2 = C% d‘ ¥ U
nnnaulvdiaseimdringuis TWsiusiu ludusy Welesiu Win wasndeanu
TUselomile

L =1 124

nstuiindaya

nsUunindoyaaussanwnsuan lowa wandaly Usinaemsiiu Ussansam
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nstuiindaganauninly loun Wwidnly dwdnlduas dwddnlivs ndn
wWaenlasaudeldenld auvuldenleswidowdenly amnuudseaddenls
a 1 1 a § @ 6 1 & 6 1 & @ 6 A ]
dluuns Argenylin Wosidudliuns 1Wesidudlyv1d wasilesidudiudenla

44' - |
sugedenly

mstuiinteyanmunnluluszeziiainn 28 Tu lag 6 Tugavineveusiayls
nsnaaes vihdululainnngy nduaz 30 Wes lienTIERUAMANAEUBNKALAMAIN
neluvedly dell Juiindeyatwminly (n$w) srenmsdalmindewnsaatadimin
WY SxUUAINea (Electronic Kitchen Scale Useimrlne) duiinteyarnuvnidients
(Hadwns) mewnsasinaunuUaonly (Egg shell thickness gauge ETG-1601A
UsewadUu) Tuiindeyannuudweaudonld (T mensomadeuiileduiaes
(Texture Analyzer Uszinagitu) Jufinteyardliunsiazaigongtineieiasosin
AN IaRLUiR (Fgg multi tester U EMT-7300 UseweigUu) wenliundaanain
Tajym Fahwinldwas (030) drddenlasiudeadenlalundineamaiivienduvan
1 4u ndwnduvinstuiinumidnilaenlaniubeidenly (nfu) AvnaAdmiin
lg17 (n5w) = uwnidnleviaves (nfu) - Wndnlawes (n$) - Umdnlysige
wWaenly (nFu)

o 1 A v ° ! ¢ & ' ¢ i sk &

AR 9 9l anAamALUesidusluwn Wosudliun waziuasidun
wWaenliswbaiUdonly anisvesniun douiiuel waznwnsiad dasny (2561)

n1sUufindayananauununIeATEgNY LAk AunuA1ms $18l91nN13
eliuarsglaans

| I o < 1 | [ I a [

s mshlydniagy sseglily windu 12.83 vndeilansy 1A
iauktasiuagwiniuaud lewiniinsiwizidemusuiiasiuaiglaies s1en
neles Wiy 2 vwseilansy 1AMV WY 6.70 UmsiaAlandy Auau
FIANDWMNTVRINGUNAGRI 1, 2, 3, 4 Uag 5 Wiy 12.83, 11.59, 10.35, 9.11 uae
8.70 U msiaAlansi AUAIRY AUIUAUYLATEINININTIVRISITAl BN LavAudu 9
(2559)

6 Uil 17 atuil 2 nsngrau-Sunau 2565



msldusylovinusuuuasiuanediioduemsinly
FounuAsNIUIUluLmaT Saminanauns AUAT FEWANE] LAy @NAIT INEI3UNT

nseuinselaanniseelela Auialdainnisuenvuinalylnesniiuy
7 um A9 183 0, 1, 2, 3, 4, 5 ua 6 ldusazunadisauesneiuiafusiadens
puRAIANaNe (@3558 Mayaugdn, 2564) usimededufuedniinumsnsnele
o dUawi vhnsiuanseld annisviglinngitvedite wdesilsey (2544)
wazAUINglaanSIuEn AT VeEIUAT WeueS (2558)

N3ATIEdaYaNeanA

Toyailstuniins1einNuuUTUTINLUY Analysis of Variance (ANOVA)
Tngldununisneasawuugunaan (Completely Randomized Design: CRD) wa
Wivuifieuaadeseds Duncan’s New Multiple Range Test Inglusunsudisasy
SAS (SAS, 2004)

@ WamsdJdy
MNMTiATeluiesUfiinng Wevmesdusznaunaaiivesamisnaaes
1 4 nga nud yndunTIAaesE AU Wiy 87.18-95.17 wedidud Tsiusu
Wity 9.07-18.52 wWesidus Tudusn wiriu 0.90-2.50 wWeddud Helesiu winiu
2.56-4.13 Wosidud 1 Wiy 11.61-13.05 Weasidud wavndsnuldusylovils
WU 3,152.00-3,488.08 Alaupasinenlaniy aAulanilumisng 1

A15719 1 89AUSENBUNILALYUDIDINITNAADY

N N NHUBINITNAABS
ANPYUSNANEN
2 3 4

Trguirs (Woesidus) 95.17 9277 90.38 87.97 87.18
TUsAusn (Wasidus) 1852 1569 12.85 10.02  9.07
lvsfusiu (Wasidud) 2.50 202 054 1.06 0.90
Welosw (Uosidus) 413 365 319 271 256
1 (Wesidus) 11.61 1204 1247 1291 13.05

ndanuldUselenile (Alawaaas/Mansy) 3,152.00 3,252.82 3,454.47 3,353.65 3,488.08
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naonszazIaInImaans nuinlulsadeudsdldlifiguvniaean 32.50
paraifea grungiishan 14.50 esmigaldea mnTudinivsgean 99.90 wWosidus
AuTuduimssingn 47.30 Wesibus naveansléermsiifuuouunasiuais
FOANTINAMNIHAR (A5 2) WUTngumnasdl 1 uas 2 Snandnldganiingumaas
7l 3, 4 wa 5 eghailduddymaadd (b < 0.01) nguveaesil 3 Tnandnldganin
ﬂajumamﬁ 4 az 5 synslvudAgeada (p < 0.01) ﬂfjwmaaqﬁ 4 fuandnly
ganihndunaaesil 5 egaiuddameadi (o < 0.01) ynndumnaesiUiinaeNsTiAu
UsrAvBnmniawdeuenadudwminls davinld Sasmsme wasthuiindfifiui
laiupnansiuneadd (p > 0.05)

naNNIMRARaTl 1 wag 2 TAnnalvgeaninngunisnaaesil 3, 4 wag 5 oenadl
tfodAaymaeadia (p < 0.01) ngunsaaesil 3 TAnnalvgeninngunisveaaesil 4 uas
5 9g1iltpd Ay 9ana (p < 0.01) ﬂﬁjmmsmamﬁ 4 fifnnalvgandngunisnaaes
7i 5 eghefiieddnymnsEda (p < 0.01) ﬂﬁjumimaaqﬁ 5 TPFUYUAIDIMNTABNNT
nanld 1 Ina qujwmjumimmaaqﬁ 1 way 2 989luudRYn19eda (p < 0.05)
weiliiumnenaaInngunaaesil 3 wag 4 (p > 0.05)

uananii NEUNARDINGUNINARDIT 3 WAz 5 SA1USinauensfinuiens

Haaly 1 e gendingunisneaesil 1 wae 2 egrelidedidgneadd (p < 0.05)
WA kiUANF19INNGUNAGW 4 (p > 0.05)

AN519 2 WAYBINIT NN SNTAIUNALVDINUD ULNAITUANUADANTIDAINAITNAR
Yaabnla

ANWAUZNANYI

UsgAvismmmsiasuewns 159 179 191 183 171 030 0.1400
(usimdnla

1raly (nSu/ve9) 46.72° 46.57° 32.84° 17.48° 501" 0.67 0.0001
Yninle (n$u/viq) 5873 56.61 5380 57.14 5558 0.66 0.4014
§951n15918 (Wosiud) 0.00 0.00 000 000 3333 049 0.0681
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NHUBMNINARDL*

anwazdianen SEM p-value
2 3 q 5

FunuAteImsien swanly  18.87° 17.81° 57.38% 49.38% 84.19° 234 0.0187
1 Wa (uw/l4 1 Tna)

Yunuensiinusenananls  1.49° 1.47° 7867 4.42° 832° 027 00327
W w/l9 1 a)

Sviinifiatu Rlandw/s) 009 008 012 006 -0.09 0.19 0.1850

a o

* gdnusfiuansstulusiueuienty Sauwandnstuegnediteddayniead
(p < 0.05)

Frdnusfiunnensfulunuivewdenty Sanuuandsiuetisitedfynisada
(p <0.01)

3D

cf

HaveINTEueULIaYIuAENALIU I TENTIFURBAMA LY (11519 3)
wunngunnaaesdiatnnle songlin Fluas Weddudlduns wWesdudlin
wasilesidudiudenlyubevdenty liwansnafunisadd (p > 0.05) Turay
fingumnanadl 1, 2, 3 ua ¢ TArmnuudaddenligsniindumaassil 5 egraditiuddny
yNaadA (p < 0.01) nguvaaesil 1 wag 2 dAeuvuidenlvginingumaaesi 4

o w a

wag 5 agneliddAnnneadif (p < 0.05) usiliuanAeanngunaaasi 3 (p > 0.05)

M1379 3 Wavesnsidenmsnildiunauvemusuuiasiuaenonuamly

NG INARDL*

ANWULNANE

Sminly (n5Y) 58.82 4393 57.43 49.12 56.00 0.14 0.6912
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NG INARDL*

anwausdianen SEM p-value
2 3 q 5

Woasiusdenly 1066 729 734 682 811 006 04428
sudoaenly (Wesidud)

Y

b Fadnusiiwanansfulusuineuiienty Sanuuanaatusgreidedfymiadn
(p < 0.05)

¢ ghsnusiiuanansiulusuiueuienty Sanuuansietuesiedite
(p <0.01)

Do

1AYNIIADR

HAvBINTT a1 IO ULNAITUAIENAWTIUEIMNTENSIFUR DHARDULNUN
AsWgAY (M379 4) wungumaaesdl 3, 4 wag 5 TAnduyuAioIEININAUMARDS
i 1 uay 2 egneiilivdfayBansedi (o < 0.01) uimnnaumeaesiirmseldannisuels
launnenefunsadd (p > 0.05) uenanil nquvaaesd 1 uae 2 Tereldans

FININFUNARRIN 4 uar 5 agraldudAynieada (p < 0.01) ualdunneneain
NAuUNARBY 3 (p > 0.05)

M99 4 HaeINLER NSl LUNALY B MU LAY T UAEFDHANB ULV UATESNT

NHUIMITNAARL*

ANWULNANEN
2 3 4

AUYUA1IMNST (U1N/HB) 157° 1.38° 1.74*° 4.08° 574° 0.20 0.0002

$18ldgns (umn/meq) 1.49° 155 -0.71* -2.90* -6.60° 1.03 0.0002

Y o

= fdnwinwanasiulunuueufednu dauiananeiusg1siidediAgniead
(p <0.01)

3D
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@ anuUs1gwamsddy

MnuanIsnaaesnsdssintiaeiuslalatusnig ey 34-46 dasi wui
1 dl al a ] ] 1 1 d‘ d‘
nauveae 1 uar 2 dnandnlduazuialiganingunaaesi 3, 4 uag 5 81aiiled
UNDWNTNARBIVDINAUNAFBIN 1 wag 2 TelUsAusviniu 18.52 uag 15.69
& @ I 4! a0 = | 1 d' ¥ [
Wodldud FellAlusAuTINGININRIMTVBINGUNARDIT 3, 4 Uag 5 donAnsdiuy
N1391891U09971e AULS (2559) s1eauinnsdestilumeaimsndlusauiuang
fuazdsnarinibnlalasulusauluksasiuwanenaiu waziinavinbiwalnladaussanin
a 1 Y} ¥ d’l 1 1 o aa
ASHANBANANNAUAIEY UBNIINTANNIALIAIUIUANLATUDIUSENINS 571571278 (2560)
INNINAGINUIINGUNAGDN 1 Uae 2 dnandnlvganan wiriu 80.36 way 84.13
Wosidud mudau waziliimineds wiidu 58.84 way 55.53 nfusianad AuaIsu
danaviilvingumaaedi 1 uag 2 unaldgeiiagn ndun1snaaesn 3 way 5 IA13ua
pnsNnuseNandnly 1 1ia FNINGUNTNAGDN 1 Wag 2 INs1wUTinemshAY
sonandnly 1 1va m1u3sveIUsenIng 5151218 (2560) INMTNARBINUIMNAUNARD
a Ao I ' o a < o8 v 1 ~ A A Aa
#1 5 d3nnuldludnnmeassinian Jedawavinlvinguneassil 5 JUsunaemsinu
sonandnld 1 lva g9gn NAUNTNARBIN 5 fensunuAtemisien1snanly 1 s
FaNINAUNIIVAGN 1 kag 2 AunuAmnSHan SAALY 1 Iva ms3svesUszning
5131278 (2560) 1INNITNARBINUIINGUNARRIN 5 AuyuA1omsion1sHanly 1 Ina
g4991gm (84.19) WawneUTinaesiiusien1suanly 1 na ganan (8.32 Alansusie
19 1 a) nns@nunassilazulean sedumslviewnsilidunauvemuauiiasiuaty
M 1o & P v A | ) | ° ) 1y} a
NawNueIsh ldagUNIINIsAlusEAuuansaiy dewavilisedulusiu
Tuowns wandnld wald USunuewnsiiusienandald 1 na wavdunuatemns
san1sNanby 1 ia Tanuwane1enu TurueNon 1@ uYe0 1M SNL I UNALUDINUDU
wuasiumenaunuemslalidusaguiisedu 0:100 uaz 30:70 nandnluliunnsnaiu
FILUANNNTO LY MT1AIUVDID I SN VLN ALV DI UD UKL AT IUANENALNUDIANS b LY
dndaguitszau 30:70 lunsidestilals
, ~ A < - | | \ a ~
nauveaa 1, 2, 3 uag 4 denuudavionlianiingunaasei 5 LN
nguneasdl 5 1ungunaasiiilaSuermisiddiunanvesuoukuasivaie
\Wesogufed luvaeiingunaaesil 1, 2, 3 waz 4 Jonsdusagusedu 100, 70,
¢ & & o & A P &
40 uaz 10 Wesigud Fsluomnsduiaguidiunauvonaifouaisuaiun uaz/
selanradeunaas lasinnin 3.5 Wosidus Ine National Research Council (1994)
o % =) d‘ o [y} 1 A % 1 a % Qldla
wugisTAuLealRsuwnzandmsulaly fa 36 nSumeilansy Tunsainiue1ms
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110 nfudeddoiu n1sldemnsniidiuysenauanninesiilunasisnazaInnsn
HeUTuUgnunmuesUdoniula (nued Ishvgia uavlnlua Jayae, 2558, w. 300)
lurueinguneassd 4 wag 5 daranununddenlidiningunaasi 1 uas 2
WIIENEUNAGRIN 4 uay 5 Auemmsiddiunanvemusuwtariuaglussiueay
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Woanada InTUA YWINEUNIATDILAATEN WHAMBILAEYN kasnasulueImMNs
Judiu (Agiaed yayas uwasaudy 9, 2564, . 455)
, ~ Ay | ) ' a ~
NAUVARRIW 3, 4 wag 5 TAUVUAIDMITEINIINGUNARDW 1 kA 2 LT8d9N
° ) ' o ° an aadl A
nsAuIAuuA1amNsTdansAUINMITYRIETTAl 8RN WarAuBY 9 (2559) 180U
13119113 (Unsieilaniu) ausigUSunaemn s (Alansy) uandenlaums
MUt (Wee) 31NN1INAERIRTIH NAUVAREIN 1 Uay 2 Tnandnluade
gaNINGUA 9 (80.36 uay 84.13 wWesidus) Jsdwavilvingunnaesdl 1 uas 2
AUNUAIDIMTANTIER UaNIINTNFuNAaeIN 1 way 2 ﬁﬁﬂiﬂﬂlﬁ@m%@mdmdmmam
7 4 uay 5 msznsawinseldanldgasiuimniiiiveaiun Jeuns (2558)
selianmsvely (Umsenles) audeRuyuA1mIs (UIMsevay) nauveae 1
~N Y | o | | a P ° EYR a
wag 2 JAUNUAIDIMITAINIINAUNARRIN 4 Uag 5 Fsdamarilingunnasi 1 uas 2
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12.83 vnsiailansu AnAUNUA19IMT WU 110 x 365 x 0.01 Wiy 401.50 U™
LLG}'ﬁﬂGﬁmmiﬁﬁmumamawuammaﬁumwmLmummﬂdwﬁﬂL%f\]gﬂ%faaaz 30
ﬁmiwaméquummmiﬁﬂL%ﬁ]gﬂ WINAU 120.45 U
HanIdeaenatilugnisliusslevdiuinunsninaulalugusuimuluuaan
o a = o = U o o U A v d’l 1 1
MUALTEWASE D1LNBLLRIANANAT JINTAANAUAT 91U 20 ASASaU LALaealnby
ASASaUAE 20 H7 waTYINNISLALerURULLATIUANELiaNIdRveLdUNSTluATIS U
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@ Abstract
This research paper aimed to present a prototype hybrid drying system

