


Journal of Agricultural Production

0? Pinssun™
AGRICULTURR-

MFEINAANTINAITIAYAST 138 Journal of Agricultural Production (JAP) davinlag
AEHARNTIINTNEAT 1N Ing1doulld Samiaded Tnguszasdilonmaimouninanuide
Fumsineassefiietesiunisinens vesindnw aanansd thise wastindvnisialusay
Uanan U dnruafiuieuwns Uay 3 aUu lnomvunesnlufoullegy dmiau Lag 5unau
Yaand

WlgurensIniuw

SuumANIATINSFUNSIAEAS Y3ea1dy q Tiieadestumsinuns wu uinnssuuas
wialwlaBaunsinees Wusu fAfuilugueuy unanuddeiuguuuu (Full length article)
wuuiiforndu (Short communication) ’imﬁwwmmﬂi:ﬁmammi’u’?}ﬁLﬂiwﬁ (Review article)
WaunANuUsTial tngunanudinaiisdedinglasumsifiud viesgseninenisiansan
WioAfinsilunsansduinnou unauevsdeulagldnnineviientvdanguild uiundnge
srdaadifsaenim unauifuluinsarsesdesdslusunuunindouniuddinun
(g3wazBoniunisluduuzinsmssnduatudniuafu ynunanuiesldsumsafu
sgyhmsusziiulnegnssgandluauifsndesdiuiu 3 viu wazilleiunsussiiuud
neaussaBmsveanudvslumsnnaudluFesfiordefinimuiiviuauns uazhisufiansan
duatuitldiulumundninusinisifisnivesnsans dwiudaulaunanuanmsodifadom
na Ui lalagluduaildany (Open access)

domunenailumsanstl Wuarwdaiuresideu Taskuanuiuseuanimssannd
Tunsnsiaenu maugidminliddusesiiuieuasiildnnusuinveureanneannssunIsinuns
urImedeuala

Anfadaualy
UTTUIBNTNIATHAANTIUNNTINGAT ANTHEANTINNNTINYAT U TIMeReuly
63 via 4 uanueIs dwnedunsy Ymiawedlvi 50290

dlwa  jap@mju.ac.th Auled  http://jap.mju.ac.th
nsAnyl +66 5387 3618 nsa1s +66 5387 3628
ANUSSTIEAINUN

“dunliaun (Lagerstroemia speciosa (L.) Pers.) htvluns:Qadunda
nM1avulua:wsuNnourdngdenuly tugoud”




NUsnE
85N15UR UNINYIaLULY

58995M13UA (§YremansIansdn1iu uglude)
HE18N5EINITLLaduASIIVINITNITNYAT

AEnT138 038008 938N57

US50415N1591U42801S

021581SWaNNSSU
n )

ANUAAMENAANTINNITNYAT (§Y38A1anI13158 AT.50ete Pinudsnmy)
FRIPURENEINNTUALINATUNUS AEHANNTINNTNYAST (FHEMEanTIANTE AT.AINT Leser)
FRIPUUARNEITEUATUSNTIVING ALSNERNTIUNITNGYAT (509ANENTIATE AT NAIATIA LATOAN)

UIIUDNIS
JIAEANTITE 75.55UY 1A3eYAR

UIIUIBNITHY Y
919138 A5.Unu1 Meyuen

NBIUTIAUNTNNT

AER313E A3.AUY Yeesh
A1ANS19158 AT.NUA LEASHY
ANERTITE AT.NANG WINTIL
A1En319158 A5.0110g Auly

FART1138 ATLN3EIANA LS
39IAANT19158 73.539 T8 Shvlvian
FOIANANTINGE AT.ATNG LATHTUAT
03MNANTINTE As.0lgn ndsnsal
$09MANT19158 A5.0A UINS
FOIFANANTINTY N5.TF ASAUTNG
509A@NI197159 9398 lonanauia
FRIFANENTINTE ATNAFTIA AT
04MNanT19158 Niifeurd ns.uaLa Santn
99MANT19158 A5.ANSAN H1MB9
599ANAN319138 73830 @a1R9I3
femans19158 a5 Jezdnd vgumgnt
femans191sd a5 fisednd argUszanm
HYIeA1ans19158 3355 1sariiiung

Vo £

HA8ANEANII19158 AS.LRANAT UUNETEReS

Y

HYBFAENSI9158 AS.WVE FNRALYIFY

Y

ANIZNITUNITANTUIU
HYIemans1ansd as.ley wazlyan
wsaaeiiung Aty
WILNUANUS Yalg

HYIeAans19138 As.HnTng Wl
URINGS LT el
UUINGIABVDULNU
UANINYIRULNYATAENT ATLNILAY
W INERuLl

WNINPIRUL
NIt slng
WIS elnl
UAINeSLTelnl
UWINGIABVDULAY

WIS UINALULEEITUIAAA UL
URINGSIUULY

URINGSIUULY

URINGSIUULY

URMINGSIUULY

W INYIaeuUle
PAINTAIUNINYIAY
UURINYIRUULTAT
WINYIRUL

WINPIRULl

UINPIRULL

WBATU WAL
WgauAY] Uyuag
WANIgHvaTel 135S



I‘SHQI"H"' ...1aud

JOURNAL OF AGRICULTURAL PRODUCTION

a

alaffzEs Nt wuiudnessdmiuatuusnresdn 4 31nA1I1 “sanstesini”
A o = o a A o % Y] v al
el 2562 wnfsdaglundudundauazinngrsmedieslieganingiiny

Tutiaeninmsuuusunlalnslaun nesussanBnisvesnsans WewnaAuenasussasms
viuliagaanlunisuifau saumaueiladedin neeuganiivinuremsans 3
ropuiifauetonasusIaBEMsYalv JeagiuldsumseyiRnnuminendeduniSeusesud
lnedansdadadusgninsyananigluiazaiauenumingrdeliminzauaudenimuaves

LY a = 1o VY [ v & ¥ & Y v &y ova
wasgulusgiund FdlasinSeulilvgenusunsuliludeyaosiuiiy wenani lasnns
WANATUTIANENTSHYIY Fip 813158 A5 Unun mgyuen wazkYermans1a15d as.uling uvdu
FuuuJURnuguaunauiitunieszuueeulal J9a111309I8MUUVINTEUVDS
vssansnsvanialuegnead mnnisafiusludumisussansnisivienainanideunnies
Usznsle ussanSnismdndusivensudeRanaindsnanudiieadifien wetiluuiuusauile
nsvihausely
@ N [ [ a P &

Wanungmsimunvesnsarslutlfemsiaunslivunsanivaundussuvanniy
WIFUBNINTIUIUUNANUAGATINLNNTULT MIALTIUN TRl TN UNAIY
nunavay 2 audu 3 awiinssauresdmihiiuantuiie sseznailunsiasan
unanuiigunuluie daiuddasverruiiulanngnsiunanuienasdessensindendu
PNEsNUTUniinugay uwazniiaruaiRaUnG o Juseuladunesuniidesveasial]
o Tonatleng dustaninsafnsedeunuanuimnihvesunanulandinnunsasinensueay

drusuunanundnuiwewnsluatull 831wau 10 ey Jwiadusgedeinden
nnvuarlasuanuianunanudnailueded wasnivitagldsuanueiyasiziain
euiauladaunanudunsiudiuimeunsius el

d/
389MEANT1A5E AS.5IYY 1A3YAR
USIUDNT



01581SWanNNSSU
n )

JOURNAL OF AGRICULTURAL
a 75 U ty PRODU cmN

a

nmaesyAulanasiauivasdiInuisznvgnaelaanmuasiuansn iy 1
oAans Tadly SnANIS Ll usy Usengd wilauysal

Farmers’ Attitude on Tobacco Growing for Reducing Smog from Maize
Stubble Burning, Mae Chaem District, Chiang Mai, Thailand 13

Jukkaphong Poung-ngamchuen and Tonglian Buwjoom

Effects of Different Processing Conditions on Physicochemical Properties,
Bioactive Compounds and Sensory Acceptance of Betel Nut Tea 28

Unchalin Singkhum

Uadeniinanan13a319auiuameemsluszauasisauvaunensns
Tudlosdn wurlesvas a1s1sasgussesulaedssvnguad 40
AINMIIU WaIIYe WlATA 1ATeA) aigana Wesya uaz Doy wasilyg)

9 = A A o aa ]
Anannnisiaeslinudaswunaninensanuanzay (GAP) vaanuasnsluliaman
wY29RANdY d1513005gUsEYsUlReUsznvua? 53
suNs /G WA Andpevial WalasIA iATeA) uay argana Wedya

nsSeufisuaTwNwAlLasgnsAUaYYadaTTYasEIUmN 9

¥ =) L [ 4 N4
NFIERUANUTUAILY 64
0730d @953A5aU WFUNS ITwUNuTUNS algrun uuny 4ay naualn 8IsAsaN

mswWSsuileuiinsanauazsnsidiuvasasaiafiuandiaiy sedminansataneny
Usunuarsusenauiluedn waznailauesn lunssaneni 77
WSUNS TMNUIUNS 7738l 993A5aN neUAIn B13AsaN InunT iy

Isiaasal pesuargerius uey FnATE adesiTizna

navan1TRanunsludeasazatsuaadsnwazlusausaamn NaRAAvaINEaY 91
ShYgnT AR TINSTY LA TEANE nesy ATGN) YATINGT 078l LeuaTy
uaz oTydE Sunsyyvae



01581SWanNNSSY
n )

a1sury (5o) o

navasaIWInaUsEANSn mvasiuaiiseufUny Bacillus subtilis waz
Bacillus amyloliquefaciens Giamsé‘fué"u%am Rigidoporus microporus
AnAlsnTINv1lueIaNI I

WusTing gaassalas uaz 9357 wilony

HavaINTWenaadeiialansendiadia waglad wazasuanduiia waglad
AOANYALNINIBATWAZALNINLAANUSINN AN
iysiad Anws uay Iy nialan)

AnuzinlunIsmseuf Uty
Guide for Authors

102

114

128
133



021581SWANNSSU
n1 uAns

JOURNAL OF AGRICULTURAL
TION

9. WanNSSUNISINUAS 4(1):1-12
J. Agri. Prod. 2022

N1SL3YLAULALATAAILIYBIYNINTUINWSENURN
AYlAFAINLAINANAIINY

Growth and Development of Kum Bangphra Rice Grown
under Different Light Conditions

a 4 v Aa

2ATNT TnInly” FAAnTa euloy waz Ustwgd winanysal

Apisit Chittawanij Rattikarn Sennoi and Praprut Promsomboon

AN BATANARSUALTNYINTETIUYIR W Inendemalulagssusnansiusen Ymingays 20110
Faculty of Agriculture and Natural Resources, Rajamangala University of Technology Tawan-Ok, Chonburi
20110

* Corresponding author: apisit_ch@rmutto.ac.th

(Received: 15 June 2021; Revised: 22 September 2021; Accepted: 26 November 2021)

Abstract

The objective of this study was to determine the growth and development of Kum
Bangphra rice variety grown under different lights conditions. A completely Randomized
Design was used with 4 replications. Treaments were natural sun light (T1), LED white:
red: blue bulb panel (T2), LED white HP4F-AL (T3), LED full spectrum grow board (T4),
and fluorescent (T5). The experiment was conducted from August to December 2020 at
the Department of Plant Production Technology, Faculty of Agriculture and Bioresources,
Rajamangala University of Technology Tawan-ok. The results showed that the highest
growth in terms of stem height of 156.4 cm in T3, tillers per hill of 11.9 tiller/hill in T1,
fresh and dry straw weight of 252.7 and 74.0 g and the number of seeds of 353.2 seed/
hill. It was found that rice plant grown under T2 had the fastest development period,
booting stage at 60 days, flowering at 95 days, and harvesting at 130 days whereas those
in T5 were the latest. It was found that the amylose content was between 18.02-19.32

% at a low amylose content. The T4 experiment had the largest amount of amylose at
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19.32 %. Therefore, artificial light source can be an alternative solution for growing rice
in low light area.

Keywords: Kum Bangphra rice, LED growth light, indoor plants
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Guiingaumgiinuindidadewiiiv 34.6 o
waea aumgiiauluidiiisendng 30.3-32.9

DIAYALTEE AINSUAMUTUAUNNG WUIN
Tmndssyrnag 74.4 91 76.6 Wasdua (Table 1)

Table 1 PPFD, Temperature out, Temperature in and RH

Treatments” PPFD (umol/s/m?) Temp.out (°C) Temp. in (°C) RH (%)
T1 620 34.6 34.6 74.6
T2 250 34.6 30.6 75.9
T3 250 34.6 30.3 76.6
T4 250 34.6 329 75.3
T5 250 34.6 31.3 74.4

Y T1 (sun light) T2 (LED white: red: blue bulb panel) T3 (LED white HP4F-AL) T4 (LED full spectrum

grow board) and T5 (fluorescent)

nsmzdgn n1stuiinea wazdiasizsing
dandilunsgansnanadinuuiaduniy
Audnans 30 wuRlams AussgAuUgNEILNTg
pnuiaimin 10 Alanusenszans Tasugn
11IN3¥ANaE 3 NE NBAr 1 fu dwINUgN
15 u lddeinilgns 16-16-8 (n3nsee1e Vo9
U3 13ule 17i) 991 30 Alansusiels e
1111yl 60 Fu lddeinligns 46-0-0 (A3
Bolulaia vesuiem lelaslne $1im) Sae
10 AlanSusiols (eudeenmen) Manduiiy
Tntldflonaunnsainane dn1sdanistily
anmunAisedurounszansiaudugnaud
spogiitgnunudrfannislidn Tasdfinng
Tufinuanisnaassitunisiasivlaiiong
wasgn 15, 30, 60 Uay SuiAuiien sy
8 fnwaly A MUY I1UIUNUD AIATIELY
wazduiinsseeiauIng 911 3 Seuy Ao
szeyavios penaen wanfuifer S1uius
sone SrusdareTa uasthvinmsERLAzITY

msamsizdieslalag (Juliano et al.,
1971) Sdduduneused Feinognadnsiu
0.1 n3u ldlurindausunsvuin 100 Hadans
MniufueSaueanesed 95 Weddud (U3
.l 971n) Fawau 1 addag weun 9 way
Wwuansazaneloeulensenlon (USon 9.1
17) ANULTUTU 2 UBSHA U 9 Hadans
Wrdegensuuasosmailaelduviauinan
Wunan 10 wft Ysudsannsdetinduliily
100 fiagans Uaindsinasuunn 100 Jadans
Tulmiiduanindudseana 70 faaans b
nsMaLdRn (USEM .11 91in) Wudu 1 uesda
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wusns suady Tuaed 30 Yundwgn
wudldfianuuanansiusgreiidodfgnig
adfuieIty g T3 anuganign
WinAU 100.6 LOURALUAT S89891AD T5, T2 Lay
T4 fanugaviniu 96.8, 94.3 uag 93.5 4
wuFwas My lwsag T1 danugaies
figawiniu 89.8 lwuRins du 60 Jundsugn
wuhAnugaauuaneneiueg1ituddgy
ynaadi ne T5 Tsimuganniigainiu 158.1
WURLIAS S99a9UNAD T3, T2, T4 way T1 4
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4 1 wuRlunS Mua1au (Table 2 way Figure 1)
1NN1TANEIANYMEUTEI1WUT Vo
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. LY o 3
Aunisnaaadluasell dlniuiinisdgndn
Tununninasiosneuainoadn tlinavinl
AnugauanaallandnvuzUszdmiug
TudIuY99N15LANNBYBIVIINIUINSY
30 Tundelgn wuddanuuans1aiuegiel
Weddgnneadid lag T1 din1suannageian
WU 4.9 viiesiane Se9a%uiAe T4, T3, T5
WAy T2 UuuUnUainau 2.9, 2.3, 2.3 uay
2.2 MipFanNe MINaIRU MYMENIWIUAUD
60 Jundsugn wuitamuranseilgnanele
waesssud T1 Widwiundegengawiniu
11.9 iasone 5098911AD T2, T3, T4 way T5
Jwundewinnu 7.7, 5.7, 5.5 uay 3.5 1o
fona MUA1RU (Table 2) WalUSeuigunis
wannatanzdnnugnaelaaniniaiiey
v ~ a a
drinvgnlugnin T2 dn1suanneuiniian
FININTUFVD AU ULA ALTRANUL N
a A a a ~ !
wALRENIN T2 TUSUUELAINNINAIN
LENLVIZLDU daAAABINUSIE9IUYBY Monostori
et al. (2018) AsUandardnielaanin
a a ~ a X ~
LA YUALAITNITHANNBNNINT UL D
= =1 o =1 a al 901 a al
Wigumsuiuuasieudyun #nEu uagdu
YRAVDILAINLANFA1AULHNARDN1TADUAUD
MFUFIWINGIVDINY LU NISWANND dRu
gn817 wazn1stninlvieanmen (De Salvador

et al., 2008) uenanil Wwnugnaelauas

= v )
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ﬁm%’umiﬁmuwaamnﬁaw%zﬁmﬂwﬂdﬁ
(Gautier et al., 1999) losannmsunnveay
gndudaiionmisldsuamudiuasiniegn
undauasmeludalvitinsuannatios (Smith
and Whitelam, 1997)
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Table 2 Stem heightand number oftillers per plantat 15, 30 and 65 days after transplanted
of Kum Bangpra rice grown under different light conditions

