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Abstract

Plant pathogens are a significant and urgent issue mainly in agricultural countries. Disease control using
chemicals and antibiotics can cause widespread negative impacts, particularly on fresh vegetables and
agricultural raw materials. These could affect national food insecurity. Antimicrobial peptides (AMPs) are one of
the effective solutions because of theirs remarkable antimicrobial action mostly on bacteria and fungi, the

primary causes of plant-infected diseases. AMPs are present in common living things, both in prokaryotes and

eukaryotes, these are the natural defenses in organisms. Each type of AMPs exhibits distinct microbial targets
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through various mechanisms. Some AMPs kill microbes in a few seconds after contact with target cells, some
AMPs stimulate the antibiotic effects, while some AMPs exhibit superior results than antibiotics. AMPs work by
two different mechanisms: the direct bactericidal mechanism that involves interaction with the bacterial
membrane and results in cell lysis, and the indirect bactericidal mechanism that involves penetration without
causing cell lysis but inhibiting the synthesis of DNA, RNA, and proteins. Current AMPs research reveals promising
outcomes at the laboratory level. Further studies will focus on the actual environment and the outbreak area
respectively.

Keywords: antimicrobial peptides, plant disease control, plant pathogens, antimicrobial activity
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effect) 19y LUUINA nisin Z TaaantRaiunmsinnuress1ujTaug penicilin Tunsidndouuaiile Pseudomonas
fluorescens lagldmnudututioaniinisldeuitiue penicillin wigariiadendis 155 w1 (Naghmouchi et al., 2012)
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protease fiviwtihdirdalusiiu (Papo et al, 2002)

TAs9a319asnann15911914v89 AMPs

Tusiulagvldinmululassadrmfsgfivuuusiuiudi (B-sheet) wagindsaueai (0-helix) (Figure 1) lng
AMPs fifinsihan@nwndnlngilasasauundeiwearii ﬁaaéWQLﬂﬂlwﬁLLuumﬁmuaav\hﬁﬂuﬁiﬁﬂ lAuA protegrin
magainin &g indolicin (Huang et al., 2010) uaﬂﬂﬁﬂﬁgﬂwu AMPs ‘VimSsﬁﬁﬂﬁﬁiﬂida%ﬂﬁgﬂamgﬂLL‘U‘U (Uteng et al,,
2003) uaziinansvdnfivlesulassairsamzvuziiinsiujisotudedumadvieansiugnssuvousadidmane
Wit (Hsu et al, 2005: Rozek et al, 2000) weanINlATIEFmFe L Wulnddailassaeiimanyauuiasenisi
dzfindszans mmnsinunderdndeuuadiSelaaty duiiie anauUiveswuin Usya wazaruansalums

q q
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Figure 1 Structure of AMPs. A) B-sheet AMPs and b) Ql-helical AMPs

YUY AMPs Tisnzaudon1siaunsivuialisini 7-8 nsnesdluiieliansoairslassaiiauuy
amphipathic vi3eduiiiuszquazdruilifiussgeglulassairafieriuld (Bahar & Ren, 2013) usnnwIALE Useq
ansiiudnauandAiddglunisdniaiesadadunis Tnsfintsveaeafinuszagns (net charge) vouiudlndwin
V13K 91 +8 1 +9 wudhilnavilfieaditmneuantdinniy lusasfimninsanussqamsagyinlisyansnmly
mssieaduuaiiSe P. aeruginosa ansnas (Jiang et al.,, 2008) LLazmﬂﬁmsmLawwd’mﬁ‘lﬂﬁﬂsw (hydrophobicity)
wavduiiiuszamelulassairweadulndusiazidu wuinddvEnasdeuszavsamlunsieuduiu Tud 2010 ¥hdde
Iivhnsneaeadfisdmilifivszludsiuiidulssguanveadulng nuiduszansamlunissudnaunidaiu

(Huang et al., 2010) Tuvugin1snaasaiioUsuandiunlifivses dmalimuasnsalunsdudanaunidanas (Lee et

al, 2002) vsillassas1alaesandanedoinisidiunlifivssquazdtuiiiusey (amphipathicity) disliviaulanausdu
UV (Fernandez-Vidal et al, 2007) uazdnamuaudffidesadads As Aruainsalunisazatsdn (solubility)
Wasannmnuinssnudnluluweduaiinnisaneznay sziinaviliudlneldanunsaviauld (Chen et al,, 2005)
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Ao = 1 . . .
wWilnandignsaulasa (Antiviral peptides)
wWillndrilafianunsadvinugasendudeniiulasa (viral envelope) vinlsildenviudananilidiadios an
Tanalunmsinigintuwaaantny dwalmeadinviuldfadiolisaninad endisgradu wWulng defensin @unsa

wWhdvdulnalalusauusnanudeniulisaves herps simplex viruses (HSV) ibilisalaianunsadnduivinveseadidn
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U1ulA (Belaid et al,, 2002; Yasin et al., 2004) WUlnauswladEnATOIRILNUNTU (receptor) Fp@aaLI U UABUN
T¥a9zid13u (Andersen et al,, 2004) WilnduswiinanansowvsninudonuwaadtudlUavavegllsmanavioees
untuadsg o) neluas dnaduginisiansesnvesdululida (Sinha et al, 2003) wdsanilinisszuinveslisalalsun

sal
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mifeiReestuudindidgvddubiaidwhanessuumaiumela nuihiiudnduanesieiifsyavsamduds
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ogauUlndilaaruludunmssudesldun defensin (Def) Tay defensin lungu AMPs 7ifi cysteine g4 foun
Uszand 45 - 54 nsnewiilu farumanvansuasilassaieiiluuinueyintie indoaueani 1 1nden uazusiuiue
3wy FevilAnusy disulfide 19 4 WusrdwalvilaUaTYIge (De Coninck et al., 2013; Francisco and Georgina,
2017)

Lﬂﬂ‘lwﬁﬁﬁqwéﬁmtwﬂﬁﬁfﬂ (Antibacterial peptides)

Wilndnguilifunquiilésunmanaisanniaalutiagsu danlugfiuszquan (cationic AMPs) Fsamnniu
fulszgauuinaidoriueadvesuuniiFouasyililassadrslufuunudina1ndeanimléie (Shai, 2002) wagdamuii
dauimg'Lﬂﬂlmﬁﬂizmwﬁﬁqmamﬂa amphipathic vunedeisauftazareiuagliazanen slkanunsaduldmiuluiy
LLﬁZMQWSﬂLWWU%LQmL?j@ﬁML%aﬁsanLLUﬂﬁL%‘EJL‘fj’]‘mﬂ‘a (Jenssen et al., 2006) uanmﬂﬁmﬂlmﬁﬁﬁqw%‘ﬁmumﬁSamﬂ
yiadsaunsaunsniudeduwaduuaiidelaglivhlfieaduen uasdilugudanssuiunisdaesiiuieuasns
dupsrzilusiunmeluwaatmunegla (Brogden, 2005) fognswos AMPs ﬁﬁqm%‘ﬁml,l,mﬁﬁ'alﬁm defensin wiinlagy
dlnguda defensin azflgrisndaiton udfivmenussyin defensin Msindlgnidunuaiise 1éur Co-thionin
Il ﬁ]’mfﬁﬁq (Franco et al., 2006) wag ZmESR-6 a1nY13tne (Balandin et al., 2005)

Lﬂﬂlmﬁﬁﬁqwéﬁﬁuﬂiaﬁ (Antiparasite peptides)

Wilndlunguiiiswaudenideisufuaungudnediu dettu magainin iuulndsdansniinuii
qwéﬂwwwswﬁﬁﬂm Paramecium caudatum (Zasloff, 1987) wulnd cathelicidin ﬁqmé@h Caernohabditis elegans
TaonsvilviAngusnandeviuiead (Park et al, 2004) sy
nalnn1vinauvas AMPs

NnTinaLE AMPs UswiiaanansavhanswadqaunsdlalavilfiAnguinandeviuad vieunsnidndedy
wadlaglivilieruwadideme Wadhdudinssuumsduanesiansi @ luged 1wy Mdue 015iduie Wk T

Y a.A. 2009 fis1ea1udn wiisluanuvedusiunamuaveagadiuaiiseiieitesiumsasinteruwad waglusiumeanis

'
N

nndAgylun1sIUEIEI150M1T n1smela n1sasanasu wagn1sdeansnieluwad (Zhang & Rock, 2009) Lile
Wsfiumaiviujisendu AMPs ssfinalildanunsaviinulaauung deiu AMPs 3siussansamlunisviansisad

Y < a1 ° A v § A o § w ¢ o & ' °
L‘fjmmEJIG]EJEJNi’mLi’JLLﬂuﬂimwlmmmimmEJLEJEJVJ%JL“ZIaaMiaVIﬂMLGUaaLL@ﬂ AIUU BINLLUY AMPs G\Wﬂﬁlﬂmimmu
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Fowdsldidunguiviauuiinandeviuigad (membrane-active AMPs) wagnguiivinunigluad (ntracellular active
AMPs) (Bahar & Ren, 2013) (Figure 2)

Wilndlunguivhauuinanderuwadiindinaantidu amphipathic manefs ffduiifulszquinuay
dniilaifivszq duidulszquanazansoduiulszauuinaidovuead uavduilifusyaazangli AMPs unsndy
dlugadevimeadiuly (Madani et al, 2011) Measdeavenalnnmsvhnurssuiindnguifanuunnsstundu
n3dll endoehatu naln carpet like (deter-like) model Wilndagidrduiaduieueaditmneuazunsnd-lusy
lushufloatrsgusnandesiuwad (Bechinger, 2005) dm3unaln membrane thing model Wulndazunsniainllog
Tutuniseadeviuwadiivsznoudslaufudestuiioainegdn 4 sewirdlnanavesladu siandnavadausedleiu
Imaqaﬁmlﬂm%gﬁtﬁm%u bilsiiAngndanunsndd (Mecke et al., 2005) d@unaln aggregate model 1Wulndazfin
yuliudoruwadduuen mnduulndaradilasaidlmiwasunsnineadluludorueadluuunfuazasn

Taseadslmineluadidhmunedugunsinan (Wu et al, 1999) {usiu

Cell membrane
- -
A S S

Cytoplasm

Mechanisms of action of AMPs

Membrane-active Intracellular-active
AMPs AMPs
' o W copeRIeef®my  Translocation

Membrane targeting AMPs

DNA targeting AMPs

RNA targeting AMPs Protein targeting AMPs

Figure 2 Overview of mechanism of action of AMPs, AMPs target on cell membrane and AMPs target on

different macromolecules specially DNA, RNA and proteins

Twaiudndnguiieouuinadoiueaddeddiiudndsuunnlunadrdangfudorusadifiovili
\Rnguiededmivinaineadinumnnifismetiagsihliisadane Wulndnguivhouneluwadannsadvharewad
Frmngldlagldamudutusniid MIcs (mnuidudusihaavesarsiianusdudininasyvesndunis) veauulng
nguusn IneidmnendnAeriiufAsertudsing 4 neluwad (Otvos, 2005) sndeg ity indolicin aglaivinli
waduanlnensa uiazunsnduinlugslslnmanauuaze uafisosenssudanssuiunsdaneviasue (Nicolas,
2009) apidaecin 1¥u  Wulndfidhdudinsdaameilusilaglihlfinguinadeineaditutu Ty apidaecin ay
LYINA18RNITLUATIS BkNSUAU (Castle et al., 1999) wennismuinudlndursedaanansasudinsiaues
wulwsl protease findnlagqaun3didmuneladie 1wy wWlnd histatin 5 Fudaeulasd protease MnLauuATiiSe
Bacteriocides gingivalis 19 (Couto et al., 1993)

Areg1snuIdeineadasiunisussandld AMPs Tusudulsaiy

A o a

WWINWMTIRENTUsEENALY AMPs Tusuiulsafiedinsuannsfinwilusiuiasiuuindludadidinednga q

a a6 1

wazthumegeunnanUinisevsedudinisasyventedunsdnalsaiiy In1ssiusiulasaiisuasnisinauves

Q

AMPs Tinuluiiy Sendngiudes PhytAMP lugiudeyadananissudnd AMPs fisseuay 51 Nlgvadudss Sevay 33 &
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o ¥ v
LY = (YY)

grissuduunise uazfosar 10 Tavadudilasa (Hammami et al, 2009) lus waildvanewiiafidqnssudanisnady
YBAUNIENBlIANY

Tud a6, 2001 Sisrenunsinwlassadawaznalndunsindeveadulng magainin Anulufamiin Tae
WU magainin mmaaé'f‘ué'ju’amiLﬁ]’%igﬂﬂ@ﬂﬁﬂ@%‘ﬂW?hﬁ%%ﬂﬁﬂEm (oomycete) (os1dniiu Peronospora tabacina
(Adam) Tusgauiaslunnig wazdsanunsadudadeuuailiSs Eminia carotovora subsp. carotovora (Jones) 84
AolfiAnlsmunazladnde dmsu cecropin 1fu AMPs #iillassadrundsiuoauazaialdanvuouiidones
Hyalophora cecropia @111508U 9115495 QUoILUAT LI an alIAW Ba na Pseudomonas, Xanthomonas,
Pectobacterium, Agrobacterium Wag Dickeya 16 seanudutulusyaulalasiuans (Alan & Earle, 2002; Li & Gray,
2003)

Td aa. 2016 AinideanuszmesuldvmsanunalndudimsasyvewuaiiGonelsaveuluuidudn
X. oryzae pv. oryzae (Xoo) weaulng melittin fiwenlaarnfiwuesine Apis mellifera wu3n melittin 131508
wuAiidy Xoo ssenudidudios 10 lulasluans WonmaaeuinumsiugnssungluwaduuaiiGelagldasios
uasgoaLsalsud wud wuaRiFeRldsuulng melittin Aamdudu 10 ilasluansfinaviliuiinamsiugnssuan
Hovasninadilildsuiuding uenaniidednwidendesyanssmididnaseunuimingadvosuuaiiie Xoo 7
I3udng melittin fdnwazduuaziinisinasenvoslelimatady FsuansinulnddnaniinavinliAngusmeds
L%aa‘ﬁﬂﬁmimEJML%&%"ﬂ%LLasmwaluﬁqm (Shi et al., 2016)

Defensin 1fiu AMPs naulngjifinisfnwlusrugilsafiviuegtenfensausofnaufaagu laonisdng
ilgsunnsdradadslunatsauise Iaud wWulnd Psdl aan Pisum sativum wWulng NaD1 970 Nicotiana alata \UU
Ine TPP3 910 Solanum lycopersicum \WuUlna NsD7 a1n N. suaveolens haztuulng MtDef5 910 Medicago
truncatula tneinssenuinuindngudanavijasenfunaaniunususasyiligadsmeluiian (Aerts et
al, 2008) Tud A.a. 2016 Aazinidorningld@neinisuanseenvesduiifusiavealulng defensin way defensin-
like Tnawudn Bu OSDEF7 uay OsDEFS fimsuanseansauifu (coexpression) lumsgudanisiadaes Xoo, X. oryzae
pv. oryzicola avlsalulialussuadludn wag £ carotovora subsp. atroseptica analsauinaglusiuns dean
MIC 0.6 - 63 lulpsnsurefiadans (Tantong et al., 2016) w&ani 3 9 AMzINITEINUsEIMAanNIFaLNSAINUIN
core motif 409 defensin Aenléan Medicago truncatula wiefliFenin MtDef ansnsadudatonelsarilusuuduay
TuWa (E coli, P. syringe pv. syringe, X. alfalfa subsp. alfalfa, Sinorhizobium meliloti) Tusg# v ﬁ'angﬂ'ﬁ 119

a a

uanaINTFiT189uI defensin Tuauinaueund (full length defensin) Tinan1sdudsadunidlanninuulnand

Q

o

<L

Wiy core motif (Sathoff et al., 2019) wazlul a.e. 2020 TseaunuInUUlng epsilon-poly-l-lysine 3o EPL figws
Uvéjﬂl,wﬂﬁﬁﬂﬁaiiﬂﬁ% Agrobacterium tumefaciens, Ralstonia solanacearum, X. citri subsp. citri (X. citri), wag X.
euvesicatoria Tapnuinan MIC saatdlng EPL wihfu 80 lalasniudefioddnsluie X. citri wazuiifu 600 lulasndy
sofiadansduiuie R solanacearum uaz X. euvesicatoria Insndsnlidedudasudlngiian MIC Kanarudu
nan 2 s TualiuuaiiGenelsefivmeidesineadunn ueninidimenuindeausdasazarodlng EPL fu
Funzdowmeaidinsfnde X. euvesicatoria anvglaalugausidioma wuiamnsnanauguussvastsald (Rodrigues
et al,, 2020) ¥ a.a. 2022 SnsinwiddlndfatnnntanmdefimnanuesuasnaeusmauTRmstiudinsasy
vosuuafiForelsadis wud1 AMPs AldanuusesiinuaisudimaaiamouuaiiGerelsafivunsin waniofiny
sofonsviliusansuasAnuinalnnmsinuresudindfemaialusilesind wudr Wulnd PQLAVF (Pro-Gln-Leu-
Ala-Val-Phe) uaziulns MDRFL (Met-Asp-Arg-Phe-Leu) tlutulndfivhauuinandosiumad (membrane-active

AMPs) figndsudaniaiadnues Xoo Turaediudlng VOLMNSL (Val-Gln-Leu-Met-Asn-Ser-Leu) L uiuulngiviau

nuluead (intracellular-active AMPs) dunasianszuaunisang o neluwaduuaiiisenelsasia Pectobacterium
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carotovorum @1 lsaLul wag Agrobacterium rhizogenes awiglsnsINIILNINAAUNGA lnvdanasolusiuly

v
o

wuasefinertesiunmsdunsiziarssndunng q aeluwas Medue aslulawmss ladu saudinanslusiuly

NIEUIUNS0EATTALAYWUaTITE n1sdonuaufdue waznsasdnanieluwas wonanidmuiinalnnisvinau

o

Aanadadianvazianzi unna199nnalneteu)diug ampicillin wag kanamycin Tunstiuamadithmnesnae
(Ditsawanon et al., 2022)

el msAnwnalnnsiausewing AMPs wasdenelsalufivdifliunnth waranseauuisEn wuinaln
199 AMPs dwaselusiuifetosiulusiuvendenelselunassyuu Feldansassyin AMPs fneglunguiieniu
TUsAuUszLAN PR-protein, phytoalexin %38 phyto-anticipin ﬂfcjﬂﬂﬂzju%ﬁﬂ@f
w3l AMPs Wldlumseauaulsauazdaania

INFIYNUITENTIVTINIWITITBT19AU WuIN1TnadeunsEuswdanalsalunialnely AMPs Tnas lusyau

v

WeaUuRnas lnwdwaseszuusing q Tudenslsavaneuila egrelstiniy aninwindensdsluiunivgndmaluieds

o w

ddnlumsszuianagniseuaslsn detu math AMPs lfnarlutesl fifinisludnyideluaninuandouass uay
fauvadaseadieunsdiunns AMPs Wil sl adszans nmnisld nunazifiauaioss adudnmadeniiuiaule
wenani nsldineluladsesuunly Wy wedwes (polymers) aunAunly (nanoparticles) luwad (micelles) Wl
drtnelunisiing AMPs W luvmidiluwadiing 1ty Sufldutnsandesiialudesmuadosiulszansawnms

M wagananudsdunisgniateainieulesilusiea (protease) 19 (Martin-Serrano et al., 2019)

GFLY
AMPs (Huansfigrisdudaniaiasyeniuiinasyin welifa 51 wuafide uazdsdn Seduselevdediann
Tunsmuaulsaity Wulndweandldinantnisafannsssumfuasdaansituluios fiing ddlinaussansnm
Tumshaneqduvddnelsaiaiiumelasseausing q findnlideiu egrdlsinm auAdefidnem AMPs Tulsaitvdu
Tngflutlagtu Wunsdnulusziuiesuifing andwuildunsdnuluswansulndaziinisin AMPs lUuszandld
Tulsudouniovasouamautinisdudimatiyvesiunidnolsafivluiiuiisionmamanuns wihludagiufimsdn

fanalnnisviaures AMPs Adeafiunsaurulsaiivliuntn wasdsldduyunisudndeutsaadaiisuiuenujiue

o w

nflutagiu wasddedndatunisldnuuisusenis wimndinmsdnuldmaluladuiUgmdenandld wazaiunsonde
19¥loluranisladnsa asdudselovstiagauiniununsnsnaluwazanalsewaluwdivoinnuiunm1eImig anudadu
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UNANED

msﬁﬂmamwﬁmmzauLLamauwamam%m‘iam%’uﬁﬁauL‘ULu‘?\Iﬂ 150 lasavsieNannochloropsis oculata
finsaadludaiium ‘W‘mfﬁamiw&Jﬁ_]mﬁuﬁé’aulﬁﬁﬁﬁl,mj 2 ﬁmiam%’uqqﬁqﬂ 9 0.90+0.01 fadnsusonsu TruzlIaNe
gaunanisgaduie 2 dalua dAnsgadu 1.80£0.02 fadniusion3u Uhinavesamieianzaufe 2 nfudedns lng
anduadenld 3.98+0.02 fadnsuseniu TneuTinamagedu (q.) Aeuasanandoysiuamseiingu Tolomesunis
anduadeuiiuaenndasiuauntsues Langmuir InefiAn1anaduadengean (Qu.) Wiy 106.58+20.22 fiadnsusansu
waznsgeduadoudul §isesusuuisomiaaiiou (pseudo first-order) LLa%ﬁ%’uﬁ’mwﬂﬁmi’]L%’ﬂlm’]i@@‘?fuﬁaﬂﬁ
uwnsrutuiduas s nelugadiuiiaes snnnantsinwansEmse N, oculata Tissdudadumdusaiden

ffusvavsnmlum i g dnadonuniin isa Avuidouluddels

AdAey: amsisvwndn nstiladnde ddeusueaiin ulurassonda

Abstract

The optimum conditions and adsorption kinetic for bioremoval of benefix red by immobilized cell of
Nannochloropsis oculata were studied. The results showed that the optimum pH for bioremoval of dye was at
2 with the highest adsorption capacity of 0.90+0.01 mg/g. The equilibrium time of adsorption was 2 h with
adsorption capacity of 1.80+0.02 mg/g. The optimum biomass was 2 ¢/l with adsorption capacity of 3.98+0.02
mg/g. The adsorption capacity (qe,) decreased when the algal biomass increased. The adsorption characteristics
fitted well with the Langmuir adsorption isotherm with maximum adsorption capacity (Q,.,) of 106.58+20.22
me/g. Dye removal correlated with pseudo first-order, while the adsorption rate was limited by film and
intraparticle diffusion at secondary step. It can be concluded that alginate immobilized cell of N. oculata may
be used as an alternative for removal of benefix red contaminated in wastewater.

