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Cultivation of Copepod Apocyclops royi AMBT201601 Using Microalga Tetraselmis suecica
in Fresh and Cold-Storage Concentrated Forms
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UNANED

Tnfinemduunasimeudnindunumadylunnduemsifindmiudaiihfeseu mamuidsdadinendn
Wamernadnduems middeilssdimadedainen Apocyclops royi AMBT201601 deaming Tetraselmis
suecica Tasi3sulfisuszninsyamuauiifinsifisamieanuazyamaassiduamedutuilisionanamseand
ﬁwmﬂsaﬂﬁﬁﬂmul,%'u%'uqm.LasLﬁu%’ﬂwﬂ"iﬁqmuqﬁ 5 gemwaided nsveassiildimzdedainenluwinuiiusunns
1 &ns anelfanneiesufiAnisiinsauaugavniiaglviuaimasnina nanismaassuimsldamseanuas
awedududuemisiaiinen dwaliduiulafineannszersiugsaningliesiu (p>0.05) TnodiAads 42,000 +
5,393 wav 49,333 + 7,910 fseans mud1su Wedinsveneruinmsmizidedeivendu 50 aas aeldanioy
Tsafeuitlimuaugamail nuidwlafinesynszozsmguanannsidamieanuazavsiodududuoimsien
Tndifesiu (p>0.05) Aowinfiu 18,133 + 6,047 way 14,067 + 2,757 fsedns auaisu Wodmsziesiusznaunsa
lusfuvedlafinendinizid sedrsamssanuazamsedudy nuilainendesUssnounsaluduiindrandetu
(p>0.05) Inefinsalatuliidudedounia 18:3n3 unds 3.19-3.64% vensaluduravun uasdanunsaludulidus
wiinauldun 22:6n3 20:5n3 uaw 20:4n6 NNANITAABIET IAWINaNsaTEsslATinen A. royi AMBT201601
sheamine T. suecica wuudndulsiognsiivssansnm nandnlafinondildannsothluldluniseyunagniavidegnds
Sogould ewwniinsaluulidusiddeuiisndutensiivinvesdnio
Fndndny: alrawesslafinen Apocyclops royi amsiewdiud Tetraselmis suecica s zidss

Abstract

Copepods play a vital role in aquatic food webs and are a key live feed for the larval stages of aquatic
organisms. This study investigates the cultivation of the cyclopoid copepod Apocyclops royi AMBT201601 using
the microalgae Tetraselmis suecica, and compares the effects of fresh and concentrated microalgae diets. The
concentrated microalgae were high-density microalgae that had been filtered and stored at 5°C. Copepods were
cultured in 1-L glass bottles under controlled laboratory conditions with continuous illumination and
temperature control. The results showed no significant differences (p>0.05) in the maximum total density of
copepod (nauplii and adult) between the fresh and concentrated microalgae, with average densities of 42,000
+ 5,393 and 49,333 + 7,910 individuals/L, respectively. The cultivation scale was then expanded to 50 L under

indoor conditions with ambient temperature. It was found that maximum copepod densities remained

! audiugimnssusazmalulaBinnuiend Unusii 12120
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comparable (p>0.05) between treatments, averaging 18,133 + 6,047 and 14,067 + 2,757 individuals/L for fresh
and concentrated microalgae, respectively. Fatty acid analysis showed no significant differences (p>0.05) in
composition between copepods fed with fresh and concentrated T. suecica. The polyunsaturated fatty acid
(PUFA) 18:3n3 represented 3.19-3.64% of total fatty acids, with essential PUFAs such as 22:6n3, 20:5n3, and
20:4n6 also detected. The results indicate that A royi AMBT201601 can be successfully cultured with
concentrated T. suecica while maintaining density and nutritional quality. This method provides a viable
approach for producing copepods as live feed for juvenile fish and shrimp, ensuring the availability of essential
PUFAs necessary for their growth and development.

Keywords: cyclopoid copepod, Apocyclops royi, concentrated microalgae, Tetraselmis suecica, culture
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Tnfinen (copepod) uunasfneudniinuldluuve wirsssuwd wazdsreauisaaaimsayuinisd
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Yo (adult) Hsveysau 12 szur wuaduszozuondsa (naupliar stages) 6 szog lafilnin (copepodite stage) 5 Szog
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#e saunsdenldamsadudunieamsendenlinu oradunionadeniiannsataelinsmededafinesite
dinsrunudniulfeyuiagndaiiiussauanudiianndeiu Inedinsmenufnisldamdefiiuniniuinulu
sULUUAN9) fndouldonlunsimnzidsunasineudn’ LWiWSﬂiaaaﬂﬁuﬂquagammwm?admﬂmal,wwm?iv&mmwﬁw
YuIALAn (Sales et al,, 2019) uazfrmaniisenunsldamieduiuluumasineudaingulsames oy Seychelles
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600 Talasiuns wazineesdindu (Taibta et al. 2017) iauﬁdLﬁuimiﬁﬁmmLﬁuLLazqmmﬁiuﬂmﬂ%n ausaldansne
Igvannvansridaunduong anansaduaseinseluduassnannsaliuaeduld dadusnuvasirvedafinen
sinfinszannsadaasizinsalusuansenldios (Desvilettes et al. 1997, Monroig et al. 2013, Rasdi et al. 2016)
Falddaniusasseauaznsiivlnvesdnfinmiluldides fafunuisedsddnnasunizidedadinen A royi
AMBT201601 fagansie Tetraselmis suecica ﬁsdgﬂLLuuamﬁwamLLazﬁ’J’wﬁu Tneimnzidseneluiesufjifinisie
nwisnnudululdlunslidamedudilunsmzdodefines wazvsisusinnsmsinzdsdainonludduanioy
wonveslURng LﬁamwﬁnmwwmLLﬁuqqqmmIﬂﬂwaﬂ wazuuInensidauseutudmsuiuenislunig
wnziaoslafinon %’ayjamﬂmﬁ%’m’fmmmﬁﬂﬂﬁwmLﬁai%wﬁmiﬂﬁwame'?fqL?Jummsﬁ%ﬁmmé’miﬁﬁaéauﬁ

A5n15ANEN

ASLASBUEINIIY Tetraselmis suecica

L‘W'lgl,ﬁymmm'w T. suecica 2 JUUU Ao (1) LWWL?:ﬁNami'lstua'm*ﬁgm F/2 (Guillard, 1975) FpIouan
Ymzia Anudy 25 LG muﬂﬁﬁﬁwﬁaﬁawﬂaﬁdmmé’uﬁqmugﬁ 121 asrwaia Wunan 20 Wi MeaEes
amsgluiesufiinng Wuasaudu 5,500 §nd waziiuenmanaeanan ameiilderlidmsunsaeadsdaines
Usums 1 8as uay (2) Bssamseludmanainoza3anlansinszuen Ysunns 50 ans Tuaﬂwauuaﬂwmﬂgumﬂwﬂu
wasALd 1,800 §n% nasaa awsiedldaziildiduemsdmiuidsdafinenluds 50 4ns amsaeainiia 2
gﬂLLuumiLam lmml‘iﬂsuLﬂummﬁiﬂwwawﬂugﬂLLuummﬁamLLammu ToinsonamsedudunIeIsnITNIo ey
Lﬁu%’ﬂmﬁqmmﬁ 5 psrwaldua SsEmseduTuTiSnuseIsutEy Iowweulvaivn 7 Ju et lUldlunsmaaes

nsnssulanwen Apocyclops royi AMBT201601

wzideslafinondioansne T, suecica Tuasrnanda 5,500 &4 waziinomanaonal Inslafiweaily
Tunsnaaeades Usunns 1 ans wislafinealuvinuds Usunns 5 ans ﬁusiﬁ;mmi F/2 (Guillard, 1975) USu1a15
4.25 Ans Wuideansne 0.25 ans wazimeidsdiamsioivla Sadulafines Usuns 0.5 805 drunsnnasaaes
Tadinesluda3unmns 50 ans IdwToulafinonlnededdafinonlunarafnlndniveiun Usuas 10 ans ﬁmﬁﬁgmmﬁ
F/2 (Guillard, 1975) USu1ms 8.5 Ans AN eaws1e 0.5 a5 wazimzidoddiamsnoiule andudulafinen
Usinas 1 ans diolafinendfiusiuiuunniy Suhlvldlunisvnas

mssiulnvadlafinen A. royi AMBT201601 fiiaeefaeavine T. suecica Wudunazamsiesan lussuunisiaes
Usuns 1 ans

naaedsdlafinen A royi AMBT201601 luranuia USuimsnisidss 1 ans neldannegiesufuinnsd
AvANaungiiluge 25-27 asewaidea Tiwasaady 5,500 dnd LLazLaummﬂﬁﬂhwqu’mim 0.22 lalAsiums
ARBALIAY YANTNARBIUTENBUME (1) Ynsasdafinendioansny T. suecica @n 13uNFNTEeanIy Usunns
100 dadidns asluemisgnsiaania F/2 (Guillard, 1975) USuas 700 dadans thamdssansesuutulil seau
amedulaigssegninn (3 Ju) anunuuwiulssaia 200.0 + 73.0 x 10° wadneliadans Sufuidelafinen
Usuams 200 dadans ﬁai’mauiﬂﬁwamqm!ﬂizwﬁlm’fu WiINFU 2,148+1,002 fsiodns uaz (2) laoslafinendie
@18 T, suecica \intu Tneidulafinonfinsoswiuinnges vuingngu 33 lulasiums (feusnamsie T suecica) as
Iu%iﬂLgﬁﬂﬁUiiﬁ;&’mea AILAY 25 Tody USunas 1 &g finun1sdesinideuds uulafinensIuynsrezidnuu
Sudu Wi 3,037 + 1,263 fasedns Wuamsie T, suecica Wudu Wilamumunududududszana 73.1 + 5.0 x
10* wadnefadans luszwinamsnaasadlonuinswiuamsesuanadldiinamseliiulafinen Imﬂuﬁgmﬁl,?:aﬂﬂﬁ
NOARIYAINIUER "Lm”@ﬁﬂ;wmnsu’;mﬁyaﬂﬂﬁwam Uszanas 30% ve3U3annsienan (W3e 300 1adans) Nudinses (33
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lulAsiuns) uazifinamsne T. suecica Uaas 300 dadans ndvaslulurmdedafiven dawyadidedadinonds
e T, suecica vt Idgainidedafinensenainuaniss Uszain 30% vesUTimsianun (300 fading) Wu
fnsesvutaggu 33 llaswns Wsnhwzianadu 25 feay fendouds uasaminedudu T suecica adly 10-50
{95805 uiazynn1IMAaeavil 3 $1 waglusywirmeaasldRamuitusiuiulafinen A royi AMBT201601 frealasiiy
unasineau (Sedgewick rafter) wagtiusiuauawsie T. suecica medlantiuidiaiden (Hemacytometer) neldndns
qanssmiiulszdmniu wasdewuihawselunnmsdedainonanasagyiniafuamieasduname dodad
oA WarnTIlATIVUSINaLeNluden 1335 Bower and Holm-Hansen (1980) nniu

mssiulnvadiafinen A. royi AMBT201601 fiasedauamsne T. suecica wuuidudunasamsiesan uszuuns
‘e U3anms 50 Ans

naapswzasdaiinen A royi AMBT201601 Tudelussuasuunn 50 ans Avannezasan (acrylic) Fadud
sUnssAunTIs Miduiuaudnats 35 WURWAT WagANgs 47 lwuRuns (Figure 1) Tagnnsdslulsamngiindilaifinng
muAugnil lusenitnimeaedliiasminudy 1,800 and uazinisiftenianaeniian

nsmaansutsoaniu 2 4n fie (1) mamsidsdafinendieainiie T. suecica an Funmsiumivziadd
A 25 PSU U3ums 35 ans asluds anndudiuaasiuin (Septrivet 3.0) muduuzivenaniast (2 fadns/
d09) itesindoluh uasifnoiniadunm 24 Halus mnduifuasazaisensgnsiioansn F/2 (Guillard, 1975) uaz
sudeaminy T. suecica Usinas 5 ans Wleamsaivlndigszesninn Inedanumuutiurensadiads 103 + 4.0
x 10° wadrofadans Sufuiudelafinen Usuns 10 dns Taglidaumuiuduvediafinondudunnszey iy
1,800 + 656 fastedns luszwrinmanassadeonuhamaslufaisdafinenanasiosndt 0.5 x 10° .adreiadang
Ifvhmagatheenandsiuinsesuun 33 lulaswns tedestulililafineangaoen Tasgaidsudietioan 15
803 (Usvanal 30% vosUSnasvionun) wasiuamssanlulinawihiuifideudeeen way (2) nawzidsdad
weada Moty fuseunseiemiuaznisshidesidunsduietumameidsdadnendeamasan udlsl
e maizamInegnsiiaanin F/2 wavanine T suecica an niuiiadelafinen Usinas 10 dns lnensedla
finonsoinsesuun 33 lulasuns ieusnaiviteddaddinesn neuazldlafinenadluds Inglvidarumuiy
Susunszeril 2,233 + 702 feedns wasinainsie T suecica WutulvidianumuinyuiFud 1 x 10° lwadsie
findans Wosuamisludumedodafinonanas vinisgauhesnuasiiuanedututuieatummaaesn
u3N MInAaoILAaRIe 3 A uarduduiulafineadaendosganssal Ingldaladduunasineu uazdusiuau
amsefealadividaidon nieuimsatauiuuuesludenniu fe38unsgiu Bower and Holm-Hansen (1980)
dloAuaansvnaes Insedlafineaiiothinasauasiinneiesdussnovvamnsaluiuieiedoufalasulansil (Gas
Chromatography) @113583 Folch et al. (1957) uag Christie (2003) uaeu

(A)

(@]
Figure 1 The cultivation of copepod A. royi AMBT201601 (A) using fresh (B) and concentrated microalgae T.

suecica (C) in 50 L tanks
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ﬁwmmﬁhLa?i'aLLazﬂ"]LﬁmLuummg’mmaﬁwmﬂﬂﬂwamqnqm Yunauenluflowaznsaluiuvestoyaainyn
ﬂ’JUQJJﬁL‘W”I%Lgﬁlﬂﬂﬁwaﬂﬁ’lﬁlﬁ’mﬁ’lﬁlaﬂ LLassqmmaadﬁWams'wL#Tu%uﬁ%’ﬂmm"wmil,mﬂﬁu gnefuld T-test 1l
Aneinnuuanisvesteyaiisziuanuidesiu 95% Tneldlusunsuada R (Team, 2020)

Nan1sANWILazIasal

msivlnvasiafinan A. royi AMBT201601 filaeedagamsne T. suecica dauazamsiedutulussuunisides
Usuns 1 ans

wamﬂmﬁmam‘wmfwmiLauimaqiﬂﬁwamiuﬁgmmmuquﬁmwLﬁyaqé”ma'mﬁ'wam LLasﬂgmwmaaﬂﬁWﬁmiw
Wty Snsdulslndifeasy Inelafinendildamsie T. suecica amduomis faruvuwiududulussozuomisa
1,185 + 128 fredns uarluszoydufuts 963 + 1,002 fsoans ndsantu Tafinesiinisiius uiuetssoiiiosau
mwwmLLﬁumadiﬂﬁwamiuiz&JzuaLwﬁama?{aqqqmﬁﬁ 17,481 + 642 fsiodans Tuiudl 16 1997151889 wazAI
mwuﬂumaﬂwﬁwaﬂimwzﬁqLﬁui’aqdqmaﬁ'a 25,407 + 4,512 fhsiodns luiudl 20 vensiass Tnganumunudus Iy
NNTLETEIEn WAy 42,000 £ 5,393 #I508nT TuSuil 20 (Figure 2A) @ wiuniswizid selafinendoainse
T. suecica WuuuTy Budufianuruudulafinenluszozsusindsa 1,556 + 801 dareans wavsvezdudfude 1,482
+ 714 dhsiodns lafineriinsifiusiuivegeiios Taglusudl 19 vesmsidss Anunudulussezuamdsauas i
Wudegean indu 23,407 + 5,796 uay 25,926 + 4,901 fA0dnT LLazmwwmLLﬂuiaunmwma?{aqdqm WA
49,333 + 7,910 fsiodns (Figure 2B) Suduldinlafinonfinizidsidioanitoanuazamsodudu Saumuiuiy
FNsvEzganliuanaviveg 1 lted1Ayn1eads (p>0.05)
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(A) (B)
Figure 2 Growth of copepod A. royi AMBT201601 fed with fresh (A) and concentrated microalgae T. suecica (B)

in 1 L ¢lass bottle. Arrows indicate the removal of water from the copepod culture container, and then

microalgae was added to the container as feed for the copepods.

dlothwanisfinwSeudisufunuideduq wu muideves Lee et al. (2013) ldAnwnandavedlafinenly
naulelranesduazaunaiinesn (harpacticoid copepod) fwnzdsduinnes 500 fadans Tngldamsne lsochrysis
calbana U T, suecica wuilaiinen A. royi fmnsidsuuusinien IanumuiduasanUseana 17,000 fasie
A0 vuzfin15An®w1ves Farhadian et al. (2008) wusalafinen A. dengizicus fnnzidadaedamsng Chaetoceros
calcitrans SRV T. suecica finmsiduladian Inefiaaumuiuiuegludie 6,400-12,600 faredns d1unisly
T. suecica wigsog1aiien lafinonliAunuikiulseuial 4,100-10,800 Afadns wag Pan et al. (2017) wualawl
Wom A. royi Thnzidedeaminesisia iy ﬁwaﬁ’gmaﬂﬂﬁwamﬂisaziui’uzjﬂﬁwamaqﬂWSLgan Winfiu 4,777.5 e
a3 Fsannisanuiluadsll wuinismnzidedadinen A royi AMBT201601 freamsne T. suecica Hauuuaauay
Wty anansaliaunuiwiusiunnssee (42,000 = 5,393 wag 49,333 + 7,910 Aa6adnT Aud16u) ﬁqmdm‘%a
Tndideaiunuisedu fienainanmsidsudeiuasnsidnamieduenmsiifiemenasanal msamuUiua
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amsne T, suecica Tunanides WU IUIUAININUADE ) anaudelafinendsiuawiindu Famsiduaviiean 300
fadans adluvnidedaiines Peliivsinaemiedismerenisduenmsnasanan dmvsunsinzidedadinen
sheamoitudy wuirlidauamiemdslussuuegiinumuiutuisadiads 44.4 x 10° wadrefiadans uonan
Usinaamiiefifesmends auamihivensaudihsfumaiviavedaiinen Insnaeantmmaassiinaueslide
geanliiiAu 0.6 fadnsu-lulnsiaurodns (Figure 3) Gogluseduiiluifufivsiodniun Uepsen et al, 2015) wanas
npaossaansliifiunnsmzdedaiinen A royi AMBT201601 fasamsne T, suecica wuuidudu famuduldled
alinaunuanswan Wewinanunsalimnumwivlaiivesdilndidestunisldameanduems

0.10 -~
0.08 4
0.06

0.04

TAN (mg-N/L)

0.02

0.00

Time (days)
—@-—Fresh —(O—Concentrated

Figure 3 Ammonia concentration in copepod culture bottles during the 24 days experiment
nstiulavaslannen A. royi AMBT201601 Masf881%4318 T. suecica udunazawsigan Tuszuunisiass
U3uns 50 ang

nsizideaiinen A royi AMBT201601 Tudawanafinexa3anla vuin 50 a5 nisiwizid slulse
wzLAeefideneeem Lifinnsmuauaamall wainislikasnnudy 1,800 8nd uasiine1n1Anasaiial wuiins
awe 7. suecica wuvan dwalilafinonsos wulafiudiuiuty mndnulafinensumnszezduduais
Wiy 1,800 = 656 Masidns sufllafinenszezusimdsanumuiuiuiadogsgn 6,900 + 3,005 Masiedns (uiuil 6
yoamaiies) ndmnduluiuil 15 vesnsmnaes sroglafiniouarsiunnszoviadegaan iidu 12,667 = 6,012 uay
18,133 + 6,047 fasiedns My (Figure 4A) drunisiivlaveslafinenfilifamsne T suecica Wududueims &
mmumLLﬂuLaﬁamanﬂﬁwamiuunﬂizazzﬁw’fu Wiy 2,233 + 702 faseans aantuluiuil 12 vesnisveass Al
‘vimLLﬂumanﬂﬂwamwwaLwﬁﬁlaLLazmwwmLLﬂuiaunﬂisﬁzLaﬁﬂqdqm Wi1AU 8,833 + 1,365 way 14,067 + 2,757
Faredans MUy warluiud 15 9e3nsiaes ‘W‘udﬁmwwmLmusuaﬂﬂﬁwamwdmﬁui’aLa?{ﬁqaqm WU 6,200 +
2,300 Fnadns (Figure 4B) %dLﬁ'aﬂmimﬁdmwwmLLﬂusau%aﬁIﬂﬂwamﬂﬁwsﬁlm”mﬂmsmwL?Tmﬁwmm'wuw
annazamadududuiidlndidestu (0>0.05) Inenuhamseaawesduduiiiuadluluduisdainen danududu
1088 3.56 + 1.04 x 10" uay 2.34 + 0.81 x 10° [waddefiadans MUy uinsveBrLInNsINzEsafinentuy
50 8015 Iuﬂ%gqﬁwwuﬂzgmmmﬂzjLﬁaqwalﬁuww%’j& %dawa]L‘ﬁumLmﬁv‘iﬂﬁmiLauimaﬂﬂﬁwamgﬂﬁi’wﬁ’m Fodunns
Aonldamseiindeulday wu amsodutu srsssdunadeniimunsaudmsuldiduomsmaunuavsiouuuan
16 ilesannistdamsivanauisadanisliiamselindeuldauldnasnnaniudeeiidululsein wszany
wUsUsIvesEnmIInden (Lubzens et al, 1995) uavnnsldamseduduasolinaunuamseaniunisidodad
Wom A. royi AMBT201601 L‘wm3vl,u'a'qmam'aﬂmmwﬂzﬂuiwdwmil,?iusmﬁﬂﬁw (Figure 5) f4udl Milione and Zeng
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(2007) ﬂﬁ’niﬂmﬂﬁ'amiwL‘ﬂ’m%ﬂuLmeﬁmauﬁ’mimduiwﬁwamzwuﬁ’uﬁwmL%"awmL%aéawuiwamwaLLaxﬂﬁ
ANANOUTIAG Us Chainark et al. (2017) lésrsauinsldanseduduiiviliduduseisiuwisaduomisiila
Wnon Pseudodiaptomus annandalei mmaaLﬁyaqiwﬁﬂﬁwamﬁmwwmLLﬁuqnﬁd 2,802 fdeiladans l9aq
aszurunslunshamstedutuivarnuaneds lddnendunistumies nssiusivesmzneu waznisnses udu
(Sales et al, 2019) Fam53soadeiidunisinionamsne T suecica Wudugie3snisnses msgsildieuazanunse
Lﬁu%’ﬂmmwﬁwL%';H’J’uvﬁ”wﬂﬁmﬂﬁuﬁqmmﬁ 5 perwalioa LAy 4 dUav Jeamsredutuiiushusienisu
W aansaldiduemsunasineudnilamniinisududs Ineszeznaluniswdifuamsiodudy Wunan 7-14 Ju ay
lidamasianunmueamsng uinisududsaviendniamsneunasaty Immﬁu%’ﬂmﬁﬁqmmﬁ 4 psrwaided e
4 8uormsliunasineudns avdmaliusunansalutusuluwnasinoudnianas Lubzens et al. (1995) wonand &
frsnuintunmsldamdelugduouiindeuldnudmivdn i ivseu wu gnvesaosh Tasamseduduannsold
wiuamseanld agelsinin msiiuihwmamseduduluszezenosdwadionurmialaruinis wifdadaag
wigauunnnIMslidamsieauuns (A, 2011) lunsldamsegluguuusingg arsaladnaamiadaruinisie

—@— Total —QO—nauplius ...@-- adult 25000 -
25000 - —e— Total —0O— Nuplius e @--- Adult
20000
~ 20000
< —~
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g 15000 S
a T
[7] o
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Figure 4 Growth of the copepod A. royi AMBT201601 in 50 L tanks, fed with fresh (A) and concentrated T.

suecica. Arrows indicate water removal from the copepod culture container altogether with microalgae addition.

dowssuiisunsiiivinveddafinen A royi AMBT201601 filwzideesaeansne T, suecica wuvdnLas
ity Usinasnisides 1 8ns Tudesufdiints uay 50 Ans lulsadeudtlifimsnuuonvgfl nuiniswizidedad
wosludUSunns 50 Ans dawamsne T. suecica wuvanuazudy dnandnlafinentosniinisinzidsdusunns
1 305 FvoadunaanUSinamesesiliiisswesenisiuvedaiinen Tnenuinisldamseanwasaviaduduly
WUN5U1A01MSIUT SN VBN SNARRY LHasanlafinendadsiuiution wilelafinendsiuiuanndy wunisue
ownsnslunsidavianuazamsoddu faudinedinafvamelinulafiveayniufdmuiunisvneimsne
mslemsluiudaly slunsmnzideddudiunns 1 ans ﬁm‘vﬁ'ﬂstﬁa‘Lu‘izU‘uagiﬁmmumuﬂul,ﬁuaa‘mﬁ'aﬁa 44.4 x
10° wadrefiadans uiluu3ums 50 ans wensldamseanuazamiaduduiamumnuiueedieaaiiosiuas 2.5 x
10° wadsefiadans wintlu dse199sdesinwAnuunutuamselusewitsnsmnzdsdaiineslildosnin 44.4 x
10° Wwadsiefiadans uenaniudsnamenlundeiinsadaldfidninisdedudiams 1 aas lneweuluieazdene
Wt unuszeynanades wegnindisudieindisrvauusnauenludeludadvelifaliiu 1 Sadndu-
Tulnsiausedns 16 winisideduds 50 ns feamsiedan nuuSunauesludeiian 1 fadnsu-lulnsioudedns luiu
E‘]ﬁ]ﬁ’]&J"UENﬂ’]iLgEN (Figure 5) SvfausfziiuAnunasguiduiududadih us Jepsen et al. (2015) ndusiesuinled