Stem height (cm) Tillers/plant
Treatments"”
15 days 30 days 60 days 30 days 60 days

1 60.4 89.8 137.2b% 4.9a 11.9a

2 56.3 94.3 147.6ab 2.2b 7.7b

3 58.4 100.6 156.4a 2.3b 5.7bc

4 53.6 93.5 145.6b 2.9b 5.5bc

5 53.9 96.8 158.1a 2.3b 3.5¢c
F-test ns ns ** * **
CV (%) 8.5 8.7 a7 17.5 20.7

* significantly at 0.05 %

** significantly at 0.01 %

ns: not significantly

Y T1 (sun light) T2 (LED white: red: blue bulb panel) T3 (white LED HP4F-AL) T4 (LED full spectrum
grow board) and T5 (fluorescent)

" In the same column, means followed by a common letter are not significantly different at 0.05 %

Figure 1 Characteristics of rice plants grown under different light conditions
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Table 3 Chlorophyll, Rice straw and Number of seeds of Kum Bangphra rice grown

under different light conditions

Chlorophyll (SPAD) Straw weight (g)

Number of seeds (seed/hill)

Treatments” % Good
30 days 60 days Fresh Dry Total seed
seed
1 32.2 39.1 252.7a  74.0a 463.6ab 5.2bc
2 37.9 38.6 181.9b  39.2b 534.1a 54.8a
3 355 40.6 132.4b  29.3bc 503.2a 70.2a
a4 34.8 41.2 59.0c  20.3bc 63.2b 19.6b
5 34.5 39.9 64.5c  16.8c 103.2b 37.7ab
F-test ns ns * ** ** **
CV (%) 7.4 6.6 31.5 36.3 33.6 42.1

* significant at 0.05 %
** significant at 0.01 %

ns: not significantly

Y T1 (sun light) T2 (LED white: red: blue bulb panel) T3 (LED white HP4F-AL) T4 (LED full spectrum

grow board) and T5 (fluorescent)

" In the same column, means followed by a common letter are not significantly different at the 5 %
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T3 T4 T5

Figure 2 Grain characteristics of rice grown under different light conditions

Table 4 Days to Booting stage, flowering stage and harvesting stage of Kum Bangphra

rice grown under different lights

Development stages

Treatments"
Booting stage (day) Flowering (day) Harvesting (day)
1 72 102 135
2 60 95 130
3 65 96 130
4 70 98 132
5 75 96 140

Y T1 (sun light) T2 (LED white: red: blue bulb panel) T3 (LED white HP4F-AL) T4 (LED full spectrum

grow board) and T5 (fluorescent)
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Table 5 Amylose, amylopectin and amylose/amylopectin content in Kum Bangphra rice

grown under different light conditions

Treatments” Amylose (%) Amylopectin % Amylose/Amylopectin
T1 18.02 81.98 0.219
T2 19.04 80.96 0.235
T3 19.13 80.87 0.236
T4 19.32 80.68 0.239
T5 19.23 80.77 0.238

Y T1 (sun light) T2 (LED white: red: blue bulb panel) T3 (LED white HP4F-AL) T4 (LED full spectrum

grow board) and T5 (fluorescent)

d115UANLLANE19Y89T11T (non-
glutinous) uag 17 (glutinous) @u150
dunaldannusmavesezlulaaiiogludn
ety 1 Tnsamediidsnuasmilony
fazdiviinueylulaam dautnifiviunm
ovlalaaguinasdidnuaruduarsiu Selsidu
filloavesfuslaa Coffman and Juliano (1987)
lauvsiugdmeenitlu 5 nau auUsuiuwes
sglulaafe (1) Tramidelivsunneslulaa
0g5emine 1-2 Wedldud (2) Fndifivianm
avlulaasuin (very low amylose content)
fifnogsysring 2-12 Wesidud (3) P17
avlulaaszius (low amylose content) fd
ogj3emIng 12-20 Wedidud (4) Fndifiudina
arlulagseauliunand (intermediate amylose
content) fiANagsying 20-25 Wosidud uaz
(5) %’nﬁﬁﬂ%mmaﬂﬂaa%ﬁuqq (high amylose
content) fiAN8g5¥NIN 25-33 LUoSius
dmsunanTasgiviinueslulaa ludhi
vnansziiugnanelduassing q wuirdmnaes
T4 ﬁﬂ%mmaﬂﬂaammﬁqm S99a%11AD T5,

T3, T2 way T1 anuansu leedivsunueylulaa
9g581mI19 18.02-19.32 Wadidud Fadu
U%mmﬁagﬂummﬁﬁizﬁuﬁw d9AAABINU
Promsomboon and Promsomboon (2019)
5189171 Frturmssiiudafiiusuna
ozluladluseiudn dnegluvsziandrnd
oglulaad ievsanasidnunsyu-wieuas
VUazY (850UA, 2550)

#3UNAN3IRY
mﬂmsﬁmﬂﬁnﬁwuwmzﬁﬂgﬂmﬂéf
Wea T3 (LED white HP4F-AL) fin151a3gyLiuln
Tughuaugs Suaumesiens twmiinung uay
Sruumdnd innflgage dmiuszeiamunms
gaemiuImsENUI %’nﬁﬂqﬂiu T2 (LED
white: red: blue bulb panel) fiszyzHaUINTT
Saflqeite svezdavion 60 Fu svezeennen
95 ¥u wavszesifuiion 130 Ju dwmsunis
inszivsinaesliladludniuimss wuh
Gﬂ’nﬁ"wma‘wizﬁﬂ%ywmazlﬂaaag'izm'w



2 & =

18.02-19.32 wWasidus Falusueylulag
agluLN I TEAUM

AnAnssuUsznia

AR ITEvaTBUAMATNUANENTIINTS
duaSuinenmans Ieuazuinnsy (@nan.)
Hadvanunuidelulsudsesann wa. 2563
wagvavauAMIINg dumnalulagivieng
axueen dmsuanufisiunsidelunsed

LONET81984

n31M15917. 2549, B3RS0, NTENTIs
NYATHATANNTAL, NTUNNA.

An adannigau. 2549. NMsasyAulnves
dnluanmeifianuduuasinei. as
Ineaanitazivalulad unInenay
TAYNTLUATATOLTEN. WILUATATBYSEN.

antuddednn. 2544, anwdiBestnn. de
ateneamalulad @aa10u3pe1 NI
FINTNYAT. NTENTINBATLAZARNTA,
NFANNA.

95eusA Weina. 2550. 91 Memansiaz
walulad. (fnsiadedl 2). ngunme:
URMINYIRELNYATANERT. 366 WU,

Coffman, W. R. and B. O. Juliano. 1987. Rice.
In R. A. Olson, & K. J. Frey. (Eds).
Nutritional quality of cereal grains:
Genetic and agronomic improvement
(vol. 5) (pp.101-131). Madison: American
Society of Agronomy.

De Salvador, F.R., G. Scarascia Mugnozza, G.
Vox, E. Schettini, M. Mastrorilli, and M.

Bou Jaoudé. 2008. Innovative

9. WanNSSUNISINUAS 4(1):1-12
J. Agri. Prod. 2022

photoselective and photoluminescent
plastic films for protected cultivation.
Acta Hortic. 801(PART 1): 115-121.

Drozdova, I.S., V.V. Bondar, N.G. Bukhov, A.A.
Kotov, L.M. Kotova, S. N. Maevskaya
and A.T. Mokronosov. 2001. Effects of
lisht spectral quality on morphogenesis
and source-sink relations in radish
plants. Russ. J. Plant Physiol. 48: 415-
420.

Gautier, H., C. Varlet-Grancher, and L.
Hazard. 1999. Tillering responses to
the light environment and to defoliation
in populations of perennial ryegrass
(Lolium perenne L.) selected for
contrasting leaf length. Ann. Bot. 83:
423-429.

Juliano, B.O., B. Ricardo and G.E. Luiz. 1971.
Evaluation of the protein quality and
milled rices differing in protein content.
J. Agric. Food Chem. 19(5): 1028-1034.

Keiko O.K.,, M. Ryo, G. Eiji, F. Kazuhiro and
K, Kenji. 2006. Growth of rice plants
under red light with or without
supplemental blue light. Soil Science
and Plant Nutrition 52: 444-452.

Kobata, T. and N. Moriwaki. 1990. Grain
growth rate as a function of dry matter
production rate: An experiment with
two rice cultivars under different
radiation environments. Jpn. J. Crop
Sci. 59: 1-7.



@ 9. WANNSSUNISINUAS 4(1):1-12
J. Agri. Prod. 2022

Kobata, T., M. Sugawara and S. Takatu. 2000.
Shading during the early grain filling
period does not affect potential grain
dry mater increase in rice. Agron. J. 92:
411-417.

Li, Q. and C. Kubota. 2009. Effects of
supplemental light quality on growth
and phytochemicals of baby leaf
lettuce. Environ. Exp. Bot. 67: 59-64.

Monostori, I., H. Mark, K. Gabor, R. Marianna,
A. Mohamed, B.A. Susan, S. Gabriella,
P.Magda, T. David, S.S. Livia, H. Noémi,
G. Gabor, and D. Eva. 2018. LED Lighting
- Modification of Growth, Metabolism,
Yield and Flour Composition in Wheat
by Spectral Quality and Intensity.
Frontiers in Plant Science. 9 Article 605.

Promsomboon, P., and S. Promsomboon.
2016. Collection and Evaluation of
Local Thai Rice Varieties (Oryza sativa
L.). Journal of Life Sciences 10: 371-
374.

Promsomboon, P., and S. Promsomboon.
2019. Environmental responsibility of
rice var. Kum Bangpra and riceberry in
lowland and upland conditions.
International Journal of Agricultural
Technology 15: 747-752.

Rahman, M.T. and M.T. Islam. 2002. Effect
of water stress at different growth
stages on yield and yield contributing
characters of transplanted aman rice.
Pak. J. Biol. Sci. 5: 169-172.

Smith, H. and G.C. Whitelam. 1997. The
shade avoidance syndrome: multiple
responses mediated by multiple
phytochromes. Plant Cell Environ. 20:
840-844.

Tran, L.H.and S. Jung. 2017. Effects of Light-
Emitting Diode Irradiation on Growth
Characteristics and Regulation of
Porphyrin Biosynthesis in Rice Seedlings.
Int. J. Mol. Sci. 18: 641. 1-11.

Wopereis, M.C.S., M.J. Kropff, A.R Maligaya
and T.P. Tuong. 1996. Drought-stress
responses of two lowland rice cultivars
to soil water status. Field Crop Res. 46:
21-39.

Yorio, N.C., G.D. Goins, H.R. Kagie, R.M.
Wheeler and J.C. Sager. 2001. Improving
spinach, radish, and lettuce growth
under red light-emitting diodes (LEDs)
with blue light supplementation. Hort.
Sci. 36: 380-383.



021581SWANNSSU
n1 uns

JOURNAL OF AGRICULTURAL
TION

0. WamNsSsUNSINUAS 4(1):13-27
J. Agri. Prod. 2022

Farmers’ Attitude on Tobacco Growing for Reducing
Smog from Maize Stubble Burning, Mae Chaem District,
Chiang Mai, Thailand

Jukkaphong Poung-ngamchuen'* and Tonglian Buwjoom?

' Faculty of Agricultural Production, Maejo University, Chiang Mai 50290
* Faculty of Animal Science and Technology, Maejo University, Chiang Mai 50290

* Corresponding author: jukkaphong.mju@gmail.com

(Received: 27 July 2021; Revised: 27 November 2021; Accepted: 1 March 2022)

Abstract

Thailand is facing severely problem of smog from maize stubble burning. Negative
impact in peoples’ health was happened as its effect. So, plant exchanging for cultivation
such as tobacco, is one of the good alternatives for the mentioned problem solving.
However, the study of farmers’ attitude on plant exchanging for cultivation is primary
needed. Thus, this research was attempted to find out truly farmers’ attitude in Mae
Chaem district which is the most animal feed maize growing area in Thailand, including
impact analysis to Thai animal feed industry. Interview schedule was employed for data
collection from 378 of animal feed maize growing farmers. A set of question was used
for qualitative data collection from 4 administrators of private organization in animal feed
industry. Obtained data were analyzed by descriptive and inferential statistics as well as
rationale content analysis. The results reveal that, 62.70% of farmers were male with
47.39 years old on average age. Farmers more than one-half reached primary school with
average income from animal feed maize growing was 52,912.70 baht per year in growing
area of 1.55 hectares on average. Most of farmers had growing area with soil fertility but
67.72% of farmers have not enough natural water resource and had good level in
knowledge of tobacco growing (69.58%). In terms of farmers’ attitude, farmers had

moderate level in readiness of tobacco growing. While had high level in needs of tobacco
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growing and had low level in possibility of tobacco growing instead of animal feed maize.

Furthermore, the study found 6 main factors significantly correlating farmers’ needs as

follows: educational attainment, income from animal feed maize growing, animal feed

maize growing area, soil fertility, adequate water, and farmers’ readiness. In terms of

effect, negatively impact to need of raw material and animal feed production might be

happened by private sector action measures and government policy.

Keywords: Attitude, smog, tobacco, maize stubble burning

Introduction

Thailand has been promoting maize
cultivation for a long time, since it is an
important cash crop needed by domestic
markets. Meanwhile, many provinces of
northern Thailand are now facing the
problem in forest encroachment for animal

feed maize growing. This is because of its

good price and the private sector promotes
animal feed maize and sweet maize growing
in the form of contract farming (Poung-
ngamchuen and Poonnoy, 2018) (Figure 1).
In addition, maize still be needed inside
and outside the country (Chiang Mai
Agricultural Office, 2017) making a lot of

famers turn to grow maize.

Figure 1 Animal feed maize growing in Mae Chaem district, Chiang Mai

Animal feed maize growing under
contract farming helps ensure a certain
income of farmers. However, maize stubble
burning after the harvest season causes the
smog problem (Poung-ngamchuen and

Poonnoy, 2018). That is, farmers prefer to

burn maize stubble after harvest because,
it is the easiest method without expenses
(Tantiwittayapit, 2015). According to the
initial data obtained, found that the yield
of maize growing is only the shuck of an

ear of maize which can be sold. Part of



maize stubble can be used for compost
and the rest are burned. Besides, maize
stubble burning to wait for the first rain
involves culture of farmers. That is, they
believe that Melientha suavis and
hygroscopic earthstar will grow and be
harvested for consumption or selling.
However, maize stubble burning results in
the severe problem of smog happening for
years. BBC News (2019) supported that,
Chiang Mai ranks number one in terms of
the highest air quality index in the world
which surely harms human health.

Mae Chaem Agricultural Office (2017)
reported that Mae Jam district is the biggest
animal feed maize production place in
Chiang Mai covering an area of 15,492.04
hectares. Besides, it is the highest hotspot
area raised from burning in Chiang Mai on
it is the biggest origin of smog (Promtha,
2018). According to Office of Disease Control
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and Prevention, Region 10, there are 70,000
patients using service of 85 hospitals per
day. In Chiang Mai, there are 2,000-3,000
patients and their ailments can be sorted
into 4 main groups: 1) heart disease and
vascular disease, 2) respiratory disease, 3)
inflammatory eye disease, and 4) skin
disease. And with an increase rate at 5-10%
(Prachachat Business, 2015). Smog harms
the health and livelihoods of people in
Chiang Mai. A good way to solve this
problem in a long term is to grow such as
tobacco.