Keyword: microalgae, wastewater treatment, reactive dye, Nannochloropsis oculata
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Figure 1 Structure of reactive dye
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Different (HSD) fiszfuarmdesiu 95 Wesidudlnglilusunsudnsagudmiuaesfiumes SPSS For Windows 16.0
(Ibm spss statistics, 2023)
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Table 1 Effect of pH on benefix red removal by alginate immobilized cell of Nannochloropsis

oculata (algae 10 g/|, exposure time 180 min, initial dye concentration 10 mg/l, n=4)

Adsorption
Initial pH Removal (%) Final pH
capacity (mg/g)
2 89.60+0.64 ¢ 0.90+0.01 © 3.40+0.01
3 40.22+1.52 * 0.40+0.02 > 5.51+0.02
4 32.30+4.70 *° 0.32+0.05 * 5.97+0.05
5 45.19+0.68 © 0.45+0.01 ¢ 6.11+0.02
6 40.60+0.60 ™ 0.41+0.01 « 6.17+0.01
7 35.69+0.69 " 0.36+0.01 ™ 6.26+0.02
8 27.42+0.57 ° 0.27+0.01 ° 6.36+0.06

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).
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2021a; Sarwa et al., 2014)

q (mg/g)

0 50 100 150 200 250 300 350 400
Time (min)
Figure 2 Effect of contact time on benefix red removal by immobilized cell of Nannochloropsis

oculata (algae 10 ¢/|, pH 2, initial dye concentration 10 mg/(, n=4)
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wadamsetutiosasisilifivinuiieaduesamseduiasuddoulfesndlivfdailvauinunsgaduresd

FRULULLAN 157 UUaRaIwNUSHIMVBITAaE NI IETANTY (Buhani et al., 2021a)

Table 2 Effect of biomass concentration on benefix red removal by alginate immobilized cell of

Nannochloropsis oculata (pH 2, exposure time 120 min, initial dye concentration 10 mg/l, n=4)

Biomass (g/L) Removal (%) Adsorption capacity (mg/g)
2 79.61+0.34 ° 3.98+0.02 ©
4 86.17+0.35 ° 2.15+0.01 ¢
6 84.40+1.45° 1.41+0.02
8 85.28+0.61 ° 1.07+0.01°
10 85.28+0.84 ° 0.85+0.01 °

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).
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navaspMUdutuiuAuvasasazaneddouiunzausdanisgadu
INNTNAADIRUBUTAIUTUTUS UAUYDIAI DU 20-100 TadN5UADANT NUIIANULIUTULSUAUVRIF DY

o

wiriu 100 fiadinsusedns Wuanududusuduiinzausenisgaduddeuuuiin 1sa lnenuindiauiuiunisgadu

o o aa v

WU 36.82+0.54 HaanTusansuaining S?fuﬂumﬂ%mmmi@m%’uqqﬁqm Tnesauane1aegRitedAgynadanu
ynyan1IAResiiude (Table 3) pududuisuduvesddondifisutuain 20 &1 100 fadndusedng dunuindean
duduresdfouiiutuardmaliinsgaduadonsonsuvesamsefifivtuiosnnifausmdn (repulsive force) fifn
Tnmudufusudureddeniiinndwilfddeuiusmanfuewasiilrddendlndamseldunty Suudunsdiy

nsgaduddenriliansivanunsagaduddenanaisaraielad (Sarwa et al, 2014)

Table 3 Effect of initial concentration on benefix red removal by immobilized cell of Nannochloropsis

oculata (algae 2 ¢/|, pH 2, exposure time 120 min, n=4)

Initial concentration (mg/L) Removal (%) Adsorption capacity (mg/g)
20 77.01+0.41 ° 7.70£0.04 °
40 73.60+0.50 ° 14.72+0.10 °
60 72.97+0.59 ° 21.89+0.18 ©
80 71.70+£0.79 ° 28.68+0.31 ¢
100 73.63£1.09 ° 36.82+0.54 ¢

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).

lolowmasunsgaduddou

nsdnwlelemesunisgaduadouuiiin isa vesamns N oculata fikunisnishudindadumiunudi dn
r* 91@UN15U9 Langmuir (0.9925) ﬁguﬁﬁ’lq&ﬂ’hﬁﬂ  91n@un15ves Freundlich (0.9900) (Table 4) fatiudsanunsa
Fuivgiulddinisgaduuiszaenadosfuannisnisgaduees Langmuir Aefdnwmgnisgaduiduuvudu
LA (monomolecular layer) LLasv{uﬁ'ﬁﬂumiam%’UﬁyuﬁﬁhLmu'mazﬂalﬂ n1sagumiouiy (homogeneous
surface) S’Juﬁawﬁ“amuuawﬁLmﬂﬂumiamsﬁ’uﬂgu%mﬁauﬁ’unm;fwLmﬂwmﬁuﬁﬁaﬁ’uﬁa Faduly mamquijves
Langmuir kazilA1N130ATuasan (Qn,, ) 7l 106.58+20.22  fadnsusensu Inedsieeufindreadeiulunisii
Spirogyra majuscule 11U UndgouTUaATIN L15A 120 waz Swoadin lwald 81 wuinsaaduddensioniin Lsn 120 way
Juoniin wald 81 tuaonndesivaunisves Langmuir LWutfigniu laedian Q. 11Au 251.94 way 254.77 fadnsuse
n$u Audy (Celekli et al, 2012) daunns@nwisatuanuanunsalunisgaduddeuniianeiiudvosainsne
Nannochloropsis sp. WUINANFURUUENN15YS Langmuir Hugiein Qrrax WINAU 76.48 fiadnsusiansy (Aldegs et al.,

2008; Buhani et al., 2021a) uanandgnunisAneiiinganunisiaavsiy Chlorella vugaris Tunisiidnddensuen

Fnitudeuludidenuingddn Qe W11V 50.89+0.46 (Radwan et al., 2020)
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Table 4 Langmuir and Freundlich isotherm parameters for the adsorption of benefix red by
immobilized cell of Nannochloropsis oculata (algae 2 ¢/|, pH 2, exposure time 120 min,

Temp 25 °C, n=4)

Langmuir Freundlich
Qmax (Mg/8) K, (L/mg) R? Ke n R?
106.58+20.22  0.02+0.00 0.9925+0.00 4.851+0.40 1.15+0.03  0.9900+0.00

Inunaransn1sgaduddou

saunaransnisgaduiudunisfnviieatunsidsuanududuresarsrenimiienavsesnsinis

3 LY <

\inUf)i3e (reaction rate) A3en1IMaURUYBIUATEN (order of reaction) JUMMMUATATNIIVOINTAATULALAIAITN

1998051159109N139AdU dmsuraunamansnisgaduadenuiuiin 1sa aefinrsananaArauduius () Tamsne

s

duiiduduresfisendunuule annmanisdinwaznuindefiarsanainaiauduiiug () udrunuinvaunamans

=

n1sgaduddouuiuiinigs lasamsie N. oculata n3dludndadiuniuduwuy pseudo first-order (Table 5) &4l
nsfnwmsthamsedidernuindngaduddon napthol green-B Wiavin1sinszriniseaunamansudatunuindu
WUU pseudo first-order (Celekli et al., 2012; Gunasundari et al., 2020; Ozer et al., 2005) wani21lun15W1Y

Uszgndldlunistidaiidessimafinvinaaivieausadiuanusilunisgedulavindulsunaamseiiiugy

=]

wadmsunsfnwlunisunamsiedidens Nannochloropsis sp. ikunsaawlasundudigaduddeuuiiaduuguas
leouuInues Cull) dunwuieaunamansiuwuu second order (Buhani et al., 2021b)

%uﬁmumﬁmwL%qsummigm%“uﬁamﬁmwﬁmé’mwL%’mawmumﬁawﬁ’usuadsum‘umsﬁmmLLaxmﬂmi‘wmam

v
& o

fnundufmuadasiiweinisgeduiuduistunisunsiiuvesduildy (film diffusion) WuAeduih Aeduneuiiddon

wdsuikuduilduhiedovsguulindadunuavindeuiiudindadiundiludusadainse uazdunisunsidngsngu

q
‘:4 v

(Intraparticle diffusion) Aeleddoududaiwadainsiowdilaunsitng snguiieg uugadansiguwaziinn15duiu

q

v

binding site Aelugniu wasilefiarsananaunistuimuasasuitlutuifonisgaduyisiiaes (secondary rate)
WieanndiAanusalunisgeduiioaninved initial rate lnsnisiiarsanindulafedufimuadnsiis farsanaindund

anuslunisaeduinfiantiuies (Table 6)

Table 5 The order of reaction of benefix red adsorption by immobilized cell of Nannochloropsis oculata

(algae 2 ¢/\, pH 2, exposure time 120 min, Temp 25 °C, n=4)

Dye Concentration Pseudo first-order Pseudo second-order
(mg/L) k (min™) r’ k (g/mg min) r’
20 0.029 0.9940 0.0064 0.9830
40 0.026 0.9896 0.0038 0.9737
60 0.026 0.9907 0.0023 0.9722
80 0.025 0.9900 0.1801 0.9710
100 0.025 0.9910 0.0013 0.9707

v
LYK

setiulunsihludssgndldindauidesssiesdinsiiunsmyudsureaiviefiunsfividiemunnusaly

v
o

nsgaduty film diffusion wasfeunsnsagadansslugadiunaIsvinsusulsawadamseieiingnuliundu
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Wy n1sevaneu nisimdednnnudu n1suynse Wudu Feazdreiiunnuialunisgadudu secondary rate ¥4

intraparticle diffusion &

Table 6 Film diffusion and intraparticle diffusion rate of benefix red adsorption by immobilized cell

of Nannochloropsis oculata

Film diffusion Intraparticle diffusion
ConceD::ation Initial Initial rate Secondary rate
(mg/L) rate -r (mg/g -r (mg/g r
(min™) biomass/min®?) biomass/min®?)
20 0.0147  0.9267 0.9009 0.9918 0.8084 0.9977
40 0.0131  0.9006 1.6177 0.9982 1.4557 0.9989
60 0.013 0.9102 2.2734 0.9939 2.1881 0.9986
80 0.0126  0.9112 3.0194 0.9991 2.8773 0.9987
100 0.0129 0.9134 4.0410 0.9982 3.7357 0.9991
ayUnanIsANe

@918 N. oculata Tiunsedagadludindadiundanuaunsalumsgaduddenuwiin i ldffasazane
ddonien 2 uasiiszoznaningauna 120 uil Uinaawseianzaue 2 niudedns uazwuindlonndudues
doufudy amsioasdidnuinaunisgeduadoniifinduiasnisgaduidonaonadosiulolumesunisgadures
Langmuir Tneisusuuifsenisgaduifuuuiinduatiou (pseudo first-order) wagditutmunsnsnidonmaundidy
rutuitduarnaunsiignelumadiuiiaesauandlidiuinamans N. oculata Wushgadumsdanmindenndsd

a1unsathanvrdnindeniddeuludoule
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Abstract

This study aimed to investigate the effect of feeding roughage hay on production efficiency and
economic return in crossbred sheep. A completely randomized design was employed on Santa Ines crossbred
sheep from 16 animals and divided into 4 groups. The average initial body weights of all animals were 16.87£0.97
kilograms and the average final weight were 23.2511.07 kilograms under 60 days feeding period. Four groups were
fed with fresh grass (para grass) at 3.5 kg/head/day (T1; Control group), para grass hay at 1.5 kg/head/day (T2), ruzi
grass hay at 1.5 kg/head/day (T3), and pangola grass hay at 1.5 kg/head/day (T4). All animals received concentrate
with 14 %CP 0.2 kg/head/day throughout the period of the study. The results showed that animals in the 4 groups
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had no difference in weight gain and average daily gain (P>0.05). Total dry matter intakes of groups 1-4 were found
to be 2.86140.08, 1.2810.09, 1.2740.09 and 1.3410.08 kgDM/head/day (P<0.01), respectively. Total dry matter
intakes of protein were 0.0910.01, 0.0710.01, 0.08+0.01 and 0.10%0.01 keDM/head/day, respectively (P<0.01). Total
dry matter intake per body weight of group 1 was 16.99% of body weight, which was significantly higher than other
groups (P<0.01). Blood metabolites such as blood glucose in range 63.94-70.04 mg/dl, and blood urea nitrogen in
the range 13.44-17.13 mg/dl were found to be in the normal range (P>0.05). The total production costs per head
of the four groups averaged 224.7813.72, 240.4243.73, 240.1313.73 and 245.711+3.72 baht/head (P<0.01) and total
production costs per weight gain were found to be 38.7817.90, 37.9317.92, 38.851£7.92 and 48.7917.90 baht/head,
respectively.
Keywords: roughage hay, production efficiency, economic return, crossbred sheep
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warunanay Smiaunsugy SeTinuevnsluudaznduAamuuinamdsnusaglusiuiiungsumslasuiiolilndides
AUANNARINISIUNIIATITN (NRC, 2001)

fufunsduifiuiieguemmaaes v wuan nejIvuwia neiisdusis naunsnanuis ewnstugasTsiu
14% revlvdnivaaes Wewludnseyinm Tanuiis TUSAUTI wagkin M1335ves AOAC (2000) delefiliavaneluansvien
fdunans (Neutral Detergent Fiber, NDF) dolofililavansluansveniliunsa (Add Detergent Fiber; ADF) hag anilu
(Acid Detergent Lignin; ADL) m1135U83 Goering & Van Soest (1970); Van Keulen & Young (1977) Tnensnnaosns il g
mumi%’mmmiawﬁmﬁﬁwLﬁumil,?iymLLastsﬁ’él’miLﬁamumﬁ‘wmmam‘ URINFUINUATANERS Lamﬁayﬁ’ﬁ ACKU64-
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MsUsziuUIEaNS A INNITHER

‘ﬁwNam‘ﬁmeﬁ@whmﬂmu::suaqmmﬁﬁiﬂumimam PntudufinUSunansivemsvesuns Taons
%ﬂﬂfﬂﬂﬁ’ﬂﬂ%yﬂmmmﬁﬁiﬁuazﬂ%mmmmﬁﬁmﬁaiwd’msﬁﬁsumi’uﬁ’miﬂmﬁ] Ju WioTauSunanisiu (Feed Intake)
ﬁmamﬂ%mm’iﬁ]qLLﬁnﬁvLé"i”wiaﬁwiai’u U'%mm’;’mt.ﬁaﬁié’f%’uimaﬁmLﬂuLUai‘Léfmﬁﬁmﬂ’ﬂﬁa warAwalusiuilasu lu
LNEMnRDIg 4 NEY MU 16 LLawﬁ’%ﬁumﬁqﬁmﬁﬂLmzmaamﬂGTaiui’uLLsﬂLLazﬁ’uqmﬁwamaqm'imaadﬁ 60 U
Wiofuannsiasuulasiminga LLasé’mnmsw%szaUImLaﬁlasiaﬁwia’?u (Average Daily Gain; ADG) U84bNZAADN

NINARBY M1I5VEY NRC (2001) Inggiduauiigiiieanmnuaaiandeurestoyaudiduiinnaniuuuurasy

nsufaag1den

dloRuganimaneail 60 Tu iufeghadenvesunsyni Ineiiuiegtadenuinadudondiluguiuae
Uugular vein) vhmaiivadadielurasiugaieneuduaamannaes 7 60 Tu Fadrfuaaievesnmasesassalienns
noumaeidon (hnsivludalud 0 deulorns) vismnduidviomnmunguvaaes uagvinnmansidondnads
visnungiuemsluud Gihnsfuvlutalud ¢ vddliewns) fax 4 faddns Insusnldvaenifiufogiadoniiiadeu
shelwieurigeslss Ui 4 faddns Wetiunanaindmiumsienesiuununglagluidon (blood slucose, BG)
5ves Tiffany et al. (1972) uazusnifiudn@sy dmsunsieneiviinagSelulaseauluden (blood urea nitrogen,

BUN) #91As1zilneida Urea-Berthelot (Henry et al., 1974; Schmid and Forstner, 1986)
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nsessideyanieana
AATILVANULUTUTINYRINGUNARBIEITN1IMARRLUUdNaNY 5ol (Completely Randomized Design,
CRD) Fan15naasanuIndninisuiuresunsinaneanwueiAn w3l n193A518iANLUTUTIUS U (analysis of
. P v a v ) ] ' a a s ' '
covariance) lngiiminisuduvesungnaaondudiudssin Ussunuaiadouuudaaiais (LSMeans) vaausiazngy
NAABY LazlUTeusuAMULANAIUBIAT LSMeans Tun1susudmsunisidssuifisunansannay Tukey MiszAUAI1w

\WosTu 95% (Steel & Torrie, 1980)

NAN1SANEILAZIVTAl

qmﬂ"mwq‘lnﬁjuzﬁuaaaflmsﬁ’lﬂunﬁmmam

HAN1TIATIZRIAUTENOUMLANYRINEIvWER TInquia 31.74% BunSeing 96.81% LUsAUTIN 2.23% L
3.19% NDF 24.13% ADF 15.51% way ADL 2.89% (Table 1) § 9 1Ua s 1dudlusdunazid olos IndiAeady
Bharathidhasan et al. (2013) U1 navuitugn flusiiu 3-4% dlosnnsanwadsil Lilalidewndl Fs019dmasie
nsazvaulusiu wazdiengnisiinneufmug

HANTILATIEV0IAUTENBUNMBAT VRV 1VUIAY TTRUIS 91.22% BunIedng 91.75% TUsAY 4.05% L
8.25% NDF 73.85% ADF 46.01% uag ADL 7.59% (Table 1) Zemene et al. (2020) 57691431 wigj1vuiivinn1sAna
mq'ﬁﬁmum efldmasianmunmwazUsuavesemseuld Gﬁnﬁadﬂmmgauﬁ’mmmwmmwmu

NaN1FIATIEBsAUsEneUMaaTvma T usia Sinquits 85.95% Sunieing 89.73% TUsiu 4.97% i
10.27% NDF 64.34% ADF 43.529% Waz ADL 6.52% (Table 1) #slndiAssiu Shuaibu et al. (2018) Uiy 5.21-7.38%
LLa%]%L‘ﬁIZJ‘ﬁ“LJW]ﬂiéﬂﬁﬂﬂﬁ]’mﬁﬁﬂu&]

HANTIATIEVRIRUTENoUNIBATivamanalnawie Sinaus 90.71% dunieing 90.65% TUshu 6.01%
161 9.35% NDF 70.19% ADF 40.73% Way ADL 6.94% (Table 1) Tikam et al. (2013) 57897u31 v twslnan dlUsau
5-14% Fadunghemsdninunmianunsatioiinlszavsnisaigdulale

HAN1TILATIEV A UTENBUNINAT VD901 STUTINTAT TTRUAe 89.86% BunIedng 92.60% LUsAuTIL
14.68% 131 7.40% NDF 36.47% ADF 26.33% waz ADL 5.08% fauanslu Table 1 lnglunisvaaedldldemmnstuiisziv

s 14% paaansvaaes FeilelndiAssiuseaulusiuluemsvasungiu (NRC, 2001)

Table 1 The chemical composition of diets used in the experiment (%DM)

Para grass Para Ruzi Pangola
Chemical composition Concentrate
fresh grass hay grass hay grass hay
Dry matter (DM) 89.86 31.74 91.22 85.95 90.71
%DM basis
Organic matter (OM) 92.60 96.81 91.75 89.73 90.65
Crude protein (CP) 14.68 2.23 4.05 4.97 6.01
Ash 7.40 3.19 8.25 10.27 9.35
Neutral detergent fiber (NDF) 36.47 24.13 73.85 64.34 70.19
Acid detergent fiber (ADF) 26.33 15.51 46.01 43.52 40.73

Acid detergent lignin (ADL) 5.08 2.89 7.59 6.52 6.94
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o o
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590157 (Intraraksa, 1995) wifirsazRansanisUSnandolosiudedioraslunsiarsandnisuasuulamedn i
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Tasadrewosenslulawmsldinetu (Wanapat, 1986)

UsunaimshvldvesemisveiusensiUasuutasimdngs famafu 0.46%0.04, 0.1610.04, 0.1710.04
war 0.2310.04 AlanFuinquiie/dr/3u mudu fiUsunansAuldvmunsentswasuudasindng Guaaﬂq'uﬁ 1
Wiy 0.49£0.04 gendinguil 2, 3 uag 4 Wiy 0.20£0.05, 0214005 uay 0.27+0.04 Alansuimguirs/da/fu
mudy uansnafuogslifioddyBamneadia (P<0.01) wuinmsiinguil 1 Sergendimnngy azuansindnisldemslu
Usinaitsnniuitentsidsutmidnreilansu m‘aﬁé’m’ﬂm"’%’ummwmuamsﬂisﬁummﬁﬁuﬁlﬁuﬁu wayddl
Qauvdluemsiivaglunszuiumswiindesswiudunddnelunsemnzdeniielsidunsalasiufissimeld (Matar et
al,, 2020; Mudron et al,, 2005) #snsiidailauemslutSnaifistu swdiunsldusslovdannndsmunasiusiuly
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al, 1994; Higginbotham et al,, 1989) @anadoafunislisnsinisiasgifvlned e afu 102.20+18.04,