that was designed and constructed in order to reduce the time and energy
consumption of the drying process. The following conditions were specified
in the design of the prototype drying system: 1) the volume of the dying chamber
was 2 m’, 2) the mass and moisture content of the raw material were 50 kg
and 99.9% wb, respectively, 3) the moisture content of the dehydrated product
was 5% wb, 4) the temperatures of hot air at the dying chamber’s inlet and
outlet were 80 and 70°C, respectively, 5) the maximum hot air velocity was
5m/s, 6) the ambient air temperature and relative humidity were 25°C and 60%,
respectively, 7) the drying time was 12 hours, and 8) the design safety factor
was 20%. According to the engineering design calculation, the prototype system
had a thermal load of evaporating water from the raw material, with a total
design safety factor of approximately 25 kW. As a result, the researchers decided
to combine three different types of heat sources: a heat pump, electric heaters,
and infrared heaters. The combined heating capacity of those devices
is approximately 29 kW. The results of wood ear mushroom drying experiments
showed that a prototype drying system provided a maximum efficiency of
about 81% with the hybrid of hot air and infrared drying techniques, which was
greater than using only hot air as a heat source by 6.69%. This hybrid drying
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technique required roughly 28% less drying time and 6% less energy than
hot air drying, without compromising the appearance of dried wood ear

mushrooms.

Keywords: Drying, Hybrid System, Heat Pump, Infrared, Energy Saving
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pUWHigeaawiniy 5 wnsdenil 6) guugiiuararuiuduimsyesoinimindon
Wiy 25 asrwallid uavievay 60 MINAIRU 7) TEeulIa1lun1To ULty
12 3l uae 8) meudasaselunisesniuu (Factor of Safety) wihiudesas 20

Sumaudl 2 FIWTYeYaaNURYe0INA U AFNY 9] YBITTUUDULIN AININ 1

amﬂ’ammﬁsﬁuﬁ;mﬁ 1 9MNALINGDN o QmﬁazﬁwmaﬁmumqmmﬁmzL‘LhzLLﬁa

dy o v 6 v d‘
VBIBINA T, BACAINUYUAUNNTVDIDINFLLING DU RH1 aueulyluniseenuuu

db,1

AaUNUQHINATU (Psychrometric Chart) udIguaAaunIal (Enthalpy) h, wag

1
ADRIIEIUAIUTY W, (Brooker, 1992)

audfoIn1ATUA 2 gunniie N AeuUnawiIBIdULAY (81N1ALIAREY
eunslinnuieund’) o 9adayin1smrungmginssluizuiiaueseInie
.

a dAurdslvdianasiiindua1dnsndiunuduveteInIAwInden w, (w, = w

o uReulvluniseenuuy uagimualia1dnsdiuaiuiy w, vee1nA

1

\esnenaiiuuvainLfeuliiusinatiluenediiuy) asuuinuglienaty
wAEANOUNIAT h, kazA1UTUIAIIUNIE v, (Brooker, 1992)
auUfen1ATUYAT 3 8IN1ATOUTNEBNIINTTBIBULTY LLBIAINATEUIUATT
- ¢ & Y] ° v a J a X =
suwisdunssuiunsisnudueenandanvitlienialinnuduiindy wasiluy
a a . . ) a wa & |
NTLUIUNTBLLALUAN (Adiabatic) AIUUNISIUAYULURIEUUAYBIDINIATUTLINING
0 21U 3 Fadunsyurunisuuueumalagd (h, = h,) s gadlazvinisimungnmgl

nsglUzuRevesenA T auReulalunisesnuuy wazmiuafeUNIalves

db,3
2INNASDUTNDDNAINIADIDULILVINAULDUNIAUVDIDINIAS DUN DU BDIDULAIAIUY

WHUNTDINATY U8 TUANINTIAIUAINTIU w, (Brooker, 1992)
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|

Blower

——

T = Temperature
t Load Cell
Drying Chamber

v = Velocity
E = Electrical Energy

AN 1 GT’]LL‘Vi‘Li\‘ﬂumii?Ui%M‘ﬁayJaﬂuﬁaﬂJa\immﬂ

Yunauil 3 ALUUIMENgATNevINEn ST ULAL (W) Tngimuniinnggy
AUYDIINOAY (W) ANTUSUAUYDITNQAY (M) UagANTUgAVINeYDINEnn

guwie (M) anueulunisesnuuuinivua Lain1sAuimdmtnanieved
AR UWIIMEENNTSN (1) (gl Aud), 2559)

W. (100 - M)
B — (1)
(100 - M)

Tupaun 4 Auulsinufidessemeesnainingdiu (m,) sea1min

Suduveingiu (W) mumeuluniseeniuuwazdmingnngveandndusiounn
(W) 9ndumauil 3 meaun1si (2) (algydl 9ui, 2559)

(2)

TuUN 5 AIUIUTATINITILNEUITENINNITOULAS (M) 3NUTuIun

a a

v v a & = = v
MeasemeanININgAu (m,) 3nTunsuil 4 uazszeslialdlunisauuna ()
Al ), 2559)

« ¥ ] L%
suReuluMseaniuumEaNn1si (3) (alFy

(3)
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Fumauit 6 Aruansaansluaianavesernia (m ) ideddlumssuuriaiae
A18TINTI AN TE I NNITB UL (m,) MNtuneuTl 5 waznameshIIEIL
AUt N RaZ0ONIINTRIB UL (W uag w, Mnduneuil 2) feaums
i (@) (g2 qwil, 2559)

m, = = G

Yunaui 7 AUINBRIINTIMadaUsInsvedeInia (V,) fdedldlunisauwis
AIEA1ENTINTTIVALBINIaYB9RINTA (M) INTUABUN 6 UazAUSUIATINNIY
v et iesauuis (v nduneuil 2) Meaunsii (5) (algydl fui, 2559)

v =rha.vi=rha.v2 (5)

funauil 8 AMwamdsnuanuouisyuteuutifeans (Quye) Tudunouil
sgshmsiuuamdanuideddlumsifingumgiveseinauindeslvidgamad
aeiuvhiugamgiianieudiresnislilunseuuimuidoulalunisesnuuy Taenis
AMuaszfiansananeuduiusvesdasnisivaidanaveseinia (m,) Adesld
Tunseuwisnnduneud 6 wasnasaoumalivesemeuindeuneuduazoanain
wnaeru3ou (h uae h Mndunoud 2) Feaunsi (6) (g1 gud, 2559)

Q,. = M x (h,-h) 6)
’ © 3600

YUABUI 9 AMNUAAIAINUABANBITIIAINTTH (Safety Factor: SF) e lumas
AMUSaUNAERARILANUSEUUaULM LY untnauiulunsainnsidenelng

ANNAINUUANNIBUDDNLUU (Q. ) @U150AUIALAINATNAINLIUAILS DU

design
N3 UUBULANBINT (Q,, ) nIAIniluTuReuR 8 uagAANaeniY (Safety

Factor: SF) §ls@unns# (7) (Ratti and Mujumdar, 2006)

Qdesign = eryer X (SF) (7)
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A & & v ! ¥ 1% = = v v &
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anfndvmnzaufiagldiduiunuvewdnnanisnisinynsdmsunaae sy
Juemseuwismeszuvasuwiiuwuuil Fdlunisvaaesideasinisdudiegs
] ° A o Y a . A v

VAR UUAEALNDINAIAIUTULIUAUAILLATDY Moisture Analyzer g4a Ohaus
1 MB25 Mntiuasinsussymaymvydlunineunieluesessuiinnas 5 Alansu
U 10 919 WAWINNIINARBINIUNATANITBULI 2 LUy lauA 1) inallnauwi

a ¥

Aauausou (Hot Air: HA) kay 2) WANABULIIAIEANS DUNALNAIUDUNSILSA

'
a Ya v [

(HA + IR) &l 400 S0t (Redlawnfigidermunimadianseuuisiedusin
\Jumasliiiunudiazimundugumgll WesaningAugninnsunineuusi
myunaena i lidngAudinaildfunnuouanuasadunsisndsindlfinie
pwmeuwvalssiivny FeldannsningungiifivesingAvvusiadoudniu
Ye3Bunlsnsnld) Inesaeanaiinas tmualinineuuiomudisanudisouasi
5 seusieundl gaumpiuarauiiianfeunsiiviniu 65 esrniwaldea uaz 1.5 WAS
oI AUEIRU SEIanIsnaaetazynsiusegsmansusiouwisyn 9 10 Wil
diethundiesgvirarutiudeiedosinruiu (@ Ohaus Ju MB25) Vaiifiells
wandneio U dulunuLnsguNER Susiuu UK.136/2558 Fafvuali
wanFousiinuarkaliuiosdanudulifufesay 12 guden (@fnaunasgu
WanSustgnaminTsy, 2558) fetufidesosninmssuuiatiamyiaunitrmmuiu
anvheazsnidesay 10 guden Wesnudnfasienssuuimnadinargaauiy
ndUAINeNIAWING DN LAY TENINeN15UTTY lWnsnAnAuA e ULTad Ly

'
A

AealiarIANTUanvglisinIAfseyluiasguiedestuanudemenaziia

€

1% '

Fuiuwannst TnoAmnsiweildlunisussifiuaussourvessyuuauLieiadsty
TusuAdod Toun

1. Smsinseuutis Wudiansiednaduvestiinaihiissiveaanaintan
ADTLeLLIAlUNITOULIAY a’]mmﬁ’lu’gmﬁmﬂaumiﬁ (8) (Tonui et al., 2014)

2. SasnssEmptns g WuiiuaniednsaiuresUsinaniiisvmeeon
Mnansendauildlumsouusis sunsaduialfanneaunisi (9) (Sarkar et al, 2006)
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3. muAudsmdinus e [WuifansdmdsnuildneUsnanifissme
Fadumnarunduves SMER @unsafuInanaunisi (10) (Charoenvai et al.,, 2013)

4. UseAvsmmidennudounesssuuauwis anunsamuinlaainaunisi (11)
(Dincer et al., 2003)

DR = —— (8)
t
Wi_Wf
SMER = 9)
PE
3.6P.
SEC = (10)
Wi — We
m, h
— w_fg
r’system - x 100 (11)
total
dll A [ b4 a U HoJ J oIJ
Weo DR A 9n31n150unnis (Alansuuisadilug)
SMER fe  ensinsszineindwwiz Rlansudinenlainddalia)
SEC  fp  anuduldemdiuinmy Alatndtiluanenlaniuii)
A a a a ¥V b4
n.,.., A8 Uszansamdanuseu (Seuaz)
w A dwtnisuauvesingdu (Alansy)
wo fie dhnlngavihevesdnsdasiounsis (Alansi)
t Ao szuzlandlrluniseunine (Flu)
P, Ao wdwulwihldluniseuwis Aladnddalug)
m, fe wmvenhiiszvgesnaningdiu (Alansy)
h, Aa  anuiouudsveth (Alagasenlaniy)
E Ao wisulnihsawideulidussuu (laga)

@ WamsdJdy

NANN5OONULUULAZES195EUUULIAY

IANANIIAIUIUALE UL YNITEONUUUT NG Y NUFITEUUOULKIRDINIS
wdsnuieulunssemetioonainingivgeaaviatu 2050 Alated Taeidle
dearmulasndedosar 20 anfinafidiuinldavyilissuuouuiedosns

va o

1 4 A I o 1 al (Y ¢ U o = = 4 ! b4
LLW@Q?‘W?’]@Ji@UW%U’]@l@JWWﬂ’J’] 24.60 Alaing WQUUB\I’J"\]EJ"\NL@EJﬂI%LL‘Mﬁ\‘iﬂ'NiJi@u
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Aas197uluNUITeUNAIUUTENDUNENLARSAININ 2

1) reedsouvastiiarudou 2) Samaslih 3) YeansEALAUTOU

4) Q1M URRLUUTIYU 5) MaendunsILIn 6) YAPIUAN
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ANINSeeas 10 FIUTEN ANULIATFIUNEASMINYUIY UNY.136/2558 Tnenansine
AlgannigeunedeidduwarinduNanlunnnmnanu kansiomaAtAaL S UNELNEY
a ) v 1% 1% | av v & a I a
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AIEARY: NTERNKULLASEINANTIRIILEY, TunIusuveay, dulsednsnisnseany

@ Abstract

This research article aims to design a horizontal rice mixer with ribbon
stirring blade, and to test the suitable speed and time for mixing of rice
in Thongdee Agricultural Processing Community Enterprise in Ban Mor Sub-district,
Pichai District, Uttaradit Province. The design of the mixer was divided into
three main parts including the first part was a mixer tank. The second part was
a ribbon stirring blade which was a double helix. The final part was a motor
which functioned to transfer energy to rotary shaft of ribbon stirring blade.
The main motor operated through a control unit that could set the speed and
rotation direction of the mixer. In the mixing test to determine the mixing speed
and time for mixing, 200 ke with red seed coat of White Hom Mali rice and
Tum Tim Chum Phae was used at the ratio of 3:1. Then, a test was performed
at three inverter frequencies of 15, 20 and 25 Hz (accounted for 21.75, 29
and 36.25 rpm, respectively) by using 5,000 orange beads of 5 mm diameter
as representation of the mixed rice. The results were converted into
the coefficient of variation (CV) as a criterion for mixing which took durations
of mixing including 300, 180 and 30 seconds, respectively with the coefficient
of variation of less than 30%. The data obtained from the experiment was used
to create an equation to assess the value that caused the mixing to have
the distribution coefficient in the acceptable range (CV < 30%), and it revealed
the time of mixing at 277, 165 and 7 seconds, respectively. The results of the
rice mixer design and testing to determine the appropriate mixing speed and
time could help increase the production capacity of the same labor and it could

reduce the use of electricity accordingly.

