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Disorders of the Pistillate Flower on Blooming In-season and Pre-season Crops

of “E-Daw” and “Puangthong” Longan (Dimocarpus longan Lour.)
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Longan (Dimocarpus longan Lour.) is an important economic crop of Thailand. Nowadays
farmers use potassium chlorate for flower induction in both in- and off-season crops. Off-season
cropping helps stabilize the farmers’ income as the prices of longan are less fluctuate than the
in-season crops. However, there have found that the yields of pre-season (a part of off-season) cropping
in the North were lower than the in-season yields. This phenomenon might probably relate with the
malformation of the flowers during the low air temperature of the cool season, consequently, results
in a lower fruit set. The objective of this study was to identify any malformation of the flowers, especially
pistillate flowers, those are subjected to cool temperature. The study was carried out on “E-Daw” and
“Puangthong” cultivars of the longan trees in the orchard of Pomology Division, Maejo University,
Chiang Mai. Potassium chlorate was applied for flower induction of pre-season and in-season cropping
on October15 and November 12, 2020, respectively. It was found that “Puangthong” (in-season) had
low flowering at 51%, while “Puangthong” (pre-seasons) and “E-Daw” (in- and pre-seasons) had 84-97%
flowering. Inflorescences showed leafless and leafy types had not significantly difference. Diameter of
pistillate flowers and stigma was found the higher values in “E-Daw” (in-season) than in the other
treatments with 6.07 mm and 2.60 mm of width of stigma and 5.60 mm of style length. However, in
“Puangthong” (off-season) and “E-Daw” (pre-season) disorders were found with the shortened style
length. Especially the open of “E-Daw” the stigma were 1.08 mm and 1.10 mm of “Puangthong”. The
sex ratio of longan flower between pistillate and staminate flowers were 1:5.39-15.68. With respect to
fruit set, it was found that both of longan cultivars had a higher percentage of fruit set in on-season

than in pre-season. As a conclusion, it is recommended to flower induction period before winter by

1
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potassium chlorate, which will have a positive effect on pistillate, stigma and style, and consequently

a positive effect on fruit set as well.

Keywords: potassium chlorate, stigma, style, temperature

UNANED

Slofuliafifauddymaassghiaves
vy Jagduinwasnsdnisldlnunadounasisn
ﬁm%’u%’ﬂﬁﬂmiaaﬂmaﬂﬂu’ﬂmmzuaﬂqa aleuangg
Paelinumsnsiineliiiundu Wewndemmuiun
veasiatiesninanlelugg egrelsfnuiiniuun
nWud1 n1swanuengqluyieneugaluniawmile dn
Iénandnsnindlelugg edoradesaindnng
ﬁ’@umﬁ'ﬁmﬂiﬂamaamanﬁaamdauqauasmﬂmﬁ'm
gamgdagnvedggnu1i daalilvfanatosa
nsfnuiif fnguszasdiftofnuanufiaunifiens
Windunenanleneuns wWisuiisuiunendilelugg
yasabeiugdnouariugnImes andunisfine
Tuwdasalevasanvildng unInerdeudly Fanda
Foalmi Inglalilnunadounasisaiiotniinig
oenAoniauqgilaTuil 15 naney wa. 2563 uazlugg
dlotuil 12 ngednieu ity wansAneiwuiy
n1seanaenvadiusniames (lugg) fladesdian

4

Wed 51 1Wesigud dauiugnames (neugg) Wug
5mawga1uuazuam:]@jﬁmsaaﬂmaﬂﬁq 84-97
Woslfud anvazvasenan Jonandiulastensn
Yulu unvesenen ludnnuwansisiuegiall
WudAynn9adia duiugdne (Neugg) dauniig
La¥AINETIVOORBNINNTINTINITEY 9 ognedl
tod B wagiugdne (uge) Diduihgudnaisues
poniwadonirenniign 6.07 Taduns seanasine
Jonhaanndign fo 2.60 fadng wazAINE1IVOS

s

AuYnasinALily 5.60 Jadiuns ag19lsAnuNus

9

B (fouge) waziugdne (feung) Munasine
Weddnwaurduuazse Inelanziugsnaianauning

4

gasunasneiletasuinae 1.08 daduns uagiug
Wiy 1.10 fadiung variidndiumanen
FENTVUNAL iwede Ly 1:5.39-15.68
uananigmuiinisesnnentugguesdiledisaos
ananugdesidudnisfiauaninniinisesnnan
naugg nsandszeziansiilnuvadeunasis
seani1seanaenlaglanizneuggnu1l 4 aziina
NFENUABDINISHAUNAYBINATNAY Wavdnasanis

Aanale

AdAy:  Inunalfieunaoiss gannasineLle

Mugnasnelly gl
A1

anle (Dimocarpus longan Lour) \Juliina
Afieudfymaasghavesdsemalng aunse
Ugnldvnniavaslned ol uil 7 Ugnuinegnig
mawdisludwmiadeddnd dmu uazuedminves
manziuesn 1wy Yamdndunysilusundnvesaily
ansodseanludmunedinssemarislusUves
Hadn DUWIA wyude wazarlensedes ad1eselad
agnangiuauum Jaguuinisduasulviinunsns
nanateuangalaenisldlnunal@ouaasisndni
nsoenaenuangy i oudludgyvinandndile
dumain uazilunszatenandnlioangnainedis
sefies Ingunidileazoonnenmusssumilugag
Uaeth ousuIA §9Na19UN31AY KaEABNUIY
Tughstudoununiiusdsonmgidugadurilil
Aegnuigmiiesnsfona winandnluggniaay
dawasusiafinnen Woamisatniilvdarlesen
2



Journal of Agri. Research & Extension 41(1): 1-12

nenlaviliinwnsnadaiuinandndilofioong
narnneuluggniaunfvzdisiaunandn Fuluaime
finuwmsnslilnunadenaasisnnszdulutienougy
UsvanauneunanudangAInieu vienauggUni
Uszanas 1-2 ieu anunsadlgliiinisesnaenled
waznanuinlugiafifiennianunada uifidyminis
fanausy (Manochai, 2001) ﬁﬁmmmﬁmmwms
JadeiiAoites 19y tnAvesnen F23a1UIUVDS
AON AADAIUNITHANLNATIUAAINTTIUYF
(Suknvibul and Thasanonta, 2004) wennidady
Afimnudny Ao gamgivafinenuiu fiseanui
oaumgiisniinasilvinissonvesazesdisny uazaIy
T INU09AL PO TVDINLUNANAAL IUYHBANET
wadsdunazinundduamniiviilfimsfnuannag
(Sukhvibul et al., 1999; Huang et al., 2010) imﬁgﬂ
Tuaudsesnmsgumglienniageds 30°. Auiidin
Suaﬂazaauiaé%l,ﬁ'wﬁyu (Suthon et al., 2003)
gaumngiidednasonisiasyiulanuassinga wu
Snwnrnsasamesdaulszneuneniiameruazinesle
N1598NY89ALBBUTYUUIBANATINALT Y Uaz
Waunnsvessennasinalod alnasenisiana
luszersinly Failinguszasdlunisfnwianuraung
vosnanarlomailofivvlugguazuengg vosdle
Wugdneuazwudnames il olfiduuuimauaz

nsnsilelgymnisienavesalenaly
¢ ad
gUnInULAZIdNT

dadendudlewusdneuariugnmosiid
918 10 U n390unINg 5 11AT LagANEs 3 11ns
wUasanloarnldne AngNdnNTIUNITNYAT
W Inendewlld Jarialedud MakuNITAaes

wuuguanysel (Completely Randomized Design;

CRD) lawil 4 A39Aa03 9 5 471 TIUVIIUNA 20 AU AD

s

aleugnimeseenaeniounguazlugg a1lewug
dnevanmenieugquazlugg lensduaudleuas
Antheifionssdunisoennentislunazioungdae
Tnunaidounassnuiuia 500 nSunofy @
sufiumssinansnougqiudl 15 nanau e 2563
uazlungudl 12 waedmeu w.a. 2563 Suiindeya
Fail gun)d91n1AT18TUTENINTNAG ag
¥ sueunszsidoyaananiinornagusngi
vosgn1vunIsIANIsiAluladuazuinnIsuinyns
(@) nisnunelaginanuiauInermansuay
waluladuntend (@me.) fanssneluaiugile
fjwawaaﬂﬁgﬁﬁﬂ 9 8y 5 an sy 20 feg9
Wiedufinniseennenveseeni fadentingdenis
s1elnunalfounatsnuds 20 Ju 9ntunsI9Liy
mé’ﬂmﬁwmzﬂ"aaaﬂmaﬂmu 20 oA UUID9
Woesuinseanman 100 Wesiius dmsunmshnna
yinsfudiuiunanudeneniivinnisdulilunis
duesidudnisesnnen szegiailuniseannen
Tundsansieasiseannanusnitanusoueuiuls
dadrumAnandunnaanieninanan aanineaLily
Aonuney Lazaanauysaling vilnveidonanaiu
wiavenonlululdvoneniituiesifusnsesnnan
LAAUULNAADALYNAUINTTLAYBITIRADN ulen
s8N enanUuluAUY 9N TUUUINVBIAD NLINA
WeuagUanggeanasineiily Muyinasinaily loy
T¥ndosganssatuuvanasle 1 Nikon SMZ1000
Japan @1msunngUnTeuanavuIn 500 um u
AMsTAvuIA Y1N153LATIEUNANULUTUTIUNNS
@iA (Analysis of Variance) aglusunsu Sirichai
Statistics version 9.0 LagtU5 s UL g UAINY
uANA13lAe35 Duncan’s New Multiple Range
Test fiszduanuiosiu 95%



MTAITIVULAL AW LIV INSAEAT 41(1): 1-12

NaN15I8LazIaNTel

AMFURUS YR NLAN1TDRNABNTIABN UL
FENINN1TNARDY
N8IN15IIRaTnLnad sunaTn My
Slonoung Wetudl 15 nanau w.e. 2563 Lua
onumgiisnaaiiuanasuszana 23, wuiidilewus
dnauazaleiugnumes Tdaanlunisesnaen 23
wag 45 Ju Mua1AY wﬁamaﬂgué’ﬂaﬂ’uﬁjmwaﬂ
Iszpzranlunisuiwiiniiiugdne fs 22 Ju
wardnoldszozina 24 Yu lunsuiuvesaen e
NTUITINAVRUNYT WUIYINTUIUVRIABN
dleiugdnefinsuiuvesnenlutiefigamniiGu
anadrnin 18°n. variianlesiugnamesdinisuiu
vesmenlurfigumgininil 15°. dmiunissa
astninisesnmentugaslugg Tnesinatsluiud
12 ngAdneu WA, 2563 dagangiisuanadlasiads
san 18°. ViiliiniseonneniSitudaiusnmes
liszeziian 35 Tulunisesnnen wagldszesiian
22 Tulunisuiuvesnendile vz s wus sneld
sruglaan 26 Juluniseennen wavldszeziian 31
Fulumsurwvesnen wandidiuiniugdneidleldsy
91N1ALIUILYZABNITDONABNLAZNITUIUVDIADN
WINNTINUTNIIND YT EELIANBNUIUVBELY
fisnansluggasfiutisiigungiigstuinnndt 20,

s

(Table 1; Figure 1) iudundunadnailes 2 Wug
panmanbinsauiu M NI 12N 1M UALD IV
anleludruniseanaenudazaleiugwaneeiy

[

(Manochai et al., 2004) @1UN1TUIUVBINDANUT
wuneudindiugdae ldszeziian 22 uay 24 Tu
puddy dansuiuvesmendileisaesiugidud
fgaumgdansias Wugdnonenuulurisgung
18°%. uariugnImeasuulud gl 15°9. winy
ANuiaUnAvesseanasmAdeanzluiugdne

Wy gannaswadlsllidarsaiinnunineliunn way

fruginasnadoduniess (Figure 3) & saing
Snwardenvililiannsafianisnautesazess
weylel Jantawan (2016) 189138 UAEERANES
wellodatdeensaliile azesnsyazliaiuisa
wd oufidlunauiudalald uidnwaznsiaund
Aana1IliAaf UL nImMes LanaIiugnIamesd
AnumusiegamifidnILEEnelad
d1msunisnsge unisesnnanlaeld
Tnuvadounaeisniu tiedesnslidlusannonls
wineutaslugg Wesandesnisiuseuiiisuainy
Anunfvesneniiuulutanandingn dlveannen
LanussIuIfinseenaeniniiad utosuin
iesaniiauudsuniuvesanineIna inwnsnsas
THlnunadounasisanszdunisenaeniisluuas
roung MulunmsvasesiidldlnunaiBounasisn
sisluuagnougaivuieafuinuning lnssnas
Tutuil 12 wgednieu w.e. 2563 wuiniugnimes
Idszaziian 35 Fulunisesnnen wagldsseziian 22
Fulunsuiunenisn saugiivugdneldszesiian 26
Tulunisesnaen uagldszuziian 31 fulunisuiu

ABNLLIN 7\]3L‘ﬁu@l’]igﬁlgL’Ja’]ﬂ’]ia@ﬂﬂ@ﬂ‘ﬂ@\‘iiﬂo’llﬂ

v
(Y] 19

visaeswuseyluyeidgaumyfininii 15, aduiu
qquﬁﬁqnsﬁummiw 207, WHusveznandu o deiiua
AediTine1vesdlelaganunsanseunisesnaenta
Fafusyeziaainisesnaens slduansnetuuinidn
#0ARaBIAU Manochai et al. (2001) 31897431 N3
sannonvealeii Mnunadounaoisnluged o
gamnfianiiszeznainisunagenenudsnisliais
Uszanas 395 Su uidngamiigiiufiasissnseenaen
1527w wag Sritontip et al. (2010) ld@nwn1s
Fnthnseenaenvesailefivgnludaiugugumgd
Thegluanmnanstusionansfuiifiguugiinuazls
Tnuvadsunaotsn dwavirlianlesennenanasiay
Tdszeznarlunsunsgonens1iuiuly duwase

ASHAIUIVDIMEADNATLY F1MSUNITUILYRIRBNIY



Journal of Agri. Research & Extension 41(1): 1-12

ganU3T g v getulanueinisiaunfives
nanumAdouansiguniiianainadensidaves

Uangganinasineile Lagnaas A ulavesn NS
weidlela

Table 1 Developmental periods of “Puangthone” and “ E- Daw” longan on flowering

after potassium chlorate (KClO5) applications

Treatments Day applied Inflorescence emergence Floral blooming
KCLlO4 Flowering Number of Blooming Number of
date flowering days date blooming days
Off-season
“Puangthong” 15 Oct. 2020 29 Nov. 2020 45 21 Dec. 2020 22
“E-Daw” 15 Oct. 2020 7 Nov. 2020 23 1 Dec. 2020 24
In-season
“Puangthong” 12 Nov. 2020 17 Dec. 2020 35 8 Jan. 2021 22
“E-Daw” 12 Nov. 2020 8 Dec. 2020 26 9 Jan. 2021 31
a0 -
Daw-Blooming PT-Blooming
35 4 pre-season In season
& 30 |
:r_,:’; PT-Bloot ing Dalooming
= In season
é‘_ 25 "l...!..‘v. .':“‘ pre-season Qg >
@ i v
» s WATA S WA BT B A
H /
PT:D PT, n‘!w. ™ ‘.\..f.’. “\ l’.1‘ ,'..' ! \ "\'.."\ /‘
B KClO)AYp\plication KClO, Application . *J .‘ v \JJ L
pre-season In season ‘
10 J
14 71013161922252831 3 6 9 12151821242730 3 6 9 12151821242730 2 5 & 11 14 17 20 23 26 29
October 2020 November 2020 December 2020 January 2021
—o—High temp. -.e--Low temp.
Figure 1 Daily air temperature from October 2020 to January 2021
wWasidudniseannan AaBLsn 30 Tu Nsluguazneugg Juiinnisesnaen
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POARDAU 018180 N1508NABNATULANIEINTS
panneanla 100 Wasidud ndsn1ssialnunaidey

nn 7 Tu ud 45 Tu drdniseenaenuinazdunis
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Manochai et al. (2004) 57891431 N1SABUAUBIND
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Table 2 Flowering percentage of “Puangthong” and “E-Daw” longan after the applications

of potassium chlorate (KClO,) at the in-season and pre-season

Treatments Flowering percentage after KClO; applications
30 days 37 days 45 days
Pre-season
“Puangthong” 55ab! 87a 92a
“E-Daw” 42ab 75a 8da
In-season
“Puangthong” 17b 35b 51b
“E-Daw” 67a 90a 97a
F-Test ** **
CV (%) 47.49 19.17 12.72

'Means in the same column followed by different alphabets show significant differences at 95% (p<0.05) by the Duncan’s New

Multiple Range Test (DMRT). *= significant differences (p<0.05), **= significant differences (p<0.01)

[

aduvenandtusavenanUulu
dnwuzYenanvesaiteiey 2 gULU Ao
wuuYenandlukaziuuyenanyuly (Manochai
et al., 2008) lunuvasesinui MIULYBINBNNBUGN
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o w a

laiflanuusnaneiueg1edidudAgynieada (Table 3)
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YULA N1 Manochai et al. (2004) NA1371ANUNS o
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Table 3

Inflorescence characteristics of “Puangthong” and “E-Daw” longan after the applications of

potassium chlorate (KClO5) at the in-season and pre-season

Treatments Leafless inflorescence Leafy inflorescence
(percentage) (percentage)

Pre-Season
“Puangthong” 80 20
“E-Daw” 55 45
In-season
“Puangthong” 78 22
“E-Daw” 68 32

F-Test ns Ns

CV (%) 18.18 43.50

ns= non significant difference

VUINVRIABNLNALTY AAUNTINVBILIANATINALI Y
KAZAINYIIVBINTUYLNETINALTY
NMTIRTUIAveIRannALdy lagni5in
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AATIINeEdA nudduingugnalnenuazAIm
gvosiugnannadeiusSnefinenuiuuenng
wazWugnImesfiuunsunquazlugg lufiaay
wanensiuegeldedAy et winonailewug
Saefiuvluggfivuadusiqudnatsnening uaz
ANuEMYBITUYINaTINALTTEg1NINTgA A 6.07
WaY 5.60 13, MUAIRU AIUAIUNTINVDIEBANET
wiendle wudnsuIuvenenlutuneuggfidani

91N1ANUNILEY (F1n71 18°%.) fAUNIN19UDI899

wnasiadedesninluggegrelduddy n1eaia
(Figure 2, 3 and 4; Table 5) wanslyiiuILAnAL
daunfveinisaigiivlavesuanseaninasineie
dlensznuanimeinianurndusinia 15°. ags
iulddn &9 Manochai et al. (2008) 1euindle

WARZ AW UT UUIAVRIABNLANAINAUY 1191813

v
=

Yuagiudnuarveiiug gan1a uazANNauysaiiy

a

Muanareiuidealiuuinnentasdiulsenaumig 9
Hwuauananeiu 99nn1sAnwIves Jantawan (2016)
wuin legmgdandiasarggoninasinaiiioves
alewusdneazilatosviolilaae uaziiloviins
naunasaieiowazldndes Fluorescent microscope
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Figure 2 Width of stigma; (A) “Puangthong” (pre-season), (B) “Puangthong” (in-season)
(C) “E-Daw” (pre-season) and (D) “E-Daw” (in-season) (scale=500 {m)

Figure 3 Size of pistillate flowers; (A) “Puangthong” (pre-season), (B) “Puangthong” (in-season)

(C) “E-Daw” (pre-season) and (D) “E-Daw” (in-season) (scale=500 tm)



Journal of Agri. Research & Extension 41(1): 1-12

‘) Length

of style

Figure 4 Length of style; (A) “Puangthong” (pre-season), (B) “Puangthong” (in-season), (C) “E-Daw”

(pre-season) and (D) “E-Daw” (in-season) (scale=500 tUm)

Table 5 Pistillate flower diameter, stigma, width, and style length of longan flowers after the

applications of potassium chlorate (KCIO;) at the in-season and pre-season

Treatment Diameter of pistillate Width of stigma Length of style
flower (mm) (mm) (mm)

Pre-season
“Puangthong” 5.25+0.41b" 1.10+0.30b 3.91+0.03b
“E-Daw” 5.53+0.30b 1.08+0.28b 4.11+0.40b
In-season
“Puangthong” 5.30+0.40b 2.41+0.18a 3.96+0.06b
“E-Daw” 6.07+0.53a 2.60+0.04a 5.60+0.38a

F-Test * *x *x

CV (%) 7.13 17.39 9.02

'Means in the same column followed by different alphabets show significant differences at 95% (p<0.05) by the Duncan’s New

Multiple Range Test (DMRT). *= significant differences (p<0.05), **= significant differences (p<0.01) (n=10)
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Table 6 Sex ratio of longan flower of “E-Daw” and “Puangthong” in-season and pre-season and

fruit setting percentage

Treatment Sex ratio Fruit setting
(pistillate flower : staminate flower) (percentage)

Pre-season
“Puangthong” 539:1 42.80b"
“E-Daw” 15.68 : 1 40.00b
In-season
“Puangthong” 1031 :1 81.60a
“E-Daw” 14.74 : 1 76.60a

F-Test **

CV (%) 16.86

'Means in the same column followed by different alphabets show significant differences at 99% (p<0.01) by the Duncan’s New

Multiple Range Test
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Effects of Microbial Consortium 1 (MC1) Fertilizer and Organic Stimulants on
Growth, 2-Acetyl-1-Pyrroline (2AP) Accumulation and Antioxidant Activity of

Fragrant Rice
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Fragrant rice with antioxidants produced by organic farming systems is high quality rice and
preferable. This research studied the effects of compost in combination with microbial consortium MC1,
alternative wetting and drying water management and organic stimulants (bioextract and egg-derived
hormone) on antioxidant activity and accumulation of 2-acetyl-1-pyrroline (2AP) in 3 cultivars of fragrant
rice, i.e. Magjo 1A, Maejo 2, and Mali Daeng. Supplementation with MC1 tentatively increased height,
tillering, and panicle number of all 3 cultivars as compared with control group while supplementation
with MC1 and bioextract added with egg-derived hormone tentatively increased height, tillering, and
panicle number, and number of filled spikelet of all 3 cultivars as compared with application of MC1
alone. At the same time, supplementation with MC1 and bioextract added with egg-derived hormone
tentatively increased total phenolic compounds and antioxidative activity in only Mali Daens.
Meanwhile, the increased 2AP was not detected in rice supplemented with MC1 and bioextract with

egg-derived hormone.

Keywords: 2AP, fragrant rice, microbial consortium, antioxidant, organic stimulants
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mMamzdunding 3 Wug e raudrnmen
wild 1 1o Pramdeaven nu uidld 2 Lilweriuas
Fuifle uazdrvenrauas Wildundndnnens 20 Yu

nsUgndn drauunlulungnedunsie
Javiadednd aneguauduleviin MC1 Aldann
nsinien laguuslderauavuinndnaxenixgs
(85x119x29 wl.) uiazansldfuviniunealvinugs
U100 25 93, IUNUNITNARBIRUUE N ANy el
(Completely Randomized Design; CRD) lngdln
N151Aa8Ugnd173 3 Wug wazdIwiaziuguyn
naaeudu 3 gavaaes nsvAnesar 3 91 Ao Ua
AuAY (Control) 413+Au éqmmaaqﬁ' 1 (Treatment
1) d+fu+dendn MC1 sauiuunuuaLaziuan

WiEn YANAResh 2 (Treatment 2) U1i+iu+UJensin
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MCL SAUAULMULAILASLUA ALNIAN+E1TNTZHU
dunsdtinn ldlusrsduaviarass lnsusiagg1ugn
VUTEeEnaTEnienutILsazay 25 wu. lagugn

viguag 3 f 911U 9 qusied

n1INsEAUNSEEaNENS 2AP Tudn
1) msvimsinganmuaysesluuly
wisnansnsedudundsdanmdifud
windann Usznousie dandesh@ndidunauiu
Yud2n50948nNINLE ALY LauANNglad vna
N5189717 w1 tnendnseu luae uas
ihéumemiien vinly 1 Weu figungiivies 9ty
lUldldlugnsugniniludnsidau 10 wa. degnesie
Unat Taeldsaudurmtnainniniidanly
nsndseIiu waznsimsengasiuulvainlalian
dhmansie 1 wazuUien winswiild 1 §uandi
fgaumniivies thansnszdudunidnauiumdnuasdn
lngldldluansugndiludnsndiu 10 ua. siegrssie
o nsldwdaussdniduianmi (Carren) My
IndwefsssunAiiiolvides 9 UanUdesansnsziu
dunsdoonunlufufiazioy
2) Mmsdansin
1#33ns9amsinuuudenaduuis Tng
Toiihgesedu 3 au. 91nfadu wdadsiaunsestad
wiaududulal vigraudnegluszozuannogegn
Seuiiusysudndu 5 eu. Failiaudncueen
Jamen NnTuUuiussiuidy 10 au. Shwsedunn
sudeennenisszezutdluudnsunds uavszue
thesnudiinesnnonuds 20 Yu
3) NFIANITRSYLAULALAZNANAAUD TN
WAZIATIEINTAUBYYATATELaYANT 2AP
3.1 Tan155 U AUlALaYHANA VDU
Sansasaydulauazaandavasdioma 3 wus luudas

YANITNAFBI MN1TIAANGIVBIRUTII N1TUANNE

29991 1ABTUTIUIUAURDND TIUIUTITI T1UIU
wEnRses79 wazduiuminudadna 100 win
3.2 WasgnUsnEn sinusyyadaTeay

qvidnsiueyyadaszvesin

NMTATIERUsSNIaEITUsENaUTuedATIN
ATANARI9819717 Y laeAALUaIn1uIT 15909
Sakulsingharoj et al. (2019) lngnauLNIUDATDYAE
80 fuldnd1ians Aedislidgungives 30 uii
ihluduml sanazgaivdulaluinsgiviunm
asUszneuTiuednsauLazns nsdusuyadasy
299917 FaTiasgiuunauansuszney fuedasiy
Tagle Folin-Ciocalteu reagent A3 8u@ 20819815
anm 200 Un/ua. luwnuea Sevay 80 AAR8EN9
arsanmaslu 96 Well plate Auswaziiy Folin-
Ciocalteu reagent aslu Yaeeld 3 urv wdaifiu
lyiguansusiuniosaz 20 dluindnisganiuuas
7i 760 nm fhewesessnilulasinan Wi 30 s
NAADI 3 91 LardIAIN1TYANAULAIVBIAIDY
WiguiguiunsmuIngguves Gallic acid s189u
USuuansusenauiluedasiuvesansaiegialusy
Y89 Milligrams of gallic acid equivalents per gram
(GAE/g)

MsiAssdgns mMsiueyyadasy fe3s
DPPH (2,2-diphenyl-1 - pierylhydrazyl) Radical
scavenging capacity assay A3 #UA 188 19@1581A
STAUAMILTNTUAN 9 Tuuyueaiosay 80 Lw3e
DPPH reagent 0.1 mM luiumuea gafiageadly
96 Well plate LAisl DPPH reagent asly Wnluinan
N3AANAULAITIANNE1IAAY 517 nm FIELA3 B9
grululasinan Taundii 30 vnsnaaes 3 91
AU %inhibition LU lUNS oansINTE9I19
%inhibition AUAIUIINTUYDIFIDYNN WAINIAT ICs,

< 2 a
iw8muqmsmimua%aaaiﬂumam 1Csq
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3.3 MTIATIZAUINUET 2AP

e it esgiuIinneEns
2AP YBIUA AT 126 28 Headspace-Chromatography
(HS-GC) 4 Gas chromatography (GC) 54 Clarus
690, PerkinElmer LazLAS 99 Head space (HS) iq'u
TurboMatrix 40, PerkinElmer ‘z?l sani1azlunns
Ainsredlu 6C ffsdl nsansdn 200%. guvnd
Fudu 45, Shisnnaifivgunanll 7o0./unit aufls
125%. 8m31n15luavei198L8en 20 ui. /Ui
gauniliinTiadn 250 %o, anaglu HS gaumgilves
AU 125 %y, gungdvetduiifleg1y 130,

a '

gaunniivesviainfiegng 130 %v.
nsesziaulgndnulieduganisnaaas

< (g ' a N [ 1 £ =
Lﬂ‘Uﬁ]T@EJ'NWLJ‘WE]gJJI‘lJ@'NU@jﬂSU’]’JME]NLQJE]

v
a

Augnn13naaed luldagynn1Imnass LazIATIes
fu Tfun TinngiuiinudunieTng earedaiidu
Uszlawy nuvafoudwandeuls waaidoud
wanwaeuls wundiFeufivaniudould wazA1niy
Wunsa-a1e A1sTAsIEia Y m1uIsn1sves
Agricultural Production Sciences Research and

Development Division (2010)
NAN1SIVY

HAN133LATIZRAUETNAN wazdensinnguyaunsd
(Microbial Consortium 1, MC1)

'
a £ '

NANTITIATITEAUS UAUNUIN TAA1uTu

1

n5A-A19 6.5 AduUNIeIngsevay 0.77 Aneanasa

q
'

a

Pduuselony nunaeudivaniudsuld waadeu
fuanwasuls wazuundifeufinaniuasuld 19, 40,
1,470 wag 140 un./nn. aua1eiu dawdensin MCL &
A1AudunInee 9.2 fifesazvesdunieing 48.4
Yopazanudu 58.9 favazlulasioust anun

NoaNaTANINUA INWNFYUNINUA wazhkunTidey

v
4 '

9UNA AU 1.8, 1.1, 2.1, 1.8 waz 0.4 @UaIaU
a v a <@ 4 1 o
AANRTUNITIBNVDUUAATDEAY 227.2 LAazAINITUEN
Indiniu 0.7 dS/m

navasdendnnauyaunsd MC1 uazansnsedu
durisdramaseyiulnuaskanEn M ueyyadasy
uaznSazEaNans 2AP

u Table 1 LLammammﬁmmmmqwaq
417 ATTWANND TIUIUTIVNT TIUIUNAARF BT
hainadat 100 wie nuidneny 60 Ju u
nauAIuAY Treatment 1 Aa 17 A Jendn MC1
FAUAVUNULAILALIUAALUIAN LAY Treatment 2
A 417 Au Jowlin MC1 Sauduunulasuaziuin
Waedn warasnszduduYse lnenavesnugaade
Y038 A veuualls 11 Wiy 50.1, 53.56 uaz
63.48 YU, MINAIAU T1NT eI nY LUl 2
Winu 42.70, 46.67 WA 51.56 3. WATUIVIDUNLA LAY
WiNAu 53.70, 60.74 tay 65.11 9. AIUAINU NaUDY
Argaesdnaia 3 g (60 ) luwuarmuansig
nadRfisedutiuddny p<0.05 dIUANNGIVRIT
fiong 120 Yu vestadrimenwsild 1 1o wudndl
mmqamﬁa 86.26, 91.11 uag 96.85 . AIUAIAU
Tutrwiigavien nu wild 2 windu 80.59, 82.07 wag
86.41 %1, UAIAU WazIULALAS WNHU 53.70,
60.74 uaz 65.11 9. AUy Fslanuanuuaneg
nsadfiisyRuteddey p<0.05 UYBIAIUGIVBIT
flong 120 Fu v 3 1itus

HANISWANNBDIT 1N 1A MELNTE 1 18
187 3INTIUIUNG (60 TU) WUIING UATUAN
Treatment 1 @y Treatment 2 ﬁa"wmuﬂamﬁla
5.11, 6.56 kag 7.52 Na MUANU @IUTLALY DY
A wild 2 WiAU 6.11, 6.78 Lag 8.89 No MINAIAU
LATUIIVOUNLALAY WINAU 6.56, 6.85 kay 7.19 N

'
aada U £

AuaIeu ldwuAuLAnANER AT SeAUTd Ay

<

p<0.05 VBINITUANNBVDITIIN 3 WUG

q
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wad1IuTITIilet ey 120 Fu wud
Fruausrdnvesiidiivenusily 1 1o nquaunay
Treatment 1 Way Treatment 2 flduausad1aiade
4.81, 5.74 Uag 7.48 533 Aua1RU dud1unilen
193 NV WULY 2 WA 7.00, 6.78 way 10.37 579
AUBIAU LATUINBUULALAY WINAU 1.00, 4.41 LAY
6.30 924 MIUFIRY AT IWIUTIT VeI 3
Wug TnuAINLANA19N19aa AT sefuTddey
p<0.05

NavesiuULanddesiniletadeny iy
\Ae 145 Fu vesdadrimenulld 1 18 wuiingy
AIUAY Treatment 1 Uag Treatment 2 431U
Waafaae 81.45, 136.25 way 145.04 LWAA/979
AUAINY NUANUUANA NN ETRTENINNFUAIUAY
warNaY Treatment 1 wag 2 LALINUAIILLANAIT
N9EATENINNGY Treatment 1 uag treatment 2
TIUNUNAARRDIIwBIT IMTeIMeN N LY 2
WiNAU 98.09, 120.54 way 165.44 LudA/399
ANUAINU AT IINBUNLAWAIINAY 71.34, 92.15

a

LAY 118.84 LWAN/379 MINEIFU FI91UIULEAR

1

ADIVBIVTBNNYIVON NV BULD 2 WaLT1IBULY

f2)))

'
aa v £

LAY PUNUAINULANA NN IIAD AN SEA UL AP
p<0.05

&

nav et 100 wan vesiadam
okl 1 1o WUIINFUAIUAN Treatment 1 way
treatment 2 ﬁﬁ;mﬁfma?{a 22.62, 23.72 way 22.97
N5U MUEAU dutInieen na wild 2 Wiy
23.86, 24.40 LAy 24.24 51 LALU1INDUNTAUAS
WU WU 20.62, 23.18 Lay 24.49 nSY Hat A
wind1n 100 wiavesiats 3 wug Tuwuany
WANGNIVNSaaRTIsERUTdETYy p<0.05

2.2 HaM I AR Us neasuszneuil uodn
sIuuazgME MIFusyyadaTzvesiINaIIAT I
Usunauansusznaufiuednsiuvestnidiveuwils
1 1@ WU NRUAIUAN Treatment 1 uag Treatment 2
{11 GAE 1ad® 0.83, 0.94 way 0.87 un./n. lanu
AVIULANANSARTISEAUTEdEY p<0.05 daud
Widgavien 1Y wild 2 windv 0.36, 0.49 way 0.46
un./n. muEy drudradamnenudld 1 e uay
Trunieavion nv wlld 2 ldnuanuuananameaa
fisvduodfny p<0.05 uazdveutzduns Wiy
0.59, 0.59 ag 1.53 Un./N. WUAINLANANYINEDG
3171908 4 Treatment 2 La¥Na UAIUANLAY
Treatment 1 WAldNUAMULANAIINIEDTATENING
NAUAIUAL WAy Treatment 1 HANITIATIHAUTUIN

a15UsENeUueaATINYeIt 3 Wug (Table 2)
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Table 1 Growth and productivity of 3 cultivars in organic fragrant rice

Parameters Group Maejo 1A Maejo 2 Mali Daeng
Height (60 days) Control 50.1144.26 42.70+2.90 53.70+4.10
(cm) Trt 1 53.56+3.03 46.67+2.80 60.74+7.92
Trt 2 63.48+9.60 51.56+3.21 65.11+7.20
Height (120 days) Control 86.2645.27 80.59+4.50 T1.37+7.22
(cm) Trt 1 91.11+3.72 82.07+5.39 86.11+13.02
Trt 2 96.85+5.16 86.41+3.39 91.07+8.43
Tillering Control 5.11+1.55 6.11+1.52 6.56+1.34
(tillers/plant) Trt 1 6.56+1.29 6.78+1.40 6.85+1.21
Trt 2 7.52+1.77 8.89+1.59 7.19+1.70
Panicle number Control 4.81+1.82 7.00+1.33 1.00+1.14
(panicles/plant) Trt 1 574+1.13 6.78+1.22 4.41+3.13
Trt 2 7.4842.28 10.37+£3.16 6.30+1.92
Number of filled spikelet Control 81.45+2.05° 98.09+5.47 71.34+6.64
(grains/panicle) Trt 1 136.25+412.45°  120.54+10.42 92.15+15.70
Trt 2 145.04+426.88°  165.44+70.63 118.84+8.52
Weight Control 22.62+0.57 23.86+0.63 20.6243.35
(grams of 100 spikelet) Trt 1 23.72+0.74 24.40+1.28 23.18+1.65
Trt 2 22974221 24.24+0.42 24.49+0.32

Different letters indicate significant difference (p-value<0.05)

Table 2 Total phenolic content expressed in terms of gallic acid equivalent (mg of GA/g of extract)

of 3 cultivars in organic fragrant rice

Group Maejo 1A Maejo 2 Mali Daeng
Control 0.83+0.14 0.36+0.07 0.59+0.12°
Treatment 1 0.94+0.07 0.49+0.03 0.59+0.06°
Treatment 2 0.87+0.06 0.46+0.06 1.53+0.12°