116.43118.07, 110.65118.07 waz 95.72118.04 n5u/6/7u anua1au (P>0.05) sanandlu Table 2

msiasuulamsdaailuiten
NnsEnwUsinanglagdluidonveuneyie 4 ngu neunistieimsn 0 Tilusuaznaanisiieimsi 4 dalus
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AUTENM 45-80 mg/dl (Chaiyabutr, 1990; Frandson et al., 2009) LLG}'T@aﬁavl,ﬂé’mitﬁuﬁnL?iuad%ﬁmmﬁmmiﬂgiﬂaiu



King Mongkut’s Agr. J. 2024 : 42 (1) : 20 - 30 25

Foauionsissdndiszdu 40-60 me/dl %nmaﬁim”mamﬂsqﬂwamﬁgd 4 ﬂfjuﬁagﬂwdaqﬁtﬁmwa LEAILAE AN TO b
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¥iiaresomsfidnilisu lnsanefivemnsdnifdaflulawmsnuszanm 70 wWedidud ﬁaazlwashm%gimswazgmu
Taogneduviddmelunseimzdosaasldunsaluiufisemels 16un ninozdin nselnsfilodn uaznsndafisn uazgn
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ARUUTZI 19-60 Waedldust (Mudron et al, 2005) Arduduvesnglaaludenladudadivaendanuaunaves

wasnulusenie lnensaiunglagavtued ivanisvesdn luasyilnvedomnsiiay (Moss, 1992)
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fiAnoglurag 13.44-17.13 mg/dl (P>0.05) fauanslu Table 3 lnsunfiviinagSelulaznauludenvesdniifeasesns
0gjfi52m114 6.3-12.5 me/dl (Singh et al., 2002) uansliifiuirUsinue Selulasauvesunsgnuauiis 4 nguiaieg
Turaeund Jadunamnandnildsuusinalusiuanemsfiifemenanismssdnuaznisiasayiuls donndestu
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qnsﬁumsﬂunm 1-2 4l ‘vié“ﬁmﬂﬁuLLaquLﬁﬂﬁauLﬁu%Lsﬁwzjix‘umﬁaﬂ warndainue1m i 3-6 Halug Uunaugise
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Table 2 Least squares means and standard error of production efficiency in crossbred sheep with receiving

different feed treatment

[tems T1 (PaF) T2 (PaH) T3 (RuH) T4 (PanH)  P-Value
Number of animals (head) 4 4 4 il
Time period of experiment (day) 60 60 60 60
Initial body weight (kg/head) 17.00%0.97 16.6210.97 17.1310.97 16.7510.97 0.4982
Final body weight (kg/head) 23.01£1.07 23.861+1.08 23.51%1.08 22.62%1.07 0.3855
weight gain (kg/head) 6.1311.07 6.9811.08 6.6411.08 5.74%1.07 0.3855
Average daily gain (g/head/day) 102.20%18.04  116.43%18.07  110.65%18.07  9572%18.04  0.2854
Dry matter intake
(kgDM/head/day)
- Concentrate 0.2010.01 0.2010.01 0.2010.01 0.2010.01 <.0001
~ Roughage 2.6710.08° 1.08%0.09° 1.0720.09° 1.1410.08° <.0001
Total dry matter intake
Y ' 2.8610.08° 1.2810.09° 1.2740.09° 1.3440.08° <.0001
(kgDM/head/day)
Total dry matter intake (% bod
, Y ' 0oy 16.9910.42° 7.55+0.43° 7.6610.43° 8.02%0.42° <.0001
weight)
Total dry matter intake (% bod <.0001
, 07>; | DOV 206574563 1006045657 1022025657  106.9745.64°
weight” ")
Organic matter intake 0.0302
s 0.93%0.03° 1.0610.04° 0.9840.04%° 1.0940.03°
(kgDM/head/day)
Protein intake (kgDM/head/day) 0.09£0.01%° 0.07£0.01¢ 0.08£0.01% 0.10%0.01° 0.0027
Neutral detergent fiber intake
s 0.71£0.03° 0.8610.03° 0.77£0.03% 0.8710.03° 0.0096
(kgDM/head/day)
Acid det t fiber intak
cld detergent floerintake 0.4710.01 0.5510.01 0.5210.01 0.5130.01 0.0777
(kgDM/head/day)
Acid detergent lignin intake
' sent s | 0.0810.01 0.0910.01 0.0810.01 0091001  0.1292
(kgDM/head/day)
Dry matter intake per weight gain
- Concentrate 0.0410.01 0.0310.01 0.0310.01 0.0410.01 0.3851
~ Roughage 0.4610.04° 0.1610.04° 0.1740.04° 0.2310.04° 0.0016
Total dry matter intake per
Y ' P 0.49%0.04° 0.20£0.05° 0.21£0.05° 0.27%0.04° 0.0049

weight gain

a,b,c

Least squares means in the same row with different superscripts significantly differ (P<0.01)
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Table 3 Least squares means and standard error of blood metabolites in crossbred sheep with

receiving different feed treatment

ltems T1 (PaF) T2 (PaH) T3 (RuH) T4 (PanH) P-Value

Blood glucose (mg/dl)
- 0 h-post feeding 64.6012.28 70.0412.29 6421229 67.6512.28 0.2862
- 4 h-post feeding 65591254 68.0612.55 63.941255 67.41%1254 03671

Blood urea nitrogen (mg/dl)
- 0 h-post feeding 17.03+1.74 1552+1.75 14771175 13.44%174 0.2551
- 4 h-post feeding 17.13%£2.19 1598%220 17.12+220 1552%+2.19 0.4935

Least squares meanststandard error

T1 (Control) Para grass fresh received 3.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PaF)
T2 Para grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PaH)

T3 Ruzi grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (RuH)

T4 Pangola grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PanH)

AUNUNIUATEFAD

mﬂmﬁmﬁwzﬁﬁunumaLﬁwgﬁammmil,gmmeqﬂwauﬁlﬁ%’ummiﬂéuﬁ 1 ﬂfjm'?{ 2 ﬂEj:ll‘ﬁl 3 LLazﬂq'uﬁ q
naBAN1INAReY (Table 4) WudndlduvuA181mMns Wity 212.0143.77, 228.6913.78, 229.4813.78 uay 234.4613.77
UM/Aa (P<0.01) %Lﬁuiﬁ’hﬂfjuﬁ a ﬁﬁunuﬁwmmsﬁqﬁqm Lﬁaqmrmfjuﬁ il ﬁﬁunuﬁwmmwawuﬁqm’iw%dﬁﬁh
WinAu 102.46E3.76 U1n/67 sczqudm'mq'uﬁ' 1 ﬂa]'uﬁ' 2 LLaZHEj:iJVldI 3 AWMU 80.02E3.76, 98.70£3.78 way
97.47%3.78 UN/f1 mruanu (P<0.01) LLazﬁG’]’unumﬁmﬁmﬁywmmﬁa Y0394 4 nau Winfdu 224.7813.72,
240.42%3.73, 240.13%3.73 way 245.71£3.72 un/éa sudiau (P<0.01) %ﬁ%Lﬁu"l,m”’hﬁunuﬁwmmaé’miﬁuﬁunuﬁ
qean ﬁdddwaiﬁﬂfjuﬁ a ﬁé}’unumﬁmamﬁgwumiaﬁaqnﬂ’hﬁ%amnﬁm Eiwaiﬁﬂsjuﬁ' a ﬁéfuv;ummmwiamsLﬁ'mfwﬁ’ﬂ
§i7 AU 46.4917.47 UIN/Hia SfﬁqdﬂdWﬂq'uﬁ 1 ﬂq'uﬁ 2 LLa%ﬂElllJ‘ﬁl 3 fifAviniu 36.5527.47, 36.07£7.49 uaz
37.12%7.49 vn/62 auansu (P>0.05) a'dNﬁiﬁ’ﬁunumﬁwﬁmﬁgﬁmmiamil,ﬁymfmﬂ’ﬂﬁq ‘lJENﬂa;ﬁJﬁl 4 gAuninu

48.791£7.90 v/ Faduualiniganiignngy
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Table 4 Least squares means and standard error of production cost and economic return in

crossbred sheep with receiving different feed treatment during the experimental period (baht/head)

ltems T1 (PaF) T2 (PaH) T3 (RuH) T4 (PanH) P-Value

Medicine and the medical supplies cost ~ 12.76+0.72  11.7220.73  10.65%0.73  11.2520.72  0.2683

Concentrate cost 132.0040.01  132.00£0.01 132.00£0.01 132.00+0.01  0.0001

Roughage cost 80.02£3.76° 98701378 97.47%3.78° 102461376  0.0077
229.481+3.78

Feed costs 212.0113.77° 228.6913.78% . 234.46+377°  0.0077

Total production costs per head 224781372 240424373 240131373 24571%372°  0.0121

Feed costs per weight gain 36.55%7.47  36.07%7.49 37121749 46.49%7.47  0.4726

Total production costs per weight gain ~ 38.78+7.90  37.93%7.92 38.85%7.92 48.79%t7.90  0.4739

25 | east squares means in the same row with different superscripts significantly differ (P<0.01)

T1 (Control) Para grass fresh received 3.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PaF)
T2 Para grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PaH)

T3 Ruzi grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (RuH)

T4 Pangola grass hay received 1.5 kg/head/day and concentrate with 14 %CP 0.2 kg/head/day (PanH)
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Abstract

The objectives of this research were to study: 1) beef cattle production of farmers, 2) beef cattle
markets in Lamphun province, and 3) problems and recommendations on beef cattle production in Lamphun
province. The research samples consisted of two groups. Group 1, for quantitative research, were 210 beef cattle
farmers in Lamphun province who had more than 21 head of beef cattle each. The data were collected using
questionnaires and analyzed by descriptive statistics as percentage, mean, maximum, minimum and standard
deviation. Group 2, for qualitative research, were 13 key informants who were representatives of beef cattle
farmers and stakeholders in beef cattle production and market in Lamphun province. The data were collected
by in-depth interview and analyzed by content analysis. The results showed that: 1) Most of farmer were male
(about 93.33 %) with average ages of 42+34.58 years. Approximately 43.81 % were educated at primary level

and had 35+26.15 years of experience in beef cattle production. Lamphun province had two types of beef
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cattle production which were 95.24% independent beef cattle farmers and 4.76% beef cattle community
enterprise members. Farmers raised 4 types of beef cattle which were purebred beef cattle (50.71%), fattening
beef cattle (31.44%), culled beef cattle (13.31%) and fattening quality beef cattle (4.54%). 2) Beef cattle markets
in Lamphun province included beef cattle markets and beef markets. Beef cattle were sold at the farms, at
beef cattle and buffalo markets and beef cattle fattening market, while butchered beef was sold through local
markets in Lamphun province. And 3) the problems in beef cattle production were in beef cattle breeds, feed
and farm management. The recommendations for beef cattle production were that beef cattle farmers should
establish collaborative groups to develop beef cattle fattening quality production, and relevant agencies should
advise and help farmers in farm management, implementing standard slaughterhouse and sources for selling
beef cattle.

Keywords: beef cattle production, beef cattle market, beef cattle fattening
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Table 1 Opinions of farmer on beef cattle production problem in Lamphun province

ltem X s.D.! Level
Breeding management 3.00 1.04 Moderate
Feed management 273 1.03 Moderate
Farm management 2.72 0.94 Moderate
Health and environmental 2.57 0.95 Low
management
Beef cattle market 2.56 0.91 Low

! Standard deviation.
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Effects of Mitragyna speciosa Leaf Powder Supplementation in Layer Diet on Production
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Inlgagldfuommaassudiaiuselunsevieunsiisedu 0, 0.5, 1.0 uag 2.0% vosewns vnsaasuduszozina
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Uszidunnmlvlutuaariisvesnavaass iansviaasanuin maasulunseviounsluemsfiszdu 0.5% fuavils
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pwnsiinuanas (P < 0.01) Tusugauninld wudr dwiindenld araudussweaddonly emumunudents danin
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msiasulunsevieundluevslalafiszdu 0.5%

adnany: lunsevion lnly Aaunnly amnslaly

Abstract

The objective of this study was to examine the effects of kratom leaf powder supplementation in layer
diet on production performance and egg quality. Forty 73-week-old Hisex Brown hens were divided into 4
treatment groups with 5 replications of 2 hens each. A basal diet supplemented with kratom leaf powder at 0,
0.5, 1.0 or 2.0% of diet for 8 weeks were fed to these hens. Body weight, egg production, egg weight, egg mass,
feed intake and feed conversation ratio were recorded. Egg quality was measured on the last day of the
experiment. The results showed that supplementation of kratom leaf powder at 0.5% level gave better egg
production, egg mass and feed conversion ratio than other groups (P < 0.01). In addition, the supplementation
of kratom leaf powder resulted in a reduction in feed intake (P < 0.01). In terms of egg quality, it was found that
eggshell weight, eggshell strength, eggshell thickness, yolk weight, albumen weight, yolk color and Haugh unit
were not statistically different (P > 0.05). From these findings, it can be concluded that kratom leaf powder can
be supplemented in layer diet at 0.5% level.

Keywords: kratom leaf, laying hen, egg quality, layer diet
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variance) wagi3ouifisuaauuana1svesdad slae3s Duncan’s multiple range test (OMRT) agldlusunsy
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Table 1 Feed formulation and chemical composition of the basal diet

Item Amount (%)

Ingredient
Corn 56.94
Soybean meal (44% CP) 22.48
Rice bran 4.00
Fish meal (55% CP) 3.00
Oyster shell 8.30
Dicalcium phosphate (18% P) 2.00
Plant oil 2.55
DL-Methionine 0.13
Salt 0.30
Premix’ 0.30

Calculated analysis
Crude protein 16.5
Metabolizable energy (kcal/kg) 2800
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Crude fiber 3.43
Crude fat 5.69
Calcium 4.08
Available phosphorus 0.45
Lysine 0.88
Methionine 0.42

'Premix: 2.0 MIU vitamin A, 0.32 MIU vitamin Ds, 2,000 mg vitamin E, 330 mg vitamin Ks, 220 mg vit B, 450 mg
vitamin B,, 4.5 mg vitamin B,,, 600 mg niacin, 100 mg copper, 150 mg iodine, 130 mg cobalt, 10 ¢ iron, 8.8 ¢

manganese, 8.8 ¢ zinc, 25 ¢ preservative, up to 1 kg filter.

Nan1sANEILAzIT5al
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f#uiu (Prozialeck et al, 2020) mitragynine finusnaluluszviewdnanszdunsvinuveneulesl uenvniansarin
Mnlunseviendaiinasonsyurunsiumueaduriueulesl cytochrome P450 ImaéTus“?QCYPZCQ CYP2D6 way CYP3A4
(Hanapi et al,, 2010) wen91ni Vicknasingam et al. (2010) Tés1e91uin lunseviendenldlulssnaunadonayine
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Table 2 Effect of kratom leaf powder supplementation on production performance of laying hens

Supplement levels of kratom leaf powder (%)

Parameter SEM P-value
0 0.5 1.0 2.0
Body weight change (g) 174.00 168.00 177.00 120.00 13.81 0.45
Fgg production (%) 76.64° 80.14° 77.20° 75.20° 0.50 <0.01
Egg weight (g) 63.36 63.50 63.40 63.10 0.12 0.73
Fgg mass () 48.56™ 50.89° 48.94° 47.45° 0.35 <0.01
Feed intake (g/hen/day) 113.40° 110.50° 111.10° 106.00° 0.66 <0.01
FCR (g of feed consumed/g 2.33° 2.17¢ 2.27° 2.23° 0.01 <0.01

of egg mass)

abyalues with different superscripts in the same row are significantly different (P<0.01).
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Table 3 Effects of kratom leaf powder supplementation on egg quality traits of laying hens

Supplement levels of kratom leaf powder (%)

Parameter SEM P-value
0 0.5 1.0 2.0
Whole egg weight (g) 63.30 63.42 63.32 63.02 0.08 0.45
Shell weight () 7.08 7.02 7.06 6.98 0.02 0.58
Yolk weight (g) 16.46 16.58 16.38 16.36 0.03 0.12
Albumen weight (g) 39.76 39.82 39.88 39.68 0.10 0.92
Eggshell strength (kg/cm?) 3.73 3.71 3.79 3.67 0.02 0.32
Haugh unit 86.14 86.06 87.76 86.34 0.52 0.66
Yolk color score 8.02 8.08 8.06 8.26 0.05 0.28
Shell thickness (mm) 0.368 0.370 0.366 0.374 0.002 0.79
ayUnanIsAnen

maasulunszvieundluenmsnsgdiu 0.5% fnatiediunandnly wald waruiuldnsnisdsueimadu
nandnlulinadu nisiasuluseau 2.0% dnavinbiusuiaemsniuanaseg1atnau waznsasulunseviaunebidl
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Factor Affecting Decision Making on Madan (Garcinia Schomburgkiana Pierre.)

Cultivation of Farmers in Nakhon Nayok Province
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Abstract

The objectives of this research were to study: 1) personal factors and economic factors, 2) practices for
Madan cultivation, 3) levels of decision-making on Madan cultivation, 4) the difference between personal factors
and economic factors affecting the decision-making on Madan cultivation, and 5) problems and suggestions
regarding Madan cultivation. Sample sizes consisted of 124 farmers who plant Madan in Nakhon Nayok province.
Data was collected using an interview record. Statistical analyses included frequency, percentage, mean,
standard deviation, minimum, maximum, t-test, and F-test. The results of the research revealed that most of
the farmers were female, with an average age of 59.33 years, and educated at primary school and lower primary
school. These farmers received information about Madan from personal media including relatives and inherited
from ancestors. The results from this research showed that decision-making of farmers on Madan cultivation
depend on gender, number of laborers, productivity, sales of produce, and source of money with a significant
level at 0.05, 0.01. The problems of cultivation were intermittent rain, oversupply, processing of Madan for
export, and government support.

Keywords: farmers, decision, madan, cultivation, Nakhon Nayok
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Table 1 Number of the registered population of Madan cultivation and number of sample sizes classified by

district
No. District Population Samples
1 Muang Nakhon Nayok 132 91
2 Ban Na 41 28
3 Pak Phli 6 4
4 Ongkharak 2 1
Total 181 124
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soulay] Sovay 82.5 wafilandly Table 2

Table 2 Number and percent of farmers classified by media exposure

Media exposure Number Percent
Personal media
Not received 0 0.0
Received 124 100.0
Relative, sibling, inherited from an ancestor 100 80.6
Neighbor 12 9.7
Local leader, agricultural extension officer 12 9.7
Mass media
Not received 112 90.4
Received 12 9.6
Television 6 4.8
Agricultural Journal 6 4.8
Activity media
Not received 64 51.6
Received 60 48.4
Meeting 29 234
Training 21 16.9
Study visiting 8 6.5
Local exhibitions 2 1.6
Online media
Not received 114 91.9
Received 10 8.1
Facebook 4 3.2
Line 4 3.2
YouTube 2 1.7
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Table 3 Overview of Madan cultivation practicing

Madan cultivation practicing X S.D. Practicing level
1. Planting 0.45 0.255 Medium
2. Plant care 0.48 0.214 Medium
Overall 0.47 0.202 Medium
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(P-value = 0.034) fiszsutioddaymeadd 0.05 Fefiuansly Table 4

Table 4 The difference between personal factors, economic factors, and decision-making on Madan (Garcinia

Schomburgkiana Pierre.) cultivation of farmers

Farmers’ decision-making towards Haew Suphan

Factors cultivation

t-test/F-test P-value

1. Personal factors

1.1 Gender 2062 0.041
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Farmers’ decision-making towards Haew Suphan

Factors cultivation
t-test/F-test P-value
1.2 Age 0.857 0.427
1.3 Level of education 0.087 0.917
1.4 Career 0.535 0.659
1.5 On-farm experience 1.201 0.304
2. Economic factors
2.1 Area for Madan cultivation 0.879 0.418
2.2 Number of labors 5.560" 0.005
2.3 Productivity 7.980" 0.001
2.4 Income 11.399” 0.000
2.5 Expense -0.890 0.375
2.6 Sales of produce 3.278 0.041
2.7 Source of money 12.219” 0.000

Note: * = significance level at 0.05 ** = significance level at 0.01
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Abstract

Biochar derived from agricultural residue can be used for soil improvement to enhance soil fertility and
soil chemical, physical and biological properties. The objective of this research was to study the effects of biochar
on soil fertility of sandy loam soil and clay soil in greenhouse condition. Treatments were laid out in 2x5 Factorial
in RCB with four replicates. The first factor was two soil types: 1) Clay soil (C) and 2) Sandy loam soil (SL). The
second factor was five biochar (BC) rates: 0 16 32 48 and 64 ¢/10 kg soil (equaling to 0.5, 1.0, 1.5 and 2.0 ton/rai). In
each treatment; nitrogen, phosphate and potash fertilizers were applied (based on soil analysis). The results
showed that the addition of biochar to clay soil increased available soil nutrient and total nutrient uptake in plant
higher than (p<0.01) sandy loam soil. Biochar application to clay soil significantly increased growth and dry matter
of maize (p<0.01). The addition of biochar also showed a tendency to increase soil organic matter and exchangeable
potassium in clay soil higher than in sandy loam soil (p<0.01). However, available phosphorus in clay soil was lower

than sandy loam soil. Moreover, it was found that the soil-biochar application in both soils types increased nitrate
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retention greater than the soil without biochar. The results of this study indicated that biochar can be used to
increase the fertility of the clay soil at the rate of 1.5 tons/rai.