Keywords: Horizontal Rice Mixer Design, Ribbon Stirring Blade, Coefficient of Variation
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@ Abstract

This research aimed to examine the potential of usage, and to perform
an economic analysis of a small plant factory for in-flask orchid cultivation of
Pong Krai Village, Mae Rim District, Chiang Mai Province. The research methods
included improvement of an old cultivation building of 6-meter width,
6-meter length, and 3-meter height. Inside of the building was equipped with
18,000 BTU/hr of air conditioning system, 12 bulbs of 18 W white LED light
installed to the bottle rack for plant photosynthesis, together with a 3.15 kW,
of solar power generation system on the rooftop. The test results revealed that
the plant factory could maintain air conditioning system at the desired level of
air temperature for in-flask orchids at 25-27°C and had the quality of light,
Photosynthetic Photon Flux Density (PPFD), in the range of 10-49 umol/m?es,
which was enough for growing Anoectochilus burmannicus orchid in flask.
The results of a four-month study of culturing in-flask orchids since February
25, 2021 to June 25, 2021 showed that an average electricity was consumed
3-12 kWh/day which was accounted for from solar energy of 6-7 kWh/day or
equivalent of 65-70%. The in-flask orchids had an average survival rate of 71.32%,
which was better than the conventional culture for 50%, according to community
data, and a monthly rate of height increase was in the range of 1.56-72.77%.

As for economic assessment, it was found that if the plant factory was used
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throughout the year, the net profit should increase by 47,550 baht with the
simple payback period of 3.15 years. The present net value was 369,848.49 baht.
The internal rate of return (IRR) was 30.56%, higher than the MRR 5.995% or
loan interest rate, meaning it should be a project giving a good return.
The outcome should profit a community with more than 40,000 baht per year
from ecotourism activities. In addition, if there should be increasing number of

in-flask orchid growing, it will result in faster return.

Keywords: Plant Factory, In-flask Orchid, Solar Power Generation System,

Anoectochilus burmannicus
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9UNIIANYINITANFUNUNRIIUVDALTINUREANY 19U NITTAUILTINURERRY
agehgdmiulgninnmavediaranse lluesIINgAaUNUILBIYLIA 40 WA 11U
6 ¢ Tuusazdiinisingeinaiuainszuvuiuaniawuugaduaun 70 Aladnd
ToglduirSaundsnunasanindidunnasiininusoulunisvinanuduvesssuy way
Idvaeavigeaisaisud 21 Aladnd wazvaoaueadd 4.6 Aladnd lvwas lngldliin
AUNTIINTTUUIYAEd NANUINLSINUNANNINDDNWUUANNITOAANIT MINAIU
launnidt 30 Wesidus Wesuiulssusdaiivmly ildiasgiulalanuag
uwiniiudusieny Twiun 42 ndinmawizdanuinnia 70 ndusiesy (Ueno &
Kawamitsu, 2017) wenainfidinmsiseuiiisunaesegaanivedssnuninionly
vaanuaadfnariimsldszuundnliihndanuuasendiing (Solar PV) iiguiiunisugnity
15953 URAISITUTIR LaLlTIUNAANYNTLAISTIUIF WUIINSEY Solar PV @158
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annsldnaanududulats 424 Weosldud uazanim3ounszanld 340 Wesidus
witldadnfinluisesvesssasiaAuny 7-9 U anniinisldlsaseudnd (Kim et al,
2022)
av o Y & 1 o I 1% o a A

nauATeninauuandiiiuin danuduldldvesnisinlssnundniiy

< 1 v £ v v 1 <
yuadnuUsuldioudladgymaunnudesnisvesuruiiuliled agnlsiniy

=~ Y = L a = YA M Yo = = g & 1%

anafimslindsnulnihunnduninby Faraeidelamdadassnuiuasldosniuy
JeUUNs s uURaa i md s finduadalii e ldlulssnundaivsiuiu
nslglaiainssuvaneds Feagiiliifinauduyueeansidaulssnuninieg
YPUNAANTIANZAUAUUTUNYL Y2

@ SanuUs:zavan1s3oy
WiaAnwdnenmnislgny Lazdiassiniuasega1ansval s uNan iy
< o [ =1 £% t4 v v 1Y Y o 1
yuadndmsuimzidassnaigliunduliluviauiivemydiudalas sualdeies
gLnauzu Jamdinideivl

oy
&o 535a110un1s39y
1. Tsesunannyluauide

Tunssfiunside Usgneusne mawaunUiudlssnundafivimang fu
N5lFUYRNYY In15UsHIuaNITOULYRITEUULAENISITNY WAENITIATIEIN I
wswgmandvodlsanundniiv mudidu luam 1(n) uandlssnundnfividnyluide
TnsusuUsanionmzdsndelifaduduniesensndaslivosmuyuiy
voavpamzdsaiuuudelds 1119 6 WnT 817 6 1WAT g1 3.5 1A doudenae
gnnss melufitunnsnndmiuimeidsndsld Inmslindsnulwihnnmedsdmiu
sruulalihuasatiseserans fduisdihnmsuiulsdsnundedslnedeulalunis
ponuuuFasinusziugumgienmaliogluanzimnzaniindelddosnisuas
TWlnlinlvidesiian Ao gamaiennidlurag 25-27 ssmuwaldoa wazAAAMULAY
yhmsUssidiuanAmm e sUTinauasis ilisudmumsdaansiuas
(Photosynthetic Photon Flux Density: PPFD) ﬁﬂéj’sﬂlﬁuﬂﬁ:ulWﬁaﬁﬂ’li Ao
20-40 lulasTuademmaunssodunit anduldviinisusulgsenasliiinisi
e anthandmivssusenmadielidesnslissuuuiuornmedegumniluvios
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'
o

AN 27 esrealdea ngluvisaiadiseuuuTuamaviig 18,000 Tgsedalis

a

f%e TCL (Power 1.46 Ala¥ad, COP = 3.56, 1 Phase) Sxuukawfienfndaen
weadd vin Full Spectrum mMaslnin 18 Tm (Voltage: 100-240 1as (nszilaaav))
$1uau 12 waen Mdsliihgsan 216 508 Audunvinidudisuazduuy vnnsands
szuuk@R il mdsnunaseiinduuuidonsetumedsnisiiiinvuna 3.15 Alatndgegn
Tngldunwaduasenfinduiandnsiumdsing 315 S0d 8% DAHSOLARPY §1uau
10uss (v, 33.10 1ad, |

HARTYLAEIITIRUAMDIUWIA 12 13ad 80 weauwUstilus 91uIu 2 gn iedngliu

,9.53 wouwUs) Iinndnlaainszuvazanglriulssu

mm

a 1 d' a a a s dll Q‘ LY 'S
syuusasisdlugrenliinisnanluihanuasefin gl iuse s e Ia1NTEATIEILES
AININ 1 ()

A

fuedined : I

i

() SLUUNAR INANS I ULEID AN

a @ o 1 & v v 1Y 1
A 1 lssnusdaiivrunadndwuimziteandigliluviaumvemytiuledlas
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2. %’umaumnﬁu%’agau,a:"?ms'l:ﬁwa

dmsunsnaasunmslinuiieysadvaussaurmsinuvedsanundaii
AelaazinTUNITTINNULEAIRININ 2 UsEnaurmen1snTIvingungiie niAkay
anududisinsormalulsanundnfisuarusssinianndeulaslfisumesTagumnd
uazANLTUENNS (BOSCH, Model: BEM280, Range QMY 0-65 DI LTATYE
Accuracy + 0.5 aerwalded, AnuTudusius 0-100 wWestdus Accuracy + 3
Wesidud) dmsunummuaadisuyhnisaaind PPFD setedesanlasTilnfines
(UPRtek, Model: PG100N, Range 1-3,000 lulasluasanisnaunsneiuyl Accuracy
+ 3 Wedidus) wenantuszuunsaiand sl dsugesasataniiwesiiih
DC v ud1vesduInsnesingld Power Analyzer DC (Voltage range 0.05-300 1aa#
(nTzuanss), Current range 50-300 WouwUs, Power range 0.2-90 Alaing) uag
asrvinndwesinirvieenvesdunesineslayly Current Transformer as19n
wisdimeslnin AC (Voltage range 80-120 e, Current range 0-100 waLwUs,
Power range 0-23 Alains) Wriuanglnveslnaniideanisuavionsoduesines
wazuasalulasreulnsaaes ESP8266 Tneldiedeuladayanas RS-485 Converter
Lﬁa%’uﬁﬁayjamuizwﬁuLwaﬂﬁmﬂ’uﬁﬂuuizw Cloud Server

. f Ttfhamnawdaniliih i

nagaRIVAY
v
uumAgs

unnaAuaseTiRdiAalri Bunefinedosunia
5 3.15 ng 3 kw

Energy 1 kW

B sy~

nagIRURUULMAITIY
Irthéhies

e B8 B (Amivuaedingg
— e — ww

Power, Voltage, Current, fumaiinadoavinia ’

yauuAAed 24v
80 Ah

AN 2 1@@8LLﬂilIﬂﬂiﬁ’]ﬂﬂu‘ﬂaﬂiiﬂﬂﬂuma@ﬁ%
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MnduinsAnuaussauznishnuredlssnundafisuuuldeudosdty
WiednwmgAnssumsinuuagmsUuuunsliadssnusdniio loiudeyasielilos
Wuna 1 dai Tudhafounmiey 2564 Afanmenadoudn Jeviililssnu
wandwnliunslindsnulyihinnningisngdu 9 iesananmernmaveminu
Uiladhsaguuiiuiige Tuthadrgumgiivandenligeann Jatmuaidoulunislda
spuuiell aTa-Taadesuuerna daus 09.30-16.00 u. diedunisannisly
wsulwihainssuuaeds dmiunande-Un viaeauoadd Fudeus 07.00-17.00 u.
uenininldifunanda-Unvaeaueadd (fluharnuumasd) daus 17.00-20.00 w.
LAZLIAYSARUAAES Raus 08.00-17.00 1. Toyar0N31nese1e 9 Ain1sdudin
H1usEuU Cloud Server dwsudufindayasie q wazlavhssuufnnunisvieu
HunsTdnuuuLeUndedy Blynk mninsdwidede Fvawisafinanunisvhanuues
Tssurdafiuvudealml venaniurhnnfudoyasiuiudundeliflumaud
figuden $1uau 13 degne Andu 10 Wedldud vesdinnundeliviniivuvusan
Tuseuiienfuiauiiftounanau 2563 (Frunundelinafivniduidedulssundeio
fvanevaaian) iethuménsrsealagldisnstusiuiuvesiundaglsfundsle
Usznause SuauduEudu Srnuduiisenlnl dundelifine uazinnnugees
dundelimniou Sudaus ufl 25 nuaiius 2564 feiuil 25 Squisu 2564 Jusses
na 4 deu elurnsnanilfudieiiguruningelfiduiedulsanundnis

3. MTIATIEINIUATEFANENT

Tunsiengimaassgmansldfnfmuianznmsuiusmos uaznisinss
szuurdaliiimdsnuuaseniing doyaihinninszsildandeyavosyuvuiifinng
9l uagrnmsfudeyaluaudde ldud foyasnauravendelidinedes
srogmIMaWIzEes Mavendagliienin Sunulinviesiisfoyaseldsed
edesiel Srnudnvieaiien mameidoudnugnuvesinvieadion wavenglasinis
Foyaaliane Usznousne waanulingld el drfuermsdmsuindels
Vau erdaanuiinAanssy uazAildines 9 wu denusigunsal doyasield
Uszneushe Melinnisuendll wasselinnfanssuvieaiisndeeysng idusi
MnuinUssduaruduyuredssnundeinlunide Ussneude msvnszesam
Aunu daAUagtugns uazdnsmanauununiglu (Samuelson & Nordhaus, 2001)

&
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n1sUseLiiusrezIanAunu (Simple Payback Period: SPB) FaaunIsi (1)

YA UNTAYUTIY

STgEIAAUY = = . (1)
: NAMDULUEVSaaNT 8

yaragtuans (Net Present Value: NPV) #3anauinveds g suianiauae
1 gj a" 19 U 1 d' LY v d‘ A
TeRenwLenlinlasinisiaensusunneaniviaiagiu Aeunisi (2) 1ee R Ao
nanauwululn n, C Ao Algeludn n, N As szazianlasenis i As sasidiuan
(Discount Rate) v5adns1neniie (Interest), TIC An Ruawumus o Laandagdu
R -C

N
NVP = S o _ 2
ngo A+ TIC (2)

dnsNanauLnuNely (Internal Rate of Return: IRR) #399n5190nt0eNvinle
yardulaguavdilianameuununisasuiianduaud (A1 IRR fe i vl
NPV = 0) faaun159 (3)

N C
NP = Y—— " _TIC=0 3
Z:o (1 +10)N )

@ WamsdJdy

1. HANTSANEIENTIOULNITIIUVDLTIUNAANY
PINAN 3 LEASANTIOULAITIIIUYDILSMNURARNYRBLLBY 7 TU Usenaunie
nswaguwatgamaiiennia A1 PPFD Madliin wasndanulnii lunm 3 (n)
1 [ Ql' a a = 1 @ 1 ¥ 1
WU anwagMUasuiUatgumgiieonnialulssundaigudseenidy 3 93 loun
9399 1 1781 08.00-09.30 u. naulaltaruszuulsuaInelutIndn Budanudau
WdlssnundniivdviligamgiionnaEuglulan 27-29 ssmgai@ea nduy
\ingeaad 2 WurantinisldauszuuuSuainiesaus 09.30-16.00 1. gaumiilulseny
a A = = ‘45 é 1 a 1

NAATULAN 25-26 99ALYALYEE FIHINITUTTEINIFNIYUDN 5-8 DIANIATUE LAD1D
a v dl % v = o ¥ a v = a 1 @ o
fiuTunemaseudadavilioamgiluiesgeds 27 ssrwadva agralsinuds
anunsasnwssavgamniilindieldiasayiulale 25-27 ssrwaidea nawnUassuy
USuaniadslanadaludial e lalviszuundaluihdrendanulii asinglugem 3
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gj 1 a a A é{ 1 < a d‘
fawAIan 16.00 w. saumgiionAlulssnundaiivarguegnnaiuasiulouly
QN IvINzay wazlsullAinanaaiaaian 18.00 u. ntuagiauiauusdiayay
agngluvies ilvillgamgiionnianisluginineumgivingey 1-3 s gaded
Lwié]’ﬂa&ﬂuizﬁuqmmﬁ 25-27 s gaLded dnsunisilasuwlasueedn PPFD
Aan 3 (1) NUPEAEEAUSMAUTLIMTINA1e Fadleuseanns 30-49 lulaslua
AOANSIBUASHDIUIT LAZIIDTEEE9RINALILINTINA90aN U 1aUTUING Fzanad
wigio 10-25 llasluasdensnaunssoduil dmsugedianndy 20 lulasluasionisnauns
AoIui aldisn1sdnevIndaiuwasuduvinlieglavaenlilvisniign de1 PPFD
[ =l | 2 v ¥ ¥ Al I = | Py v
faileanesianudeinsvasnmeliunfuliiiosanduialungunsenisiatiay
v v v < é’ a 1 [y} o A A w )

waznmeldaglalandunauuduanniutainane iy 10 Sl iudniuay 3 7l
nnstgbinazaulilusunmesanelriurasnkoadfmnawniial 17.00-20.00 u.
Faiganasionsldanuvesguru 1WeanmIndn1sun3esney Fusuaunsaaniunig
Ioodlagldauyssanalilas