WoR Acartia tonsa Msreruandsaausanusousawanliielalugianing (0.55-1.49 Tadnsu-lulasaunedns)
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FofuFsanddiduitlunsmnzdedudsanns 50 ans SowetSinaensilifiemesadulladefiddaivils
anuiulafinenfildiviinaes
asdUsznaunsalusiunas A. royi AMBT201601 filaesdaeausie T. suecica dnwasidudy

nazidedladfinen A royi AMBT201601 fgawdne T. suecica wilugunuuanuazuuududu laidwmase
gilanarUSunamensaluiy Inslafinenivsinansalodududiilngideaiu (p>0.05) (48.43-49.03% vosnsalusiy
weun) luvasiinseluiulddusiimdadaies (13.30-14.31% vesnsaluiiuiomn) uaziBedou (12.08-12.28% a9
nsalastuiimue) Afeilndideaty (p>0.05) ddafinesiimzdeeamineuuuanwasdudu fnsalusufiliannsa

seurilald 24.39 way 26.19 % veansaludunvun aua1Au

2.0 -+
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Figure 5 The total ammonia (TAN) concentration in a 50 L copepod culture tank over 16 days experiment.

dmunsnlosuliududedouinululainen A royi AMBT201601 Tiiwiziasdasamsienwuvanuaz
Wty wudn 18:3n3 we ALA fUSinaigean (3.19-3.64% veansalusiusiavin) 509a91@0 22:6n3 3o DHA (0.84-
1.01% vosnsaluunanun) was 20:5n3 wie EPA FailusunaidndiAeaiu (p>0.05) Tuwaizd 20:4n6 (ARA) wululadl
wonTlnzidseeamIeuuUdLTY (0.53% vosnsalututanue) FeiiuSinamnnninmsmsdeaeansieuuudn
(p<0.05) nansAnwiiuandiidiuinlaineniineidssieamseduduansatunldiduonsdaiils Wesnd
nsnlasuldusaiidrdalundgalowni-3 1wu ALA DHA way EPA egndmituazgnuainziatosousesnisnsalusiu
wanidmsunsiiula (Sargent et al, 1997) iesandnfihldannsadunsinsalesulidusldies Sudosldsuriu
AM5AUBIMS WU @ nsievuaLan lsawesuazlafinen (Holt, 2011)

ayUnanIsAnen

nsldanseaniiniunisnsesliduduiuasiiuinulnenisudidu Wuenslumswnzdedaiven A royi
AMBT201601 @11N5ONALNUAINIEEALH LﬁmmﬂiﬂﬁwamﬁwaLgadﬁaaamiﬁ&JL%uﬁuﬁmwwmLLﬂULLaszmw
(eaFUsznaunsalufulidusddon) luansrsnlafinendidsidasamsnoan eghslsfnny Wevenousunsms
wnzdsddagldamhoduduiuniiuduemns wuilafineadeumududnimsunsidsdussiuiesfoinng
amardnuanUImemsiidieae wihardnsduamiiodudunniu venanduimauenlindeluthds
WisTunusresnansmsaes Ssenvdmansenudennumuuuvediaiiven sy lunisveneuiinnsnmsmsides
AISALEINI NI U LR B9 N0 DANADIN1TVRILATN O A LLazﬁmm."dﬁ'&lud’]mfﬂaemmmzauLﬁ'ammmgé’m
weuladeliionnd 1 Sedndu-lulnsiaudedng fnstiednwaunmhfianeauuandusyansamlunameides
Iafinenla
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naussleviviudou
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Abstract

Thailand is classified as an upper middle-income country, but poverty remains a significant challenge
to government policy implementation. With the fluctuating prices of agricultural products, farmers must acquire
new knowledge and skills to enhance their existing ones for livelihoods and job stability. The project " Agro-
strategy to Alleviate Poverty of Srinakarin People " offers a valuable learning opportunity for farming households
in Srinakarin district, Phatthalung province, who face limited livelihood resources. This study aims to examine
the agricultural production conditions of poor households in four sub-districts (Lam Sin, Ang Thong, Baan Na,
and Chumphon) and to analyze the social return on investment (SROI) of the project “Agro-strategy to Alleviate
Poverty of Srinakarin People”. Data were collected through in-depth interviews and focus group discussions
with 131 representatives of farming households purposively-selected, and analyzed using the SROI method.
The findings reveal that the average human capital in the studied households scored the highest (2.60,
categorized as “sustainable”), followed by physical, natural, and economic capital at 2.42,2.02,and 1.95,
respectively (“vulnerable”). Social capital scored the lowest (1.72, “precarious”), reflecting significant hardship.
The SROI analysis indicates that the investment by the Local Administrative Organization (BPA) yielded a positive
return, with an SROI ratio of 1.53, meaning every 1 baht invested generated 1.53 THB in social value. The
initiative involved distributing ten Bai Liang saplings per household (valued at 200 THB each), propagated
through air-layering for intercropping with rubber and fruit trees. Within one month, households could harvest
young leaves weekly for consumption, reducing costs in the first year and creating income opportunities from
the second year onward. Each tree yielded an average of 60 THB per month, generating 600 THB per household.
By the second year, farmers could propagate two air-layered branches per tree, valued at 100 THB per branch,
contributing an additional 2,000 THB annually per household. These findings are valuable for related
organizations including PMU A, educational institutions, and government agencies in shaping policies to support
poverty alleviation research.

Keywords: poverty, social return on investment, intercropping, integrated farming system
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Table 1 The present value of cost, benefit, and base case scenario of the agro-strategy to alleviate poverty of

srinakarin people project

Unit: THB per household
Year 2023 2024 2025 2026 2027 2028

Cost

- Providing seedlings to increase the 300,000

number of plants and planting area for

large-leaved liang.

- Workshop 600,000

- Engagement activities 200,000
Total cost 1,100,000

Present value of total cost 1,100,000

Base case scenario
Attribution

- Expanding the area for planting large- 1,358,208 3,395,520 9,507,456 27,843,264 82,850,688
leaved liang in Srinakarin district by other

agencies (80%).

Deadweight

- Death rate of grafted trees (50%) 117,900 294,750 825,300 2,416,950 7,191,900
- Death rate of planted seedlings (45%) 763,992 1,909,980 5,347,944 15,661,836 46,603,512
- Death rate of grafted trees in the 146,720 366,300 1,027,040 3,007,760 8,949,920
nursery bag (35%)

Total base case impact 2,386,820 5,967,050 16,707,740 48,929,810 145,596,020
Present value of total base case 2,273,161.90 5,412,290.25 14,432,774 40,254,675.78 114,078,291.40
impact

Benefit

- Net profit from selling large-leaved 235,800 589,500 1,650,600 4,833,900 14,383,800
liang grafted trees

- Net profit from selling large-leaved 419,200 1,048,000 2,934,400 8,593,600 25,571,200
Liang grafted trees in the nursery bag

- Net profit from selling large-leaved 1,697,760 4,244,400 11,884,320 34,804,080 103,563,360
liang

- Reduce household food expense. 78,600 943,200 943,200 943,200 943,200 943,200
- Reduce land rent for landless 9,500 9,500 9,500 9,500 9,500
households.

Total benefit 78,600 3,305,460 6,834,600 17,422,020 49,184,280 144,471,060
Present value of total benefit 78,600 3,148,057.14 6,199,183.67 15,049,795.92 40,464,028.88 113,196,855.81
Total Benefit-Total Cost-Base Case -1,021,400 918,640 867,550 714,280 254,470 -1,124,960
Impact

Present Value -1,021,400 874,895.24  786,893.42 617,021.92 209,353.10  -881,435.60
Total Present Benefit-Base Case Impact 585,328.08




8 MTANTNYATNITIDUNET 2569 : 44 (1) : e0264716

AFISauNERINIINAULASUNTIRLINULYBEINN TR UTITIUfURN sYilvTiausuasvinuelunisuseneuy
o1 udeTindaudadnady ilviafseugnaunguilmineaiunsalgninniedlulng nufteuslaalunfadou
wagtitedmingldunty Sehofiuselduaranaildioduomnsvesniideuldsiuunis saufafiuauiunamg
psvesnadeusnmsiiewns madisems waznslidstleniannems (emnsluiidaednimasdulng) Snis
Franunsathdiunnwessieseiivsendaldludamenmsiu wieldasaSeuiiomsdmiuusinafivanvansiu uas
I§%uansemsasudu mszdosmaiiunuansalunisiifeomnsiduniy snmesadumsiasuninusiunam
pnsvesguvluamsndnde lurasivriudududindnenailvssunieasaul fiioldamudld uonaind nisld
ﬂwﬁm%um?éﬁmﬁmmLLaSLmuLmeLmuﬂsﬂﬂmmu gagandununsnanludiuvesdoind Feasvoulviuianis
ﬁawmmaaé’uﬁﬂﬂgﬁmmﬁqﬁuiuauWﬂm ForfoasaiAnaui L‘fJ‘umsaﬂﬁxé’vﬁmuwwéuaw!‘umilﬁu suvedataendiy
nudsananmsUiuasunginsaulunismiude Swdudiduianssuuaziidametiseilos Ssirazdmasionis
Sfuhenlulssfiudu 9 lueuan
159715 “Dyvgnsinunsgau auasuasuns” nelinusslevidedinu Tnenwuin yadrUagduvesnauselenl

MIFIPNGVTVINAU 1,685,328.08 UM LAEENTINANDULIUNINAIANIINATTAMUETAT 1.53 NE8AININ NMTTRETINY
UUSEUNYR Un. @msulasanisy Tananaulnumsdeny 1.53 Winveadusudseuna wielusnsidiu 1.53:1 919
na1alaan nsamululasanisd AeRuTILIL 1 UM ausaRanaUMNUNAUAURDEIAY 1.53 U YunansIiu
suUszanaildlulassnnsd fanuAualunisamu TneiitaseiduasuliifnanudiSaselud

1. msfandieriefiduuts auzidedinmsduiunusuiuamaieierisiiieades #an1ass NAenTU uaz
aUszandeny Weliufutazduindeulasenis IiAnnadsvegradugusssy nalnnsyuaiuuaznisiidiusy
yomthenumasy unsitnianluiiuivieutansviesiufifianutiug aunsadenesuazensedutniaun
AINFUFTUAUNALNNITINUBE T TLUULAEATUNAT

2. MsfruaRLuLazransaiuvnuiilaogrsiaau Tasinng ﬁlﬁLﬁaﬂﬂﬁmﬁﬂﬁwmﬁuLmUﬁa aundnluaug
SeuATeYIBAUTLNTNeY %’nmmsawé’ﬂﬁ’ﬂﬁﬂuﬁuﬁﬁmmuﬁwﬁumn’%‘aui’uawiaﬂammmﬂ‘%’aﬁaumwmﬂimﬂﬁ]uﬁ
Junquidhmngldegradugusssu §m??m%’aﬁaumwmﬁmmmuﬁL%’J’Tﬁ'aﬂmqmi{fdﬁﬂmm{dﬁu #ila wazidlanis
fudulasanisiiduetnei uenaini wnhidseldinsmmuausunuazfvuanislunisasitufiog ey niou
wedeansliinddeluiinnienanundey ﬁgm"msi’faaﬂal,l,azqﬂﬂiai@m q fisndu nasnaudalenaliinideaiuise
Wmssanisnailunisasitui Lﬁaﬂﬁﬂ’amuuazﬁmmmmmﬁnwﬁwm‘lmqﬂﬁﬂ 1o ﬁausiqmaﬁmmwﬂé’%’umﬂmi
asituiusazadald

3. mmvﬁuLLGTJdmﬁsmﬂ’]iﬁdwwamwﬁm&mﬁmm& n5eAANg winnTsy wazmealuladfiunaniiueui
Januduuwdamadnnsluatgnealiunasiisaununsnseinau mﬂﬁ’umianﬁuﬁaﬁhdﬁimﬁauﬁaﬂﬂﬂﬁﬂ’mﬁ'ﬁ’u
ASISaUNYATNTEINAY daralifiaddelasuauaulauazsiuioanaiiSeununsnsenaudusgremlunisvinianssy
finq 9 i usnanadundsuddnnsidenenliiniiFeununsnsonaudadungudmnondnuds fuideds
duasuliasuiownunsnsonaulailoniananadnenin doans wazatenenAIN3vasnuLesluLIaNs 1T ME SEAY
Vioshu m‘aﬁwﬂ%’aﬁaut,ﬂwmmmﬂauﬂa;mLﬂmmaLﬁweﬂﬂiqmwﬁﬁﬁwa wﬁdm_{ﬂ’wuﬁd@u (sustainable village)
lnefiungais  yyan Usesunay wisusigaundnnquidisiuanidnssanisiazdnavenaululasinisysenin
u’;’mﬂﬁi‘uLﬁaﬁ’ﬁumﬂimﬁﬂlmaL%q@mmw w.. 2566 neladeinssanis “Augunsnes luna” Fadulassnsfiaziou
fanszvaunsildiusiulunisiansauesvesyusuvissfuaadfivsendulee Taoldsussauianssalussdu “Aunn”
UTTLANYUYY DIANT 67'7"&LﬂuﬁuLLUUWLLdLﬂwmﬂﬂuﬁyuﬁLLazmqﬁuﬁlﬁaﬁmL‘ﬁugﬂﬁiﬁu Snvtannsdnasulieaiou
LNEATNTEINAULSIULATINITAINEAND ﬁaLﬂumﬁa%’wiamaLLazaw’faummLSiTaJLLﬁﬁqmﬁmmwmwﬁmmé’aﬁgﬂ
YlUldUselowiitedsnuldoghauiase



King Mongkut’s Agr. J. 2026 : 44 (1) : e0264716 9

=
d3unan1sAne
1A59M13 "Twgnsinunsdan aursuasuns andunsludnneesuasuns Sminivgs lnefidmanevdniie

v¥aamenauresaiaioununansenauluiul sumsidwinmesifeateduianssuiauio dniasmiuai
ABINITVBANYATNIUAZYIBNTZAUTIB AR UATIT O 5‘?@15}"%’%1iaﬁuauué’mwﬂizmmmﬂ uni. lnediinensng
PINIUITIIATINTIIUIU 131 ATUTOU waﬂidmjﬂﬁﬂimﬁuﬂuyjamfﬁu’lﬁ laun rﬁ’ﬂiqw%mﬂﬂﬁﬁi’mmaﬁdmu Aq
neutige uarluanandumdsdlulug sufsnnsandilidneduevisuazandiiAuvesniaseudlifiifusiiu

Han153388IiNINlATIN15T AuArenIsau lneduanauunun1edian 1.53 wi1vewuussuia nandfe i

v
a =~

NanUWNUNIIFIANAMTY 1.53 UM AosuUseunn 1 U YRS S U NBRsNTEINAUL AN NLASYFA R TULALH

<3

AnuaEnsatunsiamauewndu JudusnguganudBuluswian nvisdsausoverenaludaiunduniviun
Aagadaiule TnsanzlunipldanadaSeununsnsgnnausuiunnyhaugsnsvssling og1slsiniu lassnisila

ansauiladgymenuenaulanniiuil wwheiduuleusudausedudseinavessguiandddilagaduludgnisinly

a

UuRasslussauviesduneliusunvesudasviosduiaziug lnedeinsusvuleuelimunzauduuiuniieitesly

[ o °

raudandn dune vioguyududdndu wWesmwnudaziuiivievissduenadidymuarainudesnisanizda feliy

N

TrssnsdesusuliaenndasfuusunmamsfisedounisisdnwosnPiteunensnslulsasiuiieliAnUsyansam
qagn m'ﬁmeﬁwamauLmumqﬁdﬂumnm‘aamﬂuimqmﬁﬁisﬁlawwzﬁagaﬁmmmﬂszLﬁugaﬁmﬂuﬁaﬁﬂmu
Fraafivinisussiiu mmsﬁ%’ayjaﬁlu q Mduwusssu Wy ANGY ViseransEnUszavelilagniungininie
LﬁawmﬂizLﬁuaﬂamlﬂuﬁu%’fmﬂ é’qﬁgﬁnm‘iﬁwmiﬂizLﬁuwaé’wéLLazmaﬂiwwaﬂmqmsmﬁméﬁmﬂﬁyuqm

Tasan1susezanm 2-3 U tialikasnsiuagiansesnudmauunngay

LG
naUsslevuviudou
Adeuveysemaitunanuilifnaysslovivivdeu

nnRnssuUsENA
Tassn1s3deildsunsativayunuiseanmineuimasarnisdantsussduiuil (uwn) Jsedndeautssun
W.A. 2566 sqmimqmﬁf{fﬁLLazu’a’mmiuLﬁaLLﬁlmﬂzymmmmmuquL‘ﬁfﬂLa%LLazLLaJ'UETﬂu%’wi’mﬁwqﬂﬁ 3 Tuwa
inwas: lasannsgosdl 4 Jvmgmsinunsdou aursununs meldsiayalasaniside A11F660109

nsiidausiulunisilisuunanuvesiidey

ANNARTS way auyfgiu: duiisn wunduns, was Waynissa vty msufiannside msiidusulunis
2ONLUY N3NAABY NMSNAdeU La3asdlodn Wnnsiivdeya waz criteria: Wudien wunduns, aams lnsans, wWyassu
Tandey, Vi wingua, ngune wafadl, und widvde, wag aswad wayaes nsdaiudeya n1sinsigideya n1s
wUsHa: Tuite nuaduns. n1sinndiansalna nswans nMsiSeuiisuiuteaiunsessdninug vsenguiiiu: duiien
wunduns, WOgarssa Tivdey, Vi uiigua, waz dswad weyaes. nisfidusiulunmsdeuduatuunana: dudien
wundun$ uazysive] Ao, mslinisatuayuiaieaile wealfifinig ey asfmst: Ui whgua, uazand
wfidin.



10 MTANTNYATNITIDUNET 2569 : 44 (1) : e0264716

LONFAN1984

Asfaw, S., Shiferaw, B., Simtowe, F., & Lipper, L. (2012). Impact of modern agricultural technologies on smallholder welfare: evidence
from Tanzania and Ethiopia. Food Policy, 37(3), 283-295.

Clare, G., Diprose, G., Lee, L., Bremer, P., Skeaff, S., & Mirosa, M. (2023). Measuring the impact of food rescue: a social return on
investment analysis. Food Policy, 117(1), 102454.

Cooney, K., & Lynch-Cerullo, K. (2014). Measuring the social returns of nonprofits and social enterprises: the promise and perils of
the SROI. Nonprofit Policy Forum, 5(2), 367-393.

Cunguara, B., & Moder, K. (2011). Is agricultural extension helping the poor?: evidence from rural Mozambique. Journal of African
Economies, 20(4), 562-595.

Danso-Abbeam, G., Ehiakpor, D. S., & Aidoo, R. (2018). Agricultural extension and its effects on farm productivity and income: insight
from northern Ghana. Agriculture and Food Security, 7(74), 1-10.

Davis, K., Nkonya, E., Kato, E., Mekonnen, D. A., Odendo, M., Miiro, R., & Nkuba, J. (2012). Impact of farmer field schools on
agricultural productivity and poverty in East Africa. World Development, 40(2), 402-413.

Elias, A., Nohmi, M., Yasunobu, K., & Ishida, A. (2013). Effect of agricultural extension program on smallholders’ farm productivity:
evidence from three peasant associations in the highlands of Ethiopia. Journal of Agricultural Science, 5(8), 163-181.

Gebrehiwot, K. G. (2015). The impact of agricultural extension on households’ welfare in Ethiopia. International Journal of Social
Economics, 42(8), 733-748.

Kuldilok, K., Premasathian, A., & Limsombunchai, W. (2024). Outcomes and impact assessment of development and community
tourism and product development for supporting grassroot economy and wellness tourism research project. Applied
Economics, Management and Social Sciences, 1(1), 84-103. (in Thai).

Nicholls, J., Lawlor, E., Neitzert, E., & Goodspeed, T. (2012). A Guide to Social Return on Investment. The SROI Network.
https://socialvalueselfassessmenttool.org/wp-content/uploads/intranet/758/pdf-guide.pdf

Office of the National Economic and Social Development Council. (2018). National Strategy 2018-2037. Retrieved from:
http://nscr.nesdc.go.th/wp-content/uploads/2023/06/NS_PlanOct2018.pdf. (in Thai).

Office of the National Economic and Social Development Council. (2023). Poverty and Inequality Report 2022. Retrieved from:
https://www.nesdc.go.th/ewt_dl_link.php?nid=14557. (in Thai).

Office of the National Economic and Social Development Council. (2024a). Statistics on Poverty and Income Distribution.
Retrieved from: https://www.nesdc.go.th/main.php?filename=social. (in Thai).

Office of the National Economic and Social Development Council. (2024b). Gross Regional and Provincial Product Chain Volume
Measure 2022 Edition. Retrieved from: https://www.nesdc.go.th/main.php?filename=gross_regional. (in Thai).

Saeteaw, W., Onthong, J., & Khawmee, K. (2021). Soil properties and organic carbon composition using infrared techniques in rubber
growing soil under different rubber-based intercrops. Thai Science and Technology Journal, 29(5), 880-892. (in Thai).

Saeteng, P., Onthong, J., & Khawmee, K. (2022). Nutrient status in rubber growing soil, rubber leaf and nutrient concentration in
latex under different rubber-based intercropping plantation. Journal of Applied Science and Emerging Technology, 21(1),
1-20. (in Thai).

Thailand United Nations. (2024). The Sustainable Development Goals in Thailand: No Poverty. Retrieved from:
https://thailand.un.org/en/sdgs/1.

Vijitsrikamol, K. (2021). Assessing the Impact of Research and Development: Basic Principles and Practices. Knowledge Network
Institute of Thailand. (in Thai).

Wonde, K. M., Tsehay, A. S., & Lemma, S. E. (2022). Training at farmers training centers and its impact on crop productivity and
households’ income in Ethiopia: a propensity score matching (PSM) analysis. Heliyon, 8(7), e09837.


http://nscr.nesdc.go.th/wp-content/uploads/2023/06/NS_PlanOct2018.pdf
https://www.nesdc.go.th/ewt_dl_link.php?nid=14557
https://www.nesdc.go.th/main.php?filename=social
https://www.nesdc.go.th/main.php?filename=gross_regional
https://thailand.un.org/en/sdgs/1

King Mongkut’s Agr. J. 2026 : 44 (1) : 0265005 NIATINBATHIZAOUNAT 2569 : 44 (1) : e0265005

msgaususzuumuanMelungy (ICS) msnand1iduvidvaanensnsuUadugid1n
NDUIDIUANAIGY JINIATIUINAIRY
The Acceptance of Internal Control System (ICS) on Organic Rice Production
of Large Scale Rice Farmers in Mueang Amnatcharoen District, Amnatcharoen Province
weyannsal Jumsiaun’, Ws19h AlyEes! uazyanss sy’
Benchamaporn Chantarasenal, Patcharavadee Sriboonruangi* and Chalathon Choocharoen'!

Received date: 15 n.8. 67 Revised date: 12 1.A. 68 Accepted date: 22 1.A. 68
DOI: https://doi.org/10.55003/kmaj.2025.265005

v

UNANED

nsfnuiiifaguszasd fio 1) Jefefugiudiuyana asugia werdeau tegaaundnuadiugdn 2) anud
Aeafuszuumuauaelungu (ICS) 3) nseeususzuumuguatelungy (ICS) muszuunsnani1Idun3d 4) mnu
Lmﬂﬁhwmﬁa%’aﬁugmdauqma \riswgia wazdsnn Jeyaaundnudadingidnn arwiAeadussuumuguanslungy
(IcS) Aifinanionissenivszuumuauaelungy (ICS) muszuunsnandndunid uas 5) Jymuasdelausiuy
Uszns laun tnunsnsaunfnnguuindating duneleduiaady Jmind1unaesy nnguiieg1ednuay 111
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wsslunisugnina 1 - 2 au ﬁuﬁﬂgn%’nﬁuw%ém?ﬂ'a 5.70 15 Tdaiugumnenued 105 Wavain sunulunisudndnd
1ade 3,665.32 uw/l3/99ma Tneldnnsdmnednueds 6,025.00 vm nakdadaieds 401.26 Alansu/li/ggnia
Taeifuaundnuiadvgthaieds 4.32 U finnwd waznissesiuszuumuaunielungy (CS) msnandndunidindoet
Tusgiufiinn nmsvaaevaNufgiu wuin eny Aunnaiaiy fnssessuszuumuauniglungy (CS) muszuunIHaR
Tduvidunndnety ogrsiifivddymisadifisziu 0.01 uazseiumsAne maduandnuvadvgidnn anufifeadu
szuumnuaunelu (ICS) Aunndneiu finssensuszuuamuaunielungy (CS) amszuumsnandnidunidunnsneiu
ogsilfoddnyynaadanszdu 0.05 Jymeensseususzuumuuaglungy (ICS) muszuunsnant1I8un3d wui
aundndsaeuthlafeiumsdnitenans uazantuiindeya Jaduguassadenisdnvhszuumununielu
ArdAey: NMspeusu szuumuauMelungy (ICS) 1178un3e inwnsns uladlngydn

Abstract

The objectives of this research were to study: 1) personal factors socio-economic factors, 2) knowledge
of Internal Control System (ICS), 3) the acceptance of Internal Control System (ICS) on organic rice production,
4) difference of personal factors, socio-economic factors, information on members of large-scale rice farms,
large scale knowledge of Internal Control System (ICS) that affect the acceptance of Internal Control System
(ICS) on organic rice production, and 5) problems and suggestions.

The population consisted of farmers who were members of the large-scale rice farming group in Mueang
District, Amnat Charoen Province. The sample size was 111 people. The data gathering tool was an interview
form. The results of the study concluded that most farmers were male, with an average age of 58.25 years, an
education level in secondary education, and the number of workers in rice cultivation of 1 - 2 people. The
average organic rice cultivation area is 5.70 rai. For rice varieties, all used White Jasmine 105. The average cost
of rice production was 3,665.32 baht/rai/season. The average income from selling rice was 6,025.00 baht. The
average rice production was 401.26 kilograms/rai/season. They were members of large-scale rice farming for an
average of 4.32 years. Farmers’ knowledge and acceptance of the group ICS for organic rice production was at
a high level. The problem of accepting the group ICS for organic rice production was at a low level. The results
of the hypotheses testing found that age had different effects on the acceptance of the group ICS according to

the organic rice production system at a significant level of 0.01. Educational level, membership in large-scale
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rice farming, and knowledge of the internal control system (ICS) had different effects on the acceptance of the
group ICS according to the organic rice production system at a significant level of 0.05. The problem with
accepting the group ICS according to the organic rice production system was that members still lacked
knowledge and understanding of the internal control system, document preparation, and data recording, which
were obstacles to the establishment of the internal control system.