Tobacco is a short-stemmed plant and
has large leaves. So, there will have only a
few stem fragments left after harvesting,
which can be plowed to prepare the soil
for next crop. More importantly, there will
be no longer smog from incineration of

post-harvest scraps (Figure 2).

Figure 2 Tobacco growing in Thailand
Source: Thairat online (2012)
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Aside from helping the alleviation of
the smog problem but tobacco also support
Thai tobacco industry which generates an
annual income for more than 20,000 million
baht (Tobacco Authority of Thailand, 2015).
Indeed, domestic tobacco consumers prefer
Thai cigarettes rather than the imported
ones (Post Today, 2018). Moreover, the
study of Poung-ngamchuen and Promtha
(2021) confirmed that farmers in upper
northern Thailand had high and moderate
levels of needs and readiness for tobacco
growing instead of animal feed maize.
Therefore, the researchers agree to conduct
this study to help indirectly solve the smog
problem by growing another kind of plant-
tobacco and it is hoped to be successful.
Also, this study contains an analysis of
impacts which may happen to feed industry
of Thailand.

Objectives of the Study

Specifically, this study aimed to
investigate attitudes of the farmers based
on 2 aspects: readiness and needs. Also,
there was a study on the possibility of
tobacco growing to replace maize and
reduce the problem of smog or maize
stubble growing. Minor objectives included
the investigation of personal factors, social
factors, economic factors, environmental

factors, factors on knowledge and

understanding about tobacco growing of
the farmers, and factors effecting needs for

growing tobacco of the farmers.

Research Methodology

This survey research was conducted
in Mae Chaem district, Chiang Mai, Thailand.
Population in this study were 7,004 farmers
maize grower with a total maize cultivation
area of 15,492.04 hectares (organic/
chemical systems) in 7 sub-districts as
follows: 1) Chang Khoeng 2) Tha Pha 3) Ban
Thap 4) Mae Suck 5) Mae Na Chon 6) Pang
Hin Fon and 7) Kong Khaek (Mae Chaem
Agricultural Office, 2017). The sample group
for quantitative data collection consisted
of 378 maize growing farmers and they were
obtained by formula of Taro Yamane
(Thaweerat, 1997), Slovin’s formula (Poung—
ngamchuen and Namviset, 2012), and
simple random sampling. Besides, another
administers of private organizations on feed
industry, northern Thailand were included
in the sample group for qualitative data
collection. Interview schedule was used for
the maize farmers. It consisted of 3 parts:
1) the basic information of farmers (personal,
economic, social, environmental
information, and knowledge/understanding
about tobacco growing); 2) attitudes of the
maize farmers based on readiness in

tobacco growing and needs for maize



growing. Focus group discussion and in-
depth interview were conducted with the
4 administrators of private feed industry.
Fifteen question items were created for the
measurement of knowledge/understanding
about tobacco growing (true or false) with
the criteria as followed: 0-9=Fair,
10-12=Rather high, and 13-15=High.
Regarding attitudes of the maize
farmers based on readiness in tobacco
growing, it was on the basis of 5 levels: 1)
highest, 2) high, 3) not sure, 4) low, and 5)
not ready. In the case of needs for tobacco
growing, it was in terms of 3 aspects: 1)
environmental conservation, 2) promotion
by the public sector and 3) rate of return.
Obtain data were analyzed by descriptive
statistics. For the possibility of tobacco
growing, it was based on maize growing area

reduction and cancellation of maize

Table 1
for tobacco growing
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growing. The question items were in the
form of Likert 5 rating scale: highest, high,
moderate, low, and lowest. The
determination of score interval for the
consideration of a level of needs for
tobacco growing of the maize farmers are
shown in Table 1 (Poung-ngamchuen,
Poonnoy and Buwjoom, 2016).

This study was composed of 2 steps:
1) documentary review and field study and
2) data analysis by descriptive and inferential
statistics such as percentage, mean,
standard deviation, minimum score,
maximum score, and Chi-square test were
used for the consideration of factors relating
to farmers’ needs for tobacco growing.
Qualitative data gained from focus group
discussion and in-depth interviews were

analyzed by rationale content analysis.

Score interval for consideration of farmers’ readiness, needs, and possibility

Score range

Level of readiness/needs and

possibility
4.50-5.00 Highest/Highest
3.50-4.49 High/High
2.50-3.49 Not sure/Moderate
1.50-2.49 Low/Low
1.00-1.49 Not ready/Lowest
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Results and Discussion
Basic information of the farmers growing
animal feed maize

It was found that, about two-thirds of
the maize farmer respondents (62.70%)
were made and 47.39 years old on average.
More than half of the maize farmer
informants (55.56%) were elementary
school graduates. Most of the maize farmer
informants (84.13%) were married and they
had 4.08 family members on average and
2.98 persons were household workforce.
Each maize farmer informants had 1.55
hectares of maize growing area and they
earned an income from it for 52,912.70 baht
per cropping on average. However, they had
debts due to maize growing for 4,637.57
baht on average. They perceived the
information about tobacco growing 0.58
time and attended training 0-50 time on
overage in 2017. Almost all the maize
farmer informants’ land (91.53%) had fertile
soil, but 67.72 percent did not have enough
water for growing tobacco throughout the
year.

Many pieces of research on agriculture
fix farmers to be unit of analysis. It is often
found that the number of male farmers
participating in agriculture activities is more
than female and it is the same as this study.

This might be because males in the Thai

agricultural society usually play social roles
more than females such as community
leaders and farmer representatives. So, they
have more chances to learn gain experience
(Sompakdi, Phonprapai and Sindecharak,
2014). Besides, it is found that males have
good instinct in decision making to do
various tasks (Poung-ngamchuen, Supa-

udomlerk and Leerattanakorn, 2015).

Knowledge/understanding of farmers in
tobacco growing

The results revealed that, more than
two-thirds (69.58%) of the maize farmer
informants had a high level of knowledge/
understanding about tobacco growing and
only 2.65 percent were found at the
moderate level (Table 2). Regarding
knowledge about the organic farming
system, most of the maize farmer
respondents (95.24%) perceived that
tobacco can be used as a traditional
medicine and it can eliminate insects. They
also perceived that tobacco can be
propagating by cuttings. After the harvest
of tobacco, the leaves are dried in the
sunlight for 15-20 days (84.39% of the maize
farmer informants). However, 57.94 percent
did not know that it takes about 150 days

of tobacco growing by or harvest.
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Table 2 Knowledge/understanding of farmer in tobacco tree growing

Level of knowledge and understanding F %
High 262 69.58
Rather high 105 27.78
Fair 10 2.64
Total 378 100.00

Findings showed that the maize farmers
had knowledge and understanding about
tobacco growing at a high, rather high, and
moderate level, respectively. This implied
experience in growing diverse crops of the maize
farmers. That was, some maize farmers used
to grow tobacco and some of them used to
do organic farming. This was in the same
direction of a study of Poung-ngamchuen,
Poonnoy and Buwjoom (2016) which found
that farmers had knowledge and understanding
about organic standards at a moderate and high
level due to their experience in growing diverse
crops for more than 20 years. Regarding 3
aspects of the maize farmers’ attitude, it was
found that they were ready in cultivation area,
plant varieties, and production costs which were
found at a moderate level. For their needs,
the maize farmers needed for growing tobacco
at a high level. Besides, they needed for
upstream forest and conservation chemical

free water sources.

Attitudes of the maize farmers towards

tobacco tree growing to replace maize
This was on the basis of readiness and

needs for tobacco growing of the maize

farmer informants.

Readiness in tobacco growing

Findings showed that the maize farmer
informants had readiness in tobacco
growing at a moderate lever (x=2.85). Based
on its details, they had a moderate level in
terms of 1) plantation area, 2) tobacco
varieties, and 3) costs (x=3.30, 2.61, and
2.64 respectively) (Table 3). It was found
that the plantation area was sandy loam
soil most (x=3.80). They are mostly ready
to grow tobacco varieties having
appropriateness with climate and
topographic conditions (x=2.94). But they
did not have tobacco varieties to grow
(x=2.17). However, they were confident that
could find a capital source for growing
tobacco (x=2.87).
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Table 3 Farmers’ readiness of tobacco growing

Readiness X SD Description
Growing area 3.30 0.74 Not sure
Plant varieties 261 0.74 Not sure
Capital source 2.64 0.76 Not sure
Total 2.85 0.75 Not sure

Needs for tobacco growing

In general, it was found that the maize
farmer informants had high level of needs
for tobacco growing (x=3.73) in three
aspects: environmental conservation
(x=4.02); promotion by personnel of the
public sector (x=3.43); and incomes/returns
(x=3.74)(Table 4). Besides, the maize farmer
informants did not destroy upstream forest
most (x=4.26). This was followed by did

not want water sources to have chemical
contamination (x=4.26). The maize farmer
informants wanted training about tobacco
growing most (x=3.58). They also needed
concern personnel to always supervise and
monitor tobacco growing (X=3.46). Regarding
incomes and benefits, the maize farmer
informants wanted to have assurance of
tobacco price most (x=4.08) as well as a

certain price (x=4.02).

Table 4 Need of farmers in tobacco growing

Needs SD Description
Environmental conservation 4.02 0.82 High
Government support 3.34 0.70 High
Benefit and income 3.74 0.70 High
Total 4.10 0.74 High

Possibility of the maize farmer informants
to grow tobacco

There was a low level of the possibility
in tobacco growing (x=2.55). Based on its
details, the reduction of maize growing area
was found at a moderate level (x=3.28) and

the cancellation of maize growing was

found at a low level (x=1.82) (Table 5).
However, the maize farmer informants were
confident that they could reduce maize
growing area in order to grow tobacco
(x=3.13). Meanwhile, few of them had an
idea to cancel maize growing to grow

another kind of crop (x=1.93).
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Table 5 The possibility of farmers in tobacco growing

Possibility X SD Description
Reduction of maize growing area 3.28 0.74 Moderate
Cancellation of maize growing area 1.82 0.72 Low
Total 2.55 0.72 Low

Factors relating to needs for growing
tobacco to replace maize of the
maize farmers

According to the study, there were 6
main factors found to have relationship with
needs for growing tobacco to replace maize
of the maize farmer informants with a
statistical significance level. This included
the following: educational attainment,
income from animal feed maize growing,
animal feed maize growing area, soil fertility,
adequate water, and farmer readiness of
tobacco growing. In general, all of these
had a high level of relationship with needs
for tobacco growing of the maize farmer
informants (Table 6).

According to an interview about the
farmers’ needs on tobacco farming in three
aspects (environmental conservation,
government support, and benefit and income),
there were eight factors relating on needs for
tobacco growing of the farmer informants
based on environmental conservation with a
statistical significance level. This included the
following: gender, age, educational attainment,

marital status, incomes earned from maize

growing, animal feed maize growing area, debts
due to maize growing, and informational
perception about tobacco growing.

The informants wanted to grow tobacco
although these people had certain incomes
and a large area of maize growing they wanted
to use part of it for growing tobacco. They also
stated that tobacco growing could help reduce
the smog problem caused by maize stubble
burning. This was in the same direction with a
study of Japichom and Tongdeelert (2015)
which found that farmers had readiness most
in terms of economy, since they used a small
piece of land for vegetable production based
on land rotation and household workforce.
Meanwhile, there were 2 main factors relating
on needs for the promotion by the public
sector: incomes from maize growing and
adequate water throughout the year. According
to an interview, it was found that in case of a
satisfactory level of incomes earning from
maize growing, the maize farmer informants
used part of the incomes for the investment
of tobacco growing. However, they were
worried about lack of rain which would

influence tobacco and maize growing.
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Table 6 Factors’ relating to needs of farmers in tobacco growing in general

Independent Variables

Farmers’ Needs of Tobacco

Growing in General

Chi-square Sig.
Gender 1.413 0.493
Age 8.112 0.423
Educational attainment 26.185** 0.010
Marital status 1.665 0.797
Number of household members 5.790 0.215
Number of household workforce 5.408 0.248
Income from animal feed maize growing 14.756** 0.005
Debt due to animal feed maize growing 9.677 0.288
Animal feed maize growing area 14.243** 0.007
Information perceiving of tobacco growing 3.395 0.758
agricultural training and educational tour 2.609 0.856
Soil fertility 7.440* 0.024
Adequate water throughout the year 15.498** 0.000
Level of knowledge and understanding of tobacco growing 3.697 0.449
Farmers’ readiness of tobacco growing 7.941* 0.035
Farmers’ possibility of tobacco growing 5.620 0.233

In terms of income and benefits, there
was statistically significant relationship
between needs for tobacco growing and
the level of knowledge/understanding of
tobacco growing. This was in the same
direction with results of a study of Kananit,
Prapatigul and Wongsamun (2017) which
reported that farmers having high
educational attainment or knowledge/

understanding on agriculture tended to

want to be developed themselves about
good agricultural practice rather than those
having low educational attainment or
knowledge/understanding about agriculture.
Furthermore, the study of Sujaritturakarn and
Tanapanyaratchawong (2010) confirmed that,
knowledge about organic fertilizer
production and utilization had an effect on
the adoption of organic fertilizer production

and utilization and this could motivate



farmers to grow new crop varieties. Likewise,
a study of Kaewpipop, Yothakong and Kaew-
wan (2012) supported that, a level of
educational attainment and an income
earned from the agricultural sector had
relationship with need for the promotion
of farmers to participate in rubber growing
project.

An analysis of impacts of tobacco
growing to replace maize and reduce the
smog problem on Thai feed industry

According to an in-depth interview
with administrators of private companies
(Thai feed industry) and secondary data, it
was found that an amount of feed in the
world had increased to reach more than
1,000 million tons or with the growth rate

of 2.5 percent per year on average (Figure 3).
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Recently, Alltech’s e-newsletters (2018) had
collected data from 144 countries and
found that this growth rate was due to an
increase in the needs for meat, egg, and
milk consumption by 3 percent. Meanwhile,
growth of feed for pigs in China is inadequate
following a number of yields each year.
Interestingly, the growth of feed for pig in
Russia increased due to an increase in the
amount of pig production under the policy
of the government on pig rearing extension
to replace imported pork (National Swine
Farmers Association, 2018). According to
these data, it could be concluded that the
feed production of Thailand drastically
decreased due to the decrease in domestic

and foreign markets.

Average of Growth Rate Per Year = 2.5%
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Figure 3 World situation of animal feed production during the year of 2012-2017
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Feed mill plants in Thailand produce
3 feed types based on nutrition components:
1) complete feed, 2) concentrates, and 3)
pre-mixtures (Animal Feed and Veterinary
Product Control, 2015), but only complete
feed needed as much maize as possible.
Regarding animal feed maize production in
Thailand, it is found that this production is
somewhat problematic. The National Swine
Farmers Association (Alltech’s e-newsletter,
2018) reported that there was a decline in
an area of animal feed maize from 1.16
million hectares in 2014-2015 to 1.08 million
hectares in 2018-2019 (1.29% per year). This
was because of a low price of animal feed
maize and most of animal feed maize
farmers turned to grow other field crops
such as cassava and sugar cane. Besides,
the private sector had measures not to
purchase animal feed maize grown in the
area having no right document. Meanwhile,
the public sector had a policy on the
promotion of animal feed maize growing in
the dry season for increased its production.
However, it was still not enough, so
Thailand had to import animal feed maize
from neighboring countries along with
alternative finding such as wheat
(Kantanamallakul, 2019). Since maize is an
important energy source for animal feed,
so it is expected that the reduction of maize

growing area for growing tobacco will harm

maize growing for animal feed industry of

the country.