Different letters indicate significant difference (p-value<0.05)
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anTATERgMs e yyadaTe i e
DPPH vostadimenualld 1 1o wudn nguenuay
Treatment 1 wae Treatment 2 A1 IC50 Lade
138.45, 137.11 wag 170.14 un./ua. lanuaay
wana1veg 19T Teddyn1ead A seautad Ay
p<0.05 drutrnileavion nu willd 2 WAy 211.72,
23835 La 230.53.4n/48. Waztimilenvien A Ly 2

Tdnuanuuandansadffisefuieddty p<0.05
LATUIIVOUNLALAY WINAU 49.75, 54.82 way 13.66
1A./UB. AIUAINU WUAUUANAINBE19TdBd ARy
MEiRTEMINNAUAIUANLALNGH Treatment 2 U
LinuANULANANNEDATENINNGUAIUAN LA NEY
Treatment 1 HANF1ATITAGVEN1TFUDYYADATE

e35 DPPH w0911 3 Wug (Table 3)

Table 3 IC50 value of antioxidant activity test using DPPH method of 3 cultivars in organic fragrant rice
IC50 (mg/ml)Group Maejo 1A Maejo 2 Mali Daeng
Control 138.45+3.51 211.72412.15 49.75+6.76°
Treatment 1 137.11+5.46 238.35+30.43 54.82+4.40°
Treatment 2 170.14+23.77 230.53+34.13 13.66+0.79°

Different letters indicate significant difference (p-value<0.05)

NANITILATIZAUTUIUETT 2AP 9899719141
Avionualld 1 1o wuiingualuAy Treatment 1 Uag
Treatment 2 SiUS1nadans 2AP 1ade 2.79, 2.88 uay
2.46 ppm AUEIRU duT1mleInen Ny kil 2
WU 4.32, 3.51 uag 4.05 ppm LUNUANULANAIY

o 1Y

pgnidpdAYIsanANTzAUtYEIAY p<0.05 uag

Y1IMONUTAUAS VAU 0.25, 1.18 way 0.62 ppm
WUANUUANARY 19l T A n1aifserinengy
AIUANLAZNAY Treatment 1 UAlINUAIUUANAIS
N9adATENINNgu Treatment 1 uag Treatment 2
HAN1SILATIEUUSUIUATT 2AP 989717 3 WU
(Table 4)

Table 4 Quantification of 2-acetyl-1-pyrroline (2AP) of 3 cultivars in organic fragrant rice

Group Maejo 1A Maejo 2 Mali Daeng
Control 2.79+0.14 4.32+0.42 0.25+0.34°
Trt 1 2.88+0.50 3.51+1.05 1.1840.07°
Trt 2 2.46+0.42 4.05+0.55 0.6240.05*°

Different letters indicate significant difference (p-value<0.05)

wansineirusieduganismaaag
HANTITIATIENAY NUTIAI8E19AUYRINGY

ArvANdaInudunsnnia (pH) windu 7.9 (A1

Wianzay 6.0-7.0) I5evavvesdunieingwindu 1.1

(Anmnzan 2.5-3) Weanesaniiduusslond 22.80
un./nn. (AILNUIEEN 26.0-42.0) Twunaid gy
AwaniUdeuld 66.50 un./nn. (AwmuIzay 130)
waaLd oui waniUa suls 1,335.80 un./nn. (A1
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WA yEY 1,040) wazuundidoud uanua sule
135.3+4.90 1n./nn. (Amsnzay 135) Tuvaziingy
Treatment 1 fiAnAadunsasie (pH) Wiy 6.80
ffovazvesdunseing voaneda lnunaguy
LARLT Y WaTLUNUW e 1A 1.20, 17.30, 53.50,
1,527.30 wag 157.50 un./nn. AIUEIRU LazNay

Table 5 Soil analysis at the end of experiment

Treatment 2 fiArAudunsanis (pH) windu 6.40
fT0gazv0sdunieing Weanesa Inunaigoy
LAALT 83 WATLUNT LY 8N W1AU 4.50, 2,414.80,
171.50, 5,822.00 wag 2,731.30 4n./nn. AIUAIAY
ToenupuwsnenaaRfissiuted ey (Table 5)

Group pH Organic Available Exchangeable Calcium Magnesium
matter phosphorus potassium Exchangeable Exchangeable
(%) (mgrkg) (mgrkg) (mg/kg) (mgrkg)
Control  7.90+0.1%  1.10+0.0° 22.80+1.3° 66.50+6° 1,335.80459.1° 135.30+4.9°
Trt 1 6.80+0.0° 1.20+0.1° 17.30+1.0° 53.5045.9°  1,527.30+48.4°  157.50+2.1°
Trt 2 6.40+0.1°  4.50+0.4° 2414.80+944.3°  171.50+22.8° 5,822.00+504.3° 2,731.30+29.8°
Optimal 6-7 2.5-3 26-42 130 1040 135

values

Different letters indicate significant difference (p-value<0.05)

39150INAN15IY

Tunnsneaesd ausududarudunse
Wntiew & Office of Science for Land Development
(2005) nanvi1 Arpnandunsa-maiimangaslunis
WiaAulavesd1isening 5.5-6.5 Awsudulunis
naaes fUinadunIetng uasTnunadouyly
seaush drudiameaefalufuioglussdiugs
wardumalfouuaruunii@enagluseduliunany
AusasgIuivuaRaNTReBunse laud Aay
Junsn-ane egsening 5.5-8.5 YsunaBunieingly
mnindeuas 30 veamin Tulasauimuslides
ni1%esay 0.5 vosimiin eanedanwunldios
nidevay 0.5 veaiwin Inunadeuviomalives
nndesay 0.5 vesmin diin1ssenvesudnlsl

Pouninsesas 80 wazAN1su N lUAY 10 dS/m

nuanTiasgileviin MC1 Tumavaaesi nui
finnanudunsn-ansgeninuinsgiudniey fs
Aputhafusing Fslunsvsinandunidannudu
nsn-ssveademindnmsdsunaminszoziin
vo9n15niln neszesusnazilunsasouazidunig
denszurumsninauysalauduanssautadiai
WJunsn-ana 7.5-8.5 arudusseeu 9 veeded
nafson1siluldlunisusuusedu d1araaadu
nsn-snsganniAulululasiuludeesdsuludy
worlunflaudszmely wazmnAraudunsn-ana
puAulUgaunIdniduuseloviaznganisiaiey
uidunIdnduaivguoslsafivaziaigldd G
Davari et al. (2012) wui1 msldduniedng Jeaen
wardlIunieann1sugnd1adudedunigsiuiy
wupiliTen3alulansiau azaneeans wazningee

aatelwaglaa duayreduaiunisiasyiaule
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iismananuasAunNYRILEnT 1A uazdiiasan
AUNUNITHARTDIN1TUGNT I UUUNI deing
Jowifn MC1 lunrsnaassd TUsunlulasiay
Woanesa Tnuwval@oy waaden winfiley uagen
n1su bl rvesd sndn MCL danlndiAeaniy
Wnsgudedunsd uanuindendn MCL daavil
NN39ONTDINAAFINIININTFIU wansirendniiia
nsgesaarsauysaikavansalulgiuiylalag
Lifianunduiivsiofa
HANITATYLAUTALAZNANAAT1Y WU
917l Treatment 1 Aa 913 Au Jendn MCL Sy
WALUANLAZLIAALISAN d9U Treatment 2 Ao 917 Au

] (% <

Jendn MCL S2uAUwnuun lwanuuedn uagais
nszAuduvsdluuliulunsasgule Msuanne
ANUgavRIRUT Aoy 60 waz 120 Fu S1uuT
17 Srurumdafvesinais 3 Wug Andigaaaueu
Feoradunananlutowiin MC1 D5undoinquas
wuafiSefivivdnasunisnsagivlnuazrandnves
AUt wae Yiet al. (2014) wudnislddunieingly
Aurrednasuliouninvesdududndudeu
faswadsiuazsan omadewldasan ssuietng
nMsduildifindy Wainusgemislufy ua
199 ATUEI701MNTVRINY LA NAINAIUNIUANS
Wasuwasmadunsn-ansvesiu viliqaunie
Tudwd ud u ldaudusuadunidasueu
Tulmsiuiioun wasvloarledasiuiiunnty Sens
Tdmifndaninlu Treatment 2 enafinatheduasy
nsiaiaudvlanasnandnveadnaia 3 Wus uay
Matsumiya and Kubo (2011) wusnUulneiiléann
mMsgesfuvdeinatiefinsiuin warAue LAy
dui i Raveaduusnluieds 16.6 Wi uay
Umesha and Narayanaswamy (2017) Wu71 Tuth
nzndndlulpsiau eawesa Inuvadou unaiFeos
LRy densd uazwnia uazdalinsndulnansdan

g 9r18TunIIWMUITINVOINY (Aishwarya et al,,

2022) Tunsnaaesd Ty treatment 2 Seiigasluylal
waznIntUan @9 Sangchhen (2011) wuimsléie
ihwiinuan wazeesluuly Tszerenednn 60 u vde
F15udwiee v lrFud1uduss duniulsa way
Frelinandndaiudy venanissd Anabaena
azollae enfpagfuumuunaiitisnislulnsiauldain
p1n1elang 1.1 nn. lulasiaureiu (Pabby et al,,
2003) LLasLﬁaLmuLmeaaQﬁﬂmmﬂuﬁmmmﬂﬁ
fivuazgdunsdlduszleviladsdnduleTinnuas
Fanuivugedudunusnleuetied egralsin
nat Y nEad17 100 wie Tuuisednuin
W4 Treatment 1 uay Treatment 2 T veinwanan
wand1liunna9INYRAIUAL Fobmfnwdndn
Qﬂﬂ%mumimw%mmLLﬂﬁuﬂua&ﬁﬂizﬂa‘uwé’ﬂ
Uszanaderas 85 vestuiinuis sy d1vinlinns
Fuasziuaznisasauudaiuannduluszeznis
Wauweawdaferavi A sl nwdauas i
nananlnesIule
naveINsTANsLuUenadunissod
Tu Treatment 1 Ao 913 A Jemsin MCL Saiuwmuns
wazludnuuedn waz Treatment 2 Ao 917 A Y
il MC1 92U UMMULAY LIAAKNSEN Lazasnszhu
5un3d lumsmeassinuin nsdanisiuuuden

AFULTAT L UULYIN AT 3 WUS TAUET 91U

q Y
< a1 =

AUFBNG 1UIUTINI TNUIVLEARFDTIANIIYA
AIUAY & 9 Harakotr and Thongoon (2018) WU11
n3Ugndlsdiued Moszeznisugn 40xa0 v,
faffunsdanisiuvuienaduuiaasuuuviads
naengNsUgn duwildudiglrdnidnisasyivle
LazesdUsznouNananffign Usinauilusdaiuves
1veuNzaLAdly Treatment 2 ganIInauAIvAY
Kan15MARBd U N A utevsin MC1 $auiy
WULALAZIIAAWINA NLaZAINSTHUB UM TN
TutSinauagauimuivunaunsationssduns

afwansiusdasnludniugvennsaunsls welyd
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wasot128n 2 g Ao drudiimenwlld 110 was
Framilemen nv widld 2 §1 Wongtay et al. (2020)
wuiniugdnuazunasgniadutadeddnase
YFuruarsiuedalud1am19a1ewus wae
Daiponmak et al. (2010) Wu31g 1IN InesazLfia
wagd1IvInenugd 105 fusuafluedaiavua
dasnnudeayluanmedifindelufeuraslsd 60 m
drutalsdiues uazdnduménivunaiiueda
amuaiiutuszduiiunas wansliifiuiusuna
vesansiuedaiiind wind wiosainnalanis
novauBIsaA ALYty dilutindeswanves
T3l wagd 1 Kuthiu ¥e98 Wi el U3 inawensil uedi e
gefaaluiifinde 150 uaz 200 MM AuEHY
(Umnajkitikorn et al., 2013)

Tusumasesi] Sramdeamen no walls 2 il
ogAuiAelunleny 135 Ju w1 ey 146 Yu
Famsnaaesivgndnnlugguiuds msdusuaudy
seneerviiiuiuluTwihliduuannesenifisiu
w¥antufusonoudl uenani dnvuzianizues
st Ao mnszazmsUgnvinssndrnazaninse
uwanoani3os o lunge duiu Feilenadululih
Srunussazannnidusulu i le

vismsdueyyadasy lu Treatment 1 Ao
912 fiu Jendln MC1 520AULruLaLas uanuuean
g Treatment 2 Aat13 Au Jendin MCL sy
WALLAY WAAWWNAN wazansnIzdudunid veadn
diveuuaild 1 1o wagdamidsavien nu wild 2
1Ag921nAT IC50 YBIN1TAIUBULABATEVDIUI 2
Wus wudilu Treatment 1 Wag Treatment 2
Liunnssainnguaiuny Tuvaigdian 1IC50 ¥3n13
Fueyyadaszyesiimeunzduadly Treatment 7
2 ouninguaiunu Seaniivosnirdulsmnduiy
UsgAnsnmlunsiuoyyadase Tausdisindn
oungdundlu Treatment 2 fiAv1uaiu1saluns

AuauLAdaTEINAY FeduiusiuuTinuiluedniu

'
1 =

7799 ulu Treatment 2 Y0391IWUT AINA B9

q

Goufo et al. (2010) $1897u31 @1saueyyadasyly

Tmaznugefianludifidd sesasunde 41274
Faine Buns uazdinna muddu warqvaduoye
daszazulsiunseiulSunaueulnleeniiu wu 417
moeyee 917l5910es3 wasdndedneaiiuiua
waulnlwendiy 336, 87.46 way 1.09 Un. ¢ 100 Ny
MINAIR U Kasikumpaiboon and Boonman (2020)
imnaeunvddnueyyadaszyesansatindiovieunya
WASA 21875 DPPH assay, ABTS assay, FRAP assay
wazdinUSuuasUsenauiluedasiu Ae33 Folin-
Ciocalteu assay WUIATANALABLATLAUSUMENT
analndiAssiu Tnefidrfesazvesansadaillioyd
4.00-5.68 Feansafninvonnzaunsieieniueadl
qislunsinueuyadaszgaiian 1ag33 DPPH assay
Wwag ABTS assay @1 IC50 tn AU 521.40+0.87
UAN/UA WAy 416.93+7.16 UAN/UA MUAINU Ay
75 FRAP assay 4A1N15A1UB U ad a5y (MU
6,888+543.64 mM TE/g extract uenand Saililady
du 9 fifwasonisazauasiueyyadaseluin
Ifun Jasdenounaifiuiien vinvesiu aruidy
Arsveulaeenlenluussennia n1stdansiad
pumgiiuazszdunmsaiyAuladiud wagtadonds
Mavfiusien (Thammapat and Sirimornpun, 2015)

v 3 Wug Tunisveaesd fusuimans
2AP 984 Treatment 1 Ag 917 du Y eniin MC1
FWAVUNULAY UaZIIAALUIEN dIU Treatment 2
Ao 417 Au Yemilin MCL SauAuwvuing wanuwuadn
waza1INIEAUIUNSE Nudly Treatment 1 uay 2
A1NI1YAAIVAY IINNAYDINITILATIERAUNUT
fUsunuve P, K, Ca uay Mg lufiuaggaiuniia
TN ALY ATV TN Z AN
nsUgnity e1aviliiinaiuldaunavessineims
7 finanonisazanarsvoulut1aled e Mongsoot

et al. (2014) 5789131 HOINANULTUTUYDITY
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919115 baun N, P, Ca, Zn, Mn wag Mg wuanlugn
AIUANTIIYINENUEE 105 TUTUMES 2AP winiu
1.42 ppm Lwil,ﬁal,ﬁummL%m%’usumammmi N, P,
Ca wag Mn 1w 2 win vilddaduSunuans 2AP
WiaTwdu 12,69, 16.68, 13.82, 13.06 pprm ATUEHY
wazidleld Zn udu 4 wih $1iusanaens 2ap Wu
10.23 ppm wazdisziuanududures Mg iy 8
Wi v g aUsunmuans 2ap Wy 12.83 ppm @4
LansINIsANS IR M LA Bz andinalunis
W8 un15a319a15 2AP 16 waz Nawara et al.
(2020) WuAINITWUIHUTDIUTNIAENT 2AP Tud?
vnenuzAuazmanseduliavanans 2Ap Iy
1ne519 S IUAUYTAGI 9 Lagn1TRNEINDINIT
TuAuinadonsudsuulasUSuianesas 2P lu
druns q w999717 Wi Tuludnn ldiesalussey
nswsaivlafiuansnafuvindu uwluusasiumis
vosluluumazszaznsiasAulnuestnme
Tunnsneassd wudrimdndaniniiua
Tumauiunisazauans 2AP wandndanmlunis
mam‘iij'wumwﬁﬂﬁqmmﬁﬁaaiwsL’Jmmu 1
Wou o1afnavilfanssasuitogludaudsznausing 4
aangluannisdosaansveqaunsd wioeaduna
wnviindnmiienudunsngaiuluidesand
dunaniiutduansyegdae uarlumIsuans
nszdunazdodlidusznouiiluasdsdiuiinioy
anluduagldviufl @9 Maraval et al. (2010) wuin
Fnazadrans 24P Usinagaiiaaluanioznsn-sing
9.0-11.0 LLaz‘LumsmaMﬁIIeﬁmmfflﬂaﬂua'wﬂgﬂ
117 100 n3ures1s 019fivsinaundesglesiiuly
e Deejing and Sanguanpong (2015) WUl
nnuan afadt 1 Tudn 500 nn./ls ndsndgn
F135v8%19a7 30 YU wazateit 2 WWuninuavan
nasnUgniisgesian 60 U Tudnsn 250 nn/ls
fuunltufissdediuuinaans 24P Tudivanen
uzd 105 uaililfinasonisiiuvesans 2AP 193917

wenuzauas visoradunawnandowiuieadn
Fadutedugeuu TlunnasniounsAuiedna
FedwarihliiRutgndnliue Felaealumngudnn
an12nARUIINANUALLAYANNLAILE Rz g8 THR
T1aazauans 2AP geduld uonaind n1suims
Famsiuazanuduiinarenisazauans 2AP #e
(Mo et al., 2016) AUNBUVYDIT1I UBNIINITYN
AIUAUNIIN UG NTTU LA 38 uUsUsIulUny
ANNUING RN YU BUNT LATLAR ALY vile
WAZAINRANANYTIVRIAY ST Ne M
A9 9 WAZAIULASEANANTINLINA DN LYY AL
wiakarauAusndae (Gay et al, 2010) 3013
avauans 2AP Yowo1atdunau1a1nnsIanIsuay
N1 A UTAYIT 1IN B URAZ NS INITLA ULA 87 19U
gaungiiuaziian lunisselidnauis nsiuine
58477 finansenuseasiinduney 2Ap Tudili
anaslam o ne e (Baradi and Elepano, 2012)
wananG AaALLaTAILT Sellnadenandnd
WU UANNENIY893IN TILIUTIN AINLETIFUNEN
wazdsinliensinuIenanas s1ndnsasgAule
13if T1UIUTIFBND AT TNUIULAARD TS
droninwdnanas (Hussain et al., 2017)
Tun1snnaesd WaN15TLASIE LA AY
mafimesvesiundsduganismnasdlu Treatment
2 fio 917 fu Jendn MCL 5auiuunuLad Luén
WHIEN LazansnIERuduNIgganinganIuANLay
Treatment 1 Aa 913 Ain Yevsln MC1 $3uiuLmrumLng
wazludauuedn o1atdunau1ainly Treatment 2
fnrsiiuninuvanacly §eluninvrdand
drulsznou U lulnsiau Weanesa lnunadeu
waatden uundiden Muedu wasdeduannis
naaesRuila nwagwiteavinliar st s ud A
Fuduiu Feenvesvilinanisiessinnsimes
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mc1 dndfndaninuassesluulyduuldugeiy
ATINET NITUANND TIUIUTN LAz IUILLAARAD
saeveadte 3 Wus W awfisuiulddenstn mct
oghafier madanmswuuonaduuds fuualiy
sl 3 s wyiiulauaslfnandndniings
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Genetic and environmental factors and their interactions had effects on yield of crops,
therefor this research was conducted to determine the genotype by environment interaction (GEI)
effects on kernel sweetness and husked ear yield of 5 sweet corn cultivars grown in 4 environments
using AMMI (additive main effects and multiplicative interaction) analysis. Five sweet corn hybrid
cultivars were evaluated in a randomized complete block design with 3 replications for 2 seasons. Each
season was composed of 2 environments: chemical and organic fertilizations. Analysis of variance showed
significant effects attributable to the cultivars (G), environment (E) and their interaction (GEI) for both
characters. AMMI analysis revealed that the first two multiplicative components of the interaction (IPCA1
and IPCA2) accounted for 92.1 and 99.8% of the variation of GEl for kernel sweetness and husked ear yield,
respectively. The scores of the principal interaction components showed high variability for the
environments relative to the cultivar effects. Wanburi (G5) was the most stable cultivar for kernel
sweetness because of its lowest AMMI stability value (ASV) and high kernel sweetness. Whereas Hybrix3

(G2) was the most stable for husked ear yield because of its lowest ASV and high husked ear yield.

Keywords: AMMI analysis, biplot, yield trial, Zea mays var. saccharata
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Jadgn1eaiugnssy aninuindouuas
U duiusvesiugnssuivanInuindeudenase
nandnvesiialaenss uideiieiingusvasdiile
Uszillunavesyfduiussenitaiugnssuiu
an1muIngen (GE) ludnuaueANumIIULasNAKER
HInvendonvosinnlwaniiu 5 stug Augnlu 4
aninuwinaey lagldian153iAs1ent Additive main
effects and multiplicative interaction (AMMI) Ugn
F1lnanau 5 Wug luwnunisvaassguluvden
anysal $1uau 3 91 lu 2 qqUgn winzngugnil 2
anmuinaeu Ae nsuanltaglideindl uaznisuan
lneldedun3d naa1nn1snsenaAuLUsusIu
WUIINUG (G) annuandey (B) wasUfduwus
sgwinstusivaninuanden (GEI) vosts 2 dnwae
HAINNITIATIER AMMI WU 2 B3AUTENBULIN
(IPCAL uay IPCA2) fimuwUsUsiu 92.1 uay 99.8
Woesidud vasnnuulsusiuves GEl Tudnvazany
muuarKananinUaniudenmudiu Az
19483AU32NOU (IPCA score) wanaliiiiudisainy
WUTUTIUTRIaNINUINd o N TU AU ussanis
wansoonveILg wuIusIGs (G5) Wuvusig
Amnuafosnigaludnuazaama tesanndl
AMMI stability value (ASV) fosfign wazdidiainu
wugs druludnvausnandnilnUanildannuin
wuglauind3 Tanuiaiosuniignainnisisl Asv

weenian wazlvinandnilnUanifiongs

AdAgy:  AMMI analysis luwden n1svnagey

NANAR Zea mays var. saccharata

AN

U12lWANITU (Zea mays var. saccharata
Sturt) a“fmLﬂuﬁmﬁﬁwﬁmmﬁwﬁaﬁﬁau%’wismuﬁ’q
Hnan wazthuuussy Yssmaidugnanuazdioen
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nsasAvlanazn1slinananue s lng
JupgfuiugnIsy (Geneticd) uazanInuINEou
(Environment) Tud23999n190 A UILazN3
Wiiuln e §isenduiudserinetugnasaiy
annuandeududdy annuindeuiimuizas
FWAUNTIAN T UIANTTUALY AR UTNTTUVDS
Flneiinsuanseenludnuaes 9 sausdnvay
nanAnos1ufudl (Wayupab, 2015) Tnefiauise
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Imlnm (Katsenios et al.,, 2021; Ruswandi et al., 2020)

anuatesnmlunisuansoonvaaiugiluy
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Wudu wdirdeyasinnismeasuiuglunaiy
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luan nuandeuivainvatey visenugdmsunisuan
Tuanmuaadeniidumy fegratu manaseuiug
13lnANIUGNNENTUFNIIAT (Ruswande et al.,
2020) wazdalnalsgnrauiugnisan (Adham et al,,
2022) lunanganinuindeu Mlvaiuisadaiden
stusmnyanluiufideandald
TunsUszidiunanes GEI anunsasildily

ANSIATIENBUUAILUSLAED (Univariate) wagnis

IATIERLUUaNeAILUs (Multivariate) Ingignas
WUU Univariate iflealdfuuin 1éud 35n1507u
lutnaves Finlay and Wilkinson (1963) wazluina
984 Eberhart and Russell (1966) Fats 2 Tuwna
Fananldldmilsdmadiulvgves GE iesanifu
n5lasNTIATIZATINTaTU (Regression analysis)
Fa8u3Bnsuuy Univariate luvaisinaves GEI
fidnwaugidu Multivariate (Akpan and Udoh, 2017)
Faduisnasiiundededaalunisiinsziaiy
w@desnmvesiuginsiduiimslinseiuuunay
fiatkUs (Multivariate model) (Badu-Apraku et al.,
2012) A5n1531AS18% Additive main effects and
multiplicative interaction (AMMI) 1Ju38n 150U U
Multivariate #isautensieansimstsianunususiu
(ANOVA) azn153tA518%93AUsEn0U (Principal
Component analysis: PCA) 1iiaeiu 3adu3sns
fifuszansnmgalunisedurenadiulngves GEl
(Ebdon and Gauch, 2002) taz AMMI biplot §st78
Thsusazsuunnalulnduazannuindenlaly
n3ILALIAY (Gauch, 2006) i lwa1u1503LATIZY
nsnadeunandnialuratsaninuinaoule s
(Crossa et al., 1990; Gauch and Zobel, 1996;
Zobel et al., 1988) 35 AMMI 314 ANOVA Tunns
NAABUBNENANANVDINUTUATANINUING DY
wazly PCA Tun1531A5189 Residual multiplicative
interaction s¥nINRUSIUANINUINGBNIIN Sum of
square 989 GEl lutna AMMI Janunganlunnsg
3m318% GEl (Zobel et al., 1988) uona1NTLE7
25115 AMMI 898131150 TAUSHNMUDINAVDILAAY
Aulnduazurazaniniindauain Sum of square
Y94 GEl warhunanslmdiudunsn Biplot 399i
Wausadwundlulnduazaninuandeulmdiule
At (Zobel et al., 1988) faumaiaivilausn

JuuniugniinandngawazUsudilaning uaviug

]
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AdmgAeanInuIndon AaoAIUNITTIUUN
anmuandeuildlunismaaeuld (Fereira et al,
2006; Gauch and Zobel, 1996; Kempton, 1984)
NNMsAITehnusudaasunisinens
Tuufifuinveu wagnuinnumsnsaanlngfivgn
drlnavuiisuugniugnisdngnuas deunisd
Wugdlnannugnranuivgnnaasuiuglu 4
anmwinndey WednuUduiussenineiugnssy
fuanInwindeuuaziafiesnInvesiugludnyuy
ANUTULAzHaKEREnUanUFenveIt 1 lnanIu
gnuay 5 Wus Tagld38n1s AMMI analysis G99vin
Tldteyafiduusslomitalumadiuisnig wae

NswUzINARaEs LN uAINS luNUAsalU
¢ ad
aunsaluazdsnIs

Maunun1saaesuuduluvienauysal
$1uau 3 91 81 5 vImud Ysenoudaeiusdnalng
wugnean 5 wug loun feuimn2 (G1) leusndg3
(G2) Fuldain (G3) 3uldt (G4) wagmiuys (G5) v
MIMARDIEn 4 mavanes Tuaninwandeuiiunnsg
fu 4 anwuandou Fl E1: nnanaaesil 1 lugg
Ugnil 1 (nuniud-twieu w.e. 2564) Ugnlagnns
TeiaiisamAuledunid £2: nsnasad 2 Tugg
Ugnil 1 (nuniud-tuwieu w.e. 2564) Ugnlagnns
THiamzedun3d £3: mavnaseil 3 Tugguand 2
(Waun1AN-AINYIAN W.A. 2564) Uanlaenisin
JoinfismAuledun3d was E4: mavieaedil 4 Tugg
Uqﬂﬁ 2 (NUAIAN-NINYIAY W.A. 2564) Ugnlag

+

nslianzdedunse
n1snaaefinlaiaassununiivin
g unaluladn1sHaniie AuznyRsATEASLAY
NSNYINTEIINVIR W Inerdewmalulagdsivueaag
priueen uwlawnansUsznauniullasgngauin 1x5

75.4. 15 Wasaunan1sneand seeyserlIakladgas

50 w3, Ugnuuuwaag szazdgn 50x75 vl (Svey
VN x svEzun) Ineveenwinuazaounentiinge
2 iu/vay $1uu 20 viau (40 Fu/ulaseon) lasing
vieaesi 2 uaz 4 lddenonyaiidns 3 dusels lne
AaNAUvMzATELLUAY daun1svnasdl 1 wag 3 14
Jononyatignsn 3 dunals wazlewnd lnglddey
afadl 1 s09funaugns 46-0-0 w3 19 nn./l3
gn3 18-46-0 n31 7 nn./l3 @ns 0-0-60 dws1 13
nn./l3 lddendsil 2 gns 46-0-0 Sas1 22 nn /13
flong 30 Sundsdgn Hadin1slsefiunndnatuvos
nsnaasuiiolfiunistasddilisuaninuinday
funnenei (Ottai et al., 2006)

nstuinuaznTiaszvideya Yuiindeys
APNIIUYeLLananilnanannsincae Digital
refractometer (10 HnaouUasgony) LasnNandn
Hnanvenwdendels (Fusanflsuarnimdnilnas
saulasgas lnaiiuduiinynduveanulasdeos)
ATILRAMULYTUTIUAIULNUNITABDY RCBD
YBIAATANNLINGEY INTUTNITIATIERAIY
kU5UTIUTI (Combined analysis of variance) 984
4 gn1nianaeu (Oupadissakoon, 1994) Tngneou
nsiAsIgvnasIniinisnageuaudulenniw
a9ANUWUIUTIU (Test of homogeneity of variance)
YOI 4 AN INUINEDUAIETE Bartlett’s test for
homogeneity of variance (Little and Hills, 1978;
Puddhanon, 2005) kazlUTeuliguAMULANAIIUDY
Anadafau33 Least Significant Difference (LSD)
A5IATIZ AMMI m1u3Snnsfiesunelilae Gauch
and Zobel (1996) A1uuA1 AMMI Stability value
(ASV) m1ugn 5989 Purchase et al. (2000) #3UA"
stability index FaduiBnsuuu Nonparametric 19
nnsidiaanuandesluuinuesal ASV uaniu
Addunannluesvesdadevesdeyaiidny
(Oliveira, et al., 2014)
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NanN1ITELaz 3Tl

N199ATITNANUUTUTIUTINYDY 4 AN TNLINADY
91NN15IATIZRAULUTUTIUTINYDY 4
animulnaoy TudnwuzA2IURIIUNUINEAY
wisusauegreiidedrdgludiuvesiug G
an1nuiInaey () wasUfduiusssnineiugiu
an muanden (GEN lurmziinandnilnoniden
fifuddnyues E uay GEI (Table 1) Ingannnisugn
Tu 4 anmwanden (2 gugn wasmslidediunnsiaiu
2 wuv) VTR AULANFA19AUTIEN TN LIAA DY
Fauanseenludnvazassinlnamiunia 2 dnuas
(Figure 1, 2) Tnedlefiansanaindl Sum of square
Fawenanuwlsusrududiusng q nuiludnuae

Nao 1 =
AUMINUNAAFIUVBIAMULUTUTIULUDIRN G, E

wae GEI winAu 13.80, 58.56 way 9.56 wasidun
MIUEPU warludnuvazNananildndiurenIny
wUsUsuiilosann G, E uaz GEI Wi 14.30, 54.67
wag 15.81 Wesidud auaidu n1sildadiuaany
WsUsITigevesanmuaIndendmalinauaneng
pgiiveddresriadsvesanwuindouluia 2
dnwy lngludnyusHanangonAdaItuUNISNAGDY
Tud1alwanaruaes Syafi'i et al. (2013) uag
Ruswandi et al. (2020) finuifidndiuaiiy
wU5UTIMVeY E gandn G uae GEI dsnsilfodndny
Y89 GEI hanadniuginnuduwysuandrsiululy
WARZANINLINGRY Waza1Nn1sT GEl fdedfy
Fanann Fadulgiinisinsizsivseifiuaiaiig
W@igsnINYBINUTAINITAT AMMI sialy
(Farshadfar and Sutka, 2006)

Table 1 Analysis of variance for kernel sweetness and husked ear yield, including the GxE

interaction partition according to the AMMI analysis

Source Kernel sweetness Husked ear yield
% % % %
df MS Explained  Accumulated MS Explained  Accumulated
Env. (E) 3 41.015* 1.007%*
Block/Env. 8 1.673 0.044
Genotypes (G 4  7.250* 0.198"
GxE 12 1.674% 0.073**
IPCA1 6 2.251* 67.2 67.2 0.128** 87.8 87.8
IPCA2 4 1.249"™ 24.9 92.1 0.026™ 12.0 99.8
IPCA3 2 0.797™ 7.9 100.0 0.001™ 0.2 100.0
Pooled error 32 0.769 0.015
Total 59
CV (%) 6.46 8.22

IPCA = Interaction Principal Component Axis

“Genotypes were tested using GxE interaction MS as an error term.
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Figure 1 Boxplot showing variations for kernel sweetness (Brix)

of sweet corn cultivars in 4 environments
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Figure 2 Boxplot showing variations for husked ear yield (tons/rai)

of sweet corn cultivars in 4 environments
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A15A5129 AMMI U89 GE

NNANITIATIEH AMMI Tudnwaizaly
PIUNUI IPCAT Lay IPCA2 a5u18ANNLUTUTIU
w04 GEI l¢ 67.2 uay 24.9 Wesius auddu uag
ludnwmuenandaanuin IPCAL Lay IPCA2 a5une
AMULUSUSILYRY GEI 16 87.8 way 12.0 wWasidud
AU UA9INNNST IPCA2 vaevis 2 Enwauzlald
Foddey (Table 1) faduianasiiansan IPCAL 1Ju
NantuN1585U18ANULUSTUTINYOY GEI

ANuEfiesnIMTasLgludn v AU
dlefarsanarnnsav AMMIL Fudunsa Biplot
5¥W3n4 IPCAL fuALdsAmm (Figure 3) fius
U3 (G5) eglusiusmiailndiuuny 0 ves IPCAL
wnfian waedaumusnnniunuaiade fa

v & v saa a o
AU UNUTNUAIULEDYTUDIANYUSAINUNINU

q

WINTEA FaaanraeeiuAl IPCAL WagAIAIUNITU
lu Table 2 uanNANLURAUTONI1TUIIIN AMMI

Stability value (ASV) W&3NUIRUTNITUYILAN

sala a

ASV s Fuduiugidanuadesiduadui 1

o A

= 1 o A a
UUADUNAINN GEl UDYAAUULDY LLAZLUDNWAITEUN

srufudfuresnnunuiadudiduil 2 dafu
F4ldm1 Stability index doufian Lilouiun
SedaduaNuaissyesiusludnvagAunIY
Fauandlaodn Stability rank (Table 2) fugvnu

U3eegluddui 1 waziiliafiarsainsan AMMI2

Fardunsn Biplot s¢%319 IPCAL AU IPCA2
lanaaanndasiulagnudiiugvniuys (G5) aglng
anenateuIniian wazlndfiuwny IPCAL unnian

9 {

= o & sal = P .
Jedmfuiiugniiauadosuindian (Figure 4)

Table 2 The first and second Interaction Principal Component Axis (IPCA), average kernel

sweetness (Brix), AMMI stability value (ASV), stability index (SI) and stability rank of 5

sweet corn cultivars

Cultivars IPCA1 IPCA2 Kernel ASV Sweetness S| Stability
sweetness rank rank rank
(Brix)

Chainat2 -0.470 -0.442 1257 ¢ 1.344 2 5 7 3
(G1)

Hybrix3 1.067 -0.517 13.19 bc 2.930 5 a4 9 5
(G2)

Jumbosweet  0.436 0.903 14.47 a 1.484 3 1 4 2
(G3)

Chiatai -0.656 0.100 13.43 abc 1.775 4 3 7 3
(Ga)

Wanburi -0.378 -0.044 14.24 ab 1.022 1 2 3 1
(G5)

Means with the same letter in a column are not significantly different at LSDg s
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Figure 3 AMMI1 biplot showing the IPCA1 vs. means for kernel sweetness (Brix)

of 5 sweet corn cultivars evaluated in 4 environments
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Figure 4 AMMI2 biplot showing the first two principal axes of interaction (IPCA1 vs. IPCA2)

for kernel sweetness (Brix) of 5 sweet corn cultivars evaluated in 4 environments
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AMUtafesnInvesiugludnuvusnandn
Hndanwaean 31nn319 Biplot 551319 IPCAT AU
Anadonandn (AMMID) (Figure 5) nuiugleuind s
(62) Fardusiugifiauiadosuiniige lnvogly
Fuvilsilndiunnu 0 ved IPCAT 1niian wazlvina
wAnNInnINuAAY Tnsaenadosiudl IPCAL
waznandndinandly Table 3 uazaonndosiudn
AMMI stability value (ASV) 9w uglausines
fidn ASV sinan ufedariuulsUsiuain GEl
fouflan wavillofansundaudvafuvenanan
Wuglausng3s Fellauiatosvesnandnduaiu
1 9998937F0 WUTNIUYT wasdeuIn2 dsuans
1neA Stability rank (Table 3) @uns1W Biplot

5¢17314 IPCAL AU IPCA2 BINanNan (AMMI2)
(Figure 6) lofiansandunusveaiugnuinlad
siuglaeglndanienans egralsfniu 9nnsi
IPCAL 83UN8ANULUTUTIUYDY GEI vanandnleige
f4 87.8 Wodidud luvaed IPCA2 aSungldifias
12.0 Wosidus warldiioddoyves IPCA2 Fefunis
firnsaunnsnl Biplot B3slRTANmUMIsTe LS
floglndunu 0 vos IPCAT anndigainduiugiiatios
uinfiga Gefide Wuglauinds (G2) se9asunfe
fusduluain (G3) (Figure 6) Bsludnvaznanan
Y83913NANIU Ruswandi et al. (2020) 51847173

ugiefiesiluiugilien ASV i uazlvinandng

9

Table 3 The first and second Interaction Principal Component Axis (IPCA), average husked

ear yield (tons/rai), AMMI stability value (ASV), stability index (SI) and stability rank

of 5 sweet corn cultivars

Cultivars IPCA1 IPCA2 Husked ear ASV ASV Yield Sl Stability
yield (tons/rai) rank rank rank
Chainat2 (G1) -0.288 0.184 1.54 2.110 3 2 5 2
Hybrix3 (G2) 0.090 -0.263 1.51 0.706 1 3 4 1
Jumbosweet (G3) 0.099 0.247 1.43 0.760 2 4 6 4
Chiatai (G4) 0.497 -0.016 1.33 3.622 5 5 10 5
Wanburi (G5) -0.397 -0.152 1.68 2.898 a4 1 5 2
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Figure 5 AMMI1 biplot showing the IPCA1 vs. means for husked ear yield

of 5 sweet corn cultivars evaluated in 4 environments
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Figure 6 AMMI2 biplot showing the first two principal axes of interaction (IPCA1 vs. IPCA2)

for husked ear yield of 5 sweet corn cultivars evaluated in 4 environments
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The “Khai-Nao” heirloom pumpkin varieties of Nan province have been preserved, collected
and grown for consumption within community for more than 3 generations. It is characterized by thick,
yellow—green flesh and the steamed flesh appears as olive green and the taste is texture high and
medium sweet. The genetically diverse of the variety that require basic information to be useful for
breeding with high productivity and quality consumption. In this article aimed to assess the genetic
diversity of phytochemical characteristics of pumpkin germplasm. The initial group of 100 “Khai-Nao”
pumpkin heirloom varieties were collected from Nan province between October 2019 to October 2021.
Data on physical and chemical quality characteristics of the initial gsroup were recorded according to
the collected period. Together with the planting group, 100 cultivars of seeds from the initial cohort
were trialed a randomized complete block design during November 2021 to April 2022. The Paired
Sample T-test difference test of the 2 dependent samples of the initial and assessed groups found that
the total solid content, the total soluble solid of the cooked flesh and the L* color value of the raw
flesh were highly significant different. Significantly correlated characteristics were total solids, total
soluble solids of raw and cooked flesh. The initial and assessed groups averaged of the solids content
of were 17.0 and 14.7 percent, the soluble solids of raw and cooked flesh were 11.0 and 10.8; 11.2 and
11.5 °brix and color quality of fresh flesh averaged L*, a* and b* of 73.2, 74.4; 11.3, 11.9 and 32.0, 29.8,
respectively. For steamed flesh pumpkin, the L*, a* and b* values were reduced. The flesh was greenish-
yellow in both the initial and the evaluated groups. The mean values of the steamed flesh in the start

and assessed groups had color mean L*, a* and b* of 54.5, 56.7; 5.8, 3.4 and 18.1, 12.9, respectively.
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The initial and assessed groups had moderate total solid of 53 and 75 varieties. The soluble solids of
the fresh flesh of the two groups were high and medium; viz. 45, 52 and the cooked flesh had moderate
of 73 and 66 varieties. The hardness of fresh flesh of two groups were moderate for 74 and 95 varieties,
while the cooked flesh was low for 65 and 92 varieties. The high phytochemicals “Khai-Nao” heirloom
pumpkin varieties are useful for breeding with popular varieties in the current market. In order to obtain

varieties that produce high yields and quality for consumption and continue to create a different value—

added pumpkin consumption market.