Keywords: biochar, clay soil, sandy loam soil, cassava rhizome, agricultural residue
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Table 1 Characteristics of cassava rhizome biochar

pH EC (dSm™) OM C/N Total N Total P Total K
(soil:water,1:5) (soil:water,1:10) (%) ratio (%) (%) (%)
6.61 2.17 86.21 77.90 0.64 0.23 1.26
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Aunileafiufisendunsegeu (pH 6.52) Usuna OM uaz exch. Mg U1unans avail. P #in exch. K gau1n exch. Ca @9
Ysunadlulastaulugu NH," wag NO; Wity 0.19 wae 0.19 un/nn. snuandiu CEC vasiuas (24 cmolkg™) %BS Urunand (57%)
(Table 2) I3 dufuiisyAuauaauauysaluunans

Ausrulunsedugisenduniseeou (pH 7.51) Usuna OM, avall. P ua exch. Mg Ununans exch. K geunn exch. Ca
g9 @ avail. N 51 (0.07 un.NH, /AN, uae 0.01 1A.NO,/nN.) CEC asiusi (10 crnolkg™) ust BS geun (155%) (Table 2) 3091
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Table 2 Soil properties before planting maize

Textures pH OM  NH;” NOj CEC BS  Avail Exch.
(soil:water, 1:1) (%) (cmolkg™ (%) P K Ca Mg
(mgkg™) (mgkg™) (mgkg™)
cl 6.52 200 019 0.19 24 57 540 507 1,500 245
SL 751 152 007 001 10 155 2180 154 2,000 132

nmssyiiulauastmidnuisvasdiilng

Mnuansaaesuin Tnlwadinuganndige (0<0.01) iWeldlulevslufiumileidng 48 n/fu 10 nn. (1.497
#u/l5) aenndestunisgalisinensvesininauasUiinalulasiuiidulssloniluiu Gieradusasvediulensfivae
Tsmemslufudismerenrmdesnisvesiis n1sldlulenssnangaiu (64 n./fu 10 nn) F1lwaliuansmnevaues
idesanmisldlulenslusnsiinniiuly o1agaBasinernsliegrandewiuiazanuaeslvfivlstosas filu Figure 1
and 2 msldlulenslufusuunnelinnuguasimdnuimedsliunnseiu (p>0.05) sgdlsfinu F1lnafiugnludu
mﬁaﬂﬁmmqqﬁmmzﬁmﬁﬂLLﬁma%’dmmiﬂ (p<0.01) %waiwmﬁﬂgﬂluﬁuiauﬂumw (Table 3) o nfuniendiai
\Junsa-iamsnzauienisugniivnazd OM exch. K waz exch. Mg g drufusrutunsedien pH 10usie (Table 2) &9
analianudulsslerivessinemsunssila (Fe, Mn, Zn uaz Cu) azanelitepaudidanisasayivlnvesiiy daunisve
avanelunszansinezinldtos vl K was Mg Aidtnaiivdumunisldlulonns fiseaui nsusulsaRusglulawslil
oudssna 720 nn /s vilanansadnifiu K uay Ca luduldd (Widowati et al, 2018)
Ysnauaznsaaldsinemisvasiutdialng

AT EieIRUsznavvassne v slunedlinuindufduiusseninadefutusarmadulemsuarifiany
unnsnsszminensadslulenndiidne ustuegsudefuudify (Table ) wifuiudunselfnsazauves N lunads
FaflanlndiAseiufumilen drunisazay P K Ca wag Mg TUmnaigsnidumisegdidodidy uinsgelisigemisly
nedadnlnaiivgnludumielgsniuazunnsinaiufusiusunsisegasute wail \osandnlnaiivgnlufumiend
dmfnursnedannniy Uinansgassnesnsfiaaledgs Snia Auwmideafiviuna N g uagnislasauiululens
faann1sgaumeves N (NH," wag NOs) waziiumuduusslonives exch. K exch. Mg OM way CEC U99A1 dnali
Ilnaasaiulnfuasiiuseansanlunsisgasigemisludulags (Widowati et al, 2018) ndAusiudunse (Table 5)
Xu et al. (2016) na1331 nsladelulasiausiudululersdatnlnaannisveazats NO, 19-28%, NH," 16-19% uag

Total N 19-20% guiflesnainlessudsnangadueguuiiuiivesiuless

Table 3 Height and dry matter of maize at harvesting stage (64 days after planting)

BC rates Height (cm) Dry weight (g/plant)
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(/10 kg soil) c SLY Difference? c SLY Difference?
0 191.51° 148.02 43.49%* 88.65° 46.40 42.25**
16 200.53% 139.01 61.52%* 102.20° 49.76 52.44**
32 198.34% 137.53 60.81%* 89.10° 43.62 45.48**
48 218.33° 134.54 83.79%* 124.51° 44.14 80.4**
64 187.50° 135.31 52.19%* 90.53 48.49 42.0%*

/" Mean in the same soil texture column followed by a common letter are significantly different at 5% level by
DMRT
™ not significant, * and ** different by compare with LSD 0.05 and LSD 0.01

Table 4 Nutrient concentration and nutrient uptake of macro and micronutrient in plant

Treatments Nutrient concentration (%) Nutrient uptake (g/plant)
Textures (T) N P K Ca Mg N P K Ca Mg

Clay 0.43 0.10 1.24 0.26 0.10 0.42 0.10 123 0.26 0.09

Sandy loam 0.40 0.15 1.54 0.37 0.11 0.19 0.07 070 0.17 0.05

Biochar (BC) rates (g/10kgsoil)

0 0.44 0.11 1.32 0.30 0.11 0.31 0.07 086 0.19 0.07
16 0.41 0.11 1.35 0.32 0.10 0.32 0.08 099 0.22 0.08
32 0.42 0.12 1.42 0.33 0.10 0.29 0.08 092 0.21 0.06
48 0.41 0.14 1.37 0.31 0.10 0.34 0.10 1.08 0.23 0.08
64 0.39 0.14 1.48 0.33 0.10 0.27 0.09 098 0.21 0.07
F-test Textures (T) ns x* x* x* * x* x* ** ** **
Biochar (BC) rates ns ns ns ns ns ns ns ns ns ns
TxBC ns ns ns ns ns ns ns ns ns ns
CV. (%) 16.4 23.1 10.8 14.4 14.9 28.0 18.6 18.6 205 19.1

Y Mean in the same soil texture column followed by a common letter are significantly different at 5% level
by DMRT
#'" not significant, * and ** different by compare with LSD 0.05 and LSD 0.01

USunaunanladlen (NH,) wazlumsn (NO5)

nslalulemsluiumdentuunliuliusnames NH ifistunusnsvediulews esnfumnies N OM CEC
LLazﬁuﬁﬁaﬁuﬁaqd Lﬁﬁﬂ.ﬂ'ﬁwﬁ’UlUIasuﬁé?fnLﬂui“a@ﬁﬁgwguqdLLasﬁuﬁaﬁﬁﬂizﬁ;aU Jagadu NH," Vildeghamiieauiuuiay
annssuiinaes NH; Tufu (Fidel et al,, 2018; Xu et al., 2016; Zhao et al., 2022) uan1stalulevslufuniiendnsi 16
n./6u 10 nn. vlw NHJIuﬁuﬁU%mwﬁ"wqm Lﬁadmﬂﬁ;%uw?é@jmﬁ N fivanuasgesnunliinaiioluldlunsadraead

Jdaasunisiianssuiunssuludlawduluaunislulominldluauisnsiniiuludainnsseiinveslulasiau (Figure 1)

I '
Aad a o v o

drupusiudunsrenldlulomsnunisavauves NH, lufusi iesanaudusuna N OM CEC uaviJuRundnuiiduiasi

Anannlun1sgadu NH," Fauansrafufumien
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Fusuunseildlulonsfuualiuavan NO, guardviinanfisdumusnsmedlulons iesandugadu NH,'
1o Fauvsanmluidulumsngs uinisldlulovsluAusnsngs (64 n/fu 10 nn.) silw NO5 lufuanaa (Figure 2)
oeslsfinu mnldfinisldlulensluduias ofuiiassaziusinaves NO; Tufushan uansindeiinnisgymeves
NO, Tuguvesinelunsasenlad (N,0) (Sun et al, 2014) Ingvhly Audififitovannnin 7.0 sxgande N Tusu NH; leie 3
donAdeaiun1sAneues Mewong (2014) was Dempster et al. (2012) 2zt Tulewisdaesnfiu N wazifiudszansam

n1sldde N (Laird et al., 2010)

3 Clay  effff—sandy loam
0.06
0.05 e
0.0a

0.03
0.02

Ammonium (me/kg)

0.01

0.00 . . :
o] 16 32 as 64
Biochar rate (g/10 kgsoil)

Figure 1 NH,* in soil with different biochar rates

— Clay —fl— sandy loam

T T T

o 16 32 as 64
Biochar rate (g/10 kgsoil)

Figure 2 NO; in soil with different biochar rates

A5UAULUAIYIAUNEINITAUNEITILNA

'
a

Tulewsbivinli pH veshiuUdsullas Wesanansinislanai uwansldlulemsinananisiia OM avail. P

@

uay exch. K ludu Fadlanintunusnsveslulomsuazunnansduiunldldlulevsedsiitodfgy (Table 5) wlpsan
asdUsznoulimsueuiaios O/N ratio ey OM g3 Jsnamusenistosaans msldlulevisluiuininnisavan OM Wudu
(Sohi et al., 2009) Tuvaugh n1seendladvadlulewslivyilanidulansenda asuedin HuedniivisgrBnsinems Fuili
P uay K avaulufiu (Fidel et. al, 2018; Liang et. al., 2006) wazlulewsdadl K 1luesAusznouas 1.26% Welueuidieu
sewinallefu wul1 Auwmileddl OM exch. K wag CEC ganinAusiudunse ud %BS uag avail. P #1 1184991015039 P
a ~ o = o | M ! a da  La o a X L.
vweuMAvesfumlieuazduBaiu Ca agdlsinn msldlulevsluAuniignsilududnsuiudu 9zan binding energy
wazUanUase P lagetiu (Xu et al, 2014) Fanufliufduniusseninsiusiudunseiululeviifidne Laird et al. (2010)

na1vi MsUsulRuTumededunsdsauiululevisannisaae P lads 6
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Table 5 Soil properties after planting maize
pH OM (%) Avail. P (mgkg™) Exch. K (mgkg™) Exch. Ca (mgkg™)
cl SL  Mean Cl SL  Mean cl SL Mean Cl  SL Mean cl SL Mean
BC rates 0 590 760 675 193 131 1.62° 590 21.11 1351° 288 91 190° 1,525 2,483 2,004
(g¢/10kgsoil) 16 592 7.70 6.81 206 1.37 1.71° 884 3152 20.18° 295 103 199 1535 2468 2,001
32 591 771 681 210 142 176" 811 3515 21.63° 349 111 230° 1,519 2,450 1,985
48 6.04 780 692 221 147 1.84%° 951 3631 2291% 321 124 222° 1543 2494 2,018
64 6.06 7.45 6.8 221 156 1.88* 1046 39.11 24.79% 392 138 265° 1,532 2,354 1,943
Mean 597 7.65 2.10 143 8.56 3264 329 113 1,531 2,449
F-test Textures (T) ** ** ** ** x>
Biochar (BC) rates ns ** ** ** ns
TxBC ns ns * ns ns
CV. (%) 1.4 4.0 18.5 11.6 3.8

¥ Mean in the same soil texture column followed by a common letter are significantly different at 5% level by DMRT

2™ ot significant, * and ** different by compare with LSD 0.05 and LSD 0.01

Table 5 Soil properties after planting maize (continue)

Exch. Mg (mgkg’ CEC (cmolkg™) BS (%) Exch. Base (cmolkg’
D) D
Cl  SL Mean cl SL  Mean cl SL Mean cl SL  Mean
BC rates 0 287 165 226 2251 1131 1691 5850 131.81° 9516 11.03 1421 1262
(¢/10kgsoil) 16 269 176 222 13.82° 14.04 1393 80.75 100.26° 90.51 11.00 13.77 1239
32 286 172 229 18.02° 13.84 1593 6151 111.00™ 86.26 11.07 1450 12.79
48 295 178 237 19.80" 1230 16.05 58.82 120.47* 89.65 11.43 1452 1297
64 282 185 234 17.02° 1151 1427 68.01 122.82°® 9542 1155 14.07 12.81
Mean 284 175 18.23 12.6 65.52  117.27 11.22 14.21
F-test Textures (T) ** ** ** **
Biochar (BC) rates ns ns ns
ns
TxBC ns * x ns
CV. (%) 14.3 13.9 5.0
5.3

¥ Mean in the same soil texture column followed by a common letter are significantly different at 5% level by DMRT

2™ ot significant, * and ** different by compare with LSD 0.05 and LSD 0.01
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ayunanIsAne

nsldlulenslufumidsnilivsinudunioing anuquaniUdsunanlessy Inunadeuuazuuniifend
wanidsuldluduuaglulasiaulusuvosuenladen (NH,-N) 1t umusnsveslulows Fsdemalidrlnadinig
Winivlauarivsavsnmlumsgaldsimemslufulduintu demalinandnimdnaedesinlneduimugni
(p<0.01) nslalulewslufusiuunseesrsiduddynieada winoanesadiduusslovilufusniifusiutunse
pgnalsfnn nslalulesslufunieasnst 48 n/fu 10 nn. (1.497 dussls) Juurldulidnlnadinisasyivie
wandniininuineds uazUinavedlulasiouilifuussleniluguvesuonludon (NH, -N) gean uonani nsldly
TerfluAumisaziusiuvunmoiinmsazavveslumsmiinganiAuilaldlulows uandiiuin Aumdeadildl

lowisanunsaannisagdesinemsiuduldfnitfusiudunse dmsuiunideadianudululdlunislidlulersmnmi
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(Canavalia ensiformis (L.))
Effect of Seed Size on Growth, Yield and Seed Quality of Jack Bean

(Canavalia ensiformis (L.))
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Abstract

This research aimed to investigate the effect of seed size on growth, yield and seed quality of Jack
beans cultivated in field conditions. The experiment was conducted at Faculty of Natural Resources and Agro-
Industry, Kasetsart University Chalermphrakiat Sakonnakhon Province Campus. The experimental design was
Randomized Complete Block Design (RCBD) with 3 replications and 3 treatments, and consisted of 3 different
seed sizes of Jack bean (small, medium and large). The results indicated that seed size had no significant effect
on growth (plant height, leaf number and weight of canopy). However, statistically significant differences (P<0.05)
were found in fresh and dry biomass yields, whereas large seed size had the highest biomass yield without
significant difference from seed yield. The 3 sizes of jack bean gave an average seed yield of 402.07 kg/rai. In
term of seed quality, it was found that all 3 sizes of jack beans seed had no significant effect on physical quality
and physiological quality in both standard germinations, germination index and a number of days used for

germination. However, seed sizes had a significant effect on seedling biomass weight. The large seed had the

' MATIYUNEATUAENINYINT AMENTNGINTTTIUYIALALEAAMNTTUNYAT UNTINENTeINuRTAEnT Ineuaindunseiesd Jminanauns
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highest weight (0.62 g¢/plant). Therefore, this study concluded that the three seed sizes (small, medium, and
large) did not affect the growth, yield and seed quality of jack beans although the large size seed had the
highest biomass yield.

Keywords : jack bean, seed size, growth, seed quality, yield
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pgsiiEdAYNISaiA (P<0.05) (Table 1) (Kariangram & Butsuwan, 2019)

Table 1 Comparison of the difference in weight and size of jack bean seed used in this study

Seed sizes 100 Seed weight Seed size (mm.)

(9 Width Length Thickness
Small 112.7° 11.8° 16.9 8.5°
Medium 134.0° 12.5° 17.9° 8.8
Large 165.7°2 13.7° 19.9° 9.4°
Mean 137.5 12.7 18.2 8.9
F-test > > > >
CV. (%) 2.55 1.76 1.65 1.64

** =significant at 0.01 probability levels.

Mean in the same column followed by the same letter are not significantly by LSD at P=0.05

mMaasiAuTnvasiani

MNNsANwIMATIUIAAAa NS AU IuAINgs Suauly wagvnaun i saudamEd
Ugnluannlsnnduasi fiong 6 dUai ndsugn %aLfluﬁz&Jxﬁyuqmmiw%zgLauimmnﬁma‘ﬁéfﬂu wuin ldwuaau
uandsegalifeddnmeadia (P>0.05) Feliawgaade 25.21 wuas 6.17 Tu/du uagnsaufinnuninaads
46.42 wuRng namsvnassluasiiuandiifiuindand 3 vue fownsavanluwdaiissmenanisiasqivlnues
fundn wandedundnalaiulalasui 5199113 wazuasluanwlsifisanedmalidwiinisiadyiulaliunneis
funeadd egnslsfmudavunalngasiinsasydvlainiuudavundu q seazBeads Table 2 osniudn
ﬂ’uﬁmmmsi,mgﬁmmﬁazaumnﬂdﬁqdwaﬁiamimﬁ@@ﬂmLLasmscﬁ”’ﬁﬁﬂuisWﬂa”ﬂ (Poomthong, 2002; Sakhamula &
Siri, 2011; Baysah et al., 2018)
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Table 2 Effect of seed size on growth of Jack bean at 6 weeks after planting

Seed sizes Plant height (cm.) Number of leaves Plant canopy size
(leaf/plant) (cm.)

Small 25.10 5.83 45.70

Medium 22.60 6.17 46.10

Large 27.93 6.50 ar.47

Mean 25.21 6.17 46.42

F-test ns ns ns

CV. (%) 8.55 13.90 11.76

ns=not significant (P>0.05)

HAKANTIUIR wazHaRAAWERG N

dlefiansamandndouia @umiledn) vesdmd nuirfinnuunndsegsditeddmadseninedmaans
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300 Alansusels waz Khonman & Sarnpokar (2019) ﬁﬁﬂmﬁw%wa%mé’mmgﬂGiamsw’%zgLaiﬂm HANAR LAZAMAN
Luﬁﬂﬁuﬁ:ﬁaw%’w ﬁﬂgﬂiuamwﬁugﬂ%’q wuilinananudnaads 311.70 Alandusiols SeabHananuAnAeiue1a
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Table 3 Effect of seed size on biomass yield and seed yield of Jack bean

67

Biomass yield (kg/rai) Seed yield
seed sizes Fresh weigh Dry weight (keg/rai)
Small 1,152° 245.50° 385.81
Medium 1,600 339.57% 384.89
Large 1,712 364.47° 435.59
Mean 1,488.0 316.51 402.07
F-test x* * ns
CV. (%) 4.27 15.80 7.29

ns=not significant (p>0.05), **, * =significant at 0.01 and 0.05 probability levels, respectively.

Mean in the same column followed by the same letter are not significantly by LSD at P=0.05

4

AUATNIAANUG

9

Lﬁaﬁmﬁmmmwmdm"mmam‘wsuadLmﬁmﬁaw%ﬁ Tudiuvasdrurudnsaiin U ntnuds wasvuinwan (A

A419 AMUE LATALNUT) WU RINUANMULANAIINI9ERATENINNEMAasY (P<0.05) TAsuanaInsI9a 3 vuin (Wan

nans warlng) Sdnuwdaseiinlndfesiuady 12.76 wasseiln Sihwinuwdaede 125.12 nSuse 100 wan Tudiu

YDIVUIALAANUIN TAUNI19581779 12,59 — 13.08 AINUBIITENIN 18.46 — 18.97 WAZANUNUITLNIN 8.54 — 8.70

Ta8LUns AINEU (Table 4) iaililosandadenisniusiuiuudasailn Winidnwdn wazvuisudsdunauiann

USinuosavadluwdn LLazQﬂﬂaU@uimﬂﬁuqﬂiiu (Baysah et al., 2018)

Table 4 Effect of seed size on seed number, seed weight and seed size of Jack bean

Seed sizes Number of 100 SW Seed size (mm.)
Seed/pod 9 Width Length Thickness

Small 12.93 126.83 13.08 18.97 8.54
Medium 12.60 121.43 12.85 18.97 8.70
Large 12.73 127.10 12.59 18.46 8.55
Mean 12.76 125.12 12.84 18.80 8.59
F-test ns ns ns ns ns
CV. (%) 1.99 6.69 3.62 4.41 2.27

ns=not significant (P>0.05)
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nMsfnwmaveswUIAlAn TR AR NI SNUASTINweaian Uszneufemnusenunsgiu fulinissen
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Table 5 Effect of seed size on physiological seed qualities of Jack bean seed

Seed sizes Seed germination Germination Mean germination Seedling dry weight
(%) index time (day) (¢/plant)

Small 86.67 7.70 5.58 0.51°

Medium 90.00 9.20 5.88 0.57 %

Large 98.33 7.60 5.88 0.62°

Mean 91.67 8.16 5.78 0.57

F-test ns ns ns *

CV. % 7.39 10.41 4.32 6.07

ns=not significant (P>0.05), * = significant at 0.05 probability levels.
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Bioremediation of Wastewater Contaminated with Dyes, Rhodamine B

Using Alginate Immobilized Cell of Spirulina platensis
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mstmideTiiiagenlsaniiu © vuileulneldamine Spirulina platensis isadludadun Tnednuniladed
wnzauden1sgadudden aun filey szeziia UTnaiigedu wasanududuresddensudu wuidifiovd
wanzausonsgaduddeudeiitey 2 Inugaduls 0.86+0.00 fladn3usieniu n1sgaduiinesesinuazisgaaugad
180 w#t Tnefirnn1sgady 1.24+0.00 fadndudensy Viinasgedy Afstuiinavilianisgeduresamisanas
dunmsifiunnuiduduzuduresddoudmaliangadu vesamiediaty nsAnwlelemesunisgaduredddon
wudraeandesiulelewmesunsgaduresanies lnedd1n1sgaduasan (qg,) Wiy 52.70+3.18 dadnTusensy
nsfnwaaunamaninsgaduaenndestuljisendusuasnaiion uasdiduimunsnsniveamagaduienisuns
Rutuildunaznsunsitnmeluadiuges annantsinwuandlinsiuinamse S. platensis insasadludadium
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Abstract

Bioremediation of wastewater contaminated with rhodamine B dyes using alginate immobilized cell of
Spirulina platensis was studied. Factors affecting the dye adsorption such as pH, contact time, adsorbent dose,
and initial dye concentration were investigated. The results showed that the optimum pH for dye adsorption
was at 2 with an adsorption capacity of 0.86+0.00 mg/g. The adsorption was very rapid and reached equilibrium
within 180 min with an adsorption capacity of 1.24+0.00 mg/g. Dye adsorption capacity by this alga was reduced
at high adsorbent dose whereas the increase of initial concentration of dye increased the adsorption capacity.
The adsorption isotherm correlated with Langmuir with the maximum adsorption capacity (g,,) of 52.70+3.18
mg/g. Adsorption kinetic correlated with pseudo-second order. The adsorption rate limiting step were film
diffusion rate and secondary rate of intraparticle diffusion. This study suggested that alginate immobilized cell
of S. platensis can be applied for treatment of wastewater contaminated with rhodamine B.