Keywords: acceptance, Internal Control System (ICS), organic rice, farmers, large scale rice
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Table 1 Number and percentage of level of knowledge of Internal Control System (ICS)

(n=111)
Level of knowledge of Internal Control System (ICS) Number Percentage
High (14 - 20) 91 82.00
Moderate (9 - 13) 20 18.00

Mean = 15.28 S.D. = 2.32 Minimum = 9 Maximum = 20
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Table 2 Mean (X ) standard deviation (S.D.) and opinion level of the acceptance of Internal Control System

(ICS) on organic rice production of large scale rice farmers

(n=111)
The Acceptance of Internal Control System (ICS) X S.D.
on Organic Rice Production of Large Scale Rice Opinion
Farmers
1. Perceived Ease of Use 277 0.429 High
2. Perceived Usefulness 277 0.451 High
3. Attitude 2.78 0.414 High
4. Intention to Use 2.68 0.493 High
Overall Opinion toward Acceptance of Internal 2.75 0.446 High

Control System (ICS)
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\nwmsnsTilenyyaa 32 - 55 T wazarseny 56- 69 U azdiniseaniuszuumuaunelungu (ICS) msndnd1ndunss
memﬁ’umwmmﬁﬁmqﬂm 70 Yuly WAZWUINNBATNITEAUNITANIUTYYINT szaunIsAnwliseudne way
sEAuMsAnvIIY./Uaa. avinisgeususzuuauauniglungy (ICS) MInEnt1I8unid unna1eiuseAunIs@ne
Uszaufnw amsaunissensuszuumuauaglungy (ICS) nswand1ndunid sunsiuiiasslovimanannsld
U MU TEAUNSANTsENAN Y Uiv./Uaa. wazseRun1sAnuUSaaes aviinisveususruunivnuniglungy
(ICS) MInEnt1IBuUMIE uansafuseRunsAnyUszaufAnm

AmsmnsgansusEuumUANAelungy (CS) Msuand118unid sumsiuiiessloviiananasldau
wudn szeznanisiluaundnuaddngdiunndrsiuiinissensussuuaivauatglungu (1CS) nsudnda8unsd
usn9fty (p-value < 0.05) Tasinwnansiiduaufnuuadvgidn 4 Bauld fauadenisousussuuamuguatglungs
(ICS) MsNdnT1IdUNTY mi%’uiﬁqﬂsﬂwﬂﬁLﬁm]'mmﬂ%mu wnnInszezainsiuaundnuladlugdnn 1 - 3 ¥
WAZAMTINTERNTUTEUUAIUANATETUNGY (ICS) MIndnt1iBun3d Aunssuiiernudglunisldau wui anug
Aeatunisviszuuauaunelungu (CS) uanssiuiinissensusruumugunelungy (ICS) nMsnant18un3si
uANFsTY (p-value < 0.05) Inginwnsnsfidanuduiunans faadsnssensuszuumuauaelungs (ICS) Msuand

a

dun3d n1sfuitemnuirglunislden (X = 2.71) 1nndn nwasnsidanudunn (X = 2.54) 39150] faanslu Table 3
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Table 3 Comparing averages of the acceptance of Internal Control System (ICS) on organic rice production of large-
scale rice farmers classified by personal factors socioeconomic factors Information about large scale and knowledge of
Internal Control System (ICS) (n = 111)

The Acceptance of Internal Control System (ICS) on Organic
Rice Production of Large Scale Rice Farmers

Factors
Perceived Perceived Attitude Intention to
Ease of Use Usefulness Use
X Pvalue X Pvalue X Pvalue X P-value
Age
32 - 55 years 268 0.001* 272 0355 277 0895 266 0.696
56 — 69 years 2.55 2.62 2.79 2.71
70 years or more 2.25 2.65 2.80 2.65
Education level
Primary school 241 0.016* 251 0.013* 279 0908 271 0.146
High school 2.65 2.75 2.78 2.69
Vocational Certificate/High Vocational  2.50 2.63 273 243
Certificate
Bachelor’s degree 2.67 253 2.80 2.71
Member of a large-scale rice
1 -3 years 260 0258 262 0045 278 0905 269 0.650
4 years or more 251 274 2.78 2.66
Level of knowledge of Internal Control Systems (ICS)
High (14 - 20) 271 0028 272 0471 280 0645 271 0500
Moderate (7 - 13) 254 2.65 2.78 2.67

* = Significance level at 0.05, ** = Significance level at 0.01

moudl 5 Jymuaztawusuuziieaiuliyminissensuszuuasugunielungu (CS)

Hapmrleniseeniuszuumuaunelungu (CS) Mmandntnduvidlassmeglussiuiides (X = 1.66) usnidu
10 o Jaymnnseensuszuumuruniglungu (ICS) funisdavitenans seflusedudites (X = 1.98) sesasn
fis Funszuunsuan eglussduiites (X = 1.57) wavduquautfvesngunuasnslnesiweglusauiides (X -
1.45) gonAdediu Surya (2015) léinsAng wumisnswamuazdaaiunisuoamenisinunsiauasmngas
dmSumsnaninzvesanndnannsaldaasugsianianisinensdamiansin 310n wui1 JymdrAyvesaundn fie fu
nstuiindeya esanlifnalunmstuiinuasuuuduiindanugsen wazlidile 3Bnsduiin delausuus wui
LﬂwmﬂidaﬂwgéfmmiﬁaaﬁhqmiﬂsaﬂﬁayjaL?{mﬁ’mzuummumsﬂu Jeeennlidavhgiiomegisnisnsenlilndu
Fregns iesnnnwildlusuunesuiirnududeuriliinunsnseradilanainadeou ilinsendeyafinla

ayUnanIsAnen
nwasnsausndumene m&gLaga 58.25 U dnSansAnuniiseufinw Tnefivszaunisalvhundunisiade
3.87 U fiTmuiuussanulunsignda 1 - 2 au dawlngiduaunnnguiaviaguyy ﬁ‘ﬁuﬁﬂ@ﬂ%’]’ﬁu%%é%adLﬂ‘lﬂ(ﬂ‘iﬂﬁ
10de 5.7 13 inwmsnsldtiuguninenusd 105 ﬂauﬂﬁgwm Tumsuandniduvuiads 3,665.32 vn/ls/qgnianas
selsinssmirednnieds 6,025 vw/ls/mgnianan Usinamandnd1niade 401.26 Alanu/ls/qgniandn liaudean
swas 5. Wuwvasiundlunsugndnmnian daulngflifdumiomsdsan maduandnuvadvgdn dou
TngJuanFnuladlugdn 4 Yaulu Tnefuandnuvasngdiedes 4.32 T ﬁmmitﬁﬁnﬁ’mwumuqumzﬂ,uﬂeju
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(Ics) Tnssanadsszsuann nmssenduszuumuauelungu (CS) Mswdntdunidlaesmanadeszduun Jam
nseususTuUmUAuAElungy (CS) Mananiiduvidlaemudedssdutios

NANSNARBUANNAFIL WU 91y Aunnssdy fnseensussuumuaunslungy (CS) amuszuunsHand?
SunFduandnaiu egrefifoddymeaiiiszdu 0.01 wazseiunis@nw maduadnudadingdn anudifeaiu
szuumnuAunelu (ICS) Aunndneiu finssensuszuuamugunelungy (CS) amszuunsnandnidunidunnsneiu
gl dudAyneadafiszdu 0.05 Jymnseensuszuumuguaislungu (ICS) muszuunsuanindunsd fe
aundndanannudlaisessruuauauanelu msdmintenans uazanduiindeya 1Wuguassaienisiaviszuumiuay
mely

feu mhsnuilAendesmautsasssuusaanaidiedavhnsfineusy adensuiisslovduarniavissuy
muANAElungs (ICS) muszuunnant18un3d wazatuayuliinsdrdanaluladeing 4 ielhAnnisuses
mmigmmmﬁu Jovigile degnanmsnsenteya neafuszuumuauAely wazmNSiAeafuasgusunYns

v Y
Haussleviviudou
Adeuvelszmadtunanuiliinayssleniviudeu

nsfidausaulunsilisuunainuvesiidey
ANAATISY (idea) o auyfgnu: wayasnsal Funsiau. msufifnieide msddamsnlunsesnuuu ns
Vnaes MIvadey insedloln Wnaiudeya uaz Criteria: W18 ASUQSes, WWyannsal Jumsiaun, ¥a1ss asy.
m3daiudeya nsimszideya nsudska: wWyannsal Sunsiaw. MsInnginsalna n1swdns nswieuiieudu
ToaTUNT00IANNNTVTONGUILAL: WYT1IR ASUAYTEY, Wayaunnsal Funsiaun, ¥aiss a3y, nMsldmsulunsdey
manuscript HasUASIsaTSA uinngsy Awseivs: Wusd aiygiFes, wyaunnsal Funsiaun, va1ss i),

LONHA11989

Amnatcharoen Provincial Agricultural Extention Office. (2022). Information for the Development of Amnat Charoen Province.
Retrieved from: https://drive.google.com/file/d/1G9Bg8gMaRBaDfKkM5Qg-QjZXcfOWLESd/view

Cronbach, L. J. (1970). Essentials of Psychological Testing. 3rd Ed. Harper and Row.

Department of Agricultural Extension. (2017). The Long-term 20-Year. National Strategy is divided into Several 5-Year
Operational Plans. Retrieved from: https://infocenter.doae.go.th/wp-content/uploads/2018/06/ The Long-term 20-
Year.pdf. (in Thai).

Department of Agricultural Extension. (2022). Report on the Results of Registration of Farmers In-season Rice according to Plot
Location, Year 2022/23. Retrieved from: https://farmer.doae.go.th/report/report66/report _rice 66 fmdfbd
ap/37/01/. (in Thai).

Department of Rice. (2017) Guide to Operating Criteria for the Organic Rice Production Promotion Project Year 2017. (in Thai).

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for research activities. Educational and Psychological
Measurement, 30(3), 607 - 610.

Kuder, G. F., & Richardson, M. W. (1937). The theory of estimation of test reliability. Psychometrika, 2(3), 151-160.

Kummanid, J., Khantho, N., Jaroenpanichsanti, T., Chumwong, P., & Pongkantha, N. (2023). Factors affecting the perceptions on
internal control system of good agricultural practice groups of growers in Doi Kham Company. Maejo Journal of
Agricultural Production, 5(1), 165-175. (in Thai).

Kotiram, P. (2020). Extension of Organic Rice Production of Farmers in Kanthararom Sub-district, Krasang District, Buri Ram Province.
In The 10th STOU National Research Conference, pp. 1495-1504. Sukhothai Thammathirat Open University. (in Thai).

Mueang Amnatcharoen District Agricultural Extension Office. (2023). Information on the Number of Farmers of Large Scale Rice.
Available Source: https://co-farm.doae.go.th/report_1list.php, February 2023. (in Thai).

Nagtalon, J. A. (1983). The Agriculture Education Curriculum and the Quality of Graduates of 2 § . Selected Agricural
College and Universities in the Philippines. Unpublished Ph.D. Disertaion, UPLB, College

Niyamangkul, S. (2013). Research Methodology and Statistics. Book 2 You Publishing. (in Thai).

Office of the National Economic and Social Development Council. (2019) 20-year National Strategy. Retrieved from:
https://www.nesdc.go.th/download/document/SAC/NS_SumPlanOct2018.pdf. (in Thai).



MIANTNYATNITIDUNG 2569 : 44 (1) : 0265005

Office of Agricultural Economics. (2019) Area of Agricultural Use. Retrieved from:
https://www.oae.go.th/assets/portal/1/files/socio/LandUtilization2562.pdf

Pinya, T. (2019). Decision Making on the Participation in the Large Agricultural Extension System Project of Rice Farmers in
Wiang Pa Pao District, Chiang Rai Province. Master’s Thesis. Magjo University. (in Thai).

Sukprawit, W. (2024). Extension of palm oil production in collaborative farming, Thasae District, Chumphon Province. Journal of
Roi Kaensarn Academi, 9(5), 248-263. (in Thai).

Suriya, W. (2015) Approaches to Promoting and Developing Appropriate Good Agricultural Practices for Rambutan Producers
who are Members of Trat Province Agro-business Promotion Cooperative Ltd. Master’s Thesis. Sukhothai
Thammathirat Open University. (in Thai).

Thammasri, W. (2021). The impacts of health and environmental from agricultural chemicals of Thai farmers. King Mongkut's
Agricultural Journal, 39(4), 329-336. (in Thai).



King Mongkut’s Agr. J. 2026 : 44 (1) : 0265839 NIATNBATHIZAOUNAT 2569 : 44 (1) : e0265839

UszAnsnmnsldlenaanadasdonaninuasnanauununaAsugaansvatng
nugnausunugnlufunsieanugauauysain
Phosphorus Use Efficiency on Yield and Economic Returns of HomWarin Rice Variety

Grown in Low Fertility Sandy Soil

aliAEns ysyne', U‘%mmniquwl, UNUA UIULAS,

unnd Wauia' uazging ingeu’

Phumisat Boonphongi, Preeyaporn Pangaml, Nopamas Namdangl,
Chantamart Chueakaew' and Sureeporn Katengam®’

Received date: 13 31.7. 68 Revised date: 12 §l.A. 68 Accepted date: 23 il.A. 68
DOI: https://doi.org/10.55003/kmaj.2025.265839

UNANED

Woaleadusniifiunumddsonisiadyivlauarlsinandnueadn qwuﬁ%’aﬁﬁi’mqﬂnmﬁﬁaﬁﬂmé’mw
Ueoalodafimnzaudenandn Ussansnmnislive uazamnuduamansugmanivesiniuguennniulufunsod
ﬁmmqmuawizﬁﬁw TNUNLNITNAABILUUUABNANYTA] 11U 3 e dnsdeeanasa 5 seau laun 0, 4, 8, 12 uay
16 Alan3u P,0s Aials nieulddelulnsiauuasinuna@en dns1 18 uay 15 Alansu N uay KO sels muadu wudld
Jo 3 88y fio SYEYRI STEUANNG UAYSEEYAMIDY HaNSANYINUN dnsdeearefalinanoduiuudnnosng
wazkanAnog1aidud1Ayneaiif (p<0.05) wilifinaraaugs I1uINAUdene F1UIUTNAOND AUETIITN v
1,000 Wwén uagthmtinwnawis Inaleneanasa dn31 16 Alansu PO, Aals dwalidrimeun3udidiuudasdesa
gean (131.01 wién) uaznandngaan (635.25 Alansusels) ldunnssannislddeneanasa dns 12 Alansu P,Os se
1§ Al¥nandn 618.36 Alanusiols UssAnsamnisliglunslinandnanandefimslisnslenoanodadingu Iny
8031 4 Alansu P,0s siols Tiuszdninnasan (8.97 Alansunandnsianlansuneanosa) sesasunfednsn 12 Alansy
P,0; #ols (8.02 Alansunandnsenlansunoanesa) delinaneuunuduiiingean (217.83%) wan1sAnwivsiinle
woale3adng 12 Alan3u P,0s sels wanzandmiunsugninamenniulufiunsegauanysain nglvinanangs
Usgangannsliden uaglvinanauununuasygmansggn
AdAty: 117 wawdn Yeneaneda UszAnsammslddeneaieda anugauauysalvesdiu

Abstract

Phosphorus (P) is a critical nutrient for rice (Oryza sativa L.) growth and productivity. This study
investigated the effects of varying P fertilizer rates on grain yield, yield components, phosphorus use efficiency
(PUE), and economic returns for the HomWarin rice variety cultivated in low-fertility sandy soil. A field
experiment was conducted using a randomized complete block design (RCBD) with three replications and five
P application rates: 0, 4, 8, 12, and 16 kg P,Os per rai. All treatments received uniform applications of nitrogen
(18 kg N/rai) and potassium (15 kg K,O/rai) in three split doses at establishment, tillering, and panicle initiation
stages. Results revealed significant differences (p<0.05) in grain yield and yield components among P rates, while
plant height, tiller number per hill, panicle number per hill, panicle length, 1,000-grain weight, and straw yield
were unaffected. The highest grain yield (635.25 kg/rai) and spikelet number per panicle (131.01) were achieved
with 16 kg P,Os/rai, but these results were statistically similar to the yield at 12 kg P,Os/rai (618.36 kg/rai).
Phosphorus use efficiency declined with increasing P application rates, with the highest efficiency (8.97 kg
grain/kg P) observed at 4 kg P,0Os/rai, followed by 12 kg P,Os/rai (8.02 kg grain/kg P). The marginal rate of return
was maximized (217.83%) at 12 kg P,Os/rai, which also provided the optimal balance between high vyield,
phosphorus use efficiency, and economic returns. These findings suggest that applying P fertilizer at 12 kg
P,Os/rai is the most effective rate for maximizing grain yield phosphorus use efficiency and economic benefits
in HomWarin rice grown under low-fertility sandy soil conditions.
Keywords: rice, yield, phosphorus fertilizers, phosphorus use efficiency, soil fertility
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arugauanysaivosRudutafeddyituadensataiuln wasnslinandauesdng Ussimalveiiiuiiugn
Frordeiulutsvinm 62 §wild dlngeglunianyfusenidoanioussin 38.2 &l3 uwillnandniadesifian (363
Alanfusiols) wavsnimandnndsvesisUssme (447 Alanfusiels) Tuvasiinianans namile wazneld fnandn
\desols 604, 567 way 471 Alansu ama1au (Office of Agricultural Economlcs 2024) wuasmmmwmmusmﬂaﬂ
Wudnlsetaauas 1wy 91vmeenuzd 105 15 waz n6 Ssugnlsianzunt ilenarudeanistiouadu (e
nanefutiesndn 12 Halug) lumsidadensnuazdesiinvesuSinaniny Aulunanziuerenidumilediniugny
auysalluseiudnanidudesas 7153 yosiufmualulseme Wowndudnlvgiduiunsmefiinannsaaeives
FunseviliRuivinameseymansegs Svsinaeymafunien uazduvdsinglufiush (Land Development
Department, 2015a) ﬁumw&Jﬁﬂizﬁw'ﬁmwmﬁé:mﬁwﬁ anunsanadusInemsiatey ﬁﬂﬁﬁﬂ'%mmﬁgﬂLLazﬁmmm'ﬂﬂ
Wisanosionsialyiulanazairmanani damalinandndnlunangiusenidsaviionningiiniadu

weawosa (Phosphorus; P) iumilslusinemsndniidndesnslutinasnn sesonlulasiau (N) uae
Tnunaden (K) WeoavleSasiunumdrdyiisdaaiumsaiaivlnuessin waziiiunnaudausdliiuadéiu nszdunisoon
aen (Panyaying et al,, 2017) Tnevloanefalufuiiduuslovinodnay aaimﬂ‘umWaﬁt.Wmiaaau (H,PO, Waz HPO,)
(Vejchasarn et al,, 2016) wagAudesiianandunso-rs agszming pH 6-7 Fadusedu pH Amnzaudenisazany
waztfuuselomilfvemoaln Sedulumengusenidsavioidufiunse Sunioingin uaziunsnguuss (pH 4.6) ¥
Tooaviesaegluguilifuystlovidedn lesanweamnlessurzgnaddvieglusuveaminuazozaiitimieain 3
szavaneilden  SoilidnldennsoimleanedalUldlunmsiasyivlnldoafiuil  Snavhldinuansoinisuasy
wn3u seinnsasqLAule uanneanas wazliinanandn (Land Development Department, 2015a; Rice Department,
2016) m‘a"df_]ﬂsﬁﬂﬂumﬁ'ﬁLﬁaauLﬁuﬁumwaﬁﬁﬂawuqmuaugstﬁﬁﬁ FedduazdesldioveanesafimAuiiolifioame
sonsasgyiulawaylvinandnuesdn Ty Rice Department (2009) lawuzinislddeneanesaniuainaziau g
Usziliuaneuseansnmnisiileveanssa é’m%’umiﬂqﬂ%’ﬂiuﬁuﬁﬁﬂ%mquaaWa%’aﬁw (peni1 5 me/ke) Usuneu
ﬂaWaaWa%’aﬁﬁaﬂdLﬁ'mﬁu fp 6 Alansu P,0s Aals Jsaziivanesonisiaiyiulalazlinandnosdn

usnaneLgaNaNysaiveRy Tustrdutadevilsiiddyluninaiogduln wazlvinandn Tnednivesniu
Lﬂui’fnmuﬁuﬁuﬁuﬂmﬁiﬁwamamqq fidnwasmuuds nuhvhusundy LLazﬂ%"uG'Tﬂéfﬁiuﬁuﬁﬂqﬂ%nmﬁaﬁwmﬂ,u
manziusonidanie  eddlsimuiiuiivgnindnlvalumans fusenidsanieduiuneifanugauauysaives
fiush (Land Development Department, 2015a) wagdslsifinsfnwsnsionoaesaiimnzaudonsiaiapivlnua
Tinananvesinverniuluiuiifenan wielyildnananuazHanoULN LI ALATYERIgIanveITiIMoNITEU mAfeilfad
Inquszasdiilefnusnsieeaesaifmuanzaudensiatauivln nandn uazesAUsznoUNanEni1IMoNITEY
lngihdeyausaniannislddeneanadaludnislinaninuasdoyanunanauunumaasegeansinsiudadula
dieuslomirenstanisdnaienleanlesaiimnsaulufiuiivgnineduiduiiiaugauauysaivesiuslume
nziuosnduuniensly

ABn1sAnEN

A9 NUHRUNITNAADY

nsfnyildununtmmeaeuuuudenduauysal (Randomized complete block design) $1uau 3 91 lned
gns1deneanata 5 drsunaass Ussnaumedeneanasa 6nsn 0 (T1), 4 (T2), 8 (T3), 12 (T4) uag 16 (T5) Alansu P,Os
fols %ﬂuLwiasG‘h%’uwmaaﬂdﬂﬁliuimmul,l,aﬂwLmaL%EJaJ 8951 18 wag 15 Alansu N wag K,0 fals muaisu aniunns
voaes o dinnulsinneaesariesuifinisnay ausinunseans univetdauausntl Anenisgienans
15°08'08.8" azfganile uaz 104°55'20.6" aosdanziueen lugani1swant1iund w.e. 2565
nsugndruaznisauainm

nswdsuudasarlansdenny 3 S1wu 1 s warlansaudienu 7 $1uau 1 as U%’Uﬁuﬁﬂqﬂiﬁﬁmm
aiane WwisLLlameasgesuuin 10 MIuLAT 1w 15 ulas atunisuandiugvensulaesln ooy
n&1e1g 30 Tu Uan 1 siusiedu Idszezdan 25x25 wuiuns luudasuuasgesuanda 31uu 7 uad uaday 18 fu i
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THugninidugniuienida 3 fdnvasidufunsefifinnugeuaysalin arsndunsa-ssvesiu (pH) ogszning 4.5-
6.5 fimsszunethdoudiaa (Land Development Department, 2015b) Tatlgilulasiau gns 46-0-0 Usweanlada gns
18-06-0 uaztslnuvaideon gns 0-0-60 muiirnualuusazsiunanes Insutsdldls 3 ady adusnidledmeglusosds
i1 Tatglulasauuazsloanoda 40 wWosidust Tatelmumadon 30 Wedidud vesdnaderamun ade 2 Wedoglu
srozuanne ladelulnaiou woaveda uaslnunaifon 30 Wosidud e ldadsil 3 ifedneglusseriios Tae
Tulnsiaunazeanlesa 30 wWesidud lalelnunadon 40 Weosdud ldleduvidsndn @Usumduvieingmu
wnsguedunis) wieunisladuaiindedl 1 a5 150 Alansudels Taefimsldlalaluiludianiosiu $as1 100
Alansudels MdnTeiwuarsnuihluwadl$fisedu 5-10 iwufues NNEIFUNADAYANIANER

nsiiudeya

1. deyadu 1iuieafunouwazndsnsaassisziuaman 0-30 wufwns Tasduiiudedsiulusas
wasgesmudnfuneaes $1uru 15 fegre thAunddiuisluiisy soufuriunsunsavnn 2 faduwes thauld
WpTzimaaautivesiu Usznousie anuilunsa-ansuesiiu (Sasduiuah 1:1) Tneldiades pH meter Usuu
duvSeingludu (organic matter) #e3 Walkley and Black sinamleaneSaifulsslovdlneaindaetien Bray I
LazinFn1sganAuLawelATes Spectrophotometer wazUFinalwunaiBouiiuaniudels Tgld 1 M NHOAC (pH
7.0) uthenatn wasfardeinies Flame photometer wazUsinalulasiuionun 1ned% Kieldahl method
(Ta-oun, 2005; Office of Science for Land Development, 2005)

2. Teyaanineinia seninan1sneaess asdadeyaeiunnanianaiafiieinia vesdninauliinnaaes
uazviesUfRnisnans  amzinwasmans  wmnetdvguassid  Aviduiinuszneuse  Amdsnuiadensending
oumgiigean gaminign USinautheu waganutuduivsluennie

3. JoyansdUsznaunandnuazaananin duifuiegnsdiiluiud 1.5 meamns G 24 fu) detudin
JoyaeAUsznoUNaNGALAYNaNEnT1I M1UITN13VRY Rice Department (2007) Usznaumy ANEY I1UIUAUsBNG
$ruswiens AT Suuwdadesns din 1,000 wia tuiinwnsan way il (euliuisiedeu
anoutonmafl 80 asrnieaidua Wunan 48 dalus wieaundndwiinuiasil) Ausummandadn Fansudels) uas
suihfiuiien andndiuvesnanan (economic yield) (Rlansusiels) sevhuinustesauiidu (biological yield) (Rlansy
fols)

Usznsamnislddeneanadalunslinantndan

AlsEansamnsiinandndinnnisldleneanesa (phosphorus use efficiency: PUE)  m1335ves
Girma et al. (2007) IngfuInaInans PUE = (Yr-Yo)/F Tl Y; = nardndn [andusels) Iuaﬂﬂwﬁié’f%’uﬂ&JWaaWa%’a
ludnsn 4, 8, 12 wag 16 dlansu P,0s #ivls, Y, = Nanant13 (Alansumals) Iuamwﬁlﬂﬁ%’uﬂaﬁ/daaWQ%’a wag Fp = 995
nslddeleanaa Rlansusials)