Keywords: pumpkin, heirloom varieties, genetic diversity
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Table 1 Physical and chemical character descriptive statistics and correlation and paired sample T-tests of 100 pumpkin heirloom varieties

collected during October 2019 to October 2021 and evaluated during November 2021 to April 2022

Descriptive statistics Total solid Total soluble solid Testure Flesh color

Content Fresh Cooked Fresh Cooled Fresh Cooled

© @) Co  Cox Co Cbi  (ke) (k) (ke) (ke L* a* b* L* a* b*

1* 2%% 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Average 170 14.7 110 112 108 115 93 9.2 04 05 732 744 113 119 320 298 54.5 56.7 58 34 18.1 129
Maximum 290 150 158 170 154 136 119 13 105 81.1 796 24.0 164 482 365 672 612 23 71 433 172
Minimum 75 94 56 78 64 74 39 63 01 01 649 637 30 57 22 245 363 513 05 14 a6 62
Standard deviation a1 22 18 16 18 15 20 11 02 10 37 26 42 23 57 17 60 20 43 11 89 18
Correlation coefficient! ** ** o
Paired Sample Test? > *x o

* 1 = The data of initially collected varieties; ** 2 = The data of varieties evaluated during November 2021-April 2022.

V' ** Significant at the level 0.01.
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Table 2 Physical and chemical statistics and cluster analysis of 100 pumpkin heirloom varieties collected during October 2019 to October 2021

and evaluated during November 2021 to April 2022

Total solid Total soluble solid Texture Flesh color Average
content Fresh Cooked Fresh Cooked Fresh Cooked
(%) (%) (“brix) (“brix) (“brix) (“brix) (kg) (kg) (kg) (kg) L* a* b* L* a* b*
1* 2% 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Groups
1 75121 94-125 5668 7897 6495 7497 3968 6367 0.1-04 0.1-06 64.9-705 637682 30118 5798 222327 <261 363-44.1 <525 0583 1433 46214 6.2-102
2 122-190 126-178 69-122 9.8-134 9.6-135 98127 69-113 68112 0508 0.7-09 706-75.1 683-74.4 119187 99133 328386 26.1-333 44.2-520 525552 84-15.1 3451 215300 10.3-160
3 19.1-255 >178 >122 >134 >135 > 127 >113 >112 >08 >09 >751 >744 >187 >133 >386 >333 52.1-61.6 >552 >151 >51 30.1-375 > 160
4 >255 - - - - - - - - - - - - > 616 - >375
Cluster (%)
1 10.0 16.0 3.0 19.0 22.0 12.0 12.0 2.0 65.0 92.0 27.0 3.0 55.0 18.0 72.0 1.0 9.0 1.0 76.0 49.0 72.0 9.0 385 20.2
2 53.0 75.0 52.0 73.0 73.0 66.0 74.0 95.0 28.0 7.0 45.0 48.0 43.0 54.0 15.0 98.0 20.0 23.0 220 46.0 27.0 89.0 41.1 61.3
3 35.0 9.0 45.0 8.0 5.0 22.0 14.0 3.0 7.0 1.0 28.0 49.0 2.0 28.0 13.0 1.0 71.0 76.0 20 5.0 1.0 2.0 20.3 18.5
4 2.0 - - - - - - - - - - - - - - - - - 0.2 0.0

* 1 = The data of initially collected varieties; ** 2 = The data of varieties evaluated during November 2021-April 2022.
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The objectives of this research were (1) to design and develop growing beds for an aguaponics
system together with fish tanks in PVC pipes and (2) to study the suitable number of morning glory
plants in the aquaponics system that cultured Nile tilapia, which consisted of three main parts: 1) The
growing tables were made of box steel, sized 0.80x1.50x0.80 m, 2) The growing beds were made of
2-inch blue PVC pipe, and 3) The 120-liter black plastic fish tank, with 30 fish per tank, together with 1,
2, 3, and 4 plants of morning glory/a growing pot, a completely randomized design (CRD) trial was
conducted, with three repetitions each. Regarding the analysis of the morning glory production
efficiency, the results showed that the Nile tilapia cultivation in a growing pot of two morning glory
plants trended to increase height and had the Average Daily Gain (ADG) of the morning glory at 35.81
cm and 1.19 ¢/plant/day, respectively. Meanwhile, in the analysis of the Nile tilapia production
efficiency, the results revealed that four plants per growing pot of morning glory trended to increase
weight gain, and the AGDs of the Nile tilapia were at 13.30 ¢ and 0.44 g/day, respectively. Moreover,
one and four plants in a growing pot had the highest survival rates of the Nile tilapia, at 79.05% and
79.05%, respectively. The feed conversion ratio of the Nile tilapia was the least at 1.25 for four plants

in a growing pot of morning glory, which had no statistically significant differences from other experiments.

Keywords: aquaponics system, Nile tilapia, morning glory

52


mailto:Ckwunsakun@hotmail.com

Journal of Agri. Research & Extension 41(1): 52-64

UNANED

v
aa v

miﬁﬂmummqﬂizmﬁlﬁa (1) P9nUUULAE
imungnssUgninsufududssatlussuuenn-
Wilndanviefiiguay (2) Anwidruruduinged
wangausiansUgniauiunsdssUaialuszuy
aalUilnd Usenaunig 3 daumdn fe 1) Tdvdan
45199 1nmanNa 89 YU 0.80x1.50x0.80 LUAT 2)
s19Ugn a819nvieRATadh 2 T uay 3) fadbsan
waafin wu1a 120 Ans naaeulasnsidssania
918 2 o 311U 30 A/89 Taudun1sugninys
WU 1, 2, 3 U 4 AU/MeUan 1URUNITNAGEY
LUUZUAADA (CRD) 4 YANITNARBY 9 ag 3 51 91N
NMTIATIERAUYsEANTAINNSHERRNYS WudIng
Besvanfiadaufunisgndnds 2 du/daeugn §
wwalduliaugeesduiii ud uwasdidnanis
\3ngAulnvesingsunniige Ao 3581 @u. uay 1.19
wu./6u/3u nTudensusedy aruadu 31NN1s
AnsnUsEansaIn eunskandaida wudinis
AeosUardataudunisugndngs 4 du/dredgn
fuualdulidmindfivduvesuafauazdsne
nmaasydulavesUailaniniian Ao 13.30 n3u uay
0.4 nu/fu sudady wazdamuin nsdesanda
FuiuMsUgninds 1 uag 4 Au/dleugn duudliy
Tdasnssenvesardamniigauintu fo fouas
79.05 WAz 79.05 MuAIRU drudnsinisuaniUae
ownaduilovesandia nuinsidesianfiasiudu
n13Uaninys 4 du/areugn duudldulignsinig
wandsuomaduievesarfiadesiian ity

a v

1.25 F9luTANukANA A UN @D RN UYANITNAADI

]

AU 9

Addgy:  sruveAlUling Uandla Ands

AN

UagUulanmaaundsyiudamisng o vaie
Usgn13 1y n1ai aduresdiuiulsesing nns
Wasuwaswesanmgiionna nsidoulnsuvesdiu
nsmALAAULN wazAuuasiue N Faudsd
ddgigalunenisinuns eanluinddodniu
AR TUVNNITY TN TIN5 A Badm T
wuududy funsdedivlussvudmuuiounie
Laldau wudreantvilndliuseloviuinniing
wnzdgnitawuuiald samtadunisugnisuuy
LildAude mszdunnieidideunsulsuey
ihndualdan Wunslindsnudiuazarsems
ag1afiuszdAnsnngedn wagAdadssruuinele
ogamibon Uszndadunu nsldnswennsludiud
ffisangn WewSsuiiisufunisudamianisinuas
9u 9 annsoanUiinunsldend s1suiamie
asidnduiy fdeyaiemiluiindléthosndinig
yrluuvuiAniedenay 90 warlinandndodiud
il 9915199 P1nnIFe 6 1911 szuvoaNlUlng
HunaidesUainaunaiufussuunisdgniituuy
lalasluiind Wussuumslidadomsudeniuseansam
idesnuinusimemsiiinannstuseveads
Tudan thanlifusinemisvesiisununisdie
Mnvaidsaniietinvesdeeenluluszuutin
Tnefivazvimihindlulasaudenalndig o wu ns
andunenlullenialunsm nMssvivevesuouluily
n1sanagNauvesay A1AlulAsLay YUIUNS
Nitrification & & Denitrification (Nongnuch, 2001)
nsvaud sudsuszuea Ui ndduasile
@mmwﬁﬂuﬁalﬁ: asliifudunsesalan (Surt, 2009)
n1smudIsnsugniielaglaildfunnaunaiy

[ & o ¢ o 2 aaa
AUILUUNIILAYIFANIUN LUU’JSV]LM&J’]%'&ZJLWT]%SWC‘]‘

53



MFANTIVYLATANASUIV NSRS 41(1): 52-64

onsiiAnnveadeargnitwhluldflunszuauns
s ulnld (Nair et al, 1985) § sn1948 savan
Swfunsugniiafivseansaimannenu ludnesdu
nsUSUUT IR A TRvoe nandadiy saudenns
WIgRulnuazdnTINTIonvesUa (Lewis et al,, 1978)
nsmuntnIsnisugnialaeluldfuunaunany
fussuumadssdari Guisieeeaumszsnoms
Ainanvendeazgaiviluldlunszuiuns
wiAulala (Nair et al, 1985) 791518 sevan
Fufunsugnitudusz@nsamanndulidinandu
miU%UUj‘ﬂﬂmauﬂ’ﬁmmﬁw HaKAATNY 59109013
WsaAUlaLaznTINsIERTeIUM (Lewis et al,1978)
91N51891U04 Bikash et al. (2020) 7 LA Wau1n
Ugnifnamitu fudssUaluszuvernluindszuy
NFT wuunnmauwuy laedl 4 asAdsenauvan fo
1) fadesvamssnau (wednana) 1unn 2.15x0.9
LURS ﬁ'ﬁmmq 2,800 AR5 2) 69NTDIT 3NN
Usgnousng falndlnslndu (PP) m3ug 100 803
wazdananaa niasuid ulown s (FRP)vu1a
1x0.9%0.35 N3 (2.64 M3 3) Aufiugnitauaze
Indleaunaunuiwiugs (HDPE) vuia 0.6x0.7
wAs A 200 Ans way 4) srvuvguieu
SaluffAfioonuuuiagyaudaluli® T8nsnslva
W 94.7 Ans/dnla dmsumsUssidulsyavian
vosszulfAsanans S1uam 54 §r/au.a. Tuds
BoaUan uazUgniuandes 27 du/msa. Tudludi
Uanily MaInNIsnaaeanudl Yardanueninay
dhminvesaniiutudesar 77.04 uay 397.2 910
spoLLIN MUEIRU LazFunFesaunsauiuAedld
107 Aon/m5.4. N1sanasvesuTutaueuluile
Tulmsiusionnn Tudnsestinwmuiniididesas
61.97 1IngAn1sUR AT UN9A seUa e
omluiindfanan nuindesdangunsaliiuszney
duszuunansess duminefeduyunisndevisdu

| & A = o & 1 % 0 o
LU WUN ‘tJEjJﬂ‘W“U g gavan Juvwrd@runsunis

Mguﬁauﬁﬁ wardu 9 Afvuawarsauandeiuly
aruviesdu wazdnislddinseadanin (Biofitter)
TumsmuauUTinavendelufudesdnith udyama
Ugnindamfufadssaluszuvealuinddlald
Fududendetndunisant unouresszuy uaz
Alddnoasldusain saadanlastaniianusn
wisldinglurtoduindudmussnouriilinsidna
YBANYAINILUINTY LaraNTONARYATINUNIAN
Sufududssanldesdaglidesde n1sAnwda
FanUszasdil ovenuuutazaunyns1aUgnin
Saufufudsavanlussuvennluing wazdne
SruausuindsiungausenisUgnimiunindes
Yartdaluszuveninludnduasnagaussuuin
ausaUgningauiunisid sesvanluszuui

yudeule
L3 ad
aunsaluazdsnisg

N3 duUDNLUULATITAIUIYATIUEN
=

Ansaududadgavatlussuveanliilnd ganuila

AMAUATUADUNITABRUIY Fasa U

nsaf1eyasslgninsaufududselanlussuy
aanluiing uazmaiiudoya

1. MawdougnseUgninduiuiaudeaan
Tusguvenluidnd 1usyuu DFT (Deep Flow
Technique) tunsugnitwiiliduiadiuingn 3-5
1. Ingugnlusialgn (Grow bed) 97u2U 12 %n
Wrluaslulsasounantenatad nns1auasden
(Saran) %iin 80 \Wasldus

2. man3sund1in dnudadng sFuudiin
Tungugifunan 24 Falus vdsanduinsmeen
wiainyduldassessivourunosirlunia
Wanadn 119U 1, 2, 3 uay 4 Wwan Arudmaans

vuldlunsy 3 Ju wanazisugen annvduiilding

54



Journal of Agri. Research & Extension 41(1): 52-64

vulfizangldlsaFouiltlunismeass Ydesdund
Tiifluasa wideeny 10 u Wanwesih udahduni
wnysduldasludieugn (Grow pot) kaganelusng
Ugnuesyassdaniniaufudud ssuarlussuy
oAnlUdng mudmaas
3. MInATIEIUsEANEN MM INERRnYauay

mafiuteya Tneldseunisnaninisil 40 Ju Fesam
szozranlunismizndil 10 Yu lunismaaes
Tdszaznamsugndngsdl 30 Su/seun1swan uaz
nsiiudeyavesinyslaenisinaiiugsdu uas
funteyaifleadadusounisnanidnys gt
oy av8 I NYAIWIAUT B ULTEUAINGY Uag
nTINITLsULAULR il

1) Angednds = Arwgaadsidedugn
AsMAAes — ANFNRABIlBITNTTIRADS

2) TIN5 YLAULA (ADG)
\BUALIR T/ TY

= ANLGUARLIEUAANTVIAGE — MNFNRREEIBIEINTVIAGES
S¥EIATlUNITVIAADY

3) NMIUEAPIBINTTVINGINDINNS

n1snagauszuuYavgnlaen1sAnyidnulIuiu
dndsfimunzaudanisugnsauuniaidssania
Tuszuueanluiing

NWHUNTNARBILUUFURRBA (Completely
Randomized Design; CRD) 4 ¥AMsvinaes « az 3 4 e
Msneaesil 1 yansuau ANl 1 fu/fredgn ng
naaesd 2 s 2 fu/feugn mamaassil 3 finds
3 ¢u/deUgn wagnsneaead 4 Hna 4 Fu/dae
Ugn

nseseuszuunisiagslanialussuveanluing
waznsiiudoya
1. nsdesardaluynsrelgningudiu

daagsvanlussuvamnliing leaeawaafindsn

U1 120 AR5 $109Y 12 &9 iutnasdsludsunns
100 d03 TognwusUaiia o1g 2 Wou 91wy
LonYu fjm%’aifmﬁfﬂLLazﬁUﬁi’ﬂmuQﬂUmﬁa waUdey
asdaides dray 30 2 (mihiEudureslandawde
8.0 N3w)

2. mslkermsuaniia Juay 2 A Ao 1an
09.00 . wa% 15.00 u. Ingliormsautaiudy

3. MyATgiUsEansnimnisnandanila
wagnIsnUTaYa YN1sRTIIdeUNIasyaule uaz

(Y]

99n51n1558nUada Ima%’aﬁmﬂﬂgﬂﬂmﬁaﬁaaz 10

v ~

f7 ABUNISNAABY LWBVNAMRRYUNMINUASBRA LI

SUAUNIINAGY kavduduuaiiaaindss ag 10 i

Y <

mﬁmﬁma?{wmﬂmLu'aauqﬂ musﬁagaﬁgwm
AUIUNIINAADY WAZHUTNIINITIOAUDIUA LML
N15NAADY fmﬂﬁ?uﬁ’uﬁmmﬁmm%aaﬂa SloaSedu
nsneaesTNsreriatlunsidesan 40 Su (A
peasint) thieyaunduanyisuifieuduiing
Winvealan §n51nsasauivle sns1n1ssenne
wazdnsmswasuensduifovesuan fail
1) ﬁmﬁfﬂﬁﬁmﬁagmmﬂﬁmaaq
(Weight gain)
Weight Gain =
ﬁqﬁﬁﬂLaéﬂLﬁaéJuﬁﬂﬂﬁiﬂﬂﬁaﬂ - ﬁlwﬁmaﬁmﬁ'aﬁumimam
2) 95N YLAULA (Average daily
gain: ADG) n3u/3u
ADG =

(hudnefelieduganvaass - ivtnadedalsunvmaasd)

sgeghalunsyinmaaes

3) 9»51N1558M (Survival rate) %

Survival rate = ﬁwuauﬂa%ﬁa%uqmmsmaaa X 100

YA NLDITUNIITNAGDY

4) gnsmswanidsusimsiduile (Feed

conversion rate: FCR)

55



MFANTIVYLATANASUIV NSRS 41(1): 52-64

FCR = dtnuedaimsnuaiiu

Y1 NUaN LI

5) deyanaunmlufudssar léun pH, EC
gaungih Yinamesdsimuniiazansldiame

4. myeTeideya Aasendeyanisaia
TagAlaziauuUsusan (ANOVA) ilo@nwiada
WANF9YBLLARZYANITNAGLY WaglUTeulfiguaIy
LANGE9ANRA BYBLA Az AN TIAReY IasTTues
Duncan’s Multiple Range Test 7i5efun113d oty

Sovaz 95 lngldlusunsudnsagy
NaN15398

n1saanuULLARAUIYATIsUgnEnsufud i e
Uanluszuvaanluiing

IINNITOONUUULATHAUIYATIIUGNAN
sufudadssalussuvenluindduszuu DFT
(Deep flow technique) 11 umiﬂqaﬁ%ﬁliﬁ'ﬁmﬁa
AUthan 3-5 @a. Ussneuse 3 dumdn Ao

1) WizUgn (Grow table) @319 nwdnndes
3w 1x1 51 Inemsideudreatndon TWilauin

n319 0.80 LUAT 817 1.50 LUAT LATAIINEY 0.80
wins (Figure 1)

2) 319U (Grow bed) a9 e Igan
Y9 2 12 Faliinuend 1.50 1wes $1uau 6 viow
zgiasadulninfiviesieialanzgnindsey
(Hole saw) Tviflvunaldur1augnanag 4 wu. unags
wafiu 15 g3, aglaviouar 11 viauugn flaauay
vneselgnusazvieulsenauldniudean vuin 2 x
1/2 {ir Festeanuns aunm 1/2 11 do0 vwa 1/2
i1 dosioindedlu vuin 1/2 99 uasdefuviodid
YU 1/2 61 suierrueing 1 Widugesegn
(Figure 2)

3) fadnauan (Fish Tank) Mg manainds
PWINAY 120 G013 TG 75 . Wdusaudnans
Undis N34 50 @,

nsUsEnauYRsUgninTmiufudssan
lusguvennluing lnenisirsnavgnlunsuulds
Ugn udaBadief3niiis wuin 2 i1 thiaudesan
1euiITaUgn udwadeasesue 1/2
ifuilaninlnih uangliuasAndaudnla uasiiy
ihadluffudssuan mavhauvesamsugnindauiy
fudsaanluszuveniuing (Figure 3)

56



Journal of Agri. Research & Extension 41(1): 52-64

150 m. ’//.l\
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Square Pipes 0.80 m.

Wl

Figure 1 The size of grow table in DFT aquaponics system by PVC pipes

—+ 2x % Inch Reducing Socket

I—-z Inch PVC Pipes 1.50 mater Long of Grow Bed r ey Ebow

120 Lite Fish Tank

% Inch Tee
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1.57 Inch PVC Pipes Diameter of Plant Pot

Figure 2 The component of grow bed together with fish tank in DFT aquaponics

by system by PVC pipes
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Figure 3 The recirculating of DFT aquaponics system
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Table 1 Effect of number of morning glory/grow pot on growth, increasing height, crop growth rate
(CGR) and leaf burn, weight gain, average daily gain (ADG), survival rate and feed conversion

rate of fish in grow bed together with fish tank in aquaponics system

Morning glory’s growth Nile tilapia
Number of Increasing  Average daily Leaf Weight  Average  Survival Feed
morning height gain burn gain daily gain rate conversion
glory (ADG) (ADG) rate
/grow pot (cm) (cm/grow/day) (® (g/day) (%)
1 30.67 1.02 little 12.66 0.42 79.05 1.33
2 35.81 1.19 little 11.06 0.37 63.14 1.40
3 30.27 1.01 medium  12.10 0.40 75.24 1.45
a4 30.53 1.02 medium  13.30 0.44 79.05 1.25
F-test ns ns ns ns ns ns
CV% 13.22 13.22 13.80 13.08 12.31 15.56

ns = not significantly different at p>0.05
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fio 12.66 n$u MaldssUadadauifunisugnings 3
fu/iaevgn duminduinduveslania Ae 12.10
n¥u uagmaidssUanfiasufunisgninds 2 du/
fevgn fuminfifnduresuariadesiign fo
11.06 N3y auadu Inglaifinuwananaiuegied

o o

HodAyneana (Table 1)

ansnsasyiulavasania
mﬂﬂmﬁymﬂmﬁas'mﬁ’umsﬂgm‘i’ﬂﬁﬂum
eUgninmudad ssuarluszuvennluind
wuth maldsaandatauiunisugnings 4 du/dae
Uan duuildulidnsinisiasyidulnvesuatiia
wnfian A 0.44 n¥u/fu so9a9n Naidsavaiia
saufunsugninye 1 du/aaeugn 16n31013
WigiulawesUanila Ao 0.42 n$u/Yu msidesan
fasiun1sugnidnys 3 du/mledgn A6ns1ns
WigiulpwasUanila Ao 0.40 n¥u/Su uavnsides
Uailasiudunisugninds 2 su/dedan f8n51n13
wigAvlnvesUandavesiian Ae 0.37 nfu/du

auanu laglidauuanaisiusg19divdfey
N9Eda (Table 1)
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ansIN1ssenvasUaiia
Mnmadsanfadmiunisugninddluga
swUgninsaududadssalussuveninluing
wui1 Madssandatiutunisugnings 1 uag 4
Au/dredgn duuildulvidnsinisseavesUandiauin
fign fie Soway 79.05 WAz 79.05 AMAIFU T89a9N
madssUaniaaufiunsgnanda 3 fu/daedgn
gomsnisasgiavlnveslanila As Sovay 75.24
LLa::m'iL?iy&NUmﬁai'mﬁ’um‘aﬂgﬂﬁﬂﬁq 2 fiu/ieugn
f8nsn1sasqivlnvestardatesiian fo
Soway 63.14 mud1au Ineliianuuand1eaiuegned

)

HadAgyn1eadia (Table 1)

SnsnsuanivAsueaduilovasana
mnmadsslafaruiunisgndngsluge
swUgnindaufudad ssarlussuueninluing
wuih madesandadauiunisugnings 4 du/dae
Ugn Suwaliiulvsannisuandsuemaduie
vosUafiatesiian Wiy 1.25 59080 Mades
Umilasidunisugninds 1 du/dedgn d8ns1n1s
wandsuonmaduidevesuania wiriu 133 s
AeosUardasaudunisugndnis 2 du/dredgn
fisamauandsuomaduiovesuaiia wihiy
1.40 wagmadssuaniiasamiunisugnints 3 du/
Freugn Tuldulisnsinisuaniud suomis
dudevesandaniniian wirdy 1.45 audrdu
Tagludanuunna1snusg19ddsdAgnieai s
(Table 1)
toyanmnmiludaisaan
Aanudunsaifursvasii
mﬂﬂ’mﬁymﬂmﬁai'auﬁmﬁﬂqﬂﬁﬂﬁ:ﬂum
suUgnindmsudaudssarluszuvennluind
wu71 Maid ssdandasaudumsugndnga 1, 2, 3

wag 4 fu/felgn aunmihlududealaniifiaig

Wunsalusng (pH) Ao 7.67, 7.90, 7.83 wag 7.70

o

auanu Ingludauwnna1eiueg el vedfAay

o

N19a0# (Table 2)

qmwgﬁ%eﬁﬂ
Mnmadeafadmiunsgninddluga
seUgnindanfudadssualussuuoaanlind
wu71 nMsdsaandasausunisgnings 1, 2, 3
wag 4 fu/thetgn aunmilufudeandigungd
A 29.97, 29.67, 29.93 waz 28.97 AuaIAU Loy

o @

liflenuumnansiueendivedAyvneedia (Table 2)

ArnsilWivesth
MnmatissUmdaruiumsgnintsluge
seUgnindanfudadssalussuuoaanlind
wuth maldsaandatauiunisugnings 1 du/dae
Jan fuwldliauamilufudssandidinini
Ifndige Ao 134.67 lulasdumud/iwudiung
sesaan mMadssUardariufunmsgninda 3 fu/
daeugn e nMsualnin Ae 115.33 lulasduud/
wuRiluns madesadasuiunisgninds 2 fu/
aaeuUgn danisuilia Ae 83.67 lulasdiuud/
wufiluns uarnsdssadasiudumsgninda 4
#Fu/dreugn fidnsinlaindesdian fe 52.33
Lulasgwud/iwuiiuns auaau lnelninuwnneig

o o

Auog 9 ltydAYEIn1sada (Table 2)

Viinaaudaiauaiiazasldvonun
Mnmadearfadmiunsgnindgdluga
sUgnindanfudadssualussuuoaanlind
Wy mMadssuaiadauiunisugndnds 1 fu/dae
Ugn duulduliguamiludadssuaifiuiaa
vosudsiiuafiazansldioununniian fe 59.67
ppM 3998341 ﬂ’lsLgmﬂmﬁas’mﬁumiﬂqﬂﬁﬂﬁq 3

v £ 1 a 2 ¥ al' 14
GIU/Q’JEJUQﬂ :umilimzwuaumwwmwazmalm
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MenuA Ao 55.00 ppm N15La Bsvatlasiuiunig
Ugnidnys 2 du/dredan TUSuIuveudevisvun
Naganglavianun Av 39.33 ppm waznisiasslanila

Fufunsugnings 4 fu/dredgn dusunameuds

Nanuaiiaganglaviavuaeefian Ao 25.00 ppm

'
a

Aua1au lnedanuunnasiusy19ildedAeyd
Me@dd (Table 2)

Table 2 Effect of number of morning glory/grow pot on growth, pH of water, temperature of water,

electrical conductivity of water, water and total dissolved solids of fish in grow bed together

with fish tank in aguaponics system

Number of pH Temperature Electrical conductivity  Total dissolved
morning glory of water of water of water solids
/grow pot (°0) (ps/cm) (ppm)
1 7.67 29.97 134.67° 59.67°
2 7.90 29.67 83.67¢ 39.33¢
3 7.83 29.93 115.33° 55.00°
4 7.70 28.97 52.33¢ 25.00°
F-test ns ns *x *x
CV% 13.22 13.22 33.93 31.95

ns = not significantly different at p>0.05; ** = significantly different at p>0.01

39150iNAN15IY

yns19UgninTantudad seUailussuy
aATUindioenuuunaswamnduidussuy NFT
(Nutrient film technique) Usznaunae 3 daunan
Ao 1) WizUan (Grow table) asanminndesawin
1x1 §17 179 0.80 WAS 817 1.50 LIRS wazgs 0.80
was (@i uiivgnile 1.2 as.a.) 2) 519U (Grow
bed) @¥1991neRIFEN Y 2 7 uay 3) Fudes
Ua1 (Fish tank) ndananafinden vuinaug 120
ans IneldfidansesTanin Saumnsinefu Bikash et al.
(2020) 5189171 gaUgnRnImiuFLa saUan
Tusguvoanlufindsyuu NFT wuuwnwiauwuy 3 4
psfUsznaundn fe 1) dudsslamsanay (LWwues

Nad) YA 2.15x0.9 ng fislA1ug 2,800 dns 2)
§9n98973010 Usgnoudy dalndlnslndu (PP)
A14Y 100 803 wazdananadniasudulowia (FRP)
YR 4x0.9x0.35 wns (AU 2.64 w3 3) fiudl
Ugnitsuazuelndieauninunuiiyuge (HDPE)
YA 0.6x0.7 WA ATAIINY 200 AAT UaT 4) T¥UU
i Ieuidnludd eenuuunazyaudaluds
f8nsnslvaiade 94.7 dne/Aalus Anuindnnsld
dansesTann uaziangunsnivsznoudu q viangdiu
Tflufiunn Sedmasesuyulunisuan udgasagn
fnsufudadenalussueanluindannedidsd
Lild Faduderfoiniunsaniunouvesszuy uas
Alddeasldusain muvadanlasianfiannse

dy Y ¥ Q‘ <) 1 o ¥ Y =2
mieladgluyio undudiuysenau ilinisdnge
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YoNuAINITUNTY UaransoNEnYAIIIUgnn
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31NN153ATIENUTEANS AN INERR NS
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a
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YoeiY 3 ¥iA LA UiPesle usiTeImna waglainm,
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Uailasiuiunisugnidngs 1uau 2 dusiededgn
Sl Venugefidintuwesing wagdnanis
Wydulevesingeannian Tasarugsiifintuves
ANU3 A 35.81 lUALUAT LazdnITIN15IRTLAULe
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NADR daonAa 097U Walailak University (2017)
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Fruruvan anvesUan wazUsuaemnsUatiili
upaz i
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TUAMUUILLUT A9 L wug NS i ulely 3
AUUANANAU LazdanAdesiu Jirapa et al. (2011)
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The Culture of Rice-field Crabs, Esanthelphusa dugasti by Using Eggshells Powder

as Feed Supplement to Improve the Growth Performance and Survival Rate
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The study of the culture of rice-field crabs, Esanthelphusa dugasti by egg shell powder
supplementation to increase growth efficiency and survival rate was completely randomized design
(CRD) experiment which included 5 experimental sets of 3 repetitions each. The 1° experimental set
consisted of food without eggshell powder supplementation (control group). Whereas, the 2" — 5™
experimental sets comprised of food with eggshell powder supplementation of 3, 5, 7 and 10%,
respectively, by using baby crabs aged 7 days after detaching from their mother’s abdomen. The mean
starting weight was 0.006 g with mean initial carapace width of 0.218+0.008 cm and mean initial carapace
length of 0.178+0.011 cm. The period of culture was 90 days. It was found that rice-field crabs fed with
egg shell powder supplements had better growth efficiency than the control group. Besides, rice-filed
crabs with 7% eggshell powder supplementation yielded better growth efficiency of mean weight gain
(WG), average daily weight gain (ADG), mean carapace width gain (CW) and mean carapace length gain
(CL) for 3.535+0.513 ¢, 0.039+0.006 g¢/day, 1.996+0.120 cm and 1.640+0.092 cm, respectively. Moreover,
the mean survival rate was 93.333+2.887%. Therefore, the 7% eggshell powder supplementation is suitable for
ricefield crab farming and can be further developed to increase the production capacity of rice-field

crab farming system.