Keyword : immobilized cell, Spirulina platensis, rhodamine B dye, wastewater treatment, adsorption
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Influence of Rhizobium Co-inoculated with Arbuscular Mycorrhiza and Phosphate

Solubilizing Bacteria on the Growth of Peanut Tainan 9 variety
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msfnwnsléidelsludensmiudoneitagasluneslsn uasuuafidodesrleamnioninaiaivlaves

maadlunszas Ingauaun1saaeLuUguanysal (Completely Randomized Design : CRD) Usgnausig 5 N335

axal axa ax o

$1uau 4 1 Ieun n35uAsT 1 ladldle(Control) nssudsd 2 laolslawdou(R: Rhizobium sp) n3su3sit 3 Tdidels
Tndonsmiudonenitanaslunoslsn(Ream) n3auisi 4 ladelsledousuiuuuaiiFodennloamn(R+PSB:
Rhizobium sp. + Bacillus sp.) N354337 5 ’LaiLs?jyaiiieuLﬁam'wﬁ’uL%aﬁm%ﬂ’a@mﬂmaﬂsmLLazLL‘UﬂﬁL%'&ijasJWaaLWW
(R+AM+PSB) wunslddelslundensuuidoneritagasluneslsmuasuuafifodosnoamndmalifinnueidsn
iwiinanuasuiaesdumiiofuuaringaiian mslddelslndonsmiudenenivagasluaeslsvhlisuuly

(115 Ya/d) dminanwazdminuiavesdu (0.65 uay 0.16 n3u/du) geian n1stddelsludonsiuiuesensvan

U

arslureslswuaruunfisedeseamndmalilesiduinisdsnvendesionsvagaisluneslsyasiian (26.64%)
YsinalulasiuvesdumilefugeigadeiinisldidelslaifousuiuiuafiSvgeenaamn diudsunaeanasauay
Tnunageuvesdiunilefuuazsnliianuuwandslunsadifseninenssuds nsldwelsludousinduiuaiisedes

Woawndmaliusinaunisesdulnsiaugeiande 87.73 fansululasiau/su

[

adaey: Isladeon WeosersUananslumeslsen Rduvsddesloainn didas
Abstract

The study of rhizobium co-inoculated with arbuscular mycorrhiza and phosphate solubilizing bacteria
on peanut growth in pot experiment was laid out on completely randomized design (CRD). The experiment
consisted of 5 treatments; 1) control (without microorganism), 2) rhizobium (R: Rhizobium sp.),3) R + arbuscular
mycorrhiza (R+AM),4) R + Phosphate Solubilizing bacteria (R+PSB: Rhizobium sp. + Bacillus sp.) and 5) R+AM+PSB
with 4 replications. The results showed that co-inoculated of microorganisms (R+AM+PSB) provided the highest
root length, and the highest fresh weight and dry weight of shoot and root. The treatment of R+AM showed the
peak of nodules number (115 nodules/plant), nodules fresh weight and dry weight (0.65 and 0.16 g¢/plant).
R+AM+PSB treatment increased the percentage of AM root length colonized at 26.64%. However, total nitrogen
content in peanut shoot was highest in R+PSB. The concentrations of phosphorus and potassium in peanut
shoot and root parts were not significant among treatments. Co-inoculate of R and PSB produced the highest
nitrogen fixation at 87.73 mg N/plant.

Keywords: rhizobium, arbuscular mycorrhiza, phosphate solubilizing microorganism, peanut
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Ugnlinaeniad fuiunzUgnaulngegmenmamilowazniany fusendeantle Jagtuiidamindnlanielulsemedl
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v a

Usinaildiimeseninudonts dwalilinisidniadamndesussmadudnnaumn wenainfinuasnsfivgniidas
drulngiiinislddeniiganindnsfiuugdnielldnandnluvsunafundunailiduuannuanuduais
(Agricultural Research Development Agency [ARDA], 2017) Jagduniswdaiivluguuuudunididufifenluaning
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Y
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<

WaliinUuasneImsnIndudensiasyiulnvesiy wu lulnsau Weanssa nunadeu a1 inwnsnsdiulng
fewldJenen Yeviin Jedivan Jedinw dadudnmadenniaveinisudaiivemnsiivaensdeseduilnauazssuuiiog

TngludwvesdeTinndudunisihusslosivesgdunsdunimuniieliflunummisinunisinuns wunguadun3d

q
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duasun1siasqAulneiiy (plant growth promoting rhizobacteria, PGPR) nau3dun3gndaiuaiuisalunisnis

Tulasiau wazqdunsdnguiiiunnudulsslovivosoanada waslnuvaBon suviaaunidfiamisadunulsaiiy

Busu meldletanmiidamarnvaneresiindunidiu uansdnisegamtunuuiionondetu wasduaiudety
wazfilunasSgivinuazgasinevnsvesiufis (nthasan, 2020) n1skidesonitanariluneslsnimiulsladeoy
wuinlifisaszgadauaiauiulslinananganifieilildde wielddoneritagasluneslsnuasllndouiiosog
e nisliidelslndouiuiudenoivagansluneslsmuarqaunidosnoamndenisaiapivlnvoddaiadu
Sesithaulalumswdndiodas iesanidasduiviiamnsarisulasiauldideranusmivlslodoudaanusanis
Tulmstauldds 150-200 nn lulastaw/ionms (Peoples et al, 1992; Toomsan et al,, 1995) uananni Cui et al. (2019)
wuinsldenitanasluneslsmannsafiumasiyiviavesddaduiuiiifnisugnivegaeiies feanmsndae
WinUSmadnavesis Yinaeeslsiladimun nmswSayiulauarnmsimuivesiidas dmsunavesuaiidoazans
WeawasonsiasyivlauasnislasureanesavesiiaamuinislduuaiiSogesneamadiofiunisiaiyiulaves
das lsfanugdludiunmiodudiiniu ausnsndudy daninuiwssiuuaziminuiavesly wasdiua
Woanedaludrdaafiudy (Anzuay et al, 2015) a]’1ﬂmii’mim%’a;ﬂaiu%aﬁuﬁaﬁLLmﬁmﬁﬂmLﬁmﬁumﬂ%”lﬂ%l,ﬂw
ffudenenitasaslureslsuazuuaiiSesosroamnifnadensasapivinvesdrdamiuglnuny 9 Faduiusi
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W INe1Feuly MNauNUNIVIRRBILUUdNaNYTal (Completely Randomized Design : CRD) 97u3u 4 1 lunszan
wanafnuun 12 i Yszneude 5 nssuis 1éun nssuisil 1 enueu (Control) lalldidle nesudsdl 2 ldelsladen (R)
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Anuaansalunisgesaaneloainn (R+PSB) N33 5 13'Lf‘?ﬁyalﬂszjl,ﬁam'mﬁuL“’ﬁyaiﬂms‘ﬁa@awﬂmaﬂimuaz
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#1u Nitrogen free nutrient solution (Beck et al., 1994)
NSNUAIBE1N KATNITIATIZHADEN

yhmafusuidaiieduiidaeennonvdinnugnld 45 fu dduidanminafuioyaiminan dwdn
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Weanesa warlnunadey) dvsuinnmsssslulasauresduildnisuszdiumuiSves People et al. (1989) Tddmwing
(Sorghum bicolor L.) \Jufiwseuiiieu
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gaungdl 70 asrwwaiua Wuan 48 Sl deasunanfituathiieandsdmnus

mMslnswite Uinalulpsiauian (Total Nitrogen) Tne3aves Kjeldahl Method (Jackson, 1958) USunas
Weoaweasa (Phosphorous) 35 W& ﬁﬁlﬂ”fﬂﬂlﬁﬂﬁi@]ﬂﬂﬁuuﬁﬂ(ﬁl’lmﬂ%“aﬂ Spectrophotometer 81uA1 %T i
Wavelength 470 uiluins Usinadlnunaiden (Potassium) tansazanglusmuandiewndas Flame Photometer (FAO,
2008)

myfaefiduinmadinnvesenivaganslunedlsn vhnsduiegenanniuiinéeaiiazernudady
ansazany KOH anududu 2.5% #sld 24 Falus thanfiiunsud KOH undrsiaetndu udniluudseasazans
HCL il 196 fAdly 24 dalus andudnadeindusnadeuddoudse Water blue 0.06% lussnasunsiaidioly
ﬂﬂiﬂaﬁwsmﬁmumiﬁauﬁmLLa”m'aﬂﬁaaﬂé’awamiﬂﬁuw Compound (Brundrett et al., 1996) Wetlusuauns
WIINUgRs

% RLC (root length colonized) = (3717u Field fifwun1sidrsnues AM /81usu Field ﬁmmaauﬁmm) x 100

A53an159ssbulnsiau tnenisuindsualulnsauvesdudiauniuusunalulasaueesdniiing andusiuln
AIUANT Q = Ng, — Nigsnese 10 Q = UTanaslulasiauiin3alaluds, Ny, = USunadulnsiauludd, Nagnes, = USa0n
Tulnsiauluiigensde (People et al., 1989)

nsAATIERdaYANISEnA

A153LATIENANULUTUTIUNISEDR (analysis of variance) m:uLLNumimmaaawajmmyizﬁ (Completely
Randomized Design : CRD) iiianuaruuanssfulumsadfsuwihnsSeudisuanuuandsseninsdiaislne3sdn
NgNve3AIMAABA (Least Significant Difference : LSD) felusunsuiiasizyineadia Statistix 10

Nan1sANEIkazIansal

maasiAulnvasdudidas

nsisydulavesiuidasdoyasnuaugeaesiudaidessezina 45 Jundsgn wuinmiugewesdiumile
fuluynnssuismaveaedlidanuuandreiulumeada (Table 1) dmuauensinwuinislddeqaunidlunn
nsnddmalinnuesiuiidadanusminnninssismuanilifinsldde Tnsmslddelslndeudmiudenens
Tagansluroslsruasuuafidodesioaindanuenisnuiniian Ao 3550 iwufiams (P<0.05) wiinandumiofn
waztminanvesnmuihmsladelsludeusutudeneivagmsluaeslssuar uwaiiSodosroamnliiidasd
thwiingsfian Ao 36.96 way 11,52 n¥u/su puddu Faimdnandmdefunasimiinaavesnlifaruuansiy
ysadRtunssAfldidelslndnsuiu uweiiGedosoamnfio 3563 (P<0.01) uaw 9.54 (P<0.05) n¥u/fu mudiy
dwiinuisdumiiefunazdiuvesndrdamuliinaniminuieisaesdudullufiemafertusuiminanlae



82 MIANTNYATNTTIVUNGT 2567 : 42 (1) : 80 - 86

wuihmslddelsledeniutudenoitagarsluneslsmuasuvaiiGogosnoamadiminuisdumiofusasdan
ngafigade 6.32 (P<0.05) uaz 0.97 (P<0.01) n¥u/sfu aenndesiunumnanIves Kumar et al. (2018) iwuinnisld
Folslnfousuiudeneritagarsluneilsvwazuuaiidogosvoauiadsualfiminuisdumiiofugedian s
ynasosndeiifinmmenuessin dwminanuasuiesiuiiaaginitnunaasiwes Bouhraoua et al. (2015) fidnyinas
novauBwesiidaweuuafiFodosoanuazenitanansluneslee damuimsladogdunisinadenmaaiauiuln
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funnsnsfurugnmninasautuduiu lnesavesnsladelslabouiuiudenenivagaslunesls wuafide

gogvoainn vsen1stdiiedunidvsauein dnaviliadvilvesiminanuazuininuisaindin sldivelsladey
BTINRINGHR

Table 1 Effect of microbial combination on the growth of peanut at 45 DAP (Day after planting)
Plant height Root length  Shoot weight (g Plant™) Root weight (g Plant™)

Treatment

(cm Plant™)  (cm Plant™) fresh dry fresh dry
Control 27.88 26.63 b 23.80 c 3.59b 577 c 046 b
R 32.25 32.50 a 30.04 b 359 b 7.96 bc 0.75 a
R+AM 29.88 33.00 a 30.31 b 4.68 b 7.48 bc 0.79 a
R+PSB 30.50 35.00 a 35.63 ab 5.00 ab 9.54 ab 0.88 a
R+AM+PSB 29.63 3550 a 36.96 a 6.32 a 11.52 a 0.97 a
Mean 30.03 32.53 31.35 4.87 8.45 0.77
CV (%) 9.82 10.69 9.15 19.81 23.48 16.44

F-test ns * *% * * *x

Note: Control (uninoculated), R: + rhizobium, R+AM: + rhizobium & arbuscular mycorrhiza, R+PSB: + rhizobium
& phosphate solubilizing bacteria, R+AM+PSB: + rhizobium, arbuscular mycorrhiza & phosphate solubilizing
bacteria. Mean in the same column followed by different letters were different significantly by LSD **=0.01,

*=0.05 and ns= nonsignificant

mMsieuvesddes

Frurulvesidamdann 45 Yundsgn wuinisladelsindondmsuuuaiiFogoseamnasualid
AndonainUugeiiande 115 Un/du Geliifinnuuandslumsadfedisiifoddayiunnnssuds snifunssuisnuny
Fafidnadonaifinudesiian fio 13 Uu/du (P<0.01) dwduimiinuuanuazduuionuimsldidogdunsslun
nssuBmanasesiinavhliiminuuangeniinssiimuay Tnsmsladelsledeusmiugdunidsosoamadmn
Unanuaruuisgeiign Ao 0.65 uar 0.16 nfu/du muddu Sslifinnuuandstumsadffunisldidelunssisius
(P<0.01) msfinwafiduinadtogenduvaserivagarslueslsulunnvesiiaas nuhnsldlsladonsuiuiden
o1§tagansluneslsuazaduviddeseampivesiduinsidiinnuesenitanansluneslsvunniian fe 26.64% Fsdl
aruandlunaadAtunnitiunnaesegaiiteddle (P<0.01) daumslddelsladeuduiudoserstagasly
aoslsmmuiedidudnsidnegendoveseritagansluneslsusesasnie 13.10% drunssuisemunuinisidisne
flanfio 2.95% (Table 2) Tnssunanssnssianadoatumunaanives Lekberg & Koide (2005) finuiinisldidesn
o1$ananslumeslsmmiudelsludouluddaslulszina Zimbabwe MnAusionun 9 Foghsanansauiiudiuiuuy
1489 4 whidlafisuiumegsiuilldidelslateufioroguiouas dailfannuduiuidanssrisuuduuas
nsneaidesestagaslunesls (R=0.98) lufhdas varfiefifuinindrsnainmunasssves Massoud
and El-Batanony (2009) WuLﬂai%’uﬁmmﬁswﬂmaami‘ﬂ’aqawﬂmaﬂimmﬂmﬂdL%?a Azospirillum lipoferum
S9UAY Bradyrhizobium sp. kag aﬁﬁ'a@mﬂmaﬂimﬁisw a5 5"14‘1/151%@ﬂqaﬂiwmmaaﬂuﬂ%&ﬁIﬂaﬁma%wﬁuﬁ
nsiihsnvesenivagansluneslsuluindasie 75% 39 Marschner & Dell (1994) nanimsidhsnvesenstaganslu
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raslsyilinisgadusineimsnatesidaguroanesa Inunafon uaz wundi@euiings wagnisduaiunig
WigAulnvesigtue1avue fuUTinuveeanesaluiu lneanududuiigweameanesaluiuazdmadonalnnis
nuvewesaesnililemansidinnveateserstanaistuneslseazdiganiesas

Table 2 Effect of microbial combination on number of nodules, nodule weight and percentage of root length

colonized of peanut at 45 DAP

Number of nodules Weight of nodule (g Plant™) % Root length
Treatment 4 .
(Plant™) fresh dry colonized
Control 13.00 b 0.17b 0.05b 295c
R 95.75 ab 053 a 0.12 ab 383 ¢
R+AM 92.50 ab 0.50 a 0.14 a 13.10 b
R+PSB 115.00 a 0.65a 0.16 a 339c
R+AM+PSB 95.00 ab 0.60 a 0.14 a 26.64 a
Mean 82.25 0.49 0.12 9.98
cv 36.12 22.02 20.76 31.84

Note: Control (uninoculated), R: + rhizobium, R+AM: + rhizobium & arbuscular mycorrhiza, R+PSB: + rhizobium
& phosphate solubilizing bacteria, R+AM+PSB: + rhizobium, arbuscular mycorrhiza & phosphate solubilizing

bacteria. Mean in the same column followed by different letters were different significantly by LSD **= 0.01

Ysunasnemnsuaniiazauludiumilodu 590 uaznisasslulnsiauvasnadas (Nitrogen Fixation)

USunusmemnsnanitazanludiuvesiudifias (@uwmlenu) nuinsldwelsladensiuduwuailisegee
Woawadusunalulasauludiumiiefugen fe 2.50% Belifianuunndniunsadiadumsldaelsladeusiuiuie
Toivanansluneslsvuasuuaiiiedesneamn uaznsldwelsladeuisegnder dmsunssudsaunuiusunu
Tulnsiausngn fis 1.68% (P<0.05) Usunamleanlesaludiuwmiienu nuinislawelsluleusiuiuiuaiiiugeanaans
a s 2 v - 2 = ax = s 2 ¢ v o M i "o
fesidudvaseanasaasiian Ao 0.53% vugiinssuismivauiivesidudvesoanesanian walufinuuansdieiu
Tunsadfnnnssuds Ysualnunadeyludiuniionu nuimnnssuisnimeaesluifinuuandisiulunisads lned
Aafeegi 1.29% (Table 3) Usunalulasiauiavaulusinvesiidamuinnssuismsldielsledouiissegaiendl

s .«:4' 2 = | Y aa v aade o & =~ ] Y A
wWoesigudlulasiaugeiigade 3.81% Faldfianuuanaeiulunvadifdunssudsildwelsladeusuiuuuailisedoy
Woans uaznislaelslafeuswiuidenersvanarsluneslwuasuuafisegasneamn diuusunueanesauas
Usinalnunadeuiiazanlusinnuiliiianuuansdddumsadaluynnssuisnaasaudasduulduaninnslinanide
Ve UITevee Massoud & El-Batanony (2009) wuitnislawelslafensinduidesiesvanarsluneilsevie
wuafisegesneamnibidiesidudsinlulasiau wazeanesagenitdsunivan lnediesiduslulnsiauuas
WoaneTavesdiumilefiuadeagi 1.91% way 0.12% mninuideasail Feaduilesnndnuasunldlunisviinig
naaadegluanimlsuuaznsinnisveadelslafousiuiusuafieniinnuannsalunisdesaaevoamlnunnsieain
NuassiinvhmsnegeuiivleeldvnaeduianUgnuassiaveawuaiisenfianuausalunmsdesaareneanduauay
gl egrelsinuanudulsslevivemleanesannnslifidenesvanarsluneslsmuazuuaiiiogeanaan
ansadmarionisgeduliuinniienemisdu o itvndiesienivagaisluneslendregordelunnuaziiviunie
dovoavnivdwmasoUsnunoanealuiniudu uavdwalinisasgivlnuasnandniiudusme (Poomipan et al.,
2011)

USununisaalulasiau (Nitrogen Fixation) lngauwinainUiuialulasiauvesiies1eds (11990e 49.52
fadnsululasiaw/eu) nuinisldelsluadeusiuiuiiunsdgesnean dwalinisnielulasiauvesdudifasin
a A a a w v UG v aaw , & = , & = ' 9
Mignfie 87.73 fiadnsululasiaw/du wilddanuusnssiunnsadadunisladelsluden wasnisldielsludeusiuiu
& o a 6 a ax = ~ a a o
Wes1e1sUanaislumeslsuuaryduniddesveann vausfinssuismvaununisaidulasiawiios 10.86 Jadiniy
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Tulnsiau/du (P<0.01) (Table 3) denpdesfiuaunaaeses Badawi et al. (2011) ¥n1sfnwinisnslulasiauvesd
aa931nn13149 Bradyrhizobium spp. 334U Serratia marcescens wuimsldidereaessuiudwaliiiusyansam
nsnstlulpsiauganimsladelsledenfioedufomiaoiggna Fmehaususussrhgiunidndgudnaiunis
wigivlavesivuaglslaondwmalinisasgyiulavosduiy mmﬁmﬂuLLaxmieﬁﬂuimiLﬁ]uﬁUis?m%mwga%u (Bai
et al,, 2003)

Table 3 Effect of microbial combination on nutrient uptake and nitrogen fixation of peanut at 45 DAP

Shoot Root Nitrogen fixation
Treatment 1
N P K N P K (mg N Plant™)
Control 1.68 ¢ 0.41 1.11 228 ¢ 0.78 1.37 10.86 b
R 2.20 ab 0.48 1.30 38la 0.94 1.90 68.28 ab
R+AM 1.97 bc 0.46 1.34 2.68 bc 0.86 1.43 68.43 ab
R+PSB 250 a 0.53 1.32 2.80 abc 1.13 2.18 87.73 a
R+AM+PSB 2.40 ab 0.50 1.39 3.57 ab 1.17 1.47 78.67 a
Mean 2.15 0.47 1.29 3.03 0.98 1.67 62.79
cv 15.47 15.57 11.66 16.78 22.09 29.21 27.78
F-test * ns ns *x* ns ns *x*

Note: Control (uninoculated), R: + rhizobium, R+AM: + rhizobium & arbuscular mycorrhiza, R+PSB: + rhizobium
& phosphate solubilizing bacteria, R+AM+PSB: + rhizobium, arbuscular mycorrhiza & phosphate solubilizing
bacteria. Mean in the same column followed by different letters were different significantly by LSD **=0.01,

*=0.05 and ns= nonsignificant
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The Potential of New Purple Yardlong Bean Varieties in Open-Field Organic Farming

Compared with Chemicals Management under Plastic Net-House
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Abstract

The purple yardlong bean "Muang Rachamongkol" is a pure line variety and was improved under organic
farming. To examine this variety potential, a randomized complete block design was planned with 4 replications
of 20 plants each, in comparison with two varieties: “Sirindhorn#1” and “Laisua Jakkaparn”. These bean
varieties were grown during September-November 2020 under 2 production systems; 1) organic system under
open-field and 2) under plastic net-house. The results showed that the characteristics of the new variety such
as flower, fruit, and seed characters differed from the comparative varieties. For plant growth including plant
height and the number of branches, and the interaction between the production system and varieties during
the 3rd-6th weeks after planting were found to be significantly different. Plants grown under a chemical system
showed a higher plant height and number of branches than an organic system, and varieties “Muang

Rachamongkol” and “Sirindhom#1” showed the highest plant height in both conditions. In addition, the
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influence of the production system was observed with the chemical system which showed the high number of
pods, total pod yield, and pod weight of 34.91 pod/plant, 815.11 ¢/plant, and 27.67 ¢/pod, respectively.
“Muang Rachamongkol” showed 27.15 pod/plant, 611.83 g¢/plant, and 26.41 g¢/pod, which was similar to the
responses of “Sirindhorn#1” for the growth, yield, uniformity score, and plant vigor score in both of organic and
chemical conditions.