NAABUUNUNILATHSANENS

Anerinaneuuumaasygmanslaglisnsmaneuumudniiia (marginal rate of return, MRR) AN1A3ves
CIMMYT (1988) Tneindninasiinnsasyuazdunu e MRR winfusieuinnin 100 Wedldud duiniaingns MRR (%)
= (Mlsfifistuiosnnnislade/Mmuiidintudoninnisldds) aase 100
nsAATIvidaya

WATIERANULUTUTIUNNGEDR  (Analysis of Variance) maqé’ﬂwmgﬁﬁﬂmmmLqumimamLLUUUﬁaﬂdu
auysal WisuiisuAadedes Least significant difference (LSD) fisgfumnuidosiu 95% wariineviandusiug
FENIARANNAZOIAUTENOUNANARTY #7835 Pearson product-moment correlation tneldlusunsud5azyu STAR-

statistical tool for agricultural research version 2.0.1

NaNIsANEILAZIRNTAl
JayaRuuazaNINAINTA
autimunivazUinasgenslufuieunimaaes wuin  AuluwlameaesUgndradugaiuiesdn
anwazilufunse deanudunsa-ane (pH) Wiy 5.28 JUsunadunseinguindu 0.66 Wesidud sialulasiau
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Wmn Wity 0.030 Wedifus Wearladaiduuselond was Vsinalwunadeudiuanddeuld fanadewiniu 10.82
ua 13.26 fednsusenlansu nugiiu (Table 1) wilGsuifisuiuanugauauysaivesiufivnzaudensasyiule
039 fileanuidunsa-ane Uszan 5.5-7.0 Uiinadundeaguinnt 4.5 wWeddud Usinalulnsiauiamninnni
5 Wesiiud Ysunameanedaiduusslesdunnniy 45 fadniusenlansy wasUSunalnunadeufivandeuls wnni
120 fadnsusieflansu (Land Development Department, 2015b) wudduluuuamaassdiuSuauduniedng 519
lulasauioun sleaedafidulssloni uasUimalnumadeniuandeuld eglussduiun densuieuity
szé’uﬁmwaﬂumsﬂgﬂﬁn (Department of Agriculture, 2000) @AAADIAUTIBIUYDS Kongphan et al. (2022) wag
Khonkhoei et al. (2023)

audfinuaiiuazUsnasmamisiufundinismaass wui mslddeneanesadng 0, 4, 8, 12 uaz 16 Alansu
P,0s sials Lifinaviliirnanudunsa-arswesiu Usinaduniedng lulasiau wazlnunaley lufundsgnumnsneiu
winsladeneanasa dna 16 Alansy PO, sels a'dmaiﬁﬁuﬁﬂ%mmvxlaam%’ammﬁaiuﬁugjqﬁqm 12.54 fadnsuee
Alansu dausnsnatumsiilallade uazldadelusnm 4, 8, uay 12 Alandu P,0; sials eghailduddyBmneada (p<0.05)
IngfiundaUgnilemeanesasgsyning 5.30-12.54 Tadnsuseoilaniy %daqwluizﬁuﬁwﬁdﬁmm fienarudunsn-ang og
381319 5.64-5.80 Wunsatunans fusunaduvseingedszning 0.64-0.72 wWesidus flulasiausening 0.033-0.036
Wesidud uazlnuvaden 9.33-11.58 fadnusoflansy Fedlivimnaduvieinquazuunalulnsiausglussdusm &
U%maﬂ‘wLmaL?n&mié’fagﬂuszﬁuﬁwmﬂ U'n%’j1aiﬂuLLﬂaq‘wmamﬁ‘lﬁuwﬁmmmiaq"luizﬁwﬁ lifilganenaauABINIg
yostmeiivlgnudaun ilesniiuiinusinenavdenndseglufutesliifiaoronisaiyidulnvesity et
Femsldaiiuduieauiiviinasnomsiisameseanudesnisvesiiviazthlulflumsatadvluas linandn
(Land Development Department, 2015a; Ahash et al,, 2024) (Table 1) Hiseanudunsa-Aswesiu Ui
dunseing wazlulnsiau wﬁdmﬁmamgdﬁu Wnzdunawannistalalalu dns1 100 Alansusels wazdedunid
daudin 8ms1 150 Alansumels megmﬂeﬂmialuﬁL.Lazﬂﬂﬁuw’%é%ﬁhaLﬁmmmwLﬁuﬂﬁm—ﬁi'msuaqﬁuiﬁquﬁu waziiiy
AnugavaLysaiviliausiniandvesiuity  smemsgnazatseglusuiifusslovideitainnty  wildfnarls
Usunavleanesa LLangLmaL%EJﬂuﬁwéJqUQﬂqﬁu fawdiedinsladedunid lulasiau veavesa warlnunadeouiy
wiAgdlslsnnmeiinmderiliauenuauysaiveshiudiulu (Land Development Department, 2017) lasfufiinanm
winzausien sesyRulavesinasiviinadunse Tnguinnit 2.25 wWesidud lulaswulufiuuinndi 0.113 Wesidud
Usunameanesauazinuvadeniinniy 45 fadnsudenlansy uay 120 Jadnsumeilaniy muainu (Department of
Agriculture, 2000)

Table 1 Chemical properties and nutrient content in soil before and after the experiment

Chemical properties and nutrient content in soil

Treatments Available P Exchangeable
pH OM (%) N (%) (me/kg) K (mg/kg)
soll before the 5.28 0.66 0.030 10.82 13.26
experiment
Soil after the experiment
T1 (Py) 5.76 0.72 0.035 5.30° 11.41
T2 (Py) 5.80 0.72 0.033 6.47¢ 9.33
T3 (Pg) 5.79 0.64 0.034 9.73° 11.58
T4 (Py,) 5.64 0.70 0.033 10.50° 10.01
T5 (Pyg) 5.80 0.66 0.036 12.54° 10.77
F-test” ns ns ns * ns
Mean 5.76 0.69 0.034 8.91 10.62
CV (%) 2.32 9.26 11.13 11.24 18.55
LSD (0.05) - - - 1.89 -

Y * = significant difference at the 0.05 probability level, ns= not significant difference, Values in the same column followed by

different superscripts are significant difference at p<0.05
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ANMNBINIALLYINITNARDITENINNFBUNINYIAU-NOATNIBUY W.A. 2565 wudwﬁﬂ%mmﬂfmuswi’uagﬁ 0-110
fadwnsseiu duanynlutiusieufonau-aunaiay ﬁﬂ'%uwmifmumaamqmﬂaﬂl.vhﬁu 1,300 fadwns dgaumgilasgnot
Tuga3 22.1-36.8 e LsaLdya ammumamaﬂumn 17.4-27.1 saALsadea mwmuauwmammmmmaiumm 48.0-
89.0 WoslHud Imwmm%uauwmmaaa whiu 78.5 Wesldus I@mm'ﬂfnﬂeﬂuamwmﬂ’mmmmmuamakumﬂm
mt:dumaqmms@LLaiuuumiiumam Lwaﬂaaﬂumwumwmqa (Figure 1)
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Figure 1 Rainfall (mm), maximum temperature (°C), minimum temperature (°C), and relative humidity (%) during

wet season of growing rice

navasdnsJeneanaiasaasAussnaunaninuaznandnd1anuinenIiy

drameuriu Wudrvenfiuiiuslmififidnwaesmuds nudvihudundu Thendnge manefuiiuiiugndin
ofeislunansTussnidvanie nslddeneanasadnsuwananaiu 0, 4, 8, 12 uag 16 Alansu P,O, #als finavinli
SruauwdnsionwestimenBuunnsisiusgsiifudAmsedi (p<0.05) (Table 2) Tnsmslalevoaniesaiisng 16
Alansu P,0s winls a'qNaiﬁsﬁnmmﬁuﬁﬁi’wmumﬁmmimLa?ilaqaqm 131.01 Luén LLmm;hdﬁnﬂﬂ'lﬂaiﬂamai/da%’aﬁé’mw
12, 8, 4 Alandu P,0s siols uazlilddenloaesailvidroumdnsosiaade 12611, 123.09, 123.73, wag 122.90 Wwdn
ARy waziinavilinandnvestiveusulandeiuegilduddgnieadi (p<0.05) Tngnisladeneanasa §ns
16 Alansu P,0; sials Vilvinananvesd1IvieNIT3UgIER 635.25 Alansusials sfqiaiLmnm"m]'mmﬂdﬂaﬂaam%ﬂiué’mﬂ
12 Alansu P,0; sials filvinandn 618.36 Alansuseals sevawnie 8031 8 way 4 Alansu P,Os sels Mlvinandn 581.20
uay 55850 Alanfusels uaxdnilildladovieanesalinandnign 52055 Alandudels egnalsfimunislade
Weanedalusnsfiuansaiu Lifinavinlinangs 1uiudusians 9IUIUTIwEN0 AINE1ITN Yhuin 1,000 wén uaz
druinvauiwestirenasuLanaamaan Lwiﬁl,l,uﬂﬁuﬁﬂaWaaWa%’aiué"mwﬁqd%uﬁLLu’ﬂﬁw‘fﬂﬁ’aaﬁUﬁsﬂaU
NarAn fananfiaty

nsAnwASed wudn %ﬁmamﬁuﬁlﬁ%ﬂﬂEJWaaWB%’aiué’mﬁﬁgqﬁu el uauwdaresianniu dwald
wandngstu Tnennsldderioaneddludng 16 Alandu P,Os dols shlvidmmenduliswiuwdedossgegn 13101
AR Handnasgn 63525 Alansusals denndeiunanisAiny1ves Gebrekidan and Seyoum (2006); Jinger et al.
(2018) way Zhang et al. (2021) %dWU’i’]mﬂdﬂavxlaav\la%’aﬁumn%uﬁmaﬁﬂﬁﬁhmumﬁmaiw LAEHANEATLLNNTY
wilfunaideunaneanedaiinasionisoenaen  waznisadeivensde  Usinameanedadiiulsslovdesdu
$rtamsasivin wasnsliandnuesdn (nsalud et al, 2018; Sangruanand and Insalud, 2019) wenanil
WE]aWE]‘?aL{’Jum@awmsua‘”ﬂﬁﬁmﬁmmwiam‘m'%zyl,av‘[m uaglvinandnuestnn JunumaiAgduasunisasyiule
909370 WinAuudussliiddu wazifertestunssurunmsaieneandsny Wi nMsduasinas nsmele uaznis
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wUswadliluluegsund (Panyaying et al,, 2017) Iag Zhang et al. (2021) wuin nstddeneanesavesdnilsludng
8, 16 way 24 Alansu P,0. mels flnavhlvsiuiuubnresi dhvein 1,000 Wl uay wanda DANuLANFIIDENaT
HedAgmeadd (p<0.05) lnemslatevleanadadludns 16 Alansu P,Os sels Winandnvesdngen 1,361.60 Alanu
#ols uazaonAdosiunsAnuued Jinger et al. (2018) Fanuinmsldsniowoanesaiisetu loud sasn 0, 4.8, 9.6
waz 14.4 Alandy P,0, diels Hraviildiminunaus $1uausa9 AuENI51e Sunuwdesesas tavidn 1,000 wés uay
HaRde TAuwansveglitudAngneata (p<0.05) Inensladeneanesaludna 14.4 Alansu P,Os sels lrinandn
U17g9an 905.6 Alansusels Wwdeatun1sfny1ves Tabar (2012) fiwun nslddeneanesadng 14.4 Alansu P,Os
siols sihlvinanand1igean 97.01 n3usiens WelSouiisudvimitlisulevearesa ddlsnanan 94.63 nfusens 113
yavleamesadsunduaailinandndanasunnndt 50 wWedldud (Saleque et al, 1998) msldjowoaniesaiiowiy
wanAnduenanastuegfusisiloleanietaudn  dufosdiliuriinvesoneoanoiasznovdie  idesande
Woanle3ausazeinianuanunsalunsazanstsneiu (Massawe and Mrema, 2017) Har@nuazesfUsenounananes
diinsnevaussrelelulasiaunnnindeneareda sgdlsimunislilelulasusuiudensanesaszyilinands
Fresidfiniu (Gebrekidan and Seyoum, 2006)

anugauanysaivesiuiutededdgsanisugndn 1umﬁﬁﬂ‘lﬁm%’jﬁﬁﬁuuﬂadmamLﬁwqmﬁu%'aﬁLS@ Fadu
aumwﬂuﬁauﬁﬁﬁmmmﬁﬁﬂ (Table 1) Faiidedrinlun1sugni Lﬁadmﬂﬁuﬁmwmmmiumié:mfwLLazﬁmmmﬁ
g6t uaﬂmﬂﬁuﬁmmmﬁﬁaﬂ&Jﬁiﬁaﬂﬂuaué’ﬁqmﬁﬂﬂﬁumwzﬁwwaqﬁwlﬁdw (Land Development Department,
2017)  wazAuluudamdmeaosdalanubunsaviunans  fuinaudunieingeglussiudn  fsmemnslulasiou
Woanosa LLazT:wLmaLﬁ?Jﬁmae_Jfluisﬁuﬁﬂﬁﬁwmﬂ ﬂd%ﬂ’]ﬁuﬁﬂ%mmﬁmmm‘ﬂzjLﬁmwaﬁiamm@\’a&misuaw’m faugdaxd
mﬂa'{jmﬁu ﬁgdﬁmﬂ.eiﬂSWQaWB%’aiué’mﬁﬁﬁw uananIzldifismeranufeInsrednudy  Sailiusunu
WoaveSaluiuanas fuu mﬂa'ijSWBaWa‘ﬁ”aIué’Miﬁﬁgq%u finavinlidnanmnsatleluldlunisasgdvinliedned
UsvAnSnm wazanusaifiunandntnléd aenndesiuauiddeves Sukyankij et al. (2015) wui wandnvesdnn nual
wgetuloifiusnadeneaneda  uazAnagalivioanesadnlugsrgeiudlofindnsoneaesa  Snitanslile
woameSadninfiunndnaiy vilinandnvesinuaninetusgaidoddBimeada (0<0.01) Tnedovloanesasns 7
Alansu P,0s sials Winandndniasan 861.67 Alansusiels nuansAnwndsd wudn nslddeveanesa dns1 16
Alandu P,0, siels Tnouusld 3 afe adausnldlusvordnidn adei 2 lusvordhiuanne LLa%ﬂ%ﬂﬁ(ﬂﬁ’lﬂiuigﬁJﬁJjﬂ@?ﬂ
vioa dnavilidnavensulisiuiuuinresigedn 131.01 wén vonaniifaiuunltvildsuudusiens siuusiee
e AMUENTI Uar vmdn 1,000 W GG ﬁnﬂaqﬁﬂizﬂaumaw%mmeh‘ifeiqNﬁiﬁ%ﬂ’mamﬁuﬁié’ﬁuﬂ&JW@a‘Wa%’ﬁ
9n31 16 Alansu P,0; siols inandnaegn 635.25 Alansusiols

mﬂﬁﬂaﬂaaﬂa%ﬂuﬁm’]ﬁLLmﬂﬁmﬁ’uhjﬁwaﬁﬂﬁﬁﬁuﬁLﬁULﬁl&Jwaq%’nuamﬁmmﬂ(ﬁhdﬁ’umqaaﬁ UANY
LLmIﬁ:u:iWﬁwawauawéuﬁiﬁ%’uﬂaWaaWa%’a 851 16 Nlansu P,0Os wols ﬁﬁﬂjﬁLﬁULﬁlEJ’JQQﬁEj@IG]EJﬁﬁ’]ﬁGUﬁLﬁULﬁEJ’JLVi’]ﬁIU
0.39 sewmun Ae Ueveaneda dnsn 12 uar 8 Alansu PO, sols Fifiensudifuieitu 0.38 Wity dawdn
vesnFuiildfuloveaesa dns1 ¢ Alandu P05 dels TerdvilifiuiAevindy 037 wazdvesnFudilallésule
Woanosa ﬁﬁiﬁmﬁlﬁmﬁmﬁwﬁqm 0.36 (Table 2)
ANTUNUSTTRININANAALAZDIAUTZNDUNANANYD 1T IBUITUY

PnMsAnET Wi wanBallanduiudiBauandusuouwdeness (=077 waz dwidh 1,000 wén
(r=0.69*) wasdavduiusidsuantueue s (=0.60%) wae duiliuifen (=0.50%) uananil Arugedsdandiniug

o

WBUINAUUNNRENNNWIAY (r=0.78*%) 1UIUAURDNTANFUNUSITIUINAUIIUIUTIWENE (r=0.95%%) way U1vin 1,000

o

WaAA (r=0.65%%) s1uiusIenalanduiusideuiniuinmin 1,000 wan (r=0.60%) AueITlanduRusiBauiniu
FIUULEARDTN (r=0.56*) hay I1uIuLdnfaTedlanduiusidsimgn 1,000 Wéa (r=0.61%) (Table 3)
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Table 2 Effect of phosphorus fertilizer on yield components and yield of HomWarin rice variety
PH TGW GY BM
Treatment NTP NPP PL (cm) NSP . ) HI
(cm) (9) (kg/rai)  (kg/rai)
T1 (Py) 102.22 9.58 9.26 2433 12290° 2523 52955  949.96  0.36"
T2 (Py) 105.13 9.59 9.26 24.94 123.73° 25.29 558.50°  925.99 0.38%
T3 (Py) 104.15 10.02 9.58 2497  123.09° 2594  581.20°  940.05  0.39%
T4 (Pyy) 103.90 9.95 9.56 24.94 126.11° 26.50 618.36° 917.25 0.40°
T5 (Py) 104.10 10.50 10.14 25.00 131.01° 26.50 635.25° 910.42 0.41°
F-test” ns ns ns ns * ns * ns *
Mean 103.90 9.64 9.56 24.82 125.37 25.89 584.57 928.73 0.39
CV (%) 2.71 4.48 4.53 1.76 2.02 2.24 2.08 5.82 4.36
LSD (0.05) - - - - 4.77 - 22.92 - 0.03

Y'* = Significant difference at the 0.05 probability level, ns= not significant difference, Values in the same column followed by

different superscripts are significant difference at p<0.05. PH: plant height, NTP: number of tillers per plant, NPP: number of panicles
per plant, PL; panicle length, NSP: number of spikelet per panicle, one thousand grains weight, GY: grains yield, BM: biomass and

HI: harvest index.

Table 3 Correlation between yield and yield components of HomWarin rice variety

Parameters  GY PH NTP NPP PL NSP TGW BM HI
GY 1 040 040 039" 0.60 077" 069" 0.05™ 054"
PH 1 0.17™ 036™ 049 050" 027" 078" 141
NTP 1 095" 0.19" 039" 065" 027" 002"
NPP 1 032" 049 060" 0.44™ 017"
PL 1 056 037" 032" 0.09"™
NSP 1 061" 0.25™ 0.19™
TGW 1 0.12" 0.26™
BM 1 081"
HI 1

*= Significant difference at the 0.05 probability level, **= significant difference at the 0.01 probability level, ns= not significant
difference. GY: grains yield, PH: plant height, NTP: number of tillers per plant, NPP: number of panicles per plant, PL; panicle

length, NSP: number of spikelet per panicle, TGW: one thousand grains weight, BM: biomass and HI: harvest index.

Usznsamnislddeneanadalunslinantndaa

nslddeneanaddludng 4 Alansu PO, delsvinlidniugvensulivseansamnislileveanesa guan
Tnemslddeeanesa 1 Alansu villvidavensuamnsalinandnguviniu 8.97 Alansu sesan de Juweanesa
851 12 way 8 Alansu PO, sals ImedaUsyanSamnisivinananinnu 8.02 way 7.32 Alansunandnsenlany
Woaneda auadiu waznslileeanesadng 16 Alansu PO, sels WiaAnUssansamlunisldleneaneasavindy
7.04 Alanfunananseflaniuneaeda (Figure 2) Ussdnsamnslidevinefsdadvesieiifidliuasifinuselovide
fivldasafouiutiinaveseild  Welvgesgemsnndenld  udfnanmwalaeifiunisasyiulavionanas
Usgavsnmmsleded 3 wuu loun UsednSamnisliinandn (agronomic efficiency) Use@nsnainnislduselea
(efficiency of economy) uay Uszansn nsuaissaesiia (physiological efficiency) wagusaziuuAldvisunnaneiu
(Osotspa, 1999) nsenwASeinasanezlsansamnnslitanan (agronomic efficiency) lagwuanUszansnm
mﬂ%{jEw\laawa%’aiuﬂwﬂﬁwaNﬁmsﬁ'nﬁuﬁ:mmﬁuamaqLﬁaﬁmﬂ%’é’mwﬂaWaaWa%’aLﬁmﬁu Lﬁaqmﬂﬂamam%’aﬁiﬂu
aumnﬁ’;ugﬂm"?ﬂﬁag"lugﬂﬁhjLﬂuﬂﬁﬂmﬂﬁﬂﬁ%’;Qﬁlﬁﬂé’ﬁaaﬁulﬂﬁ]ﬂ%’ﬂEJLﬁu (Hung et al, 2024). FamanisAnw

ADAAABINUIIBIIUTDY Sukyankij et al. (2015) %nwudwmﬂ%’ﬂSWBaWB%’aIu%WQ nud1 Tué’mwﬁwqm 2.5 Alansu PO,
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sols TAszavsnmlunisldleneanesalunmslinandndngeanvindu 344.67 Alansunandnseilaniuveaesa
dawSeudleuiutnanlasuleneanasadludns 5 uas 7 Alansu P,0s sials
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Figure 2 Effect of fertilizer regimes on phosphorus use efficiency (PUE) in HomWarin rice variety

NANDUMNUNILATYFAENS

annsAnw wud1 nsladeneanesalugng 12 Alansy PO, vls TWensmanauwnuauiiy (marginal rate
of return, MRR) guaawiniu 217.83 weasidud G'ﬁnLflué’mi’mauLmuﬁﬁumﬁ’umiamumﬂ'ﬁqm sesaan Ao n1slade
woanle¥alusns 4 uway 8 Alandu P,0, Aol filenManoULNUdIURY 169.60 uaz 132.95 Wodidusd auddu was
nslddeeanasdludninas 16 Alansu PO, sials flendnswanouwnuduiia WWes 98.92 1Wodius %qlﬂﬁumﬁ’umﬁ
amu (Table @) Tasmsasmuazduyuidlodnsmaneuunumaasugmansinnnindowindu 100 Wedldud e
Wisuiisuduyunslidelud we. 2567 nuidumumslitoanas 26.70-38.46 Wosidud 910 w.a. 2565 Liesan
mnileflanas  oghdlsfnudnsmanouunudufisiaeddaenndostu  Fufu  dunwmsnsiiuasutiosaslide
Weanesa ons 4 Alansu PO, wols Lﬁaamﬁunumimém ﬁnamwaamé’funumsmawﬁmiﬁ 13.35-20.42 \Wodidud iilo
Wisuilsuiunislddeveaniesa dnsn 12 Alansu P,0; sials widhilRuamusnadslddensanesa sns 12 Alansu
P,0s siols azldnandnvestverniulaseldgsiign daseldunnindnililssuleneansda 19.96 wWesidusd

Table 4 Analysis of Marginal rate of return of HomWarin rice variety received different rates of phosphorus

fertilizer
2022 2024
Grain yield
Treatment . Cost Income Cost Income
(kg/rai) . ) MRR (%) . ) MRR (%)
(Bath/rai)  (Bath/rai) (Bath/rai)  (Bath/rai)

T1 (Py) 529.55 1,889.65 4,893.04 - 1,162.90 5,078.39 -
T2 (Py) 558.50 2,047.37 5,160.54 169.60 1,334.08 5,356.02 162.19
T3 (Pg) 581.20 2,205.14 5,370.29 132.95 1,505.28 5,573.71 127.16
T4 (Py,) 618.36 2,362.77 5,713.65 217.83 1,676.39 5,930.07 208.27
T5 (Py6) 635.25 2,520.54 5,869.71 98.92 1,847.59 6,092.05 94.61

Rice price = 9.24 Bath/kg in 21 November 2022, Rice price = 9.59 Bath/kg in November 2024, Nitrogen fertilizer price (46-0-0) =
28.60 Bath/kg, phosphorus fertilizer price (18-46-0) = 29.33 Bath/kg, Potassium fertilizer price (0-0-60) = 30.81 Bath/kg in July 2022,
Nitrogen fertilizer price (46-0-0) = 16.93 Bath/kg, phosphorus fertilizer price (18-46-0) = 26.31 Bath/kg, Potassium fertilizer price (0-
0-60) = 20.01 Bath/kg in July 2024. (Office of Agricultural Economics, 2025)
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UNANED

o8 (Saccharum officinarum L) Wunilslufivlsfiddguesuszmalne ilesanyszmalneifugdsenn
thmaselngidususuaewwealan sgdlsfinu Jymndnuesnisnandes fe Tsaluviivesdes (Sugarcane white
leaf disease; SCWL) & aili allananaun (Phytoplasma) fitTuanivniaunfuriouiugdosdldlunisveneiug
vilidesunse Tudun waskandni mu%’aﬁﬁi’mﬂizaqﬁLﬁaW@,Juﬁ%ﬂﬂﬁmiaﬁliﬁaéfBIWImwawauwasim’mL%ﬂfﬂ&ﬂ%’
wiAtla nested-PCR uarldddousanatlunisnsiraeunandnujisengnlenefiueisa nan1snaaeemudl Ufasenanls
wedweisa soufi 1 Ingldlnsies MLO-X war MLO-Y vhliAnuaufiduie $1uau 1 uauu vuia 714 bp ludes SCWL
wilinuludosdasnlsn Ufisengnlsnediweisa seudl 2 Tagldlnswes P1 way P2 vinlAauauiidute S1umu 4 uay
YA 714, 616, 302 waz 204 gua ludos SCWL wilinuludesdasnlsa et mandnujisergnlanediuelsa
soufl 2 ifnAdoniSouas nudn Ranisdewasnieliuas UV lunaennnasivesdes SCWL udlinunisiSesuadly
Sagvaonlsn nansmaaesd ifiuiimaiafinmutuiliinuudug wavamisaansvezinalunsasisdeunanan
nested-PCR &
Ardnfy: Aduie Uisegnlanedweisa lnswes lsaluvnvesdey

Abstract

Sugarcane (Saccharum officinarum L.) is an important field crop of Thailand. Thailand is the second
largest sugar exporter in the world. However, the main problem in sugarcane production is sugarcane white leaf
disease (SCWL), which is caused by Phytoplasma transmitted through the seed cane that is used for propagation.
This disease causes stunted sugarcane, white leaves, and low yields. This research aimed to develop a rapid
diagnostic method for phytoplasmas using the nested-polymerase chain reaction (PCR) technique and using
fluorescent dye to detect the PCR products. The results showed that the 1°* PCR with MLO-X and MLO-Y primers
produced a single DNA band was 714 bp in SCWL but not in disease-free sugarcane. The 2™ PCR with P1 and
P2 primers produced four DNA bands 714, 616, 302 and 204 bp in SCWL but not in disease-free sugarcane. The
2" PCR products, which was added with a fluorescent dye, was found that fluorescence glow under UV light in
SCWL tubes but not in disease-free sugarcane. The results indicate that the developed technique is accurate
and can reduce the time for verifying nested-PCR products.