Conclusion

In general, it can be concluded that
farmers could grow tobacco to replace
animal feed maize, but it depends on soil
fertility of the cultivation area, adequate
water, and a good price of tobacco leaves.
However, the reduction of maize growing
was may harm the animal feed industry in
terms of an amount of raw material and
instant animal feed, therefore, concerned
public and private agencies should
acceleratory seek advice for the
determination of measures to cope with
crop varieties changing of farmers as well
as the curation of confidence in a good yield
price. Nevertheless, all concerned parties
should be aware of readiness preparation
of farmers particularly on production factor
in the case of high tendency to grow

tobacco to replace maize.
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Abstract

The effects of various roasting-rolling temperatures (40-50, 50-60, 70-80 °C), rolling
times (10, 15, 20 minutes), and drying temperatures (60 and 80 °C) on water activity (aw),
color values (L*, a*, b*), total phenolic content, antioxidant activity by DPPH, and ferric
ion reducing antioxidant power (FRAP) in Betel nut tea were studied. The total phenolic
content and antioxidant activity decreased when the roasting-rolling and drying
temperatures increased (p<0.05). As a result, the tea processing condition that produced
the most bioactive compounds (roasting-rolling temperature of 50-60 °C, 15 minutes of
rolling time, and drying temperature of 60 °C for 3 hours) was chosen to investigate the
amount of water (60 and 80 milliliters) and water temperature (80, 90, and 100 °C) needed
to make tea. The water and the water temperature did not affect the bioactive compounds
(p>0.05). Sensory evaluation with 50 panelists using a 9-point hedonic scale showed
differences in preference scores in the taste (p<0.05), but there was no significant difference
in terms of color, odor, and overall liking for Betel nut tea (p>0.05). Thus, the appropriate
formula for Betel nut tea making was 5 grams of tea, 60-80 milliliters of water, and
80-90 °C water temperature.

Keywords: Betel nut, Betel nut tea, Herbal tea, Bioactive compound



Introduction

According to the Notification of the
Ministry of Public Health (No. 280) B.E. 2547
(2004), certain therapeutic plants can be
processed into herbal teas. Thai medicinal
plants, such as mulberry leaf tea, fragrant
pandan tea, bael tea, roselle tea, and
safflower tea, are currently more popular
to be processed into herbal teas. Because
most herbal teas are caffeine-free, they are
excellent for seniors and caffeine-allergic
individuals.

The color, fragrance, and taste of tea
are all influenced by the chemical content
of the leaves. Polyphenols, which account
for approximately 10-25 percent of the dry
weight of all fresh tea leaves, are the
compounds that influence tea flavor. These
compounds have an astringent flavor. The
majority of polyphenol chemicals are
flavonoids, which have antioxidant
characteristics (Agartvipart, 2015). People
commonly consume tea from the Camellia
Sinensis Plant Family, including polyphenol
chemicals with natural antioxidant effects.
Herbal tea is made from plants or fruits that
contain polyphenols, which have antioxidant
effects. Depending on the processing, the
type and concentration of polyphenol
compounds in tea will vary. Chemical
processes and biochemistry in tea leaves,
which produce different polyphenol

chemicals, are affected by different
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processing methods. Therefore, herbal teas
are suitable for health-conscious consumers
(Yuan et al., 2011; Theppakorn, 2012).

The Betel Nut, also known as the Betel
Palm, is a palm tree belonging to the
Arecaceae family with the scientific name
Areca catechu Linn. The fruit of the
immature betel nut is dark green, whereas
the adult betel nut is yellow-orange. Betel
nuts are spherical or elliptical with an
average diameter of 2-2.5 centimeters, betel
nut bunches, and 10-15 fruits per bunch.
The diuretic qualities of betel nut seed aid
to relieve gastrointestinal pain, distension,
dysentery, infected wounds, and parasites
(Plansangkate and Promrak, 2008). The total
phenolic content in betel nut rough extracts
was 54.38 milligsrams/milliliter, total tannin
content was 87.74 milligrams/milliliter, and
antioxidant activity was determined using
the DPPH Radical technique with an IC50
value of 7.32 micrograms/milliliter (Sinsaior,
2012).

In accordance with the properties of
bioactive substances in betel nuts; the
researcher had an idea to use the betel nut
and process it into herbal tea products by
studying the physical properties, chemical
properties, and bioactive substances in fresh
betel nut flesh, developing a suitable tea
making process and studying the appropriate
conditions of tea making to get a nutritious

betel tea rich in antioxidants with a unique
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taste and flavor, thereby increasing choices
for consumers. It also makes the products
more valuable. Moreover, it promotes the
development of food products from plants,
vegetables, and local herbs to be more

widely acknowledged.

Materials and Methods
Raw material preparation

The betel nuts were purchased in Si
Mum Mueang market, Pathum Thani,
Thailand. Betel nuts with a fire-colored peel
and no insect punctures or rotting symptoms
were chosen. The betel nuts needed to be
cleaned and dried first. Next, remove only
the betel nut peel, powder it, collect the
sample in clean glass vials, and seal it for

further physical and chemical analysis.

The process of making herbal tea
from betel nut
Temperature for roasting and rolling and
appropriate oven drying temperature for
preparing herbal tea made from betel nut
The temperature for roasting and
rolling, as well as the temperature for oven
drying, were modified from the herbal tea
production process (Khonsarn et al., 2018)
as follows: roasting-rolling temperatures
(40-50, 50-60, 70-80 °C), rolling time (10, 15,
20 minutes), and drying temperatures (60
and 80 °C), drying time 3 hours. The final

moisture level of the betel nut flesh must

be less than 8%. The dried betel nuts were
then placed in bags and stored in desiccators

for quality testing.

Appropriate conditions for making
betel nut herbal tea
The appropriate amount of water and
water temperature for making betel nut
herbal tea were studied

In the second phase, betel nut tea was
selected from the best formulae to
determine the amount of water and
appropriate water temperature for brewing
betel nut tea. The researcher took 5 grams
of betel nut tea, brewed it with hot water
in the amount and temperature stated in
the six formulas experiment, with the water
amount (milliliter): temperature (°C) in tea
brewing as follows: For 5 minutes, alternate
60:80, 80:80, 60:90, 80:90, 60:100, 80:100.
Then, set the tea temperature to 65-70 (°C)
for physical, chemical, and bioactive
compound analysis, as well as sensory

acceptance.

Physical properties and bioactive
compound analysis

Color value; Color value analysis
refers to the lightness (lightness: L*), redness
(redness: L*), and yellowness (yellowness:
L*) of betel nut tea by using a colorimeter
(Hunter Lab Model Colourflex45/0, USA) to

make three replicate measurements.



Water Activity (aw); Water activity
(aw) in the betel nut tea recipe was
measured using the water activity (aw)
meter by Aqua Lab, Model CX2.

pH; The potential of pH was measured

by a pH meter (Sartorius, PB-20, Germany).

Determination of bioactive compounds

Betel nut tea extract; Bioactive
compounds of Betel nut tea extract were
measured with modified methods from
Pumtes et al. (2012) and Taokaenchan et
al. (2018).

Bioactive compounds; Total phenolic
content was determined by Folin-Ciocalteu’s
reagent method, modified methods from
Namjooyan et al. (2010); Kubola and
Sirlamornpun (2008). Antioxidant activity by
radical scavenging activity: This value was
measured using the modified DPPH method
from Mao et al. (2006) and Singh et al.
(2002), and antioxidant activity was
measured by ferric reducing antioxidant
power (FRAP), Antioxidant activity was
measured by ferric reducing antioxidant
power (FRAP) modified from the methods
of Benzie and Strain (1996); Kubola and
Siriamornpun (2008).

Sensory evaluation of betel nut tea
The sensory evaluation of betel nut

tea was examined by 50 taste panelists
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using a liking scale to measure preference,
the 9-point hedonic scale, to select a
condition of betel nut tea they liked the
most. The test variables are color, odor,
taste, and overall liking, with betel nut tea
temperatures controlled at 65-70 °C. Three
samples were tested, followed by a one-
minute interval, then three more samples

were tested.

Statistical analysis

Physical properties and bioactive
compound data were analyzed using the
Completely randomized design (CRD).
Sensory evaluation was analyzed using the
Random complete block design (RCBD). The
obtained data with Analysis of variance
(ANOVA) and difference of means between
experimental groups compared with
Duncan’s new multiple range test at p<0.05

was considered.

Results and Discussion
The study on the production process of
herbal tea from betel nut

For betel nut tea production, the
temperature and time for roasting, rolling,
and oven drying were examined. Betel nut
tea from all six formulae had significantly
different aw value and color values of L*,
a*, and b* (p<0.05) but did not affect the
pH value in betel nut tea (p>0.05). The
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maximum aw value was 0.72 for betel nut
tea roasted and rolled at 40-50 °C for 10
minutes and dried at 60 °C for 3 hours, and
the lowest aw value was 0.72 for betel nut
tea roasted and rolled at 50-80 °C for 10
minutes and dried at 70-80 °C for 3 hours.

Herbal teas are of high quality and
standard, according to the Notification of
the Ministry of Public Health. (No. 280) B.E.
2547 (2004). Specifically, the moisture
content must not exceed 10 percent by
weight, pathogenic microorganisms must
not be present, and toxic compounds from
microorganisms, pesticides, or other
hazardous substances must not be present
in proportions that may be harmful to
customers. The water activity (aw) of the
betel nut teas in all six recipes was 0.62-
0.72, which was the value within the herbal
tea product standard that required moisture
content of less than 10% by weight because
there was enough water content for
microbes such as bacteria, yeast, or fungi
to grow and destroy the food, it was
designated as a risky food group if the water

activity was greater than 0.85. Food will

have a longer shelf life if the aw value is
lower than the amount of water activity
that the microorganisms can live in (Khonsarn
et al., 2018).

Color analysis of betel nut tea products
revealed that all six formulations had
significantly different betel nut teas (p<0.05).
The lightness, redness, and yellowness
qualities of roasted-rolled and dried foods
tend to increase as the temperature rises.
Unsuitable drying circumstances cause
product quality loss, such as taste, color,
nutrition, and rehydration capability, making
drying difficult to control (Maskan, 2000).

Analysis of total phenolic content:
Antioxidant activity as measured by DPPH
radical scavenging activity; DPPH and Ferric
reducing/antioxidant power; and FRAP
techniques for all six betel nut tea
formulations (Table 1). The total phenolic
content and antioxidant activity were found
to be substantially different (p<0.05). When
the overall phenol concentration of a
roasted-rolled product is affected by
increasing the temperature and drying time,

antioxidant activity diminishes.
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Table 1 Physical properties and bioactive compounds of betel nut tea
Physical properties Bioactive compounds
Formulas TPC DPPH FRAP
L* a* b* aw o
(mgGAE/g) (% inhibition) (mg TE/g)
1 13.72" 45.64° 20.04° 0.72° 5.72 54.46% 7.20° 2.58°
2 14.74° 46.32° 21.86° 0.72° 5.74 57.32° 7.43° 1.92°
3 14.04° 46.65° 24.24° 0.69° 5.74 58.48° 5.54°° 1.76°
q 15.22° 43.91° 20.51° 0.65° 5.72 57.30° 5.07% 1.61%
5 15.52° 4253 2262° 0.62° 5.74 53.88° 4.30° 1.13°
6 16.52° 46.46° 20.03° 0.63° 5.77 56.86 4.18° 1.06°

*" Values with different letters in the same column are significantly different (p<0.05), TPC: Total

phenolic content

Formulas 1-6 = Temperature, time for roasting and rolling and drying; 1= 40-50 °C 10 min and drying
60 °C 3 h, 2= 40-50 °C 20 min and drying 80 °C 3 h, 3= 50-60 °C 15 min and drying 60 °C 3 h, 4=50-60 °C
15 min and drying 80 °C 3 h, 5=70-80 °C 10 min and drying 60 °C 3 h, 6= 70-80 °C 10 min and drying

80°C3h

The total phenolic content and
antioxidant activity of betel nut tea with
roasting and rolling temperatures of 40-50 °C
for 10 minutes and drying temperatures of
60 °C for 3 hours were found to be the
highest by FRAP and DPPH, with 54.46
milligrams of gallic acid equivalents/gram,
2.58 milligrams of Trolox equivalents/gram,
and 7.20% inhibition. The lowest total
phenolic content and antioxidant activity
are obtained by roasting and rolling at
70-80 °C for 10 minutes and drying at 80 °C
for 3 hours. As a result, roasting-rolling and
drying at high temperatures for an extended
period reduce the beneficial components

in betel nut tea.

The following crucial processes in the
tea production process, such as withering,
are included. The process of withering
causes the water in the tea leaves to
evaporate, causing the tea leaves to wither
and the permeability of various substances
inside and outside the cell to increase.
Polyphenol oxidase catalyzes oxidation and
polymerization, which chemically reacts
with polyphenols to produce new
components that change the betel nut tea’s
color, aroma, and flavor. The following
crucial processes in the tea production
process, such as withering, are included.

The process of withering causes the

water in the tea leaves to evaporate,
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causing the tea leaves to wither and the
permeability of various substances inside
and outside the cell to increase and the
roasted-rolled method is to press down on
the tea leaves and crush them to break the
cells. When cells are destroyed, various
substances leak out of the cells and coat
various areas of the tea leaves. while
polyphenol oxidase catalyzes oxidation and
polymerization, which chemically reacts
with polyphenols to produce new
components that change the tea’s color,
aroma, and flavor. Different colors are
produced when the various substances that
flow out of the cell are subjected to heat
during drying. Fermentation is a continuous
process that begins with withering and
rolling and ends with the deactivation of
polyphenol oxidase by steaming or burning.
Polyphenol oxidase catalyzes the oxidation
reaction that causes polyphenol to oxidize
and polymerize in this process. It forms a
complex compound of polyphenols with
bigger molecules, which results in variations
in the tea’s scent, color, and flavor,
depending on the chemical composition of
the tea and the manufacturing process.
Drying is the process of lowering the
moisture content of tea leaves to less than
5 percent in order to extend the shelf life
of the tea (Chuamchamp et al., 2020). As
a result, the color of betel nut tea products

is affected by roasting-rolling temperature

and time, total phenolic concentration in
raw materials, and drying temperature. The
obtained products would have a darker hue
if the drying temperature was exceedingly
high, as opposed to the low temperature
in roasted-rolled and dried.

The high temperature of the drying
process affects antioxidants, and total
phenolic content has decreased. Molecules
of total phenolic content vaporize and
decay into a carboxylic acid carboxaldehyde,
which evaporates with the vapor (Jackman
and Smith, 1996). Furthermore, high
temperatures cause antioxidants to be
degraded. As a result, applying high
temperatures in food processing alters the
antioxidant activity of the food (Pokorn and
Schmidt, 2001). Seewaeng and Siriamornpun
(2019) explored how drying temperatures
(60, 70, and 80 °C) affected phytochemical
components and antioxidant activity in
Bambusa beecheyana. Total phenolic
compounds, total flavonoids, antioxidant
activity as measured by DPPH radical
scavenging activity, and antioxidant activity
in Bambusa beecheyana all decreased as
the dried temperature increased.

To explore the water quantity and
acceptable temperature of betel nut tea
making, the researcher chose the tea making
process of the betel nut in formulations 3,
which involves roasting—rolling at 50-60 °C

for 15 minutes and dryer at 60 °C for 3 hours,



based on the consideration of bioactive
chemicals. Six formulas were used to specify
the conditions for brewing tea (water
(milliliters): temperature (°C)) for making tea.
This experiment used 60:80, 80:80, 60:90,
80:90, 60:100, 80:100, 60:100, 80:100, and
5 grams of betel nut tea. The total phenolic
content, antioxidant activity by DHHP, and
FRAP techniques were not affected by the
water content or water temperature in tea
brewing (p>0.05) (Table 2).

The greatest total phenolic content
was 18.668 milligrams of gallic acid
equivalents/gram when tea was made with
60 milliliters of water at 100 °C. Phenolic
compounds tended to increase as the water
temperature for tea manufacturing
increased. Furthermore, betel nut tea
brewed with 60 milliliters of water at 80 °C
was found to have antioxidant activity of
2.451% inhibition by using the DHHP
method and 0.753 milligrams of Trolox
equivalents/gram by using the FRAP
method. So, the temperature of the tea
water rises, the antioxidant activity tends
to decrease.

The heating process causes bioactive
substances to degrade or change their
structure, resulting in cellular integrity loss
or oxidative breakdown, which is catalyzed
by O,, enzymes, and light. The disruption
of cell structure can occur during processing

procedures such as blanching, drying, and
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crushing, as well as other pre-processing
processes that affect the antioxidant
potential of fruits and vegetables, such as
rolling and fermentation. The total phenolic
components in jack fruit tea rise after
fermentation (Davey et al., 2000). The
rolling and fermentation processes apply
mechanical strain to the plant cell walls,
which encase the phenolic chemicals, and
diseased cell walls are more easily damaged.
When the plant cells are cooked with hot
water, the phenolic compounds dissolve
more easily (Nicoli et al., 1997).