Keywords: rice-field crab, eggshell powder, growth, survival rate
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UNANED

A5ANYIN1914 89U Esanthelphusa
dugasti Thasudienaldenluii owiuuszadnsam
N19L93 Y LAULALAZENTINITIDAMIY TABIIILNUNTT
NARBIUUANNRDA UTENauMIEY 5 YANITNAABY 9
oz 3 91 fie gn1Ivaaesil 1 onsiilaiinisiady
wWienld (ynaruAw) LLasﬁgmmiwmaaqﬁ 2-5 91113
dsuseUdenta 3, 5, 7 wag 10 Wasidud auaisu
Tngldgnyuieny 7 Yu ndsaniingaainviosus
fumdniSuduiades wiadu 0.006 N3 AINNSS
nszApRSUAWRAE WU 0.218+0.008 93, WAy
ANUENINTEABASUALRAE WINAU 0.178+0.011 @y,
S¥ULIANNSIAES 90 Fu WU’JIWIJU’]ﬁLgﬁNﬁ’JEJm%”ﬁ
w@suldenly Auszdnsainnisiasgiivlngnin
yamuaui lifinsasudenlvluems Tneyund
Aoademsiasuudenlaivusun 7 wWesidud
fiuszans amnsesaiulafiangt ludutmdn
Wieds (WG) vmdnifiaed ety (ADG) muning
nsgABuAiuladE (CWG) LarA1N81INTEAB ALY
Wiy (CLG) Wiy 3.535:0513 n$u 0.039£0.006
NTURDTU 1.996+0.120 3. Way 1.640+0.092 3.
AINAIA U SAINDITATINITIDANIY LN AU
93.333+2.887 Woddus fuuemsiasudeden
T9fivsunn 7 Wesidus Sanumunzaudmsuns
L?:EN‘L“Jm Lavanunsaseganiion it nandn Uy

&
NIILAYIYUT

Addny: Jur Waenld maetaiivle dnsinns
J9AR"Y

AN

Yun (Ricefield crab) 18 uy w19 adi a1
dfymaasvgivianis fnordeeglufud i
ihdwiefiarudu vouyagnudunvionin Yun
Tutsunellne wu 3 ana Ae Sayamia, Chulathelphusa
uay Esanthelphusa (1380311 Samoniathelphusa)
agﬂuwﬁ (Family) Parathelphusidae (Naiyanetr,
1994) Yurduladfiunumdidgylussuuiing nu
uwn3nsEangegimnnAvesUsmelne wazdudy
waslusAufiddey anunsathuusznoveaimsle
vwanane 1wy Yurguutmen Yurds seay aruy
y¥a sfuy dmdnyun uasuines s Tnesaliyun
giiUsuaunnluriggiu uazvauaaulugiegg
nnmazgaTou nszyundnfaeglusuazesnunan
afailonuFunn Yuridinsedlaniuay 50-60
U MunyUnuytiugdiunve 10-15 6 20 um
yuinesilansuaz 100 v egslsfinuyun

o w

Imdudngddglunisiaviaiedudnivesnunins
ndgmidsnarvinliinensnsdrulugldansiadl
Tunismdayun Usenoudun19id oulnsuves
ANNLIAZDULATNIIANATNAINN TV BF VDI
NYATNITN BAAIMNTTH Waguy v liduigniida
TUsfalmeniemsauaznieday (Doolgindachbaporn
et al., 2001; Pakdeenarong et al., 2009) danala
Jagduyulusssunsidnuivanased1auin S
Yunitduldfinmsvuteuanaiail uazsoounedlulyl
Uan (Paragonimus siamensis) wagwen3yidndy o
Wy wesaanan Loumy (Miyazaki and Wykoff,

1965; Yaemput et al., 1994) § 41y’ Uaondoun
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fulne dedumamneifosundadudnuumanils
Tunsudtamnil
Hagtunsimgidesuiluden deds ul
wwaldfudinanndy TaewusAdeudedutiogsu de
Wugnuwnanes ¥ia Sayamia bangkokensis wag
Esanthelphusa dugasti b tnynTnsgInuy gy
1NMTEs 1wy msaenasvliesn Msaenasv
lylanysal vioasnaAsuLdINTzADdsRT) uazens
§§usunseantadonsusnuieyuiddu oils
N33R UlneIY U AAIINNTVEIVUINE
Faen1saenasIu Ael un1saenas1ud iy
nszvuMsfidRysdenisigivlnvesyun naln
AR UDIN1IADNATIV L3UAINNTALANAITOINNT
wazussigfisndululassairavdoniiieldlunis
aanAT1v lawA uaatden wunt@en uusniila uaz
woavosa MailuaniBoufoiduussniidrfy uasny
unitgeludenvesdningy Crustaceans 1y Y
lngsyeznaun1saenasIu (Premolt stage) Yaziing
faunadsnainanuiindignszuadon Tl
Hepatopancreas LLasLﬁ'aq%msaaﬂmwué’a
Wienazlinugeuyukazdangu 39009in156
waaideuiiaraulilunszuadenteuasnasunduly
avanluasulnl devilasulmdfinsasadule
wazudeusstu (Roer and Dillaman, 1984)
Fefuf3dedsdinnuauladn mindnnaasy
UBinameadouaniudenly fadutagmasldain
afrlunisusznevens Taetdenlefiliusslovd
ndvuliAauselenisnads uasisanvezann
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Figurel Methods of measuring carapace width (CW) and carapace length (CL) were investigated

(Micheli et al., 1990)
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= Uningavinewie (n3y) — dvinisudueis (n5i)

SrazLIALAg (JU)
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= AUNTNNTEABIFAYELRAY (B3.) -

AUNINNTEADISUAULAAY (T4l
AMUBTINTZABNALAAY (Carapace length gain; CLG)
= AINENINTEADIGATINEREY (Tal.) -

ANUENINTEADUSUAULRAY (1.

aN3IN1550AAY (Survival rate; SR)

= WY NEeNImIA (§3) x 100

Iuuaseaiausn ()

defugnnisAnuiwadoyadilddingei
AULANA 1911980 6 Laeld T8 aruunususiu
(Analysis of Variance) mmmum’mmaaumu&ju
naen (Completely Randomized Design; CRD) Wag
WisuifleuanuuanansuesAadelaeds Duncan’s
New Multiple Rang Test (DMRT) fis¢funanaidosiu
95 wWasiiun lngldlusunsy SAS (Duangjinda, 2001)

NAN1529¢

Han1sIAIITRsAUsTnoUMaATivasa STy
Lgmgm

NANISILATIEN0IAUTENBUNILAT DINNS
wsuFonlaln Tuudazgansnaassiildidssyun
Wud1 JUTuuveslAadeNey senI1e 3.07-5.60
Wosius Feiliedifudniousinainiunusns
vosFenty fedayalu Table 1

Table 1 Analyzed proximate composition of dietary eggshell powder supplementation

Proximate composition

Dietary eggshell powder supplement in feed (%)

(%) 0 5 7 10
Moisture 12.85 12.41 12.75 12.58 12.83
Crude protein 34.91 34.66 34.95 34.35 34.64
Ether extract 5.72 6.02 6.09 591 5.79
Crude fiber 1.18 1.14 1.13 1.07 1.16
Ash 7.47 7.94 9.57 10.85 12.73
Calcium 3.07 3.62 4.30 5.14 5.60
Phosphorus 2.80 2.79 277 2.80 2.80
Gross energy, cal/g 3,422.89 3,284.39 3,191.59 3,129.14 3,043.06
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3,5, 7 way 10 wWosidud mudidu desuiu 90 Yu
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3.535+0.513 NTU LazdnI1N15LAT LA ulasodu
(Average daily growth; ADG) a¢/lu4 0.032+0.006
-0.039+0.006 nTuA 8T tavUseaniainnas
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HedAyn19aiia (P>0.05) V?ﬂﬁﬂfjugmﬁlﬁmﬁw
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Fruthmiingiian (Table 2)

AUNTUAZAINYIINTZADY
anyundelfusinnisnaasadaiiuning

nszARSURULRAY Wy 0.218+0.080 @y, wazdl

ATIUENINTEABASURURAE WU 0.178+0.112 @y,

naeAsEELLIan 90 Fu nuinnuniunseaouiuiy
12dE (CWG) ogllutias 1.876+0.123-1.996+0.120 .
LazANLEINTEARARIRAY aglutae 1.519+0.134-
1.64+0.092 93. 1A8AIUNTUAZAIINLIINTEABY
voayuniiiissdaonmsaiudonlyluusdazynnis
naasd lidanuuanasiusgeiidediAynieada
(P>0.05) Watinguyunilid vadagomsi bl iagu
Waenlufmnsninauazemuemnszaosnian (Table 2)

dN3IN1550AA"Y (Survival rate: SR)

sleduganisvanes Snnssenmevesyu
fidpaisemsiaiuiudonlefiusinmiis 5 sed
0elut79 88.333+2.887-93.333+2.887 1Uasidud
Tasdnanissennisvesyuniiid sadisermaiasy
wWaenldluwsiazyanismeaes ludauuansiieiu
pehaflfedAyneadii (P>0.05) siainguyunilides
shgemsiiliiaiudenluiisnsinissonmesiian
(Table 2)

Table 2 Growth performance and survival rate of rice—field crabs in the period of 90 days

as the different ratio of eggshells powder as feed supplement

Eggshells powder Growth performance
supplement WG ADG CWG CLG SR
in feed (%) (9) (g/day) (cm) (cm) (%)
Initials 0.006 0.006 0.218+0.080 0.178+0.112 100 (60 crabs/
Treatment)
0 2.891+0.531 0.032+0.006 1.876+0.123 1.519+0.134 88.333+2.887
3 3.321+0.301 0.037+0.003 1.950+0.066 1.638+0.062 91.667+2.887
5 3.378+1.200  0.038+0.013 1.963+0.239 1.586+0.185 90.000+£5.000
7 3.535+0.513  0.039+0.006 1.996+0.120 1.640+0.092 93.333+2.887
10 3.328+0.683  0.037+0.008 1.953+0.156 1.622+0.121 88.333+12.583
P-value 0.846 0.835 0.870 0.881 0.845

Mean=SD in the same column followed with the same letter are not significant at P>0.05.
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Effects of Barleria prionitis Leaves Powder Supplementation in Diet

on Production Performances, Carcass Quality and Blood Lipid in Broilers
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The objective of this research was to evaluate the effects of Barleria prionitis \eaf powder
supplementation in diet on productive performance, carcass quality, and blood lipid profiles in broilers.
There were five treatments of Barleria prionitis leaf powder supplementation, including 0, 0.5, 1.0, 1.5,
and 2.0 percent (w/w), and assigned in a completely randomized design. Each treatment consisted of 3
replications with 10 chicks each. The experiment lasted for 6 weeks, and the data for bodyweight and
feed intake were collected every week. For blood sampling, 6 broilers in each group were sampled, and
2 ml of blood samples from wing veins were collected for blood lipid profile analysis, while 3 broilers
in each replication were randomly selected to evaluate live weight gain and carcass quality study. They
were slaughtered and collected carcass weight and internal organs weight according to the international
standard method while carcass percentage and dressing percentage were calculated. The results
showed that the average daily gain (ADG) of those receiving 0.5% supplementation of Barleria prionitis
leaf powder group was significantly different compared to other groups (P<0.05). All groups of Barleria
prionitis \eaf powder supplementation in diet were not significantly on carcass quality, carcass percentage,

and dressing percentage, and the total blood lipid profile (P>0.05).

Keywords: Barleria prionitis, performances, blood lipid, broilers, carcass quality
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Arbor Acres 818 1 Ju Aagine 31U 150 A9 v
N19319UNUNIVARBILUUdNaNY el (Completely

Randomized Design) Usenausig 5 NquNAaed

nauae 3 91 91ar 10 & Inudasnguarldsuems
AlUsAU 22% uaziadulusamunyuauiduoivig
Wuszeziian 6 dUa Imm?ﬂymﬁwmmiﬁugm
wenflussniumy 0, 0.5, 1.0, 1.5 waw 29% (neviwtin)
ANAIAY

ANSANBIANTTONINATHAR TIN5 Tway
SufimimdngnlaiGumaaes wazdwiinliynduan
paeanIMaaes Faartuiinimtnemsililadu
nadUa1vinasanisnaaes Undeyan tuinun
AMuramingafi iy FRIINITRTYLAULA
USinaemsfinuseds shsnisidsueimsidu
daningn

n15@nw109A UsEnauveIwIn 1il oAy
fmunnisnaaesitlieny 6 dUani shnnsduliide
NAUNARBIAY 3 fn wndsbwiinidtetufindmin en
pmadunan 6 Falus mnfurinssiuastuves
Tnolondon nauvy wazieias eslusen ¥ins
ﬂ’uﬁﬂﬁmﬁ’ﬂmmm (Hot carcass weight) thannilé
Tudifuiiguuadl 40w, 1uinan 24 alus Yudin
dhwinennuu (Cold carcass weight) 91ntusinIs
Fausstuduges Falminuazanduiindudusing
q 19U gzlnn Uee Jn on % Ao wazuds Wudu i
Toyan ldurrmurnilesidusden (Carcass
percentage) uaviadifuRtududnuss (Retail cut
percentage) MLA5U8Y Jaturasitha (2007)

n1sinesrUsznovvesnialuduluiden
Tutuansiienianaass viniseaeimsliiile
Usvana 12 Falas udaduliidendunnaesay 6 ¢
Wiefiudegradennnduidonasusinadn (Wing
vein) fhazUszana 2 ua. Wiiolaseinelaaineson
594 (Total cholesterol), High density lipoprotein
(HDL), Low density lipoprotein (LDL) uazlnsnaiwelsn
(Triglyceride) Tngldin3 pansraidonsnlud®@ dae
3% Enzymatic colorimetric medthod (CHOD-PAP
method)
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nsAATIEVdayanIeEin
u°1°u”auua‘v13wmﬁ'1m”m?mevf‘mm
wUsUs9U (Analysis of Variance) lagldununis
naagaluuguanysal (Completely Randomized
Design) wazlU3ouLfieumnuuanagsz e 1Lade
1835 Least Significant Different (LSD) lagld

TWsunsumeuiiumesdnsagy
NaN1539Y

dussanmnsuanvaelniile

wamﬁ‘mmaaamiLﬁ‘%ﬂUé’amem’Luszﬁu

v

AuansenusaussanImnsiasadulaueslniile

naoan1svaaed lagldlnnaasinguay 30 69 was
nisvaasniuszezng 6 §Uav wuinaade
dndndaus udunisnaaesliunnaefuog el
Hodfameadia (P>0.05) Avadeiminddugans
nnass ALeastminffiuiy wazAeausas
nsigaule danunnnaeiueg1elded1Agy
yn3adn (P<0.05) Inenguiliasalussniunydl 0.5%
ﬁﬂ'uaﬁ'aﬁﬁ'qm JANNINY 2,559.31+81.38,
2,708.31+49.96 NTU/A1 WAy 64.46+1.16 NTU/A/IU
AU druAnadsusinaeimsiinuwasAede
Snsinsiasuensduimeing liunnsnafuedis

v o

Hdpddgynieada (P>0.05) (Table 1)

Table 1 Mean production performance of broilers in each treatment

Production Treatment P-value

performance T1 = 0% T2 = 0.5% T3 =1.0% T4 = 1.5% T5 = 2.0%
Number of chickens 30 30 30 30 30 -
Number of days a2 a2 a2 42 42 -
Initial weight (g/bird) 42.90+0.36 42.77+0.38 42.33+0.38 42.20+0.27 42.23+1.42 0.655
Final weight (g/bird) 2,506.05+48.95°  2,751.08+50.10°  2,559.31+81.38° 2,590.97+59.68°  2,585.94+59.63° 0.013
Weight gain (g/bird) 2,503.15+48.62°  2,708.31+49.96°  2,516.98+81.01° 2,548.77+59.89°  2,543.70+59.46°  0.013
Average daily gain 59.60+1.16° 64.46+1.16 50.93+1.93° 60.68+1.43° 60.56+1.42°  0.013
(ADG; g/bird/day)
Feed intake 93.87+1.55 96.20+£2.93 93.69+1.54 94.72+1.18 95.81+2.96 0.547
(Fl; ¢/bird/day)
Feed conversion ratio 1.58+0.06 1.49+0.02 1.56+0.03 1.56+0.04 1.58+0.01 0.073

(FCR)

b Means on the same row with different superscripts differ significantly (P<0.05).

KansnaRaUS suWisuM e Ulug s UMY RNg
adluemslusyufiuananeiu 5 seeu A8 0, 0.5,
1.0, 1.5 way 2.0% (Table 2) wusnAaaeundng
Fn Aadeinenudei wavAdstmIngn
ARWF dAuLanstueg 19l vedAyneais

(P<0.05) lnsnguitasuludaniuny 0.5% dauade

mﬂﬁqm TANYINAU 2,724.00+5.66, 2,560.00+14.14
WA 2,378.27+4.14 S muasU AeasUesidud
gnvde (eouny) uazAedsesfusmnsauss
LlumnensiuegsdidedAyeada (P>0.05)
dleRsaneAedsesifudatuizeng o

! ' q‘ s & & ! Ql' ¢
WU ALRAULUDSITUARD LLa%ﬂ']LQaEJLUE]iL“ZMGﬁﬂiﬂ
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dAnuuaneeiueg 9l ded1Ayn1saif (P<0.05)
TnenguileSuludiniunung 0.5% TAnafeuinian
WU 4.48+0.12 way 20.58+0.87% AUA1AU du

AadsasiduimsadusuiinuLanA1eiuaeg198

Y

Weddayneaisl (P<0.05) lnengduiliaSaludsniumyns

2.0% dAnadsunfigawiniy 10.85£0.04% &7
' a & @ & v ' P o

ANLRA UL UBs I EUATY ¥ an dvlun Weos Un duluy
#1219 913 AU AU hazALed oS b udiuasan

laupnansiuedredidudAgnieada (P>0.05)

Table 2 Dressing percentage and carcass composition of broilers in each treatment

Dressing percentage, Treatment P-value
carcass composition T1 =0% T2 = 0.5% T3 = 1.0% T4 = 1.5% T5 = 2.0%

Live weight, ¢ 2,489.00+46.67° 2,724.00+5.66 2,462.50+38.89° 2,483.50+43.13°  2,530.00+28.28° 0.004
Carcass weight, ¢ 2,290.00+28.28 2,560.00+14.14°  2,275.00+21.21° 2,315.00+35.36°  2,365.00+77.78° 0.005
Dressing weight, g 2,068.86+16.65° 2,378.27+4.14° 2,067.27+43.87° 2,097.60+21.65°  2,108.50+68.45° 0.002
Carcass percentage, % 92.01+0.59 93.99+0.71 92.41+2.33 93.22+0.20 93.47+2.03 0.671
Dressing percentage, % 83.13+0.89 87.31+0.33 83.98+3.10 84.47+0.59 83.33+1.77 0.229
Head 2.25+0.06 2.38+0.09 2.35+0.06 2.35+0.01 2.18+0.08 0.116
Neck 2.97+0.18%¢ 4.48+0.12° 3.74+0.45° 3.44+0.06°¢ 2.42+0.23° 0.003
Shank 3.84+0.45 3.59+0.67 3.57+0.04 3.63+0.07 3.70+0.25 0.947
Breast 22.77+0.42 23.09+2.23 22.00+1.05 20.62+0.48 23.28+0.21 0.266
Hip 14.63+0.44 14.13+1.51 14.82+0.21 14.96+0.37 14.30+0.69 0.266
Drumstick 11.69+0.32 11.49+0.34 12.80+2.37 11.33+0.51 11.03+0.41 0.609
Wing 9.54+0.72 8.13+0.30 9.76+0.20 9.59+0.91 9.22+0.01 0.137
Tenderloin 3.97+0.52 4.22+0.12 3.63+0.20 3.73+0.69 3.46+0.81 0.676
Total visceral 9.66+0.34*° 7.10+0.35° 9.14+1.08° 9.39+0.45%° 10.85+0.04° 0.011
Heart 0.40+0.07 0.44+0.02 0.47+0.06 0.40+0.02 0.43+0.08 0.678
Liver 1.94+0.34 1.98+0.21 2.19+0.57 2.20+0.35 2.44+0.53 0.776
Spleen 0.08+0.01 0.08+0.03 0.07+0.02 0.19+0.16 0.29+0.15 0.242
Skeleton 15.99+0.74¢ 20.58+0.87° 17.46+0.67°¢  17.77+0.58° 18.06+0.32° 0.008
Anal 0.66+0.04 0.78+0.13 0.75+0.01 0.69+0.08 0.71+0.01 0.594
Gizzard 1.82+0.04 1.24+0.09 1.61+0.33 1.40+0.22 1.46+0.14 0.165
Bursa 0.20+0.06 0.18+0.01 0.19+0.04 0.21+0.07 0.24+0.01 0.743

abed Means on the same row with different superscripts differ significantly (P<0.05).

Anlvstuluienvaslniie

HamsnaaesSeuieumsERUludsnunyke
AdluIMITIUSEAUNLANG 9N 5 S¥AU AB 0, 0.5,
1.0, 1.5, wag 2.0% saatadsuSuialuiuluiden

Yp9lnlanaann1snaase (Table 3) wui1ATLRAe
AaBLAALMBIa (Cholesterol) Awadslasnawwalsa
(TG) ALRAYLOUALDA (HDL) WATAILRAYULDARNLLDA

o w a

(LDL) Liupnsnsiusesdioddgnisedia (P>0.05)
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Table 3 Mean Blood lipid values of broilers in each treatment

Type of Treatment P-value
Blood lipids T1 =0% T2 =0.5% T3=10% T4=15% T5=2.0%

(mg/dL)
Cholesterol  147.48+14.01 133.72+17.18 133.37+9.14  139.77+8.97 142.32+20.01  0.420
TG 69.28+25.68 50.58+20.32  57.12+22.23 64.85+23.54 45.22+1893 0.342
HDL 95.28+6.29 89.28+10.33  84.62+4.58 88.75+8.60  96.07+8.97 0.103
LDL 38.32+7.12 34.32+6.78 37.28+7.54 38.02+5.06  37.20+9.29 0.885

Fsalnan1sidy (Andrographis paniculata (Burm.f.) Nees) Tua11s

nnsneasuasilugainiunyrslusedu
fuansneiu 5 sedu aduemsdifaguvesliiile
soaussannnsuaaliiile (Table 1) wuindads
nindiduganismeaes (n3u) Alededining
Miudu () LazAadeA1snIInIssyiule
(NFu/6/3u) Taruuwaneneiunisada (P<0.05) Loy
nauiladsumsiasalusamunynslusedu 0.5% 19
AndvaussanINASHARRINEIRTIgR INMSANY
nstdayulnsdinmunynuindilimedinisfinuide
Tudniiaswgiaunieu wianmsfiayulnsssnumy
(Barleria prionitis L) \lufiwasulnsiiuduiidneg
lusdidegafudvayulnsiingatelas 3383409
wan1s@nnsldaulnsiimzarglasisinisliaiy
Tuermslaidounfisuidsaty @ ennsdnuivaes
Khajarern and Khajarern (2006) $1891U2135¢AUN1T
TdnaayulnslingnaunulTiuansisaasaivle
(Antibiotic growth promoters, AGPs) Tusnisla \ilo
Tngltanulnsiimganelasiisesu 0.10% alvinad
Tundnisdesnulsaansy waztssaussouznslu
HAKARLARNIINGUAIUAN

dlefiansandnadea1snnisasaivin
1AUFDAAF BINUNIINARDIVDY Somkuna and

Somkuna (2014) NAnwINavaINsEsuRmzaelas

IAnsenssioanssanmnsnaEn wunauiiaia 1.0%
fignsnsasaiulagsiian (P<0.05) ludurade
USinaenmsiiAumnnnuvaassmstasalussnumyng
Lidasiausununisiuldvesinnsgme (P>0.05) lag
AnadsUTnunsiuldnaenegnisdsdinnaie
Tt 93.69-96.20 nfw/sfa/u Tudhudnansiaey
pwnadudmings nnsesaludsniumynslula
nsznedelaifideyansidele q Faldfieufesiung
euaulnsylndu Wy maeduaulnsimeaelas
TuomslnnsgnemeaussanImn1snas wuinlud
narodnTmMaUAsuemsidumdng (P>0.05)
uaznguillada 0 wag 0.5% liredsdnmsivasy
pwnafutwiindfifign (FCR=1.67; Somkuna and
Somkuna, 2014) luvaiedi Poonpipat et al. (1999)
Anwinmstasuayulnsihnzarelasluemsinnsen
wuimnszdunmaeyldfinadednnmauasueimis
duhmidnda (P>0.05) Tnenguiliadu 0.2:0.5%
Tvieady (FCR=1.54-1.56) WlawfleuiAsatuasulng
fiinswsalulinsesnauds wuimslilusanumyns
Tsasniswasuermadushmindaiuuliud s

= 4

fawinseSuludaimunynnseaulduansieiuege

o w aa
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Y
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Amplification refractory mutation system PCR (ARMS-PCR) was designed to detect single
nucleotide polymorphism (SNP) in cross breed Wagyu thyroglobulin (TG5) gene. The C422T SNP has
been shown to be related to marbling phenotype. Other detection methods including PCR-Restriction
Fragment Length Polymorphism (PCR-RFLP) and DNA sequencing have high sensitivity. However, it is
relatively time-consuming, and high cost compared to ARMS-PCR. Therefore ARMS-PCR technique was
developed to reduce time and cost for SNPs detection. Genomic DNA extracted from follicles hair was
used as templates for PCR amplification. Three different genotypes were observed. The samples with
PCR products of 400 bp and 199 bp indicated homozygous (T/T), those with 400 bp and 275 bp products
indicated homozygous (C/C) and the ones with three products of 400 bp, 275 bp and 199 bp were
heterozygous (C/T). The SNP detection by ARMS-PCR was compared with the conventional method of
PCR-RELP. The results were found to be consistent. This work showed that the ARMS-PCR can be
successfully applied to the detection of 7G5 C422T SNP in cattle. The ARMS-PCR method is more

economical, easy to perform, and precise genotyping can be observed. Results from this study suggest
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that ARMS-PCR procedure is a useful technique for SNPs genotyping. ARMS-PCR to detect SNPs of other

meat quality associated gene will be further developed.

Keywords: ARMS-PCR, Wagyu crossbreed, marbling, SNP, Thyroglobulin gene (7G5)

UNANED

uATeiwaumadaUufasegnleing
\BLsawUUd Insiues Amplification Refractory
Mutation System-PCR (ARMS-PCR) vt oldTunns
ns1anaidud (Single nucleotide polymorphism,
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a
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Wuewelsleda /T wazidawSouiiisunanis
IpTeaiiud mewmaia ARMS-PCR fiu 351195511
PCR-RFLP nuiliiualaiunnsneiu Seuandloiifiuin
wefla ARMS-PCR fiantuanunsansisaivdves

gu 765 laeg1agndes wiud1liunne1931n3s
41AT51U el ARMS-PCR il wmadafivilddne
590157 ferld91esnI1n159i PCR-RFLP Wwaz DNA
sequencing € ssnAA ARMS-PCR a@1315011U
Ussgndldfumslienesiatuduesdudu @ Meadoes
fugaamiolaeduussloviuiinuasnslunsg

Usuugeiuguadlalesoly

AdRe: ARMS-PCR lagnuauanfin luduunsn
allud (SNP) Bulvlsnaeydu (7G5)

AU

atlUd vise Single nuclectide polymorphisms
(SNPs) Alamnuuansnswesiandlelndifiswmimie
aosunisuuanefiduedivihliiAnanuunnsiig
uardlHariomILanseanvednuaEiuTNgUesEsdiTin
(Phenotype) (Giardina et al., 2007) J33 Yuluiiy
wnsnlundruile (Intramuscular fat) 3ol eane
fiugeu (Marbling) iludiusdlunsmvunnmnin
wazsnveadeln TneUSunalutuunsnlunduile
fugnauaudnuurnetugnssudeiunaeiu &
wildlutu Ao gulnlsnasydu (Thyroglobulin %38
765) Baitumumlumsmuaumsyinnuvesieslnsessd
fimudrAgyneuniuedduveslulu (Belew et al,
2003) $51891u710191UE suuUasvesiindlolng
w3eatdud 7 usiaas 5'—untranslated region (5
UTR) isuwus C422T (Shin and Chung, 2007) 184
fu 765 TnareUimailuiuumsnlundunie daatu

(Y]

A15A529adudanunsavinlanle3sn153eszsiafnu
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aa

apdlalne (DNA sequencing) wazi5UfATeqnLY
Indlweisaonsionluead (PCR-RFLP) §a1duA5ATH
ANNTNNY Waugae wilinududou gaean 14
LU wasRuNLge dueAdeltal nguszasd
Wi azdnalna Amplification refractory mutation
system-PCR (ARMS-PCR) ¥ g noi'miu1d ulng
(Newton et al., 1989) unlglun15n533@0U SNPs
vo3du 7G5 7 sunuadandlelng Ca22T ay
panuuulnswesliin1ud1wIgianz9s waila
ARMS-PCR #9i1¥n150573 SNPs fistmundudana
Usendn dzain 590157 wazdsanunsaldlunisfing
ALY I sTUsNITNYesAsiiTinviasing o 16
Feazdulselovitenmsuiuussiuduasfiudnenin

lunsndnlailonmuningeesnuninssaly
¢ ad
aunIULaZISNT

faegneiildlunisinen
nsAnenlupdsilddregremums (s1naw)
%ﬂﬂgﬂwamwﬁ’mmﬁmaaLﬂwmﬂiﬁﬁsﬂmﬁa
1A519MIUI 10 AR08 NISARTUIIS 30-40
dusnuiidusnulifianueniussana 0.3-0.5 vu.
laluvann 1.5 ua. #on15adin 1 A29819 LAILAL
Tris-NaCl-Tween buffer 1 ua. ldlunasndidvums

A o o v a a '
WevhanuaznkarMIndsufnaseld

nsENARLOULD

0819511 idsaze1nudiunada
#159UINTIU 159 Genomic DNA (gDNA) meynarin
DNA GF-1 Blood DNA Extraction (VIVANTIS, Malaysia)
Tnsufvinuaiiolsnsatnvesyaain a1ntuth
¢DNA Fafalduninmsianrunduduuas e
#3813 89 Nanodiop spectrophotometer (Thermo
Scientific, USA) TagA1UT U AN UT UVD I

1

RUFNTIUILOYT 10-100 ng/pl UagAIANNUTANS

(0D260/280) 9¥ 087 1.80-1.90 9101 UY1a13

Wugnssuiusnwlineumgd -20°. wialdluns
Aaszsaly

n1sns93lulndussdu 7G5 A998 ARMS-PCR
AIATIAMENUd C422T vesdu TG5 Meyis
ARMS-PCR agldlwsiuos91uau 4 1&du (Table 1)
fignosnuuuanaiuinalelndvedladildan
§1udayya GenBank accession X05380 Tnefilwsies
Forward inner wa s Reverse inner Juvls17n
AU NIElUNITASI9aaUd C422T Taadns
Optimize fuvtad -3 anUane 3” vaslnswes was
munlsgavneveaUaty 3° Iivangiuailud Ca22T
gntuiihets cDNA vedlaiinsiudnuaeilulng
vosatlud C422T (Homozygous T/T, Homozygous
C/Cuay Heterozygous C/T) unld' @ nwraniig
FvnzaudmunTInTzieie3s ARMS-PCR Tag
Anvimgamguazszeziianil inuzaudiniy
%umau Primer annealing uanmmﬁé’fﬁnmmmm
Wuduiimunzanveslnsiues Mg uag Tag DNA
polymerase #ae Wioldaneilunzaudmsunis
MUA3e1 PCR vaslnsiuesusavduad irlnsiues
79 4 dusauiui 0vhufATeuun Multiplex PCR
LaEMNIIEDUNANA R PCR A28 2.5% Agarose gel

electrophoresis

n1snsa93lulndussdu 7G5 A18735 PCR-RFLP
dnandn PCR 7 LeanUfASen PCR A28
Forward outer primer Wag Reverse outer primer 11616
Aaetaulad Xholl (VIVANTIS, Malaysia) I Uf] A1 5 &1
Tunsinnae Enzyme Usenaunae 1X Buffer V2, PCR
product 1178131 50 ng wa 1.0 unit Xholl Ui
gamqil 60°. Wunan 3 9alus vdsaniurinig
ATI9EEUTUAIU DNA 7 ldannssadae Restriction

enzyme 18 3% Agarose gel electrophoresis
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Table 1 Sequences of primers used for PCR and ARMS-PCR ampilification of TG5 gene

Primer name

Primer sequences (5’-3’)

Forward outer
Reverse outer
Forward inner

Reverse inner

ATTGCTAGGAGGGAAGGAAGGAGCATGG
AATCTTGTGGAGGCTGTAGGGGAGCAGA
GGTTTGATCCCTGGGTTGGGAAGGTT

AGTGGGTAGCCATTCCCTTCTCCAGLGG

Underlines are nucleotide at the position -3 from the 3’ ends

them more specific for each allele.

(A)
Wild type J\nner Reverse Primer(G)
DNA (Callele) {mmmmn (EouEnRevEtse Primer
I
|

—_—

Inner Forward Primer(T
Outer Forward Primer m

1o o

of both forward inner and revers inner primers designed to make

(B)

Mutation type
DNA (T allele)

nner Reverse Primer(G)
I {ouEnReE:: Primer

]

]

§I
ﬁ?/

Outer Forward Primer Inner Farward Primer(T)

4

T/T c/T c/c
Homozygous Heterozygous = Homozygous
M Common fragment e —

C allele specific fragment

T allele specific fragment  c———— —— —————

Figure 1  Schematic summary of ARMS-PCR primer design different colors indicate different

primers participating in the PCR reaction. Green: outer primers; orange: inner C-allele-

specific primer; blue: inner T-allele-specific primer; (A) binding of primers for the

wildtype (C allele), (B) binding of primers for the T mutant allele Adaped from

Medrano and Oliveira (2014)
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NAN1599¢

UnITelainsiauisu]asengnlelng
\weLsawuud lnsiues (Tetra-primer ARMS-PCR)
SWMSUNMIITIVIATIEN SNP VesBu TG5 Tisumis 422
Tulanfuaglagnuauinia lnelaseuiieuna
NINAADITEIINNNSIENISAnAEeUlwIdn TN
(PCR-RFLP) waiw ARMS—PCR Lilanaaeuninuusiug
WAZANYNABIVBIIT ARMS-PCR

dlewSeudisunasinnisls PCR-RFLP way
ARMS-PCR w8530 19laa1A 27 L ns1udTulngd
97U7U 7 61 (Unknown genotype) hagfi 19814
TAA97ins1u3Tulnyd (Control known genotype)
91U 3 61 (Figure 2) WUIINT51E78 ARMS-PCR Tu
N157tAS1¥% SNP 29981 7G5 dauuiuguay
ausinzldunnsnsaIndsaaia PCR-RFLP Tag
woufiuiedilddvuin 400 bp (Reference band)
wag 199 bp (T specific band) dmsudaegafiidy
T/T3lulnd wazuaudid uteaunn 400 bp
(Reference band) kag 275 bp (C specific band)
dwsudegeiifu ¢/C Flulnd wardiduowuy
UM 400 bp (Reference band) 199 bp (T specific
band) waz 275 bp (C specific band) d1115UA79E14
iy o7 3Tulnd §991nauiTeves Barendse
(1999) wudnlaffiied ssmunemaiugnssuvesdy

o 3

7G5 WU T/T waz C/T asfianudunus sudnueuy

9 % g ' A )
VLSUNULLmﬁﬂIUﬂa TULU a'stQ N7 ’]IﬂV]iJ LAT 99UUNY

naugnssudu C/C el
1130IHaN153

N13NTIVFOUAINNYNA 09989TT Tetra-
primer ARMS-PCR i Wau? ud1usulun1snsiagu
765 Faduduiiferdosiugunimienfiarudfey

v & A

Tumadadaiiieldlunsilu Biomarker d15unis

Aaldoniusnssui Auazdnynei feuszasdvaq
Tauile fufufadinisiseiiionsnuuuisnisnsavaey
il efnuAnuusnsinesindlolndlulaile
Inglusintnidulaldimadaag o wu nsldioule
Anany (PCR-RFLP methods) memanautiaedlelna
(DNA sequencing) kagi5UfNsegnlglndiuetsa
wUUA Insiues (Tetra—primer ARMS-PCR) it 14
MT1960U SNP 3aa1uLUsHuesafumoue Tng
Uffsgnlelnameisanuudlnsiesiednduisns
dmsunsnseaeuilulndilinanaiiuazasain
fian esanmamdrfuianalelndfuisfesean
THa1uu 1ange uazSadfedldifanudugyms

°

wiadpeydiivenadn dndsmsldeuluddndmey

9

ARI0fEANT NIz ooUlY FaRpIlignfnves
oulesiluusiiai ieadvdnisvusnalndifes
foulusiarltidugnandrdufndedrinlunisidenld
oulgsinazoraldfioulasidnsnnizfiazldlunis
AsTATIERRusideen sle
919387 W1un b nsldeuleddn
F1m1z Xholl lunsasraaeuaiudi usinm 5 -
untranslated region (5’-UTR) asssinunud silandlalng
C422T lag Shin and Chung (2007) 1a $1891131

fwnusnananinanevUsuialatuwnsnlunduile

1%
laadda v A

vaslaiid 02177 ud35d Sad dodrianatsoyis
\dowSeuiiisuiuisufasogalelndweisauuy
Alnswesdedinuniailunimadeu wiush uay
Uszudananatuazaildiiglunisasinaouaiud
(Dodgson et al., 1997) way Etlik et al. (2011) lal
yhnsfnuisufisengnlelndmersauudlnses
wWiguwigunuisnisldieululifndnnie Real time
PCR wazn1smanuiianalalvnanuinmaianingt?
Taugndesuazwsiuglaunneieiy widsugasen
anlelndweisanvud nsweslaussuluudvos
Ussvdanauazduyulumsiesed Snvedaninsa
TaleluiesufiRnisialuls
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faduufsengnleindmesauuudlnaiues
ARMS-PCR Sagnitmundulunisfinuluafad e
nyrvaevaiudlulaniuaslrgnuanniunsizilu
AN henarazaannindsuuus Ay fe nnsld
wulgddnsunnzidesnneuleddsaunaasdos
Yndrarna1sUssmednit an1sane e o lel
sndudeavn (ncubation) toulasiiy DNA § 914
a1y 2-3 Talus lagnrsAnwnluaseidld
vmsanunlafiilRlulndits 3 wia fo Homozysous
T/T uay C/C uag Heterozygous T/C wagladng
vauaeumadaf W g usediouiuisnsld
wulasdinsng (Figure 2) wuinanigesiaiinan
donndaaty 100% wandliiiuinisansidilina
lalumnsineiu

F5UFATugnlelndweisanvudinsies
(Tetra-primer ARMS-PCR) fla3unglinadiuiasnng
fanunsavlede samda fenuwliududedold 3n
W szndnaldatowasnanlunsinset wasds
annsalddmsunsine I ulndfidsunusegelon
waranl@Sneae & i nunnnud Seves Nicol et al.
(2001) l@vin1sAnw? SNPs C422T apsdu 7G5 lula
aeWuseng o wuddeddlaameiugnfaiviing

nageuiinIesuneaiugnssudu T/T uag O/T

Fadanuduiusiudnvazluduuninganiila
e NAiTletemmnemaiugnasndu C/C agnadl
Hod1AYn19adf waz91uI8UY Barendse et al.
(2004) wudlAgANANLBIN AULALYONTDST Ul
Auduiusssrinsamnmileluifuumsn (Marbling
score) fiudu 7G5 agailtduddny lusuiAngideas
ynsAnwAuduiusvedad osunewugnsTy
T/T, /T uae C/C lulagnuanvedinesaly
uananilanzd I5udelddnsUssyndld
wAtlA Tetra—primer ARMS—-PCR Tun1sasi9atiud
vesdudu q MiAvadostunmummielagu Suid
snswas olustuunsnlund il ola ldun 8u
Diacylglycerol O-acyltransferase 1 (DGAT1) (Anton
et al, 2011) § 1 Fatty acid binding protein 4 (FABP4)
(Ardicli et al,, 2017) Buiislvisnas ammﬁmﬁa‘lﬂ o
§ U Calpastatin (CAST) (Schenkel et al., 2006) 8 u
Calpain (CAPN) (Rincon and Medrano 2006) wazduiidl
S wan aUszdns Amn1stie1ms (Feed efficiency)
L@ wA Neuronal Differentiation 1 (NEUROD 1) (Oliveira
et al, 2016) §u Growth hormone receptor (GHR) (Al-
Husseini et al, 2014) @ sazidulselovidsonunsns
wagafnUudgeiug Wewfiuuseansnmlunsudn

Welpyuwnsandideusoly
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(A)

vl T c/C

(B)

/T /T c/C (4]

or o oT

Negative
6 7 8 9 10 control

T 7T T TT /T

473 bp
259 bp
178 bp
75 bp

ar T/TT/T T T/T T/T

Figure 2: Comparison of the ARMS-PCR and PCR-RFLP methods. (A) Genomic DNA was used for ARMS-

PCR method; (B) Estimating genotyping size of PCR-RFLP, for the three SNP genotypes, T/T,

C/T and C/C; (C) Genomic DNA was used for PCR-RFLP method M: 100 bp DNA ladder.