Keywords: DNA, polymerase chain reaction, primer, sugarcane white leaf disease

AU
§ou (Saccharum officinarum L) ¥ ufivls i drdgviani svostszimalne Faddiduingaudmsu
qmammsuﬁ‘;ﬁma wazaunsouUsguilundndaeinng 9 10 wu nseay wanafin levuea wazomnsdni lulnisude
2566/2567 Uismﬁlmﬁﬁuﬁﬂgﬂé’aaﬁgwm 11,125,480 15 (Office Of the Cane and Sugar Board, 2024) agslsAau
lumsimnzugndessinsvaulaminisseuiavesdsany ImsJLawwaem@'ﬂmlwnﬁa%'wmwmﬁamaaeﬁwqwm dana
1‘1)’1‘3’1alﬁ%mmwmﬂi;}'dqﬂé”aﬁlaﬂad (Sroykaew et al., 2018) Isaluw1i (sugarcane white leaf disease; SCWL) 1ina1n
nsdvanevendellananaan (Kirdat et al, 2021) awnsaasemademesonanansasnaus 5 — 20 % ERLAAN

! pedvinenmanimsinums Anzinumseans ninensssurAtazdunaden uninendeulsms fwalan 65000

! Department of Agricultural Science, Faculty of Agriculture Natural Resources and Environment, Naresuan University,
Phitsanulok 65000
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100 % Tujudeeme (Nasare et al., 2007) wsoAnJuyar1Uszuia 30-40 duneaanansgrel (Hanboonsong et al.,
2016) Tsaluranuadausnluussmalnelud ne. 2497 Tnenumsszumduusnanay o lusuasiniza Smringiun
delwlanaasnendveg meluvioewnsvesdos warannsndenenludwieuiuguasdosls Wainwnsnsihvioutusid
L%@iﬂimwawamlﬂﬂqﬂ awliAnnsunsnsyaneuaysyualUSiuiiau q sunseidlulniswda 2505/2506 wunis
sruivdudu 10 wih vilinanandesanasnnni 50% sounlulinisudn 2554/2555 ﬁﬁuﬁmﬁsmmﬁuqﬁu
110971 170,000 13 dewaliiAnauidemesogaamnssusesuasinnaniisvessamelnglisng 1,000 &1uum
(Hamarn, 2017) Tsalusmdasafaldnnszesmaaiaiviavesdes fdnvazeins dun lumdosdaauun
iesmnlnlananauvhansnaslsiiadluly dosfiiulsasuussazuanainauazmionnnninund nieflvuinidnivilou
ngirdun lasydulahllifsdodliifuienld arusuusmedlsatuegfutiadevansusznns Iiud enguesdos
AULTIusIweIiugdey Usinandolnlananaulugos YSuusmemisludu gumgiiuazaningiiennia (Hamarn,
2017)

n1snsiddadeulnlananaunanuisavilalaeldinailn DNA hybridization (Webb et al., 1998) as1a@eu
neldindesganssAidiannsou (Kavakita et al, 2000) UjAsenanlenediueisa (Polymerase chain reaction, PCR)
(Smart et al., 1996) wag nested-PCR (Hanboonsong et al., 2005) nested-PCR Lﬂmwﬂﬁﬂﬂﬁﬁ%mgﬂiﬂdwaaLmaLﬁaLL‘UU
dou 2 sou Tlnseddnnu 2 ¢ Tnesouit 1 axltlnswedeniaiefinuTnamsuedmneidvuelng tneld3luiin
AduefataldnnludosdufiBuomivuy mntu vhujategnlisnedueisaseuil 2 Tngldlwawesdngniafiovia
Usinafidueidduwmisiunnzoguunananujizengnlenedmeisasoud 1 Ineldnandnufizongnlenedimelsa
souft 1 1fufiduleuiuuy (Shen, 2019) LmﬁﬂﬁﬁdﬁmmhLLazmmﬁwwaqm’jmﬁﬁ%&nqﬂiﬂwaéLuaLsaLLUUﬁﬁﬁum
LAYATIADUNAAIETS gel electrophoresis (Pessoa et al., 2024) @foutToeuas (fluorescent dye) Luansusznou
maed leidnaslunandnufizeignlenedielsaazunsniieg seninediduloaeg uazaziiesuaniognnszdu
feLad (Stockert and Blazquez-Castro, 2017; Chinnappan et al.,, 2019; Intha et al., 2021)

et AT dddinuniimannaitdadedelnlamaraululudeslneduddeniouas (fluorescent dye)
Tusanan nested-PCR Lleiauisn1snmaitdedefinnii anduneuuazgunsallsitionnivisifuuasdnsaugndas
ansaillddansesiugdesiiusmnnlnlamaramneuiluldveneiugsioly

Avn13AN

NISLATLUAIDG1INY

iludesiugvouutu 3 (Kk3) fimzidsdlunasnnanes (in vitro sugarcane) MnvosfoRnainzides
doibo Ausinwasmand vimenssssuTAuaraundon sinerdeusas Swiafivalan uilfidudiegeiei
Usmanidelilananasn (¥AMIUALLTIAUY : negative control)

ihludesiiuguauinu 3 (KK3) fiuansennisvaslsaluun deene 1 91y 2 ou Mnuvasgndeslusuat
gelou unadeandad Soriafunanes S1uau 7 faeg1a (7 ne) (Figure 1) ildilusedeiiwfifidelnlananaan
(positive control)
WBanadlulinfdueainludes

anndludnaio uteainludeema875 Cetyl-trimethyl Ammonium Bromide (CTAB) A auyUasann
Doyle and Doyle (1990) Whdlufinfidueunsivaeulsunauazamuninsiemadia gel electrophoresis Tuiinainsiae
SmartView Pro 1200 Imager System (Scientific Biotech, Taiwan) kaiUsgulfiguanuLduueIuauA Lo ueiu DNA
Ladder RTU (Genedirex?, Taiwan) 9101y 130919510 uelilarudududszana 50 ne/ul Tneld elution
buffer wasifiusnwiflgamaii -20 °C iieldlutunousely
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Figure 1 Two-month-old sugarcanes cv. Khon Kaen 3 (KK3) showing symptoms of sugarcane white leaf disease
(SCWL).
nswamaiianisaseitededelnlanaiaun®aeds nested-PCR

wisnlnsiwesad 1 waz 2 Widanauduty 1 uM iiteldifinusinumduenislunasanaassfeujizen
anlgwediuelsa (polymerase chain reaction; PCR) Tnglwswodws 2 A (Hanboonsong et al., 2005) ddduiiandlelng
il

Iwsiuesail 1. MLO-X: 5° GTTAGGTTAAGTCCTAAAACGAGC 3

MLO-Y: 5" GTGCCAAGGCATCCACTGTATGCC 3

Iwsiuesail 2. P1: 5 GTCGTAACAAGGTATCCCTACCGG 3

P2: 5" GGTGGGCCTAAATGGACTTGAACC 3’

UjAsengnlanedweisa soudl 1 Usenoudmedlulindifule UTunns 1 L Insiwes MLOX uag MLO-Y
Usumsudinay 1 ul, One PCR™ Plus (Genedirex®, Taiwan) U311as 8 pl wasiiutindufiniunisengeudaliasy
Unms 20 pl Budulisengnlenedweisaiionmgil 94°C Wuna 2 wiil, aufegamail 94°C Wutian 30 Jundi
gaumafl 55°C Wwian 30 3wndl gaungl 72°C WWuan 1 undl §1uau 35 seu wazdavneaamnll 72°C Wuvan 5 wiil
vhwanasufAzengnlanedmetsa lWlHdufidueusivuuluujizongnlenedmeisa soud 2

UjAsengnlanediueisa soudl 2 Uszneusenanananufisengnlawedmeisa seufl 1 Usuas 3 L
Twswod P1 uae P2 Usunsadinas 1 pl, One PCR™ Plus (Genedirex®, Taiwan) U311m5 8 pl uaztfiuiinduiiinunts
sudoudalinsuuinng 20 pL Budulfisengnlewedweisafigungil 94°C 1unan 2 uil, mudiegangdl 94°C
Jwan 30 3ndl eamall 60°C WUwan 30 3wdl eamagll 72°C WUwnan 1 wid §1uau 35 sou wargavinvaaumad
72°C \Huaan 5wl
nsasvitiadedelwlananaunlagldddouFouas

Unandnuisegnlgwediueisa soUfl 2 nnfuddoudouas (PCR-fluorescent) USu1ms 3 plL (1 uL of
RedSafe™ Nucleic Acid Staining Solution [INtRON Biotechnology; South Korea] : 99 pL of water) waslid1iunqe
vortex mixer t{uian 5 3unit antu anaeunanelfuassansilalownn (UV) viaen PCR v0980eiikanienisves
TselurmaziiGesuasmeldnas UV luvuziivaon PCR vesdosfiusannlnlanaamagliiFoauasnielduas Uv
n13nsIREuEUSuNanIsItadY

inandnufAsegnlanediueisa soufl 1 uag 2 unsaaaeusiiemailn gel electrophoresis Tngld 1.2%
agarose nszudluiin 100 Tas wazanenmAae SmartView Pro 1200 Imager System (Scientific Biotech, Taiwan)
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Han1sAnyIkazianTal
UfATengnlanedueisa seuil 1 snelwssied MLOX uag Y nudn Usnguaufidue S 1 unu sueszanos
714 gwa Tuiau 1 - 7 @evsoged 1 - 7 wansernisveslsaluu) luvaziiau 8 - 14 (Foefiegnedl 8 - 14 Us1Aan
ellawanaun) waziau N (ahfudlufinfidue) livsnguoufidue (Figure 2)

Figure 2 PCR results of MLO (X+Y) primers on SCWL diagnostic (the 1°' PCR). The 714 bp DNA band of SCWL
was shown in lanes 1 — 7 (SCWL). There was no corresponding DNA band in lanes 8 - 14 (in vitro sugarcane)

and Lane N (negative control without genomic DNA). Lane M was a 100 bp DNA ladder.

UfAsegnlenedmesa soudl 2 dolnsiwes P1 uay P2 uadldnandnanufasegnlswedueisa soufl 1
Wufduewduuy wudn Usnguaufidute 91U 4 wau dvuia 714, 616, 302 way 204 gLua lwau 1 - 7
(Sopsreteil 1 - 7 uansernisvodlsaluen) lurneiiiou 8 - 14 (Soedieddl 8 - 14 Unaanielnlananaun)
waziau N (ifiuFludnfiduie) ldunnguauduie (Figure 3) namsvanosdlifiuin nsnsaitadellanarauly
Tudesde nested-PCR Usinguaudiduestnstaiau ludesfaged 1 - 7 Auansornisvedlsaluyn uansnsegned
ﬁ&ﬁﬁﬁ'ﬁgﬁvﬁaﬁlﬁLWW%L?;&JﬂuamWUaam%a (in vitro sugarcane) @9nAAITU Hanboonsong et al. (2005) Viﬂ’img
uoURSue $1uam 1 uav wun 210 fuwa lumsnseaeulilamananavglsalurnvesdoslumisdindu udaunse
daUSuaiuelivatesumisnndsty Suusmnguauidueegsdaieu $1uam 4 uau

Figure 3 PCR results of P1 and P2 primers on SCWL diagnostic (the 2" PCR). The 714, 616, 302 and 204 bp DNA
bands of SCWL were shown in lanes 1 — 7 (SCWL). There was no corresponding to SCWL DNA band in the Lanes
8 — 14 (in vitro sugarcane) and Lane N (negative control without genomic DNA). Lane M was a 100 bp DNA
ladder.
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HANITTLATITREA UALE ULD Accession: CU469464.1 a1ng1udayasaulal National Center for
Biotechnology Information (https:/www.ncbi.ntm.nih.gov/) #ud1 suvtsiilnsiuessurufidueutuuy /3 Figure 4
wazruaveaRAnUiATgnlnoameisa ¢ Table 1 VilHAnuaufiBue S1uaw 4 uou fvwn dail

1) unuiidule wun 714 guua Anannlwsiues MLOX way Y inasvdeanufisengnlewedueisa soufl 1

2) uaudLdute wun 616 gLua LAnanlnswed MLO-X inasndearnujisengnlenediueisa seudl 1
waglnswes P2

3) uUABWe WA 302 Ak iavnlnswes P1 uaglnswes MLO-Y waamdeanujisengnldnediuelsa
soufl 1

4) unUAdwe A 204 guud Ainnluswes P1 uag P2

WAAN nested-PCR vaslnsluosdil 1 (MLO-X ua Y) Usnguaufidule wua 714 gua ludesiiuanieinis
vodlsalurm uilivsnguoufidueludesiiunannidalnlanatan (Figure 2) Idognsgniasiaurufisengnlenod
wolsa saufl 1 uenanil UfATengnlenediueisa souil 2 SsUsinguaufidule vunn 714, 616, 302 uar 204 fLUd
wnnsnsetetalIusEnIs e inantonnisvaddsaluraiudesiiusaanidelnlananaun (Fisure 3) Sudunaunan
Iwsies MLO-X waz Y Ainasmdoinanujizengnlanedmelsa seuil 1 wazianisiddiulvaidu Tnswes P1 uas
P2 luujizengnlanedmeisaseud 2 saudulnsiues $1uam 4 viia Tu 1 YR58 (Multiplex PCR) ¥il¥iiAnsuuuuns
vihaiulnivedlnsiwes 91 4 uuu dwansdumisazvunaly Figure 4 uagTable 1

451,290 bp
ACTCCGCACAAGCGGTGGATCATGTTGTTTAATTCGAAGATACACGAAAAACCTTACCAGGTCTTGACAT

ACTCTGCAAAGCTATAGAAATATAGTGGAGGTTATCAGGGATACAGGTGGTGCATGGTTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCGCTAGTTACCATCATTTAGTTG

GGCACTTTAGTGAGACTGC%%&?%ATAAATTGGAGGAAGGTGGGGATTACGTCAAATCATCATGCCCCTT
ATGACCTGGGCTACAAACGTGATACAATGGCTGTTACAAAGAGTAGCTGAAGCGTGAGTTTTTAGCAAAT
CTCAAAAAAACAGTCTCAGTTCGGATTGAAGTCTGCAACTCGACTTCATGAAGTCGGAATCGCTAGTAAT
CGCGAATCAGCATGTCGTGGTGAATACGTTCTCGGGGTTTGTACACACCGCCCGTCAAACCATGAAAGTT
GACAATACTCGAAACCAGTAGCCTAACTTGCAAAAGAGGGAACTGTCTAAGGTAGGGTCGATGATTGGGG
TTAAGTCGTAACAAGGTATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTTCTAAGGAAAATATCATC

P1
TTCAGTTGTGAAAGACTTAAAAAAGTTTTTTATTTTTTAAGATAAAAATAAATAATGGTCCGGGGCCTAT
AGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAGGTCGATGGTTCGAGTCCATTTAGGCCCACCAA

P2
AGTATTTATCTTAAGAAAACAAGCTCTTTGAAAAGTAGATAAATTAAGGTTAAAAGAATTGAAGAAATTA
AGGGCGCACAGTGGATGCCTTGGCACTAAGAGACGATGAAGGACGCAATTAACGGCGAAACGTCACGGGG

MLO-Y
AGCTGTACATAAGTGAAGATCCGTGGATTTCCGAATGGGGCAACCCGCTATGTTAAAAACATTAGCATCT

TTGTTTTATAACAAAGAAGAAAACGCAGTGAACTGAAATATCTAAGTAACTGCAGGAACAGAAAGTAATA
452,340 bp

Figure 4 Nucleotide sequences of Candidatus Phytoplasma mali (accession CU469464.1 on 451,290 - 452,340 bp)
from National Center for Biotechnology Information. Bold capital letters with underline indicated the
sequence and specific site of each primer. Bold capital letters without underline indicated nucleotides that

does not match the primer.
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Table 1 Primers used in nested-PCR and expected size of multiplex PCR products

No. Primers (F) Primers (R) Expected size
1 MLO-X MLO-Y 714 bp
2 MLO-X P2 616 bp
3 P1 MLO-Y 302 bp
4 P1 P2 204 bp

NANTSLANAG UL DAl UNANAM nested-PCR WU M1a8nnNAaeddl 1 — 7 (90862981991 1 — 7 WandeIng
¥9alsalui) tinn1sisoswasneldnas UV luveiivnasnnaass 8 — 14 (99867087197 8 — 14 Usiaanialnle
nwanaun) wag N (laifudluiinddue) liianisiSesuaanieliuas UV (Figure 5) @annasariu Figure 3 AnuLaudidule
o ° M o a g
AT 31U 4 wau Tweu 1 - 7 walinuwauidueluau 8 — 14 waziau N

Figure 5 The fluorescence detection of nested-PCR results on SCWL diagnostic. The tubes 1 - 7 (SCWL) emitted
green fluorescence under UV light but the tube 8 - 14 (in vitro sugarcane) and N (negative control without

genomic DNA) did not emit.

wmAdlA PCR-fluorescent waunsasausnlud 2564 14luntsnsiaseumnedunady sxiuddeudewasatly
vasn PCR MAaNUAAToNaSAU wnun1saTIvaeuRadae electrophoresis Vilwanszoriatlumanmanasgistion
40 ui Fadumadainndiniunadasada (Intha et al, 2021) aufielaqUiu delifinasnuidemsldddenseuasly
N3R5 0delsAlULUDRY N1IATIVEOUNANITNAADIAIBITLANFTDUTOILEAT TUUNIZAMSUNITATIVEDUNANTS
Windsunadisuenglunasamaassiivanmaidiuuan (positive) 130 au (negative) mnilfduarintulunasanaaes
F1uauLn Msidewaifardaaunnd iy ddemdouas (fluorescent dye) dnngnldlunisinaaindulnsy
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Abstract
The purpose of this article is to study the online marketing mix factors influencing the purchase of
auspicious plants in e-commerce. The sample group consisted of 456 consumers living in Bangkok who had
experience purchasing auspicious plants online and were aged 18 years or older. The sampling method used
was accidental sampling, and data were collected using questionnaire. The statistical methods used for data

analysis included descriptive statistics (frequency, percentage, mean, and standard deviation) and inferential
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statistics, specifically multiple regression analysis. The results showed that the majority of the sample were
female, held a bachelor's degree, were aged 21-30 years, had an average monthly income of 15,001 — 25,000
Baht, worked in private companies, and were single. This indicates that consumers purchasing auspicious plants
via e-commerce belong to a financially stable group with purchasing power and make independent buying
decisions. Regarding the online marketing mix factors, the overall level was found to be very high, with a mean
score of 4.68 (S.D. = 0.384). When breaking down the marketing mix factors into specific aspects, the top three
aspects were Privacy protection, with a mean score of 4.75 (S.D. = 0.401), Personalized services, with a mean
score of 4.71 (S.D. = 0.411), and Distribution channels, with a mean score of 4.70 (S.D. = 0.346). For the decision
to purchase auspicious plants in e-commerce, it was found that consumers in Bangkok aged 18 and older had
an overall very high level of decision-making, with a mean score of 4.36 (S.D. = 0.544). When breaking down the
purchase decision into specific aspects, the top three aspects were Ease and convenience of purchasing
auspicious plants online, with a mean score of 4.63 (S.D. = 0.591), Overall purchasing of auspicious plants in e-
commerce, with a mean score of 4.46 (S.D. = 0.649), and Price comparison before purchasing auspicious plants
online, with a mean score of 4.39 (S.D. = 0.763). The variability in purchasing decisions for auspicious plants in
e-commerce was 14.3% (R? = 0.143), with predictive variables including online marketing mix factors, product
factors, price factors, and marketing promotion factors.

Developing distinctive and unique products compared to the general market, along with setting
reasonable and worthwhile pricing, can enhance consumers' decision-making in purchasing auspicious plants
online. Online retailers should focus on clearly presenting details about auspicious plants, including quality,
auspicious significance, and care instructions, to build consumer confidence. Additionally, implementing relevant
marketing strategies, such as customer reviews, video reviews, and promotional campaigns, can further
encourage purchasing decisions and improve overall sales performance.

Keywords: online marketing mix, lucky plants, electronic commerce, purchase decision
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fvuaseiuaudeiuliisosas 95 uazseiuvesAAuRaIRIRABUIoYas 5 agldnguegaivinzauindy 385
F0E19 ﬁdﬁﬁdﬁLﬁUﬂa:iJﬁ’JE]EhdLﬁuﬁi’ﬂw,]u‘ﬁﬁﬂwu&] LﬁaLﬁummL%aﬁuﬁaﬂaqﬁummwammﬁlauﬁuﬁmmmmmmjuaﬂ
10% Fsldsmau 4235 faeens dadudidedafununadoya 425 feg1s Tasnsdnidennguiegiauuutady
(Accidental sampling) ¥AstHeLNsHUUdBUaMBaUlAY

3. MsnsaeUvesRanMvsaAsesielunsiuIuTINdeya Mevindsedudeiina Tnenslduuuasua
fiiunsruIunTIARUALIiBInssvaaiion (Content validity) Tnegifrmgyldliandadauaonados (OC
index of item objective congruence) Larlunaasald (Tryout) ﬁumjmﬂmmBﬁﬁﬂmauﬁaﬂﬁﬁaﬁUﬂéuﬁaaﬂw
$1uau 30 40 LlemmaseuITemaNaINTI A ImINERE N ANLATATINNANFDIN T Te L Mndunpaeu
audesiuvesuuuasuny Taonslilusunsy spss lunismeaeumarndesiu Tignsduustaviueaiivesnsouu
(Cronbach’s Alpha Coefficient) Fafinvinfiu 0.94

4, muﬁuﬁ’f@gamm;fma‘uLLuuaaumuﬁagfiuﬁuﬁwmnqnmw*ﬂ fifleny 18 Yl LLﬁmﬂuﬁﬁ%@lﬁMﬁﬂﬂu
widlvddiannselind S1uau 425 feea

5. mslszideyaianssaun selusunsu SPSS Tiaada Wanssaun leun Aenad (Frequency) Anade
(Mean) A1¥88ay (Percentage) d71Ld 841UULIASE U (Standard Deviation) Lazn1531AsIzNNsaNnR LT MY AR
(Multiple Regression) ifieAnunaruduiusseninstadoiuussrnsemand dadvamuszaunenisnanosulal fu
nssnduledeliusealundeddidnnseiing

NaN1sANE LA
dauil 1 dayaluvasnsuuuugeuny
mﬂﬁmauLLuuaaumusTfaLﬁuﬁﬁ%aiﬁmﬂaiuwwai%éﬁl,ﬁﬂmaﬁﬂé ﬁa@iuﬁuﬁmmﬂgdmw 918 18 ¥ Fuld
$1uau 456 au wud danllvg)fumenda S1uau 274 au (Fevaz 60.1) fAnadsvesiaengeti 21 - 30 U (Fevas 34)
aounnlan S1uau 276 au ($osay 60.5) seRunsEnwUSyaas Sruau 270 au ($esay 59.2) ixelddiuunniads
15,001-20,000 91u7u 120 AU kag 20,001-25,000 UMW 991U 120 Au (Fsaz 26.3) InsdlngUsznouon@mntinau
U3menvu $1uan 122 Au ($evar 26.8) uandidiuindfidelduealundesddidnnsednd iWunguiididsdo 1ne
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asradou neldsewion 7 15,001-25,000 uin Serdwmduninauuiinenvunasianiunin Tan dedioinduns
N19NTEU
doudl 2 Foymiferiunginssunisieldiusealumdvdsidnmsating

mﬂ{{mauLLuuaa‘umuﬁﬁmLaaﬂumiéf‘iualﬁudﬂaiuwwaiﬂus?&ﬁﬂmaﬁﬂéﬁﬂaaﬁqfﬂ AR 20.00 91U 231
au (Jovaz 50.7) Suauasilunisdoliunareiiou toonin 2 afs s1uau 224 au (Fewas 49.1) Aldanslunistels
usraionds luifiu 300 U 117w 235 Au (Fevas 51.5) Foema facebook iugpwmdlunisdeliusaaiivosiign
$1u7u 194 au (Govay 42.5) uasiiidavsuasenssemnitan \unsdaduladenuios S 368 au (Gevay 80.7)
dauil 3 dayatadufuguuszaumenisnainesylay

HaINNNSANE WU Jadedudiulszaumenisnainesuladiidavnadonisinauladolsusnalunided
Sidnnseilnd nudn Qﬁ%@iﬁmaﬂuwuﬁ%é@Lﬁﬂmaﬁﬂﬁ Iuﬁuﬁﬂgqmm 91y 18 U Fuly Imaﬁauagﬂusgﬁwmﬁqm
Tnofla1iade 4.68 (S.0. = 0.384) 1flethannsrarsusazUseiiuaziiosasusad Jadodudiulszaunisnisnain
poulall %d@gﬂu isé’mmmﬁqm oA srunssnwanududiud Aade 4.75 (S.D. = 0.401) frunisliusnisuuy
191299 AL@AE 4.71 (SD. = 0.411) AUTEIMNNTTATIVUIEY ALRAE 4.70 (S.D. = 0.346) FundnsueiAady 4.68
(S.D. = 0.384) #1us1A ALRAY 4.61 (S.D. = 0.430) LAZAIUNMIAUESUNIAAN ALRAY 4.60 (S.D. = 0.424)

daudl 4 JadeTunisdnduladelfinsmalunidivddidnnsadind nasnnisfinwmudeyaludiusing 4 dewelull

Table 1 Satisfaction with The Purchase of Lucky Plants Decisions

Ranking tems St_atistical Value Meaning
X S.D.