The heating procedure influences the
bioactive chemicals, which is in line with
the findings of Nayak et al. (2011), who
looked at the effects of temperature and
duration (0-60 minutes) at 100 °C on the
DPPH radical scavenging activity and ABTS+
of Purple Potato. The DPPH radical
scavenging activity dropped when the
duration was prolonged, but the ABTS+
radical scavenging activity rose in the first
5 minutes. As time passed, the DPPH radical
scavenging activity decreased. Next,
Jirarattanarangsri and Budprom (2017)
investigated the effects of several methods
on total phenolic content, anthocyanin
content, and antioxidant activity by setting
the temperature at 50 °C and 60 °C for 24
hours and dry roasting at 175 °C and 250 °C
for 5 minutes. The researchers discovered

that drying and roasting did not affect total
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phenolic chemicals. When the temperature
process was increased, the antioxidant
activity measured by the DPPH technique
was reduced significantly (p<0.05).
Furthermore, Singkhum (2021) investigated
the effects of the manufacturing process
on the physical, chemical, and biological
constituents in Karanda tea. The study
found that the amount of water used to
make tea (80 and 90 milliliters) and the
temperature of the water (70 and 90

milliliters) did not affect bioactive

compound. When the temperature of the
water used to make tea is raised, bioactive
compound tend to rise.

The sensory evaluation of the amount
of water and water temperature in all six
formulas for making betel nut tea found
that the water and temperature did not
significantly affect the color, odor, and
overall liking of betel nut tea (p>0.05).
Nevertheless, the satisfaction value point
of taste was a significant difference (p<0.05)
(Table 2).

Table 2 Bioactive compound and hedonic score of sensory evaluation of betel nut tea

brewing
Bioactive compound Score of sensory evaluation
water:water
FRAP DPPH TPC Overall

temperature Color Odor Taste
(mgTE/g) (%inhibition) (mMgGAE/g) liking
60 ml:80 °C 0.842 2.615 18.335 7.16 6.54  6.88° 7.32
80 ml:80 °C 0.799 2.558 18.496 740 680 @ 6.92° 7.18
60 ml:90 °C 0.759 2.504 18.434 720 676  7.04% 7.24
80 ml:90 °C 0.757 2.480 18.564 7.06 6.98 7.16" 7.14
60 ml:100 °C 0.753 2.451 18.668 728 684 7.22% 7.20
80 ml:100 °C 0.721 2.317 18.620 714 688 738 7.14

Note: "¢ Values with different letters in the same column are significantly different (p<0.05), TPC:

Total phenolic content

The tea made with 5 grams of betel
nut tea, 80 milliliters of water, and 100 °C
received the highest average score for
flavor. However, there were no differences

in taste between preparing tea with 60

milliliters of water and a water temperature
of 90 °C and 60 milliliters of water and a
water temperature of 100 °C, respectively.
The taste of betel nut tea will change as

the amount of water and the temperature



of the water rises. The taste satisfaction of
the panelists was affected significantly by
increasing water and temperature. The
amount of water and the temperature of
the water used to make betel nut tea, o

On the other hand, did not affect the
overall liking. As a result, making betel tea
requires 60-80 milliliters of water and a
water temperature of 80-100 °C.

Making good quality tea is both a
science and an art. The critical factor for
the quality of tea’s quality is the quality
and quantity of tea leaves. When tea leaves
are immersed in hot water, they gradually
loosen. Still, adding many tea leaves will
make it difficult to relax, which affects the
flavor of tea and is not the standard of that
type of tea. Once the tea leaves become
entirely loosened, they should contain 90%
of the tea waste. The water temperature
for making tea depends on the type of tea.
Tea-making equipment should be made of
baked clay because it can retain heat. The
long or short duration of making tea can
determine whether the tea has a mild or

intense taste.

Conclusions

Betel nut with temperatures and time
for roasting and rolling at 50-60 °C for 15
minutes and drying temperature at 60 °C

for 3 hours was an acceptable tea production
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method of betel nut tea with high bioactive
components, according to the study of the
tea production process. The bioactive
chemicals are affected by the roasting and
rolling temperatures, as well as the drying
temperature. Customers choose to create
a tea with 5 grams of betel nut tea and
60-80 milliliters of water at 80-100 °C of
water temperature to obtain bioactive
substances that are useful to consumers in
the appearance of color, flavor, and taste.
Another strategy to improve the nutritional
content of beverage products and promote
food products made from plants, vegetables,
and local herbs is to design a beverage that

mimics herbal tea made from local herbs.
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Abstract

This study was conducted to investigate: 1) socio-economic attributes of farmers;
2) level of food security creating practice at the household level of the farmers; and
3) factors effecting food security creating at the household level of the farmers. The
sample group consisted of 279 farmers in Muang Kham, Xiengkhoung province, Laos P.D.R.
A set of questionnaires was used for data collection and analyzed by using descriptive
statistics and multiple regression.

Results of the study revealed that most of the respondents were female, 42.93 years
old on average, married and elementary school graduates on below. They had 6 household
members and 3 household work force on average. The respondents had 10.66 rai of farm
land with an income earned from the agricultural sector for 30,252.46 baht per year on
average. They had an income earned from the non-agricultural sector for 11,059.13 baht

per year. The respondents had household expenses for 25,802.92 baht per year and
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debts for 2,179.82 baht on average. Most of the respondents had no social position but
they were group member in the community for 4 groups on average. They attended a
training or joined an educational trip for 1.32 time on average. They perceived news or
information about farming for 19.22 time per month on average. The respondents had a
moderate level of knowledge about food security creating but they had a high level of
an agreement or attitude towards food security creating. As a whole, the respondents
performed food security creating at the household level at a moderate level (x=3.46).
Based on its details, they had a high level of practices in terms of food utilization (x=3.53),
access to food (x=3.52), adequate food (x=3.40), and food stability (x=3.40), respectively.
The following had positive statistically significant relationship with food security creating
practice at the household level: educational attainment, an income earned from the
agricultural sector, an income earned from the non-agricultural sector, participation in
activities related to food security, knowledge about food security creating, and attitude
towards food security creating. Two factors were found to be negative: household expenses
and debt burden.

Keywords: Food availability, food access, food utilization, food stabilization
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Table 1 Levels of food security capacity building at the household levels of farmers in
Muang Kham, Xiengkhouang province, Lao People’s Democratic Republic
(n=279)
Levels of food security capacity buildin _
R s X S.D. Description
in the household levels
1. Food availability 3.40 631 Moderate
2. Food access 3.52 .589 High
3. Food utilization 3.53 .480 High
4. Food stability 3.40 .509 Moderate
Total 3.46 462 Moderate

Remarks 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

Ja28NiiNanan1s8519A28AUAINI9BINIS
TuszauASATaUNYATNS
a I3 o aa | a wa

N5 dadeniinanon1su U
TunsasemnusluAme s iusERUATISOU
NUATNT WBIAT WUINTEIUIN @515
UszsUlneUszunvuan T9nisimsisd
annegniAn (Multiple Regression Analysis)
A LW a a W |
Winninswlsdaselniinasnafinusnnuatng
al v o U QQQI U dl a
HudAgmeanansev 0.05 Lagillofiansan
AL UTDATLNUNARDNITASI9ANUIUAIN
9IMslUsEAUATITRULNYATN IO ST A ALy
N9ERA WUIANMUA 8 FanUs Inendusiuys
pRp U U & a ° ) v
ARAMUFUNUSITIUINT I 6 Fawls Lawn
518lAINNIANITNEAT SEAUAILS VirueRved
NEATNT TEAUNISANIEER T1elauennia
ASNEAT LALNNTHIINIATINITNTBAINTTY

'
al

WNYINUANULUAINIID I TANUELNUSDENS

HpdAynsedanszau 0.05 Tuvuziduls
Aa IR a v ! Y]
faMudiuslugsau loun sedeluasisou

warMseviau (Table 2) Tnediwlsdasend

o a

v v & 1 aAw ad 9
ANUANNUTDYNUUYANAUNNFANTEAU 0.05

o

Audhudsiaun anansaesuneauiuLlsves
Fauusmy (nM5a$19A210T A0S
lusgdunisouinunsng) egsesay 47.20
(R? =.472) Fsaansadansainansiaszile
i

-e

1. S2AUNIANWIZIEA WU N NYATNS
fiflszfunisAnundigandissdudszandny
sxfuwliulunisadremnuduaanid iy
oslundadeusnndu (Sie.=013) iean
nsAnwdeidudrudidgiivinliinunsns
fifuguanudiiosihunussandldlunisada
anudlalunsnasunsadnusiuaavg
awnslundidou 1wy madendoomsvie
imqﬁ‘uﬂﬁzﬂa‘umiﬁwmmiﬁ'ﬁqmmw WaYANS
maeliiensdndeemis Wudu (Mishra,
2005)

2. 31urus1elaluniAnnisinens
(Sig.=.000) @ansaeSuelédn dnnuasnsiil
seldlumanisinuasiigeluazdanasivlind
msaseemuiunmsemslussiuasidou
dingadunuludae sisfidlesainseldan



& [~ v %
aanisinuasaatdusielandniazetadu
P a ~ Yo ) E
selemaientnunsnsiamsulunistense
MewsNHAMAIN FIRNTIAMIMN T
ANAIMIELATUINTTEY WAZEIMTNAULEINTE
AsaunsIldatusandnlaunlAuanaunidn
Tuaseuasilausinaleaguieananas g
ADARADINUNANITIVUYDY AN hATANEY
(2559) MU elevasnsounsudutladteni
ARANUFUNUSAUANULUAINIBIANTANUNNT
Usunuemisvesiesuluyusuruunnia
nziupondsatiensslivtsdAyneans
3. 91UUS18LA UBNAIANISTINYAS
(Sig.=.017) lageiurenanis@nuilaan
A1 nunINsIselAaUaNAIANITINEAST NID
s1eletasuuannilaarnn1svinnensnssy
WLLNTU DLV AN BASTNTTWL LS 19AY
fupanaomsiusyiuasiseulussAuauy
Tnewna s e L ALas LU NERTNTUBNULBIN
o dill A oA o = @
AN NERINITUIUNUNLEIRIAT AB NISLAU
w93t wagn1smer (Kham District Agriculture
and Forestry Office, 2019) @sazvipulsiiu
yYanwiannuensnsaziisielandnainnisyi
WNEASNTSULAD LNRINITasinnsmselanasy
oA v v & | e p=
NUVARUMEY BuULTUNSUITDIN15HleNNE
A Ao a Y e | Ao &
P50UAN YNNI DILNAID M TNINT LAY
a a oA v A
MRS IS NBUDIAT AT OUNYATNT
LAYADAAABINUNITANWIVDY JUNSAUINS
(2557) AiNUI1 ANUGANANYTNVDIMITNYINT
sysummI iy nusuiisatn ginedmas
= U 'S U a
uATHAILIBITuNl a151susguszsuley
Uszu19ua1da uTuAIn 1Ua1915 e U
seaunie delaarnnisvdnfiutululn nns
MUaUVaINSIINR SN siluiady

9. WamNsSsUNSINUAS 4(1):40-52
J. Agri. Prod. 2022

nantuatuayun1sinul Mswizdandu 9
° o ea vy a

wazmsvihUadn dealgaulugusuiionms
MERG

4. uauseIgluasuiou (Sig.=.005)
a1u150935un8ladn anensnsisieanslu
ATITRUATUAIINAYIlINTAT1eANLUAS
7119917158089 N9 BIUNINANSEANLYTINY
Tur$iSeuraanunsnsaruunduldiivonis
amulumMIvnsnunviseA gUn1sEN1ang
Anwilviwiynsvam Ussneuiuluthguniswge
Tumansineesdslszauiulymaudeulng
N19958U1AV09LIALATLNAIARIAY wasNIs
YIALAAULNDNITNBAT TV LANEATNTAD
TR UlUNTUTIUaTNYINANEA YD ALY
TAlAR A NLETUTUIUAIUAIINABINITVRS

= o ¥ & =1 U 6\ 1 a

na1n Jiliianiednuningliiieane
Tunnssnrursanfakurase1nsnaUselewl
Twnaudnlursiseulsag1eiiuse@nsain
WNiARs AmansAnyves Aande LazAne
(2562) U3 nMAntdymAesIINTIR LHU
) P 5 & = ° Y
fouds wazvindudnnilsluanveyinlv
NaNARIINISINERstUSINMtee Ui swase

a 2 o =& A !
n1susiae wazdeldutadeniandanans
ASISAUIINAY LHBITIALNT WIIAIUIY
a51susguszysUlneyssrvuan

5. 9uruniauluasiiou (Sig.=.032)
aru1saasureladnnunsnsninissuiau
lunfuseaungannuasiiuudliunoasig
AMULUAINIDINNS MRS DUARNAS dINTU
ASAUASAIUTLNBUBITWLNYATASTTUAIUNIN
v Y a v a A
AeawunsunTEnilauannsfeutuielyly
AINTTUNNINTNBATVDINULDY TV LIATILIU
Nuldiisanenasiinanueinaiuinlunisdi



@ 9. WANNSSUNISINUAS 4(1):40-52
J. Agri. Prod. 2022

feewnsdmiuiesgandnluaiadou Hanis
Anwannsaisuedlaiunsingves Y
wazAny (2559) inuin AduSeununsnsing
fniauerilenariozanidundaideudiay
lyisfunsfruommsgedunuludae

6. msdnsunstineusuiiieatunisii
WN¥AINTIL (Sig.=.011) @wnsaeduielain
nwasnIlddTunsiineusuAestunisii
\neRsnITULT wREinsadrenutunm
ownsluafadeulussduiigetu Tnenisidsum
Aneusiluiunmsinuesidutemnmislunis
Wwesdmuy viemaluladlvsiuazviuasiod
wnynsnsausarunUsuliunisatunig
MUNEATNTTUVDINULDY LABLaNIZNITENITZAY
AN WLATUSINAHAN AN SIN YRS D1
IHundsilsniesldiigelu uionisldsu
psfruiAsafunsnsulunsinees
AAOAIUNSHARAUAINEATTITIAUUAen Y
Pnanseiidmsudumaemnsidiontsuilan
1nU3lna saenndesiunsineves dau uaz
ARtz (2560) Finuin mimwaﬂaaﬁmmilﬂu
ANUAINAITHAND NI TINUNANLAYATOUNTE
HunildluosiuszneuesgUuuumsaineni
fuAmIIeIMSTBIAT T UM IENTTUIUNNT

'
a ¥ =

Auwndondnwiluguriduiimes Snotimes
Faniaveunnu fesndnluaiizeumslisuile
ldgnisasiemslivaendy iiiganauas
flamuadldedraduinsivasnnden

7. aufifeadunsaiiansiunsm
9719115 (Sig.=.000) BBUUHANITIATIFALAIN
inwmsnsfiiauSiAeafunsaianusiung
ysomnsluseduiiguasiuunltuainsnnm
funmsewnsluataiFeugedumalude el

nsfinunsnstinmiduazannsndigling
U WWIAAINGINIT UTawAluladsig 9
\Aeafum sy IATUAIMI B MNTIN
Uszgndlfifiensufialdograumnyauuas

Juldmundnivinis wu anudineatunis
Ugnitglussuuinunsuasndenioinuns
Juvi3d amnudirdunmsnasunsnatnLite
nsdmienandaliiinseliaan anug
Reafumsdostusazidalsauazuuasdingiy
wazawiAgIAUTnvussueng s
Fotvuaidruudiiuesdainuiiiamisn
atfuayunsasseiuamsestusdaSeu
veainumInsldviadu wan1sAnwdangnn
aonAdesunsAnuInisaienusiuamig
91M1390NYRINTBUNTY luniangiueen
\Reunilonauanaved inysysy uazauy (2559)
finudn nassmsasanusiuamesnunIng
dunidlunanziuesnideunieonsuanelii
arusfunsiadnunsuilag dunisian way
funsnensdruninainldmiuiuas
walulad auldandnemsiisirumainuane
Unoady uaziiauAmialnyuinis

8. iAuafnon15a¥19A1NiUAINNg
9115 @1113005U18 1A (Sig.=.000) thEMINS
Afimunfdenisairenusiunmiaomis
Tudannvdewiufefiaginisaiunnusiung
yamsonsluafidourfingady Taonanis
Anwazviouliiufisnisiinunsnsiyumes
violuneuAniiAdensadsrnusiunamis
amsiordudruddyed19defiagrinly
inwnsnstimsUFoRAAUsa Innsiuag
NNDINIT T,msJLa‘wwms"d%’uLﬂﬁaugﬂLLUUﬂﬁ
walaldansiadiivihaeduanden Tn1sinw