Ansuamadnd Alalulsaundnisssnin 3 (@) wunniaslniisiu
YodlsInuUHARNEA1Ae 0.05-1.65 Aladnd wavlvfidwlnggnangliiussuy
USuaniantanasluilifaws 1.00-1.30 Aladnd Tuwieian 07.00-08.00 W. WU
fnsaalniannszuvaedanldidntiesUsesunn 0.40-0.06 Aladnd Liasanisuidne
TYs2UUkaNAoUBATIISILUALMDT INUUALALIAT 08.00-16.30 . Wdrundau
Trdulssunanfisuiannszuunan liindsutasofiadidundn daus 0.2-1.4
ay o ¢ ~ ' PP | Y] | ~ Y o a A €
Alated waziureranainasluinainszuvansdanly 1wy 3anauusidniing
anad Masbiinden 0.04-1.2 Alaind ndsa1nan 16.30 w. mMasluinsInveeszUU
£anaIDI9ININNSITNURN I TEUULALTIEN WazAIAIa1 17.00-21.00 U. S¥UU
wanfeuazivasululdwrawmdsnuanindlususnes dmsulutianainalsdu
finslaluinananedeslseann 0.05-0.06 Aladnd wednelnidusgunsalaiuay
A 9 dmsunslanasnulniidanin 3 @) wuiilusdesiulssnundniviinisly
nasulninfas 9.25-11.72 Alatnddllussoiu seliaade 10.85 Alainddilug
potu wUadundsnulninAlaanndsnusasenindfans 6.13-8.60 Aladtnsdalua
sofu wseAadu 60-75 Wesidud vesnsldndsuluivianun Tagastuegiv
1 2 v A a 6 1 [} o ¥ ] a = % U
AANUTUSIEe ngTulmaziu vinliurariaatinishandaanundaanuludi
naedsnldUsean 2.89-4.48 Alatnddalusdeiu vseAadu 25-40 Wasidud
uwdlgienseualiihlviiunaenueadlugind uargunsaidu q Tutaianansdiu
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— 00 WM .. DUtdoOr temp

PPFD
30-49 pmol/m?-s |
"

3B

Temperature (°C)

-

w18 Apr 21 »a 19 Apr 21 04 20 Apr 21 »a 21 Apr 21 9« 22 Apr 21 »+ 23 Apr 21 v« 24 Apr 214

Date

(n) gaumgiienAlulssunEnity

P_grid P_solar —P_system W Gid [ Solar g Total

Electrical Energy (kwh)

«18 Apr 21419 Apr 21+ + 20 Apr 21++2] Apr 21+ +22 Apr 21+ 23 Apr 21++24 Apr 21+ 1BApr 2l 19Ape 21l 20Apr21 21 Ape2l 2Z2Apr21 I Ape21 24 Apr 2]

Date Date

o w

(@) Maslndrvedlsenundniiy (1) NstanasnulnitvealssuRaniy

A 3 Msdsuudasgamgilonnia a1 PPFD fndaliln
wazwaa Ul vedlsIuNAnNY

2. wadns1senvaindeliiundulv

dmsurannnisldaulssundaialaviinisussivaindeyadnssenves
ﬂé’wlﬁuﬂﬁmlﬂummLLf’hmﬂmiejmﬁU%’ayJaﬁwm 13 @79819 NUIT NNIUIU
SusuvewiunaelimGuhutoyaluiui 25 nuaius 2564 uazimzidensu 4 iweou
quiliui 25 figuien 2564 findneldlurindiuau 4 van Afens1seawhiyv 100 Wesldus
° Ao o & \ s d & o Y s \
U 5 9 NTNS19599R9MA 50-80 LUBSIIUR 91U 2 VIN N19RSI5ARINTD
50 Waswus Tunmsuiiaedsdnsinisseawindu 71.32 wWasigus ag1elshnnu
U 2 VI Tnenaraileosnniwenvunelurinddlanvguiainnisinide
ludumewinllete dwsuaugwesiundlgliundulnluriawiidnisasyiule
d‘ [ [ v a Ql' [ al' Q‘ 4” | & 3 1 & @ 6
NLANFHNAUUN ImsmmLaaaam’lmmqwmeumamaumw 1.56-72.77 LWUasL9un
(FNANEIYRIRUEIARAILA 1.10-7.70 wuRlwns) Wethdeyanan1siasyiulnves
nagliivandioinunUsslivssesianniswngidendgliunAulnluviawialulsany
NARNYALUAUNITINIZLRYLUULAYN WUINEINITOAASEELLIANN 12 LHaU anad
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Wde 8 WU tnenaleliilduIuAuLINTY Jvuelu kaga1wIulunnTy flegnd
nssaulavasnmeliundulumnizitedulsaundniis danw 4

A 4 fegrinmsasyivlaveandlgliiundulluvinuiifimnzdes

Tulsaaundnie

o 5 wansrmasnulihsuildlulsnundaiivraensyosa 4 ey
wuiludasTuinisldndsoulnidus 3-12 Alataddlusietu fidiuogtu
anunasy 1wy tnesdndiuvasnislanasanulnirdnlugunainssuunaalii
Nasnusaseindfnlu 65-70 1Wosidud ﬂgﬂﬁﬁuagﬁUﬂawmL%;J%’ﬁ@ﬂﬁmé“lul,wiazi’u
wazlnihdigosnsiiuiuananasdinisinih 30-35 Wesdud lneandsvemasy
TnfhilssnunaafivldaudeTulszann 9 Aladaddalusmety Usznousendsny
Tnfhannszuunanlniiuaefing sum 6 Aladaddalusmoty wazlniainszuy
anvds 3 Alatardalusoty

..... E_grid  «.....E_solar ——E total

Energy (kWh)

25-Feb-21 25-Mar-21 25-Apr-21 25-May-21 25-Jun-21
Date

A 5 wasnulnindldnannsseziiainisiziaganaelsl
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dolnngimaassgmanslunisufuualssnundaivimiunslissu
Haa b uateing aslin1sAamuuiuUTviod 80,000 UMM KAETEUUNER
Trlfmdsuuasending 70,000 vm sanduRuasmu 150,000 UM FUBUEINITH
wnedsandaelivnldifiutudy 700 vaded wazanunsoveldlusa 100 v
fovn LHosnuuduluriaiuiy uaraansodfiusuinie el Fiduiy
Ju 150 auded viliguvuineldanduilsansfdiuiy 47,550 vneed
fisvazanfuru 3.15 U Anlugartagduans (NPV) 369,848.49 U uardnsn
Hamauunun1ely (RR) 30.56 Wasiius nauanInanIsng 1

A3 1 KHan1TIesIziasugeansvadlssundaiivruadnvyiiudelad

EUEGHERE nauUiulse masUsuuse

AAAAAAA 1 dwunddlveinades ) 300 700
2 ..izsjm’ammét,wmg&la (Lﬁa.u.) | | - 12 o 8”
3 mwwendeldiovn (vindevin) 8000 10000
4 dnnuinvieuflsndndnungaureaiivndoying 100 150
................ o)
...... 5 famsloudnyigruashionssy (vmdieaw) 170 170
b s @) 20
7 wdwmliihnszuuanedsilfiadesied 120.00 1,095.00
................ Matnddalussiol)
8  Specific Energy Consumption (Alasnsdrlasiovan) 0.40 1.56
................ S
9 elwihiade wslefladitalug 400 4.00
10 'mwé’qmuiw% (U msad) (7) x (9) 48000  4,380.00
11 dunuerlihdonn w10 s () 160 626
12 ddgenwissuudSuome (wweied) - 1,000.00
13 Andunanewnsiunieas 2 v (uwded) 600.00 140000
18 dngunsaiasmuitaaniionssy (wwsel) 250000  3,75000
15 ety o vy dousegunsal iweslle 2263000 22,630.00
16 eeraun (Umsed) 26,210.00  33,160.00

(10) + (13) + (14) + (15)
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EEGHERE nauyiulse wmasUsuuse
17 selsannisuiendaslil (Lmsiel) 24,000.00  70,000.00
o sqg‘l,éfmnmsﬁﬂmmmmql,ﬁmL%qgu%’m ........................ 1700000 ......... 25’500‘00
(U']‘V]Giaeﬂ) (4) X (5) ..........................
19 weldfonmun e 4100000 9550000
20 el wiod a9 -9 1679000 623000
AAAA énlm'-.L‘éﬁéﬁﬁﬁﬁ%ﬁﬂEﬂiinmuwamﬁ% (U ) . - 150,000.00
2 il wwied) - 4755000
""" 2 swewedon® - sis
2wl o) - 3698080
AAAAA 25 Snsmanauinunisly IRR (\WUosiHus) - 30.56

NBWR: * AuaINaun1sf 1-3 auddiy, * lddnsmenile MRR = 5.995 wWesidus
(BnsmenileRulvidue ATaN 2/2564, 2564)

@ anuUs1gwamsddy
- | A &4 A v X ° ] X P v

NNITANYINUIT L59URARNY NS 19Tuausat w1tz rasananglsl
TurawivesgusulidusgrefivianisaivauanmngiioniAwasann MLETE e
fundaeld egrdlsinuenaiinisunisivesguugiionniadiuiienealdiussuy
Usuania Fadlainkauluiiiuainufean1svesiee1afsadinisilassuuuiuiy
& & Y ~ | a A& o Y o ~ | )
Matlaredivanimeinianazdwalilsanundaisdnisldndsnulniiuanseiu
luwsiagggnia nn1siesisinudt luduineiniaseudnalsinisiiuiailunis
° < ' v & £ ~ a A )
AN UlUT I N5WY Uszunad 15 Ui wazidsunatUassuuyusuaniaeaanil
a P ' < A o ) a v 9 v a a
8n 15 uit ludrduieshussavaamgiionnialuvieslalviguiu 27 ssmwaidesa
ag19l5Anue1dNalwldndrulninanssuunda i ndunasoing way

| a X o 2 v a v Y

PMNEYALNUIULNSLANTB8 Ussunad 0.5 Alainddilusmaiu

A = a ] A A Ao Y Aav A

WaSsuisunanstnulssnuRaa N IR ILAUNITEEY ¢ (Quan et al,,
2018; Ueno & Kawamitsu, 2017) wuandimnuaennasatdluianiafeddu e
ililanunmyesisnfidy wazldszeziianmzdgnianduas dwsulusiuves
nslinasnulssnundaigvesguvuiidunuandsuliihlunismnsdesisiising
-'-ﬂl a & [ 1 % 'y} 1
Wasannlgluiianntase gl unantunisanglissuuUSuaINIARUULENEIULAY
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@ Abstract

The objectives of this research were to investigate soil carbon stock of
mixed deciduous forest (MDF) and deciduous dipterocarp forest (DDF) in Erawan
National Park in Kanchanaburi Province, and to study some factors that could
potentially influence on soil carbon content, namely soil pH, aboveground
carbon, tree density, diversity index and forest type. The sampling plots included
7 plots in mixed deciduous forest and 5 plots in deciduous dipterocarp forest
in Erawan National Park. Plant community structure, tree density, and diversity
index were analyzed. Above-ground biomass was calculated based on allometric
equations. Soil organic carbon and soil pH were analyzed. Pearson correlation
coefficient was employed to investigate the relationship of variables. The results
showed that the average content of soil organic carbon in MDF is 193.87 t/ha
(134.53-229.93 t/ha) and in DDF is 175.97 t/ha (96.15-244.37 t/ha). Nonetheless,
there was no significant difference (p < 0.05) of soil carbon content between
MDF and DDF. The results associated with the other potential influence factors
indicated that the average pH values in soil of MDF and DDF were 6.98 and 7.07,
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respectively. The average value of tree density in MDF was 290 trees/ha,
and 360 trees/ha in DDF. The average diversity indices were 1.620 in MDF and
2.100 in DDF.The average values of aboveground carbon were 41.41 t/ha and
109.42 t/ha in MDF and DDF, respectively.However, according to the correlation
analysis, it was found that there was no significant relationship (p < 0.05) between
soil carbon and the other interested factors. The results pointed out the potential
of MDF and DDF in sequestering carbon as the forests play a crucial role in
maintaining carbon balance in both local and global scales. These research
results can also be used for education, raising awareness to locals who live in
adjacent areas, and integration in land-use planning and management in the

area.

Keywords: Soil Carbon, Carbon Stock, Mixed Deciduous Forest, Deciduous

Dipterocarp Forest
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(Intergovernmental Panel of Climate Change, 2014) mﬁa@ﬁ”’m‘%aumzﬁ]ﬂiu%u
usssmasadumuThmevesnaNyweAfiazdosiiiunisesueiedauasisamu
wvnwaniunsannislantdesfnuiseunssaniivilandniunis e n1sannsld
uazannisUasUdesnnswlviidemamleata uaznisseynalalunmstniiunie
JamsiufreSounszaniivanUdosesnin (Amundson & Biardeau, 2018) 9N
Uszlluvasazauasusuuulan (Carbon Pool) wuinuvasazauasusulumuiusun
2,500 GT (Lal, 2008) S?fﬂqqm’jwmeazamﬁuaﬂu%umimmﬁﬁqa’mwi'l (800 GT)
(Celkers & Cole, 2008) InpuvasazanmiveuUinagiiianfonsia TUsinunmsaza
38,400 GT (Houghton, 2007) sty ﬂ’]iﬁﬂLﬁ‘Uﬂﬁ‘Uauiu%UUiiEﬂﬂ’]ﬁiﬁ@&_ﬂugﬂ%@ﬂ
Sunsdasueuluiu (Soil Oreanic Carbon: SOC) 3ududnmadenwileilésury
aulaluns@nwiileyszidufnenimusansinifunsueuluszuuinasuuuuing 9
AUFIIUYIR (Lal, 2001; Sanderman et al., 2017) szAuves SOC LunaanUjdunus
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78 Uit 17 aliuil 2 nsnges-Sunau 2565



v & < a P R ) ! W & @
msfnifuaiveuluiuuasUadefifeidesvasiiuganssnuazdided
Tugnemuursn e i Jamianigauys AUNA NI uag Alsngns Uil

Tufindenssaldifelddmsumusziandn Tnevistenun 12 wlas wdseandu
Untugyanssa 7 wuas wazUnidiess 5 wlas suvisesiUasiogauandlunn 1 uas
fifanugiaansuandunisng 1 LLé”Jﬁﬁaaﬂaﬁulﬁﬁléfﬂﬁﬂﬂ’ﬁﬁfmf\]mﬂamaﬂﬂ
Tasgideyaalassaiavesdinuiy laun anuvuiduvesldduiu wagdyiaing
VGRRAVGAE) iauﬁﬂmiﬁﬂLﬁUﬂﬁuaumﬁa‘ﬁuau (Above-Ground Carbon Stock (t/ha):
AGC) vastusaziuas

—
[ sumiavesnlasiiegiauSnunuiiinnluungnamunasfies o

1 centimeter = 65 meters

M 1 undsvasiasinegsazyaiiudieg1miu

A1579 1 GT']Lmﬂqmqqﬁmamﬁmaqmeéhaam

ULugyanssa AU Uheds AL
wasl Azugen witle wasil  mzfusen witle
................ 1. >lse3s 1589467 1 513701 1589333
............... 2 ......013666 1589442 2 ..>13r04 1589315
SR S 513717 1589442 3 513758 . 1589384 .
S 513643 1589412 4 .. 513751 . 1589364
............... 5. .......013705 1589489 5 ...>o13r38 1589364
e O SL8r 38 58080 e
7 513770 1589445
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2. ANFIATIEANEULNILATIES 19vesdIANiiY Taefiansanann 2 fauus
Toua mnuvwsduveslddusuluming fu/ha wasadsinnuvainvats dslunis
AnTzRariauainraty (Diversity Index) 971994 1UAYTAIUMAINUAIEVD
Shannon-Wiener (H) Ssaztsuanisrsuwasasannadouasanuainauevessin
(Species Richness and Evenness) InadannislunisAiuied A

H=Y (p,\n p,) ¥i50 ZS: [(%) n (%)}
=1 =

e H' = Audanuvainaigyad Shannon-Wiener
p = dnenudunusiuvesiulidulin? i (n) Weududnuiuliiiovmn (N)
S = ururiaauannuluday