A3UNANI3IY

MnuanIsAnwIATanuIunaia Tetra-
primer ARMS-PCR fianief3deldimuntuanunsald
M350 afivdvesdulnlsnasydu (765) a
oggnisuaziaing liunninaanisdaiu Ao ms
Toulesidndumy (PCR-RFLP) fisfimadia ARMS-
PCR 1574 enasanid) nengn uawiiuszansam
NsAAWT ARMS-PCR anunsanludssendldlunis
nsaivdvesdudu q fierdestununimiold
agiud e TING

AnRNssuUsZAA

aurdITevevaunaunyasnagidodaiile
Taswnin Sminuassvdin feynszsisiogisy
WNINLAGAREANINT mu%%’aﬁlﬁ%’unuaﬁuawmﬂ
d1inaun1sIdeurand nulasinisideuay
WIANTIU N23A650896 way OROG 9NUMINGGE
walulagasuns Ansi wiane §3umu)
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The Effect of Freezing Storage Duration on Physical and Chemical Properties

of Pork Meat
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Regarding of inconsistency in texture of emulsion sausage made of some frozen pork batches
found at the Livestock Development and Research Center, Chiang Mai, this paper aimed to investigate
the effect of freezing storage duration on the meat’s physical and chemical properties and to specify a
suitable storage duration. The fresh pork tenderloin was selected with similar size, color, and weight.
Then washed with clean water and trimmed by separating only the red meat, each piece weighs about
500 grams, and packed in a zip lock bag. For 6 months, pork meat was stored at -40°C and sampled to
analyse for its physical properties (color, texture, and microstructure) and chemical properties (pH value,
moisture content, thawing loss, protein, and fat contents) each month. The results showed that the
meat color changed from a bright red to a darker with paler red tone during the freezing storage. The
freezing storage altered some texture properties of pork meat which demonstrated by a decrease of
springiness and an increase of hardness and chewiness after 3 months. These also corresponded to the
microstructure photos. The pH value of the frozen pork meat tended to increase until the 4™ month
and slightly decreased thereafter. There was no difference in the moisture content between fresh and
frozen pork meat while the thawing loss increased. In terms of protein, the detected amount seemed
unchanged but the fat content decreased after 2 months. The overall analysis results implied some
deteriorations of pork meat during frozen storage and suggested that the use of more than 3-month

frozen storage should be avoided.

Keywords: pork meat, freezing storage, physical properties, chemical properties
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L* a* way b* aananaly Table 1 n15tAUSTA®YA
Tuanmududaiigamgd -40°. Tuasemsiudsundas
Avpailony nuiniovyanien L, a* uay b* unnsng
f\nﬂLﬁwgLL%LLﬁﬁaaﬂwaﬁﬁaéwﬁ@waaa (P<0.05) 1ile
vyugudsiinsdsundasdondunsanduduasiil
AN Tuuariiadnns Tnedlovyaniian L, a*
way b* tv1AvU 50.57, 4.16 way 13.72 ATUa1AU
Tutsszeznanmaudulsiaudiioud 1-6 Lﬁuamgjmi
wiadien L* ifinduogsening 54.94-60.30 @1 a* Ll
Juogseming 6.26-7.34 uaga b* iintuagsyming
16.90-17.78 Tawen L* fifiudiu aenndasiuiiony
wiudafifiddnansas diuen a* wae b* Mdinduiy
aenndestumadeulnidvendony lneidevyantiy
fitlodunsan dudlonyurudeiuasidunsiifanny
a1 Tngdannainan b* Miiudu uenaini

srezaINTYRIITIdURUsSAUA L* SeA1AY

atvesiony lnewloszerailumsutudeuty
fin L* Adanfiududeguiu nandedediuinw
Lﬁ'”amﬂuamwmt%qumsﬁu ﬁﬂﬁﬁmauﬁamﬁu
flanudnaranniy iesennnisududivinlfife
naniuddulasiasadulondunde Weriedns
wvmsarane waniuddudilesvaraneesnunn
FeviliiAnnsgadedn uaziAnnisgapdovondiag
7l oy luu 118 envoaid ey (Kono et al, 2017)
venniimautudilusrernaiiuutu shlndeny
Wasunnduwnadudtimauaziiadeas (Aroeira et al.,
2017) Faiintuainlalelnatu (Myoglobin) dady
seningivildovyiidsnauns (Purplish red) Tusme
7 oand Tt veend b ueendlilelnadu
(Oxymyosglobin) %ﬁﬁﬂﬁﬁamﬁﬁumam wazlafiv
Snwndovylfiuszezinauntu viefinsdudad
9IMALTUTY Lﬁamu%Lﬁﬂmim?{amﬁuﬁﬁwmamm
welilolnadu (Metmyoglobin) Aaeufjizeneandndu
Fadunsdeundasiiiatuegned 4 wagujisen
Tlsienansasunaula (Rattanapanone, 2014)

Table 1 Changes in color values (L*, a*, b*) of pork meat during freezing storage

Storage time L* value a* value b* value
(month)
Fresh pork 50.57+2.23¢ 4.16+0.68° 13.72+0.81¢
1 54.94+1.09° 7.34+1.18° 17.76+0.43°
2 56.88+1.32°° 6.69+1.14° 16.90+0.42°
3 59.74+2.20° 7.02+0.48% 17.80+0.70°
q 60.00+3.01° 6.28+1.16° 17.64+0.88°
5 60.34+2.20° 6.92+0.75° 17.78+0.81°
6 59.71+1.36° 6.26+0.35° 17.60+0.48°

Data are expressed as mean values + SD values. Mean values + SD values with different superscripts in the same column differ

significantly at P<0.05.
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Banguiindu 3.71 Sannnindevuruds Tasdn
AuEang uduuliuanawmINIzesIaIN UYL
funiu TnedonyududsieanuBanguagszaing
0.58-1.70 dfueeuusenisuaiigaiivsuenis
aramieluoims mnfengananyindeduiaves

pnstudanumilelnn wuinilevyanuaziileny

Fududaduszozina 1-2 Weu famanunmusenis
UALAEIETEIIN 0.58-0.68 uaziilovyieruns
wudesaus 3 89 6 Weu fldrarunmusienisun
Aenfinduegsening 1.42-3.03 lefiarsanemiu
wds wutndonyfiiunisutudadussezing a
ey fiAanuudanniigawindu 8.88 a6y uaz
deduianeudonyfidnuusudunniian aenndes
fUN15Aae9was Choi et al. (2018) ANUI1N15UY
i aflnavi i edudavendounsiinauud wway
AMUAENSUARE IS DALMY SRy
wiaavmionveiounsiiniuogreiaaunionds
msududiliduszesing 3 Weu dannguiainnis
Aendniuddlulassadradulondanie wazns
gadeuianlassairaduly (Kono et al, 2017)
yenaniinsideanmvenduleluleduitfunasin
wAniuds uagnainufAseneendinduveslosiu
Faldwvnlfidedutavesndednsiianuud afiuay

wazn139uL1anaa (Kennedy, 2000)

Table 2 Changes in texture profile of pork meat during freezing storage

Storage time

Texture properties

Hardness Cohesiveness™ Springiness Chewiness
(month) (N) index index
Fresh pork 4.76+0.84 0.50+0.06 3.71+1.45° 0.68+0.05°
1 5.11+3.97° 0.48+0.06 1.70+1.49° 0.58+0.15°
2 3.63+1.34° 0.48+0.03 0.62+0.03° 0.58+0.15°
3 4.30+1.74% 0.47+0.04 0.63+0.08° 1.42+0.64%°
4 8.88+2.91° 0.46+0.07 0.59+0.05° 3.03+1.55°
5 8.55+2.55% 0.46+0.04 0.61+0.05° 3.02+1.99°
6 8.17+2.39° 0.45+0.03 0.58+0.05° 2.53+1.25%

Data are expressed as mean values + SD values. Mean values + SD values with different superscripts in the same column differ

significantly at P<0.05; ns = not significant (P>0.05).
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M 3000% 50mm 1000%V ETD SE 138 pm

P

3 3000x 11Amm 1000KV ETD SE 138 pm

Figure 1 Microstructure of fresh pork (A) and frozen pork after storage for 1 month (B), 2 months (C),
3 months (D), 4 months (E), 5 months (F) and 6 months (G) at 3000x magnification
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HAwaneAeiueg19ildsd1Ayneaia (P<0.05) A9
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ylAnnsgdsihveniedn dsenafuang
YannuLduresivharane ity fidsmasons
anasvasrierluiiodnd (Wei et al., 2017)
yenand nsanaswesArievlu odn’
sgminemsuiusnuluaninudud iy enaifndu
\Hosannsdsuulaswestnalaaunielundwiie
ﬁgmﬂ?{ﬁmﬂuﬂsmaﬂﬁﬂ Foilhiednsiidn ey
anawsofianudunsaiudu wavdidinane
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WWuiu (Przybylski et al., 2006) UBNAINAITUY LS
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Tvirnfilevanas (Leygonie et al., 2012; Ali et al., 2015)

[
= o

mquﬁ'EJumJaqU%u'\mﬂfnwﬁml,aznﬁqmul,aam
nnvinazansiiuds

A1ud uvosid onyanuazd enyur i
fUSanaseglutassening 74.09-75-79 (Table 2) ¥4
Tflanuwsnsnseeaioddayvneads (0>0.05) 39
wudwﬂ%mmmm%wumLﬁfwyjiajimit,ﬂ?{ammaq
5EMIINSAUTNYTuAN MUY UD mizjigl,ﬁmfﬁm
nsvhazanetiude (Thawing loss) éumLf:aﬂ/imeiLLsﬁa
diutumannszerina 6 e (Table 2) Ssaonadas
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n&raileliAnaudens dsaonadoatuningdis
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anas (Emulsion stability) kaza1uaIsalunisiu

Sairanasduiy (Water binding stability) (Reddy
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¥
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(Chantarat et al., 2005)
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I v ] dyd = a
wdudua¥fansgaydevelusiu

voud onyanuarid onyAnunisududs wudad
USunauanaeanuegaiidediAgynieada (P<0.05)
Fauandlu Table 3 ifonyanuasidonyutudaiy
sreziian 1 ey IUsunaluduwindu 1.23 way 1.27
Wosidus muaau mendanmsiiusnenluanwuauds
Huszezmdast 2 89 6 Wou Wevyurudaiiuiaina
lyduanatey5v1319 0.69-0.25 Wasiwun YTuna
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Table 3 Changes in chemical properties of pork meat during freezing storage

Storage time pH %MC,,"° Thawing loss Protein Fat content
(month) (%) content (%) (%)
Fresh pork 557+0.06°  74.62+0.08 - 22.75+0.07° 1.23+0.06°
1 6.11+0.09°  75.71+1.61 4.21+0.12° 20.55+0.07° 1.27+0.04°
2 6.27+0.05° 74.79+0.21 4.89+0.02° 20.40+0.57° 0.69+0.04°
3 6.90+0.04°  74.09+0.69 5.60+0.11° 24.40+0.00° 0.60+0.01°
4 7.02+0.15%  75.18+0.12 5.74+0.22° 22.71+0.14° 0.45+0.02°
5 557+0.06°  74.90+0.48 7.36+0.21° 20.05+0.35" 0.25+0.01¢
6 5.70+0.21°  75.79+27.41 8.05+0.33° 24.05+1.20° 0.34+0.01<

Data are expressed as mean+SD. Mean+SD with different superscripts in the same column differ significantly at P<0.05;

ns = not significant (P>0.05).
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The study was about the physicochemical and pasting characteristics of 21 local northern wheat
flour varieties grown in Chiang Mai (CM), Lamphun (LP) and Mae Hong Son (MH). The objective of this
research was to analyze the chemical values in percentages (crude protein, starch, and gluten), physical
values (water absorption and dough hardness), and rheological values from starch pasting (peak
viscosity, final viscosity, and setback viscosity). The statistical analysis was carried out using cluster
analysis of physicochemical characteristics and principal component analysis (PCA) of pasting
characteristics. The results showed that all samples of local wheat flour contained two macromolecule
components. Gluten helped in dough structure development, and a starch gel occurred when heat
starch was in excess water. The higher protein content of wheat flour caused the lower gel viscosity
values. PCA revealed that starch and protein were the constituents associated with starch gel formation.
Gluten was involved in a network structure formation within the dough by kneading local wheat flour
in the presence of water until the dough formed an elastic and sheet-like structure. The natural
combination of protein and starch affected the overall quality of local wheat flour. In the northern
region, 11 local wheat varieties exhibited medium protein content (CMS2, CMS4, CMF1, CMF3, CMF4,
LP2, LP3, LP5, MH1, MH3, and MH4) and four local wheat varieties showing low protein content (CMR1,
CMS1, LP4, and MH2). The physicochemical and pasting characteristics of all categorized samples were

not statistically different from those of the Thai industrial standard of wheat flour (p>0.05). None of the

104



Journal of Agri. Research & Extension 41(1): 104-117

local wheat flour had a flour quality comparable to that of a high protein content. The research

supported future work on local wheat breeding for flour utilization in Thai food products.

Keywords: physicochemical properties, pasting, rheology, local wheat flour, the northern of Thailand
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Figure 1 morphology of local wheat flour (A, B, C), Commercial wheat starch granules

(D, E, F), and commercial gluten granules (H, I, J)
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Table 1 summary of protein and dough characteristics obtained from 21 local wheat flour varieties

comparison with two samples of commercial wheat flour

Physicochemical Crude protein Wet gluten  Water absorption =~ Compression
parameter (%) (%) (%) force (N)
Hard wheat dough (N=3)

Maximum (LP1) 11.13£0.12° 46.60£0.85° 56.8020.95° 0.62340.012°
Minimum (CMS2) 11.08+0.05° 33.8740.66° 55.36+0.78° 0.51240.011¢
Average 11.1240.22° 38.7740.44° 56.1240.66° 0.54340.015°
Commercial wheat 1 13.63+0.15° 64.2340.32° 64.23+0.52° 0.55740.011°
Commercial wheat 2 13.60£0.12° 63.60£0.14° 63.66+£0.19% 0.55610.014°
Medium wheat dough (N=14)

Maximum (CMF2) 10.34+0.13° 35.1740.52° 57.7140.42° 0.52340.021°
Minimum (CMF4) 9.2840.09° 23.2440.32° 52.6140.62° 0.44540.017°
Average 10.29+0.14° 27.3240.24° 55.4740.55° 0.47840.024°
Commercial wheat 1 10.324+0.12° 27.88+0.26° 55.1240.44° 0.46740.024°
Commercial wheat 2 10.28+0.03° 27.3240.31° 55.3340.16° 0.47940.021°
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Table 1 (Continued)

Physicochemical Crude protein Wet gluten  Water absorptior = Compression
parameter (%) (%) (%) force (N)
Soft wheat dough (N=4)

Maximum (MH3) 8.9140.10° 30.70+0.54¢ 55.68+0.20° 0.412+0.002°
Minimum (CMR2) 4.7540.31° 12.33+0.62° 45.00+0.46° 0.25610.007°
Average 8.63+0.17° 21.3340.63° 54.3340.76° 0.33040.032°
Commercial wheat 1 8.65+0.22° 21.23+0.21° 55.2240.73° 0.332+0.041°
Commercial wheat 2 8.6310.21° 22.33+0.27° 55.33+0.88° 0.326+0.012°

1) Hard wheat doughs are CMS2, MH5, LP1. 2) Medium wheat doughs are CMF1-CMF5, CMS1, CMR1, LP2-LP5, MH1, MH2,
and MH4. 3) Soft wheat doughs are CMS3, CMR2, MH3, LP6. 4) For each type of wheat dough, the superscript with different

letters (a, b, ¢, d) within the same column is significantly different (p<0.05) by using LSD test.
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Figure 2 pasting of wheat starch gelatinization arranged successfully upwards, wheat gluten, hard

wheat, medium wheat, local wheat, soft wheat, and wheat starch (A), and wheat gel

characteristics (B)
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Table 2 summary of pasting characteristics obtained from 21 local wheat flour varieties comparison

with two samples of commercial wheat flour

Rheological parameter Starch Peak viscosity Final viscosity Setback
(%) (mPa.s) (mPa.s) (mPa.s)
Hard wheat gel (N=6)
Maximum (CMR2) 77.42+0.56° 1,25042.45° 1,79444.66° 1,43012.16°
Minimum (CMF2) 72.37+0.78° 740+3.26° 1,033+3.15° 68613.14°
Average 75.89+0.88° 950+1.26° 1,436+5.01¢ 1,025+4.78°
Commercial wheat 1 73.2740.45°  1,145+1.63° 1,529+2.63° 861+3.22°
Commercial wheat 2 73.33+0.68° 1,142i2.18IO 1,53243.26° 858+4.10°
Medium-soft wheat gel (N=11)
Maximum (CMS1) 79.22+0.78° 1,698+2.16° 2,116+4.15° 1,636+2.16°
Minimum (CMS2) 78.16+0.58° 1,576%2.45° 1,165+4.12° 1,033+4.10°
Average 78.56+0.21° 1,64043.78° 1,53243.25°  1,266+3.77°
Commercial wheat 1 78.184+0.32° 1,635+4.15° 1,522+45.16° 1,249+2.12°
Commercial wheat 2 78.2140.77° 1,63244.12° 1,536+3.41°  1,278+1.08°
Soft wheat gel (N=4)
Maximum (CMS3) 83.75+0.56° 1,912+4.12° 2,142+4.78° 1,616%2.45°
Minimum (LP5) 79.60%0.42¢ 1,747£3.16° 1,51943.24¢ 1,247+2.36°
Average 82.6340.23° 1,859+4.15° 2,60242.44°  1,490+1.48°
Commercial wheat 1 82.85+0.71° 1,866+3.26° 2,595+3.12° 1,485+1.92°
Commercial wheat 2 82.224+0.26° 1,862+5.12° 2,598+4.65° 1,488+2.14°

1) Hard wheat gels are CMR2, CMS4, CMF2, MH4, LP2, LP6. 2) Medium wheat gels are CMF3-CMF5, CMS1, CMS2, LP1, LP3, MH1-

MH3, MH5. 3) Soft wheat gels are CMF1, CMR1, CMS3, LP5. 4) For each type of wheat gel samples, the superscript with

different letters (a, b, ) within the same column is significantly different (p<0.05) using LSD test.
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results from 21 local wheat flour varieties showing variance contribution (A) and cluster
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Extraction and Biological Evaluation of Stemona collinsae Craib
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Stemona collinsae Craib is found throughout all regions of Thailand. This kind of herb
possesses medical efficiency preserved with villagers’ local wisdom. The purpose of this research was
to extract the Stemona collinsae Craib herb. The total phenolics were determined with the Folin-
Ciocalteu and antioxidant activities were assessed using the DPPH assays. Biological activities of crude
extracts were investigated against citrus canker and to compare its effects with copper sulfate solution
and Bacillus cereus bio-fermentation formula used for farmers. The results revealed that crude
dichloromethane extract contains a maximum of total phenolics content 6.21+0.83 mg/L. The DPPH
radical scavenging activity of the crude dichloromethane extract showed the best efficiency at ICsy of
46.62 mg/L. The crude ethanol extract inhibited bacteria that caused canker disease with the best an
average clear zone of 12.67.00+1.73 mm which better than copper sulfate solution and Bacillus
cereus bio-fermentation formula. Moreover, the crude ethanol extract also repels mealybugs, blue

mealybugs and red riders of lime.

Keywords: biological evaluation, natural products extraction, Stemona collinsae Craib
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anee

ANENATY:  NIINAAOUANTNINTININ HERSUN

55UVIANITANA  AUDUAENEIN
A1

a o ¢ ad a avyw - o ¢
HARSugisTTuyIRAedanlaainiiy dn1

a ¢ ] - ° v ¢
AUNIE warlIsy Nanunsauulduseleviliduen
Snwlsanudalundaduaiasuomisuiaguan
w3e3d1819 Yaqdunslondnduasssuvifnig
n1sinuashasuaudengaduises o Weean
drunsaneliiianannes1en1elun1usig o uag

a

Fuslanfimnuidesiuiilesannlalvansdaases Fedl
anuannsivgs asulnsiiinanlddnuunnivisiey
TugUvesansananeruuazansuian’ vonaniudl
n1snssussuayulnslusliuuvsednumesing 9
Weauazaanlunisinluuszyndld Wy ady
walga wa wazdle Wiy saenaudinsideayulns
waredaieatunisesngnisnuilsaldediad
UsgdvBamuieatueunuiagiu gnidaulng
Frianld IHun arsdiuumnds Shwlsauwn seae
AULAYIT LU HERAMIIUNNYRE (Taxol) a1sania

naIMIenziaield i 1unzSIasnan A9

ayulnsvangwidaldilueungemds wsuasienany
wdaunds IouA nnaede uwrAie gnee wazdu 9
wanfamfilfidueiesdienausgiiuia laun wauas
vty venandddiaulnsildibuarsiude
wuAfidey e Tavieridnuuasdngiis uavaihUsan
(Deewatthanawong et al., 2019) 131 A17L39 4
viuty nswifien osw uazyidouma Judu Tae
ayulnsildiuegludagtudrunaiduayulnsisl
nsldfumegisseiieondunatsnuiy fiiusng
Tushseriut saaduayulnsdiinisseny
Tuunauisesng 4 vasiiinsfnyddeiewun
wardummanSusifiddynayulnafiuundude
vunldgnualsanng q 1wy Tsadndeldalalsun
2019 Feiinifuanansaniasulnslneiauidizue
uwalgaeinfionsguanuiesvaididsiaide
(Butcha et al., 2022) \loann13uLi1v0381930
asafinndrsssmaidsaiunsuaglinalunig
Shunitldumels mswiRanisiesssn (Multidrug-
Resistant; MDR) Tuiianseunaneie
wusuntsveintluiigayulnsana
Stemona MA Stemonaceae ﬁqﬁﬂiyim‘ﬁuﬁmsum
Ineihunlguselosdluaiusng 9 wu Jesdunisiin
wuauUand nuratesiunisiianueu AdaLiu
(Kontun, 2014) ¥ anaflgouLarfLiuToves
waaIE1UBLNINN (Charoensuk, 2017) é’uéjﬂmm’%@
voudosmatsia Liun Wos1 Colletotrichum
gloeosporioides (Charoensuk, 2017) Mduan AU
Tsauouunsalualunsndiu 1Wos1 Pythium
delicense #inalsaluin L%’aiﬁ Pythium parasitica
AduarmnveddsanilulinalasianizluniFou
wazilo91 Pythium oxysporum duanvemdnues
Tsaftenlulsinanlssesu (Montri et al, 2014) Waiun
Jundadudiasdidaiuadu (Rhipicephalus
sanguineus) Fufunuasiinuingdnuvuoglivy

guavliiAnlsasie q Tugde wu an1glainaig
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Aavaunauuiidwaliifaunaindeuazlsainige
nwesluliaidendng g 8nvatelsa (Kontun, 2014)
anunsneengvsdnfseune1dfinauveunylaA
wirdueletesiunfu® (Boonkusoli et al., 2022)
Fulduarannsnslivesiidenueuledn Wewn
nusunIgneInasatsniegianadusya
(Stilbenoids) B uasnguwedfiuea (Polyphenols)
fanunsadueyyadaseldfuazivouwalunis
aaﬂqw%‘ﬂﬁw (Montri et al., 2014)

'
a

wzurnduiivdnaiunsineddaulneuuiu
uzuMWaluiviasegiadidgvasdsznalng
\Juitvrsd Rutaceae fi3oinerAransin Gitrus
aurantifolia (Christm.) Swingle Aaulnetsndeouly
UWMIEMTUUT0WNT druvndanauenanagly
Ugsamnsudadslddudniundesiudidoufuuin
nsuslaauzundaililasuansiuesyyadase
Yosiuuzisa i vzasanuun wazdesiulse
3u 9 Tumsgeamnssudsldarsadnintuainia
ururitefudiuuszneuvesiniesdionsuayna
g1¥nwlsaunriln urunaiuisalgnlaynnia
Thuszmeviheldliiuinuasnslides winnsugn
urunidsraudammsssuinvenieuuniise
(Xanthomonas campestris pv. citri) mmmaﬂiﬂ
WAUNDS LLazLL;Jaqﬁmgﬁ%dwalﬁﬁuﬁﬂgﬂmma
anavgu1n (Sapapporn and Thanikkun, 2013)
sgdlsfimuuseinelnedaideliusouiuanugay
ANYTAIVINAN AU TTUNIFUALANUVAINTAIENS
Fanmdaduiszing ﬁaﬁfuﬂmzﬂiﬁaﬁmmsﬁ%
wiisnsudtlgmlsauaanefurun ruvsiignsna
durdindu q lngmshasulnsfislinnluviosdiuanyh
miaﬁ’mLﬁawﬂaﬁiaaﬂqméwﬁﬂ%aﬂﬂw (Biological
activities) Wa¥MIAUMNAITIULUU (Lead compound)
nayulngmewmenen (Stemona collinsae Craib)
dethlldlunrdamilvfunguinunsnsiivgnuzun

wagNyasenadunssuIneg1esulssagluveil

saAns LI sHaalussFugRamn Ty
soly MrfusmddeiFaltngussasditelnldansadn
nayulwsifignidulsaunanevosuzunliiy
yuvy wagiilewIeuifunyinisdanmvesasadin
fuasaraseoUivesdamauazimindanmine

WUANILSY Bacillus cereus

gunsaluazasiad
arsiaiildlunisideramumduinsanis
AR (AR grade): ALY (DPPH; 2,2-Diphenyl-
1-picrylhydrazyl) ¥ ® 9 FlukaChemie (Germany)
Wau-gloAalweIielaus (Folin-Ciocalteu reagent)
nsawnaan (Gallic acid) ¥®9 Sigma-Aldrich (USA)
T uasuaiun (Na,COs) ¥89 Ajax Finechem
(New Zealand) lulastiUa (Mechanical Pipettors
BIOHIT) 989 Merck (Germany) A3 DITENEAITUUY
anAUAU (Rotary vacuum evaporator) LLazLﬂéaﬂ
dansililetanAdidaaUnlnsivlniiines

(UV spectrophotometer, USA)
FANTUNTIY

nsafag1sdfgyayulnsTnuuaumeeIn
WuayulwsnueunevenanUguulza
fualza snovee Fantayisud luadedl
19738d159anuuluszuu (Systematic sampling) Tag
A13919uUasd5998mAs (Quadrats) BUIAN4
4105 9717 4 LWAT TEEENTENIINUAT 16 LUnT
(Thapyai et al., 2017) Tnea1sudaclufiuiidned
12 wuas msa”ﬁaaL'%':Mﬂquwuiu@auﬁ’umau
LAELAUAIDE NNUDUAIYNYINUIA1YINAINEE DA
sudutuun  Aauauuisain wddsaulnsus

F1u7u 500 nu ldadlugeirdaungelvuiuldas

1%
|

Tulawd? afnmledivinazatedunsgnivinieiu

)

USu1ms 3,000 ua. laun enwulanraslsimu
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LOVIALBTNALDNIUDE LAZLINIUDE ANNAINU U1ES
afnayulnsiinsesudiunsemedvinagaefienied

SYNUFYYINALUUNYY Waziiufigamgll 4%,

n1sn1Udsu MW uaansau (Total phenolic
compounds)
n1smdsuaiiuednsinlagdsWau-gle
fiawwe (Folin-Ciocalteu method) (Rutnakornpituk,
2017; Thumpala and Seanthaweesuk, 2018) Tnedl
Tupouitddy Fed n1swssuaITazangWau-ile
Aalatudu 0.2 Tuans lnetiunansazaneniu-gle
Fawoududy 2 Tuans Usunms 10 va. azaresaein
ndulSuUsunsldasy 100 ua. wisuaIsazany
Todeunnsvaiumdudu 75 nfu/ans lnedddaiion
A1suBlun 7.5 n§U azatedisuindunazUy
UYsunslvinsu 100 1@, 1W38UaI5aLaI8uInTEIU
nsauwnadnudy 100 un/ans Taeds 0.0100 n¥u
avangluthnduuuBinestiasy 100 a. Yrunideans
Tidanuantulugig 10-100 10/A0T WTIUETANR
wuounene1N Uty 50 un./ans Tnedeansaie
0.0025 1n. azanednduLdUuUsIRsTvasy
25 ya. YiUnansazansunsgIuviseansann 0.5 ua.
Wiuasazanendu-glefaiye 2.5 ua. e lidniu
Tntuduansavareluiouasueiun 2.0 a. 1we
T fuudvassls 1 $alue antduslusadnis

= = =
@ﬂﬂaULLa\‘iMﬂ’ﬂum’mau 765 uﬂul,imi

Na WO /Na MoO ~ ——  [phe-Mow O 1*
2 4 2 4 11 40
GRIARN AUIU

nAgaUNITAUIYYaBaTElaeISANWNLIaY (DPPH

method)

BaAfenduisinseiiliaiugndes
U

AITU LU

o

g189 418 d¥AIN WarIIALsg

o
o

(Rutnakornpituk, 2017) mumaumﬁ,mwﬁﬁlmm
ASASBUAITALANYANALDTAUTNTY 100 Un./
805 Tuansasan ol IuoaLaIASENANTFAIBE19UaY
a1sazasuInsgu BHT Tildmnududumingu 25,
50 Wag 100 Un/Ans muanu nelduindsn 45 220
wazlunmazanudutuazieslduindyndnuiu 3
930 wazdn 1 vinduvinaruau sl 46 130
Ywa 1 1@, ¥09ENTaLAUAIDEUALEITUINTFIY
Tunsazanududulaluvindyr 3 Tu Wevinis
naEeuaIsiletsay 3 91 9 ntuliunaisazane
ALY 2 wa. ldvindululdasanuudulvegln
ansdiiu waenta 46 aluiulTluidingamgd 37°.
Wutian 30 undl mmﬁ?ui’mﬁwmaamﬁuuawm
arsazaefinnuenndu 517 wiluwas Auuen
Wesidudnsinueyyadase (%Radical scavenging)
NAUNT

Acontrol - Asample

%Radical scavenging = X 100

control
Lfl’e] Aontrol Lﬂummim@ﬂﬁuuawaamsﬂémmmm
U q q

< | =Y
Asample SUAINIIAANAULEITDIASNAEDY

N1SNAFBUANEN1ITIN NV eEISARASINNUBY
ANERINABLSALAILNDS

didouuaiide 1.5x10° CFU/A. 1naguy
umnzEeditiomnsiass PCA Tngldvhadedoan
afenasuuIUINEITe Wssnasfeg sy
6.0, 8.0 way 10.0 un./ans Usuusumsamelawuia
Fanenlen (Dimethyl sulfoxide; DMSO) lHUN LAY
N304 (Paper disc) YUIA 6 UL, INNUULHUNTEAN
Awmdsundadinaisiieds 20 lulasdns asuy
wrunsatunseslunsazadudy a1nduin
wrunszawnsostuiiulludilifuasainanduiaa

1 lua uanhannuudeineseuld diufaiuay
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\T3au (Negative control) Talatuiiadananlan 20
lulasdns ddeluvuiioungll 30°9. Wuiian 24
Falus wagdandesleu (Laend-on et al., 2019)

AMIMAREUANENIET I N VRSEITERASINLEY
AERYINADLIALALNDS TULUAINAADS

NNANIINABRIRINTITET19AY taAnLden
asafanguvesayulnsInuueumeveIniiean
grdetsTunzaoidelsaiinfian uvhnismadeu
gninisiudouvaiiGeiiluainelauaunes
Tunlameasd lngnuHuNIImMAaBILUUaNaNyYTal
(Completely Randomize Design; CRD) ﬁﬁgwum 3
55093 §119U 3 91 9 az 10 fu wIeudlsafa
Adadenudrnnismaaeslifinuiduduiiuinm
deansatadu 10,0 un. wauasTulusnm 2 vende
11 20 wa. iludavuvufunruniifony 1 9 udas
Fuaunssuizang q Amnualilugraduludiou
nuaus &9 fureau dauudasarvguldiingdu
(Vudhivanich, 2016)

E— y X 5
NAFBUANSNIITInIMNTATUWABLT L RE LS
dvunuazlsung

11a3a8ATINUUBUANENEINTDDNE VDL

FngaowelsnNANgnuYINISNAERUgNENITAY

wasuisluulamaans (Deewatthanawong et al.,
2019) 1AEI19WKHUNITNARBILUUGUANY T
(Completely Randomize Design; CRD) ﬁﬁgwm 3
n3UTE $au 3 91 9 B 10 Fu WRsLEsARAVETY
wiarriafifndenudininnisneasdiiaududy
Aflvsuanileansatadu 100 un. Wrlddanu
Tuutameasdlutiadu dnlusvasmuaaldihngu
ﬁm%’uma‘}uaaL‘wﬁyaLLﬂa?mjmqLLaz”liLLm”l,é’ﬁuﬁums

YIUBLAINULAL YN LUAINAAD
a W
NAN1378

nansudagsivayulnsIInuaunIeReIn
INNNTRANTUNANWULUDINUBUAENYN
NINGABANEAS SNYUTaIAY SnvazAaN N151369
fredly dnvagi saeiuiifing seyldindu
%iin Stemona collinsae Craib (fiosa1niinn1uu
aaRun ddnwazddudunn Tugumlavanesen
Tulpwazend Wuludemuenn Ussuna 15 & I3
Fenseu snduiiivemsidnvasnaneniaie
50 @3l Lagidunie pendianigndunendilensey
finasdvuy wunvesnenlugnivueuatenen

uaLan (Figure 1)

Figure 1 The general characteristics of Stemona collinsae Craib
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Han1sIUsHNEsHUeAN TN
HANNTIATILAUTIIUETHUANTININANT
afiaveuvesayulnsrusuneven lne3syau-ale
AaelUSsUWigUiuaNTIRsgIUNIARNaanlage Ay
nsinUfAseanisatsloudlannsoussning
a1sUsenauiluednuazaisazatgydu-glaAaive
fisznouseluauithuasyisawy Hogluguvedesou
Mo®* wag We* fivinltansazaneiidmdos lslessy

Sudidnaseuninarsiluednazdsulagluglves

a9 dounealvludumen/Moalnvisanea (phe-
MoW,;0401*) ﬁiamﬁu’mmﬁﬂisﬁ;tﬂu Mo way
W5 & 9881113 (Srimoon and Niymwan, 2021)
UdoglmAnuFATenuszana 1 lus udniludaen
ma@mmﬁuuﬁaﬁmmmmﬁu 765 WILULLAT WU
asannverulamaslsimuiusunuasiluednsiu
498 6.21+0.83 un./An5 S0%ANAL ansafave Iy
AelenIuea 3.07+0.10 un./ans (Table 1)