AMNNYBINANER NAOATUNITARTRNTUGNY
viodnifiliauAmsemIgegaunnaniile
Huguduazenmsifienisuslon Ssaonndas
Funsinwves sdin wazan (2560) inu
JadondefivinldRanssunisdnnisaany
‘vimﬂ‘mmamN%’gmmjmmﬁummqmms
vosmdfuslugiiinn-guinlae: ndAnw

9. WamNsSsUNSINUAS 4(1):40-52
J. Agri. Prod. 2022

Jm¥aToestoUszaunadnia ae n1sd
Uszrvuluguyuiininusn nisunuunas
NSNYINTEITTUVIRVBIAULEY waziautla
Semmnuduiusvoseuiulfiesedouasiiafia
Tuundwennsin uasuvasensiivoldlunis

ATUTIN

Table 2 Factors effecting food security capacity building in the household levels of

farmers in Muang Kham, Xiengkhouang province, Lao People’s Democratic

Republic

Dependent variable

Independent variables

Creating Food Security of Farmers in

Household Levels

B t Sig.
1. Educational attainment 167 2.488 .013%
2. Agricultural income 5.671E-06 5.134 .000%*
3. Non-agricultural income 3.734E-06 2.410 017
4. Household Expenses -2.902E-06 -2.835 .005**
5. Debt burden -6.864E-06 -2.159 .032*
6. Participating in a training .027 2.576 011%
7. Knowledge about food security .063 7.763 .000**
8. Attitudes about food security 176 4.407 .000**
Constant 1.649 8.101 .000”
R* = 477 (47.70%) F =13.693 Sig. F =0.000"

Remarks Statistically significant level at 0.05 ~Statistically significant level at 0.01
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Abstract

This study aimed to explore potential good agriculture practice focus on knowledge
and practical of local farmers in La district, Udomxay province, Lao People’s Democratic
Republic. A set of questionnaires was used for data collection administered with a group
population of 319 local farmers who rearing native chicken in La district. Obtained data
were analyzed by using descriptive statistics i.e. frequency, percentage, standard deviation,
Maximum score and Minimum score. Results revealed that the respondents were female
with age average of 31.07, education were elementary school or lower, and marital state,
the respondents had a moderate level of knowledge and understanding about native
chicken rearing (average score was 10.6 of 21). Regarding guidelines for good agriculture
practice for the native chicken farm, using 5 level measurement based on Likert’s scale,
it was found that the overall was moderate score (2.89), the score of water management,

farm components, environmental management, and feed management were 3.50, 3.43,
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3.22 and 3.00, respectively. However, the farm management, animal health care, and
animal welfare scores were low at 2.40, 2.39 and 2.19, respectively

Keywords: Good agriculture practice, native chicken, knowledge of native chickens
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Table1 A number and percentage of levels of knowledge about native chicken rearing
of the respondents
(n=319)
Level of knowledge N (person) %
Low 93 29.2
Moderate 179 56.1
High ar 14.7
Total 319 100
X =106 SD = 3.57 Min-Max = 4-20
Remark  0-7 = Low 8-14 = Moderate  15-21 = High
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Table 2 Good agriculture practice for native chicken rearing of the respondents

(n=319)
Item x SD Description
1. Farm components 3.43 0.25 Moderate
2. Feed management 3.00 0.27 Moderate
3. Water management 3.50 0.26 Moderate
4. Farm management 2.40 0.18 Low
5. Animal health 2.39 0.28 Low
6. Animal well-being 2.19 0.30 low
7. Environmental management 3.22 0.37 Moderate
On average 2.89 0.14 Moderate

Remark Highest=4.51-5.00 High=3.51-4.50 Moderate=2.51-3.50 Low=1.51-2.50 Lowest=1.00-1.50
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Abstract

The purpose of this research was to compare the content of the total phenolic,
flavonoid, ferulic acid and antioxidant activities in wheat germ mixed with bran and flour
from 8 wheat varieties, which has been breeding by Mr. Ruangchai Juwattanasomran,
Agronomy Program, Faculty of Agricultural Production, Maejo University, Chiang Mai
Province. According to the results, the amount of phytochemicals and antioxidant activities
found in wheat germ mixed with bran was significant at 95% confidence level higher than
that of the flour in all wheat varieties. In wheat germ mixed with bran, MJU10 variety
showed the highest total phenolic content of 2.86+0.06 mgGAE/ ¢ DW, while those of
MJU2 and MJUS varieties showed the highest flavonoid contents of 0.65+0.00 and 0.65+0.01
meQE/ ¢ DW, respectively. The rice germ mixed with bran of MJU10 variety gave the
highest ferulic acid content which was 478.40+2.58 mg/ kg, while those of MJU3 and
MJU2 varieties showed the highest antioxidant activity by DPPH method with a percentage
inhibition of 87.05 + 0.17 and 85.69 + 0.55, respectively. Moreover, the MJU2 variety
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exhibited the highest antioxidant activity by ABTS method with a percentage inhibition
of 46.55 + 0.39.

Keywords: Wheat, phytochemicals, antioxidant activities
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Figure 1 Characteristics of flour and wheat germ mixed with bran from 8 wheat varieties,
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(high performance liquid chromatography
with diode-array detector) (Agilent LC1100,
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Freunueanavinnaulusnsiaiu 30:70
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Ihumeaeuiiviunamediusinsiuaini
Tudmwatniuaduwtlmeukazuilaazden

Uanaansvanlaueealudiuvasaynd1nand
wausuazdIuvauiioutiwastnama
HANIANYINUNAILYBIRYNT 1IN ERE
St eiug MIU2 uag MJUS TUSune
aswalusssnniiga AediAn 0.65:0.00 way
0.65+0.01 dadn3uauyavouAI0dfiu/niu
thwtinuis snadify dautniandaneiug MU
fusinamsvanhusesitosiian fe iy
0.36+0.02 {adn3uaNyavoLABTAU/NTY
hmtinuis warludueailoutamuidnad

anenius MIUT SUsnaiansaihusedanniian
Aol 0.38+0.00 dadnuauyareuAIBTRW/
nuthwiinuia dhuaewus MIUS T3
ansvlanTausedtieniign Ae 0.11+0.00 fadnsu
auyaveumodRusaninhminu lnsaeiug
FnandiinasioUIuaens Waliuesdediadl
Tudnfayneada fauandlu Table 1 %3 Goufo
and Trindade (2014) wuiusnas it dulvg
agdlanslungurarliuess fe myricetin
luteolin kaempferol kag apigenin INANTR
fanandeinlvidnnd (lddad) dquslunisdu
pUYaBdsy ROS (Reactive Oxygen Species)
gasnn

Table1 Total phenolic compound and flavonoid content in rice germ mixed with bran
and flour from 8 wheat varieties
Total phenolic content Flavonoid content (mgQE/g
(mgGAE/g DW) DW)
Wheat
varieties Rice germ Rice germ
mixed with Flour mixed with Flour
bran bran

MJU1 2.51+0.03° 1.63+0.05° 0.46+0.00% 0.38+0.00°
MJU2 2.79+0.04° 1.17+0.02° 0.65+0.00° 0.26+0.00°
MJU3 2.23+0.02' 1.62+0.04° 0.49+0.00° 0.35+0.00"
MJU4 2.36+0.05° 1.03+0.04° 0.36+0.02' 0.34:0.00°
MJU5 2.70+0.03° 0.97+0.04' 0.46+0.00° 0.120.00'
MJU6 2.22+0.04' 1.48+0.04° 0.51+0.00" 0.26+0.00°
MJU8 2.79+0.03 1.49+0.03° 0.65+0.01° 0.11x0.00°
MJU10 2.86+0.06° 1.27+0.03° 0.47+0.00° 0.28+0.00°

Values are means of three replications + standard error

Values in the same column with the different letters are significantly different at P<0.05
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Alan3u (Table 2) nsaesAnludiuvesayn
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innniluduvsadiouth eilosanludend
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psAusznevluTinaann Jsansituednuiind
wuinnaelunaadvesyiemly e nin
wogdn Anlufevar 90 vesasnedniuea
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2UUADATEEIN (Boz, 2015) IMNKNANTTANN
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TunuAdell wuhdviinadesniinsfinuves
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Figure 2 Chromatograms of standard ferulic acid and ferulic acid in MJU8 varieties
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Table 2 Ferulic acid content in rice germ mixed with bran and flour from 8 wheat varieties

Ferulic acid content (mg/kg)

Wheat varieties

Rice germ mixed with bran

Flour

MJU1 230.87+1.85° 237.38+1.05°
MJU2 270.93+1.04° 110.55+0.13"
MJU3 91.20+0.75 83.03+0.63"
MJU4 113.62+0.32° 106.77+0.31°
MJU5 93.07+0.39° 190.80+0.88"
MJU6 114.47+0.75° 117.88+1.56°
MJUS8 451.45+2.43° 139.68+1.11°
MJU10 478.40+2.58° 128.33+1.76°

Values are means of three replications + standard error

Values in the same column with the different letters are significantly different at P<0.05

ansdueyyadaseludiuvesayndiani
nausazduvaloutsvasd1inia

a

= Q‘ bt a ¥
NaNIIANYIENTA ma%aaaizmm%

2N

DPPH #U31d3uv8339yn?19aanausiigns
Fueyuadaszgahduveaiiouthvesimand
Tunn 9 anertugoenadideddymsainiszei
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(2005) fiAnwgusFueyLadaszvesdnad
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voulautlsia 28-89 i AU vanisova
et al. (2012) fvinsuelidnand visiad
11180 aant 11ilse wazy3ned lnenudn
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auyadasrganiduvesinndeanasdniey  mefunanedede wu sseznanlunsiuies

04 7 wag 62 wh mudsiu nsllladendaasie  aeiug uaganmgiennia (Gao et al., 2011)

nsndnansiueyyadasyluiivm q 1 deg

Table 3 DPPH and ABTS radical scavenging activities in rice germ mixed with bran and
flour from 8 wheat varieties

DPPH activity (% inhibition) ABTS activity (% inhibition)

Wheat
L Rice germ mixed Rice germ mixed
varieties Flour Flour
with bran with bran

MJU1 85.11+0.22" 56.76+0.21° 42.57+0.65" 8.18+0.08°
MJU2 85.69+0.55% 71.83+0.25° 46.55+0.39° 15.88+0.19°
MJU3 87.05+0.17° 54.39+0.35' 35.00+0.59° 10.09+0.14°
MJU4 67.5+0.50° 60.47+0.35° 29.56+0.38° 8.98+0.13¢
MJU5 70.46+0.35 58.54+0.40" 21.70+0.11° 6.60+0.00°
MJU6 81.93+0.07° 51.68+0.23° 32.21+0.26° 3.68+0.10"
MJUS 83.96+2.08° 71.72+0.22° 22.36+0.06' 7.84+0.11"
MJU10 78.87+0.40° 65.68+0.16" 21.56+0.23¢ 9.33+0.50°

Values are means of three replications + standard error

Values in the same column with the different letters are significantly different at P<0.05

d3UNan15238
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Abstract
This research compared the different extraction methods (maceration, sonication,
and microwave) with the ratio of ethanol and water (100:0, 80:20, 60:40, 40:60, 20:80,
and 0:100) on yield of extraction, contents of total phenolic, and flavonoid in Kaempferia
parviflora Wallich. ex Baker. The results showed that the yield of extraction, total phenolic

compound, and flavonoid contents in Kaempferia parviflora Wallich. ex Baker had a
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significantly difference (P<0.05) on different extraction methods with the ratios of ethanol
and water. The maximum yield (12.23+1.03 %) of the crude extract was observed at the
maceration method with an ethanol to water ratio of 60:40 while the maximum total
phenolic compound and flavonoid content were obtained by the microwave extraction
method. The highest total phenolic compound (65.60+4.62 pgGAE/ mg extract) was
obtained when extracted with ethanol to water ratio of 60:40. Furthermore, using ethanol
to water ratio of 100:0 yielded the highest flavonoid content with 93.43+9.78 ugQE/ mg
extract.

Keywords: Phenolic, flavonoid, extraction, microwave
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Figure 1 Structure of flavonoid compounds in Kaempferia parviflora Wallich. ex Baker
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Figure 2 Effect of different extraction methods as maceration method (A), sonication

method (B), and microwave method (C) with different solvent ratios on total phenolic
compounds and flavonoid contents in Kaempferia parviflora Wallich. ex Baker
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Abstract

The objectives of this research were to study the effects of foliar spray with calcium
and boron (CaB) on yield quality of melon. A factorial in randomized complete block
design was employed. The first factor consisted of no foliar application, and CaB foliar
application at the rate of 0.75, 1.5, 2.25 and 3 mU/liters of water applied at 1, 2, 3 and 4
weeks after the flowering stage (four times). The second factor comprised 2 melon cultivars
(honeydew 1348 and TML-052). The results revealed that the CaB foliar application in
different concentrations resulted in fresh fruit weight, peel thickness, flesh thickness,
firmness and total soluble solid were significantly different. CaB foliar at the rate of 3 ml/

liters of water gave the highest fresh fruit weight (1,866 ¢) flesh thickness (37 mm), brix
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value (14.06 %brix) and fruit diameter (15.51 cm). When considering interaction between
cultivar and CaB rate found that CaB foliar at the rate of 3 mU/liters of water in TML-052
cultivar gave the highest flesh thickness and total soluble solid. The yield of TML-052
cultivar was greater than that of Honeydew 1348. In addition, concentration of CaB in
pulp had significant differences among the cultivars. Foliar of CaB in different rate resulted
in higher total B concentration in TML-052 than Honeydew 1348 cultivar, whereas the
total Ca concentration in Honeydew 1348 greater than that in TML-052. CaB foliar at the
rate of 3 mU/liters of water gave the highest calcium and boron concentration in all parts
of plant. However, foliar application at the rate of 3 mlU/liters of water gave the highest
economic return (16,524 baht/crop for Honeydew 1348 and 25,084 baht/crop for TM-052).