é’%ﬁmqwmwma%qqLﬁaﬁﬂ’nmmﬂ%ﬁmﬁmmLLazmmaﬁWLaudumi
nsznesvewdaluitudl A1 H fldwindu 0 defisuiurdeludirudiowinben
uazlneviluudn A H SrgegalsiiAu 5 (Washington, 1984)
3. msfnfiuadveumiefiuAumuInanNas et I mieuRy (Total
Above Ground Biomass: AGB) a1naunisuealaiuns (Allometric Equation)
(Ogawa et al., 1965) Fareluil

AGB (kg) = Ws + Wb + Wl
W, (kg) = 0.0396 x (DBH? x H)****
Wb (kg) = 0.003487 x (DBH2 % H)1.027

1
28
W, (kg) = (\/\/S + W, + 0.025)

11 AGC 97n&dun1s AGC = AGB x 0.47
Tnei W = wafainneauaentsl (Biomass of stem) (kg)

W = wadanmwesieiulsl (Biomass of branch) (kg)

W = snafinmwesluled (Biomass of leaves) (kg)
watinmnileduazgnulanduainsinivasveumiiefulneguiu

0.47 (Intercovernmental Panel of Climate Change, 2007)
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4. \Fusegapusuusunmulasiasafinnudn 30 wufiuns lnefiuseseiu
N 4 90 Tuwdasiiegna (20 x 20 wes) Ingldaunsaifiuiednsfiu (Soil Auger)
Ausneg1nTInfuRauRulid L win Quartering wiadu 4 d@w 1o 2 dw
ponlU udanay 2 @uiivde udwh Quartering Snass ndsanntiuhfognadiu 2 dn
Wiamsgimdunseinguazduvsdaisvaunazanudunsadusiswesiu wisy
fhegsiulasoulufeunnufeuiigungli 45 ssmiwaiia Wunan 24 dalus aniiy
iseulagldnzunsssounuvuintes 2 Tadwns wag 0.5 adns IATILHAM
WJunsa-f19ma8 pH meter (Blakemore et al, 1987) uaiAsigimaunidaisueu
wardunIeingeleianis Walkley and Black method (Walkley & Black, 1934)
MsAuamsuradaiveulufuldAaumuuLusin (Bulk Density) v8svisaes
Usztanlagaedeadoyaniunuiiusinvesduludiuganssa wirdu 1.30 3y
fegnUIANYURWAT warAUULULTINvIRuluaes Wit 1.45 nfusegnuir
wuRLag (Vicharnakorn et al., 2014)

5. MyIATeteyaideata ldn1snaaeu Independent t-test WewSoudiou
AuadsretsaziuUsnsAnwluuganssanas Ui wasinszinnuduiug
vasUSunaumsueulufutulseinmuestn anudunsn—Answesiy NsazauAsuay
widedu Anunukdueeldiudy wagasiaruvainvate laeldnsitasiei
Adulsyavsanduiusvaaiiosdu (Pearson Correlation Coefficient) Tiszsutiudndey
0.05 Anszikazulanadeyalaglilusunsunieada SPSS (Version 26)

@ WamsdJdy

= . .7 = U ] ! :’1 ¥ U
nan1sAnwIanwurvesdirniylulUasieg1sveslsdssussian laun
AMuILIUeliBuAY uazAstlnuaINaIsYes Shannon-Wiener (M54 2)
1 1 VN 2V U 1 1 a 0‘ 4

wuimnurkuwredligusuluwlasieg el nuganssaleingn 75 du/ha wag
fianununuiugsiign 600 fu/ha tnefiAede 290 fu/ha luvaeivndssadiany
wuduveslidudueglugie 275-500 fdw/ha lnedAade 350 fu/ha Lagnaan
AMTAATIEANNEDANUI ALadsauruLdureslidusuvesUansUszinnilanag
upNeNanUeE1NEdIAYNINEdATNIZAU 0.05 (11399 3) AIRYTLANUNAINKAIITVO
UgyanssasazUidssadlaadewindu 1.620 wag 2.100 ALEIRU FIuansliliuii
UnfesalimunnnviianaranuadinanevessdafianssaunuinnnUuyans s
@ntey HaNTIATIEANSUBUIININATIN WWTEAY WU UganssuiasUey
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wiloAutieanitUufeds nedlaade 41.41 t/ha (10.11-108.61 t/ha) Tudiugyansse
way 109.42 t/ha (59.55-231.69 t/ha) Tuvfese ag9lsAniy a1nn1siwmsnz
NEDANUIN ALRAUVDIRTUANUNAINVAULAL AU UL ALYV IERIUTENN

o w a

laiflanuusnansiuegeditedAgniseda (1379 4)

A5 2 ANVULVDIAIANNVLAZ AU UM LD AU UL UAIRI9E14

ANMUAUIBUUYDY  AYUAIN ANSUBU
gudu (fuw/ha) wanviane  wlenu (t/ha)

e wlash  wuvie

woanssa 1 i 125 1.332 10.11
................................ L T P
................................ L
................................ L
................................ L
................................ o
................................ S T T

WHass 1 9 275 2.098 96.29
................................ e
................................ L T
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA L
................................ L T

HaN1TIATIZmeg19ANluLUasdnw wudieudunsa-arsvesiuluy
Uniugyawssal fien pH wdeintu 6.98 Fsfianeglutag 6.62-7.24 uazAululudess
fiA pH 1asgeniUnuganssandnides e 7.07 Tnedaneglutis 7.02-7.13
Fernanudunsn-svesiaessuinniinuuananiuegeiiteddymieain
fisgd 0.05 Fanandlumsng 3 wag 4 uazanTnserdunie Tnquasduridmiveu
Tuufiszduanudn 30 wudluas wuhAdunieingluliuganssadaegsning
P29¥epay 5.95 fs 10.16 dwdndsseglutisiosas 3.81 9 9.68 wazidew
Adunseinguidwandudunidansueuluiu ludnugyanssafiadunidasvau
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oefluting 134,53 fg 229.93 t/ha Teuadswintu 19387 tha uazUifedsdianegh
96.15 14 244.37 t/ha laedlaadeviniy 175.97 tha

A1519 3 wan1siaszinulunsa-ang Bunsedng uazdunidasueuludu

wiiath wuasil pH duvisedng (%)  duvisdarsuau (t/ha)
LUB NS0 1 6.80 9.08 205.14
2 7.24 9.81 221.85
3 7.24 7.67 173.44
4 6.62 10.16 229.93
5 6.87 9.45 213.70
6 7.04 5.95 134.53
7 7.05 7.89 178.52
1354 1 7.02 9.68 244.37
2 7.03 7.78 196.28
3 7.13 3.81 96.15
4 7.05 7.13 179.87
5 7.11 6.47 163.16

dunsdansuaulufu t/ha 193.87 + 33.61 175.97 + 53.95

gAY NIERANTEAY 0.05 (MAdauAle Independent

md)}
e

TANULANF9DE9
Samples t-test)

Uit 17 atiuil 2 nsngAn-Sunau 2565 83



v a 3 a o oo v | W& @
msfnifuaiveuluiuuasUadefifeidesvasiiuganssnuazdided
Tugnemuursn e i Jamianigauys AUNA NI uag Alsngns Uil

HaN1TIATIZRANdIRUsNIsadRsEnIensAiniiuasvesuluAulugUves
6 a a 6 v % ¥ 4{' b4 % a ‘{ U %} s = 6
AsUpUBUNIInUTaTeaIudY 9 fedulssdndanduiusuuuiesdu (Pearson
Correlation Coefficient) LaAIFIAISI 5 NANISANEINUIT ANSUIUDUNSTLURY
Huuildupnuduiusdudadeaiudu q Tuiiansiinsedudiuainaduyszdns
U v § & d‘ =3 [ v =Y o (Y v e‘z.:!
avduiusidunluau Tuszaution (r < 0.50) wazlufitvdAgyresnnuduiusdalans
Y @ 1 '3 a a a [ YY) d' = v o 6w aa i <
Tidiu msususuvsdluauiudulsou q hiiaudiusiulunieats egalsini
WeRansuauduiussyuietadedu o nuindsstanvesUrdanuduiusiu
aviianunainvatsuavarsvewmleiuauluseaiuuiunatseselitedfy wag
AertALaINateTANNAUNUS AR et Ui UANUrUILULY e lEusulusEeU

°o v aa

UrunansegwiidedAgnieann

AN519 5 AnduUssAnsanduniusseninetade

forest_type Density Diversity_index AGC pH

B
Density 0.202 1
D,Vers,ty_,ndexo71006241 .................................................
AGC 0 omr oss 1
pH 0.254 | 0.244 | 0.486 | 0.485 1
SOCOZZO ............. _0190 ................ 029302230414 ......... 1 .......

a a o

AdNUTEAVSNNTsdANTEAU 0.05 (Two-Tailed)

@ anUsiwwamside
a s 1% 9 - & dee DT \
NMTassteyalasanesdnuitluiunfnuuandiviui Ay
v v o W@ o oA P = VA
vosldlgusunardvlanuvanvatevesdifssalimainitUnuyanssadanuldiduiy
Moarulunui (Wlddusalunsfinwaiad) wazdmunhanisiniumsvsumionu
Tudwheisliangandn Fedenndesiudeyadusouisdifuseauen (Girth at Breast
Height: GBH) wagagavasuliiluudasi wuhliigusuimuluwlasesdiuganssu
=~ a Ay L] ¥ =X oqv & =~ A4 a ao
il GBH warAmnugundendeeniiUnieds Juhlviasveuantuiamiefundiuim
NANMIADINITAUNITHEALALURTIAMANANTUAY wazlilaNasuA1BunIedng
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Tufiuvesduganssaaiiinagseninegiosas 5.95 fv 10.16 LLazﬂ’]Lﬁﬁﬁqagj
lugefesay 3.81 G 9.68 lngUssilliuiisuivuinigusesazuesdunseinglufu
(NIURUNNAY, 2553) NuIIN 2 Useunn denduniedngeglutieainn (Aund
% I~ 1 a 1 =] 1 'y} | a o o
Jovaz 4.5) anudunsa—adlufureshassUssianilnuuanaisiuegsiitodAgy
o X & ~ a a W a | A A ~ |
atlanalunaiiosninnisasauduvseinglufuvesdiuganssudusiaiinnni
Uheds Fannninsesas 80 vesduvseinglufudszneuludieansdifin (Humic
Substances) (Stevenson, 1994) a1s8niindasAusznauiidfy Ae nsngadin (Humic
Acid) uagnsaadn (Fulvic Acid) Feazdamarlianudunsn-a1svesnuanasle
(Ali & Mindari, 2016)

HaNSIATIEIMEDANUI Msinnuansuesulufulifinusisededideddny
A ~ P ) a o v & ¢ | & ¢ ¢
WatUSeuisuiuauidenisininuasuautaanisuanlassfiasmisusulneantan
waznsiniiuasveulufuusnaiiuivirdene o gneunrsrifnesgn-y
o U al 1 o a o a d‘ 1 1 a 1
Jadngedlnl vensies ItuguiR wazaudy 9 (2561) wuitlulnuganssaden
AsinAuAIsUauluAuAYTULR UL LA UAUENEY 2559 B9FImIAN 2560
SYAUANMNAN 5 WURLUAT ﬁmmﬂﬂd’]ﬂ%ﬁﬁaa@jﬁ 0.0013 way 0.0012 t/ha wag
FonuidnuganssaazUnfsssliinnuunnansegefidedrAgniadd wagain

a v @ d‘ al'd [ <@ 4 a d‘ [y

UIIY 5ITUYEY Wllve wazAudu 9 (2560) AdnwinsinnuasueuluRunszay

=3 a | a a o [ ad v 6 1 I @ @
A31UAN 0-30 LYURLUANT VDIPNYIULINTINNYIYST PWMIAUTLAIVATVUS WUNUFNTS
a0 o & ¢ Va | W a v a0 v &
AINITNNLAUAITUBUBYY 39.3 t/ha @IUUINULAINENLUYINTIUUAINITANLAY
ansueuluAuegn 67.20 t/ha mudau tnenadildanauidedniismnisiniuasuey

a I d‘ =l | 1) 1) I 1 ) :’1 dy @)

TuduvesUriluiianunanaranuiuUsetAnvasU nd Uiy NIdo1duns1zns
< o 1 [l d‘ I 1 [l 5 = [~ [ dl'
Wumegavasdneglunsessevesdmsassseian viaidunszladeduy q
LY é’ﬂwngﬁmmmmﬁuﬁﬁﬁ@w%wa&iaﬂ%mmmﬁuauﬁluaummdﬁ UDAINTY
Tunmsieszsanduiusse il sinuaseianurainviaty danudunusiang
Weatuduauruikduveslddudulussduuiunaiseg1eiidodAgnieaia
fnaaanadoIuNIAIRN Y MaIENSMNLAATUDIANLFUR USRI TALLIENIN9NTS
dzaum1suaulusTUURNARALANUNAINNA18N9TINN (Gardner et al., 2012;

Sangermano et al., 2012)
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@ asuwamisddyuazdalaualiu:
a v gj dy Y =2 [ I3 L a [ %

ns3veluasetlaAneIn1sinnuATs UauluAuIeIU L Uns auaaIlseLny
Ao lwyanssamazUniedt luwagreuwiarifiesia Smianigauys Tnewiunis
AnwiauduuUsTulBeug (Spatial Variation) waz@nwianuduiiusvestady

d‘d 1 v} I3 I3 a % [ @ 1 a a

vsUsgmsniinadenisininuasueuluau lawn Anudunsa-ansesiu (pH) Ui
AsinAuATUaUwMTaTiuAY AU ULYeIsull dutaNuanale wazUsEam
Y901 NN IFENEINUIUTINAASUsUluRunAuIMINBusdnsUsULRY BUYRE TR
YosUUaNssal SAnaaswiiu 193.87 t/ha (134.53-229.93 t/ha) wazUifass
fiAadewiiu 175.97 t/ha (96.15-244.37 t/ha) Faagluinauaiiias uaziiledaszy
ANLANGA1INERANUI1 AsusuluAuvesluganssatazUieseliiaaiy

| ) A Y a ¢ YRS A Lo ]
upnsiiuegslitedfy (p < 0.05) mMyanzitaduaiudu 9 wunaanudu

1 a 1 :’1 a Y [y 1 d‘ I~ 1 a
nsA-AevasRululsgesUsennialnalAesiu Ingaeds AUl unsn-An9vasnu
Tutnuganssuiianiu 6.98 uazaudunsa-aandsvesiululidssadawii
7.07 anadsanunuikiuvesldivgludnvganssulianvindu 290 du/ha uag
Unfesallaviniu 360 fiu/ha AeriinumainuangvesUiuganssakazUifass
TAadevindu 1.620 way 2.100 auasu Usuianisinifuasusumionunuly
Unugganssod fidnadiesyi 41.41 tha Unfedaliandesgil 109.42 t/ha agnslsinny
NAYINNITIATIZIUAIANAURUSN9Ea AT rIensAnAuATSUauluRudutlade
% d‘ 1 [} (=) Y o 6 I3 a 1 a o o aa
mnudu wudmntadelitianuduiusiven sueulufueenslilidudfynieedia (p < 0.05)
:’1 dy < @ Y] 1 1 Q‘I 1 1 :’1 d‘
‘Vlﬂua’lf\]L‘UuL‘Wiﬁ8ﬂ’1iLﬂ‘UmEJ‘EJ’]\‘i“UEN‘U’WIEJ‘EqJﬂUL“(JGﬁEJ‘EJGIEJGZJENU”WNE{ENU%Lm/l LHB37N
Jodrintunsidianuiinagszognantunsiinw wseiduwszladedu o aldle
e W Snvasglionnievesiiud gania anvaeiiledu Jusiu