Table 1 Total phenolic contents of Stemona collinsae Craib extracts

Samples Concentration Absorbance Polyphenolic content X+SD
(mg/L) (765 nm) (mg/L)
No.1 No.2 No.3 No.1 No.2 No.3
Crude hexane 25 0.023  0.025 0024 0183 0314  0.258 0.2510.06
extract 50 0.024  0.024  0.031 0.258  0.258  0.651 0.3910.22
100 0.034  0.029 0.03¢ 0820 0539 0.820 0.73%0.16
Crude 25 0.053  0.063  0.053 1.887  2.449 1.887 2.07£0.32
dichloromethane 50 0.079  0.079 0077 3348 3348  3.235 3.100.06
extract 100 0.139  0.138  0.113  6.719  6.662 5258 6.21+0.82
Crude 25 0.026  0.023  0.021 0.370  0.202  0.089 0.2210.14
ethylacetate 50 0.028 0.028 0.020 0.483 0.483  0.033 0.33+0.26
extract 100 0.027  0.033 0.028 0426 0.764  0.483 0.56+0.18
Crude methanol 25 0.021 0.022  0.021 0.089  0.146  0.089 0.11+0.03
extract 50 0.021 0.022  0.022 0.089 0.146 0.146 0.13%0.03
100 0.022  0.023 0.022 0146 0202 0.202 0.18%0.03
Crude ethanol 25 0.062  0.061 0.063 2393 2337 2449 2.3910.05
extract 50 0.078  0.070  0.069 3292 2842 2786 2.97%0.27
100 0.073 0.076 0.073  3.011 3179  3.011 3.07%0.09
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NANINAFIUNISANUAYYADESE DPPH
NanTAAoUgVENIsTaWlunsIUDLYa
a2 TANAVLIUVDITINYUBUAILVEIN INNT
afadesiviazates 5 via fana1al3luAsIde e
NIIVAINITRANAULAIMAIATUIUANU DS HUANTT
AuaYLadaTY AV NTIUAT ICs WUINENTARA

ngulanaslsiivueenqnisueyyadaseliiian
AR 1Csp si"ﬂﬁzjmwhﬁu 46.62 UN./ANT 509891AD
avannneIuLENUIIAT ICs, WINAU 49.09 1A./aRS
(Figure 2) lagldarsinsaondiluaisuinsgiu

Wsuiguwdeuan (Positive control)

200 -
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3
v 100 A
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0 T y
X e e > >
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& \}'o ®<2, <
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Trolox standard and samples

Figure 2 Comparative ICs, values of 5 crude extracts with Trolox standard

HANSNATBUANINITINNTBIATARATINVILEY

AeneIn Ui uANTS
Nan1IadeUnYsN1siTauUATIS ey

asvnvedlsananoflunzun lasansadailled

AINNNTANARILAIVINALAY 5 VRO LA LFNLTU

laraalsiivy ilauadmne lWnusa wazlonuea
TnevansaramIouanudududifivsunanieans
afafu 6.0, 8.0 WAy 10.0 UN. AUSINU TILEA
#13 Table 2
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Table 2 Antibacterial activities to Citrus Canker

30

Samples Concentration Clear zone (mm) X+SD
(mg/L) No.1 No.2 No.3

Bio-fermented 6.0 7.0 7.0 8.0 7.331+0.19
water mix with 8.0 7.0 9.0 9.0 8.33+1.15
Bacillus cereus 10.0 10.0 9.0 10.0 9.66x0.57
Crude hexane 6.0 7.0 7.0 9.0 8.3311.02
extract 8.0 7.0 7.0 9.0 8.3311.02
10.0 9.0 9.0 10.0 9.33+0.57
Crude 6.0 7.0 8.0 8.0 7.6610.55
dichloromethane 8.0 7.0 9.0 8.0 8.00£1.00
extract 10.0 7.0 13.0 9.0 9.6613.05
Crude 6.0 7.0 7.0 9.0 8.3311.02
ethylacetate 8.0 7.0 7.0 9.0 8.33+1.02
extract 10.0 9.0 9.0 10.0 9.33+0.57
Crude methanol 6.0 7.0 7.0 8.0 7.331+0.19
extract 8.0 7.0 9.0 9.0 8.33%1.15
10.0 10.0 9.0 10.0 9.67+0.57
Crude ethanol 6.0 7.0 9.0 8.0 8.00x1.00
extract 8.0 7.0 9.0 9.0 8.33%1.15
10.0 13.0 10.0 10.0 12.67£1.73

311 Table 2 WU’j’INaﬂ’]iWﬂﬂﬁ]UQ%éﬂ’li
frudeuvaiizefiduaimaedsauaunesluizum
Tnshansafiafildannnmsatadesvhazats 5 4ia
laun eniwy tnaaelsiivmu wiauedive wniuea
wazionuea wssuaududulfivsinandeans
dinogIyning 6.0, 8.0 Lay 10.0 un. AIUEIAY
Wisuilsuiuansasanenedosdama uazimiin
Fanmgasuau Bacillus cereus WUIENTANANEIU
Fasonusaauisafiuidenuafiioliffige

1ANRA8U999ARYSIIUTN 12.67.00+1.73 U3, Fadl

ANRAYTBIARYS M ULINAINE1SAaTa18n U DS

Fawln wazdmininngasua Bacillus cereus

HaNSVAdaUNSTNUamAReq
n1snadesugninIdaninesasadne
ayulnsnuauneneinselsnuaunes Wisuiiey
msazmmauLﬂai‘si’faLWMLLazﬁmﬁﬂ%amwgmmam
Bacillus cereus Tnen3supnudududidusunanie
ansafmdu 10.0 un. wdrthludanudunzuniiiie

lsAuAunasyn 9 1 Ju uAsU 2 dUa1i (Table 3)
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Table 3 Antibacterial activities to citrus canker in experimental plot

Samples Concentration Number of the day for spraying samples
(mg/L) 3 a4 5 6 7 8 9 10 11 12 13 14
Crude ethanol 10.0 - - + + + + + + o+t A
extract
Copper sulphate 10.0 + # #  #H  #  # # # # # # #
Bio-fermented 10.0 - - - - - - - - - - - -

water mix with

Bacillus cereus

- = inactive to citrus canker; + = starting active to citrus canker; ++ = antibacterial activity with 50; # = leaves and branches of citrus drying

IINNANITVNADINUINETAT AV UENIUDA
gangniduuuafiefiansadunaiuldosig
Foaulufuil 5 vesnsinnuuazesngnisiu
wuaSeld 50 Wedidud lufuil 11 vesnsdaviu
dmfuarsazarsasvileddainnoangnifiu
wupfiFelalutud 3 vesn1sdany uatuil 4 B
Tuesuarluvesuzunisvuinig dautdindn
Fanangasuau Bacillus cereus 13 qn3diu
WUATILSY Xanthomonas campestris pv. citri iy

GRREX NI GH

NAN1SNAFBUANENIITInTMAsELEEUe

NANIINAABUgNINITIN MV IA AR
ayulwsnuoumenendomasuts Tnswieuain
WudulFiusinandoansatmdu 10.0 un. udaily
Saudunzunfiialsamasuis Tnevihnsnagey
quis 3 1 nuindedanuansadansed 1 naruly
17 Wujwé’fﬂﬁmgaLLﬂQ§ma§mwm?{auzuwa wiiiledn
wuansatansadt 2 wuiudsiinegfumdsutamgn
on dnuwazveanasuiuldsuandundudife
wagmeluludign

KaNIVAFBUgVESTan MR TR BUl BTy
quismsTinmuesansatavueumenense
wasudadsam TnowIouenududuiidusinanie
arsatmdu 10.0 un. udahludanunasudsday
AARFUAULEUITIUIY 3 §1 91NNITNAABINUTN
Sledamivansatnadait 1 funanaiena Wl 3 Su
USinameunasanas 60 Wesdud fmasazidons
wazvaAIINduuru Wedawuasadandadl 2 il
naruly 3 fu Usnawesnasanas 80 Wesiius
wuwaeARnmuAruadesnuaziiledaivans
afandad 3 Juneradionadiiull 3 Yu nuinldd

RER/GRRE!

g =
NANISNAFUNINITININATAULIUAS
ONINNTININYBIATANANUBUAENEIN

v

salswna lneldanududunidusunaiaansania

a a

Ju 10.0 un. Fanulsunsfiiadyiulnaufsugun
$1au 3 91 nutidledaniuansatnaded 1 dunana
dlonatiiuly 3 Yu YSurmvedlsunsanas 40
Wesiiud Wedavuansarnndsit 2 Usnamedlsuns
anas 70 Wosdud iedanuansatnnded 3 luills
wALviead uanviransainayulnsnuouneneIn

figvslunisidnlsunsle
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32150iNAN1598

NTANAIINNUBUANENRYINAILAIVINALANY
Fasutanineiy Tnedesdduanihazaneildl
Frlumivhazaneiiiitags Tdun wnisu loaselsdinu
lAakedne Wniuea wazteniuea lausunuans
ﬁﬁﬂ‘ViEJ’]ULQﬁIEJ 0.02, 0.26, 0.08, 16.38 Lay 0.45
Wosdusvasiminuis audiu szdiuinansana
vgUiemnuealiUiinaasataneuaniae

wanadnarsmdussrdsznavlunusunienenn

HO

OH

o

dnilvgjdneglungueansiniiey (Nuntawong, 2015) wag
Juarsafaduesddnaglungunediluea (Mattio

£y

et al., 2020) fgn5A1UAUNTIuaranIILIATEA
Prduazivesafalusuaiinauinidalnsniuoun
warillassatrandnifuafaduiirauuduiasdng
ﬁmyjl,muﬁlmﬂmqﬁu apadusssimididulase
wuuriining (New scaffold) Tuniswaiue1vesans
Tunguillnefignslassaramdnidu ce-c2-ce Fudu
arsafadu wavilleafatugnidumyilensenda

(Hydroxyl group) agleansafatusea (Figure 3)

OH

Figure 3 Basic structure of stilbenoid

HAN1TIASIENUSUIUTUBANTIN WUINENS
afavevlnaaslsiimuiiuTinafiuedniuanniian
6.21£0.82 UN./3AT T9904UIAB @1TANANLIUAEY
l@UBA 3.07+0.09 UN./ANT WaRIIBIAUTENBU
vasasatadansadaduossiutdussnana
Feansadeulossu Mot waz WO anndudesiy
Wy Mo war WS fiflu3u (Srimoon and
Niymawan, 2021) uagHan1siueyadaszinaila
DPPH nwunansananenulaaaslsiinuiliuss@nsain
Tun1siuoyyadase DPPH I#ATIgns8dn ICs
WINAU 46.62 UN./ART 5898911AD d@15ANAREIY
wnwuilan 1Cs, WU 49.09 un/ans esenans

annre1uattilenusenauYedansanaluayn

fvglensondaviniilunisdudnisieures
ayadase (Free radical quenching) 39 ANAINNTD
lunsiueyyadasy (Zujko and Witkowska, 2011)
dugvdnisiunvediGedduaiguedsauannes
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2021)
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wenaniasienafiausatnunvinle
inan1IziAsenoondundy (Oxidative stress) vl
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Fusyyadaszuds Suiniiunalndu q Snfae
nnransITeivhllamamdlunistanan foe)
sssumadilmilituinensnsivgnuzuiuasiis

n3zNadudy  sely
#3UNan153Y
AN5ANANEIUVYDINUBUAIENLINTGNTATY

ayyadasy DPPH Lad lnalanizarsadinveny
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Effects of Solvent-free Microwave Extraction on the Active Substances
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Non-communicable diseases (NCDs) pose a significant public health challenge in Thailand and
globally, resulting in economic burdens and side effects from pharmaceutical treatments. To miticate
these issues, the use of plant extracts as preventive measures has gained attention. This research
investigated the effects of solvent-free microwave extraction of hemp leaves on bioactive compounds.
Hemp leaf extracts were obtained using microwave power settings of 150, 250 and 350 W for durations
of 15 and 30 minutes. The study evaluates the antioxidant activity through assays including DPPH, FRAP,
metal chelating activity, and hydroxyl radical scavenging, as well as the inhibitory effects on enzymes
related to various health conditions, including ACE (hypertension), DPP-IV (type 2 diabetes), Q-amylase
and Ol-glucosidase (type 2 diabetes and obesity), and HMG-CoA reductase (hyperlipidemia). The
valuable compounds in hemp leaves were extracted using microwave-assisted extraction at 350 W for

15 minutes. This extraction method yielded the highest DPPH, FRAP, and hydroxyl radical scavenging
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activities, with respective ECsy values of 0.75, 0.39 and 1.16 mg/ml. Furthermore, it exhibited the most

potent inhibitory effects on ACE, Ol—amylase, and Ol—glucosidase enzymes, with ICs, values of 0.35, 0.14

and 0.23 mg/ml, respectively. Furthermore, the valuable compounds extracted from hemp leaves using

microwave-assisted extraction at 250 W for 30 minutes were identified as the most effective in inhibiting

DPP-IV (IC5,=0.37 mg/ml) and HMG-CoA reductase (IC5,=1.18 mg/ml). This study highlights the nutritional

potential of hemp leaf extracts as a promising strategy for preventing NCDs.

Keywords:

bioactive compounds
UNANED

Tsalyfnseigese (NCDs) 1 utlgywiddey
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solvent-free microwave extraction, hemp leaves, non-communicable diseases

a-amylase ag o-glucosidase Z;N‘Vldlqm 1A 1Csp
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Uszanay 1,401 arudruum dwmsudsenelnelsa
NCDs nolilinn1saqdeniauasugiageiissosay
2.2 vomAnSuTinaTNUsErnA viedyariaay
198,512 d1uu1m Faiinainlsa NCDs lu 4 ngy
lsavan lawn lsaalauasnasnidan lsna
W Tsauetds waglsamafumielad e
(Rojanapithayakorm, 2019) N15iA mImmﬁwﬁahuImyj
TamnaNn1eLAIEneendindu (Oxidative stress)
Fafnananluaunavesfisorinend
Tusnene waglumenduiunmelspanunsodmaliiin
AmseRandinduiisunssty uazdniilhiAans
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sruufueuyadasErNTadanas naeaaud ALY
Tsafinsanndi sunsaiutulfigusu (Camps et al,
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Wanuenisanlsanazannsgadeniaasugia
o LAMNEIAYLaZTITNIEDEIIN
NUIANNITALATUAVNINAILLATUINTT
Arpuvdnmsovnaduen Wuniduisnsiiannsa
Joadunisiinlsanazadisniuaunavessianiels
(Panutat et al,, 2017) n1suransanadfyuly
Uselowddu uenanatewus uaznssuIunis
wngUgn nssuunsanaLagnsinlviansadiaiiniy
Uiavsnasionrmdesnmahluldmudundduilade
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HOANTINVDIARUNMUBIAUAN UazkFnfausiitily
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a1 saA Y LU uANToau (Thermolabile

substances) TauvisdaaliiuSInamIon iy
anad Tnlanizeg1ediansuseneudifigndnisdanm
(Bioactive compound) (Kurtulbas et al, 2022)
Fotunsidenldimaluladnisataansdrdayiils
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asfelvalfivaula
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nauvalauoss (Flavonoids) fnnssueysadasy
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DPPH radical Scavenging Activity
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Figure 1 Antioxidant activity of hemp leaves by different extraction methods (SFME1=150 W/15 m,
SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m, SFME5=250 W/30 m and

SFME6=350 W/30 m). (A) DPPH radical scavenging activity, (B) ferric reducing antioxidant power

and (C) metal ion chelating and (D) hydroxyl radical scavenging activity. Bars (mean+standard

deviation) with different letters have mean values that are significantly different at p<0.05.
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naaaLaen (Hoe and Lam, 2005) wonNTTNun
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Angiotensin Il Tun endothelium-dependent pathway
§ i gafun1suanda e Nitric oxide way
Prostaglandin (Poh et al., 2013) Walansafnanni
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Figure 2 Angiotensin converting enzyme inhibition of hemp leaves by different extraction methods

(SFME1=150 W/15 m, SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m,
SFME5=250 W/30 m and SFME6=350 W/30 m). Bars (mean+standard deviation) with different

letters have mean values that are significantly different at p<0.05.
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Figure 3 DPP-IV Inhibition of hemp leaves by different extraction methods (SFME1=150 W/15 m,

SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m, SFME5=250 W/30 m and

SFME6=350 W/30 m). Bars (mean + standard deviation) with different letters have mean

values that are significantly different at p<0.05.
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Figure 4 Alpha—-amylase inhibition of hemp leaves by different extraction methods (SFME1=150 W/15 m,
SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m, SFME5=250 W/30 m and
SFME6=350 W/30 m). Bars (mean + standard deviation) with different letters have mean values

that are significantly different at p<0.05.
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Figure 5 Alpha-glucosidase inhibition of hemp leaves by different extraction methods (SFME1=150
W/15 m, SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m, SFME5=250 W/30 m
and SFME6=350 W/30 m). Bars (mean + standard deviation) with different letters have mean

values that are significantly different at p<0.05.
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Figure 6 HMG-CoA reductase inhibition of hemp leaves by different extraction methods (SFME1=150
W/15 m, SFME2=250 W/15 m, SFME3=350 W/15 m, SFME4=150 W/30 m, SFME5=250 W/30 m

and SFME6=350 W/30 m). Bars (mean + standard deviation) with different letters have mean

values that are significantly different at p<0.05.
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Effect of Pyrolysis Temperature and Residence Time on Properties

of Biochar and Wood Vinegar from Oil Palm Frond
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Palm oil production produces a lot of waste materials, particularly from oil palm fronds.
Converting biomass using pyrolysis technology into charcoal and wood vinegar to increase farmer
income is of great interest. This research was conducted to determine the effects of pyrolysis
temperature and residence time on the chemical properties of biochar and wood vinegar from oil palm
frond. The slow pyrolysis was in a temperature range of 400-700°C and lasted 60-180 min. A 5 kW
electric heated reactor was used. Nitrogen was used as carrier gas with a flow rate of 5 L/min. The
chemical analyses included an approximate analysis, calorific values, specific gravity, and pH with
according to ASTM standards were conducted. The oil palm frond shows great potential for biochar and
wood vinegar production. Increasing pyrolysis temperature and residence time led to decreasing
moisture and volatile matter while the fixed carbon and ash were increased. Optimum pyrolysis
temperature and residence time for biochar and wood vinegar production occurred at 450°C and 120

min, respectively. The highest proportions of biochar and wood vinegar production were 32.05 and
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47.76%, respectively. The calorific value of biochar was 25.53 MJ/kg, while wood vinegar obtained had

specific gravity and pH of 1.075 and 1.89, respectively. Oil palm frond can be used to produce charcoal

and wood vinegar and appropriate for household fuels and agricultural applications

Keywords: slow pyrolysis, biochar, oil palm frond, wood vinegar, effect of pyrolysis

temperature and residence time
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Figure 1 Foliar characteristics and preparation

Table 1 Chemical properties of palm leaves

Chemical properties

of palm leaves

Proximate analysis

(Dry basis) (%)

Ultimate analysis

(Dry basis) (%)

MC VM FC Ash C H O N S
This research 6.24 7504 1651 221 4387 572 4737 0.14 0.12
Homdoung et al. (2019) 8.69 7031 1272 868 4539 6.68 4143 161 0.08
Sulaiman et al. (2016) 715 7320 1399 565 37.70 558 5583 035 053
Balasundram et al. (2017) 6.73 5588 2033 17.06 38.22 588 5515 0.68 0.07

insesufnsallnlsladauazgunsninsmanas
Figure 2 uanslaozunsunsingansosile
wavgunsainsmaass Tneirsesfnsailnlsladaidy
13 097 Iianudoudasunainluiinvuin 5 kw
MuALazUSUR IS ATl AL euld s 1-10

. /Uil drulsznaumsesunsallnlsladauszneou

¢ae Bmmsluliiuuuaiuiale Aadailslunisie
Inlsladaianun 3 F1u meluydowsind eq
InlalsFadidnvazidunsinszuongnmulszaiu
80 wu. vid e Yanaunuad Aadsyaingungd
suas melufifroaunuaaiiioldieg19dma
Tngldnsiay 20 n3u densmnaes seuumuAuliih

150



Journal of Agri. Research & Extension 41(1): 147-161

vihuiauauUIinansdeuliiiuaziuaunis
Usugamgdl ssuusruisauioutsznaude i
1119 60 W guihanndudieldvdeifuduuurasios
winlnduazlnanduszuianuseuluduin 30 Gas
aavedugateululnsiauiienuquaumyiuas
Jaadunaifanisnlndsenitanssuiunis 8nsn
n5U5U 5 Ans/nit nstiangianuduldgoy
auou MEMMERT $u UFB500 110 108 A5 AU
gaumaliasanls 300°9. N133AT1zMAITUNTA-ANS
vosunduntulilfindestn Horba Ju LAQUAtWIn

Stainless steel hold—»

oH-11 f929n153AAN 0-14 Asmmdndauna
THiafosdaininAdnauuy 4 duwis ZEPPER fu
BGB224 N151AAIAIUT BUTIUIALATA1UTININ
T4 rSosuontunaeiiwes Ju ART.2060/2070 A3
300 4. NAABININUIATFIU ASTM D2105 113
naaesfnwnisusuaamgiuasantnlsladalugie
400-700°%. WAz 60-180 W19l MINAIAU TLATIEN
AaNUANIuALl HARFANTEUIUNNT A1AUToURIY

1IN AIAUEITNNE azAAUTunTA-ANa

Water in

Pump

|  — = |
Gasin Cooling tuwer—rﬂ = >
Water out
N, rotameter —>|:|
Pressure gauge
/ Sample
< Reactor pyrolysis
e
Eﬁ_ I m——
M é}_._ Thermocouple
~ : Cooler
- P> Gas out
| :
Av-ﬂood vinegar

Control system

Condenser

Figure 2 Biomass experimental diagram under pyrolysis process
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Figure 3 Effect of pyrolysis temperature on biochar properties at pyrolysis time 120 min
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Figure 5 Biochar proportion wood vinegar and pyrolysis gas obtained from the pyrolysis process

of palm leaves
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Figure 6 Heat value of biochar from palm leaves
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Figure 7 Effect of pyrolysis temperature adjustment on specific gravity of wood vinegar
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Figure 8 The effect of pyrolysis temperature adjustment on the pH

of acid-base wood vinegar via palm leaf
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This study was conducted to investigate: 1) socio-economic attributes of farmers; 2) practice of
tea production under good agricultural practice; 3) factors effecting tea production under good
agricultural practice of the farmers and 4) problems encountered and suggestions about tea production
of the farmers. The sample group consisted of 153 farmer members of the Royal Project in Chiang Mai
and Chiang Rai province. A set of questionnaires was used for data collection and analyzed by using
descriptive statistics and multiple regression analysis.

Results of the study revealed that most of the respondents were 53 years old on average,
elementary school graduates and married. They had 4 family members and 3 household workforces on
average. The respondents had a yearly income earned from tea production of 49,740.79 Baht but they
had household debt for 67,486.84 Baht on average. They received information about good agricultural
practice 4 times a year and contacted agricultural extension twice a year on average. The respondents
attended a training on good agricultural practice once a year on average and most of them did not have
any social position. The respondent had an average of 7 years of experience in tea growing under good
agricultural practice on average and had a high level of knowledge and skill about tea production.
Factors effecting tea production under good agricultural practice of the respondents with a positive
statistically significant level were a number of family member, social position and knowledge about tea
production under good agricultural practice. Only the number of household workforces was found to
have a negative one. For problems encountered, the following were found: 1) there are restriction in

use of chemicals to prevent weeds and insects and others such as expensive price, inadequate tea
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drying area, lack of skillful labors in tea processing and lack of continuity in purchasing tea products

from various markets. It was suggested that body of knowledge about marketing should be supported;

database on diverse sources purchasing tea products should be developed; and the tea price should

be determined in advance to motivate farmers in management of the standard tea production process.

Keywords: tea production, good agricultural practice, the royal project, agricultural extension
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Table 1 Practice of tea production under good agricultural practice of farmers in the Royal Project

Foundation in Chiang Mai and Chiang Rai province

(n=153)
Practice of tea production under good agricultural X S.D. Description
practice of farmers

1. Water source 391 0.67 High
2. Planting area 3.73 0.70 High
3. Pesticides 3.96 0.66 High
4. Pre-harvest quality management 3.78 0.72 High
5. Harvesting and post-harvest management 393 0.67 High
6. Holding, moving produce in planting plot, and storage 4.01 0.79 High
7. Personal hygiene 3.88 0.65 High
8. Record keeping and traceability 3.81 0.72 High
Total 3.88 0.58 High

4.51-5.00 = highest, 3.51-4.50 = high, 2.51-3.50 = moderate, 1.51-2.50 = low, 1.00-1.50 = lowest
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Table 2 Factors affecting practice of tea production under good agricultural practice of farmers

in the Royal Project Foundation in Chiang Mai and Chiang Rai provinces

Independent variables

Dependent variable

Practice of tea production under

good agricultural practice of farmers

B t Sig.
1. Gender -0.025 -0.279 0.781
2. Age 0.003 0.565 0.573
3. Education level 0.081 0.793 0.429
4. Status -0.192 -1.579 0.117
5. Tea production income -1.379E-6 -1.735 0.085
6. Household members 0.073 2.107 0.037*
7. Household workforce -0.079 -2.049 0.042*
8. Debt 6.435E-7 1.570 0.119
9. Receiving information about planting in GAP system 0.002 0.204 0.839
10. Contact with agricultural extension officers 0.036 1.898 0.060
11. Training on GAP system -0.006 -0.096 0.923
12. Community board -0.113 -1.038 0.301
13. Social position 0.260 2.266 0.025*
14. Experience tea production in GAP system 0.007 0.614 0.540
15. Knowledge of tea production in GAP system 0.127 4.462 0.000%*

R? = 0.402 (40.20%)

F = 5.303

Sig. of F = 0.000

* Statistically significant level at 0.05 and ** Statistically significant level at 0.01
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The Adaptation of Cassava Farmers to the Outbreak of Cassava Mosaic Disease
in Huai Khaen Community, Moo 2, Non Somboon Subdistrict

Soeng Sang District, Nakhon Ratchasima Province
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The cassava mosaic disease has continuously caused trouble to farmers in terms of damage
to their yields and farmers' incomes. The purposes of this study were to study; 1) general information
and production condition of cassava farmers in Non Somboon subdistrict, 2) cassava mosaic disease
impacts on cassava production, 3) cassava farmers’ adaptation to the cassava mosaic disease. Mixed
methods, including both qualitative and quantitative were analyzed, using questionnaire as the tool to
gather the data from 103 cassava farmers in the area of Huai Khaen community, Moo 2, Non
Somboon subdistrict, Soeng Sang district, Nakhon Ratchasima province. The result showed that; 1)
most farmers (52.43%) were females with an average age of 51.00 years old, finished primary school.
A number of family members engaged in cassava production were four people per household,
the majority of farmers (63.11%) planted cassava variety Kasetsart 50, the average income was 50,340.15
Baht per household per production cycle, 2) the effect of cassava mosaic disease consisted of two
aspects, they were economic effects in terms of crop damaged and product decline and social effects
in terms of community conflicts and the change of occupation, 3) cassava farmers’ adaptation to
cassava mosaic disease consisted of 3 aspects, they were production adaptation, i.e. changes in crop
maintenance and changes in planting time; occupation adaptation, i.e. planting mixed crops and

changing crops; and problem-solving adaptation, i.e. changes in cassava stem management and the
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source of the stem, and monitoring of cassava mosaic disease situation and forecasting the effects in

advance. The multiple regression analysis revealed that farmer income would be explained by the

adaptation variables 61.40%

Keywords: adaptation, Huai Khaen community, cassava, cassava mosaic disease
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5 ufuusn ldud Uszmadu gUu ldviy
anigowusnig wazdulatlide (Department of
International Trade Promotion, 2021)

Jaymlunisvgndudvenas dnnuleym
WAensulsalumaiudiuznds w3e Cassava mosaic
disease (CMD) tAma1n L?gaiiﬂ Cassava mosaic
virus 3nagluana Begomovirus 3@ Geminiviridae
Hagtuiisreauiomn 10 9din aduldadinulu
Ivnenini 8 vda wazduhSafinulunivieds 2
¥fim LAuA Indian cassava mosaic virus (ICMV) wu
Tuusswmadule wag SriLankan cassava mosaic
virus (SLCMV) wuluuseimaasasni suie Leauis
Lagfuyvl Tednuwazeinisveslsalusng
fuduzndafiddy e lusie lunin Hu3Uun T
DINITANLRAYUUY LU AT 8ITAda U8 TY
snavdeaduden luiin vievinues ludeedaden
vinse lradegunss luseunazluiiadglmidvuie
Bnas vanvdn Auwaszundy Wudu dusulsemne
Ineg Tul w.d. 2561 NTUIVINTTNWATINEUIT WU
Tsaludafudgndsrualufiuiidmiaumiuyg
F3UNT wavAsaziny seunlul w.e. 2562 Wudn
Fusfuduzndanantornislusneiifaninaseudy
(Office of Agricultural Economics, 2020) "71%\1 N9
UNIIEU1A909lATUANTUFIUENA @I UITOUNS
szunldlagviouiuduazuuamivnengu (Bemisia
tabaci)

sivaluuanysal eneldeans Jandn
uAssIANN R ufivedy 4 aseilawns wie
Uszanas 2,500 15 Usemvuluwadivaluuauysol
dnulugusznauonnmisnisineas 1w i vinls
Vau wazsiaesdns [udy dunaraannenisinens
fidday Toua 41w drunude sfudends e
wardu 9 (Non Somboon Subdistrict Munidipality, 2019)

ﬁﬂﬂﬁff@u‘iasuaﬂ Office of Agricultural Economics
(2020) wudtsualuuanysel 1LNowEE1s Janin
unssiedun WWuiuiindefinunsnsgugn
JTudruzudsdesnuiutguilsaluaisdudiienas
venwiieaniy Tul w.e. 2565 Fmuaniunisainis
szu1nvedlsaluastiud U nasludaminuassvdun
Tl 28 §ne $1uam 76,155 15 Andudesay 5.4
Yol Inenunisszuslunanesine end s1ne
BRGRE ﬁﬁuﬁﬂqﬂﬁuﬁ’wwﬁﬂﬂzaéu 114,366 15
Uszaufunisszurnlsalunaiudidsndernedy
3,822 14 (Chanrangsi, 2022) Faudledndydsna
Jairennunendouliuninunsns Tuauvesninu
deomeneUsununananiarsnglaveaunynsnsagng
Roifios mmﬁy’ﬂL‘TJumLm%amim?{auwaﬂué’m
\SWgNauazdInL

Rogers (1942) nanal¥i1 nsuiudivesynna

o '
o =% a

WugesTTuIALasnnauiUszaun1sal lneinnau

<

Juaudnaiaveauszaunisalsing 9 sauf191n13
fufuaznsu fauiusiugdu Tnednsuszifiuna
Tuwedl Havighurst (1953) na1331 n1sUsusafe
nsfiyaaalduiudlesauUssauanudisalunis
Sew3 wazn1simunulseriuvesiuesliui
lUdief 39913nd131A91N15UTURIVRUNBATNS
W1agnuei MsUTuMvetnynInIHaniIsAiy
AansiAesdn wagnisadieyadiunandnnig
nstnuns Melinsiuasuulamiesssuni dsay
waziasugialml o elvegsonuazdisaliagig
Uaoads dedu Sadumalviidefiauaulaly
n13fnwn1suTuiiveununsnsyuandudivsnds
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Personal factors
- Gender
- Age
- Education level
- Number of family members engaged
in cassava production
- Cassava varieties
- Income from cassava production

The impact on cassava farmers
- Economic impact
- Social impact

Figure 1
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Adaptation of cassava farmer on the
cassava mosaic disease situation

- Adaptation on production

- Adaptation on occupational

- Adaptation on problem solving

Research conceptual framework
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Wasuulase T (Table 1)

Table 1 Details of economic impact and social impact

(n = 103)
Economic impact Frequency Percentage
Damaged products 103 100.00
Amount of the product declined 81 78.64
Higher production cost 42 40.78
Social impact Frequency Percentage
Problems of career change 71 68.93
from farmers lacking knowledge
and high competing for the job
Conflicts 32 31.07

Source: Field survey data (2021)
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Table 2 Adaptation of cassava farmer on the cassava mosaic disease situation

(n =103)
Adaptation of cassava farmer Unchanged Changed
on the cassava mosaic disease Frequency Percent Frequency Percent
Adaptation on production
- Changes in cassava planting time 63 61.17 40 38.83
- Changes in cassava cultivation pattern 66 64.08 37 35.92
- Changes in quantity of cassava stem 72 69.90 31 30.10
- Changes in maintenance 50 48.54 53 51.46
Adaptation on occupation
- Career change permanently 68 66.02 35 33.98
- Changing crops 66 64.08 37 35.92
- Planting mixed crops 62 60.19 41 39.81
- Finding a supplementary occupation 70 67.96 33 32.04
during the cassava planting break
Adaptation on problem solving
- Production planning 60 58.25 43 41.75
- Monitoring of cassava mosaic disease situation 58 56.31 45 43.69
and forecasting in advance
- Management in part of stem and source of stem 55 53.40 48 46.60

Source: Field survey data (2021)

ANMUFUNUSTZNI19n15USUAIVBIUNYASTNS
naanunsailsalusnsiudzvasinatuiuneld

PMNMTIATIENTeYaMmMATANITIATIEN
nisannoenrAaMLUUUnR (Enter multiple
regression analysis) Wu11518lavnYATAT (V)
A1115095U18AEMLUTINNNITUSUMVDINYATNS

Tnanunsallsalussiudizndaiiiniu Taedie
Uszandainlunisvuiefiufuuda (Adjusted
square) LM1AUSBYAaE 61.40 A1 Durbin-Watson
Wity 225 wanednldfiatnuduiusonny
(Autocorrelation) (Prasithrathsint, 1997) (Table 3)
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Table 3 Enter multiple regression analysis on relationship between income and variables

Variable Beta t-value
Constant 46,984.49 14.02**
Adaptation on production (X;) 8,988.98 0.227 2.25%
Adaptation on occupation (X5) 1,139.00 0.028 0.28
Adaptation on problem solving (Xs) -1,576.33 -0.040 -0.41

R2 = 0.798; Adjusted R2 = 0.614; SEE = 200.882; F-Value = 19.447

Source: Field survey data (2021) and calculations; Dependent Variable: Income ** p<0.01, * p<0.05
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Ubon Ratchathani is one of tilapia culture provinces and sensitive to climate change both from
drought and flood. Studying the factors that influence adaptation to climate change for tilapia cage
culture aquaculturists will be play a significant role to appropriately prepare for aquaculturists. Primary
data were collected from 200 respondents and analysed using Tobit regression.

The study found that tilapia cage culture aquaculturists revealed a relatively high awareness
and understanding towards changes in climate change. Aquaculturists were more concerned about the
increasing rain and drought conditions, which would impact tilapia farming in cages. This resulted in
many adaptations, such as in cases of excessive rainfall or flooding, where farmers adjusted by safely
relocating the cages and consistent monitoring water quality. In case of drought, they adapted by moving
the cages to areas that had high level of water and adjusting the stocking density of fish within the
cages. In both cases of flooding or drought, it is observed that tilapia cage aquaculturists engaged in
planning other careers to reduce risks. Regarding to the factors influencing the ability to adapt to climate
change, it found that during both in rainy season or flooding and hot season or drought, factors that
enhanced adaptability included the increasing age of aquaculturists, heightened perception and
awareness of climate change, participation in tilapia farming training, increased concerns about changing
weather conditions, and the internet access for aquaculture knowledge. Building community factor and
contract farming factor only affected to adaptability in drought situation. In contrast, the factors that
effected adaptability during both seasons included increasing debt, reliance on tilapia farming as

a primary career.
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The recommendations for tilapia cage culture aquaculturists in Ubon Ratchathani area might be

to diversify livelihoods to reduce the risk associated with income and they should reduce debts to

increase the ability of adaptation. Other cage culture tilapia aquaculturists might promote an increase

understanding and awareness of climate change and enhance an access of the internet to increase

knowledge for tilapia farming. Moreover, farmers should be supported building community networking

to have the potential for adaptability.
Keywords:
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Table 1 Characteristics of aqua culturists and the measurement type

Variable Description Measurement type (unit) Expected sign
Dependent
Y Average adaptation score Interval scale
Independent
AGE Tilapia cage culture Ratio scale (Years) +/-
farmer’s age
EDU Farmer’s education Dummy (1=Higher than high +
school, 0=The rest)
ACTIVEDEBT ~ Amount of active debt Ratio scale (THB) +/-
COOP Cooperated with others Dummy (1=Yes, 2=No) +
CMAWARE Climate awareness score Interval scale (Average score) +
TRAINING Attained to tilapia culture Dummy (1=Yes, 2=No) +
training
FARMTYPE Joined contracted farming Dummy (1=Yes, 2=No) +/-
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Table 1 (Continue)
Variable Description Measurement type (unit) Expected sign
MAINOCPT Culturing tilapia as main Dummy (1=Yes, 2=No) +/-
occupation
CMCONCERN  Climate concern score Interval scale (Average score) +
INTACC Internet usage for tilapia culture  Dummy (1=Yes, 2=No) +
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Table 2 Costs and returns on tilapia cage culture farms between rainy season and summer season

(Baht/cage/cycle)
ltems Rainy season Summer season
Cast Noncash Total Cash Noncash Total
(Baht) (Baht) (Baht) (Baht) (Baht) (Baht)
1) Fixed cost 53.89 561.08 614.97 53.89 561.08 614.97
2) Variable cost 67,632.38 1,623.47 69,255.84 49,262.14 1,623.47 50,885.61
3) Climate change 16.43 581.03 597.46 23.61 851.90 875.51
adaptation costs
4) Average size of 46.33
cage (m?)
5) Stocking rate 1,395.25
(units)
6) Cycle (months) 4-5
7) Average income 66,263.20

n1sfuiuazadnudala aAruiela wazn1susuda
Aan151UA BULURIENINY 81N 1AYBILNYATNS
fidesuaniialunazda annsneduiglddd

1. msfuduazanuitlasionisidsunas
anmgiienne Lﬂwsﬂiééﬂaﬂmﬁﬂumﬁqa'aiﬂ,wqj

fn1ssuguavanutladnduniade 3.71

Mnazuuuldy 5 lastadeiiinunsnsiinisfuiuas
At lafifidadsUiunats 1dun Aanssuves
uywdiduanmnddgyrenizlaniou (azuuuade
Wi 4.26) uagyilviiinanndouasfoudey uag
§umamm°ﬁu (AzLuUAABYINTY 4.52) (Table 3)

Table 3 Awareness and understanding of climate change of tilapia cage culture farmers

in Ubon Ratchathani

ltem Mean S.D.
1) Human activities are a significant cause of global warming. 4.26 1.38
2) Earthquake is a result of climate change. 2.81 1.75
3) Greenhouse effect affects climate change. 2.97 1.82
4) Climate change leads to the melting of polar ice caps. 4.14 1.39
5) Climate change is a global phenomenon. 4.42 1.26
6) Climate change results in increased flooding and severe droughts. 4.52 1.04
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Table 3 (Continued)

ltem Mean S.D.