Keyword: melon calcium boron foliar spray
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Table 1 Effect of foliar spray with calcium and boron on yield quality of melon

Fresh Total
Fruit Peel Flesh
Methods fruit diameter thickness Thickness Firmness  soluble
weight (N) Solids
(cm) (cm) (mm)
(9 (%brix)
Melon cultivar (A)
HONEY DEW 1348(H)  1660.37b 14.45b 0.80b 31.81b 2.46b 12.32
TML-052 (T) 1753.38a 15.20a 1.13a 33.81a 2.76a 12.49
F-test * * * * * ns
CaB rate (B)
0 1721.48b 14.25b 1.33a 27.84d 3.05a 11.02d
0.75 1722.06b 14.73b 0.87c 32.08c 2.41b 11.77c
1.50 1512.14c¢ 14.80b 0.78c 32.69c¢ 2.50b 12.20c
2.25 1712.83b 14.85b 0.73c 34.48b 2.56b 12.98b
3.00 1865.88a 15.51a 1.10b 36.95a 2.54b 14.06a
F-test * * * * * *
AxB
Hx0 1658.49 13.9 1.40a 25.16e 3.13 11.22ef
Hx 0.75 1703.8 14.16 0.38f 32.86bcd 2.23 12.25cd
Hx 1.50 1420.55 14.2 0.51ef 32.58bcd 23 12.13cde
Hx 225 1663.33 14.2 0.64cd 34.89b 2.33 12.46¢
H x 3.00 1855.71 15.6 1.06bc 33.55bc 2.33 13.56b
Tx0 1784.47 14.6 1.26ab 30.53d 2.96 10.83f
Tx0.75 1740.33 15.3 1.37a 31.03cd 2.6 11.30def
Tx 1.50 1603.73 15.4 1.06bc 32.8bcd 2.7 12.26cd
Tx 225 1762.33 15.3 0.82cd 34.07bc 2.8 13.50b
T x 3.00 1876.06 15.43 1.1dab 40.34a 2.75 14.56a
F-test ns ns * * ns *
CV. % 8.61 4.9 37.11 11.73 13.79 9.75

Y* = significantly different at 95% level of confidence, mean within the same column followed by the

same letter indicated no statistical difference using DMRT; ns = not significant
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Table 2 Effect of foliar spray with calcium and boron ratio or of calcium and boron in
leaf, pulp, peel and stem of melon

Ca (mg/kg) B (mg/kg)

Method
Stem Leaf Pulp Peel Stem Leaf Pulp Peel

Melon cultivar (A)
HONEY DEW 1348 (H) 1.1 7.82 4.58a 3.67b 11.49a 1394 1229 6.57

TML-052 (T) 1.13 6.78 4.00b 4.28a 13.15b 13.87 14.39a 6.67
F-test ns ns * * * ns * ns
CaB rate (B)
0 0.5¢ 6.3 4.06ab 351 6.42d 6.83c 7.09d 4.45c
0.75 1.22b 642  3.56b 39 11.35c 14.10b 12.47c 6.49b
1.50 1.27ab 753 4.42ab  4.09 13.32b 16.21a 14.31b 6.96b
2.25 1.27ab 558 4.8la 39 14.32b 15.62a 1575b 6.99b
3.00 1.33a 842 458a 4.49 15.88a 16.76a 17.09a 8.44a
F-test * ns * ns * * * *
AxB
HxO0 0.45 6.03 4.69 3.48 6.44 6.71 6.34 4.33
H x 0.75 1.22 8.3 3.35 3.57 10.56 1432 1091  6.09
H x 1.50 1.3 7.03 4.54 3.65 1238 167 1297  6.65
H x 2.25 1.25 9.19 5.18 3.36 13.13 1554 1493  7.31
H x 3.00 1.35 9.05 5.14 4.32 1494 1643 1632  8.46
Tx0 0.55 4.14 3.44 3.54 7.03 6.95 7.84 4.56
Tx0.75 1.21 6.87 3.77 4.24 12.13 1388 14.04  6.09
T x 1.50 1.31 75 4.3 4.53 1426 1571 15,64  7.28
T x 225 1.28 7.32 4.43 4.4q 1551 1571 1657  6.68
T x 3.00 1.31 7.62 4.03 4.66 16.82 17.09 1786 8.41
F-test ns ns ns ns ns ns ns ns
CV. % 28.66 228 1981 18.34 28.08 2895 2893 2323

¥ = significantly different at 95% level of confidence, mean within the same column followed by the

same letter indicated no statistical difference using DMRT; ns = not significant
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Table 3 Production cost and economic returns of melon in greenhouse

Production CaB Melon Yield - Benefit-
T cost Solution seed Yield value .y Cost
(Baht/ (Baht/ (Baht/  (kg/crop) (Baht/ Ratio
crop) crop) crop) crop) crop) (BCR)
HONEY
DEW 1348
0 11,150 0 420 326 26,080 14,510 2.25
0.75 11,150 176 420 340 27,200 15,454 2.31
1.50 11,150 353 420 240 19,200 7,277 1.61
2.25 11,150 529 420 326 26,080 13,981 2.15
3.00 11,150 706 420 360 28,800 16,524 2.34
TML-052
0 11,150 0 360 353 35,300 23,790 3.06
0.75 11,150 176 360 346 34,600 22914 2.96
1.50 11,150 353 360 320 32,000 20,137 2.69
2.25 11,150 529 360 346 34,600 22,561 2.87
3.00 11,150 706 360 373 37,300 25,084 3.05
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Abstract
Rigidoporus microporus is a soil-borne fungus that causes white root rot disease of
para rubber. Controlling disease using bio-agent is effective and safe for environment. In
addition to antagonistic bacteria, carrier is a key component of bio-agent. Therefore, this
research aimed to study the effect of carriers on efficacy of antagonistic bacteria Bacillus

subtilis isolate SM1, LPDD3-2 and Bacillus amyloliquefaciens isolate PT7 for inhibition of
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R. microporus. Seven carriers including bentonite, kaolin, lactose, modified starch, rice
starch, cassava starch and corn starch were tested in completely randomized design (CRD)
for 4 replications. The result showed that antagonistic bacteria on potato dextrose agar
(PDA) containing bentonite showed the highest viability and different from other carriers
(P< 0.01). Including, the antagonistic bacteria revealed enlarge size of colony in this
medium. The mycelial growth of R. microporus on PDA containing bentonite was not
statistically different from the control (PDA). R. microporus growth inhibition by B. subtilis
isolate SM1 and LPDD3-2 on PDA containing bentonite was higher than other carriers using
dual culture method and different from the control (PDA) (P< 0.01). The result indicated
that carriers affected the growth and efficacy of antagonistic bacteria. The selection of
the proper carrier is critical to the development of antagonistic bacteria bio-agent.

Keywords: Bacillus subtilis, Bacillus amyloliquefaciens, Carrier, Hevea brasiliensis

UNANLa

Rigidoporus microporus LﬂuvﬁyaiﬂuﬁumL%@Iﬁﬂiﬂﬂm’mmmqmﬁ nsAuANlsAMEY
Fifaaiwuaiseuing TuszdvSuauavUasadoseaniniinden uenannuuaiiseuiing
ansn (carrier) Huilussdusenounilsiiddyresdafue n153deddnvinavesasnide
nMaasauarnstudinnasaduleden R microporus lnswuniiseufUng Bacillus subtilis
lelowan SM1, LPDD3-2 ua Bacillus amyloliquefaciens lelawan PT7 nadeuiuanswisavn
7 wila Ao Lwulnlud waledu wanlea wlsauds utlsdng wdsdudlznds uazudsdralug
MUHUNMIVIARDILUVANANYTA $1U 4 61 kamsdenui wefiFeufinsiviuugen
Twewns potato dextrose agar (PDA) finawuulvluviuasunnsnafuansniafindu 9 (P< 0.01)
susdvuneleladlueiu vaefinmswsyreaduly R microporus luemins PDA fluausunlniluyi
lsiflenunnsnevsefifuyneauam (PDA) Mssudansiadaydes R microporus ¥e4 B. sublilis
Tolwian SM1, LPDD3-2 #6358 dual culture Tuemns PDA wasuulvluvigeninansmaiindy
wazuaneIiugaAIUAN (PDA) (P< 0.01) wandliiiudianswniinanonisiasayuasUszdnsnim
vosuuaiFeUfing nmsdenasminganisiinruddnydsiensianndadusiuuadite
Ufiny

ﬁ’lﬁ’lﬁ’iyz Bacillus subtilis Bacillus amyloliquefaciens @101 8194W137
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Rigidoporus microporus Wuidosluiu
aurnlsasIng1d 101Ya185EuUTINYBY
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etal., 2004) Tusariesidudnssudaduly
\Wos R solani iingeiuileld 8. megaterium
sadvarsnnanlealululawmsn (lactose
monohydrate) (Kanjanamaneesathian et al.,
2007) Laga1sWIuNsila Loy viamu (talcum),
wulnluvi (bentonite) wazialodu (kaolin)
gagrelunisnszatedivesead aunidlas
(Ting et al., 2010) vuzfiasnirasuuas
wulnluy anusafinyssadnsainves
B. coagulans Tun1sadataBun1sasgiulnues
Aunagn1iin laglanizAl1ue19vedIIn
WisiTu Uorjani et al., 2011) waznsl4da ot
B. firmus ﬁﬁmimﬁaﬁmmmmé’ué’j’quil,ﬁﬁzy
dilsveation R solani awvslsalulusives
§mss wasThfaeilineliinanuinunfiives
Fundn uarnstenvenLERT NS Teisunn
wuaseUfUnddanditinsenunndy 10° alail
monsu nasannsiiusnendunan 1 9
figaumagiivies (Pengnoo et al., 2006) wenanis
ansmdsdenaliengnisiuinuvivestasiuel
upnenaiu JaladmdendmsuiamduTatum
ileBne1gvesgaun3s (Swami et al., 2017)
fathu unanesdiinguszasdiitoding
HAYDIANTNIONTIATYVBIMUATSU Uny
Bacillus subtilis Wag Bacillus amyloliquefaciens
LLaszgaiﬁ Rigidoporus microporus @14
TsAsnvmveenan SnsAneUsyansnm
mstfudansasasdileies R microporus

'
a

Inguuaiise U Undniasauuemis PDA way
asnIvliagig 9



gunsaluazisnis
nawSeunuafiGeuiing uandasaumg
15A39NU712

wuaseuUnyg Bacillus spp. 1
3 Tolaian laun B. subtilis lelaian SM1 wag
LPDD3-2, B. amyloliquefaciens lolwian PT7
wasida31 R. microporus lelwan NK6 iy
ANNBYLATIEAINTBIULURNIT9AT 1IN
VYOIAU AUSNINEINITITUTIR UM1INYIFe
#9AUATUNS Ineuamalng uazaudide
muANdngivlaedTunduviand aiald
dmsunmanuwueiiSeufing deuuaiide
UUBINIT potato dextrose agar (PDA)
flgungil 37 ssmwadea 1Hunal 3 fu
v umisaiiewsnieulaavesiiniiugs
9,000 50U/U kavtasuIuapRUlaaUss
wrlusrainmunugungil 80 ssriwalded
\ievany vegetative cell ldUSunaans
wvuansleulnalasues B. subtilis lelawan
SM1 wag LPDD3-2 wag B. amyloliquefaciens
Loloan PT7 Windu 4.6x10°, 3.1x10° wa
3.2x10° Inladidefiadans mudsu dmsuide
31 R. microporus ﬁﬂﬂﬁiLgstummi PDA /i
aungIvies (26-30 ssrnwaldea) e 74y

NaYBIEIWIRENTSIRSYasLUATISEUUNY

drasnn 7 afie laun wulnludd
(bentonite) 1aladu (kaolin) waalaa (lactose)
wienuus (modified starch) wila1191 (rice
starch) wilasiug U 1as (cassava starch) wag
uifsdlng (corn starch) fikiunisainie
flgamgdl 180 ssmwadea Hunan 15 wfl
wesileyng PDA ToAsdLdU 0.36 WWasidud
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Wdmems PDA usarwilaluaumizide
MntuthansuvaesieulnaUoifiniouls
Uy 0.30 §addns MenasuueInIs PDA
THuvsuianszatowadvesuuaiiideliim
Fantne1ms 1aedd spread plate dluvu
flgamgiivios Wuan 24 Falus Mauwunis
VAR Ta) (Completely Randomized
Design: CRD) Usznausie 7 nssuls 4 41
M3EOUANBATNITAYUarTUTUIULALAT
mau%mwaﬁﬁaﬂﬁﬁmé Bacillus spp. hag
Tolwian wWisuiivuiuyaniuau (PDA) filsid
NTHANAITNN

KavBIENIWIRINI T3 vBNTa T IMATeA
3INYN

YWdes1 R microporus Tw3eulivunn
duriugudnanswestuiy 05 wufiuns 19
VU TRTiTioNT PDA Nawa Az
vila Uuilgumaiivieafuna 7 Fu Maunuy
nsnAaeLUUgNaNysal (CRD) Usenausie
7 A3 4 91 Suitnwalasnsasaiinisiasey
ulevoadies R microporus furnurnade
Wisuiisurugaruay (PDA) Alifinnsway
GRS

nasouUszansnwlumstiugamassoydule
vasdamaumglsnsnn TnswuaiiFeufitng
#1875 dual culture UUBIWS PDA fikay
ANTNIBUAANN 9
uuafiseufindusiasleluian neaeu
Ussansamlunisdufinisiasaydulnes
T R microporus 1835113 dual culture
YOS PDA Ainauansusiazailn Tasns



@ 9. WANNSSUNISINUAS 4(1):102-113
J. Agri. Prod. 2022

aw%yuj’ul,%ammm’wmnmaumummi
2 |wudng wazdanuafiseudndnsanuiv
{031 R. microporus Tiaannveuaue s
2 wufms Uniigumgiivies Wuna 7 Su
MHUNNIN AR UUdNaNYTal (CRD)
Usznousae 7 n3suds 4 81 Tufinnalagns
fnSafinsiasapenduleies R microporus
AMuuALedSsuifisuiugnauay (PDA)
flaifinsnanansm wazdadesiduinig
fudsmuiiues Morton and Stroube (1955)

Percentage inhibition (%) =
100 x ((R1 - R2)/R1)
dlo R = mnwgvendulodosanvelse
luyanuay
R2 = mmgvenduledosanvelse
luyanaaeau

nsAATIEitaYa
IrgianuuUsusiulazisuiisum

LRAUN15VAADIRI8EYes Duncan New’s

Multiple Range Test fiszfuninuidoiu

99 asigus

NaN133LaI50]
NAYBIAITNIABNITLATYUBIUUATILTY
UjUn¥ Bacillus subtilis wag Bacillus
amyloliquefaciens
mainvesiuaieuftini 3 leluan
lour 8. subtilis lelwian SM1, B. subtilis
lolgtan LPDD3-2 wag B. amyloliquefaciens
Lolgian PT7 Uue1913 PDA HANAITNILGAAE
yilp vilianwaglalatlveawuafiseujunull

awnlngtu wandidiudinisaiydvle
firnddlewSeudisuiugamunu (Figure 1)
ulelatifeveswuaiiseuitng 8. subtilis
loloian SM1 waz B. amyloliquefaciens
lelatan PT7 W3qdulaldffigaiilonasans
wuuh TneduSinadewihiu 5.9 + 2.3
x 10" way 2.1 + 1.3 x 10" lalallsiofiadans
adRU el B. subtilis lelwian LPDD3-2
AU150LA3YLAUTAUUDINT PDA WANATS
wiuulnlun aledu waalna uthdnig way
wHedrilng TnefiuSinandowifu 8.6 + 1.3 x
10°, 6.7 + 2.1 x 10°, 8.6 £ 2.1 x 10°, 83 +
2.7x 10" uag 8.1 2.0 x 10° lalailsieliadans
audITU Jeumnenennsadnesnaditeddnds
(P< 0.01) fiuyAAIUAY karNIATYHRUlnYes
B. subtilis lolgan SM1 fuwildudninlu
B. subtilis lolgian LPDD3-2 uay
B. amyloliquefaciens loluan PT7 d@iulu
ansmnutlaauls uueitiFeufiineis 3 lolaan
widuTaldontign (Table 1) fistinsiadny
dulafupndnaiu esanuueiifeufing
Fundsnuanuvasenfueu 1 uazsine s
14 9 (Jacoby et al., 2017) wassuauluig)
gnldlumsdauneimnannim efeUsednanm
voeUAsenuunuedsunteluigad ves
WUNEITITIA Tnslindsnuanansilédan
nsgevaaglunisaiiasiuanavunalg
MIAAANITASNEILAN 9 VOUTAE LIaAT
ansaasgAvlale (Kohl et al., 2019) uay
uansnafuluduegfusnunsvosundsinie
A1sven Aduduvesasildsu uay
UszdnSnmvaawuaiseuflng (Egli, 2015)
Tngangnsldiuulnlu Grednegqdunsd
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(Rakian et al., 2018) L Uuumasvemdsnuuay  Bacillus spp. 3un Lazanwuylaladuananeii

9113 ansaundevadvesqiunidaly  lagdnvazvedaladuuafiseujindilvuin
AavanURnivsaseauulnlud (Ting et al,  ngfiu diewSeudieuivgnaiuauildssezin

2010) vhlimsiuUsinavewuafiseujing  Tun1sasaydulauiunds (Fisure 1)

Table1 Growth of antagonistic bacteria on the PDA media containing various carriers

Number of viable Bacillus spp. (cfu/ml)

Carriers B. amyloliquefaciens

B. subtilis (SM1)  B. subtilis (LPDD3-2)

(PTT)

control PDA
bentonite
kaolin

lactose
modified starch
rice starch
cassava starch

corn starch

57+28x10 e
59 +23x 10" a
85+20x10"b
55+21x%x10° ¢
57+15x10 e
89+23x10°b
7.6+ 1.0 x 10° d
9.4 +24x10°b

97 +24x 10" ¢
86+ 13x10°a
67+21x%x10°a
86+21x10°a
42 + 13 x 10°d
83+27x10°a
76+ 1.0x10%b
81+20x10°a

22+24x10°f
21+13x10"a
32+21x10%e
1.7+1.0x 10°c
42+12x10°g
33+21x10°b
26 +1.1x10°d
1.6 +1.0x 10°c

T-test

*%

*%

*%

C.V. (%)