1 Do you think you want to buy auspicious Plants through 4.63 0.591 highest
e-commerce because it is convenient and easy.

2 Do you think that before choosing to buy auspicious a.17 0.931 high
Plants through e-commerce, you will ask for information
from people close to you or search for information on
the internet.

3 Do you think you will compare the prices of auspicious 4.39 0.763 highest
plants before deciding to buy them through e-commerce.

a4 Do you think you will buy auspicious plants through e- 4.46 0.649 highest
commerce.

5 Do you think you will share the pros and cons of buying 4.19 0.926 high
auspicious plants through e-commerce.
Total Average 4.36 0.544 highest

4.21-5.00 = highest; 3.41-4.20 = high; 2.61-3.40 = moderate; 1.81-2.60 = low; 1.00-1.80 = lowest.

970 Table 1 nsdnduladelfiusnalunduddidnnseiing wuin Q’ﬁ%@lﬁmﬂaiuwwzﬁsuéaﬁﬂmaﬁﬂéﬁagﬂu
ﬁuﬁmmgqmw 91y 18 Yajuld Imaz«hﬂm@agﬂuagﬁumﬁqm TnediAiade 4.36 (S.D. = 0.544) Wewwinszaneluwd
avUssiiuazannsaFosdidulddd msdadulatoliusealundvdsidnnsedndflegluseduanniian WWud viudndn
auoseenndeliusnarulundudBidnnseing Wewnnilmnuasanuasiwe fdeds 4.63 (SD. = 0.591) viuAnia
auesasdoliunarulumndudsidnnseting dAede 4.46 (S.D. = 0.649) ¥uAninuesesIeuisusiavesls
wpanoufindulateliusnanulundudsidnnsedng fideds 4.39 (S.D. = 0.763) ¥iuAninuesazuendedonuas
Fordvvaenisdeliusrannlumdvdsidnnseding SAeds 4.19 (SD. = 0.926) viuAadneufinuesazidendolsl
wrarulundivddidnvseiind svaeuaudeyannaulnddviemdayaniadumnesiin fiAede 4.17 (S.D. = 0.931)
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dudl 5 Jedvdrutszaumensnainesuladiifisnswadenisdelfusaaluwidvddidnusadng lnodauufsu
Fastoludl
H, HadvdnUszaunansnaineeulatildiianinasenisteliusnalumduddiinnseting
H, Tasvdudsvaumanisnanneeuladfiisvsnasonistolsiusaalumdudsdnnsednd
AN sYR@eUNNsand Dol
ArduUsyaNS andusiuseestadudulssaunienisnainesuladd fsnsnarnonisd o lsfusnalunided
ddnwselind fidvaunsoagunalsna Table 2

Table 2 Satisfaction Pearson Correlations

Online
Product Price Place Promotion Personalization Privacy  Decision
marketing Mix
4.68
Product
(0.384)
4.61
Price 0.468**
(0.430)
4.70
Place 0.409** 0.590**
(0.346)
4.60
Promotion 0.388** 0.502** 0.509**
(0.424)
4.71
Personalization  0.440** 0.547** 0.612** 0.435**
(0.411)
4.75
Privacy 0.376** 0.395** 0.519** 0.359** 0.582**
(0.401)
4.68
Decision 0.306** 0.315** 0.253** 0.276** 0.241** 0.208**
(0.384)

**_Correlation is significant at the 0.01 level (2-tailed).

ltalic: mean (standard deviation, S.D.).

AwUsdasenndidnadnsaennuduiusseninsiuludvinineardudssansanduiusliiiv 0.80 T
AMIMNNeI1 nuaaduiuslussduunansfisgeesiiudsdasenndd slddwmaliindymuazivudsyndaluld
Tuniswennsalnisinduledeliusralundvddidnnsedndly iensavasuinifadsdiulssaunanisnaialnesaui
Sviswasion1stoliunandoly Fslddidunismaasu ANOVA Fauansualily Table 3

Table 3 ANOVA Results of Marketing Mix Factors on Purchase Decisions

Model Sum of Squares df Mean Square F
1 Regression 19.315 6 3.219 12.496
Residual 115.670 449 0.258
Total 134.985 455

a. Dependent Variable: Decisions

b. Predictors: (Constant), Privacy, Promotion, Product, Price, Personalization, Place

auiiuldn danadfvaasuien Wiy 12.496 wagan Sig. $A1 0.000 Feifeanitsedu Weddny (@ = 0.01)
AU130UNEsANNRFIUNAN (Ho) uazyinn1seausuauufiguses (H,) eSuralaindiulssaunisnisnainseouladl &
anuisatesduiusidudunsaiunsdeliuralumndudddnnseindesailfoddymeadaisyiu 0.01 Fuhluads
Wuaunsnensalidadunss
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au1snasuremnuiuLlsvesn1sinaulatelinsnalundvddidnnsefindleisovay 14.3 (R%= 0.143) fasn
wUsARLLAYIINITHENINTalUSENB UMY dauUsEaunnan1sna1neaulall FIUNAAAUY AIUSIAT WATATUNISENESY

v o

Msean nedanudunusiuluseausi (R = 0.378) wiadwsreiindadelaludiudszaunianisnainildnsSnaneonis

o o =2

Folduspaegadiduddn Islavinsimsgionneenvan InsuansramdulssdnsvessiuUsudazialily Table 4

o

Table 4 Regression Coefficients of Marketing Mix Factors on Purchase Decisions

Standardized

Model Unstandardized Coefficients Coefficients t
B Std. Error Beta

1 (Constant) 1.325 0.386 3.435
Product 0.241 0.074 0.170 3.258"
Price 0.196 0.076 0.155 2.582"
Place 0.025 0.099 0.016 0.251
Promotion 0.142 0.069 0.111 2.054"
Personalization 0.007 0.083 0.005 0.084
Privacy 0.044 0.076 0.032 0.578

a. Dependent Variable: Travailing Decisions
" 0.05; " 0.01; 7 0.001.

WU druUszaunanisnatneeulad AMUNEAA U HI1USIAT LAEAIUAITEUESNNITAAIN @1115005Ue
Saufusnanuiuuys ildnswasenisdeldedaivedfynsadanisyiu 0.05 fuiufahdudsiunansias du
5107 wazmunsALEsHNIRaIn asraduannismuiunensalidadunss Ineduusaunansiue aunsaesuielu
nsteliusnaluniivddidnnseindldidudusunis (B = 0. 241) Fudseusa aunsaeduisnisdeliunaly
widldSidnnsedndld (B = 0. 196) wavfuUsaunsdwasuN1IAATA A1TesUIEnI3e oldusaalungivd
Sidnnselindle (B = 0. 142)

Tnpasy Yadedrudszaunienisnaineaulal wudn dundadoet A1us1aT kaga1unsduasun1snaind

vsnanani1sdaliusralunidivdsidnnsedng lasaiu1sasiudussuieanuiunlsveinisdeldusmalunidivd

aada

annsoling lanisovay 14.3 (R?= 0.143) egadldudrdgveadafissau 0.01 Feaunsaairsaunisneinsalifadunss

o

L
AR

=De

—

Y = 1325 + 0.241X, + 0.196X, + 0.142X,
X, = sunansdue
X, = Aus1en
X, = fumsduasunisnaie

AUNITANNITOOTUIATUNANS U9 ﬁ@m%waGiamiﬁm?{uias?juawmﬁzjm wansduslnalvinud Ay iunnn
Uszunn uasauauUfvesldusea dresiusanduladudidgysesan ;:JU'%Immﬁ)ﬁa]ﬁmmmﬁuﬁwaﬁwmlﬁa
Bondeuliiusea uardnsunisdauasunsnaininanenisewuiu uildvswatdesninaeadousn aumsiiosue
¢ mswawrEasawazi T Tiunzay wwtediilenalunsiaduladelsiusransesulaitdodiuysyan
mensnanaeevlaviiisvsnasensteliunalumdudsdnmseindls

PNMTIATITARIEY s ST uranSaeiuaznsdnaulateliumalumdvdidnnseing i
Sm%‘wam'amaé’m%u‘la%@lﬁmﬂaiuwwa‘jméé‘Léﬂmaﬁﬂéamaﬁﬂ’aﬁwﬁ’@maaaa LaransnesuensUasuulawes
woRnssunisaduladelddt Tase Rz = 0.18 vhwneliih duusdaseiianlfluaunsannsoesueenundsusiu
vouauUsnalls 18% vienanidnifeviisie Yaseiidnudwmadensinduladevienginssuluseiunis uddildede
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s BA $1uu 12 g mavaasswuiewnsfiannsadnilinAnsenlmifudussenysallduniiaede o1msgns
MS #iu BA enududu 3 un/a. TnedniliAnseslmildiads 20.9 son/ Tuduiiy LLasLﬁawamgﬁm%quwwﬁmw
vne N Tletraen1sTAUln Imaﬂ’%’maﬁ’ummﬁuﬁumaammil,‘wwL?Tﬁms'auﬁ’uﬁwmazﬂmaﬁhmu 12 gns wud
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Abstract

Zingiber brachystachys Triboun & K. Larsen, an endemic species found in a specific area of Thailand
with a limited distribution in natural conditions, is classified in Zingiberacaeae Family. This species is asexually
propagated. The stem and rhizome contain natural essential oil which may have economic potential in the
future. The conservation of endemic plant resources through plant tissue culture techniques is crucial to
preserve rare species that might be risk of extinction due to environmental changes or natural disasters. This
study was conducted to apply tissue culture techniques to the multiplication and conservation of this species.
Micropropogation and in vitro conservation of Z. brachystachys were done by using various concentrations of
plant growth regulators, media and sucrose. The result indicated that the highest shoot number of Z
brachystachys from MS medium supplemented with 3 mg/l BA was 20.9 shoots per explant. After being cultured
with 12 media formulations, it was found that the most suitable media for slow growth storage of Z
brachystachys was 4MS or %MS supplemented with 15 ¢/l sucrose. This species can survive for more than 8
months without any subculture in these 2 media formulations

Keywords: micropropagation, slow growth storage, Zingiberaceae, conservation
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yhmsanwlaedinguszasdiiomsveneiuduazmsiiuinunmeiterasniseiaivladudmssmsumluanimdaon
Womewmaliamsmzidesaiodoiiy %ﬂNasuadmﬁ%’&ﬁléf%gﬂﬁﬂﬂﬁﬁuauwmiL%aﬁuﬁ:ﬁmﬂsuffismﬂm,ﬂwmL‘ﬁamﬂ%
UiﬂmjuﬂluammLLasLﬂudauwﬁwmmiay%’ﬂﬁmwwmﬂumzmw%amwﬁmﬁmadlma

BMsAnE

FIWTIAIBYNAUTINTENNTUW (Zingiber brachystachys Triboun & K. Larsen) 9NUSHIMENABNTENNTUIN
Jmipaszys  wavthduiusildannsdinandgneyuiallsadeulgnity dwinideimuinalladianm fwmdn
Unusil Tneugnlunsensfisssus Wauhudunmediflesdudeutegauasinsssnieddluanmuasansils sen
sifeviosoufifinruigessana 3-6 wu. $1uru 20 eseu esnldiderugindiin lnsdeharuaseindeanysn
Fway ndudnadaeihasealvariuuny 45 wit ihiudiumisseudaluioniuea 70% wiu 1 unit Wensudene
sousuasazatenansend arududusedl 1. asavaneeassend 20% Wuna 20 it 2. arsavanenansend 20%
e 1517 ausae 15% w10 uiil 3. ansazanenaasend 15% Wuinan 20 unil &edethnduileide fale
poulilivuinuszanu 1 . LW’I&;’LgENUUE]’]W]'ﬁEjm‘i MS (Murashige and Skoog, 1962) Wi 3 weu ufind urudud
ansosyivlmduiuiianysel duasammssesdin (dwunstudeureadeuazannsaasadulaldluanm
Uaenite)

1. msdninsfineen Tasidudiudusoudmssnvsumannnisrensniferuanugessana 3-4 au. 7
Uaonideqdunid dndaideuinudmulaeoonliivdeduasylasseatsynn 1 sy, dwiuthinmizideswuems
MS 1fisl NAA wae BA fisziuanandudusing 4 uiu 3 e TUHUNITNABIRUUANANYTA] YIINTMARDIT1UI 4 e
Frav 8 van wlseanidu 12 n35uds Ao MS Thiu BA arandudu 0, 1, 3 wae 5 un/a. Taufu NAA arududu 0, 0.5
waz 1 un./a. ﬁ’uﬁﬂé’ﬂwmxﬂmﬁ@Lauimi’wmuLLasmmgwawamﬁaugsfﬁ AT IATIZRALLANAIVBIARALH 83T
DMRT

2. MsrzasnIsasLAule ImmwwL?ﬁyaaﬁu%nwwwammﬁlé’mﬂmﬁ%’ﬂﬁmmﬁmaamwmmi MS U 3-4
#nnoh leusuanimiloide ‘mé’amﬂﬁ?uﬁwéfu%qwizwwﬁumﬁﬁmummmqwismm 3-a gy, fadleifeuinudutans



King Mongkut’s Agr. J. 2026 : 44 (1) : e0265319 3

ponlivdodnasyUassonuszina 1 u. dwmduthumnsdossuuomsdmiuinnnseraemsiaiadvla Tneld
9IMNIEAT MS ﬁLﬁwfwma@maﬁﬁsﬁummL%';J%Wm 9 unumsaaesiildAeuuuuianeiFualuununsaao Uy
anysal Usgnousme 2 Uade lounanuidudureserms MS 1uiu 3 sedu fis 4MS, 1MS, way MS wagaududures
thaaglasa 1uau 4 32U Ae 15, 30, 45 waw 60 n./a. T 4 51 918w 8 N Tufindeyadnuarnassydvinves
FUTINTENNEUIM UaTTIATIERANLLANA1YRIALRAESIETS DMRT

NAN1SANEILAZIVTAl

nslensidetudumiogeumsymsun Insdwiharuazerandeseudasay sndudrslnglvitlnaru
Fudauiivuu 45 il udSlendisansazanonaesend 20% 15 wilke 15% 10 unil wuihduduiivsendinuay
Wludulate 46.67% Tetudniiviisentinildnuardiden "L:u'ﬁﬂ131J'uLﬁauﬁaﬁﬁuﬁéuagmmmLﬁ]’%zyl,ﬁufﬁuﬁ
auysalld segeudmszymsumduiudniuananiniififefuiiviuidinsuudoudeaunidaoutsguderiings
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Feans NaClo 1.2% wiu 15 wiilwaz 1% Wi 10 wil wudhildnsnsendin 67% wazniswensdoneenves
Boesenbergia rotunda Miufivayulnslagnisqaluteniuea 70% uiu 2 wifimufieansazansnassend 20% Ui 15
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wmmvﬂuamwﬂaam?ﬁua ﬁaqmmmiﬁ'amﬁwmaﬁimamﬁaLﬁ&m 15 n./a. dieliAnnsunnsentesliinniuly was
goafildds auldnwauranysaiidider wazdamidauss Imammsmﬁyawummiqm MS wiausuanUsuaaudy
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Table 1 Influence of BA and NAA combination on shoot multiplication and length after culturing shoot explants

of Z. brachystachys cultured on MS medium for 3 months

Medium

Number of shoots

Shoot length (cm)

MS

MS + 0.5 mg/l NAA

MS + 1.0 mg/l NAA

MS + 1.0 mg/l BA

MS + 1.0 mg/l BA + 0.5 mg/l NAA
MS + 1.0 mg/l BA + 1.0 mg/l NAA
MS + 3.0 mg/l BA

MS + 3.0 mg/l BA + 0.5 mg/l NAA
MS + 3.0 mg/l BA + 1.0 mg/l NAA
MS + 5.0 mg/l BA

MS + 5.0 mg/l BA + 0.5 mg/l NAA
MS + 5.0 mg/l BA + 1.0 mg/l NAA
mean

F-test

CV (%)

0.8 +0.09 ©

6.1 +0.06

7.6 + 0.06 ™
7.8+0.11°
12.1 + 0.12%¢
5.8+ 0.07<

20.9 + 0.09°

5.4 + 0.06 °

9.1 +0.06 ™
14.0 £ 0.07®
14.6 +0.16™
13.6 £ 0.11%

9.8

*%

23.34

3.48 + 1.18 *°
3.39 + 0.52°¢
4.56 + 0.46 ™
5.03 + 0.56°
2.36 + 0.40
3.11 + 0.15°
3.38 + 0.40*°
3.48 +0.19%°
4.11 + 0.70°°
4.08 + 0.30 ™
1.94 + 0.63°
2.36 +0.21
3.44

*¥%

30.90

Means within the row followed by the same letters are not significantly different at 5% level by DMRT

** = significant at 1% level

Transformation efficiency: Number of shoots are log (X+1) transformed value
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MS MS + 1.0 mg/l BA MS + 3.0 mg/l BA MS + 5.0 mg/l BA

MS + 0.5 mg/l NAA MS + 1.0 mg/l BA MS + 3.0 mg/l BA MS + 5.0 mg/L BA
+ 0.5 mg/l NAA + 0.5 mg/lL NAA + 0.5 mg/l NAA

MS + 1.0 mg/L NAA MS + 1.0 mg/L BA MS + 3.0 mg/L BA MS + 5.0 mg/L BA
+ 1.0 mg/lL NAA + 1.0 mg/lL NAA + 1.0 mg/l NAA

Figure 1 Effects of different concentrations and combinations of BA and NAA on shoot and root induction of Z.

brachystachys after cultured for 3 months
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Table 2 Effects of concentrations of MS medium and sucrose on shoot and length from shoot explants of Z. brachystachys for 8 months

MS Number of shoots Shoot length (cm)
Sucrose (g/) mean Sucrose (g/1) mean
15 30 45 60 15 30 45 60

MS 222 +£0.03 534 +0.09 1382 £0.08 215+ 5.89 6.88 +0.68°% 794 +0.79°% 7.01+060% 1.05+0.72% 572
0.28

1MS 326 £0.16 4.48 +0.08 5.62 £ 0.08 3.86 = 4.31 6.9+ 1.31°% 658 +1.122% 373+0.16° 130+059°%° 4.63
0.26

MS 3.12+0.06 264 +0.19 3.95 £ 0.04 1.59 + 2.82 6.21 +0.39°* 236 +0.83° 353+068° 191+111°%Y 350
0.24

mean 2877 415> 7.80% 2.45Y 4.34 6.67 5.62 4.76 1.42 4.62

F-test (MS) ns *x

F-test (SU) * x>

F-test (MSxSU) ns *x

CV (%) 32.78 31.00

Means within columns and rows followed by the same letters are not significantly different at 5% level by DMRT
ns = not significant
* = significant at 5% level
** = significant at 1% level
- The a, b, c combinations compare the difference in concentration of MS medium (MS)
- The x,y, z combinations compare differences in concentrations of sucrose (SU)

Transformation efficiency: Number of shoots are log (X+1) transformed value
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1,MS + sucrose 15 g/l %2MS + sucrose 30 g/l 1MS + sucrose 45 g/l 1MS + sucrose 60 g/l

%4MS + sucrose 15 g/l 1%MS + sucrose 30 g/l %4MS + sucrose 45 g/l 1%MS + sucrose 60 g/l

Figure 2 Shoot proliferation of Z. brachystachys’ shoot explants cultured on difference concentrations of MS

medium and sucrose for 8 months
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Abstract

Paraboea bhumiboliana Triboun & Chuchan, a native plant species of Thailand, is classified in
Gesneriaceae family. Its distribution is limited, particularly found on the limestone mountain peaks in Lamphun
and Tak Province. This research was carried to study the propagation methods for P. bhumiboliana, starting with
the evaluation of sterilization techniques by burning seed pod with flame, soaking seed in sterilized water and
treating seed with 5% hydrogen peroxide (H,0,) solution. The result showed that the immersion of mature seed
capsules in 95% ethanol followed by burning the capsule’s outer surface was the optimum sterilization method
which reached 55.55% non-contamination. The study on shoot multiplication by transferring plantlets to
Murashige and Skoog (MS) medium added with 2,4-dichlorophenoxyacetic acid (2,4-D) and benzyladenine (BA)
was also carried out. The findings revealed that 0.1 mg/l 2,4-D and 0.1 mg/l BA induced an average vigorous
shoot at 12.1 shoots per explant. /n vitro conservation through slow growth storage technique of P.
bhumiboliana by culturing on MS, 1/2 MS, 1/4 MS and 1/8 MS. was attempted. It was revealed that after being
cultured on 1/2 MS, the cultures maintained viabilities for 12 months without any subculture and developed
their new plantlets.

Keywords: Endemic species, micropropagation, slow growth storage
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Figure 1 Characteristics of the stems (a), leaves (b), and flowers (c) of Paraboea bhumiboliana in its natural
habitat
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Table 1 Effect of seed pods of P. bhumiboliana sterilization on the rate of survival for 3 months

Methods of Sterilization Non-contaminated rate (%)
Burning seed capsules 55.55
Burning seed capsules + dipping in sterile water (H,O) 0
Burning seed capsules + dipping in 5% hydrogen peroxide (H,O,) 22.22

AINAaeaT 2 nsfniliiinganandugouniinduniainugeUseana 1 g 91gUseunn 3 Wiy (Figure 3)
WuiwﬁmﬂﬁmmjuaaméaumumLﬁﬂmmLLﬂuLﬂuﬁi’wmumnLLﬁL?T&qummigjm MS Tngunsseanauugenvuiniveg
wazauysalldl (Figure 3) ﬁﬂwuﬂﬁé’uﬁuﬁfﬁzijq BA way 2,4-D ﬁﬁwaﬂizwuﬁuﬁwmuaamﬁﬁé’wmzauyaaﬁ Tnelowu
2,4-D 119U 0.1 Un./a. S3uAU BA Wwudu 0.1 1n./a. Lﬁmaammmimyjﬁﬁmgaaimnﬁqm 12.1 goa/Fufivnaans du
mssumammﬂ”hwaqmjuaammmLﬁﬂﬁu’ulﬂumamﬂ 2,6-D uaz BA lnglinuufdunussewing 2,4-D uay BA EARRIGH
2,4-D Wudu 1.0 un./a. Juiunanuuana1ImnEifvesnnuniweingusenuunidn daun1siiy BA avaunsadn
iliiAnngueenseudifivuadnuaslsiauysalldunnnitliifiy BA egnafifedfymada arnsanisvaassaziiiuldi
A1SLAN BA ﬁLLuﬂﬁm'fﬂﬁﬂﬁLﬁmﬂa;m&JamﬁﬁaaméaumumLﬁﬂﬁiﬂaugsaiﬁhmumﬁu WAALY 2,4-D AL NT U
WiNNzau 0.1 un./a. %maiumi%’ﬂﬁwmﬂﬁmaaﬂﬁaugiaj watngefudu 1.0 un/a. Suwiliilunsiianguesnwun
\Eniiudu (Table2 waz Figure @) vﬁgqﬁmmL%m%umadaﬁmuqumiw%zyLauimiumﬁ%’ﬂﬁ'lmﬂﬁtﬁmaamﬁmmzauﬁ
AuLAnAsTuTufurEauaruduiarldlunsmedes ImaﬁsuaqaifﬁLLmIﬁumﬂﬁmmjuaamumLﬁﬂﬁé’ﬂwmﬂﬁ
LLGTNL.maTm’mmm%uLﬁaL?Tﬁlquuawuwsqms MS ﬁlﬁmmiﬂfjulszﬂmiﬂﬁu L BA LLGiLﬁaLaumiﬂfjmaaﬂ%u oA 2,4-D 58
Indole-3-butyric acid (IBA) 1iigsag10ifiey Fninisiingenauysalaisenunsdniugouuniuns (Piryavinit et
al., 2012; 2018b) uazn13lY 1-Naphthaleneacetic acid (NAA) dniiluvmEnesssliiingenauysal (Piriyavinit et al.,
2018a) LwiﬁgdfjmﬂLﬁumiﬁmuqum’m%ggLauimﬁgnaaﬂ%w%vlﬂﬂmlﬂﬁumﬂﬂ’jﬁzﬁum’mL%wﬁ'uﬁmmsauﬁmﬂﬁuﬁﬂ
TﬁLﬁmﬂfjuslamﬁuumé‘ﬂﬁhjl,l,%quﬁwmLmiuai’wmumﬂ%ULLasLﬁmaamﬁaugﬁaiamaq 1A 5189UN1TTIUTILRANTTANY
N13UeITUG YA Gesneriaceae s’z’fdL‘fluﬁmaﬁLﬁmﬁ’uﬁuqﬁwawﬂuamwﬂaamL%a Wy M3dsaueadanensiulale
EAUUDIMITENT MS FAy BA gy 200 un./a. w18 Ut uddeluidssunesns MS Fidiu NAA Wudy 0.2 un/
a. Wiedninisiineen wiensTd Thidiazuron (TDZ) Wudusi 0.001 - 0.002 un./a. Fninsiineenainduuazly
yowansiulladalanniald BA (da Silva et al, 2017) wionsiiuAududuves BA dwanenisiinsanvendond
Wl (Sharma and Sharma, 2013) Wagn1svenganuauniendiileiug ‘Strawberry Ice-Cream’ UN@M15 MS Ay BA
WUt 0.5 un./a. $IUAUNISLAL Indole-3-acetic acid (IAA) lW1TuW 0.2 1n./a. (Zaripova et al., 2020) saulunig
%awaﬁu'ﬁ:ﬁmm”’mmﬂwwL?i”mm’fal,?fa ?NmsﬁﬂmmmLsﬁwﬁuﬁmmzauﬁm'iﬂfjuaaﬂ%ul,l,agﬂfrjulszﬂmiﬂﬁuﬁﬁwaaiamﬁ
Ww3gsAule %qﬁmmLawwﬂut,wiawﬁmaqL%aﬁ’u’iLLax%uﬁauﬁiﬂumﬁﬂﬁwialﬂ

Figure 2 Pod of Paraboea bhumiboliana (a), P. sangwaniae (b) and P. doitungensis (c)
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Figure 3 Characteristics of P. bhumiboliana plantlets cultured on MS medium for 1 month (a) 3 months (b) and

vigorous shoots (c)