Keywords: yardlong bean, variety, breeding, seed, organic
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e Tenenusnuiuiidedt 10 orgaenusnuIudl 45 $u neniidiasdeu Hnnss Hndinauns aaueiln 45-50 isuRiuns

a 2 v a o < & 2 aa Y a < .
NIVIVISEANUBY FAIFWIUNTOU AIUIULER 18 Luaanailn LllﬁﬂllﬁLLGNLLG]MQW?JW’JU?L’JWTJG’WEJLJ@W (Flgure 1)

Germplasm Back crossing Pedigree selection (F,-F, Generations) Varietal Trial

Collection & Evaluation
(Violet 969 x YL04) x YLO4

\ 4 4

Crossing & BC,F, Progeny test

(Violet 969 x YL04) x YL04)-7-11-1-2-5-3 # Organic condition &
Chemical condition
Comparative varieties;
Sirindhorn#1 and

Laisua Jakkaparn

F, Progeny test

Violet 969 x YL0O4 (Organic variety from Maejo

University)
2014-2015 2016 2017-2020 2020-2021
Station; CMRU, Chiang Mai  Station; CMRU, Chiang Mai Station; CMRU, Chiang Mai and RMUTI, Surin Station; RMUTI, Surin

Open-Field Organic Condition

Note; CMRU Chiang Mai Rajabhat University
RMUTI Rajamangala University of Technology

Figure 1 Schematic time framework for improving the new purple yardlong bean variety “Muang

Rachanomgkol”.
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15 wazuminanavain 10 dnseels lneTuudasuuin 1x40x0.45 wns 9ntuawvdiinendiuau 1 idusaudas aqu

menarafnaquulas ninAuliiduia 15 Ju Juanznquugnszey 50 x 50 wuRWnT NenuiniuaY 3 Winsevay
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dviane Tasnumsidhaesveanisseusaznsln Iansataayulnsanasan amsadnaulnaneigu wasthdu

ATulal Sanuadudnseny 2-3 Ju WBNUNITLNSTEUIN

nmsguadansneldssuuiaiilulsaEou

Bnswseuuvadaznisugniuiedtunisdnnislussuudunsd uisesiulaglddenondns 1,000 Alansy
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Yoyadnuwarnsduguine uasznisvesiiling1inudefimunves National Plant Genetic Resources
Laboratory [NPGRL], 2018) lauf dnwauznisiasaiule sunsdlu &lu denenusn engaenuiu dnen sunseln iln
wazdwdn Wudu dwsudeyanisasaivle Léuﬂuﬁﬂ%’a;ﬂammEmmma”waamLuﬁm 2 dUai Imetudinfnsionu
Wunan 5 dai wazdunuuvuaduiuiinludUamid 3 vdmeenwdn Tnetuiindnsoruduia 4 dawi lusw
KanAnLArAMATHANANTY iR wandalasfivilnandideony 14-15 Su ndwmonuiu dunmarnindiladiud dou
FafviinuuuTuduiu sodesiubunm 30 Su tufindoyadwnuiin dmiinaasay dminiln auntaiin anuen
8 Suuudnsotn wazanumnu uaﬂmnﬁué’aé’ﬂﬁmiﬂszLﬁummaﬁwLauamaﬂﬁuﬁimaiﬁﬁwﬂZLLuu 1,2, 3, 4 uay
5 Aediauashiavetiosun o U1unans 110 wazaniian nusiy sauitaUssdiumuudassesdaiingriluanin

wlaslaslinzuuy 1, 2, 3, 4 uay 5 Ao Tanuudussidosunn dos Urunans 10 wazandign (Pandey et al., 2020)

Nan1sANwIkazlIansal

o

anwauzUszinug
neldszuuduniduuuilaata uazszuuiniilulsadounu 028ne139s 3 Wug densdnuasUsedniug

o

wileuffuisaesszuu Tasdaineniugival “drssvmsea” du fdnvaUszdwusfunnmsaniuiuioudiou T
dnwaizvesguindlu engaenuiu dnen diln wardwdn (Table 1 ua Figure 2) Fednwazvasiilneniiusinevusaa
ET@ma"’ﬂwmxﬂisﬁi’wﬁuﬁ‘%’wﬁuﬁﬁqLﬁmszfutﬁmﬁumiﬂanmaa‘uﬁ’ﬂstWuaaﬂ’ua‘ma‘iﬁwwﬁuw%‘ﬁuqmquaa
Phaengsai et al. (2018) Gauanslvidiuinsia 3 Wuﬁuuummmmmmwuﬁ‘luaﬂwmumwuaa wazhansliiuindnvaey

mqﬂanmamumuaﬂwmumﬂmm‘w SUJﬁQLL?ﬂa@NIMJJNa mamamaaﬂwmuuu 9 L‘WENLﬁﬂ‘Ll’e]EJ
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Table 1 Characteristic of the new purple yardlong bean variety ‘Muang Rachamongkol’ and comparative

varieties under organic and chemical conditions

Characteristic Muang Rachamongkol Sirindhorn#1 Laisua Jakkaparn
Growth habit Indeterminate Indeterminate Indeterminate
Leaf shape Ovate-lanceolate Deltoid Deltoid
Leaf color Green Green Dark green
First blooming node 10 10 8
Flowering date 45 40 38
Flower color Light Purple White Purple
Pot shape Long/Straight Long/Straight Long/Straight
Pot color Light Purple Dark purple Green with a purple strip
Pot skin Smooth Smooth Smooth
Seed color Red with a white spot at Red with a white stripe Black with a white stripe

the end

Figure 2 Leaf, flower, pod, and seed characters of ‘Muang Rachamongkol’ (a), ‘Sirindhorn#1’ (b), and ‘Laisua

Jakkaparn’ (c)

n15La3gYiuln

Tugaausnueamsisdayiuln (@Uawid 2 vdagn) lainwudvswavesiug wazUjisensiusewinteszuunisugn
uagitugienmEI LN (Table 2) usmuitludunnifl 3-6 ndsgniu wudvswavessvuulgn Wus uazUfisensan
sErineszuumsUgnuaiiudrenueian damsdgnleelitenilulsaSeudmalrimilnenidauenanuinniinis
UQﬂluszuuﬁuw%'éLLuuLLUaaLTJmﬁy’a 5 dUnn9t Inelinnue1aan As 21.16, 66.39, 154.41, 202.02 way 244.61 WURLUIAT
ALY aenndesiun1sAnuIvaa Benchasri & Bairaman (2010) 7imudnd i ne1fi Ugnaneldszuuiafifingg
Wiyiulafinsruudunsd dmiudvswavesiugiu dailnenusaiusiues 1 uasiusihesusaadauenin
wniaaludUa i 5 uay 6 udsugn i 2 sruumisugn Tnewugasusaives 1 fiaueianie 167.40 way 224.36
URLIAT ANUEIRY LaeTUgHI9T19eAaNAINETLAR 459.25 Uag 224.36 URAAT ATNA1GY uenINHUEE
wuludUanmiil 6 Wudinenusnauaziugasussives 1 MgnlagliainilulsaFoudiannueniande 245.38 uas
256.88 Leudiuins awd1iu dannninuganadednsiiud aenndesiunisAnuyusulfisures Phaengsai et al
(2018) Fawuiniusaedednsiusiudiofanuerintosniiusitevng uasiusatusnues 1
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Table 2 Plant height in the 2™ - 5" weeks after planting of the new purple yardlong bean variety ‘Muang
Rachamongkol’ and comparative varieties under open-field organic farming and chemicals management under

plastic net-house

Conditions Varieties Plant height (cm.)
2" week 3“9 week 4"Mweek 5" week 6™ week
Organic (open-field) 1533°  4375° 7798°  111.90°  177.75°
Chemical (plastic net-house) 21.16 ° 66.39 ° 154.41°  202.02° 244.61 °
F_test x * . . .
Muang Rachamongkol 18.18 5356°  111.17°  159.25%  224.36°
Sirindhormn#1 19.53 67.92°  12953°  167.40°  224.36°
Laisua Jakkaparn 17.04 4371 109.37° 14424° 19591 °
F_test ns x * xx xx
Organic (open-field) ~ Muang Rachamongkol 15.10 4190 7671 11153«  181.15
Sirindhorn#1 15.80 5655  90.38°  124.20°  191.85°¢
Laisua Jakkaparn 15.10 32.80 ¢ 69.84 ° 99.97 ¢ 160.25 ¢
Chemical Muang Rachamongkol — 21.25 65.22°°  14563°  20697° 24538
(plastic net-house) Sirindhorn#1 22.25 79.32° 168.69°  210.59° 256.88 °
Laisua Jakkaparn 18.97 5463°  14891° 18850° = 23156°
F_test ns x xx xx xx
C.V. (%) 18.49 22.68 10.90 7.37 7.27

ns Not significantly different.
** ¥ Significant at 0.01 and 0.05 probability levels, respectively.
Mean in the same column followed by the same letter are not significantly different by LSD at P=0.05.

dmsuuAuusunufigensmssrinssruunsUgnuasiugiaiinendusduanid 3 Seduanii 6
Tawwugasussiues 1 fivgnaeldszuuduniduvvuvandainsiadaduladunsuanienniian wasdnsunnis
Lﬁ'ufuiunﬂﬁﬂmwﬁ Tneds1uaun STudUa e 3-6 Ao 2.17, 4.67, 4.90 uag 533 A4 Auasu ogelsAnuile
WisuifluanizdUamifl 6 nudiitusasusaiues 1 fugnit 2 stuu wasiugmedednaiusivgnaelfssuuiaily
Tsafoufimsunnfauuusnnilan fe 533, 5.41 wag 5.19 As AW (Table 3)

ﬁm%‘m%waéuaaﬂ’uﬁfﬁl”aﬁﬂmuﬁ?uwudwﬁmaﬁﬂﬁﬁwmuﬁaLlfuudLLmﬂm'Nﬁ’uaEJ'Nﬁﬁaéhé’aﬁjﬂwaﬁmuﬁﬂmﬁﬁ 3-
6 Ineiugasussues 1 ﬁﬂqﬂﬁgq 2 wwifuﬁﬁi’ﬂmu?{wumaﬂﬂ‘ﬁqm Ao 2,01, 3.84, 4.43 uay 537 A9 AWEIRU LAy
fusihsnensradsuiuAausesasnnii 4 e uenainiluduvesfisesnmessruuniandsmuilsifnase
SrnufwausdudUni 3 way 5 willavilvAwusanasegadiveddaBansadfludua i 4 uasuansnamig
ARRluAUAWT 6 Fsludunwid 4 du wuinisugnngldssuuBuisuuuulandadsuaufususnniian do 371 As
ogalsfmundunuinluddanii 6 mstgnaeldszuuailulsaSoufiduiufwauanniig Ao 5.22 s Fadle
firrsundnsnisuanisususresiaiineais 4 dawi asdiuldegetaiauy Milngnitugnluszuuduniduuuutas
Fadnsuenisurwnaiiniinislgnnelfszuuailulsaiou fsorafinannsugnlussuudunisiu Jeduvidas
Aoy UanUdessino1msegietng (Ullah et al, 2023) vilviiingnadyiiulasudisuiasluesudiinnisunnis
wrusleiiingt uansnsnnszuuadifiinisldeind Sedsualiiinnasydulameiudfunaslusninii dewdg
iz83miLﬁ]’%ﬁgﬁuﬁ:ﬁatﬁ'uﬁﬂﬁl,mﬂﬁ'aLlfumﬁﬂi’l donAdae B da Cunha et al,, (2020) &3ldaduednuarnisiaSyiule
vosdiineilugUuuunsazasimiinuis Taglusserusnmsazamimiinuietiduessn didu warluduiitos uas
Bufistusgnenniiseninmesy 30-50 Tundsgn 1ntuazaes utudntes warsveziidatinedesnisdonn
flanfor1se1y 20-45 Jumdsugn ilesanlussuuaiiduiinislidegns 13-13-21 ludns 25 Alansu/ls fleny 30 fu
ndwgn danseiussesiidailinenZudigssenaiaiusuarnsavautdiinanuisesnemnissduressiuuasly
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Table 3 Number of branches in the 3™ - 6" weeks after planting of the new purple yardlong bean variety
‘Muang Rachamongkol’” and comparative varieties under open-field organic farming and chemicals management

under plastic net-house

Conditions Varieties Number of branches
3 week 4™ week 5™ week 6" week
Organic (open-field) 1.76 371a 4.08 451b
Chemical (plastic net-house) 1.73 294 b 391 522a
F-test ns X ns *
Muang Rachamongkol 1.61b 344 b 4.06 b 478 b
Sirindhorn#1 201 a 3.84 a 4.43 a 537 a
Laisua Jakkaparn 1.62 b 270 c 3.49 c 4.45 c
F-test > > > *x
Organic (open-field) Muang Rachamongkol 1.40 ¢ 397b 431 b 4.50 c
Sirindhorn#1 217 a 4.67 a 490 a 533 ab
Laisua Jakkaparn 1.70 bc 248 c 3.04d 371d
Chemical Muang Rachamongkol 1.82 ab 291 c 382c 507 b
(plastic net-house) Sirindhorn#1 1.85ab 301c 3.97 bc 541 a
Laisua Jakkaparn 1.55 bc 291c 3.94 bc 5.19 ab
F-test * > " *x
CV. (%) 13.94 9.65 6.33 4.41

ns Not significantly different.
** ¥ Significant at 0.01 and 0.05 probability levels, respectively.
Mean in the same column followed by the same letter are not significantly different by LSD at P=0.05.

NANRALATANTNNANER

Linudvswasiuszninseuunmndalasiuddednuiulin thwiiniingau dhuiindeiin enunirsiin wassiuan
wiadetin Tnedidwaiinsewing 19.53-38 fln dhainilnsausening 421.70-882.15 nfa/du dnidniinsswing 25.42-
30.70 n¥u Auneilngzndng 0.84-0.89 wufuns wazduaudnneilnszning 14.51-16.67 win audiu enviy
Auenilndifinnuunnsiiseada Tnonsiusasussives 1 ivgnluszuuduvdduasied uasiugaeidednsiusi
ﬂqﬂiusw‘uLﬂﬁﬁ?uﬁmmanﬁﬂmaﬁqm Ao 50.17, 51.23 uay 52.64 lwuUfuns s1ua1ny (Table 4)

dmsudvdnavesiugnuintuslifinavilisuauiingn dwiinansiu ddndeiin anunireiln wagdunu
wiaselinuansrmnaadd Tneddwauiinganseaing 26.73-29.53 fln dniinilnsausewing 611.83-641.45 n3u/fu
dwiinilnsgwing 26.41-28.06 n¥u ANunTeiingsing 0.86-0.89 leuflung wazduuAnseilinsewing 15.53-16.26
win oniurnuenilndsdimnuunnsisegsdidodAnomneain IneiugaSussiues 1 uaziusanodedngiius Jainw
g13ENUINATIIAD 52.70 kAT 51.56 LWUAIAT ALY

TuduvesBvnavesszuulgnuuinszuunsnasiuanastuinasilsdouiln hwiinilngan waguiinde
Hn dauuanseeadd Inensgnanelfssvuiadlulsadouduariliduauiin dwdniingu wasdwidnin Ao
34.91 fn 815.11 nSu/Mu uaz 27.67 n3u audwu sgalsiauldnudninanennnueiiln anuniteiln wazdiuu
wansielln

Fadofinrsanimszminimsasyivlauasondn nuinnuerianiufinsaeuaussroszuunisudly
frmafetufunanda Semandslussuuiadiifinnnitssuudunidonaifinananueninvesiilngniivgnaield
szuuaillulsadousnnniinmsvgnluszuuduvisuuuutandn msrzdiineniinifanensentauinute duuded
A TfunnN Ssdsualifisuaudefiunnt veniniudrsresugnillflunsinuaded Wethundunasiuu
fusals ﬂ?u%mmsmqﬂﬁaﬁﬂmﬂﬁ 4,160 #/l3 waziilethindunavnasandefui nuinseandiingnaeld
sruueiTlulsaeulvinandngafis 3,390 Alanfu/ls Feganinmsndaniniinenneldszuuduniduuuudastadilina
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nanLfiee 1,893 Alans/ls eghalsAmudusuandnazsini LLG]'LﬁE]L‘U%‘EJ‘ULﬁEJ‘UﬁJUiWEJQWU‘IQJJE);J”EmTJ%miwamﬁ‘ﬁ%aﬂﬂim
Fmsinumsiisieanuliindiilinenlinananads 865 Alansu/ls (DOAE, 2019) Fadufiineniannieldszuuily
Feldansiadiduvdn

nsmevauesasiugiiineniiugnneldszuuduviduaziafifinnuuandnaiu Ssaenndesiunisinudue
finuhmanevauowesiugiingraeanwmananiunne1aiu (Chanapan et al, 2016; Benchasri & Bairaman,
2010) dwiudnunzassdaiinenifidnuiluaded 1Hun enue1aen Suufsuus Suailn dmiinansia dndnin
aanisiin anueniln warsuauwdadetinuasdaiinenva 3 fugneldsruudunisuasedduiinnsnovaussi
uansinaify uansliifuhdnuasdindndafuiudunedouiinadenisuanseen Falidumunuvanss wasidudnume
\B9U3ana (Srinives & Chatwachirawong, 2005) wenanniuduiuldiusdnuazvesiugiaiineniinsnevauosio
szuumsuandululuismadiodntu uansindnuagfinandiulienuduiusiu falsenuindnvasndsinaly
Hilnenay GT']Lmﬂwmﬁuﬁmuﬂuﬁﬂwmwhm wanednwazdeuidenlesiy (Kongaimun et al, 2012)

wmsunensBundangg Iissyliiusildlunmaefivaeldssuuduniddudonduiugildannis
Usudgaiuslaitinass ldeygelildusieildiSnisdndeiugnssa (Nuijten et al, 2017; ACT, 2019) d1usu
nsgvIunsUsU IS fmngdmsuneannelissuuBunistulitureuntsdndumamiioutunsuuuseiug
filussuuanesgiuialy uigatunisdndeniudindtaruaunsoluntsuusg drdunssidunisuudseiusin
meldsvuudunidnaennszurunssdaelianunsadnidoniug finevauesessuunisnanuuudunislaaty
(Zdravkovie et al., 2010; White & Connolly, 2011; Maghirang et al., 2017) %dfﬁﬁﬂEJnﬁuﬂwﬂﬁuﬁ:ﬂ’m‘iwmmﬁuﬁ
Fiflumsuiudgeiusfusnsuauiuuasdndoniuneliszuuduridulanaen Inslanzmsdndenuuutiudin
UseiRduau 7 daguiu lsvezim 3 U dgndmdeniidluggru wargauds luituiitarindedsl uasfmingiuns @
ArLuANATsTgMakariuiiugn dmaliainsadadoniusiivenanlvinanBauaramnmkandniinud Saduiugi
farwannsalunisuiuiaudniuaninuandeuiinainansldisnde fuduilevgrmadeuiiugiiufuitusvagoufe
fufieudisuiugaiusaves 1 uasiusaadednaius daduiusuiddinandliunndeaniaesiugianeld
szuuBurdduuuutandanasmelfsruuailulsndou Tneviauiusinondnadongldssuudunid sewine 421.70-
474.70 n¥w/fu FedelsilVinanandoutnegs WelUSsuiisuiunisdnuives Benchasri & Bairaman (2010) fithiug
n13¢1 20 Wug wmadeumelisyuudunid Sedinandnadesening 19.35-104.91 nfu/du esniugnisddanan
\Dutugiididunisuiuussiudmeldszuuiaiiinlagnaen \uszeznavaisd See1adamaronisuansoonvesiug.
thi 9 AnevaussesyuunsHARLUUBUNIE AT

Table 4 Number of the pod, total pod weight, pod weight, pod length, pod width, and number of seeds per
pod of the new purple yardlong bean variety ‘Muang Rachamongkol’” and comparative varieties under open-

field organic farming and chemicals management under plastic net-house

Conditions Varieties No. of Total Pod Pod Pod No. of
pod pod weight length width seed
weight (g/pot) (cm) (cm) per
(g/plant) pot
Organic (open-field) 20.70b 45476 b 2585 b 51.18 0.86 15.02
Chemical (plastic net-house) 3d91a 815.11a 27.67 a 50.98 0.88 16.98
F-test * ** * ns ns ns
Muang 27.15 611.83 26.41 4899 b 0.88 16.26
Rachamongkol
Sirindhorn#1 29.53 641.05 25.82 52.70 a 0.86 16.23
Laisua Jakkaparn 26.73 611.83 28.06 51.56 a 0.89 15.53

F-test ns ns ns ** ns ns
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Organic (open-  Muang 21.50 468.17 25.59 48.89 c 0.88 14.78
field) Rachamongkol
Sirindhorn#1 21.07 474.70 26.54 54.17 a 0.84 15.79
Laisua Jakkaparn 19.53 421.70 25.42 50.48 bc 0.88 14.51
Chemical Muang 32.80 755.48 27.22 49.08 c 0.88 17.73
(plastic net-house)  Rachamongkol
Sirindhorn#1 38.00 807.69 25.09 51.23 abc 0.89 16.67
Laisua Jakkaparn 33.93 882.15 30.70 52.64 ab 0.89 16.54
F-test ns ns ns * ns ns
CV. (%) 12.83 25.15 6.99 3.60 5.23 9.25

ns Not significantly different.
** ¥ Significant at 0.01 and 0.05 probability levels, respectively.
Mean in the same column followed by the same letter are not significantly different by LSD at P=0.05.