7) Traveling through mass transportation systems helps reduce 3.69 1.62
greenhouse gas emissions.

8) Using LED bulbs helps reduce greenhouse gas emissions 3.44 1.71

compared to using general light bulbs.

9) Purchasing products with green labels contributes to reducing 2.17 1.58
greenhouse gas emissions.

10) Rising temperatures result in accelerated plant growth 2.60 1.73
and faster crop maturation.

11) Elderly people need to avoid hot weather to prevent 4.25 1.35
health issues.

12) Climate change causes mosquitoes to grow and reproduce 2.89 1.82
at a faster rate.

13) Wearing clothing made from natural fibers helps prevent 4.07 1.40
worm weather with temperature reduction.

14) Building raised houses and preparing flood protection 4.89 0.38
equipment are part of adaptation.

15) Information from government agencies support adaptation. 4.59 0.98

Total 3.71 0.65

2. AU anan1siUd sunlasanin  avudnadensidssUardaliofindouds (Azuuu
aionmalumsifgelandalunsede inwesnsdidlvg wAsanuinawiiy 4.75) wazanuieiaillodunn
fmnudvalunwsineddanaie wiidu 3.83 910 vilnuINUU (AxuuwRbenNiIa 4.62) (Table 4)

5 Azbuy Fadadeiiinunsnsiinuiiags laua
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Table 4 Concerns about climate change impacts tilapia cage culture farms in Ubon Ratchathani

ltem Mean S.D.
1) Heavy rainfall affects to the tilapia cage cultures. 4.62 0.97
2) Cold weather affects to the tilapia cage cultures. 3.00 1.77
3) Rising temperatures have an impact of tilapia cage cultures. 4.50 1.16
4) Drought affects to the tilapia cage cultures. 4.75 0.87
5) Flooding affects to the tilapia cage cultures. 3.27 1.70
6) Climate changes affects to life, habitat, and assets. 3.29 1.76
7) Climate changes affects to higher costs of living. 4.04 1.46
8) Climate changes affects to traveling. 391 1.63
9) Climate changes affects to physical health. 4.10 1.52
10) Climate changes affects to metal health. 3.83 1.64
11) Climate changes affects to water scarcity for consumption. 272 1.86
12) Climate changes affects to agriculture production. 4.02 1.50

Total 3.83 0.65

3. miﬂ%’uéfﬂuaquﬁmmﬂﬁLU?SuLLan
3.1. nsususalunsaififidunnlanssnny
AN18 Y3eHUANIINANUNA Lﬂwmﬂs;:hgmﬂmﬁa
Tunsedadimsusuilnefiaadeandunzuuusiiu
2.88 91NATLUULAL 5 Lnyasnsdulugusuda
Tuszerdulnenisiad oudensedanidse sl
AL (Snsnsususitesay 97.50) dmsuszes
Urunans mwmmﬁmimnﬁmammwﬁﬁasmaﬁmua
(8m31n15UsURITREaY 96.50) wazluszezen
nuasnsiinsmseldiasuanaudiudy 4 Ea
nsusuAISeray 90.00)
3.2. msUsudalunsdifiggfeunisuds
A91UnA mﬂmsﬁﬂmwudwLﬂwmﬂssﬂﬁymﬂmﬁa
Tunsedadinisusuilaedianadswiniu 3.19 910 5
azuvy lusszdununsnsuduslagnisiedoudng
nszdemseaingn (Snsnsuiudidesas 98.50)
dnsuszeznasUiunatsnensnsusuialaeng

USUANMUAUIBLUUYBINISUAREUANAAEIMABN T

(Fn51n15USUAS Py 97.00) wazlusyezeny Ao
msmuvasselaasy (ensinisususisesay 90.50)
Yadeiifsvinasearuaunsalunisuiudanenis
LU§8ULLU6\1aﬂ’]WQﬁa’m’]ﬁ%aQLﬂHﬂiﬂiﬁiLgﬂﬂ
Uandalunszds
MsfnwuUsuusasseenduassd ie
audlalunisufuiivenneasnsfidssania
lunseds laun wuudraesdmsunisusuiilugasly

waznuuiaesdmiunsuiumluggieu

1. Jadeiifisndnwadannuaiuisalunisuiudaein
miulﬁﬂuLLﬂaaanﬂwgﬁaﬁnﬂﬂiquNu

1.1 Jasefifinarinliaanuanunsalunis
UsufananisiUa suuvasaningdieniAves
nwasnsfissadaiiady 99nn1s3dsanunan
a3ueledn Jasdefidwwanenisusudiveanunsns

Ainzidesuanialunsedaudefimsivisuwlasanin
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v

nlionAnauIn lakn engveanunsnsgidesUanda
Tunsed (AGE) ity nssufusemseutindeanin
Qﬁmmﬂﬁmé"amlﬂaa (CMAWARE) sy n1sud
funseusunsiassUaiia (TRAINING) msfaiase
aquﬁmﬂfmﬁmgauwaﬂ (CMCONCERN) n15441

§ &

Tfudumesilaiionuinmsideslatila (INTACO)

oeilfudfnvneadn neitfeidumaldfifian fo
inwasnsiiinsldnudumesidaiioniuinig
deavandassiauaunsalunisusudai uiu
Wiy 0.20739 Azuuy wonantun1sfiineasns
TUN1s0UTINISINALLE eUanila (TRAINING)
AunniazteliinunsufoRaunuimianiseusy
uazAUzNNsItuInnssulud o dananuansn
TumsuSudafiunnnit 0.14194 Az denndosiu
91489 Franklin et al. (2014) wag Aryal et al.
(2020) wandliiufanud Ay veTTAUAILS LAY
M5 T 903 av12a157 THan N 5LR UTEAY
AMUEIN1T0luN1sUSURIveLNEnINT Tuvnzene
Y8UNu¥AINT (AGE) Tiiud uazdnanonuaiunse
USusaiiiiutu deaenndasfuauiseves Amusa
and Simonyan (2017)
uaﬂmm‘fuﬂ’lsé“ui’uazmmﬁmam'ams
Wasuuasanmgioniafiiindu ssdwmaneseiu
A IalunsUSuRaInnsUAsuudasanim
piemaluiiamadeadu nandeinunInsiianig
$Suduaranuidilasntu avansawioudiiuiield
An71 0.07315 AzLUY wazNYAINSTANTE

1ANTILINLRUS UL BN15UE gunUasanIn

¥
a =%

u
pilonaNnTusleuiy denndesiuauideves
Aryal et al. (2020) wag Charles (2007) & auanalei
Windarud1AgueIn1ssuiuazauinarenis
LU?{suLLanamwgﬁmmﬁ (Table 2)

1.2 Jadviifinaviiliaruaunsalunis
U%’Uéf'adanﬁSLﬂﬁﬂuLLUaaanﬂwQﬁmmﬁ‘uaamwm

v ‘:’l =Y L4 E2 1 = Nya
{Laeevaniialunszdeanas laud n1sdvidu

(ACTIVEDEBT) i wazn1suszneuendmass
ﬂmﬁawa‘“ﬂmaamwsm@ﬁyawmﬁaﬁlumzﬁﬁ’q
(MAINOCPT) agnafldsdndgynisada wanslmiiuid
mwmm@ﬁymﬂmﬁaﬁluﬂsséﬁ’qﬁ'ﬁsmﬁ’wﬁyﬁumﬁm
Funazwandiiiuiinisznieanisiufiinunsnss
yinlhinwnst mansalunssavngunsalile3uile
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LNEATATHIZAUNITUSUAI8AAY LAaZLA¥ATAS
fngidssardalunssdaiuedmasuduinig
ﬂ%“uﬁ"mg’LLé’amﬂmsﬁwmﬁ’ﬁwﬁ'mmmma il
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(Solomon et al., 2014) uaﬂmﬂﬁ?u (Table 2)

2. JaduiiidnsnadanusuisalunsuFuiaann
nswasunassagiianialuggfou

2.1 Jadeiifinavinliiaanuaunsalunis
Usudananisiud suuvasaningdeiniAvaa
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Q017 LA 8uLUas (CMAWARE) n1514130
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fAsuudas (CMCONCERN) maitldauduinosiin
diemudnisdssaniia INTACO) aesilfodndny
nsadd luggieuiladvfiiiansnaronimamisn
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Yarda (INTACO) azfimanuaiuisatuni1sususi

'
a

WRUTUYINAU 0.14562 ATWUY WAZINYASNST LAY
W%UﬂﬁamuLﬁaﬂﬂsl,wm?iyaqﬂmﬁa (TRAINING)
JzilsziumnuansalunsUusiudu 0.11830
ATWUY LAenY (AGE) ﬁmmﬁyusuauwmm@l,gm
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Auausatunisusumluggseu 0.00593 avuuu
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wonNY ULEIN1SYILNEBa N AB DN
Fefldnddnlunsiiuseiuauansanisusus
mmmsL?ﬁyawmﬁaiqu%’amaqmwmm JEEVAR
fnsraunguuindu azviliinunsnsdidesania
Tunsedadiszaunmuanunsalunsuiusilanniniiiiu
0.14817 AzUu NASANwATNIEBNIDIFELTN
N15UTUA2ve9E UsEnaue i ediu soufens
uanasueuslungu wu neasnsiinisldgunsal
01988195 WA UL BAAFUNUNITINELE B B
A9AAADINUIUITBUDY Mohammed et al. (2014)
wae Aryal et al. (2020) fiwansliiiudsaiudfy
204n159 288 p31NATBUBNTA T BN TR N SERU
mnuansalunsususivenneasns snensides

wngld ssvatdalunsstauuuinuaswusd eyl

(FARMTYPE) 2zifiuszauainuasnsalunisususa
YDUNWASATIINAY 0.10725 ATLUY 198 1N51Y
Lﬂwmm@,gﬂaﬂmﬁﬂumzsﬁqﬁﬁﬁﬂ’uﬁﬁzyfm%lﬁﬁuu
ANY LU N1SIABUTH N15YIEATIAdaUlsAYAN
warlinnudiemdedy 4 anfunuveusendiin
Waduayuwazemae (Table 2)

2.2 Yadeiifinaviliarnuaiuisaluns
U%’Ué‘\"wiamsmgauuﬂawmamwgﬁmmﬂmm
nwnsnsiseaniialunszdeanas Tdun nnsd
wilau (ACTIVEDEBT) msidsadanfaduendwman
(MAINOCPT) pensiitfdndy dsvininumansgides
Uandalunsedaiinisusznavandmmidssania
uendunanlaelyderdwasy avdseav
ANaNsalunsusudlatiosnin 0.23868 Azl
annsassugldininunsnsiussneuantnEssanda
Wuerdmasuariinsusudalannin wmsizaiunse
Ususluvendndu 9 lmamnunselfideuadly
Faldnalufisniauieafuiusuusiasnisususa
Tugasu waewuiwnnineasnsgidesUanialunseds
fndaunsdne wanslfiudsnnsenienisiv
vouinuasnsilifiGuulugunsaludlunnsuiauds

AINaraN1US UM NENINT UN19Nanad (Table 5)

Table 5 Factors affecting tilapia cage culture aquaculturists’ adaption in rainy and summer seasons

Variables Rainy model Summer model
AGE 0.00596*** 0.00593%***
(0.00189) 0.00181
EDU 0.02533" -0.07946M
(0.05361) (0.05801)
ACTIVEDEBT -0.00031*** -0.0003%***
(0.00008) (0.00008)

195



M5ANSIVYLATANASUITINTINYAT 41(1): 185-199

Table 5 (Continued)

Variables Rainy model Summer model
COOP 0.00029"° 0.14817***
(0.04544) (0.04278)
CMAWARE 0.07315%** 0.52717***
(0.02518) (0.16937)
TRAINING 0.14194%* 0.1183***
(0.04311) (0.04313)
FARMTYPE -0.02383"° 0.10725%*
(0.05666) (0.05379)
MAINOCPT -0.22879*** -0.23868***
(0.04632) (0.04275)
CMCONCERN 0.04492** 0.00827"°
(0.0222) (0.17095)
INTACC 0.20739%** 0.14562%**
(0.05765) (0.04796)
Constant 2.19033%** 2.41608***
(0.17365) (0.18387)
Pseudo R-squared 0.4982 0.65500

SD in the bracket and *** ** * and " are significant at 1, 5, 10%, and insignificant, respectively.
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The objectives of this research were to evaluate the quality of life, social value, and economic
value of coastal community resulting from the project that has been supported by PTT Exploration and
Production Public Company Limited (PTTEP). There had 137 inshore fishermen from 9 inshore fishing
communities in Muang, Singhanakhon, Sathing Phra, Krasasin, and Ranot district in Songkhla province
participated as a research sample. The data were collected by using a set of questionnaire. Mean (X),
percentage (%), standard deviation (SD), and content analysis were employed to analyze the data. The
results showed that average quantity of aquaculture production and average price of aguaculture
production which were blue crab, fish and giant freshwater prawn had raised in all 3 species after being
supported by PTTEP. This can increase inshore fishermen’s income and their rate of return on
investment (ROI). Regarding the impact assessment on quality of life, economy, society and
environment, it revealed that the project contributes good impact to the environment at the highest
level (X=4.28), followed by society (X=4.22), and economy (X=4.01) which were at a high level. As a

result, the inshore fishermen in Songkhla province have a better overall quality of life.

Keywords: quality of life, social value, economic value, crab hatchery
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Table 1 Cost-benefit of inshore fishermen (blue crab) in Songkhla province

ltem Value in cash Value non-cash Percentage
(Baht) (Baht)
1. Fixed costs
1.1 Depreciation of fishing boat 6,999.17 71.97
1.2 Depreciation of equipment 910.84 9.37
1.3 Opportunity cost for capital 1,814.91 18.66
Total fixed costs 9,724.93 100.00
2. Variable costs
2.1 Cost for fuel oil 30,916.74 16.51
2.2 Cost of fishing boat repairs 7,989.29 4.27
2.3 Cost of equipment repairs 26,190.24 13.99
2.4 Cost for ice 8,060.54 4.30
2.5 Others, such as shipping cost 203.57 0.11
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Table 1 (Continued)
ltem Value in cash Value non-cash Percentage
(Baht) (Baht)
2.6 Wages 40,767.86 21.77
2.7 Household opportunity cost 73,142.86 39.06
Total variable cost 187,271.10 100.00
Total cost 196,996.03
Total cash cost 114,128.24
Total revenue 253,996.43
Net profit 57,000.40
Profit is above cash costs 139,868.19
Return on investment (ROI) 28.93

Source: questionnaires and calculations
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Table 2 Cost-benefit of inshore fishermen (fish) in Songkhla Province

ltem Value in cash Value non-cash Percentage
(Baht) (Baht)
1. Fixed costs
1.1 Depreciation of fishing boat 6,944.40 73.28
1.2 Depreciation of equipment 792.89 8.37
1.3 Opportunity cost for capital 1,738.85 18.35
Total fixed costs 9,476.15 100.00
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Table 2 (Continued)
ltem Value in cash Value non-cash Percentage
(Baht) (Baht)

2. Variable costs
2.1 Cost for fuel oil 30,359.65 16.99
2.2 Cost of fishing boat repairs 7,219.59 4.04
2.3 Cost of equipment repairs 27,303.30 15.28
2.4 Cost for ice 7,135.46 3.99
2.5 Others, such as shipping cost 192.47 0.11
2.6 Wages 37,211.75 20.82
2.7 Household opportunity cost 69,278.35 38.77

Total variable cost 178,700.57 100.00

Total cost 188,176.72

Total cash cost 109,422.22

Total revenue 226,313.65

Net profit 38,136.94

Profit is above cash costs 116,891.43

Return on investment (ROI) 20.27

Source: questionnaires and calculations
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Table 3 Cost-benefit of inshore fishermen (giant freshwater prawn) in Songkhla province

ltem Value in cash Value non-cash Percentage
(Baht) (Baht)
1. Fixed costs
1.1 Depreciation of fishing boat 6,999.17 71.97
1.2 Depreciation of equipment 910.84 9.37
1.3 Opportunity cost for capital 1,814.91 18.66
Total fixed costs 9,724.93 100.00

2. Variable costs

2.1 Cost for fuel oil 30,916.74 16.51
2.2 Cost of fishing boat repairs 7,989.29 4.27
2.3 Cost of equipment repairs 26,190.24 13.99
2.4 Cost for ice 8,060.54 4.30
2.5 Others, such as shipping cost 203.57 0.11
2.6 Wages 40,767.86 21.77
2.7 Household opportunity cost 73,142.86 39.06

Total variable cost 187,271.10 100.00

Total cost 196,996.03

Total cash cost 114,128.24

Total revenue 270,406.67

Net profit 63,055.19

Profit is above cash costs 131,586.67

Return on investment (ROI) 30.41

Source: guestionnaires and calculations
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Table 4 Quality of Life Impacts of Project from Promoting Knowledge Development of Crab

Hatchery and Aquaculture

Impacts X SD Level
- Take less time and distance for coastal fishing 3.91 0.90 high
- Increased balance between work time and family time 4.03 0.84 high
- Increased income 4.09 0.84 high
- Increased knowledge and skills 4.12 0.75 high

- Increased relationship with people in the community 4.21 0.72 highest
- Increased safety in life and property 3.93 0.79 high
- Better health 3.98 0.70 high
- Better accommodation 4.04 0.76 high
- Better welfare 3.88 0.78 high
Total 4.02 0.11 high

Source: questionnaires and calculations

N15UTEIUNANTENUAULATEEND
Mnmafvnunuteyaviiussusueil
iieUszifiunansenufulasegia annsatuayy
NMsAWIBIRAN3 n1seusndnneiingnyuazdnd
il eadanudsBunnninernsmazia Sania
49981 Y03UTEN PTTEP Wud1Uszii ud 1uan I

\isugnavesguvuRvy Ineldiiiudu uniigadu

dreunils (X=4.19) s99a9u7fe Uszifunisuiiy
Tenalunisusznavendnussusvisils (X=4.12)
wagludruusuirunsudledamswiulusunanan
dnfiuazdunisnan (X=3.96) @1UnNsINNTS
TATILVHANTENUMULATEEAR (X=4.01) aglusedy

170 fawandlu Table 5

208



Journal of Agri. Research & Extension 41(1): 200-215

Table 5 Economic impacts of project from promoting knowledge development of crab hatchery

and aquaculture

Impacts X SD Level
- Increased employment in the community 3.88 0.85 high
- Reduce migration of inshore fisherman 3.88 0.92 high
- Solve problems together about production and 3.96 0.88 high
marketing
- Increased opportunities for a career in inshore fishing 4.12 0.76 high
- The economic condition of the community has 4.19 0.78 high
Improved.
Total 4.01 0.14 high

Source: questionnaires and calculations
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Table 6 Social impacts of project from promoting knowledge development of crab hatchery

and aquaculture

Impacts X SD Level
- More connections in the community, such as sharing 4.22 0.82 highest
ideas, making decisions, and taking action
- Increased social activities such as religious ceremony 4.16 0.79 high
- Inshore fisherman see mutual benefits, both monetary 4.20 0.80 high
and non-monetary, such as happiness, job satisfaction
- Exchange opinions with each other or hold meetings 4.23 0.79 high
together
- Increased support in society 4.20 0.78 high
- Goals in future fishing careers together 4.30 0.75 highest
Total 4.22 0.05 highest

Source: questionnaires and calculations
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Table 7 Environmental impacts of project from promoting knowledge development of crab hatchery

and aquaculture

Impacts X SD Level
- More abundant marine resources 4.38 0.67 highest
- Reduced environmental problems in the community 4.04 0.91 high
- Aware of the use of natural resources sparingly 4.26 0.73 highest
- More cooperation in conserving and restoring marine 4.42 0.74 highest
natural resources
Total 4.28 0.17 highest

Source: questionnaires and calculations
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Table 8 Problems and obstacles of inshore fishermen

Problems and obstacles Frequency Percentage
- Illegal fishing boat / theft 63 53.28
- Problem of artificial coral 3 2.46
- Cost of raw materials in fishing is high 4 3.28
- Weather variability 34 27.87
- Other such as problem of marine debris 16 13.11
Total 122 100.00

Source: questionnaires and calculations
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The objectives of this research were to observe initial, plantation and labor costs, as well as
analyze payback period, internal rate of return by using a discount rate and a rate of return of 209%,
profitability and sensitivity for growing long bean, chinda chili, pineapple and longan at a plantation area
of 10 rais adjacent to a water source in Ratchaburi province. According to the study results, the net
present values for the planting of four crops were all positive, which the longan planting earned the
highest value at 2,275,142 Baht. Moreover, growing longan had the highest profit index of 11 with the
longest payback period (5 years and 3 months) and highest investment cost. Growing pineapple had the
lowest initial cost because it needed less agricultural equipment and did not require water supply
systems. This crop had the highest internal rate of return, however the first return would be waited for
a year. The value of the investment costs for growing long bean and chinda chili were in between the
growing of pineapple and longan. By growing both crops, farmers earned more consistently and quickly
than other crops, since they had a quite short harvest period (of about 3 months). Considering the
sensitivity by increasing the cost by 20%, it was found that the investments of growing long bean and
chinda chili were unlikely to be invested, while planting pineapple and longan still had the satisfactory

yields.

Keywords: long bean, chinda chili, pineapple, longan, net present value, internal rate of return, sensitivity

216



Journal of Agri. Research & Extension 41(1): 216-227

UNANED

muifed T fguszasd i efnufuteya
FuvuiSudy dununisugniisuazussiy nasaay
TATIENRTELIAAUNY SRTIHaRaURNUAIETY
ANuansalunsviinils wazauseulnives
MsUgniilnens windum duzsa wazdle Tagld
SnsAnanuazsnswanauunuiiiesas 20 tiold
Tumstssneumsdnaulaamu luituiimngugn 10 13
ﬁaeﬁmLméaﬁﬂﬁum%’w“iqu‘% MnmsAnsEnut
nsdgndiesis 4 wia fyar1daguansiduuan
Tnonisugnanleliangeandt 2,275,142 v
venniialedufivfiffdinlgaainiu 11 udd
sreznaAuuiideutiiuu (5 U 3 1iew) uasdiGy
amugefian nsgndudzsadiunuiEudusiiige
dosnlsiferasrutiuasiigunsainienininuns
oe uaziduiivi dnanouwnunislugaian us
nanouuNLATIusnIrdease 19 Tuvmefinisugn
dilneanarnindumddunuegseninanisugn
Futzsauardle Tnensugniivsansvindvinli
inwasnsiineldminaneuazaiinifviady
iesnndiszoznanfuifeafident1ads Uszunm 3
iWeu) ilefiansanainauseullunsdifunu
Wiy 20% wudnisamunislgndaiineniuas
windumliitnamu luvusinsugndulssauas
dleglinaneuunuiiimela
fddn:  filnen windue dulan dile
nynTeiyaa1lagduans
nMATEEnTRanauwunely
ANuBaUl

AN

Uszmalneiduuszmad In1suilnauay
dvoandm fivin wald Aluguuuuan wasy uwddu
utuds ussnsedes uasthmald Wudwounn T 11
Wouvasd w.e. 2564 (1.A.-0.8.) N15d900NHNLAY
waldvoslnefuuliuvenedigetu Inednuasnald
Ingasesdruuvlunarniuldidududunis
wonmiieanarulenluinuazraldveslny A
Joruluganimuazansgiu Saldiadosfleddry
AreadrianuldiuTsunarveislonaniani i
(Manager Online, 2021) 9 nYayanana1ilvvale
mMednvesszmaldliauddaylunisdaesy e
W unandanagwaunaluladi tiunlddmu
NSRS Iudsduasunseusiiiiinensns

Foinseuiidunisfamiailiaud iy
lunsnanduninunsnssu lneiideviadlunisiau
Janda Ae “dunnunsuaends Yebiiludeniney
Wan1n1sviead ondeauing waziasugalde
a$assd” wandudaniaiiuszunsussnouantn
inwasnsluen@nuan Tnenedemdadulouielunis
duasunianisinuaslunalenu 81y 1InsnIs
duauaudusgvssussyrgun T5eldvos
WINTAIINITAIN UIUIALE NVBITFUIA UINTNS
Yond or Uszaufouds uazu1nsnisil uln
ANAINITNNIANTINYAT Falfnnsaduayunns
NIz uATegna dewaliasugialudwminveedi
Yovay 53 vaneiuguasduazguniu usesnsls
fimu andeyatadoidvanazdedoatuayunia
wsugialul we. 2559 Fanudn nilasuseunie
nwasdadudgmeonuasns sudesnandouds
s1mAudununsivngldanas wagvinliinuning

fls1e1¢7ianas (Ratchaburi Province, 2020)

217



P5ANTIVYLATANASUIV NSRS 41(1): 216-227

N13nuRsludaminsgysiauainvae

v da a

Aoudgs Wewmniludmiandgfiussmeiunnsg

Y
1%

Aulu ¢ dnwaue Teiud 1) Hufigengs fanugeain
sgduimeiauunans iluuinafigeuludeniu
fuffanmidofudoudruiufunsedanugay
auysalin 2) ﬁuﬁawqw%nmé?&LL@imqﬁﬂmsi’uaaﬂ
uufenaunatsvesdandn Auiluuaudingnd
fdnwasdufutunse withduasdwiglvaniiu
Tunanefiufidsiamummnzaulumsugniials 3) fudi
sauUnuaesiwituwinass mefianyTuoon
vosdenin Aufidanmduiudrunasiudaumien
fwnzanfumsugndnuasitinuas 4) fufsugusn
Ushnamyusenvesdania dsegluvinuianiu
wihuinaes vinadidnvasfugihiideudety
withuinass fideAudufumier wmanzdunis
vhun uazanansnenseaiiegniivauuasiivin
nMsnIuTmdeyatagnisinud sau
WUIT UBNAINATTAIITUINITUGNN VU UNYATNS
i uegfudladenisiunienin wu gania Aud
Usinuhiifedesnts Yasenglunisifuien wae
anudevglunisugnuds Sntladevieiddy
lumsandula Ae wameuumilunisamu laeinynsns
vsmedndulavgnitvannsianandsludiniusn
dlewuignitsaiiolaldinlsgeazamulgniivediody
Taeidunsugnitsuuumu 9 fu villvinandnilddy
panadismanduazyilaneuumlunisasmudile
Woras dnwazainanuansliiiugi tnwasnslng
drun1nvinauglus esweensAndununay
nanauwy uiazaulaluBowesneldidundn vl
Linsruingsaihldmlsnievianu wazuiase
919iAN1INSRIYIANY dmMTUNMTIATIERNITALU
TusuAdedlfidendnuasnaldduiu 4 via Tdud
fhilnen Winduen dutzn wazanly eidusuny
Tudnuued uana19nuvesinwnsnsludiu

ﬂ’l’]llﬁ’]ﬂJ’]iﬂiUﬂ’?iﬁﬂVLu ANEIN1InluN1959

szoznalumsiiuifvinandn anuamsalunng
guasnuiiy uagidufivfimdsldsuaudouugn
Tuvanvaneiiuiivesdrianwys Tnedoyadudunu
wazeldfldlunsmuia thunnngudeyauas
msaounudednaininuasnsludmingvy3 e
szt ulildlunansuununisanu
wenaninieITedeldinisTiaseidnuus
fivnzanveuszneunisfiazamulunisugnity

LAATINADNAIE
A5aun1599Y

wndadoyalunsidedutadu 2 Ussam
lown 1) unasoyadsugfl (Primary data) \udeya
Aldanmsifusunulaenisdunivelinunsns
Qﬁﬂqﬂﬁ% 4 wiin fie §a8lne1 WinJum dulsn uax
ale Tudwminsays nedin1saeuniuiagunsninig
nstnuasiild BnsUgnuazquainunity deyasa

&+

uazUnaiudariug Jeuazansermsiltlunisig
fi Arusanulunisiigsdne A aasdu q
fAgtesturuited Tasinuasnsnguitmanedu
giinnudunglunisugnitvusazuiini s usesle
To3a31uu 20 118 wavi1Toyad liu1viinis
Fias1ei Tnedadoyad fanud suuuainngs
Uszrns FuAntwilosniladenisueniidsnarte
sefuyulunanisugn duistuduadias i
Yoyalutrefisunds Usinamanandemeliesnin
anmerna uwiasdngiia Wudy nduldiideya
Uszanaeed oanldlunisinsgsiseld uag 2)
unastoyaniend (Secondary data) didudeya
filianunsoldannisaouniu doyaludauildinan
nsAuAdIteYaIINUIade UnAN LBNA1SIUITY
89181 9NUS uazalfning 9 Wy Yeyadnsn
Anan snsmanauinu snsniuile 1A

nanAnusazvia Wumu

218



Journal of Agri. Research & Extension 41(1): 216-227

WUUFAUANY
wdasiefldlunsifeiifunuuaeunndd
anvauziduwuunsvgeusenis (Check list) 15y
aouaudeyalasiinluveanumsnsuaziulaioidn
(Open-ended) Tnsuuuasuaufias1suagwaun
wvadu 4 da leud 1) Anwdnwazieadudeya
vhldveanumsnsguaniiy 2) Anwndeyaiisrtunis
Ugniiy 3) Anwideyasiudununisugniiyuay
AT war 4) Jymuazgyassalunisugnivg
74 4 9l avideRnfulastelaueuLEUBIN RTINS
mnmsdunualludesduriunuuasuany
WUl A ufi inuasnssudviinsaeuntudaay
vannuangludruusinadefivinininuas dewald
51816 $18UUATHANDULIUVBUNYATNTUARLTTE
dauuandetuludsuSuunueunvesdiud
WiolimslinnevinaneuinuannsaIeuiiouiy
1§ §Aadedaldrmuanuuidaunianessuuiiuag
gunsalmansinuasiild vufiugunisesniuuuas
MurnYeInsUgniwusazvidai adunisain
nuAsnIE L e neukuuADUAIY VU Ll
wnzugnlnduvaaingiuau 10 15 vunalsas 40xdo
ms1amns Weldlunsdunadunuasd ludiuves
Aldeduuusiiiatuannshmanuesluldd 1
2841A59N15 WIH1INNTAOUNNTOYAIININYATAT
fvnsugnitvudaziia thundessitazduom
duaildaedifind udmiuiiuilimizdgn 1013

a i Ada &
Uuaﬂl‘!mg’]um’lq LNERINTHNAULTUYDINULDY

N15AATIENTILARTUNANDULNY

n33A1EvsreEIanAuNY (Payback
Period: PB) Luszeziianiiuansin lasenisfiawmu
TUudaghunuyiseld uagldssuznainlailslane
yawwoRunui ldasuly Tnsannsadiualdain
aunsi (1)

a

. Ruandngasuans
YEIAUNUY =" . (1
WuUanssey

n1saeseiygar1agiuans (Net Present
Value: NPV) wasinsseninsyanndagtuveslasans
TususRunienauselovifinainazlesuluudasd
naeneyvedlasinis fuyaddagiuveaiuiiang
oonluvesunuuedlasensfiidsionsan a §im
Anan (r, Discount rate)

Bi- G

NPV = )i O (2)

AAUA LA
NPV = yamdaqdugns

B, = yarwauszlowfluli t

Co = fununswanludi t

t = Ywesmssudulasens 97 o,
1,2,3,...,n

n = 919904lA%eN13T9 n

r = SanAnandetivualiiiuses

pondeiufvessuinsviosnm
duan
(1+1)" = fdwwsa (Discount Factor)
ARATUTR t
N3RS o As INanauLnuntely
(Internal Rate of Return: IRR) A8 A18RTIAAAR (1)
Vil NPV Sidwindugue i r fileengeninnast

ﬁﬁ’mumﬁﬁafjwmamu

e D

(1+ )t (1+71)

MuuAtA
r = NaneUWUNeluyaNSiuYes
1AsINS

B, = yammauselewilluln t

219



P5ANTIVYLATANASUIV NSRS 41(1): 216-227

C. = frumuludii t
C, = AldaglunsasuiEILsn
t = Upsmsendulasens U7 0,1,23...n
n = 91gvedlasansUi n
r = SanAnand ammualiiviafugng
nonidedudvessumsvidesnsaiuan
(14 = fadnsas (Discount Factor) ATy
Uil t

n93As1Evautinals (Profitability Index:

v

PI) §nsdiuseninyardagiurenseuaiuanid
gnf AUNTTLAIUANTIUAINUATILTN NN AT
1NN 1 UanadndnseuaRuand1uinnin@uamu

LSULLSA

yardagunssuatuanid
Pl == - @)
yardagiunsvuaiuaneen

TnomsAunamesuddeilldsnsananuas
SRS WANDUWNIUYINAUSoEay 20 TunisAwies NPV
wae IRR
NAN15IBUATIAT

NNFAATIERAUNY
dielanunsaUieuifisunanisinsizinng
amuvessUgniteits 4 viin Adsvernailumsugn
wazLiuiefiunnseiu e muaszezialasens
20 U muengveanisugnaudile a1nn1sasuniy
ﬂ']iLW’ISiJQﬂGUENﬁsngﬂ 4 wiin wu3n 1) Hailnenn 1
3383nmﬂqmuﬁq%qmmuﬁuL?‘{m 3 neu luns
Ugnusiagsevannsaifuiielldviamn 16 ads Tag
AUTuR U uSe 2-3 Sy i 1 A%a 2) WinFuen 14
53&13Lamﬂqm}uﬁa?:uqmmslﬁuL?{m 6 Wou lun1s

Ugnudagsouaunsaiuiiedld 20 a5e lngaziiu

5-7 Yustends 3) dutlan Msvernanignauiviugn
nsiiuRdluisiazseu 4 U Tngldszoznisgnlul
7 1 uazifiufedlatay 1 ase ludf 2, 3 uay 4 o
Tuszozinalasens 20 T agdoswhmsugniiadu 5
ads fo Tl 1,5 9, 13 uag 17 waginmsiiuiien
fiadu 15 s 4) dnle Waveznaugnauiviuanns
Auien 20 U Tnsavifiuinendusnléludf 3 ua
Fuienlatay 1 et safuanansafuiedeldsn
17 a1 saustanun 18 s

Table 1 uanssrevazidanaldanslugiu
FunuiENdY (nitial cost) fildlun1sugnludusnaes
nsasuugnivy 4 vila Tudiuiageunsaldmiums
awiswﬂfﬂmqmimwmuazqﬂﬂim‘mqmimws
TG SeaniugIuuUaynends Saauen 13ssaus
H1 viefi37 viefid dorenssan Tosense Tastoay
N4 m'afﬁmfw Wudnsavie usalI1dl H1ATEUNIT
HAseuURid gnens Wadaawsd Wusu a1n Table 1
WmﬁﬁunumﬂL?M‘Lumsﬂqﬂ&ﬂmn WINIUA"
dulzsauazanle dyam 202,299, 119,632, 11,960
LAY 279,632 UM MINAAU Imaqﬂﬂizﬁ‘ﬁwmwﬁ
nsamudnasadesninuuneignisldauludii 6,
11 uag 15 MU uazAldsnenaundn 2 July
eilyaanindunudasiduiof 1.13% Fdldan
A1sAILIAIRAY 5 TEaunda (W.f. 2559-2563)
(Bank of Thailand, 2020)

3 ndeyaly Table 1 wudanleddumu
Busuiign 1esandesiinisnauauiiieaquiudile
Wi a9 e et unuasluvusfusouLazeannen
udadiedestudrsanufunarilifnadone
Tummzﬁa"’laﬂﬂaflaﬁﬂ'ﬂﬁffa’waﬁ'qqmﬁw%ﬂﬁum
\esandeelldrai olididnenid oo Tuvnei
Fuvzsaflanldaredniian 11,960 v Liesan

Tifpaiuriotinn1en1snens

220



Journal of Agri. Research & Extension 41(1): 216-227

Table 1

for a plantation area of 10 rais

Initial cost at the first year for growing of long bean, chinda chili, pineapple, longan

ltem Long bean Chinda chili Pineapple Longan
Initial cost (1 year)
Motorized knapsack sprayer 4,260 4,260 4,260 4,260
IBC drum 7,700 7,700 7,700 7,700
Water pump 4617 4,617 - 4617
PVC pipes /PE pipes 20 mm 56,189 56,189 - 56,189
Pipe connecting 23,533 46,866 - 46,866
Pergola net, bamboo, HDPE rope 106,000 - - -
Slan - - - 160,000
Total initial cost 202,299 119,632 11,960 279,632

Table 2 Plantation and labor costs at the 1% and 6™ year for growing of long bean, chinda

pineapple, longan in a plantation area of 10 rais

chili,

ltem Long bean Chinda chili Pineapple Longan
1%year 6" year 1%year 6Myear  1%year 6" year 1%year 6% year

Plantation cost
Plant/seeds cost 57,600 60,248 38,000 40,196 91,000 - 100,000 -
Organic/chemical 159,800 167,146 98,100 103,769 32,900 34,801 6,800 132,436

fertilizers
Flower accelerator - - 550 582 - 63,467
Herbicide 498 521 3,200 3,385 3,650 3,861 500 529
Fuel oil 13,684 14,313 6,842 1,237 1,710 1,809 1,710 1,809
Total plantation cost 231,582 242,228 146,142 154,587 129,810 41,053 109,010 198,241
Labor cost
Soil preparation wages 20,000 20,919 10,000 10,578 10,000 - 10,000 -
Planting wages 12,000 12,552 10,000 10,578 17,500 - 10,000 -
Fertilizing wages 12,000 12,552 18,000 19,040 4,500 4,760 30,000 31,734
Flower accelerating - - - - 1,500 1,587 10,578
Weeding wages 6,000 6,276 6,000 6,347 1,500 1,587 10,000 10,578
Harvest wages 320,000 334,711 160,000 169,247 - 12,552 - 370,227
Total labor cost 370,000 387,010 204,000 215,790 35,000 20,486 60,000 423,117
Total variable cost 601,582 629,238 350,142 370,377 164,810 61,539 169,010 621,358
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Table 3 Return for planting of long bean, chinda chili, pineapple, longan at the 1* and 6" year

ltem Long bean Chinda chili Pineapple Longan
1year 6" year 1 year 6" year 1%year 6" year 1%year 6" year
Output (kg) 38,400 38,400 10,000 10,000 - 60,000 - 50,000
Selling price 23.18 24.52 54.38 57.52 6.86 7.26 27.44 29.02
(Baht/kg)
Cash inflow (Baht) 890,112.00 941,552.83 543,820.00 575,248.12 - 435,386.94 - 1,451,184.04

Cash outflow (Baht) 642,535.68 679,615.83 369,895.68 391,246.96

167,202.50 64,065.66 220,764.18 676,035.54

Net profit (Baht)

247,576.32 261,937.00 173,924.32 184,001.17 -167,202.50 371,321.28 -220,764.18 775,148.50

Table 4 Payback period, net present value, internal rate of return, profitability index for planting

of long bean, chinda chili, pineapple, longan

Analysis Long bean Chinda chili Pineapple Longan
PB (year/month) 2YTM 2Y2M 2Y 5Y3M
NPV (Baht) 630,639 523,637 789,569 2,275,142
IRR (%) 40 69 a5
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Figure 2 Sensitivity analysis of (a) payback period, (b) net present value, (c) internal rate of return

and (d) profitability index for growing of long bean, chinda chili, pineapple and longan
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Figure 3 Sensitivity analysis of (a) payback period, (b) net present value, (c) internal rate of return
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at the different rate of income
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Supply Chain and Value Added on Custard Apple ‘Phetch Pakchong’

in Pak Chong District, Nakhon Ratchasima Province
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This study was mixed methods research using an in-depth interview with five farmers who grew
custard apple ‘Phetch Pakchong’, in Pak Chong District, Nakhon Ratchasima Province, using snowball
sampling. It aimed to study structure of the supply chain, operational process, cost and cost reduction
method for ‘Petch Pakchong’ farmers. In addition, online questionnaires collected data from 101
undergraduate students in Faculty of Agriculture, Kasetsart University, Bang Khen Campus in order to
find the ways to add value to custard apple. The findings were; 1) the structure of supply chain included
suppliers, farmers, and distribution channels within domestic and international consumers, 2) process
operations were production factors providing, planting, maintenance, harvest, and distribution, 3) the
average total cost of ‘Phet Pakchong’ was 13,726.70 Baht/year/rai, 4) inner packaging that can add value
from normal plastic bags are clear top paper box with value added 32.23 Baht/kg value and 5) specific
individual packaging that can add value from regular fresh custard apple were full-effect mesh foam
wrapping and branding with value added 10.90 Baht/piece. Finally, the individual package of mesh foam
units with different colors had no statistically different effect on the price. The farmers can use the

results to reduce costs and increase the value of ‘Petch Pakchong’ in the future.