Table 2 Effects of 2,4-D and BA combination on shoot multiplication from plantlets of P. bhumiboliana cultured

on MS medium for 6 months

Number of vigorous shoots Shoot formation (cm)

2,4-D (mg/\) BA (mg/0) BA (mg/l)

0 0.1 1.0 mean 0 0.1 1.0 mean
0 8.3+0.06°% 4.9+0.06"Y 3.7+0.07°% 59 2.18+0.06 2.36+0.08 2.40+0.04 2.31”
0.1 9.240.05°* 12.1+0.04°* 55+0.06°* 8.8 2.20+0.04 2.36+0.05 2.20+0.04 2.25
1.0 9.3£0.04°* 3.8+0.03°Y  2.3+0.13°Y 5.1 2.58+0.03 2.58+0.05 2.62+0.06 2.59"
mean 8.9 7.1 3.8 2.32° 2.43° 2.41°
F-test (BA) ** **
F-test (2,4-D) ** *
F-test (BAx2,4-D) *x ns
CV (%) 24.2 14.9

Means within columns and rows followed by the same letters are not significantly different at 5% level by DMRT (N=45)
ns = not significant * = significant at 5% level ** = significant at 1% level
- The a, b, c combinations compare the difference in concentration of cytokinin (BA)
- The X, y, zcombinations compare differences in concentrations of auxin (2,4-D)

Transformation efficiency: Number of shoots are log (X+1) transformed value

mMsnaaesdl 3 msrrasnsiyAulavesiuninduns TasnsanUTinumuituturesemsgas MS wui
Snvusduiaundnidedewonuuens MS lasidomnzdsu 8 Weudesiinauasurisemns (subculture) agng
tosnisnduiomninmaunnsemiBungusesmuiuiuswaunn dwnisuvanUinmgnsonms M Faduisnamils
Tumsszaenaasydulndesnnidunsanasomnsiilddmsunmaasiyduloesiy  Taenwuhmadssgindunsoy
o3 1/8 MS uag 1/4 MS WummmﬁqLﬁm‘uawamﬁawidﬁﬂmﬂﬁﬁu Li‘;lumLwﬂﬁé]’mﬁmim?ﬁ'&Juﬂ'wmmi
othatiosnilinds Wuiieay aaumuﬂmwauwimamuummi 1/2 MS wuidiisosazmssondin 87.50% ifeidesu
8 itou (Figure 5) uay annsnidssiugdndunsuugasenns 1/2 MS i 1 9 udlifimsdeudiseimns aenndes
ﬂumimmamaamumumwummmm 1/2 Ms Tuu 1 9 Tnglideadsuisovnsuasiudsnsauysal (Piryavinit
et al, 2018b) vl AmsAnwviniswwaemasiydivla Tnensuiuansmeinislufinatesda Wy u Globba
adhaerens Gagnep WU NTaAUIIINEMEINIALMED 1/2 MS uag 1/4 MS Saufumsanthaarilvivediduinis
i@ﬂ%‘imgﬁﬂ'jﬂmamﬁﬂma (lida et al., 2020) LLa::mssuzaanm%‘%zy@uimﬂ‘zjaqaaaﬁ laun David’s lily way Easter lily
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annsrvaomasyivlaléd nedesuugnsewns 174 Ms fiduglasanududu 9% vde Wiuans Abscisic acid
(ABA) 1ufu 3.0 un/a. (Du et al, 2012) wiemsvzasmsiaiauiulnvesiuslnatian (Aglaonema) lnsidssuugns
915 1/4 MS $auAUN5LAN BAP Wudu 1.0 1n./a. way IAA 1[9udu 1.0 1n./a. (Nugrahani et al., 2024) lun1snaaedi
é’awvﬂmﬁmﬁﬂiuﬁuﬂﬁwauwiﬁaLﬁyslwummiﬁaﬂmmLs’u'u%usumammmilﬂu 1/8 MS uar 1/8 MS usiniidthnia
luamim FsmsUTuanUTinusgeTTes MS mwmmmmmsmnmmimmwrﬂ,m Fafiserulufivnaneviin
nMsiziaeEeen Paraboea doitungensis UUgn381113 1/2 MS Wiednisn (Piriyavinit et al., 2018a) kazn139NU"
sIntung1mu (Stevia rebaudiana bertom)Imammamuummiqm 1/2 MS 590U NAA 1919 0.2 ppm (Asmono
et al,, 2021)

MS + 0.1 mg/l 2,4-D MS + 0.1 mg/l 2,4-D MS + 0.1 mg/ 2,4-D
+ 0.1 mg/l BA + 1 mg/l BA

MS + 1 mg/l 2,4-D MS + 1 mg/l 2,4-D MS + 1 mg/l 2,4-D
+0.1 mg/l BA +1 mg/l BA

Figure 4 Shoot proliferation after plantlets of P. bhumiboliana were cultured on MS medium supplemented

with different concentration of 2,4-D and BA for 6 months
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Figure 5 Effect of MS medium concentration on the regeneration rate (a) and morphological characteristics (b)

of P. bhumiboliana shoots cultured from in vitro conservation for 8 months

ayUnanIsAnen

nsvlensidefnilnunnindunsidsnumzuis msilnshilnnfuasynuuiioguuiiinliarein &eeth
ayuazthialiavenn udmniuduiinlueniuea 95% udhinauiulvsnde Sednfidundeliuanuanasiude
aumzdsuugnsens Ms dnhlilfideideivaeansuuiioueade 5555% wasiethdusouiildannismeiude
UUALUSINALEAUUDIMNTENT MS TUAN 2,4-D Wty 0.1 un/a. faiu BA Wudu 0.1 un/a. wudrannsadnihliae
vonfiauysoliafe 12.1 van/Aufitnaaes dmiumsszasnsayivln wuiidedswengimdunsuueims 1/2 MS
Wrlvdenssnsnissentinuasasaiulald dewnzdedduiu 1 U lnghifeuddsudreamis

nauszleviliudou
mem%'m‘iﬂuwamuﬁlﬁmﬂﬂ153ﬁ“f&ﬂﬂﬂlé’%’muﬂizmmaﬂ’uaqumﬂé’ﬂﬁ’mmﬂmsmsumﬁ%’aLmqma (%)

AnAnssuUsTAA
YoUaUANEIRATENIUTlA LU LarauIsmasluniide saenluamzdIviiNvesdinidy
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Tumsatuayunsufoinuide Iiun auiaiui $ndae Sduhufdhnunessduanlaenite way aanslamg
nsyg fdwsaulumsdsnunudeiusmeau saesndlimuinvuusiuissudorugin
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Wiy Dorall wazA3dnlse 60 Ao Tinandnyefe 108, 105, 103, 93 way 80 Alansu/ls mud1du
ynurfiihedsssumnaaneiugdug 5 aeiuglinandnyeinossing 70-04 Alansu/ls

o o w

AdAgY: eFsTTUYIR NAKEH DIAUTENOUNANER SN¥AENANITNYAT
Abstract

This study was conducted to evaluate the yield potential, yield components and some
agronomic traits of 8 natural color cotton elite lines, which were improved by the National Corn and
Sorghum Research Center [NCSRC], tested with 2 check varieties; Dorall, and Srisumrong60 in the early
rainy season of 2022 at the NCSRC, Faculty of Agriculture, Kasetsart University, Nakhon Ratchasima
Province, Thailand. The randomized complete block design [RCBD] with 3 replications was used with
25 plants/row, 4 rows/experimental unit, and data were recorded from middle row. It was found that
9 of 11 recorded traits of the tested cotton varieties/lines were significantly different. It comprised no.
of days to 50% boll opening (107-114 days), plant ht (135-164 cm), no. of vegetative branch (1.2-3.4
branches/plant), no. of fruiting branch (12.3-14.6 branches/plant), seed wt (8.2-13.4 ¢/100 seeds), boll
wt (4.28-5.71 g/boll), seed cotton yield (194-262 kg/rai), cotton lint yield (70-108 kg/rai), and ginning
outturn (30.9-41.9%). While no. of days to 50% flowering (53-55 days) and no. of boll/plant (51.7-58.3

balls/plant) had a non-significant difference. The result of this study indicated that natural color cotton

" gudifetlnauwayd1inuien® amsinuas uIneduinunsenans 1.uassedT 30320
! National Corn and Sorghum Research Center, Faculty of Agriculture, Kasetsart University, Nakhon Ratchasima 30320
* Corresponding author: ijsapr@ku.ac.th
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lines W535, W537 and W536 had a trend for higher lint yield than Doral1, Srisumrong60. The lint yields
were 108, 105, 103, 93 and 80 kg/rai, respectively. While other 5 natural color lines had lint yield of
70-94 kg/rai.

Keyword: natural color cotton, yield, yield components, agronomic traits
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i1 (cotton: Gossypuim hirsutum L) \utheviindifinnsugnuagnandududuiniigalulan dau
sudalunialdvoadinln uarewsninans neufivnglslasvdsinadludsiugiuluening dheeiindddgn
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mhgnuildvinsiauniugineslasaaen aldinihemeiudfisuiiiunsdndondiuiu 8 aeiug 1
AnvifieUszifiunandn osdusznaUNandn LardnuaInsinunsuIsUsznsiaefiiug Dorall uay a3
dilse soduiugiuieudiou annsfnwiadsdvlildihomonusivl Aaunsmiluldldasduanmnisgn
rounuynsns wazazilunisaduayulinisiauiadndusiteveinguneduazanuinanssy Sanudululd
undstulasinunsnsazannsagnihefsssusifuazinluvinansusildosasuns

BnsAnen
WNUNTINAGRY N1TURN UAzNITAUAshEN
Ugniheanewugisuiifuuliuliuondngefishunsdaidondudunud fgudidedninauasdn
WMWYV IR AELNYAT UMINBNFEINEATAIENT 0.UINT09 2.UATIIVANT gasury Hquiey - funaw) U
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s

W.A. 2565 91UIU 8 @18WUT M. B531, G532, W533, W534, W535, W536, W537 Uag W538 3auiuiug

]
4

m33980U Dorall uaze3dlss 60 [SSR60] 393 10 Wug/anemiug 1neununisnaassuuduniesluuionauysal
(Randomize complete block design: RCBD) #1uat 3 61 wuinuyaseios 4.80 x 12.00 LA Ugn 4 ued uaz
Wiudayan1smeassan 2 uaanane szeslgn 53136 0.50 WAT S¥MINaT 1.20 lUAS Ua9817 12 11n3
dauﬂqmaqﬁuﬁwﬂamﬁqm 15-15-15 6m31 50 Alansu/ls Ugndelnenisveenwdn 5 wan/mau naslgn
suaseuauIrivlagsou 80%WP §n91 100 nu/ah 20 Fns Wefheeny 15 u aouwenlvivde 2 fu/may
uay neunenlyivde 1 du/mau uazidieiheeny 30 Ju ldluiniigns 15-15-15 8n51 50 Alan3u/ls nieurdn
TNy Lﬁawumwﬁw‘l’wmwmLLuadﬁ’mgﬁlw lrdanuasiaddesiumdnuuasdngionuduwugdivensy
J11N15:n8A3 (Field and Renewable Energy Crops Research Institute, 2020) Lﬁaﬁqulﬁmﬁa’ﬂﬁwaaﬁl
Lﬁuuﬂﬁﬁﬁlﬁ’jﬁLwﬁﬂﬁ’m’m 3 A% uazASineiu 7 - 10 Su
n1sUuiindeya

TufindnuaIsn1enIsineassIuIy 11 dnvassad 219ABNUIU 50% (Day to 50% flowering) Wy
snnuiusennonvesiherwaiuiindaiieldsuindusn sufisfunenusnuiuiundt 50% sessiuaudy
Hheviavun 21gauaiUn 50% (Day to 50% boll opening) Susmnutusueihedndust uiindniheleduih
ﬂ%ﬁLLiﬂ udsiuaususnida 50% %adﬁimauﬁuﬁwﬁy’wm mmqné]’u (Plant height) ’J’mmqummawmaﬁj
wSnTaIR uisteluanying Tuszesiithefnaue Jaduwufiuns s1uninsslag (Number of vegetative
branch) dufuidasdesas 10 fiu udahlumanads S1uaudsma (Number of fruiting branch) duifuutas
gagay 10 du wdnhlumaneds tmin 100 Wia (100 Seeds weight) Tulwdnsiuau 100 wén wiluds
thwnin Sdedunsu $1uauaue (Number of bol) duifuanoudasdosay 10 du udnhlumeinde thifn
auo (Ball weight) duﬁﬁqﬁwwﬁﬂaummaqﬁiaaaz 10 awe udhumaads mieduniu HandnUafnudn
(Seed cotton yield) Auiheamuelundasgosann 2 uaanans 1w 3 Ass Nn 7-10 Suudniludaimin
Awanduilaniu/ls nandnyeihe (Fiber yield/Lint yield) Futherousluudasdesan 2 uaanans §1uau
3 afs 90 7-10 Fu usnysoonainwuda Feiminye duiaduilansu/ls wag Wesifusiys (Ginning
outturn) AWINAIN WminUendauniuan mﬁaaﬁmﬁmﬂaﬂwﬁmuﬁm withanaueIg 100
nsAATIvidaya

ﬁﬁagaﬁﬁuﬁml@ﬁmeﬁmﬁhmwLLUiUﬁau (analysis of variance, ANOVA) waglU3auifigu
ANLANA195ENT9A1Laa 8laeld35 Duncan’s Multiple Range Test (OMRT) #28TUsunsa STAR-2.0.1

(International Rice Research Institute, 2014)

NAN1SANEILAZIRTTAl

218ABNUIU 50%

pIgmaNUTU 50% Tuanfuilwdaiugugnldsuihndusndsmonusnuiu 50% vesnniug/aeiug
wui1 liwansnstunsadd Tnefogaonuiu 50% szmine 53-55 Yy lade 54 Ju Faengaonuiu 50%
TndiAesiuiug nan.mndih 7 Aflergnonuu 50% Wity 55 3u (Department of Agriculture, 2017) IagUnd
nontheldsrerinandausisuadrenen (floral initiation) Auiisnenunu (flowering) Usvanas 21 u wagnn3we
inasszitundnaenuiunigluliiidiliu (Ritchie et al, 2007) Fwmenavisuunudefildinsaiivindui
wagnSeuiiarunisuay (Albers, 2023)
21gaua1Un 50%

m&;é?ﬁLm'Luﬁmﬁuﬁ:ﬁﬂqﬂlﬁ%’uﬁm%LLsﬂﬁﬁuLLiﬂﬁauaL% 50% o 1eNNNUG/A189ug wudn d

°

ANUUANGNSUeEeildyd Ayn19ada (P<0.05) Inedevia 10 Wug/aenug dongauailn 50% sening 107-
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114 u uazilongauailn 50% WAy 110 Ju Tnganeiug W535 auaﬁmﬁaﬁqﬂwhﬁu 107 T4 uag a1e
Wug B531 aueilathan 114 u (Table 1) Ritchie et al. (2007) wag Albers (2023) 5184131 auei1eagly
nadauslrldsunsnanauisvessdliianndunaiinsgdulngud Yssuna 6 §Unk ndenduauess
Buuks wazsilaoen sz’fdmm.ﬂmﬁuaqauaLﬁmmﬂmimuwiwﬁ’ummaaﬂ%uLLazLaﬁﬁu Taeiasauaziiuy
sansedulvianedn Yuzfioenduazymindidunisvauvesesduiedestunislavesaueneudivun
failonafitfadedug fvilvane Unldlii 1wy orgave nmsléfuasomslsiiivsme Tsa Husu (Advancing
Cotton Education, 2024)
GG AT

mmqaé}’ummﬂwﬁiawmau WU wanasiuegeddedAyneaia (P<0.05) il Henniug/

aneiugnImmMeaeUdANgaTENing 135-164 wufiluns lneiiheaeiusanuiusuusaiugiunlniies 3

q q
£

anewug Ae G532 (164 lwufiung), W536 (156 lwufuns) uaz W537 (159 wufiluns) fdwuadapivlnle
findiugnsvany Dorall (155 wufiluns) wagiusasalse 60 (135 wufiluns) (Table 1) Fsaenndoiu
U3F8vee Damtew et al. (2022) #5841 AMaaIi Ul 18w ugae o dauunneeiunieada lny
nan1s3sesdululumaiieatufusiesuaes Nikhil et al. (2018) uaz Premalatha et al. (2020) 51891177
mmqwmﬁmﬂuwaLﬁ'mmmﬂmwmmﬂmmwﬁuqﬂﬁu wonand Albers (2023) na1331 N sfifivay
Wiyiulaldunndoadisdaiudlrutuegiu 3 Jaduddy fe Muilluildsuuas gamgdnsay uas
SEUUTINTILT 59T 3 ﬂﬂé’]’&lﬁl,mwmﬁ’umuﬁ’ui
Sruaufanselng

ﬁi’ﬂmuﬁmis‘[mmmﬁh&Jmaﬁ’uﬁ:ﬁmuﬁgﬂ 8 anemiug dA15ening 1.20-2.67 Av/diu mmsﬁﬁ’uﬁ: Dorall
warAddnlss 60 fAanselng 3.20 uay 3.40 Avdu muddu s1uaufnsylngann Bailvihedinsdulg
ﬁﬂﬁmsﬂmﬁ’uﬁﬁmLmaqﬁ’mgﬁwiﬁmﬂﬂdwﬁ’uﬁ:ﬁﬁﬁ'qmﬂmﬁaﬂ frefifaasiAanselaaiios 1-2 A
(Sebunruang et al., 2021) Wil Ritchie et al. (2007) waz Albers (2023) 189 uvuaafienfiuii Ansyiag
aefidnvasmiloutuddundn wavanduisiilddmsvadima lnefnsslnazinnndeuialaudu tne
Unfimandefiasiaunduisdenadusndunianded 4-5
Suruima

ﬁi’ﬂmuﬁ'mamaqs’lwawﬁuﬁ:ﬁlﬁiuﬁgﬁ 8 @1Wug deAsening 12.3-14.6 Av/du lngaewug B531 &

'
° a

JuAdeRuNINfga (14.6 AY/AL) wnnIaeRugay o Mnaneiug (P<0.05) diuaeiugaiudn 7 ag

v sl o a

fiusTisuuAsa (12.3-13.0 Avs) liupnsnsfuiugnaaeu Dorall (12.7 As/siu) wazaSdnlse 60 (12.9 Ay

]
'
£% ° a

) Suaudsamnfiunndedilonalunisadrwanaalduniy (Sebunruang et al., 2021) Wil Ritchie et al.
(2007) 51897u71 Asraaziaddvulaanadrsuuddundn vinavenlumieflundn waziheudiide
WwSyfinn9s (axillary meristem) Usawonludaiaunldunn fzilonaasreiamalduin vaed Albers
(2023) 189131 Hheeaiifena 18-22 Ay Fwazannsofonald 12-16 A LLaswawam’Jﬂmﬁ%aﬁ 8-10
Aa fetfutheisameaouynitug/meiusisuuimaluduufvasauseing 12.3-14.6 fa/iu
dwiin 100 win

i 100 wimdushudiaunadn nnramsing wui dmih 100 wie Tungquitud/aenug
fisrumageu fanuuandnafueesditeddamnsada (P<0.05) S minsewing 8.2-13.4 n31/100 widn wae
10.4 n$11/100 wéa Tnganesiug W538 fuumwdnlngiiign (13.4 n$u/100 wén) wazaneiug W534 uas
W535 founudadngn suinwiiiu (8.2 n$1/100 win) (Table 1) Tnsfiuwiin 100 wén azanvieres
STTua§JJ'ﬁuﬁuqﬂiiuuazamwumé’am &3 Chapepa et al. (2020) I8 Tiaseviaranuduiusuasadulszans
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anduiusvesihelusanagutun wuii dmdn 100 wisadianuduiusnisuandunandnleiefiowde
naafe mmimin 100 wangs douvibinandnUeihefnudngsmuluie
IMUIUEUD

Srunuanevesineisaumaaey 10 fus/menug liunnsisdunsadia feseuing 51.7-58.3 ae/
#u 1ade 55.4 aue/du Taefia1ewus W535 Sdwiuanoundign (58.2 aue/fu) uazanusiug B531 uaz
W536 fdruruanetiosdiaaiindu (51.7 aue/fu) (Table 2) vaizdl Dorall Wag SSR60 fldruauanelinfiu
53.5 uay 57.3 dua/fu AUEITU il Shah and Rasheed (2019) uaw Sebunruang et al. (2021) $1897UKA
N1INAABUNUTH 1891 b’lwﬁ’uﬁ:ﬁmmmLLammwmaa‘U fiTuinaneunnd1seg i veddynneadf 3
Chaudhari et al. (2017) wag Damtew et al. (2022) $7897U71 ﬁ]”ﬂmuaua/ﬁuﬁuaguiﬁuﬁﬂamwmqﬁuqmiu
vostluusazaeiug

Table 1 Some agronomic traits of natural color cotton elite lines for day to 50% flowering, day to

50% boll opening, plant height, no. of vegetative branch, no. of fruiting branch and 100 seeds weight

Line Day to 50% Day to 50% Plant No. of No. of 100 seeds
flowering ball opening height vegetative fruiting weight
(days) (days) (cm) branch branch (9)
B531 55 114 ° 154 @ 1.80 « 146 ° 12.8 %
G532 55 113 % 164 ° 1.20 © 126 ° 10.4
W533 53 108 146 ** 1.47 ° 125 ° 9.9 ¢
W534 55 108 143 @< 1.87 « 123 ° 82 ¢
W535 54 107 © 149 ¢ 1.80 « 129 ° 82 ¢
W536 55 111 ¢ 156 2.53 € 130 ° 10.4
W537 54 109 ** 159 ° 267 % 125° 9.6 ©
W538 55 111 ¢ 139 °° 1.60 ° 126 ° 134 °
Dorall 53 109 ¢ 155 * 3.20 ® 127 ° 10.7 &
SSR60 54 111 ¢ 135 © 3.40 ° 129 ° 10.0 ©
Mean 54 110 150 2.15 12.9 10.4
CV. (%) 176 2.45 6.99 19.48 5.82 14.33
F-test ns * * *x * *

In a column, mean followed by the same letter were non-significantly different by DMRT
¥, ** = Significant at the 0.05 and 0.01 probability levels, respectively

ns = Non - significant difference

dhuiinsua

dhuiinauevesiinedisaunageu 10 Wug/aneiug nudt danuwnndiuegelidedAgnisads
(P<0.05) fiwiinaueseuing 4.28-5.67 n¥u/aue laaestug G532 fminauetiosiian (4.28 n¥u/auo)
uazesdlss 60 ﬁifmﬁ’ﬂauamnﬁ'qm (5.71 nw/aus) (Table 2) Imaauﬂ%’nm@?&L.Lﬁiwaumaﬁﬁdw%zg@uim
Wit 3 dUansi wagldioan 4-5 dUansi 399ggnun (Advancing Cotton Education, 2024) Feluszornsiasey
Wanvesaeimaldsulnunadedlifiomesnadmanovunnaue sunawdn wavaueniduleld (Albers,
2023; Advancing Cotton Education, 2024) wazfnei I uiuaesi aueindvuialug v esanldsu
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a1501M1591NNsA AT IEE e uaveslUlUE Beanaag1aneLiiss uTounnnIndui s uauaLeNInndn
(Sebunruang et al., 2021) ImslmmLmﬂGhdmaaﬁwuﬁﬂamaswdwﬁuﬁ:/m&Jﬁ’uﬁ:vﬁuwammﬂmmumﬁmmq
WUgNI5u (Ahsan et al,, 2015; Farooq et al., 2017)
nandayeihefaan
wawﬁmﬂqm’haﬁmL;Jﬁ@%@dﬁlﬁﬁﬁﬁ'aummaavﬁﬂawuLmﬂﬁhqﬁ’uasmﬁﬁ’aﬁﬁzgwmaﬁﬁ (P<0.05) T
nandnyeiefnudnsening 194-262 Alansu/ls Tnganeiug G532 S?jdL‘I‘Juﬂ’]‘&JLﬁu‘L‘&JﬁL%B?Iﬁﬂdﬁtiéﬁ]ﬂﬂﬂ?&lam
wingsfian (262 Alan3u/ls) sesasnde anetus W35, W536 waz W537 lrinananyoiednudnlnglfes
i 259-261 Alansu/ls aaniiugesdilse 60 ﬁiﬁwawémﬂaﬁwﬁmmﬁmﬁwqm 194 Alansu/ls (Table 2)
yauzwug Dora1l WinanAnyeiefnudn 244 Alansu/ls uay aeandostuiuidoves Damtew et al
(2022) fiseaunanisnaassitnananiinefinnuuanaisiunisada Tng Premalatha et al. (2020) 51897070
wamaméh&J‘ﬁLmﬂﬁmﬁwﬁuagiﬁuﬁuﬁqﬂﬁimmzamwané’au

Table 2 Yield and yield components for no. of boll, boll weight, seed cotton yield, lint yield and

ginning out turn

Line No. of Boll weight Seed cotton Lint yield Ginning
boll/plant (9) yield (kg/rai) (kg/rai) outturn (%)

B531 51.7 4.71 222 ¢ 70 © 31.4 "
G532 57.7 4.28 © 262 ° 81 @ 309 ©
W533 54.5 567 *° 250 * 87 ¢ 34.2 ¢
W534 53.8 4.76 °¢ 209 g2 ** 39.0 €
W535 58.2 432 ¢ 261 ° 108 ° 412 °
W536 51.7 4.86 261 ° 103 39.4 ¢
W537 58.3 4.80 ¢ 259 ° 105 ® 40.4 *°
W538 56.9 5.45 226 ¢ 94 @bc 419 °
Dorall 53.5 5.47 ® 244 *® 93 abc 38.2 ¢
SSR60 57.3 571 ° 194 © 80 411 %
Mean 55.4 5.00 239 90 37.8
CV. (%) 13.65 10.32 9.89 15.17 9.67
F-test ns * * * *x

In a column, mean followed by the same letter were non-significantly different by DMRT
¥, ** Significant at the 0.05 and 0.01 probability levels, respectively

ns = Non - significant difference

nandnyuie

wawﬁmﬂaﬁhw?aLél’uiﬂﬁiwwﬁdLLﬁmLuﬁmaaﬂﬂﬂﬂﬂﬂmaaﬁlwﬁﬁ'wmaau WUINTIANULANAISA DY
TdudAyn9adial (P<0.05) laganeiug W535, W537 uag W536 Wmawﬁquaﬂwmrwﬁqm 3 guAuLIndan
Wwinfu 108, 105 uaz 103 Alan3u/ls muddu was aneviug 8531 Winandssihetesiian (69.5 Alan3u/ls)
(Table 2) mmsﬁﬁ’uﬁ:msmaau Dorall uageednlss 60 Winandnyethe 93.0 uay 79.8 Alansu/ls audeu
A0AAR BINUINUITuua9 Nikhil et al. (2018); Shah and Rasheed (2019); Premalatha et al. (2020); wa¥
Damtew et al. (2022) fifin1551897u37 Handnidulodewiazaneiugiauunndieiunisada Felaeund
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wiudulazaidvladuiilina 25 Sundmaninas uazanefoazaigdulniafigarag 10-15 Fundans
WEULNES LLazLé’uiﬂa3Léwmsﬁuwé’dmﬂmswamﬂamﬁa 16 Juiduduly (Advancing Cotton Education,
2024) wag Ritchie et al. (2007) 518914791 nMsafraduleds dadudulowaglaa azdaiiulase
anmmuandou M 1 RauMQIl KAESINEMNSINELANE S LNUNALT Y
wWasiaudys

Wesitudsviaefidudiuidulovesineiisumaaeunuin finvmuandsfuegadidoddnm
afid (P<0.01) fosidusiasening 30.9-41.9% Tapaneug G532 ilasifudystioniian (30.9%) uazane
wiug W538 fiesidusiysunniian (41.9%) luvazfiitugnsioasu Dorall uaza3dlse 60 filasidusive
38.2% way 38.1% n1ua1aU (Table 2) @9nAd 93 uIIUIT8v03 Nikhil et al. (2018); Premalatha et al.