AnuEaND B IS UA AT WS IUR Y

Mnmstssiiunnuaiiauevesiugiaglimazuu 1-5 du wui ﬁy’aamﬁuﬁ:ﬁﬂ@JﬂmaauﬁmmaﬁﬂLamaman
fugeglusziuinniian Aefidrazuuy 5 azuuu enelfssuudunisuuuuandauazszuuaiflulsaiou (Table 5)
ﬁm%’ummLLG?NLL'iwanﬁsaﬁguvLaiwuﬁmﬁwaiamw*jwiswmswamLLasﬁ’uﬁf WALBVENAVRITTUUNTHARFBAIAT LUY
muudausavesdilnenn winudvinavesiuderazuuunuudswestilnenuanssiusesdfodAydmis
afid (Table 5) Tngugiasvusna uariugasussives 1 daazuuuanuudsusanniign fo 4.00 uaz 4.50 AzLUY
muadiu eeslsfny nuirdaiinendivgnaneldszuueilulsadsuiiunliurazuuuauuiusaiosniinisugn
meldszuuduniduuuutaata

WINIMNANWULNITITYPLAUL wagnandnuwdd nsUgnnegeuiugindmsiivssdiumaiinlsn vion1suseiiu
AuLdanssvesiug Tnglirazuuuseau 1-5 (Sinsir & Sinsiri, 2012; Pandey et al., 2020) FeAaviuuAIILT T
thu wui e sealaTsAS USRS 1 Faduiuditindtauns uazdiig mudduduiimezuuueuudouss
wnniugaedesdnsiug Wneddunuduiulsalau wagnsdwvhatsvenndsseutesnin uasiiiefinnsan
Snwairmadaigiine) wuiwaesiusiudvnadurigud nansdduuinalauduliosniugaiedednsiusinn
suaiugamedednsiusiaiifnunrlufiesumnniidnie

oedlsfinu WugwandmsienuasiimeatugnssuieliAsaudiudaduiusuifinnsnsaunsalf
wiiniuglildiedld (khamsee et al, 2018) 9nmisnyiluaSafifiuldndaiineriuglmifiounsiimetugnssuan
AmzuuuANaaNeYe U AT A guTuRBfuR U T uie uandliiduldidailneriuginiannsavily
dqaasulinuasnsihluldndmIunandnaauaziiuwdaiuglildeds

Table 5 Uniformity point, and plant vigour point of the new purple yardlong bean variety ‘Muang
Rachamongkol’ and comparative varieties under open-field organic farming and chemicals management under

plastic net-house

Conditions Varieties Uniformity point Plant vigour point
Organic (open-field) 5 4.25
Chemical (plastic net- 5 3.75
house)

F-test ns ns

Muang Rachamongkol 5 4.00 *°
Sirindhorn#1 5 4.50°
Laisua Jakkaparn 5 350"

F-test ns **
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Organic (open-field) Muang Rachamongkol 5 4.25
Sirindhorn#1 5 4.75
Laisua Jakkaparn 5 3.75

Chemical (plastic net- Muang Rachamongkol 5 3.75

house)
Sirindhorn#1 5 4.25
Laisua Jakkaparn 5 3.25
F-test ns ns
CV. (%) 0.00 13.18

ns not significantly different.
** Significant at 0.01 probability level.
Mean in the same column followed by the same letter are not significantly different by LSD at P=0.05.

a3unansAnen
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nalauRuAUNG 42 Mendansiiudiesle
AdAy: Wwitadalaun navdlowiugiuneay 42 arsngnuail A1

Abstract

The ‘Kamphaeng Saen 42’ mulberry fruit is consumed fresh and is rich in nutrients. However, it has a
short shelf life of only 1-2 days under room temperature conditions. This research aimed to study the effects
of methyl jasmonate (MeJA) on quality and phytochemical content of postharvest 'Kamphaeng Saen 42'
mulberry fruit. The fruits were fumigated with 0 (control), 10, and 20 umolL™ MeJA at 20 °C  for 6 h, then stored
at 10 + 2 °C, 90 + 2 relative humidity (RH) for 8 days. The results showed that fruits treated with 10 pmolL
MeJA were most effective in retarding weight loss, and all treated fruits tended to exhibit reduced spoilage
compared to the control, although the differences were not significant. Additionally, fruit treated with 10 pmolL”
MeJA showed a significant increase in phytochemicals and antioxidant activities; their total ascorbic acid and
total phenolic contents were higher than in other treatments (p<0.01). Fruit treated with 20 pmolL™" MeJA had
a significantly increased skin color change (p< 0.05), resulting in the highest anthocyanin content. These results
suggested that MeJA treatment effectively maintains quality and boosts phytochemical content in postharvest
'Kamphaeng saen 42" mulberry fruit.

Keywords: methyl jasmonate, ‘Kamphaeng Saen 42’ mulberry fruit, phytochemicals, quality
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l No.2
No.1 No.2 A

Figure 1 Determination of anthocyanin content in ‘Kamphaeng Saen 42’ mulberry fruit.
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Figure 2 Changes in skin color (a) and weight loss (b) of mulberry fruit treated with 0, 10, and 20 umol L™ MeJA
during storage at 10 + 2 °C, 90 + 2 % RH for 8 days. Vertical bars represent the standard deviation (SD) of means.
Asterisks denote significant differences between treatments: ** indicates significance at p < 0.01, while *

indicates significance at p< 0.05.
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Figure 3 Disease incidence in mulberry fruit treated with 0, 10, and 20 umol L™ MeJA during storage at
10 + 2 °C, 90 + 2 % RH for 8 days. Vertical bars represent the standard deviation (SD) of means.
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Figure 4 Changes in total ascorbic acid content (a) total phenolic content (b), anthocyanin content (c), and
antioxidant activity (d) mulberry fruit treated with 0, 10, and 20 pmol L™ MeJA during storage at 10 + 2 °C, 90 +
2 % RH for 8 days. Vertical bars represent the standard deviation (SD) of means. Asterisks denote significant

differences between treatments: ** indicates significance at p < 0.01, while * indicates significance at p< 0.05.
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Abstract

This article presents the results of a study the promotion of building underground water banks in the
community by the Local Administrative Organization (LAO), the model of underground water bank construction,
and the effect of underground water bank construction on the community environment. The study area was at
three LAO in Thailand that succeeded in constructed the underground water banks. The samples were 117
administrators and communities’ representatives. Data were collected by interviews and observations. Data was
analyzed by content analysis. The results of the research revealed that there were 2 patterns of underground
water banks: 1) closed pattern, which composed of 2 forms: wells form that was built to collect rain water in
the area around the house, channel form was built to collect runoff along road edges. 2) open pattern, built in
a large area hole which composed of 2 forms: the form of deep channel in shallow canals and the form of
digging a deep hole to the bedrock layer in the middle of the pool. The two underground water banks would
store water together and link together to form an underground water cable network pump groundwater back
up for consumption in the community throughout the year. The promoting construction of underground water
banks by the LAO has provided knowledge of how to build it for the people of the communities, supported
budgets and materials to build in people’ houses, gardens, farms, fields, and public areas; coordinated
cooperation of other agencies, and increased motivation by rewarding communities that build uunderground

water banks in all households. It had a positive effect on the community environment as a whole, reduced

Lanuminduandenfing endeuinnssunsdnnig sninendessigilaseainsel lunssususyguiug Smiaunusii 13180

Department of Environmental Study, College of Innovative Management. Valaya Alongkorn Rajabhat University Under the royal
patronage, Pathum Thani 13180

*Corresponding author: suwaree@vru.ac.th


mailto:suwaree@vru.ac.th

King Mongkut’s Agr. J. 2024 : 42 (1) : 106 - 115 107

the problem of flooding and scarcity, increasing soil moisture and using groundwater could enhance the
community economy.
Keywords: underground water bank pattern, community environmental construction, promoting the

construction of underground water banks, local government organizations
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Figure 1 Map showing research areas
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Figure 2 Conceptual framework
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."“‘ e Vol = oma
(1) Image of the closed pattern underground water bank (2) Cross sectional view of a closed pattern underground water bank

Figure 3 Closed pattern underground water bank characterized as a well form
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(1) Image of a closed pattern underground water bank (2) Cross-section view of a closed pattern underground water bank

Figure 4 Closed pattern undereround water bank characterized as a channel form
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that form of deep channel in shallow canals




King Mongkut’s Agr. J. 2024 : 42 (1) : 106 - 115 111

m Distance not Well No.1: Water retention

B . / Well No.2: Water storage

M Well No.3: Sedimentation
~CEO| = Cad@ - OB

Well No.4: Well in the canal for
’ OG-
4

water from the surface to
(3) Aerial view showing the water delivery system from the open pattern underground water bank from the canal to a network well to

ceeding km.

Air wells or network
= ® Direction of groundwater

VRl
—» frection of water flow in the

canal

serve as underground water collection points for utilizing water in the area

Figure 5 Open pattern underground water bank characterized as the canal
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(2) Cross section of an open pattern undereround water bank that the form of diecine a deep hole

Figure 6 Open pattern underground water bank built in the form of a pool
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(1) Awareness sign at the closed pattern underground water bank well. (2) “Dinosaur Egg” innovation

Figure 7 Image of the awareness sign at the closed pattern underground water bank pit and the prototype of the local

innovative material "Dinosaur eggs"
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Effect of Short-Term Anoxia on Weight Loss and Pigments of Carambola Fruit

Cv.See-Thong
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UNANED
ampUTEneendausrsrdundsnafuimdamaaamemanueadunsnssdulifuinmimaieatonn
finadenseuauAmuamussHAnRaaavdImaiuiedld TagUsrasdvesnuideiifiofnynavesszernanisliane
Usrmneendiaudunan 0 (yaauAu) 12 24 uas 36 Falusdensgapderiinin Usinaeaelsfiad Usinauelsil-
uasrvasLziiiomiuiines Tnstufindoyansgapdethmin Usinunaslsiiadie Usinueaslsiiadt uazUiunauelsdi-
ueEn wﬁwmﬁmﬁﬁﬂmﬁqmﬁqﬁ 25 psmuaifea Anududuinsienas 60-70 wiiufinuann 1 2 Tu Wuszeznm
8 Tundsnisifiusny maﬂ'151/|maaqwud'lm'ﬂﬁaﬂmﬂimamaEJﬂ%wuﬂqﬂsqmmi‘vmaawiw%aamsgjzgt.?mﬁmﬁﬂ ns
amemivenaslsiladie uavaaelsiladd Jesnsliannzunmnoendieudussezinan 24 Falusdiunliuwrasns
WasuUastinanldffian sesasunfeszozinan 36 Falus 12 93lus wagyaaruaumLdiy Tnsganisnaasenisli
anmzUnmnesndiou waryamuadlifiauuanidluiui 8 vesmsiiuinu Uiinaualsiiuessluynynnismaaes
funlinfuturaensroznmmalivinm lnsangogaddluganuey sesaunfegnmavnaesiiiuaniizsysmn
oondiaudusrozinat 24 36 way 12 Faluamuddy dufunsliannzunminsendiulusssnaivnzand
wnliiuieasmun e flomiusanemdansiiuifels
AaAgy: uetiles NIZUTIANEDNTLAU S28zLIa) AaslsTlad walsiiuaes

Abstract

The effect of a short-term anoxia may induce stress, which can prolong the good qualities of fresh
produce after harvest. The objective of this research was to study the effects of a short-term anoxia (0; control,
12, 24 and 36 h) on weight loss, chlorophyll a (Ca), chlorophyll b (Cb) and carotenoids content of carambola
fruit cv. See-Thong. Collected data were analyzed for 2-day intervals during storage at 25+2 °C 60-70%RH up to

8 days. The results showed that short-term anoxia treatment could help retarding weight loss, as well as Ca,
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and Cb degradations. Treatment of short-term anoxia showed best results at 24 h, followed by 36 h, 12 h, and
control, respectively. There was no significant difference between the anoxia treatments and the control at 8
days of storage. Carotenoid content tended to increase all treatments especially in the control, followed by
anoxia treatments of 12 h, 36 h, and 24 h, respectively. Therefore, a short-term anoxia treatment at the
appropriate time can help maintaining carambola fruit cv. See-Thong after harvest.

Keywords: carambola, star fruit, anoxia, chlorophyll, carotenoids

AN
uzLil 93 (Averrhoa carambola Linn.) §14 eanalsyfe carambola n3 @ star fruit 19 umaiuyﬁlaqmﬁuwﬁ
Averrhoaceae wuiiulgvalUlundeuiiu dn1suslnafuetaunsnarslunivieids swsnnans uazowsnild i
Srvaggunssniuiiuitosduuiudus 3 5 6 y Wedanurnearldzunsadusuamvie star shape Sufufiun
YB3ANT1 star fruit (O’Hare, 1993; Yasawardene et al., 2020) HJeuuslnAnagn fuduthualsl loansumasius (sorbet)
wazthuanussluedesiiy adnin uazadanalsl uenaniduinisuslnanaseu (i) Tugduuudn SUUsEMIUEnDS
Hudidenludsemanauiefons Tusenidesld (O’Hare, 1993; Teixeira et al,, 2012) wagnvoweiflowziidindeon
B emelufirnuds fsamames smueudiendntes flansermsvainvanuiia wu Ieanfiue 01 92 wayd
lueBu ueailoy veaveda uazndn uazdlinisnsranuasddnydug Ae Epicatechin wag Gallic acid lnenguves
ansddniini i duansiueyyadasy uaramnsatismuANnsEUINNsSNEUasnsedusuugiduAulussnele
\Hueged usilestiansuszneuiidrdyuannvansvindediqviilumsiueyyadasy feilasmandielunandaeadin
(Teixeira et al., 2012; Mustafa et al., 2016; Muthu et al., 2016; Yasawardene et al., 2020)
AATEnAnNEeRiliiiFin (abiotic stress) anunsanuldnasamausnisiniziudn nsuan JuUNSITId
SumpuMSAUINMS ISR (Tigchelaar et al., 2018; Vaughan et al., 2018; Chrysargyris et al., 2019; Lamers
et al,, 2020; Yingsanga & Techavuthiporn, 2020) Fie1avilsinisiaSeyiulavesiiafinund tokandns Raanufnund
yameaw Fanm uazilengniaifiuinuidu (Hodges & Toivonen, 2008; Pedreschi & Lurie, 2015; Khan et al., 2021)
TneUnfAfiwaznensmuususavanianienn 3201 Faiall aaonauseiuBuiof U uAULASEATILANT UaUNSYTe
WNZALUANTIYAILASEATA 9 (Khan et al., 2021)
anAsendudilifissraddmduadtinuesiledenidndi@in (Bnoi et al, 2022) wazdiiinalhiinnis
aunfsng 9 udsnsifuiien iwu ﬂ’]ﬁgiyl,?imfﬁﬁﬁﬂ Aniing maiandusaiiiaund eideseun mslﬁmm%’] QUFGI
AnUnd uazmsiindtinena (Lamikanra & Richard, 2002; Aguayo et al., 2004; Gil et al., 2006; Hodges & Toivonen,
2008) feusinauiasanenedatiliffuiiendinisiuier wimnfieldsumumedealusseznatlduuiuly uas
mmzauwudwﬁwmammwmé’qmmﬁmﬁa’ﬂﬁ (Kelly & Salveit, 1998) 18w silafisinan1gn1591neniau

=) =D

lussoviiandu 9 (short-term anoxia) tensdulvindmevmueslusyiuiimnvautisannsudsuwamisnimuas
Frnmvesinuaraalivdanisifiudeslsd (Fallik et al, 2005; Techavuthipom et al., 2021) 9y ﬁmmqmﬂﬁu?ﬂmgﬁ
(Jiang et al., 2004) 0% (Song et al., 2009) wazdulzsa (Techavuthiporn et al., 2017)

Ali et al. (2004) s1891uT AN DY (SrevundWeIuTYTal; mature green) finsUasunlasanndiden
Wasulhduaidenseu Amdounuiden Awdes Aindosdy ueeddy wasdimsgapdodhvindeiosas 20 evhnsiy
%’ﬂw’]ﬁqquﬁ 28 sarwadua \uszesaiuseann 3 dUanii 84 Techavuthiporn & Boonyaritthongchai (2016)
nuhanmzUnsneendiaudusssznadu 1 Twansnmnisgydedminuaseraonisaaiefivosnaslsfiadly
miglsield Fofuinguarasduesnuitedfdnmnavesszernarlunisldannsunannoondauiivasaudonis
WasuuUasguunmessilesiusives lasiamzegnsbensgydeiminuasUiinusseagssniniafvinm

ASn1sAnw

nsnsENIngAv
uziile sWugdnes vnmsufesissezanmenisd (Jereundes) Ghwindszanns 300 + 50 n31) anaIu
Tugnneaunsiu Jaminuasugy wdivudundwiosljuiRnsvesumninendessdgnseuns ngamme aeluszesiin
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2-3 Hilus vhnsAmdengnueilesnisunsauasuwinund Usiaandmiiuagdsludou vasntuhludesiisiinguy
wazEslLi oM ives (25 eemwaldes)

~
» Carambola fruit (300 £ 50 g)
Collected | © Free from defected
J
= Rinsed with distilled water
« Airdried at ambient temperature (25 0
Cleaning Y,
'\
» Removing O, by flushing humidified pure Nz{g,(lOO ml.min™)
Anoxi + 0,12,24 and 36 h
noxia
/
~
« Recorded every 2 days after storage
Determined | * Wight loss, Chlorophyll a, Chlorophyll b and Carotenocids

J

« Completely randomized design (CRD)

statical | © Analyzed by one-way analysis of variance (ANOVA) by
DMRT (P<0.05) of SAS Institute Inc (1999)

Analysis

Figure 1 Flow chart diagram of materials and methods of this research

NIANIUUIY

nsduuzilasntunszuILNSAREeN d19a3070 wasRavuwAal lussglundemaiafinuuin 10 dns
Unnilnliaiin (12-14 nasiende) nasnuwihbiAranneusraineendiausienisduiglulasudiluwnunfig
pandiaulunivuzussyiionsinisiva 100 mimin™ 1uszaziian 0 (aAIUAL: control) 12 24 uag 36 Falug
auadu Wensuinustusiesllussylugaanainlndieniau (PE) aua 6X14 17 waziinistalingaaiiounis

a ° 2 o = a = d o o ey &, 9 ° I3

evdntunain dluiusnvfigamgil 25=2 ssrwadiva anududuinssevay 60-70 Wusveziaan 8 Ju vinsiiy
Nan1sAaewn 9 2 T (Figure 1)

Sovaznagaydeviun

Fohminnauilosusuil 0 Seiuit 8 vesmsfiusnudenidmanea (ALD Japan, model FX-2000i 2200
X 0.019) Sasnsgadsiniindiuinainanuuandsssninsius udues Suil SufinuenismessayIsuiiisud
thviini3udu Tuiindeyadudosazvesnisgapdetimiin (Barman et al, 2011)

nsaaszivsununaslsias 1 aaolsias U uazualsiiuesa
FauUasiiasierivas Wellburn (1994) Tagifaegaii snaugiilostimiin 2.5 nfu uafuaisana N,N-

dimethyl formamide U311#5 20 1adans Iﬁaslﬁ&Jﬂf\mﬁ?uﬁﬂﬂﬁﬂuﬁﬁmﬁqmmﬁ 4 psrwaded Luszeziian 24
Halu LLé"qﬁwm‘fjuLﬂms’hmﬂ%"aamumém firu55eU 10,000 soUREUT 1Huzszeziian 20 i wdthunTaen
@ﬂﬂﬁul,l,mﬁmma’rm?iu 480, 647 Uay 664 UILUUAT AUFATNITANUIN

Chlorophyll a content (C,) = 11.65Ag50 — 2.69A447

Chlorophyll b content (C,) = 20.81A4; — 4.53A

Carotenoids content = (1000A4, — 0.89C, — 52.02C,)/245
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nsaanzideyanieadn

TUKNUNITNARBILUY Completely Randomized Design (CRD) Us¥Nausag 4 YANISNAGDY LAA¥YANTT
yaaesUsznauiie 4 91 TAT1ginuuUsUTIu (Analysis of Variance: ANOVA) wastayaiftaiuSsuiiisunriuunnsg
seniaRadslngds Duncan’s Multiple-Range Test (DMRT) fisgdiupnandesiufosay 95 (P<0.05) #ae SAS Institute
Inc (1999)