JarduanuznsuiinanisIveluTduslevd

= (v I3 6 a 1 v v 6 [ Q‘I Ql' 4

1. mansAnwnsinnuAsuaLlufuraIlmasANNELNLSYIUa N0
Tunsalfinwiasell uanaliifiudefnen muesnsiniuaISUOUYBIU UL AN TULAE
Unhesadadunsnennsmesssunindunumddglumsinwauganisueunsluiui
szauvieshusazluszaulan wazanunsaldiludeyausenaulumslimnuiuazasng
AussertnuAvssrvulununnddunetoduniseysnela

2. AANTsueNYwy Wy nvinsineasiuiuiseulwawuiUl duasanis
Wasuwlasnislduselevivasiunuiliidusgnaunn dawaliurasazanaisuaulin
nssuniu dnenmlunistnfiuamsveuanas Gadeyanisfnwiluasalanansailuld
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A ) P fala & A P = -
Winn15aNulunsinnstduselovunfuluniunlnalfes Jen1saneilusuing
mﬁlﬁﬁ@;ﬂamiﬁﬂLﬁUﬂ’]i‘U@ﬂUﬁULL@zﬂﬁ]ﬁ“fﬂﬁLﬁmsﬂ’awﬁmeﬁi’mﬁ’mzuu
asaumaAnegimansietisuaniauduiusveoyaludeitui iowieauwny
nsldusgleniluiunseuwngnenule
173 o0 A w g’l 1
Jarauanuzlun1sriniensenaly
1. msiinsAnertdadedu o AwnanuidisduiuinaInnsfineluasell
a ) | 2 v f ' v ' a X 4
nstitnudasiiegslunisiiudeyaludiudazyssianlvdssegvinanndsluiive
a A Ay A& A A v Y
pandeansmUI M uNunsessegaunuiu
a & v PP ) | L.
2. #sNIsAUteyanlnuwlsiuniugiwIan (Temporal Variation)
1 1 = 1 a| 1 [~4 v
W seeznaudazmouludd mutigania WWudy
3. AYSVYIENUNNTANBINTUREULUAINSITUSE v UDINAULA8 TR UNUT
~ al a [ < 4 a 1 v ¥
greuanalinanIsUsInansinfuasusulufuvestilndneae

@ CHENIRER

nsumTiRY. (2553). gllanisufuiaumsiesisinsieaeviunand. uduile
30 duAn 2564, 10 http://www.ldd.go.th/PMQA/2553/Manual/OSD-03.pdf

NINENETULEYF dndUn uasugity. (2548). ZF)5\7075ﬂf7‘lfl’}7/ﬁ)ﬂ37.i/ﬁ7l/7§“§77w}7§
5@051125%@@7%17@%871#47/1'0%754@575’& uduile 26 Surau 2564, 910 https://
www.dnp.go.th/nprd/detailproject/cc_erawan.php

G]Liﬂi]‘ﬂﬁ T3, (2561). Ugw)msuwmwmmmmaﬂ mAdyTingmanidundey
UnIngaeAalIns.

syauyey Wulee, sl Auf, ued wasadng, Wusiing Tau, dsednd isadng,
YUNA WA, dd19neY I55uudl, algiusl 3951, Uedan vesav, Uunsal
WK, Azvan Neddn, aund 3me, vede Uaes, algyuun J8y, guite
Fndu, uaslagnat ufiuund. (2560). emunsAnmnsazasasueluiui
USANDUTHU: QNYIUUNYIANYYT. 275875UN N3, (1), 38-52.
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@ Abstract

This purpose of research was to investigate the soil pollutant contaminations
where pesticides were used in paddy fields of Thawi Watthana Sub-district,
Sai Noi District in Nonthaburi Province. This study applied a quantitative research
model. Soil samples were collected at the study area by simple random sampling
to cover the area amounting to 10 plots. Soil pollution in this investigative study
was divided into 2 groups: heavy metals including selenium, manganese, copper,
chromium, zinc, nickel, arsenic, cadmium, lead and mercury, and the group of
pesticides, including insecticides and herbicides. The data was analyzed to
differentiate with the statistics and soil quality standard with SPSS for t-test.
The result revealed that there were heavy metal contaminants such as selenium,
manganese, copper, chromium, zinc and nickel. Selenium were found in all
plots which exceeded the soil quality standards and zinc in plot 9 which also
exceeded standard. The heavy metal contents found in the study sites were
statistically significantly different from the comparable standard values and
found contamination of pesticides. Moreover, contamination of Methoprene,
an insecticide which prohibits the transformation process of insects from larvae
to adults, was found in plots 8 and 9. Its effect was to kill the eggs of insects.
The research result pointed out that soil pollutants contaminated in the paddy

fields were resulted from agrochemical use in the study area. Farmers and
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related agencies should consider preventing and reducing the use of agricultural
chemicals to reduce the potential impact on people and the environment from
exposure to pollutants. And further studies are needed on the absorption of

pollutants into plants and yields.

Keywords: Soil Pollution, Heavy Metal, Pesticide, Contamination
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Borax, Boric acid, Disodium octaborate, Sodium borate,
Sodium metaborate

nueay 8E

Tatar emetic

ngugey 8F ansinliiiawsalelelslalaeun (Methyl
isothiocyanate generators)

Dazomet, Metam

naN 9 asnANTUTU  ngueen 9B eseyusvadlwiiu axluwidy (Pyridine
N15M9UVDYRY TRPV  azomethine)
#i Chordotonal organ  Pymetrozine, Pyrifluquinazon
negugas 9D d13lwlsiu (Pyropenes)
Afidopyropen
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Usznnvasarsduilau YUAVBIAITNNTIDIATIEN

ndu 10 ansnguiduds  ngueias 10A

masaAvlavedlslne  Hexythiazox, Clofentezin, Diflovidazin
luduileulesi chitin -~ nguges 108

synthase (CHS1) Etoxazole

AR TVNY 2,4-D, 2,4-DB, dicamba, picloram, triclopyr, quinclorac,
naptalam, diflufenzopyr-Na, benazolin-ethyl, imazapyr,
imazethapyr, bensulfuron-methyl, metsul furon-methyl,
pyrazosulfuron-ethyl, diclosulam, metosulam,
bispyribac-Na, Pyribenzoxim, flucarba zone-Na,
procarbazone-Na, slyphosate, sulfosate,
glufosinate-ammonium, alloxydim, butroxydim, quizalofop,
fenoxaprop, propaquizafop, haloxyfop-R-methyl, EPTC,
benthiocarb, molinate, bensulide, benfuresate,
ethofumesate, dalapon, butralin, pendimethalin, asulam,
alachlor, butachlor, acetochlor, pretilachlor,
propisochlor, anilofos, piperophos, ametryn, atrazine,
dimethametryn, hexazinone, metribuzin, bromacil, diuron,
linuron, propanil, bentazon, paraquat, CNP, fomesafen,
oxyfluorfen, oxadiazon, diflufenican, dichlobenil,
chlorthiamide, isoxaben, flupoxam, DSMA, MSMA,
cinmethylin, dazomet, fosamine

Msutanguanssnusaaglsianguaunalnniseoongn’ $1edsmudeyanis
IANANVRY Insecticide Resistance Action Committee (IRAC) (IRAC, 2020) wag
N91ATINENEAT (05191 GAUSIATUE 0 Q9 wagAudU 7, 2563)

QeI e ERY

AusheshaRuusnaiuiianwilagldisnisdu (Random Sampling) lsaseuaag
Fauas uwasay 15 9a luudazgadesnnamg nnamwTeivdiunaquiutifu
ponfau warfiiusegnafesauildneiossitazenn nduldasy dew viewdn
yavquiduguia v Ianluwudsszana 15 wuimes wdusziendunieiny
AravUsEana 2-3 wuies shuieafuaunsui 15 9 wathAunnyald
sufuluganaiaiin (Polyethylene) fiuie azon wazlaungalviiseusae Fagaad
huihallsitiesnd 1 Alansu fotiduiunuvesihedneiu 1 was @ininenmans
WlensWauniau, 2555; uinenduuding, 2562)
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ANSASEULAZIATIZAIDENS
Wwhegsiulutahvinlenuazidviuislunsuiioanninuiu uareuiigamgl
a = ) a H Y] v ~ S v a A P
105 peAnwaded Wunan 2 1109 ¥30UUIMTNWIAIAIn asdsivunauielile
YIATNLAIU89AY TauAtuuUsunaulufulassaunis (1) (FAO, 2020) a1niu
P lUunliazldennarsouNIUASLNTIVUIN 0.5 Tadluns

w-w,
W= W) x 100 (1)

Gravimetric water content = 6d =
We W, = dwilnauden (g)

W, = dnutin@uiis (g)

1. mwseiiegaiiensivaeulanewiin

Fasogadu 2 nu ussgaslunvurusTeiitadewsiulugt TWivsinw
AUMUIYeIAuYsYIIA 0.5 wuRwes andutiluinsiziaemada X-ray
Fluorescence Spectrophotometry (XRF) S Shimadzu 3 EDX-8000

2. mﬁLquﬁéfnasmLﬁami’gﬁlaaumimﬁﬁﬁmﬁmgﬁ%

Faghognaiu 20 n3u afade Ethyl Acetate (AR erade) U3u1ms 75 Jaddns
Tntuhlugdenionadnas (Shaken e 5 alus wazihlvanusuns
Tnglimnudounsmlyiaiuieu (Hot plate) auiouwsis USuusuesidu 2 Tadans
LAINTBNENTATAILMENTEAYNTBIBAALIY Luas 42 (nilan lvedusysal, 2558)
inlviiasighalemaiin Gas Chromatography Mass Spectrometry (GC-MS)
§9e Shimadzu 1 GCMS-QP2020

nsAATIEdaya

defnwviavosarsuwd oulufuudrngirdeyaiinunuisuisuiy
ANUIATFIUANNINAUIIAUMAIN L TAUTELANABATNTTY MNTuAnwIATLLANGNS
ysadfvesantsuuleulaneminfuauinsgiuamnmiu Taeldnisiased
Aaelusunsu SPSS Tunismeanisnageud (t-test)
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@ WamsdJdy

namInnTieneiasivivud eulufuiinisldasaiinfndagisluns
wzdgndna duandiaw snaelvstios dmiauunys anmsduiuiegadiuau
10 utas Fewvseonidunanisuuidiowlavenin uavnansumleuasediia
Anginey il

nsuuidaulavewiin

nmInnTiarsilangatinlufuuinaiiuiivgndm duanitamn sune
Iystios Saminuunyd $1uau 10 ulas neldnsademeilangwiin Sruouviay
10 wiin laud 3aew (Se) waani1fla (Mn) neauns (Cu) lasidey (Cr) dngd (Zn)
dnifia (ND) ansuy (As) waadlen (Cd) nia (Pb) uagUson (He) nunsUutoues
FauTlon S1uau 10 wias Tnesia 10 utas Sidnaglutag 83,199.62-122,403.60 fadniu
soflansy eddnAumasgiudidmua wuusanila Sy 10 uwdas feneglutag
62.18-119.40 fiadn3useAlan3u GdlaiAumesguiifivun wunesuns S1uau 7 was
fdneglurag 13.81-50.73 fladnsusenlansu ddiifusnsgiuidivun wulasides
$1uau 10 wdas Teveglutas 29.16-50.73 fadndudedlaniy TslsiiAusasgu

o [

Pivun wudangd 91u3u 10 wuas dereglutne 26.76-55.94 fadnsusenlansy

=

FadlAAumnsgiunimue lukuasn 9 e 55.94 Tadnsusentansy nuliniia 31w
4 wlas deregludig 9.29-14.35 fiadnsusisnlansy Feldifuannsgiunivun uay
asyalainunsUuUeuvesanvy wanley nedd wazUsen dauandlunisng 3

A5 3 WANISASIINATIEINSUUUaUlaveminludag9Runiinisivasedndn

o/ A

Angialunismnzdgniny ushaiunuandt suandimu swnelvsies
JNTAUUNYI

Usununsuuideu @adnsunanlaniu)

ulasdi Mn Cr Zn Ni
TWO1 95,525.06 72.15 42.16 36.04 2792 ND ND ND ND ND
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Usunaunmsuuieu @adnsudanlaniu)

ulasdi Mn Cu Cr Zn Ni
TWO06 99,847.67  70.46 13.81 39.11 29.06 9.29 ND ND ND ND

AwAsgIe  4,380° 19,6407 35,040 2127 507 5,205 257 762 800 2637

ND = Not Detected
© fanasgruifiouies Ae AunasgiusanwauldUsy loviilensfune nunsnssu
wazfansdu o Tnefingussasdiieuntesussevunguiovhau sufununsns
fimngdgniivanuuazinls sassmanaznssunsAanadeuwsisnn o ivun
IATFILAN WAL USznd 4 Tuil 6 unsIem 1A, 2564 (nsATUALLETY, 2564)
) gunmsgiudioudes fe mgsaniiseslifinuudieulufuresssmeausoiuaud

(Denneman & Robberse, 1990)

M58 4 ANULANA1INNERRvedMsUuleulaneniniuAinnsgIuAMANAY

Tavznin n Mean S.D. t p
FaLtoy 10 104,582.43  12,148.04 26.084" 0.000
wuania 10 90.29 20.11 -3074.27 0.000
__________ mmmlo2769216651117180000
Tasfles 10 4062 701 7728 0000
__________ dnzd 10 3385 900 567 0000
unia L 464 613 268157 0.000
mswg | 10 | - | - | - | -
R o o o
____________ e
Usan 10 - - - -
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91151 4 wuihuBnalavgmiindiwulufulazanpsgiudienuuandaeeig
fudfmeetn annstudoudafion uwenia voswas Tasdloy dned way
nifia UTiuiiAnw (p < 0.001) LLazlm'wumiUuL‘%awummim uanlen g
wazUson

s =

nsuutleuaaiafididadagiy

anseTITInTgmsaiimdadnsfitluiuuinaiuivgndn duaniiaun
gunelnsdey Famdauunys 9w 10 wlas Usenauaignsnsiadiinsisingy
ansenuuakasls waransindniviiy Wud1RNFIeg1aRUTINIY 10 wUas WunIs
UuLﬁauﬁuaqmimﬁﬁﬁmﬁmgﬁmnﬁwﬂuau 1 %fin Ao Methoprene Tuudasfi 8 uax
9 Fadurinanssnuauazls naudl 7 ansnguidsunuusesluugilud ngudes 7A
ansyiludeesluueuniion Juvenile Hormone Analogues) warmsaalidnuansindn
dngivwindu 1 uenindleaniinariundnsiu lusegsfuuinamuiifnu duans
Tupns1e 5

M58 5 WaNITINIATIsasniimiadngiivaindiegsiuniinisidasiadinga

(% T~

Angialunismnzdgniny vinaiiuivgniaivandiaun swnelvsies

JNTAUUNY3

dsalindndnginy HAN1IATINNATIZN

anseiuuauazls

nay 1 a1sngy naugaY 1A @15A15U UM (Carbamates) Tainy
fugneuledozianiia nqudes 1B ansoasunuluroaing Taiwu
IAduLDamDLTA (Organophosphates)