0.59

0.70

1.15

Means within the same column followed by the same letter are not significantly different ** There is
statistical different at P< 0.01 level by DMRT test

bentonite lactose rice starch

control

Figure 1 Growth of antagonistic bacteria, Bacillus subtilis (SM1) on the PDA media
containing bentonite, lactose and rice starch compared to control
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KAYBENTNHENSWT3 YR Rigidoporus
microporus

8113 PDA finauansnutls, uanlag uay
wulnlui ldaasunisasgivlnveadule
Wo31 R microporus Bslsiuanssanyarmuns
dauansmudeiauls wazialodu fnaliden
R microporus WigydulsnnTiung InetaSeyiule

Y o

Pigaluansnudadauds fie 5.10 wumiumg

uwnninaneadegnafiteddab (P< 0.01) e
\Wisuifisuiugamugu (Table 2) uenani
Hvenuhnslteadue (alginate) wazudlsimlng
liduasunisiadaivlnvenduledon
(Pereira and Roberts, 1991) vaugiinisldutls
Sudznds ldladaasunisiasyAvlnves
e liiiutu yafinsadeades Fud
Wesrolsaludia (kwoseh et al., 2012)

Table 2 Mycelial growth of Rigidoporus microporus on the PDA media containing various

carriers
Carriers Mycelium growth of R. microporus (cm.)

bentonite 6.90 +0.17 a
kaolin 6.23 +0.25 b
lactose 6.93+0.12a
modified starch 5.10 £ 0.10 ¢
rice starch 7.00 +£0.00 a
cassava starch 7.00 £ 0.00 a
corn starch 7.00 +£0.00 a
control (PDA) 7.00 £ 0.00 a
F-test *x

CV. (%) 0.68

Means within the same column followed by the same letter are not significantly different ** There is

statistical different at P< 0.01 level by DMRT test

NAYBIAITNIABUTLANSATIWYDY Bacillus
subtilis wag Bacillus amyloliquefaciens
114m5€1'u§'€ L?d}’ai’l Rigidoporus microporus

wuATISeUfUne Bacillus spp. 71 3 Telmam
(B. subtilis lolegian SM1 LPDD3-2 uag
B. amyloliquefaciens lolsian PT7) @w1sa
Fudsnmsiasarenduleiosn R microporus
197 Tnswuaseuiing 8. subtilis lolaan
SM1 uag LPDD3-2 awisndudaldfiiian
VU813 PDA finamanstuuTnlust Inedudld

Wiy 71.10 way 69.68 Weosidud auaau
vued B. amyloliquefaciens lolgian PT7
annsadudinsiadyvenduledeslaiuy
91915 PDA fiauanswuulnlug, udsdnadn,
uilsfudends wazutedalng Tnedudsly
Winfu 60.49 63.57 62.51 uag 63.41 Wosldun
AUARU drunsitasnuteaunys wuandl
Wosiduimasududondesitan Jauueiide
Uftnusta 3 lelaan annsadudaies
R. microporus lAuANA19N19@D A Y195



'
v a

d1Auds (P< 0.01) wilewUSeuLiiguny

<

e
yamuAn (Table 3) Tnodnuuzvenissuds
\Te51 R microporus dunsldainuuaiise
Utnsiasnydulnlaftuluewns PDA fina
arsnn vlikuszansaanlunissudutos
sty delUdsuifisuiuetms PDA
othaien lwvasidiledesnasyiulnlites
(Figure 2) meiedifusnmstiudsiunnsneiu
Juogiuusraninmosuunideufiing uas
KaedEsIN Lesanatsnussaviveing
WinUsyansam wietelunnasydulaves
AuV3d UYlnduunaeteIns wasyae
Uosiuadvesqdunsd (Jayasudha et al.,
2017) uennidasduasuuszansamues
wuafiSeufiing dedunsldiannimaaeuide

NALAISNIAUDINIS PDA Tnalvikumafiise
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UfUnY Bacillus spp. laasidudnséiuds
a £ & P = ~ )
Ngetune 3 leloan WewSeudieuiunis
aaaulue11Ns PDA 98194587 VaUENENSWIN
7 sialdduasulinisiasyvenduluide
R. microporus WNT Usnantn1iAnuILIa
Y] gj 7 1 a a a fal 1
Fufananann wuafiseufindiinsvanlase
asnazanstnazunszuinlUlue1ms laeans
idpsoanu wiu fengycin, iturin wazsurfactin
2 v = A L v &
Wusu Fatignslunisses e (Rangel,
2013) yilme s anuisasginlndnisli
a 1 a a 2 o Y a
ansaasgrunuaiseluls vinldusinm
Uaneidulevessenyanageuianuazinuni
Toetdulednas wazliaiunsawdsdsalula
(Moore et al., 2003) Y1UEIDRAMLNANSNAAB
nAINIEYEIa 73U w@uleiies R microporus

danslilanunsaasaivladeluls

Table 3 Percentage of Rigidoporus microporus mycelial inhibition by Bacillus subtilis
and Bacillus amyloliquefaciens antagonistic bacteria on the PDA media
containing various carriers

Percentage of R. microporus mycelium inhibition

Carriers B. subtilis B. subtilis  B. amyloliquefaciens
(SM1) (LPDD3-2) (PTT)
bentonite 7110+ 095a 69.68 + 057 a 60.49 + 0.65 a
kaolin 5433 + 1.00 e 50.80 + 0.49 d 4731 +1.00 b
lactose 6891 £ 0.65b 64.79 £ 0.59 c 46.42 + 0.53 b
modified starch 4579 £+ 0.68f 4314 + 098 f 41.62 + 0.73 ¢
rice starch 68.61 +1.00b 6577 +0.63Db 63.57 £ 0.69 a
cassava starch 68.76 + 0.66 b 66.85+0.56 b 62.51 +0.78 a
corn starch 67.23 +0.87c 6530+ 0.38b 63.41 + 0.53 a
control PDA+Bacillus spp.  56.07 +0.41d 4643 +0.13 e 39.29 +0.21d
control PDA 0.00 0.00 0.00
C.V. (%) 0.12 0.08 0.09

Means within the same column followed by the same letter are not significantly different ** There is

statistical different at P< 0.01 level by DMRT test
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Control PDA PDA (SM1)

PDA+bentonite

PDA+bentonite (SM1) PDA+bentonite (LPDD3-2)

PDA+bentonite (PT7)

Figure 2 The efficacy of antagonistic bacteria for suppression the mycelial growth of

Rigidoporus microporus on the PDA media containing bentonite at 7 days

d3UNan15238

nsldansnuulnlud dawalinisiaiey
voadouuafiieufiinvia 3 lolwan Téun
B. subtilis lalgtan SM1, LPDD3-2 way
B. amyloliquefaciens lolgian PT7 GRGLLSE
wanenasadfes1eituddnde (P< 0.01)
SewFeuitsuivyaniuau Tnefiuuionde
wnNnIamIuaN 10-10° lalatlieliadans
wazuevadtalailvetu lnsame 8. subtilis
lelowan sM1 msiaseiulnvenduleidos
R. microporusium‘vi’]i PDA maumiwmﬂﬁnﬁm
lishennyanauay enviu ialeduuasulinus
yauzfansmynaialagtanzaswuulnlug
lssvavsnmnssudafivduecnadifod iy
ynsadiAs iewieuiunenunu eniu 8 subtilis
Tolotan SM1 Uu©IS PDA WaulAloduy
ae9lsfinu 81913 PDA wamuulnlusi vili

B. subtilis lalawan SM1 anansadudaduly
We3189gnde 71.10 wWesidud nsfnwdl
Falulselegtdmsunsimuwuaiiseuftng
2 N v A

Ui nuaulsasINYIYeIeans

nnAnssuUIENA

uATeilFSunsatuayuanauday
Jwdadumalula8@animinues d1inau
UAANTENTN NIENTNMIQAUAN Inenenans
WYLATWIANTTN LATNUDANLUIIUITLINN
dinnuNITeuriend () anelalasans
N13AUANLIATINY1IVOE1INT1LAEHITT
SWAUNTIANSAU VeveuAMUNARINENGY
WINYIRUAVAIUATUNS LaENARIYILIANTTY
MSNBATLAZNNTINNT AN TNEINTETTUYRA
UMY ITYAVAUATUNS
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Abstract

Lettuce seeds are small and less food accumulated in the seed. When being grown,
seedlings have low germination rate and vigor. Therefore, lettuce farmers import pelleted
seeds from other countries instead. Creating a pelleting substance formula for farmers’
own use is an important step to improve lettuce cultivation in Thailand. This study aims
to find an appropriate type and a concentration level of binder material for lettuce seed
pelleting. A randomized complete block design with four replications was used as the
experimental design. Seeds were put in two main groups, which were those pelleted with
five concentration levels of methyl hydroxyethyl cellulose (MHEC) which were 0.3%,
0.4%, 0.6%, 0.8%, and 1.0% (w/v) and those pelleted with the same five concentration
levels of carboxyl methyl cellulose (CMC) as in the first seed groups. 130 grams of zeolite
were used as a pelleting material per 10 grams of lettuce seeds. The experiment results
showed that the pelleted seed with 0.3% and 0.4% (w/v) were the concentration levels

of MHEC and CMC that made pellet forming the easiest and easy, respectively. After
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testing the quality of the pelleted lettuce seeds, it was found that the seeds pelleted
with 0.4%, 0.6%, and 0.8% (w/v) of CMC had higher speed of germination and the
differences were statistically significant when compared to other seed pelleting methods
under laboratory conditions. At the same time, under the laboratory conditions, seeds
pelleted with 0.4% (w/v) of CMC had higher root length and shoot length when compared
to seeds that were not pelleted. Those differences were found statistically significant.
Hence, after considering the experimental results from all seed pelleting methods, it can
be concluded that pelleting red oak lettuce seeds with 0.4% (w/v) of CMC is the most
proper concentration level.

Keywords: Seed enhancement, seed quality, organic seeds, filler material
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Y

fiuguzidomafinududy 0.7 Wesidud
fif pH ves MHEC Ao 6.96 3dln&Aeatiunis
winutanuszanulunisvaaesi dwiunis
wonwaanugRnnIaviex (Table 1)

Table 1 Film dissolution, film weight, forming, friability of pelleted seed, dissolution
period of pelleted seed and pH of pelleted seed of pelleted lettuce seed with
MHEC and CMC at different types and concentrations
SN Eilm Friability Dissc?lution oH of
Treatment dissolution  weight Forming of period of pelleted
(%) (mg) pelleted pellete.d seed
seed (%) seed (min)
MHEC 0.3% 96 30 5! 62.83 @’ 0.07 e 7.63d
MHEC 0.4% 96 30 a4 66.55 a 0.10 e 7.67b
MHEC 0.6% 97 50 3 556 b 1.38d 770 a
MHEC 0.8% 99 40 2 0c 294 c 7.64 cd
MHEC 1.0% 99 60 2 0c 7.28 a 7.65 ¢
CMC 0.3% 97 30 5 461b 0.03 e 7.62d
CMC 0.4% 98 30 a4 0c 0.04 e 7.56 e
CMC 0.6% 98 40 3 0c 0.03 e 7.48 ¢
CMC 0.8% 99 50 2 0c 0.07 e 755 e
CMC 1.0% 99 70 2 0c 548 b 752 e
F-test ns ns - *x *x **
CV.(%) 0.21 1.10 - 40.92 0.20 0.17

ns, **: Non significantly and significantly different at P<0.01, respectively

' The forming scores for the seed pelleting: 1 = very hard, 2 = difficult, 3 = medium, 4 = easy, 5 =

very easy

> Means with in a column followed by the same letter are not significantly at P<0.05 by DMRT
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Figure 1 Physical characteristics of film at different types and concentrations of binder:
T1 = MHEC 0.3%, T2 = MHEC 0.4%, T3 = MHEC 0.6%, T4 = MHEC 0.8%,
T5 = MHEC 1.0%, T6 = CMC 0.3%, T7 = CMC 0.4%, T8 = CMC 0.6%, T9 =

CMC 0.8%, T10 =CMC 1.0%
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Table 2 Germination and speed of germination of pelleted lettuce seed with MHEC and
CMC at different types and concentrations, tested under laboratory and

greenhouse conditions

Laboratory condition

Greenhouse condition

Treatment  Germination Speed of germination ~ Germination Speed of germination
(%) (plant/day) (%) (plant/day)

Non pelleted 96 ab"? 11.85 ¢ 97 a-c 12.08 a
MHEC 0.3% 96 ab 11.95 c 96 a-c 11.49 ab
MHEC 0.4% 98 ab 12.10 c 98 ab 11.34 ab
MHEC 0.6% 96 ab 11.85 ¢ 99 a 11.98 a
MHEC 0.8% 96 ab 11.93 c 97 a-c 11.96 a
MHEC 1.0% 98 ab 12.09 c 93 c 12.06 a
CMC 0.3% 99 a 12.20 c 96 a-c 11.55 a
CMC 0.4% 97 ab 24.06 a 97 a-c 12.56 a
CMC 0.6% 99 a 24.39 a 96 a-c 10.63 ab
CMC 0.8% 99 a 24.33 a 96 a-c 12.49 a
CMC 1.0% 95 b 21.88 b 94 c 9.65 b
F-test * ** * *
CV.(%) 5.12 3.10 5.07 10.24

* **: Significantly different at P<0.05 and P<0.01, respectively

1

2

Means with in a column followed by the same letter are not significantly at P<0.05 by DMRT
Data are transformed by the arcsine before statistical analysis
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Table 3 Shoot, root and seedling length of pelleted lettuce seed with MHEC and CMC
at different types and concentrations, tested under laboratory and greenhouse

conditions
Laboratory condition Greenhouse
condition
Treatment
Shoot length Root length Seedling Shoot length
(cm) (cm) length (cm) (cm)
Non pelleted 0.98 e 4.05 e 5.03d 1.10 ad
MHEC 0.3% 1.13 b-d 5.85c 697 b 1.18 a
MHEC 0.4% 1.20 ab 6.05 bc 725b 1.15 ab
MHEC 0.6% 1.08d 6.04 bc 7.12b 1.15 ab
MHEC 0.8% 1.10 cd 497 d 6.07 c 1.10 ac
MHEC 1.0% 1.13 bd 5.88 ¢ 7.01b 1.12 ab
CMC 0.3% 1.26 a 6.17 bc 7.42 ab 1.06 b-e
CMC 0.4% 1.17 bc 6.87 a 8.04 a 1.05 b-e
CMC 0.6% 1.07d 6.65 ab 7.72 ab 0.98 de
CMC 0.8% 1.17 bc 5.95 bc 7.12b 097 e
CMC 1.0% 1.10 cd 6.18 a-c 727b 0.99 c-e
Ftest *x %% *x *x
CV.(%) 4.89 7.80 6.75 6.75

**: Significantly different at P<0.01
Means with in a column followed by the same letter are not significantly at P<0.05 by DMRT

Figure 2 The seedling growth of lettuce was examined under laboratory conditions
7 days after planting. T1) non pelleted seed, T2) pelleted seed + MHEC 0.3%,
T3) pelleted seed + MHEC 0.4%, T4) pelleted seed + MHEC 0.6%, T5) pelleted
seed + MHEC 0.8%, T6) pelleted seed + MHEC 1.0%, T7) pelleted seed + CMC
0.3%, T8) pelleted seed + CMC 0.4%, T9) pelleted seed + CMC 0.6%, T10)
pelleted seed + CMC 0.8%, T11) pelleted seed + CMC 1.0%
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Guide for Authors

The submitted Manuscripts should be of high academic merit and are accepted on
condition that they are contributed solely to the Journal of Agricultural Production.
Submission of a multi-authored manuscript implies the consent of all the participating
authors. All manuscripts considered for publication will be subjected in a process of

double-blinded peer-review by at least 3 independent referees and it is free of charge.

Submission checklist

Manuscript submission must include title page, abstract, keywords, text, tables,
figures, acknowledgements, reference list and appendices (if necessary). For a title page
section, a title of the article, a list of author, affiliations and E-mail address for corresponding

author need to be provided. The total manuscript should not exceed 10 pages.

Preparation of the manuscript

All manuscript submission for publication in the journal should followed the following

guidelines:

1. Manuscript texts must be written using high-quality language. For non-native
English language authors, the article should be proof-read by a language specialist
before submission.

2. The manuscript text, tables and figures should be created using Microsoft Word.
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