Keywords: cost analysis, custard apple, supply chain, value added

228



Journal of Agri. Research & Extension 41(1): 228-239

UNANEa

AsEnwIAT Il 1 UN15ITURUUNANNATY

[

Inen1sdunvaliledniununsnsgUantieenuinug
wysUInYes annaUInyes Jandauassivdun
WU 5 @ Men1sduiIeg1aLUUsBwiEYAna
waz{ 1 oavngy 1 e nwilaseadrsiaslgguniuy
NIEUIUMTANTUI FAUYU WAEISN1TANAUN UYL
wnsnsgniiasuiiuginesintos uenanid
finsiunuswdeyameuvuaeunuesulal lny
quineganddnseaulig1ns ansinyas
UINYIFTUNYATANEAT TINYUYAVILVY T1UIY
101 519 W eAnwiuazmIZmsiiuyad oo
Hadn 91NN1sANIMUIT 1) Iassasnsveiaglgguniu
Usznaumednnanglans Lnunsns Lagyaaniens
Fadamnefi nainvateislunagsnsssina 2)
nszvrumssdua Idun deuiladeiiugiu Ugn
douumy uasnw Wued wagdadmiing 3) dunu
slnglad svesnisugniesnminiuginysuintes
Wiy 13,726.70 uw/T/1s 4) UuUUUTIRamel
Fulufiamsnifiuyadiaingawanainyfiaunile
gsan leun ndesfiusnuuyla iuyae 32.23 v/
Alandu 5) JUNULUTIYTelamefiann sl
yarnndesmituaanunilagegn laun n1svielny
maneuvuIfunaLazAnnsIdud 1iuyadl 10.90
UIM/HE LazuTIeimeianigniiguuulnuniyie
fduandnstu @wmdos 117 Lazua) fwadosian
fveusulsvetosmimaaniliunnssiuogiad
Hoddynieadn dunuasnsanunsaiuldlunisan
Funuuaziiuyarvesiosmiraamiug iU N
lgwly

AR NITIATIEEAUY Hoemi

walggunu Msiiiayaa

AN

Jandauassvdun feduuvawdniosmin
AN INA wazdA uil ugnuind aaludssimelng
Tasmeiuiisuneuindes ilesandunatintes
fifugentes delinnumanzaulunisgniiosni
mnﬁqw (Pianpumepong et al., 2015) lnet w.a. 2563
$1LneUNY oailfi uil Ugnifesn1ianuasiuy
12,246.95 15 n3adndusovas 94.75 maqﬁuﬁﬂgﬂ
Yoo mualudsniauassivdun (Ministry of
Agriculture and Cooperatives, 2020)

Yfogminitugidonugnunlusuneuinyes
Jminuassvdun laun desniiiuginesiinges
Faldinsusuugeiuglasanndiseuindos a1t
Sunidunsadndiflonsfuniiwasianniivaany
UNIINUIFELNEATAIEAAT ANANUALAUVRINUT
Ao Snwaizsemiu Tnavunelvg Weunn windes
Tinandngs uazliinann wazaumaiivhliinunsns
Tugunevintesiouugniesveiniugil ilosand
sidieiiganindesviniusuisuaztusine

(Decha et al., 2018) lng¥agUupeninnysuin

=

¥8931A1919U8AlanTuag 47.50 uin Tuvuei
Hogmiug mianagsiugdresadmuieiade
nlan3uag 36.25 U (TalaadThai, 2021)
Fraiinsiauwihdldgumuuarlalafindves
Fudnunsianuddyegned Wesntaglian
Funusnliidign afreanumelagegaliiguilan
waztAnaulFiuTsuiBanisudsdunuudeduliy
LNEMINT (The Office of SMEs Promotion, 2019)
samﬁamﬁmmsmﬂsziqﬂmuﬁy’qLwimﬁmmﬂf\]%’sm'ﬁ
WA 1aTesilenisnsineas gunsainIsNTaUTEYIY
LAzIARBISINLAYAINDY 1 PABRRUNSAUINYAUAM
N1suds3U UITaue uazfanssulunsnszanedum
I¥ogaiuszansnin danadensandunuuazLiia

yarmvawaliiludsemelng (Sungkaew, 2016)

229



5ANTIVLATANASUITINITINYAT 41(1): 228-239

JagUudelusinis@nwivialgguniu n1s
ey wazmsifiuyadvestiesminlugine
Ungosundn S eanIsANEIA1UA UNULAL
nanauwnudntes gelaiianisysannisainug
naonildgunu Faiueuidedieltaguszasd

W oA nwilassaseviadd g uniu nseuIUnIs

'
a

AT NTHATIZVFUYUIIBAINTIN kAN ITLA

s

YaAeeniINaan YauNunINIHUanaeniug
WYSUINT DY ol 81N UINYBY TINITAUATIIVELN
W o lug nswanAngaimidanisuy aduve s

Wnensnsnesaly

/AN

n33dadedl 1un1siTenvunaunany
(Mixed methods research) I@‘EJI%EULLUUﬂWﬁ%JEJVIz\‘I
WBanunImwazidaiuia lneiiusiusiudeya
wuanlu 2 du fe

duil 1 MmATodsguamiivuTuteya
ArgNTFUN BB ANAUMIUNUYRLNEATNIH UGN
WoemRuGnysU1NYed 31U 5 a3 1NNYATNS
Fugntiesmiiuginvsuindesdiduilideyadunuy
n1sugnuegnuiug inysUInYes Aig3sn1sdy
F08 19U 198 s By Anauazy LT 82914y
(Snowball sampling) Tngi3 ufuaINATOUATIVEY
Janfiduugniesminiusinasuindes Tusne
Uintes Smiaunssedun deiiuiivgnaudu
Usrann 540 1§ videRniudosas 4.17 vesiiufiugn
Tudsninuass1vd@un (Ministry of Agriculture and
Cooperatives, 2020) %ﬂ%’aaﬂamﬁﬁmﬁmiwﬁ (1)
lassaroielgaunuvesteeninuginysuinges
7l §1mu1gv00nunInT 81lneUINY e Tanin
uATTITEN (2) TumeuNIELIUILTINAYAINS

AADANITUIUNTT AusnITUgNaIUdINITInT e

Tagldunun1nieeu uag (3) N133LAT18RAUYY
F1UAANTIUARBANTLUIUNTNANYDUNYATNT
dauft 2 msideidauimandunisiiu
susdeyafeonuvasuamesulaifeafunsiia
wartosiNaanBUTIYe SeAnuiauTy
189 Usgnaunie (1) UsTea aaiianignyle
(Individual packaging) (2) U553 A auaiLan1gnu e
wuuTnua18deng  (3) ussgusiduly (nner
packaging) TneUszynsi 19lunsAnwins il
Toun 98nTeaulSynIns AMZINEAT UN1INYIEY
INYATAIART INGUVAVNVY 119U 1,538 A B9
Hugiuslnagulmifdanuimesududinens Taed
Anauwuugeunn §1u3u 101 au Aniluiesas 6.58
sewineTuil 23 fugnou S 23 wnAlneu wA. 2563
1AEATIADUAMAINYBIULUUABUNIUATUAIINATS
Fadlonn Taefidermigy $1u9u 2 Au wazdiuaw
Wisanss Tneifusiusindeyaainngudiegiaves
IAnANYEAaINNITUNLAT T1UU 12 AU Laen
Reliability statistics 484 Cronbach's Alpha L7117
0.906 Famsnzandiazinluifusiusudeyasiely
vz deyadlauniinszvinansadd daoadd
NITUU AfANAADU t-test WAENITILATITIAIIY
wU5USIU (Analysis of Variance: ANOVA) TulUsunsal

Statistical Package for the Social Science

NaN1538

[V V]
v a1

Han15IveR3ell uwiasenidu 4 dw laed
waudundail
duil 1 wan1sAnunlassairevasvindleguniy
WogninasauginysUIndes
INNISANYINUIT Laseas1aveaniaely
gunutesmiwaaniugnsUnyos 15 udud

WNEAINIH Ugndeenu1iug inysuinyes laed

230



Journal of Agri. Research & Extension 41(1): 228-239

Fnnateioesvan 3 du laun (1) gImingduiug
(2) fminendduel wag (3) {3 munedanuas
guUnsal Wy gavie uTsYinel gUnsaldaues orlva
dudu anduinensnssidusidunisdgn
guasnut uAe uazdndmine dennsdiming
tegminaanvaunurInsdLnelIndesivainrany
Yo laun (1) nMsdmirgaseliiugsiusa
nIBnaAIAUNA (A d AU nieruilaa

mMeludseine wag (2) N15INNUIYRNUYBINIVD
nalneann lneuduiinensnsdminglitugsiusay

VIENBANAUNATY WaINTELEHAES HAUEN uag

1 =

HUSTAATUUSEWA ANUa1PU T 9n159 18Ty

e e

HTIUTINVTONOAAUNANENENNNTIVEEAAIALUNG

(1

AUsEnaun1sdseen wazguslaalusnaseina lasn

e

¥ a 14 | ] 14
MY U0 EJ‘LJI@iﬂﬁiﬂﬂﬁﬂ@ﬂﬂﬁﬁi%ﬁ]‘ﬂm?ul@(ﬂ’m

Figure 1

Seedling suppliers

Chemical suppliers [ — Farmers [ Interrnediary

Y

Materials and

equipment suppliers

\ Export operators

'

Wholesalers  —» Retailers —=| Domestic consumers

|l International consumers

Figure 1 Structure of the custard apple ‘Phetch Pakchong’ supply chain
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d9uil 3 nansANYINITAATIERRUYUIIEAANTTY Untas Jaminuassvdun lngAuinainianssy
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Table 1 The results of activity-based cost analysis

ltem Year Total
tst | 2nd | 3d | 4th | Sth | eth | 7th | sth | oth | 1oth |
(Baht/rai)
1. Land cost 1,600 1,600 | 2,680 | 2,680 | 3,180 | 3,180 | 3,180 | 3,500 | 3,500 | 3,500 | 28,600
2. Seedling cost 2,125 6 0 0 0 0 0 0 0 0 2,131
3. Planting plot cost 700 - - - - - - - - - 700
3.1 Pioneer plow cost 340 0 0 0 0 0 0 0 0 0
3.2 Flocking plow cost 360 0 0 0 0 0 0 0 0 0
4. Plant cost 345 3 0 0 0 0 0 0 0 0 348
4.1 Selecting/marking cost 137 0 0 0 0 0 0 0 0 0
4.2 Pit and plant cost 208 3 0 0 0 0 0 0 0 0
5. Fertilization cost 2,868 | 2,608 | 2,830 | 4,038 | 4,059 | 4,156 | 4,108 | 4,178 | 4,178 | 4,178 | 37,201
5.1 Soil chemical fertilizers cost 724 809 891 981 994 1,009 982 982 982 982
5.2 Foliar chemical fertilizers cost | 1,350 1,350 1,490 2,394 2,402 2,484 2,464 2,533 2,533 2,533
5.3 Manure cost 794 449 449 663 663 663 663 663 663 663
6. Pruning cost a7 86 371 657 1,102 1,368 1,633 1,739 1,804 1,850 | 10,655
6.1 Yearly pruning cost a7 86 194 303 411 500 588 677 725 754
6.2 Sculpting cost 0 0 177 354 691 868 1,045 1,062 1,079 1,096
7. Fruit wrapping cost 0 0 513 788 3,092 | 3,303 | 6,206 | 7,297 | 6,855 | 6,483 | 34,536
7.1 Wrapping material cost 0 0 376 514 1,693 | 2,121 | 3,959 | 5062 | 4,620 | 4,180
7.2 Wrapping labor cost 0 0 137 274 1,399 1,182 2,247 2,235 2,235 2,303
8. Harvest cost 0 0 187 771 1,321 1,761 2,146 | 2,940 | 2,940 | 3,058 | 15,123
8.1 Labor cost 0 0 182 744 1,290 1,711 2,089 2,877 2,877 2,998
8.2 Transportation cost 0 0 5 27 31 51 57 63 63 60
9. Cleaning the plots cost 242 567 703 986 807 902 916 885 925 1,041 7973
9.1 Pesticide chemical cost 0 0 0 a6 a6 20 0 0 0 0
9.1.1 Labor cost 0 120 120 149 59 42 30 0 0 0
9.2 Lawn mowing cost 112 112 129 122 164 168 179 128 128 205
9.2.1 Fuel cost 52 52 49 45 67 68 70 48 48 80
9.2.2 Labor cost 60 60 80 7 97 100 109 80 80 125
9.3 Whittle grass cost 130 215 335 548 508 642 648 728 768 808
9.4 Plow cost 0 460 460 460 290 290 290 260 260 260
Total cost (Baht per rai) 7,927 | 4,869 | 7,285 | 9,920 |60 14,670 (18,189 | 20,538 (20,201 | 20,109 |137,267
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Table 2 The results of a comparison of custard apple of the average acceptable price minus cost

difference between no packaging and with packaging

Individual packaging Average Cost of Average acceptable price Value
acceptable  individual minus cost added
price packaging*
(Baht/piece)  (Baht/piece) (Baht/piece) p-value of t-test  (Baht/piece)
1) None 14 - 14 - -
2) Branding logo 18 0 17* 0.0306 3
3) Halfwrapping with mesh foam without branding logo 19 0 19% 0.0016 5
4) Half-wrapping with mesh foam and branding logo 23 1 23% 0.0000 9
5) Fullwrapping with mesh foam without branding logo 21 0 21* 0.0000 7
6) Full-wrapping with mesh foam and branding logo 26 1 25% 0.0000 11

*individual packaging price from SC Paper-pack Co., Ltd. (2021)
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ANSANYIAIY Table 3

Table 3 The results of a comparison of custard apple of the average acceptable price minus cost

differences for colored mesh foam individual packaging units

Colored of Average Cost of mesh foam*  Average acceptable p-value

mesh foam acceptable price price minus cost of ANOVA
units (Baht/piece) (Baht/piece) (Baht/piece)

1) Yellow 25 0.50 24 0.6152

2) White 24 0.24 24

3) Red 23 0.27 22

* individual packaging price from https://www.scpaperpack.co.th
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Table 4

Table 4 The results of a comparison of custard apple of the acceptable price minus cost difference

between with inner packaging plastic bags and other packaging

Inner Packaging Average Cost of Average acceptable price Value
acceptable inner packaging* minus cost added
price
(Baht/kg) (Baht/piece) (Baht/kg) p-value (Baht/kg)
of t-test
1) Plastic bags 62 0 - - 61
2) Paper box 91 14 16* 0.0038 77
3) Clear top paper box 108 15 32* 0.0001 94
4) Front paper box with handle 106 15 29* 0.0000 91
5) Round bamboo basket

98 20 17* 0.0066 78

wicker craft

* inner packaging price (Idopackage, 2021)
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v '
a
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o A

a1Rul 3 veaeu YaAWANTY 16.74 v/

Alansy

Sduil 4 ndesnszatwiiu gaaA i uty
16.00 vv/Alaniu

LaziflonadauAMNUANGIYBITIANLRAY
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wud1 el of SuldvosussgSueid uluuuy
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of “Kae Noi” Green Products from Ethnic Groups
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The objective of this study was to evaluate the social return on investment (SROI) for the "Kae
Noi" green products project involving ethnic groups. The sample size of 60 was determined using a non-
probability sampling method, initially employing the quota sampling technique. Subsequently,
convenience sampling and purposive sampling techniques were utilized to select participants who
voluntarily provided information and participated in the project. The researchers analyzed the outcomes
using outcome mapping, considering inputs, activities, outputs, and the results. The data underwent
analysis, encompassing the calculation of deadweight, attribution (other contributing factors affecting
achievement), and the drop-off rate. Additionally, the financial proxy of the actual results was
determined to calculate the social return on investment (SROI) ratio. The study's results were categorized into
two aspects. Firstly, the economic aspect included income from agricultural occupations, income from
processing agricultural products, and the reduction of social costs. It also encompassed family expenses
invested in agriculture and the reduction of household debt through year-round production planning
for agricultural products. Secondly, the educational social aspect involved professionalism and
knowledge in processed products, agricultural product processing, and social culture. Regarding the
social return on investment (SROI) of the project, the results indicated that stakeholders valued the

investment at 2,388,913.04 Baht, while the monetized outcome value according to stakeholders was
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2,565,869.57 Baht. The total investment outcome value amounted to 2,436,050.29 Baht, resulting in a

net outcome value (SROI) of 176,956.53 Baht. Hence, for every 1 Baht invested in the project, a social

benefit valued at 1.07 Baht can be generated. Consequently, it can be concluded that the project

generates significant value beneficial to society and is worth the investment in the operating budget.

Keywords: social returns on investment, ethnic groups
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winnssuiiedsay (Social Innovation Driving Unit)
Usgdriuiiniamiionouuy 1 uazquddiovenasd
anuf uinnssumelulad afidaygyvieadu (Rans
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Tupoudl 2 nsamulunisandulasenig
(Input) toguenn1udadednd /1S wens yae

Um/ARsudulasanis) s Table 1

£
9

TUNDUN 3 WaaWs N15sUE suwlad

(Outcome) Laun TRNATNS Nadws N5 UA suwlas

v
v Ao [

#3737 AN Table 2

Table 1 Investment in Project Implementation (Inputs)
Stakeholder Inputs/Resources Value
(Baht/Year
of Project
Implementation)

S1: Beneficiary Total Value 458,630.87

The target group comprises 60 vegetable and - Involvement in operational 373,225.87

fruit growers who are members of the Kae activities, including materials,

Noi Royal Project Agricultural Cooperative, equipment, resources, inputs,

Social Innovation Driving Unit of Northern travel, and other related expenses.

Thailand 1, and the Information Center of - Compensation for professionals, 85,405.00

Knowledge, Local Wisdom, and Community volunteers, and coordination of

Innovation (Social Enterprise) operations and travel for speakers

S2: Main project operator Total Value 676,858.08

The Social Innovation Driving Unit of Northemn Allocation of budget, funds, 676,858.08

Thailand 1 and the Information Center of
Knowledge, Local Wisdom, and Community

Innovation (Social Enterprise)

and donations for support
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Table 1 (Continue)

Stakeholder Inputs/Resources Value
(Baht/Year
of Project
Implementation)
S3: Individuals/groups sponsorship (direct) Total Value 330,000.00
The Social Innovation Driving Unit of Northem Allocation of budget, funds, 330,000.00
Thailand 1, National Innovation Agency, and the and donations for professional
Information Center of Knowledge, Local Wisdom, compensation, volunteering,
and Community Innovation (Social Enterprise) and coordination of operations
and travel for speakers
S4: Other related individuals/groups (indirect) Total Value 36,000.00
The youth and children of Kae Noi Royal Project, Involvement in operational 36,000.00
Kae Noi community entrepreneurs, Ban Kae Noi activities, including expenses
Royal Project School, Faculty of Management for meetings and participation
Sciences and Faculty of Agricultural Technology in activities, such as materials,
at Chiang Mai Rajabhat University, Faculty of equipment, resources, inputs,
Agricultural Production at Maejo University, Kae Noi travel, etc.
Royal Project Agricultural Cooperative, Kae Noi
Royal Project, and the village philosophers
Total investment value in project implementation (Inputs) 1,501,488.95
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Table 2 Stakeholder outcomes, outcome dimensions, change outcomes, and indicators

Stakeholder Dimension of Outcome of change Indicators

outcome

S1: Beneficiary

The target group comprises 60 Skills/ Acquire advanced skills 1. Enhancing product processing as follows:
vegetable and fruit growers who are Innovation and knowledge in the 1.1 Creating product models to add value,
members of the Kae Noi Royal Project utilization of innovation resulting in higher quality and premium
Agricultural Cooperative, Social value for fruits and vegetables from ethnic
Innovation Driving Unit of Northern groups, for 5 new products

Thailand 1, and the Information Center 1.2 Designing packaging for 5 new premium
of Knowledge, Local Wisdom, and products of fruits and vegetables from
Community Innovation (Social ethnic groups

Enterprise). 1.3 Developing brands, packaging, and

standards for processed fruits and
vegetables from ethnic groups
encompassing 4
products/brand/piece/design

1.4 Facilitating career and income
opportunities for 20 individuals

1.5 Establishing an online marketing system
2. Advancing skills and knowledge in

innovative product processing

Economy/ Managing expenses, 1. The expenses/costs/resources incurred
Finance costs, and resources for for managing/producing/operating changing
changing activities activities result in reducing agricultural

related to management, costs on chemical fertilizers

production, and 2. Creating product models to add value,

operations resulting in higher quality and premium
value for fruits and vegetables from ethnic
groups, for 5 new products
3. Mitigating household debt issues and
achieving a 5% reduction in debt for 20

individuals
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Table 2 (Continued)
Stakeholder Dimension of Outcome of Change Indicators
Outcome
Economy/ Managing expenses, 1. The expenses/costs/resources incurred
Finance costs, and resources for for managing/producing/operating changing
changing activities activities result in reducing agricultural
related to management, costs on chemical fertilizers.
production, and 2. Creating product models to add value,
operations resulting in higher quality and premium
value for fruits and vegetables from ethnic
groups, for 5 new products
3. Mitigating household debt issues and
achieving a 5% reduction in debt for 20
individuals
Society/ Foster connections 1. Expanding business opportunities and

Relationship

among individuals,
groups, communities,

and organizations.

network partnerships, as well as engaging in
activities or cooperation projects with
various agencies for a minimum of 2-3
projects

2. Assessing the level of change in
relationships among communities, groups,
individuals, and organizations

3. Identifying changes in the presence of
network partners and opportunities linked

to agricultural investment behavior projects

S2: Main project operator

The Social Innovation Driving Unit of
Northern Thailand 1 and the Information
Center of Knowledge, Local Wisdom, and

Community Innovation (Social Enterprise)

Society/
Relationship

Foster connections
among individuals,
groups, communities,

and organizations.

Evaluating the extent of changes in
relationships among communities, groups,
individuals, and organizations, particularly
in the context of community development

and problem-solving participation

Skills/

Innovation

Acquiring new skills and
knowledge that facilitate
further development
and expansion through

innovative endeavors.

1. Quantifying the number of new
innovations arising from the projects

2. Processing products, which encompass:
2.1 Creating product models to add value,
resulting in higher quality and increased
value (premium) for fruits and vegetables
from ethnic groups, for 5 new products
2.2 Implementing an online marketing

system
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Table 2 (Continued)
Stakeholder Dimension of Outcome of Change Indicators
Outcome
S3: Individuals/groups sponsorship (direct)
The Social Innovation Driving Unit of Society/ Expanding business 1. Assessing the extent of change in

Northern Thailand 1, National Innovation
Agency, and the Information Center of
Knowledge, Local Wisdom, and

Community Innovation (Social Enterprise)

Relationship

opportunities by
broadening network
partnerships, activities,
or collaborative projects

with diverse agencies

network partners and opportunities
associated with the projects.

2. Collaborating on community
development, social change, and
production planning in conjunction with

other agencies

Skills/

Innovation

Attain productivity,
innovation, and effective
models that result in the
successful execution of

operations

1. The quantity of
work/knowledge/innovation/new pilot
models generated

2. Information systems for financial
institution management and online
marketing

3. The count of new innovations relevant

to the projects.

S4: Other related individuals/groups (indirect)

The youth and children of Kae Noi Royal
Project, Kae Noi community
entrepreneurs, Ban Kae Noi Royal Project
School, Faculty of Management Sciences
and Faculty of Agricultural Technology at
Chiang Mai Rajabhat University, Faculty of
Agricultural Production at Maejo
University, Kae Noi Royal Project
Agricultural Cooperative, Kae Noi Royal

Project, and the village philosophers.

Society/ Expanding business 1. The extent of change in network
Relationship opportunities by partners and opportunities associated with
extending network the projects
partnerships, activities, 2. The shift in agricultural investment
or cooperative projects behavior
with various agencies
Skills/ Acquiring new skills and 1. The quantity of new innovations
Innovation knowledge that drive associated with the projects

further development
and expansion through

innovative endeavors

2. Information systems for managing

financial institutions and online marketing

o
[

Haans (Valuation) kagn15UsuyanIvoIHaa ng

Tunauil 4 uazdunaui 5 NSAUINLAAY

(Valuation) Haa s n15,Ua sukUas Useenn

o W 1 U 3 a U & @
AIUEIALY UAATWAANDUASNANINNAGNT AN Table 3

(Impact adjustment) LAk N1IAUIUYAAHATNG
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Table 3 Calculating the Outcome Valuation and Impact Adjustment

Calculating the Outcome of change Type Importance  Outcome Direction of
outcome valuation valuation outcomes
S1: Beneficiary 1,068,774.29 Stable
1. Acquire advanced skills and knowledge in the Monetary 51.45 549,884.37 Stable

utilization of innovation Value

2. Attain productivity, innovation, and effective
models that drive operational success

3. Manage income, budget, and resources for
changing activities in management, production,

and operations.

1. Expand business opportunities by extending Monetary 48.55 518,889.92 Stable
network partnerships, activities, or cooperative Value
projects with diverse agencies

2. Foster connections among individuals, groups,

communities, and organizations

S2: Main project operator 646,138.00 Stable
1. Attain productivity, innovation, and models Monetary 100.00 646,138.00 Stable
that lead to operational success. Value

2. Manage income, budget, and resources for
changing activities related to management,

production, and operations.

S3: Individuals/groups sponsorship (direct) 646,138.00 Stable
1. Attain productivity, innovation, and effective Monetary 100.00 646,138.00 Stable
models that drive operational success. Value

2. Acquire further skills and knowledge in the
utilization of innovation

3. Achieve productivity, innovation, and effective
models that contribute to operational success.

4. Manage income, budget, and resources for

changing activities in production and operations
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Table 3 (Continued)

Calculating the Outcome of change Type Importance  Outcome Direction of
Outcome Valuation valuation outcomes
S4: Other related individuals/groups (indirect) 75,000.00 Stable
1. Enhance business opportunities that impact Monetary 100.00 75,000.00 Stable

sales, turnover, and employment prospects. value
2. Acquire advanced skills and knowledge in

innovation techniques
3. Foster productivity, innovation, and effective

models to achieve operational success
Total outcomes 2,436,050.29 Stable

NAN1SUITELIUNBRBULNUNIEIANINNNTS
amudmsulasanis “untes” nsulusandnando
duA131NNa NYIAWUE Jyanmad w1y
2,436,050.29 U v UNaRBULNUAULATYAS
Wiy 1,811,165.92 U (598ay 74.35) WanauLlnu
AUFIALINGU 549,884.37 U (5088 22.57) kay
HARBULVILAIUE 1UIAZ8LITU 75,000.00 U™
(So8ay 3.08) lnsdldnINdIUNANDULNUNIFIAL
31NN15AUVBIATINGY HYaAIN1TAYUALNGY
Hildnladideindu 2,388,913.04 um fugaa

Haawsaungurilaladdevintu 2,565,869.57

Y

52, 23%

Investment value by stakeholder

UM :yjamwaé’wémﬁamuﬁu’ﬁumqﬁu 2,436,050.29
UM gaﬁwaé’wéqw% (SROI WinAiu 176,956.53 U
stail wn 1 v Aasmululasanisaaiunsoadng
Uslomdmadanusneyaduvindy 1.07 um snsi
SROI NaaWSMNAY 1 f1931ATIN1sHAMAN Lay
wana31NsAluulAsINIsUTIa TR Ussasd wasd
UsgAvBua uonNdldnT AR ULIUAITAI LAY
AULUIMUTUILYRE 113 1lATINGT UAgTEEELIAT
fasuly duvaneds nauszlovinieyaring
nstiuresdsauiianifiunnd useldlueuianday

Fan Figure 1

S4, 14%

Outcome value by stakeholder

Figure 1 The results of the calculation of the social return on investment ratio

from the project’s investment Source: National Innovation Agency: SROI Calculator

251



M5ANTIVYLALANFSUIVINSNEAS 41(1): 240-254

32150iNAaN1598

HANTUTHIUHANDUUNUNIFIANIINATT
asudwmsulasanis“untdey” nIulUsANdnEnsie
duA191INNA uYIAWUE dyannadnsivindu
2,436,050.29 U1 LT UNAABULVUA TULATEFAT
WU 1,811,165.92 U (5o8ay 74.35) NARDULNY
AudsnsLYiniu 549,884.37 U (Seuag 22.57) uae
HARDULNUATUA WA DUWINAU 75,000.00 UMW
(Foway 3.08) ddedinlunisusziduyaniain
namouunuit 1And uluainugdn sinweaiud
AnusauauarAuaAd A i g uresyuyy
aunsafduyar1n1anisidu (Financial proxy) b
Foilvnaneuunumsdnuiidnduiidondian 3s
dennd 03ty Vallaeys (2014) ¥ @138 9A21Y
Suinwouredinuuataddngsing 4 1u T1esinsmn
aadanazFesiunumlunisaiieinisdsunlag
nadsnn Tnsnisaduayuyaainsfifinaugaig
Fermgluanvidndnlunissnduianssutiemide
wazvatuayunsiasullasundsay Tnosjsneuaues
AOAINNABINITVRIFIAN LaznoliinAMAINTD
HaNSENUNSE AU IR uAsYEAa Fudsen Saude
f1ufsuInden Lag Cambero and Sowlati (2014)
1#na171497 faywdnguaveysiunguiiioninueg
sonuazhlfAnnsisedinifinanm Fan1sfnw
Aeafunguuagnssuaunisnguiuisiteatunis
wansauduiudueaywdluipsiunieyusy

ayllanlasanisladnisiamuasasneasse
e idulselovdanenuiosuaryguy Wt n1s
afsassAnig 9 1A esdunsldgidygdy
nssnaniifioglusiesiu madadunsanmsdsny
Anaw Tnsadrensissug semnefdulddude
TngmsfamunmasousmiuAsifumansdLiunis
fiAndunigusundsanniseindulasenis 41y

\Wiswgna Audeny vseaudwinden n1sUseIdy

wadndnedenuuenainazidunagnsivaelivu
Faansindulasinisuds dadundesdenidfy
Tunsandulaifeadulassnsilddiunisfviili
UssaingUsrasAavadlasanistumsinUssiiuna
PRI IUNANDULNUNFIANIINNTTAINU
194lA594N157 Ayar1n1saauaungusdaula
AduNAU 2,388,913.04 U ﬁ’wﬂaﬁhmaé’wémm
nauilauladudewingu 2,565,869.57 um yae
maé’wa‘miamuﬁgﬁfmmﬁu 2,436,050.29 UM YAA1
KadWSaYS (SROI) Wiy 176,956.53 U vhatl un 1
v Aamululasinisraunsaadiasglovinig
Fenudoyarvindy 1.07 i Jeasnadasiy
Pongwiritthon et al. (2022) filéinanyi1 naneuuny
N9F9ANINATTAMU (SROI) vadlaTans+ dyamn
HANTANT 9318 IUNANBULNUNINEIANIINNIT
aeufiinnndt 1 vty vaneaed Msasmumn
1 umvedlAsINIsT @a1u1saasauseleviniedany
MINENTNANBULNUIINNTAIY aguladn Tasanis
afenuiiulsyloviredinuuazdanuduaise

nsasulusulszananaiung
A3UNANI3IY

nan13etdusiuveslaseniss 7 aiia
UsglevidedinuuazinnuAualunisasuaiy
Tasansluaded anumdnnislassnsfifddnumens
Usgnaun1snanssunedeay fedrlasenisuseau
ANASIUAIUYBINITINUAUNALNS d1U15040
Aanssuiineuland mufeansvesumuLaz 8L
fatfuayulunisadrwadnimaudsuuUadlddaus
P35ulasanns WesnnAnssumsdsaudulasenis
famulaglinimamlsnouunundumdalasanis
widoan1sliaNaansnIdspNLINNIMIBWINAY
Fuilawuly TnensUszidunanauunuyadsnuain

nsamuinduaiediolunisuszifiuan e

252



Journal of Agri. Research & Extension 41(1): 240-254
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