Han1sAnwILarIanTal

nsgaydeiminvesdanandiniafiuisduiusfuegslnddasumsgyide dnalvidnumsusngues
WAHAGRLAIAL WAy MTelantINI9ITiDY uonaINHEaduTUS TusuNUeAT v N ARHS naIRenAnNaTISnIIL-
uwnueadugeaziidnsinsmelagannninndnnaiifiuunueadun (Vazquez-Celestino et al,, 2016) MsUSuanm
usssmealunsiudnuilslasnisanuiinaeendiau was/vieiiuTinaiemsvevlasonlodludndiuiivuzas
IYIWANUUVIUDATUA o) VosNAARadn wazdinarieBnagnisiuinw (Matar et al, 2021) 91NWNANITVIAGBINUT
naonszeznamafuinuidussezing 8 fu nsgaudedninveswsiiomnyanimanesdinagadelifeiesas 1
(Table 1 & Figure 2) Tnsusiilasiiniunislfansusiraneandiawduszezioan 24 $9%u9 (24 h anoxia) iy
%aamiqﬁgﬁm}mﬁ’ﬂiﬁﬁﬁqm A0AAABIAUIIUITBUDY Techavuthiporn & Boonyaritthongchai (2016) 518411477
mislifufsiiumslfanzunannoendiauiisnsmsgapdedwintosniigailinuannzunaanoendiau way
Perez-Tello et al. (2001) é’awuinmnﬁu%’nwmsL1’7\|aﬂuamwmsmmﬂﬁmLL‘LJaﬁ'mﬁuqmmqﬁﬁwmmmé’vsﬂmi
guyForwinld

Table 1 Weight loss (%) of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70%RH (n=4)

Treatments Weight loss (%)
DO D2 D4 D6 D8
Control 0.00 0.24 0443 0.61ab 0.84
12 h Anoxia 0.00 0.19 0.38ab 0.67a 0.85
24 h Anoxia 0.00 0.19 0.32b 0.49¢ 0.71
36 h Anoxia 0.00 0.28 0.40a 0.54bc 0.75
F-test ns ns ¥ - ns

Y Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and

** = highly significant (P<0.01)) as determined by Duncan’s multiple range test.

ssningiudsivinlifedlundananianisinens daduladousniifirnuddgiuendeiefuslaa ilesan
Fuslaaldlunisuszidiuniwan nau wazsani wieldlunsinauladendnna (Nisha et al, 2011; Schouten et al.,
2014; Yingsanga & Mathurasa, 2019) ﬂaaiﬁlaalﬂuiaﬂi’mqﬁﬁﬂﬁﬁﬂLLaxmalﬁamﬁﬁL%'m (Ma et al., 2009; Chen et
al, 2012) msgadedidoninannisaaisiivesnaslsilad dadudivuennisidenanmueannasn uazily
ﬁq%’s’mﬁéﬁm‘uﬁwﬁﬂumwwLﬁu@mmwmawémmaam (Jara et al, 2019) Tnevialunaslsiladlufisnuaoswiinge
paolsiladionazmaalsilaad (Nelson & Yocum, 2006) LﬁaL%Mﬁ”nﬂﬁLﬁu%’ﬂ‘mWudwﬂ%mmﬂadﬂaaﬂ,amaamL?\Iaqﬂ’uﬁ:
AvesdidUszana 3 me-ke! luvaisfiuinanaslsilass ﬁmagjﬁﬂizmm 1 mg-kg™ (Table 2 uaz Table 3) @onAdos
U Pornchaloem & Rattanapanone (2021) fisteaiuinnaslsiladiouaznaslsiladifinulufivdsnsd 3:1 Taensld
anmezUsenoondiuiuszozinan 24 Hlus fdwhevzasnsgyidoaaslsiladie (Table 2) l6dfign eifieuiu
Adudy (Tufl 0 vesmsiiuinw) Ssnandededosay 47.51 amddy sesawunfeyniiiuanzsaanesndiau
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szezia 36 Talus luvasfiuziflesfiliiuanizusemneenduulussesnatdu 9 Innsgaydelsinunaslsiadie
lutefesar 76.97 druvsunueaslsiadTlvinalUlufiamadeniu Aeganisnnaessiiiuaniizusifaineendiay 24
Hlusheveaonisandelaniign (Table 3)

Day 0

Control (0 h)

Da 0% 0

Anoxia (36 h)

Figure 2 ‘See-Thong’ carambola fruit at the beginning days after exposed to 0 (control), 12, 24 and 36 h

anoxia treatments

Table 2 Chlorophyll a content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70 %RH (n=4)

Treatments Chlorophyll a content (mgkgh) ¥
DO D2 D4 D6 D8
Control 343 212 1.57 1.19 0.79
12 h Anoxia 301 320 1.89 1.35 0.78
24 h Anoxia 3.15 3.11 2.29 2.33 1.49
36 h Anoxia 359 3.29 1.69 1.06 1.10
F-test ns ns ns ns ns

 Values with different letters in a column show significant differences (ns = non-significant;) as determined by Duncan’s

multiple range test.

Lmiiﬂuasﬁﬂmmi’mqﬁﬁﬂﬁﬁmﬁmﬁ'aﬂﬂauﬁaﬁmﬁawm (Lewis et al., 2003; Ma et al., 2009; Chen et
al,, 2012) uenanddaviuinfduansiuouyadassiiddey Jostulsaunss lsaala uaslsafioaiuvaanion
(Lichtenstein, 2009; Nishino et al., 2009) LLaz&T&Lﬂumiégaﬁumaﬁmﬁma (Edem, 2009) mmsimﬂalﬁamalﬁﬁ'uqﬂ
zilnsavauualsiiuesdifiunnniyu (Costa et al,, 2012: Carmona et al., 2012) 9MnKANISNAABINUINUTINLATST-
wesrvaziothifinnuuanaaiuszninenisnaassegltedfgneada (p > 0.05) InsUsinuualsfiussdues
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ugtilospitiuaniisusmnsendiauiuszerna 24 Salusduulinfudutiosiian sesaunfoganavnaes 36 0
uaz 12 $ls (gnrauAN) sy (Table 4) aanndasiusienuaes Ding et al. (2002) wuinmsiiuinwisa loquat
Tuanmussemasaudasifiuinaeendiaulueiniatios (3-7 kPa uay 2-4 kPa figmgdl 5 wag 20 esmiwaea
AUNER) FrANITHAATIEIRALSTILREA

Table 3 Chlorophyll b content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (2542 °C), 60-70%RH (n=4)

Treatments Chlorophyll b content (mgkg?) ¥
DO D2 D4 D6 D8
Control 1.05 0.90 0.67b 0.82 0.73
12 h anoxia 1.10 1.13 0.80b 0.83 0.59
24 h Anoxia 1.35 1.02 1.58a 1.27 0.85
36 h Anoxia 1.12 1.09 0.83b 091 0.71
F-test ns ns * ns ns

* Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and ** =

highly significant (P<0.01)) as determined by Duncan’s multiple range test.
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Nagata, 2019) A0nAERITUNANTIS BT AINUIN UL ik uan1zU T AneenTaulusyBE AN 9 duualiugiean
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WuiieatuuFealad (Techavuthiporn et al., 2021) e lifi$s (Techavuthiporn & Boonyaritthongcha, 2016) way
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snsnsmglaiinalunisnserunisaanedivesnaslsilad (Purvis & Barmore, 1981; Yin et al., 2016) Uadendnag
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Table 4 Carotenoids content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70%RH (n=4)

Treatments Carotenoids content (mg.kg™) ¥
DO D2 D4 D6 D8
Control 2.09 6.05 6.99 9.00 9.31
12 h Anoxia 235 4.08 523 8.07 10.15
24 h Anoxia 257 3.27 356 548 7.37
36 h Anoxia 3.02 376 521 6.31 7.87
F-test ns ns ns ns ns

“ Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and ** =

highly significant (P<0.01)) as determined by Duncan’s multiple range test.
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Abstract

This study was conducted to observe consumer behavior, to analyze marketing environment, and to
propose strategies of organic rice marketing at Luang Nuea Sub-District, Doi Sa Ket District, Chiang Mai Province.
Data were collected from 400 organic rice consumers using consumer behavior survey. Data from interview and
focus group were also collected from 39 participants who were organic farmers and their household members,
entrepreneurs of organic rice, consumers in community, and representatives of municipality. Data from survey
were analyzed by descriptive statistics, presented as frequency and percentage. However, data from interview

and focus group were analyzed by content analysis, whereas SWOT Analysis and TOWs Matrix were used to
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determine marketing strategy. The results indicated that the number of consumers buying rice once a month
was highest, followed by buying for eating, eating 2-6 times per month, eating for testing, buying from local
market, buying because of friends’ recommendations, buying 1-5 kilograms at a time, buying 1 kilogram by
measuring, buying at a price higher than 35 baht per kilogram, and willingness to pay at the average 45.56 baht
per kilogram. In addition, marketing strategies included: 1) proactive strategy - increasing public relations,
developing learning center, educating about value-added of organic rice, promoting organic rice marketing, and
learning about processing organic rice, 2) defensive strategy - studying techniques and methods to cope with
climate change, communicating about identity of rice species, extending marketing networks, and promoting
organic rice processing, 3) strategic solutions - developing group management, searching resources from
government organizations, increasing channels for communication, and analyzing customer needs, and 4)
preventive strategy - revising model of production and marketing of organic rice, maintaining standard of
production and processing of organic rice, planning for communication and public relations, and controlling fair
price of organic rice products.

Keywords: organic rice, consumer behavior, marketing strategy, SWOT analysis
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MVuANagNSNITHALINAIATIBUNSEAILTTNTTUALUY TOWs Matrix Laln nagwndidesn (SO-Strategy) tnediAsies
youdeiniulonia nagndideleiu (ST-Strategy) ngiiaszigaudesauiuguassa nagnsidawdly (WO-Strategy)
lagTiasigrlaniasiuduyneay wasnagnsidadesiu (WT-Strategy) lnedinsigvigngausiufiuglassa
(Lorchirachoonkul et al., 2018)
vouLumiudi
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YBULUATTYLLIAN
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vaulaUszvnsuazngudvaneg

nM93dedl#38madnuarimaitedinuamieduanudeiuuazarmany saivestoyaliussga
TnguszasAnside ludwveanmsdisanginssuguilan dn1sldmisisdniaguaes Yamane uanifisuanduduilis
(00) fig1unuNguF8819 400 A iflasnlinsuswulsssnsfuiuouvesuilnafiasded maunidimuamanie
(Aekkakul, 2007) Tudruresn1siseidanmnm dnsimusnguidvmedmiumsdunvailagnsssgungudosd
annsaliteyalsogrnanzianzamaziilalidoya $1uau 39 au ldud fusmsuazidmihimeutaduamamie
neRsnsEUgntBunIduaraindnluniuiou gusenaun1stIBunid uazguslaaluyuu
nsuTIUTIMNATAATIZidaya

- mMstfuTIuTLar s eiteyaReiungAnssuduilaa

ﬁﬂ’]ﬂ%LLUUﬁ’]i’mﬁNqaﬂi'iiiﬂ?i%@%ﬂﬁéﬂ%%&h’]ﬂ@:ﬁﬁﬂﬂﬁLﬂﬂ%ﬁ]‘i’h’ﬁu%%é‘ﬂmﬁ’maa’sﬂmﬁﬁ]ﬁ?’m%u 400 AU
Tngl438nsquuuutiadey (Accidental Sampling) U uidnsmiremelugivutaz uenyusludmindedm
wuvdsuseonidumsaeunudeyariluuasnginssumstednndunis lunsinmesideya Snsldadfimszann
(Descriptive Statistics) Inethnausran1shnszmdumanuiwasandosas

- mstfusiuTtayiesesideyaisnfumsiinssianminadenuazmsimunnagnsnisnain

Fumeuit 1 nsdunwali@edn (n-depth Interview) ImaisﬁLLUUﬁuﬂwwajﬁaIﬂsaa%fﬂﬂL‘ﬁaLﬁwﬂ’aaﬂmﬁ'mﬁu
anmuandounisaaadndunid liud gaseunargaudsnely Tonauasdosrfnnieuen sauvdolauouugiiionis
Waunaadidunid Insidennguilimunaiionisdunuaiangfianunsalideyalded 1amzianzas (Purposive
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Sampling) léun 1nwnsnstigninduniduazandnluaiaufou sy 12 au fuimsuasidmifimauiaiuaads
wile $1uam 3 AU fUszneunsiiieadeafiunisudssuuasnisiad minednBunid S1um 9 au wazduilaalusuy
U 15 A

Tuneudl 2 nM3daussyungugos (Focus Group Discussion) fuinumnagugnd1adund lmddmeauna
suamanie fUsznaumsdndund waeduilnalugum Tasudsoenidundu az 8-10 au S1uu 3 ads ifleviaue
TBYAINNTATIALNITHUN WA UALTINIATISRANNLINABUVDINAINT1IBUNTE (SWOT Analysis) haginuana
gnsNIsHALINaInBUN3ElneldIsN15AT e UL TOWS Matrix

fumeudl 3 mathdeyarmuaiinuralfinoennulngiinsinsziidem (Content Analysis) fin1sfmun
st msdamevydoya naisuiisudoya n1sUszinana nTiesIes medauanedt uasiSeudsaduidonds
U55818 (Description)
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Table 1 Consumer Behavior of Organic Rice at Luang Neua Sub-District, Doi Sa ket District, Chiang Mai

demand for buying organic rice  Number  Per cent = demand for buying organic ~ Number Per

(people) rice (people) cent
1. frequency of buying 6. channel to know places
everyday 35 8.77 for buying*
every 2-6 day 59 14.79 facebook 180 45.50
once a week 55 13.78 line 13 3.25
twice or triple a week 29 7.27 website 45 11.25
once a month 102 25.56 friend 243 60.75
twice or triple a month 54 13.53 others 41 10.25
more than triple a month 65 16.29
2. purpose of buying* 7. the most frequently
to eat 382 95.50 quantity of buying each time
to sell 17 4.25 1-5 kilograms 348 87.22
to provide gift 147 36.75 6-10 kilograms 41 10.28
others 2 0.50 11-15 kilograms 3 0.75
16-20 kilograms 2 0.50
more than 20 kilograms 5 1.25
3. frequency of consuming 8. the most common style of
organic rice buying

everyday 61 15.33 buy a lap in kilograms 243 60.90
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demand for buying organic rice  Number Per cent demand for buying organic ~ Number Per

(people) rice (people) cent
every 2-6 days 86 21.61 buy in a vacuum bag 132 33.08
once a week 71 17.84 buy in a sack 21 5.26
twice a week 26 6.53 others 3 0.75
triple a week 12 3.02
once a month 71 17.84
more than once a month 71 17.84
4. reason of consuming organic 9. price of purchase each
rice* time
to cure disease 134 33.50 less than 25 baht per kilogram 13 3.29
to prevent disease 121 30.25 25-30 baht per kilogram 27 6.84
provided by household members 142 35.50 30-35 baht per kilogram 28 7.09
to try 149 37.25 more than 35 baht per 327 82.78
others 38 9.50 kilogram
5. places for buying*
at seller home 182 45.50
at flea market inside district 212 53.00
at booth outside district 62 15.50
order by phone for delivery 51 12.75
others 58 14.50

Note: * = one respondent can provide more than one answer

wamIfedenanfivsuent fuilnadedndunidiuamaniiolasmauurihaniteuanniian dalugjdelu
senfinnn 35 vindedlaniy uasdeiinaminvesiua devdeitouazads uastondsay 1-5 Alanfu wanilia
uanFsTNEaMIAny Mg Anssuted 1w Islunmaiadies Smingiuns Smuh duilaediulnyldFurinams
Fotnanwinauwe Felusan 51-60 vwseAlaniu Feanisaswdud dolunnud 5 adadaifiou uasdely
Usnanieusas 5 Alan3uiuly (Poosri & Kungwansupaphan, 2020) A114EANAAUIIAT UTHo warAuEluniste
Em]mmumﬂmaa%mmﬂmaswmwmﬂmm&fLuLsumLmawaammmaiumuavaﬂﬂﬂmasﬂ,ummmumawmmimEJ
Husvamanie sunenovania Suindedu drumnuuandsdugisvsnadensdouas undedadimineens
Aetuanenuagmnluniste fuilaaluandiesdosdelurassnduiiiininnuneneslimuugihns figuslae
fBunidussiuamaniefosedmsventoveniiounarnsiuietoaudimaunEsinantadaiunudoumes
aulungururudouarsuun fulunmusunaindndunidiuamaniie mausnuesngugndoanidungu
andiegluiuamaniiouasfufilndifsstundugndritegludledlasimunyium 11 aoufismune uazns
duasumavgliunndeiu Wofinsamansideiiieatudomsnsnann wuindeeoulaidutesnanistoves
fuslaatnduvadiuamanietiosnimsdemisesiion Tasdinsldayaidudesnedmiinesosasn fidudui
oraflosnnngugnénanilvgiduauluguruiiansadhdeusldhenileglisuiudesdsiossulal dadunui
aonndesiuNan1sIToes Sinthusiri et al. (2020) iwuin Yesmenisiadwiefiazandudedeifnaiensindula
FodnmenuzAunsn unsswdun mugluiuladeduauamduduarnaiigisssu Sunumsnsiugndnauis
duaaramie msifingomssdadmirelasianznslddeseulatsuduidonedraunsvarslugatagiu uas
Fumszdunafmnzautuindsdovesfuilaafionssduaruilunsdouarnisuilag ehslsfiniunanisitely
Usemaduszyisatensdndulataientuanunssainuazauvosfuilag uaz n1susesnangdast (Wu et al,
2019) wazdsfimsAdedinunnuuaniisnuaiuiiagnginssunsuilandndunidseninemdulaiideuas limiu
(Moslehpour et al, 2014) fugsmsAnviiufindefuilasefiinasensinauladodnduaduazanuuandies
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woAnssuduslaaseninsaulugusukazAuuanyusuiuaawmiladiodilugnisnununsnaiafidenndesiuaiy
Aoin1sveeEUsLaaddursdiuaatuniounniu
NANTTAATIZRENINUINRDULASNAENSNITHAILINAIAT19BUNTE

- NANISAATITHENINWINGONR2E SWOT Analysis
gauds (S-Strength)
S, flunauseudiunsndadndunsdvesuruiliuinsgnununsdundues Thailand Oreanic wazilunisan

3
selusazuonguruluuuvesgudizoudinibum
s, famumannuaevesiuidnlndentonuaudomnisiuilan lnsemziugdnumiid @ni) aoe
anfin daduiusindufuvosnilade
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1591150090198 UNIE
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InBaU (W-Weakness)
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WAILNEANUILATUTIIINI WaZNITIANITRAIN
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Foldenn Lifimsneswmineiilumiloutdu
Tenna (O-Opportunity)
0, MIatuaAuTeMheUNASTINSKEALazdaM ST W ed1Bure
0, M3veneiveaiiosuazmvieafisrveadeuning
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Fa311a (T-Threat)
T, msm&naLﬂ%@“d’]wm;:imamLLazm‘mam%n%um’%sﬂﬂé’faﬁwa%’wLﬁ&NLLazéwLﬂaﬁlﬂuﬁwfmL%ENSLWJ
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T, mawAsuulasesanmgionafidmaronnuuiudsauhlidhlifsmesonisyiiu

- HANIIARUANAENSNIIAIAd1IBUNIERE TOWS Matrix
NagNSIBaIn (Aggressive Strategies)
“msfoastssrduiudlinfienenniu Tasmslineasdondeyadosilundnsug nshudnauss
Uiﬂwﬂﬁumﬁi’mSuﬁéﬁiaqmmwLLa:?ﬁLLmﬁam (S,04)
-msmuaEsuIumsHaataurEElr dutemensieasuaranenonosdnudiunsnan wazidu
Fosmmsdmiiedudinuiidnlufnuiseus (5,0,)

-m3ousdlvianuImumsiaumdndue n1swUsg Msdanisnain myasanusuditaiiuya1t1I8un3d
-Msdaasunsnanc1udossulal Application uazeaniadue ludnquiusenaunis ddensnguamuayd

ﬁwé“ae‘?ﬁyaqa (S;05)
-msatuayulinidagviesiuarefianssunsBeuinsuussudnduniduntnGeuiuazgndi (5,0,)
nagnsiBatasiu (Preventive strategies)
mMsfnw3eudEms mada meluleflumandadnndundd sumstauunde uasnslfiudariug o

Suilefuniswdsunlasaningieinie (S,T,)
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-mslineinguiuilaauazdeasifsatuiendnualvesiusidunidunguilnalasionznguauingunin
(S;T2)

-N3VIBLATEYINITRAINIINNAUUSInANER S8 uvISvewhuasaniedulsydn (S;T)

-msatfuayunswssURansaeiiBurEdlivainnaeievenenguiuilan (S,T)

ﬂaEgVIﬁ‘L‘?NLLfgﬂ% (Conservative strategies)

-NIRALIUTEANTAINNITUIMTIANITNEUIALIANIZNITINUNUNTHEALAENTIAIA L UTEAUNGNRE19TTIR
ilevenegunsHaRLazAIHaIR (W,0,)
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NagNSIB93u (Defensive Strategies)
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nagndmsmanaiidunuiananfinnaiendosivdmssaumnanismaindeseneusendndas :1a0 aod
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WRILINISVIBRULBLaANTalnd (Pardit, 2018) aemliﬁmmmmﬁﬂﬁfggazujﬁmaﬁ’maqmémimmmﬁé’uwulﬂgimiﬂﬁﬁa



132 MIEATNYATNIZIDUNGT 2567 : 42 (1) : 125 - 133

339 auseliunismvauuaznnudssifiunasgadunszuiunsiesussgdmnenisiaunnisnaind1dunsd
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