Ny 2 @1snqui naugay 2A a1slalaalndu (Cyclodiene)  laiwy
nYANISINIWYDY  naudes 2B ansiilalnalea Taiwu
dosnanlinfivingy  (Phenylpyrazoles)
lAENIALNLLN

aviludilnse (GABA)

N 3 ansngu naueey 3A a1sbnanu (Pyrethrins) lainy

Usumsrauues  waglninsess (Pyrethroids)

Yoalaifioy naugey 3B @1sAn7l (DDT) uaziwviendaaes  liwu
(Methoxychlor)
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d1sadindndnginy HAN1IATIVNATIZN

nax 4 ansnguy naueos 4A ansillefiladuess (Neonicotinoids) lainu

fusumsihauwes  nauden 48 Tainy

fifuansevisRalady naudes 4C Tainy

yipflaRin naudes 4D ansyiilulad (Butenolides) lainy

Tpgn1sdusuundady  nauges 4E aswlaleladind (Mesoionics)  lanu

nau 5 @13nqu ainu

Avsumevinuves

fisuansesiwialaiy

wiintlaRdn

Tansduiisums

woalaamasn

Afunied 1

nau 6 a1snau lainu

Aumsviau

Yo3veInaalIn

handagngaim

Tasnsduiisumis

woalaanasn

nau 7 ansngy nqugae 7A asyiluagesluuaundon U3

LﬁauLLuuaaﬁmugﬂué (Juvenile hormone analogues) Methoprene

Tuudasii 8 uaz 9

naueee 7B lainu
naueae 7C Tainu

Ny 8 asngy naudos 8A weafa 1lan (Alkyl halides)  lainu

fisudanalonisvan nqudes 88 Tainy

YDITWNLUUY nqudes 8C ngealsa (Fluorides) Tainy

Tanziazas naueoy 8D Tuism (Borates) Tainy

(Fudmaneqa) neueay 8E Tainy
naugos 8F ansivilviAniSalelelsle lainu
lase1Lun (Methyl isothiocyanate generators)

nau 9 a1snqu nqueee 9B ansayiusvadlnisiu ainu

fiusunisvhanu oxl9LusU (Pyridine azomethine)

U94Y83 TRPV naugay 9D anslnlsfiu (Pyropenes) Tainy

#i Chordotonal organ
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dsalindndnginy HANIATIAINATIEN

gy 10 a1snay naueae 10A Taiwu

nduganmsasyiivle  nauges 108 Tainy

vodlslagludu

voulal chitin
synthase (CHS1)

A15NIAIVNY Tadwu

@ anuUs1wwamsddy
P X a ada P Ao v o oA a
HansfnwnsulenluauniinisldansieimindngiglunisimnsUgnusion
‘3 f-:l' v ) v ) ¥ [ [ a o I I3
funUand1a suaniiamn gunelnstes Jariauunys 91U 10 ulas lnsuuadu
= 1 v 1 = d’ll U ¥ a
n1sfnwans 2 nau lawn n1snwinisvuleuveddanenin aewmada X-ray
Fluorescence Spectrophotometry (XRF) wuiniinsuudeuvesdaiionluiiogng
AUV 10 UUas gandiAnunnsguinsuAluANiaiieimvun fis 4,380 Tadnsuseilansy
X Aa A a Y Z 1 a a & ~ waay 1
nsUuleuvesdddenlufuiansliiiuiauuinadonalinuaudinldvinzadluns
~ o Al Aa A Q1 PR a a a
wngUgniiwannidn lesndadevldlysmemsiiyldlunmsasydule mnins
Yuieudadlonlupuagyilvivasadivlalduiuaglinandndi luannginisiasy
a = o v v X Aa A a a & Aes L o2 )
wulsvesivgnitiasmensiuideuves@dedlufuusaiundnui idulumumen
voeladunvnauaau (Principle of Limiting Factors) (nusdna Ugselne, w.U.4.)
< a aa A oA o & a a, I3 v =l v
ANUuRiwresdddousoiy avinlrlumass@nainnisuinnastsiasd buwisnse bl
<& v a & X Aa A a A a | A o ' v a
Wuny aﬂmmiﬂmﬂa'wuawaLumﬂ,umwLﬂummmgmwmwum p19naliin
Y oa o a P | a a Yo aa a a
Hansenuseguslaalamninisnaduluguandn laawslasudaidenluyTuiuuin
AUAIINABINITVBITIINITA AL AN TWTTY TdnuaeeInis 1y V9339
Wilasadn N9 U 1afinang witurn nauilesauwse Miseeainzsunela
(MacFarquhar et al., 2010) wazmnlasuiwmdeunauainnismelaniesulseniu
AuAuninisUuilouvesddllondaly avvhlvllonnsaduld vieads Tadu arwdu
lafnmn Wladuwal vsenunadla @@y, 2563) 3INN1SATIDIATIZRTINUNNS
Juilowvesdingd d1uau 1 wias Agendnenunasgiunisvuideulansvinludu
YIUTLNALULEDSTWAUR AB 50 dadnsumanlansy d@anmassnunisAnwIUSuIa
lavgniinazaulufuniimainuasialinunisuuleuvemeans dngd aeil uay
I P = P o v w A A v & ¢
wian Tuung1? L‘UuwammﬂmﬂfumimﬁmﬁmgwwmiawwuﬂLﬂuamﬂizﬂa‘u
(1355uANA qUas LagAudY 9, 2556) wasdansianunisuileuveunniia
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nownd lasdley wazliniia Tuviwdasan udslifuaumsgrunivuausds
o < 1 A Ay [ 4’41 1 cgf v a [ v a
Jupg198ansoatsyiansuullouresansiuani mﬂmamﬁﬂqﬂﬁmﬂmstsdmiLmJ
0o w o = < 1 41' a g.J/ = d’lj a o w
Mindngiinduszeviiawieiowiuiu Bnviawan1sAnyn1suulewresansialiinga
Angiynieinaila Gas Chromatography Mass Spectrometry (GC-MS) wunisuuieu
d‘ .q! I~ 1 Q‘QJ
993813 Methoprene Tuuuadn 8 waz 9 FuTua I8 IuNAI09NaNETATINNTLUIUNT
Waguuwlasgusnveauiad (Metamorphosis) ynmesuluiluduiue lngasngudl
glUidgunuunsvineuveseesiuugilud lagnisidnluduin juvenile hormone
0§ ¥V a v o a Ao & a
receptor MlmAnn1sgudin1sianseanvasdiunig § Asnduluuiunisivasundas
5US19709UUA¢ ﬁamaiﬁuumﬁmiaaﬂmwﬁiﬁamgizﬁ anidusieaulaund was
Tdannsasgdududuivld wenanlanseuuasnguildsdinaluniseluvewuas
(Ovicidal Effect) 8nf7g (8N351A7 AUSIATUE 0 W99 wazAUBY 9, 2563) dnsu
HAN1305I93AT Iz linvasnawuauaslslundudu o wagaisidndyiyny
mf\]Lﬁuwammﬂmigﬂ%é”mmﬂﬁﬁmsﬁlwwﬂgﬂiul,t,ﬂmm LaganIIN1EaneA (half-
life) VBIANTLALWAAZIUATLANANGAY AINTNISANYINANTENUADAILINADUINNNTT
Ianswmiimandngiy a5unedn ndinms@ariuansiadimindngity Siesdosay 0.1
D O A ) & | a a a a8
mmwlﬂmmgw% druimasazuarluluendlarseanNuIanwUanun g
= a =l 1 g Y aa :’I a
vrasnlasgiuvsouvanilnaldes (g51all degudy, 2558)
X o Ao v o A a A A & ~

nsUulewvedlaneninuazansialimindngiivlufuvaniuidnwii vininis
azauluszezaUILLazUTIIUNINAZEINAN TN UAD AN NYUZYDIAULAZAI Y
ganaNysaiveduUasuwladly dwadensinizdgn onavhlvinandnand uazvnd

= a 1 Q’lj = 1 1 = :’1 o 14
nsgaguansuaiwimaillaefiglazasludiusing q vesiy nslussuunn ddu Tu

¢ o a = A Ay & a A AL a & 0 g ¥ a

uywdumananluusinanseldnivslnaianvuusnatulaens o1y liiansageay
asuaniwiilusanie Fmnndvsunaunnagyiiiinnansenusoguain dniadiafiu
A a a d’lj d‘d Q’lju 1 1 ’oj 1 1 soj 4’
wInENauAuUSIMNUNAnwdianlUdundedsdmanenmunini Feussyvu
AodeluusnuNuNAnwIaNalasURNansENU

@ asUwamisdduuazgalauauu:
= & a a da o No v o A
MnEansAnwINsUwlouvesansuaiiwlufuniinisldarsaiiindndn iy
Tumsiigdan wuhilnsvuideuvesddilleuuasdains Aludinamaindteuinsgu
Nnue galinnuuensineegsiited1Agnieeda wazdamunisuuilourasiieniie
IS a a o v o A ! Q‘I | a al 3
nouas lasidley dniia wavansmandngialungui 7 ansnguifsuwuueesiuugilug
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Wuanseuuasazls 1aun Methoprene Tufnuiauisvesiiuidner n1svwdou
vodlavgninuavarsmindngigdanaiiwanaisiulussazulas 81aialaain
a o v W A A ] a v | ) k4
wmaamimmmgwwmwmﬂﬂ,ﬁuLLaziJimmmﬂwu,mm’mﬂu Taenisuulou

%) 1 1 1 YV a v -dl 1 Y a -d! £ '3 a

Aanaevdmansenuseguslaaty Ussunyuiieglndifesddldusslovianaunay
WA uazinunsnsiesannnsiesududulaenisganudnlulagnsamsegnitand
Yuilouasgunasinieniseulaauaruslan sudsihlvnunmuasauaudives
AULATUN WATNTTUIUNNTYINIUYRISEUUINAAsWLUadl eanransenuaInng

Ya v A

Jueauvasarsuatiwvaiivazusuddsuidunisvinnunsnssunuudady gadedl

e

YDLAUDLUY P91
JarduanuznsuinanisIveluTduslevd
1. nwnsnsmsldansiaiiogngnisuasnevnnziuauAeenIsvesily w3e
aduuTuiasusenihenislduaslildansmiluusiassoumaimizUan iieannisasay
YasansuanunUulaulufu
| A a o ° - v o2 v o o
2. mhsnuiigtesaunsadinans@nululdiludeyalsenaun1sdnii
LUINNINNSUSUNTINNITNNT T EITATNIINITINEAT NITATUUANIATNITUBINULAY
] ~ ~ ) a X A ~ I a A €
AANISITE15AINI9NN5NEAT $15N15USUURSUNUTLN YATATIU WD ULNEATIUNSE
sl
173 a o g 1
JoLauanUzNISIEASIHB I
1. asiimsfnyiiiaiay 1389 Msavauvedlanentniavarsiaiiindndnginy
Tuwdednluiundawadeulndlfes uassesUsziiunnudsssoguamaesyyd
nnsduraasyuleunnuluiundnell ielviddeyadmsunisuhse ity
a | Aa & A
demesanun ndinvesuseusuluiiug

@ nadnssudszms
AITeveveUAMALE TAILST I INGaNLaE N TVIDUNE WA AMEIVEMans
WINeNGeAsuATUNTIlIN wasnsumUANLaTiy Niinuewaseilumsldaiedle

v
a & Y av Ao

Ansziduas wavveuanilduiedawmnyinuiviiinideldnigalumes
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UMTILVAMTUNITUGNIAY. https://0sd101.1dd.go.th/?page_id=39
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@ Abstract

The purpose of this research was to develop an application on an Android
operating system with the objectives to 1) develop a media to promote the
sale of mats with augmented reality technology, and 2) to study the satisfaction
of the sample group towards the implementation of the application.
The population of this study included 46 members of Ban Nong Om Mat Weaving
Vocational Development Group. The research instruments were divided into
three parts which were, first, interview forms and discuss group for data collection
about the contexts of the community; second, the public relations media of
application on an Android operating system developed with augmented reality
technology to promote the sale of mats with the use of Unity, C#, and Vuforia;
and the final part, questionnaire on satisfaction assessment towards the use of
the public relation media application. The statistics used in the research were
mean and standard deviation. The results showed that 1) the application could
present the mat promotional material in a 3D model with augmented reality
technology. It helped visualize the mat patterns more clearly as if experiencing
the real with audio describing information about each mat. And 2) the members
from Ban Nong Om Mat Weaving Vocational Development Group, the members
were satisflied with the application at a high level (Mean = 4.46, S.D. = 0.67).
This research had been used for area-based public relations campaigns to
promote the unique mat pattern of the community. The community

representatives could implement it to publicize at the showcase booth and
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advertise through the Facebook page of Ban Nong Om Community Enterprise
Group to increase sales channels and help the community and customers to

buy and sell products more conveniently.

Keywords: Public Relations Media, Augmented Reality, Community Products,

Community Potential
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@ Abstract

This research aims to create scenarios, design alternatives for housing
development of low-income communities in Yannawa District in Bangkok
by using the community-based learning of architecture classroom model,
to investigate the cooperation model of educational institutions and network
partners for community development, and to build skills for 4" year
architecture-program students to solve problems in real situation. This research
methodology implemented the architectural design process to create
development options by integrating with teaching architecture. The area of study
was Chueplerng Pattana Community which is located in Yannawa District.
A major problem of the area was that this low-income communities had been
overcrowded and unhealthy living for a long time. The results showed that to
develop the community could be presented through three approaches; which
were 1) Low Rise Housing, 2) Middle Rise Housing, and 3) 36-story high rise
housing (High Rise Housing). Results from organizing a forum to listen to the
opinions of the communities showed that most majority of the communities
wanted a low-rise housing style in the original area, while the others had not yet
commented due to lack of confidence in their own financial status. As for the
results that occurred with the students, it was found that most of them learned
collaboration skills, followed by communication skills with the community and

the use of design and career skills to solve problems for the community.
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In addition, learning from real situations helps them understand community
problems, realize their own potential, and be proud to use knowledge to support

others in society.

Keywords: Community Based Learning of Architecture Classroom, Housing

Development, Urban Low-income Community, Yannawa
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1. wnAnnsiauiegedunuisu (Low-rise Housing) 1uuuiAniiimun
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1 [ a |

agofuunausy n1slduselevinfudulugldiionisegodevesyuyuiiy

L =)

o |

finsdanquenasiu 12 ngu munquiidienuduiusifuvewusy yaudun1sdn
szilyuiiegondelagldgunuuenasisaunadadliiiiu 2 9u Aneadenaignuazasie
1957 fuianuansisasnigaunludhunlduselomilauisdn amuaim 2

Low-rise Housing Scenario

A 2 LWIAUARTIBYDIABLLITIU (Low-rise Housing)

2. WwnAnmsaNTioge oLt YA NgIUILAAN (Middle-rise Housing)
Hunwndedicisfannslivssleviifudiensogerdadudanlng Tsuuuuenmsyn
diennsitnendefigdlaiAu 23 wes (eidunasionasge) silvilianusuutufisdy
msdnnguuvaiiu 12 9113 munguduiusiiuvesguny urazanmsnaduguiuea
(L shape) flituitirsdiunanswewsiazerns sufusrmsaiunas ioduaiunis
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a3 msdalusuuuilddaudsiuiidunisiuliuinsusuinglivinsslovd
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HOUSING ZONE
e ey

2N 3 LImuAniieg AL UU1ANIYAAINEIUIUNANN (Middle-rise Housing)

3. wnAnmaNegeduluueimsguuarldassuuunanay (High-rise
and Mixed-use Building) wwifniifeguuiiugiuresnisliusslonifitunuyarn
gean fe T lovinuinasidorimunilviausaaiiaeinnsld Inefldnvaslasans
fifsslovildaosiinaunany aunsonovausstanudanisfiegordovosuvy
fitsgldosluiufifuasiuillndifss safauinisdu q Tuemsifeatu suuuy
prmssaduermsuunalng ey s 4 venanduiinsldussleniifionts
ﬁﬂmﬁ’agmwuﬁu 7 1 Teauma wazormsnemndivenssudy 1 Weduadunmsusznau
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MW 4 LunpnuAnTegendueinisgeuasliaonaunay

(High-rise and Mixed-use Building)

144 Uil 17 atuil 2 nsngrau-Sunau 2565



msldyuuuuriesseuanilnenssuguruiioadsanunsalirasdunisiianniegonde
guyuiielidesluiion lwneu nsammamuas wauma Junsudula

pEITALUEBNLUUALLLIAAYTS 3 JUuU Tudupewresnisdaniiining
Wleai1enseurumstidausmvesuvy ﬁﬂﬁuﬁ@uéwnﬂiuqmuﬁaLwaaﬁmmgﬁmﬂu
fuftdrunans TaefgaulugmulfidrsuuiluasausuurauAniuiivainas
nsusEldByfunuresgusuanii 12 Teu duvlouarlifiu 3 au Swus
yiadu 32 e el ihvangvesmsdaniimndiileasuniuauniiuRetusuuuy
AswaN LT sauluewan A 5 nuamlugdanuiuesiniamun
ﬁagjmﬁﬂuﬁuﬁ@m U 32 au (Fewar 100) Ieedrulngdasaulaniswaun
sUuuulegedeluuunsu (wnmnudn 1) $1uau 21 58 (Gevas 65.62) 509A3N
galaiuansrnuAniiu S1uau 9 318 (Feeaz 28.12) wavaulaguiuuemsyaiinende
(WwenwAn 2) Sy 3 57w (Fesar 9.37) mHaveIngufiatuayun TR
flogendeuunsiu fe danudunsiuilegordonuuidu lifoanstuetmsgs el
weslovnAuiFesnsmsdaivluuumu wu sadunesiAugunsalilonisiune

1%
v

wenniu duniladudgeonenliazamnlunisegendeluenaisas suumiadinnuivg

=« & A o o v =~ 19 a1 = Ay dAava o |
Li@QWUWWqQﬁQﬂMWI%WUﬂgLW@U‘U’]‘U aﬂa’m‘wuwaﬂmaﬂ”li’Jﬁ]EJ‘VlﬂJNVl‘ENhJLLE‘WN

Y

v A v

a =] A " a a d' d‘ o
aNnuAaiu nuIdanuludulaluaniusniinistu nedteulvid1aufadnsinis

o

Houtszdmsuiaglm mnlasan1sliguuuusagseivinzauiuselannouaivany

M 5 M3daniihiauenaiuesniuuiiiesuilsnnudnaiuanguay

Uil 17 atuil 2 nengrau-Sunnau 2565 145



msldyuuuuriesseuanilnenssuguruiioadsanunsalirasdunisiianniegonde
guyuiielidesluiion lwneu nsammamuas wauma Junsudula

wonaNi nsvUuMsALiumsideade ansnaguzUuuunsa$enusiaiie
vosanTumsanuiunieietnelunsiannguvy Wiuund 2 Sansaesue
faunumuaranudiiudseimhsnuiiesiu adsuian guvuluiud s
antunsfne fldgunuvesissSeuandnnssugurulunisaiisanusaie
TuneWmugury wiemsiaundsiufivendos anuduiusvemnniadiuldas
nszUILNsThaTLuegaiidnin waenelmAnniadousintu Rusmstmun
Wwinng m3siuninteya Mylinneideyauwazusziluanmdyy nsiaueuuinig
MIUALY MIRAUINUDBNLUY MIIANTINNG NMTHRIVINANY UTINTTINENGY
Ugn1svhas Faduuumenisvheuiidglinsiaunideiuiiaunsetundoululd
e ailusEANS AN

|

NTATINWRAI U ADUNISANE

e wibsnuiiiieades +{ 1u1u1ui';uﬁ‘ 4| WosdourmiTaunssugumu |

- - .- o - - L4
nvuanuilwaneg ANUNAITI9 WATIEN
- w o & - [~
Tvinsmiuayu Amnutaya Usuiiluanwilymn

|

UNUIMMARRENSEUIUMSYIuBUUTRIusaN

e —————————————

= aRNUUY
WRIUNHARNY
wWuswuamaunly -
l (Scenarios)
FUIARBWHANAY R
r - Uszilunasu
. nsliuselomd o= HAMUTUFAY o - .
— UszidiunamsFougd

wNudl 2 sUkuuANETITevesantuMsAnwIiuMAIRTeY s luN TR LYY
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e

v

HaU (Collaboration Skill) 911U 22 AU (5088 68.75) 599a911 A ﬁﬂ‘tﬂ%ﬂ’]i%@ﬂ’]’i

e

[y

flugavu (Communication Skill) 91w 6 au (Segar 18.75) waznslalivinuey
mun1seRNkUUKALIvI AN Uy i (Career Skill) 1uu 4 au (Segay 12.5)
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wiswgha deen Tinevauaswionslifufianssnsidlussdudios sedugu wassedy
umu Insfinsanisanuaenndesesnisliaesiuiiiatuayuiidin nmsussnouoidn
NANTTUNHIANVRIYUYY iauﬁgami@LLaa’E'aﬁﬂ’ﬁsumﬁqmuﬂl,uﬂqﬂszmi’a wansideail
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sofamu aunsansvaussnsuilelymilegerdevesyuvudineldiosliiiioy
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dunadnitiaatufufiFoulufuresinuedldsuannislisuuuuieudsy
anntmenssn wudnilvgldFeuiinuznisinusuiugdu (Collaboration Skill)
99890 Ae inwgnnsAeansiuyuvu (Communication Skill) wagnnslaldvinue
FruntseenuuuuayIndmileudtiamnligumu (Career Skil) usnaintu nsiFeud
nanumaniaderilildidlatiymeumy suiislddieinonmussrueuaziia
magilafilaldmnuiiemdodduludiny nadnsfinanianuasandosiuiinue
fidayvosniluanissui 21 Jdlddavanamyidu 4 ngu fe 1) Fvmnavesnisin (Ways
of Thinking) lakA NM3Ainas1aassd nsAnkuuiinsag i nMsuidemnisseusuae
snaula 2) 3anevesnisvinau (Ways of Working) léun n1shnsiedeansuaznsyauiie
3) 1nfesiladmiunisvhan (Tools for Working) oA eluladansanuwmauayaniug
Auteya wag 4) vinvedmiumseinlulantagiu (Ways of Living in the World)
Loun anudunaiiios FnuazenTn uazenusulinveusenuieuwazdsny (Saavedra
& Opfer, 2012, pp. 4-5; Schleicher, 2012, pp. 34-35) uenaniifsaenndasiy
WwngaugiSeu (Learner Aspirations) TUUHUNSANWIWAIIR W.A. 2560-2579
vosUsznelne AeimungSounnauliiinuensBous 8Cs Usznause sinwedu
nsAneginsugIaazinwelunsuAdgn (Critical Thinking and Problem
Solving) MinwzAUN1TAsNATIALAzUIANTTY (Creativity and Innovation) inwgAu
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yinwgiunsdeans asauma wazn133viviude (Communications, Information,
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and Media Literacy) sinuwesiunaufiawmes wazwmaluladansaunauaznisioans
(Computing and ICT Literacy) vinwgan@inuagyinuenisiseus (Career and Learning
Skills) e miiunn ngan T AusTsy 1385933 (Compassion) (F1tfnay
WYIBNTANMIANE, 2560, U. 79-80) waansannisldsuluuipaseuanlnenssy
guadlunmsysanmsdiamaBsunisaouiunsuinissuvuluadeld uenarndunsld
Aufuazinurmaindnietisudlulgmliiugurudidmelmannsiauings
fidaysiofiGen ﬂmﬁgﬂL%ﬁﬂmﬁﬁauiﬂam’mlﬂuwal,ﬁmﬁaEJ (Melaville et al., 2006,
pp. 36-45)

@ asUwamsddsuazdatauanu:
aw P & a o = @ A e

Han1ITeazuladn guewdamdsiamiluwneiuwnn Faduiunfneiain
nsasaalaglduuvgeunuieyinanudt baguyulunun nudnguitegsdiulng
Jugiiselites forimsudranall Gesay 48.23) fdwuandnluasaisousswing
5-8 au (Souay 40.70) MelanTiSeusielfiou agsening 15,000-30,000 um (Fegas
45.13) drulngiinondeluguruluszeziiaininndt 10 U (Gevaz 61.06) uazannis
aunuInguiwnuvasyuy wurdnlnginnudnasesnisgnldsessnainiiug
Wesnnidineglndivinuuiaslseseuvesgnva dnllusnanmnilasinisiauw
USuusaiuiiu eenlvdldununegerdusiagnitanunsadnelauasiaudunas
lusgeren Weaeuauivan mdgymivesyuruaiuisaussaiasondudfnig ¢
Usgnaume fiamedean toun Jayvneanda nsfine as1saudlan e1vginssy
wazeuUaensie davnaasugha louwn endnwazselaliduas Anueinau wastym
wiau fensnudsneden laun Jgminisinnisey tanmeniadsslazeinie
Ndamasianwanyalvasyusu dfnenisldusslevinaunasiinende lawn Jeymans
ATEUATEY N5 MENAUNYIAANTIUAY NAUTTIALN TeyyemisdsUanasamsalnsy
drunan1sIanInngiuIANUAaLazsULuUlunTRRNNAY NudunugLyy
) = a =] [ A ! [ & A a v ! [
MauadianuAaivesniwuiegodelunundy (Segaz 100) lnedulngjdans
aulansiaunuuuuiegendelunuisu uianudni 1) (Seeay 65.62) wanaves
nuaiuayuN SR Nege@uluTU Ao lanuAuasiuiegefuuuuiiu lidesnis
& O = a adw v & | e
TuoIA15as nsiznseslomiunideanisnisdaiuluwuisiu wavdruniady
Haseneildazainlunisegerdelueinisas sauvdanudnaisesiiunnisdeny
o v P v a ! = Aava o ! a < ' Lo
ldnulgioudu dndrunileniigndalduansanudaiiu wuinlddulaluaniue

‘ Uil 17 atuil 2 nengrau-Sunnau 2565 149



msldyuuuuriesseuanilnenssuguruiioadsanunsalirasdunisiianniegonde
guyuiielidesluiion lwneu nsammamuas wauma Junsudula

yamsulaedifeulviidiiny Ao siauazdanmstoutszdmiuiiegln nadws
fiintudnusznmisannislisuuuuieadsuaninenssugususnldlunisiaue
wwInenswidayyliiuyaey fie nsimunvinysvesitow nMsafamsteuiiay
Uszaunsallviiugiseu iamﬁu’qﬁﬂwmﬁ{%suﬂuﬂmiiw‘ﬁ 21 (Schleicher, 2012, pp.
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@ Abstract

The present study aimed to investigate the influence of roasting temperature
on nutritional values and physical characteristics of crisped pork fat. It examined
the pork fat in the size of 3 x 5 centimeters which was packed 1 kg per a plastic
bag and stored in a container of below —18°C. The alternative roastings were
conducted at 150, 175, and 200°C for 3 hours. Chemical value and physical
characteristics were analyzed for total energy including moisture content, protein,
ash, fat, carbohydrate contents and water activity as well as the color (CIE),
shearing force, and chewing energy. It was found that when higher temperature
for roastings was conducted, the fat content and brightness of crisped pork fat
(L*) was likely to be lower. In contrast, the crisped pork fat tended to increase
the redness (a* value) (p < 0.05). Roasting temperature at 200°C for 3 hours
could increase the highest volume of ash and protein contents. Roasting at
175°C could result in the highest increase in yellowness values (b* value) and
shear energy at 34.21 and 17.67 N/mm, respectively (p < 0.05). The optimum
roasting temperature was 175°C for 3 hours could give the highest yellowness
which could be endorsed as an important quality factor of commercial crisped

pork fat.

Keywords: Crisped Pork Fat, Roasting Temperature, Nutritional Value
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@ Abstract

The research aimed to examine the efficiency, investigate the satisfaction
and transfer the development of anti-radiation drying technology with low-cost
solar power to improve the efficiency of drying process and keep quality of
tamarind pulp for Duang Thong Community Enterprise in Phetchabun Province.
The research methods for the development of prototype of anti-radiation drying
technology with low-cost solar power started with the drying chamber, made from
polycarbonate to absorb the sunlight, which originally was made of 5.0 mm
clear glass, attached with 80% light-filtering film and was tested with drying
19,860 grams of tamarind pulp for 6, 7 and 8 hours, respectively.The results had
showed that the highest measured temperature in the drying chamber was
52 degrees Celsius between 11.00 a.m. and 4.00 p.m. The weight of tamarind
pulp that lost the most after drying process was 1,217 grams after 8 hours of
baking with the average UVA and UVB radiation intensity within the chamber at
0.22 uW/cm?. Then, comparison the color and CIELAB values of tamarind pulp
before and after drying revealed that the value of CIELAB or the value of
L* a* b* was not significant, while the tamarind pulp still remained having black
color blended with yellowish green as before. As for the technology transfer of
anti-radiation drying with low-cost solar power, demonstration of the technology
was performed to 10 members of Duang Thong Enterprise Group. The satisfaction

of the participants was at highest level in three aspects. This study could reduce
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the problems of discoloration of tamarind pulp during baking for 10-20%
which could result in the increase of income from baking tamarind pulp for
1,350-1,800 baht.

Keywords: Development, Anti-radiation Drying Technology, Passing on Technology
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o Uselen
MnmaBsunlasmesuiuvlanuazaninuestiagiiuitu silvianmuwandon
vosmsiauszmalneglutiogiu wagluewian 20 Ynevihdeuld Tuduiun
vosUsuinalnglainisimuegnseansed 20 U (w.a. 2560-2579) aedivimane
fagtannaulnglusuasliduuyudianysal DunallesiansaiFouslaenuies
Huwawdesitiug T3nansnsay wagyisglovidedusan (Usid Juads, 2559, u. 3)
2. nadifimsszyBedudsluidonn duds @fRu)
anNs yayays (2559) IRANWR
Boonsarngsuk (2020) studied .........cccccc.......
o nUselen
wa (Bell, 2016, p. 55) nanfamsdndnuiluamssud 21 Tusgmsoswoenis
suadiosiidaruiuinveusgsdiuiu Fesivinuedmiumsliinlugadagii
(Skills for living in the world) TAWA ..............
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i

(TS AmauTeR, 2531, 1. 53-75, $radelu Wnmdian Wnded, 2551, 1. 94-95)
(Miller, 1988, as cited in Kozak & Elliott, 2014, p. 8)
Bridget’s diary (as cited in Rahnama, 2017)
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Hondunival uaz Tuiilidunwallvignies 1wy

e ey (Funtved, 18 gy 2563) Wi ...
A9 (Karft, dunwal, 28 fueneu 2564) NA1937 .........
6. N3819Baunsduvaaenans riszydeluss U uazdoyaiferiuienans 1y
HOULN UN M1919 AN MneLavalan 1wy
(n1gan AAKa, 2556, taviti 4)
(Delve & Mintz, 2019, Table 1)
(National Council for the Social Studies, 2000, Slide 8)
(Kauffman, 2000, paras. 2-3)
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