(2020); Shah and Rasheed (2019) wag Damtew et al. (2022) 518971431 nandnduledousazarywugy
AYIULANAAUNTIADG

ayunanIsAnen
Heaneitug W535, W536 way W537 Wuaeiugineusuugslm 3 awﬁuiﬁiﬁwawém@aﬁiwaﬂ
\Wan (seed cotton yield) geniniugiuSoulfisu Dorall wasedlse60 windu 261, 261, 259, 244 uaz 194
Alansu/ls auaau waglinandnde (ficer yield or lint yield) g9n319Wu§ Dorall waze3d115360 winfu
107.6, 102.7, 105.0, 93.0 waz 79.8 Alansu/ls augnsy Feihesta 3 aneiuganunsadnllduasuliinunsns
Ugn wazidumsadvauulinisimumdasusithevesnguneduasnuinanssy frudululdinnddulag
nunsnsazasnsalgnihedssauniuagtluviaindodildegaasuiss

¢ o Y
naUssleviviudou
Adeuvelszmadtunanuiliinayssleviviudeu

AnmnIsuUIZNIA
V9UDUANAUGITEIIINAKALT1INNUIIYIF ALTINEAT UM INGTENEATAIENS NIURANLUNTT

@

TReegwaiilos wagvaveuamynyunddiuslunuidel

nsiidausiulunisifsuunanuvesiidey
ANARTIEN o auuAgiu: Salw wevuausa, uaswy Y10y, MsUfRnIde nsfldusalunns
9ONLUY NM3MAaBY MINAaey La3eslatn Bmaiutoua way citeria: digdlvndvdiay, nia dandad. ng
doiudeya nslasizideya n1suusna: S1lw wsvuanse, algdy dvSiay. MsAnIn¥iansalna n1suana
nsiseuiisuiuteasunientAninug wsenquiau: a1ln wanuause. n1sidiusulunisdeuduaty
unas: 81w wevmause. mslinsauayuiaiesile wosuFuRntg way g S1lw wevmause,
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Abstract

Nowadays after crops are harvested, majority of farmers tend to burn their fields to get rid of agricultural
waste which causes toxic air pollution to humans and environments. The objective of this research was to
screen five agricultural wastes for their capability for mushroom mycelium cultivation. These five substrates
consist of rice straw, corn husk, sugarcane baggage, rice husk and coffee ground. The straw mushroom was
isolated from fresh basidiocarp into a pure culture, and it was used as an inoculum in this study. The mushroom
mycelium was cultured on agar media containing each type of agricultural wastes and incubated at 25°C for 6
days. Colony diameters of the mushroom growing on the surface of the media were measured. The results
show that the straw mushroom grew best on the medium containing rice straw and corn husk. Therefore, these
two substrates were selected for further study on mushroom cultivation in a jar experiment. There were three
treatments including (1) corn husk, (2) rice straw, and (3) a combination of rice straw and corn husk (ratio 1:1).
The jars were incubated at 25°C for 8 weeks. The density of mushroom mycelia was observed and recorded.
The results show that the straw mushroom did not grow on corn husk, but it grew well on rice straw. In the
meantime, this mushroom grew best on a combination of rice straw and corn husk. In conclusion, corn husk
has potential to be used as an alternative material for mushroom cultivation and it should be used in
combination with rice straw.
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Figure 1 Five types of agricultural wastes were used in this study.
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Figure 2 Colony diameter and appearance of V. volvacea mycelium growing on 8 types of media

incubated at 25°C for 6 days.
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Table 1 Mycelial growth of V. volvacea on agricultural waste in a jar condition.

Treatment (1) Corn husk (2) Rice straw (3) Corn husk + Rice straw

Control - - -

Cultivation with mushroom - +++ o+

+ = mycelial growth of the mushroom

Corn husk Rice straw Corn husk + Rice straw
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Figure 4 Mycelial growth of straw mushroom (V. volvacea) when it was cultivated in corn husk and rice

straw in a jar condition incubated at 25°C for 8 weeks.
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Abstract

This study aimed to transfer turmeric production technology and evaluate its effectiveness among
farmers in Pa Phayom District, Phatthalung Province. The population consisted of 118 turmeric farmers in Pa
Phayom District, Phatthalung Province. Statistical analysis was conducted using percentage, mean, standard
deviation, t-test, and stepwise multiple regression analysis. The research findings are summarized as follows:
The technology transfer was conducted using a systematic approach comprising needs assessment,
development and transfer, and evaluation. In the needs assessment phase, farmers expressed the highest
demand for turmeric production technology in pest prevention and control, which was at a high level (mean
2.33). The methods most preferred by farmers were the farm visit, campaign, and demonstrations. The most
desired supporting media for the technology transfer were Government official, Internet and printed materials.
The transfer phase began with an assessment of farmers' knowledge before technology transfer, which was
found to be at a low level with an average score of 5.66 points. The transfer was conducted through lectures,
demonstrations, and question-answer sessions. The evaluation phase revealed the following: 1) Knowledge
level - farmers' knowledge increased to a high level with an average score of 13.24 points. The difference in
farmers' knowledge before and after technology transfer was statistically significant at the 0.01 level. 2)
Satisfaction with technology transfer - farmers reported the highest satisfaction in all aspects with an average of

4.36. Aspects with above-average satisfaction were content transfer and instructor quality (both with a mean of
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4.39), venue (mean 4.37), and benefits received (mean 4.36). Marital status was found to influence satisfaction
with turmeric production technology transfer at a statistical significance level of 0.05. Recommendations include
continuing technology transfer on pest prevention and control, and regularly monitoring the practical application
of knowledge by farmers.

Keywords: technology transfer, turmeric, farmer, Phatthalung
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Table 1 The level of farmers' needs for technology transfer for turmeric production

N=118
Needs technology transfer of turmeric production Mean S.D. Level
Needs technology transfer 1.43 0.53 Lowest
Pre- planting preparation 1.33 0.61 Lowest
Planting 0.98 0.87 Lowest
Preservation 1.68 0.63 Moderate
Plant pest prevention and control 2.33 0.74 High
Pre-harvest and post-harvest practices 0.84 0.91 Lowest
Need method
Individual method 1.50 0.07 Moderate
Farm visit 295 0.27 High
telephone 1.55 0.76 Lowest
Office contact 1.31 0.51 Moderate
VDO call 0.21 0.50 Needless
Group method 0.66 0.03 Needless
Demonstration 1.72 1.17 Moderate
Training 1.63 0.93 Moderate
Community learning center 0.85 1.22 Needless
Focus group meeting 0.77 1.17 Needless
Lecture 0.36 0.72 Needless
Brainstorming 0.25 0.64 Needless
Knowledge exchange forum 0.17 0.53 Needless
Seminar 0.16 0.64 Needless
Field trip 0.05 0.30 Needless
Mass method 1.99 0.05 Low
Contest 1.53 0.83 Moderate
Campaign 2.27 0.59 High
Exhibition 2.18 0.80 Moderate
Need media
personal media 2.01 0.10 Moderate
Government official 2.57 0.73 High
Community leader 2.11 0.44 Moderate
Neighbor 1.37 0.72 Needless
Print media 2.00 0.08 Moderate
Brochure 2.29 0.68 Moderate
Manual 2.25 0.68 Moderate
Poster 1.44 0.78 Needless
Mass media 1.98 0.09 Moderate
Internet 2.30 0.86 Moderate
Television 2.06 0.72 Moderate

Video 1.57 0.69 Needless
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Table 2 Technology Transfer for Turmeric Production

Content Technology Transfer ~ Methods of Technology Transfer Media Technology Transfer

1) Important diseases of turmeric 1) Lecture 1) Government official
2) Question and answer session 2) Brochure

2) Pest prevention, eliminate the 1) Lecture-style summary 1) Brochure

diseases and insect pests of 2) Demonstration 2) Video

turmeric 3) Opportunity for Questions

3, JuUsuidiuna (Evaluation phase) dedamsdrenenmaluladnmsuasuiiutununnudesnisvennunsns
Buufesud ludunoulsyifiuna GTfnLﬂu%u’umauqmﬁwmmnizmumsmwamwmiuiaﬁ IFHnssiudufanssusasold
3.1 Mé“ﬁmﬂﬂﬁzLﬁuszﬁummfsummwmﬂsﬁlm”%’umimwamLWﬂIUIﬁﬁ WUIT NAIRINASLYISUNIS
deneamaluladuad inwasnsinnuiluszauunn (Fegar 95.35) sesan Ae danusluszduliunas (Sevay 4.65)
LLaz"L;jﬁmwmiﬂiiwaimﬁﬁmmiizﬁuﬁaaLaﬁl PANANTUTZIRUAINGTD Lﬂwmﬂiﬁmmifﬁuﬁu g1 dunaunanguuuy
n1580a151 35U (hands-on leaming) luAanssuaenenmeluladfigielifiFoudilaieuarannsoiluldlsogs
(Table 3)

Table 3 Knowledge level of turmeric production technology

Knowledge level Before After
technology transfer technology transfer

Numbers  Percentage = Numbers Percentage

Low (0-5 score) a7 54.65 0 0.00
Moderate (6-10 score) 36 41.86 a4 4.65
High (11-15 score) 3 3.49 82 95.35
Mean + S.D 5.66 £1.90 13.24 £1.50
Min 3 10
Max 12 15

LﬁaﬁmﬁmaauL‘ﬁaLﬂ?&mLﬁEmmmiriauuawﬁﬂumidwEmamwquIaﬁmimémfmﬁ’wﬂaqmwmﬂﬁ e
atf T-test nud1 seAuANiveRNURINIMAIINlATuUNsEenenmalulagunndsanieulasunsaenenmalulad
Tedrdyn1aadai 0.01 Tneneuldsunisatevenmealuladinzuuuiads 5.66 Azuuy wazndawinldsunisaieven
waluladfiavuuuiads 13.24 azuuy naialadn Lﬂwmiﬂﬁﬁmmiﬁmﬁ’“uLmiuiaﬁmiwﬁmfuﬁ’mﬁmﬁu F935n13
fhenenauiivaeIsmeiy W n1sesule msl¥deUsznaunisaneven uaznsiniSeaiometadudunau vl
Homildrsu sesennudleveaneasns Asunisaneneamalulagisdazuuundmintasunisaeneamalulagas
aneulasunsanenaamalulad LijaﬁmsmﬁaﬁﬂmﬂmmuﬂigLﬁummi’ WU ﬁmmﬁﬁﬁm’mmwmﬂmaugrﬂ,u
fotusosay 80.00 Tuly w11 Uswiiu wasmeugnlutedutesnin¥osar 60.00 $1umu 4 Usziiiu (Table 4)

3.2 Usaifiuanufianelalunisaneneameluladnsudnuiiuturosunensns wuii inensnsiaadi
W@Iﬁ]ﬂ’lWi’JN@QﬂU‘iSﬁUQJ’Iﬂﬁ?jﬂ (Aady 4.36) Weiasanusniiuussifiuusassny wun mm”wuﬁazﬁumnﬁqmﬁuﬁu
Fassadrdunnunludeslasd 1) Fuineinsuazauiionlunisanenen (Aede 4.39) 2) duaaud (Anady
4.37) 3) sulselovifilasu (A1eds 4.36) 4) suszevirainsanduianssy (Aady 4.35) 5) aulanviryunsal
(ALedy 4.31) uaz6) AUAYS (AR 3.76) muddu TwazBoalusasdunanssasolud

1) AuineIns mwmﬂiﬁmmﬁwaimsé’ummﬁqm (Aedy 4.39) WeRarsanseUseiiy wuidn Inensd
Awaansalunisaneven (Aade 4.61) Msidussduiiemseiies Wrlaldie (Aedy 4.48) msilalenaliuans
muAniu (Aedy 4.38) [Wsveznamnzay (A 4.37) finsendeghadonsiliiaudlaléisdu (@uede
4.32) \ufutesszminamsaneveon (Aede 4.30) wazannsagslanguidivane (dnade 4.03) swdsy Fadululy
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dnwawliediunan1sAny1ves Tassamalee and Thunmathiwat (2019) ladnwusesauiisnelavesnunsnsiulnl
sonsineusumangasnseuaunieugnsluduszneunsineasiulmilungavmuviuas wuin anuianelaid

N9 UsEIUSEIULIN AB F1WINEINS (Aede 4.15) Tuusedu 1) Aneinsasiaussennieleslazinuizay (A1ede

4.26) 2) Ingnsiianuaiuisalunisnauaiatuleas (Awady 4.18) 3) Inginsatenaaiianisiedvleasnadaaiu
VANGAT A3BLIAT Lazsnwiatlamuizan (Aede 4.13) 4) Inensdaugtuiideniussens (Aade 4.05)

ANUAIAU azNaNISIILVe9 Newmann et al. (1995) Wi@uain m‘iLisJuimﬂamWsum%qmLﬂumaﬂwmiaulmuiama

FLummmmaumm LWQIWLﬂ@ﬂ’]SLLaﬂLUaEJ‘L!ﬂ’]’m?UENLu@ﬂ’n‘ﬂ’ﬁ’]llﬂu aqwaummLﬁuﬂﬂuﬂﬁvmumd N mmawu

Table 4 Comparative knowledge before and after the technology transfer of turmeric production

ltems Pre-test  Correct Meant t p-
Post-test answers S.D. value

1. Covering the base of the turmeric plant helps  Pre-test 24 0.45+0.28  -3.152  0.002*
eliminate weeds, conserves soil moisture, and  Post-test 42 0.50+0.48

promotes healthy root and rhizome growth.
2. Weeding should begin when the turmeric plants Pre-test 34 0.40+0.49 -11.402 0.00**
reach a height of 5 to 10 centimeters to reduce  Post-test 86
competition for nutrients and
3. Weeding should be conducted three times: first Pre-test 35 0.41+0.49 -11.129  0.00**
when turmeric begins to germinate, second three Post-test 86 1.00+0.00

months after planting, and third six months after

planting.
4. Fungal pathogens in turmeric can cause wilt Pre-test 13 0.15£0.36  -8.435  0.00%**
disease, manifesting as yellowing leaves, plant Post-test 59 0.68+0.46
wilting, rotting bulbs, and a thick discharge of white

MuCus.
5. Selecting a planting area with good drainage Pre-test 22 0.26+0.43 -15.725 0.00%**

elps prevent and control wilt disease in turmeric.  Post-test 86 1.00+0.00
6. Drying the soil for at least three months before  Pre-test 15 0.17£0.38  -6.820  0.00%**
planting helps prevent and eliminate wilt disease in ~ Post-test 57 0.66+0.47
turmeric.
7. If the turmeric- growing area has previously Pre-test 10 0.12£0.32  -6.002  0.00%**
experienced wilt disease, apply lime to the soil at Post-test a2 0.48+0.50
70-80 kg/rai. This helps prevent further outbreaks
and controls the disease.
8. When planting turmeric in the same plot, it is Pre-test 33 0.38+0.48 -11.402 0.00%**
advisable to rotate it with crops such as beans, rice, Post-test 85 0.98+0.10
or corn.
9. Rhizome rot is caused by a fungus that infects Pre-test 36 0.42+0.49  -10.362  0.00**
the roots and underground stems, turning them Post-test 84 0.97+0.15

brown.
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Table 4 (continued)

ltems Pre-test Correct Mean+ t p-

Post-test  answers S.D. value

10. To prevent fungal rhizome rot by using disease-  Pre-test 65 0.76+0.43  -5.240  0.00**

free rhizomes and planting them in well-drained Post-test 86 1.00+0.00

areas.

11. Introducing antagonistic microorganisms into  Pre-test 34 0.40+0.49 -11.402 0.00%**

the planting plot helps reduce soil pathogens and Post-test 86 1.00+0.00

prevent infected rhizome rot caused by fungi.

12. Leaf spot disease occurs due to the repeated Pre-test 24 0.28+0.45 -14.818 0.00%**

planting of the same crop, which leads to the Post-test 86 1.00+0.00

accumulation of pathogens in the soil.

13. The use of antagonistic microorganisms, along  Pre-test a4 0.51+0.50 -6.990  0.00**

with proper soil management, helps prevent Post-test 82 0.95+0.21

diseases affecting turmeric.

14. The initial symptom of rhizome rot caused by Pre-test a7 0.55+0.50  -8.398  0.00**

fungus is the appearance of brown, rotting areas on  Post-test 86 1.00+0.00

the rhizomes.
15. Trichoderma is effective in controlling various Pre-test 51 0.59+0.49  -7.638  0.00**
fungal diseases, including root rot, basal rot, fruit Post-test 86 1.00+0.00
rot, wilt, and others.
Total -26.665  0.00**

* Statistically difference at probability level 0.05 ** Statistically difference at probability level 0.01

2) ruilonvenisanenen Lﬂwmﬂiﬁmmﬁawaiﬂumwswﬁuﬁuuwﬂﬁam (Aade 4.39) Lﬁaﬁmﬁmiw
UsTLAU WU UsuLmuLuammsqﬂmmaﬂiumﬂ"lumﬁﬂsuﬂaummwmmmwmﬂi (ALedy 4.53) dnzuuudsesrnuii
Waiﬁ]mnmam 09831 Ao finssaaduiideuasiiion duneuduiugsedestu (Anedy 4.37) Luammmmuﬂ‘ﬂ
Uﬁz&;ﬂmisﬁlﬂ ﬂ’]LQaEJ 4.36) LuamummwLﬂuummwawGumﬁlumaiumsmmwLsuﬂﬁ] mLaa&J 4.32) AIUaInU
apARaDINU Department of Agricultural Extension (2013) d@uein nisateneamalulagnisnisineasidunns
fenonmaluladnfnnumuiza ﬁaaaﬁmmi szmmiﬁ%mwamadédd H3U naBnIuYRINIe TN13aemnen Fafeq
fimnudonndouazzausdn UM Iaii 9 sufsanminadenuazvinensidegse

3) Fugn T mwﬁﬂiﬁmmﬁqwﬂammmwmmz@mmmﬁqﬂ (Anade 4.37) deRsansieussiiu wuin
dnuiiazenn fszideu (Anede 4.41) sesae Ao dauiiflanmuindeufnazivanzay Liignd lidou (Aade 4.40)
gUnsal nmeluaauiifidssueanuazenn wu 1fy 113 Siiteae (Aiede 4.38) wesrueesaniufinsdaianssy
wanzanfusugSunsaneven (Ande 4.29) mudidu aenandesfuuuifa Uddin (2008) isieaudn msdreven
waluladilsinnsfnwuuuisousidaszaunisal (Experiential leaming) AasiinismugiunisialonalvifinnsiSeus
Tneidnaniudl anmwindey wazdesnneanuazaind 9 warnmsaiesinalunisdadulade

4) frulseleniiilasu Lmﬁmﬂiﬁmwﬁnwaiﬂumwswasﬂu‘azﬁ’ummﬁam (Anade 4.36) WeRe1sansy
Usgifiy wuan mmiamwafﬂimwaummwuma%muim (ALRAy 4.43) 9389 Ao N13FUANINS LUIAR TinYeway
Uszaunisallug 4 (Aade 4.40) ﬂﬁmiiuummmLaammsmamit.ismiLmiuiaamst.wamamsuuwzm wazvaelunig
Wananuansasumeluladiioniswanviiuty (Aeds 4.38) u,azmmmmammmgwimwlﬂﬂﬁﬂsﬂumi‘wwm
aTnle (Aede 4.25) audidu denadasiu Bloom (1974) fieduielid Lﬁaqﬂﬂalﬁmmﬁﬁaui’ WauAuAn A
e uazenfon udmhdsiGeuslunnassuasufifass avtheiaunliAeinuswasarudiugunndsdy
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5) fusreglIaInNiuNINgsu m‘wmiﬂiﬁmmﬁqwﬂﬂumwsmagﬂuizﬁummﬁqm (F]I’ILQ?iIEJ 4.35) Lﬁaﬂﬁmm
FeUsTIiL WuT srevatlunssnduianssudianuminzay (Aedes 4.37) sseznatluniseievenunazlsiiu
wnzaufuion (Auede 4.43) LLazmim‘U@unmmuﬁﬁmumﬁ (Aade 4.26) MUAIRU donndestiuLuIfn Rogers
(2003) 05U181491 MinszeznarlunisaneneauianssuduAuly 9197l suliT e lavseAuwasiy
u¥nnssutiy dssalvdndulosonsunasihluldldenn daaznsenusenudduvesnislduinnssy Tumendutu wnld
nanseneawiwiuly Aenavhlvdslenalunisinluldass

6) ﬁwu‘lamﬁm&ﬂmaﬁ LﬂHmﬁﬂiﬁmmﬁdwﬂﬁﬂummwa&uiﬁzﬁumr]ﬁfjm (Aedy 4.31) WoRiansanseUssiiu
WU mmﬁq‘wﬂaLﬁmﬁ’uiamﬁwﬂmaiﬁmmﬁ’uaﬁs Yeviliinaus anutila (Aade 4.39) lanviryunsal
Uaandelunisldau (Aeds 4.33) uazlanviryunsalimnzausenislday (deds 4.19) muddu aonndesdiy
N13ANYIV8Y Saweepong et al. (2021) lé’ﬁﬂmmsﬁ’mmwamﬁmﬁm%ﬂﬂé’wzjmm5§1um5mﬁm5ﬁﬂ;muﬁuﬁﬁwaﬁm
917 81neslun Jminaswar wudt anunieuvesgunsallaniimyunsalluniseusuideuuinisudngnsniswan
HARdueTenndly dauianelasgluseduuin (ALady 4.20)

7) fuAug Lﬂwmﬂiﬁmmﬁqwdﬁmamwwmuagﬂuﬁsé’uumﬁqm (Anade 3.76) WeRsanseuseiiu
w1 nisfianudineluladniswaniuiuioiu Wudsiuifduedeeufioelanniige (Aiads 4.0) sosaan fe
fanalasioruindaldsunisareneamalulag (Aads 4.38) mmiﬁlm”ﬁvmnmummmw’szmmwmm (ARl
4.34) MUa1U denAdediukIARYeY Waroonkun and Steward (2008) na1331 n1saneneawmaluladaglinad §5u
wwdosdinrudilantinarimeluladluldliAnUsslond arwiiugudsitumeluladiifogudivoiu Aagtaels
nsenevenullegnadiussansaimunniy (Table 5)

Table 5 Satisfaction levels in turmeric pest management technology transfer

Satisfaction Mean S.D. Level
Trainers 439 0.55 Highest
1. Trainer's knowledge and ability to transfer skills effectively 461 0.59 Highest

2. Organize the content to ensure a smooth, continuous flow, making it easy for  4.48 0.60 Highest
readers to follow and understand

3. Examples are included alongside the content to facilitate quicker understanding  4.32  0.67  Highest

4. Provide an opportunity to ask questions and express opinions 438 0.70 Highest
5. Ability to influence target groups 403 0.76 High

6. Foster a warm and friendly atmosphere throughout the broadcast 430 0.76 Highest
7. Take the time to convey appropriately 437 0.70 Highest
Content 439 0.59 Highest
1) The content is organized into categories for easier understanding. 432 0.72 Highest
2) The content conveyed can be effectively applied in practice. 436 0.75 Highest
3) Topics and contents are arranged in order of difficulty and continuity. 437 0.73 Highest
4) The content aligns with the objectives of agricultural occupations. 453 0.60 Highest
Event venue 437 0.62 Highest
1. The activity location is clean and well-organized 441 0.67 Highest

2. The size of the event location is appropriate for the number of broadcast 4.29  0.71 Highest
recipients

3. The activity location has an appropriate environment, such as good ventilation, 4.40  0.75 Highest
not stuffy or hot

4. The activity venue provides adequate and appropriate facilities, such as tables  4.38  0.73  Highest

and chairs, for the activity participants
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Table 5 (continued)

Satisfaction Mean S.D. Level
Benefits 436 0.56 Highest
1. Gain new knowledge, concepts, skills, and experiences through the activities 4.40 0.67 Highest
2. Capable of sharing acquired knowledge with colleagues or the community 443  0.64 Highest
3. Able to apply the knowledge gained to work or develop a career 4.25 0.73 Highest
4. This activity facilitates learning about turmeric production technology 438 0.67 Highest
5. This activity helps develop abilities in turmeric production technology 438 0.72 Highest
Training duration 435 0.66 Highest
1. The duration for organizing activities is appropriate and sufficient 437 0.72 Highest
2. The duration for broadcasting each issue is appropriate to the content 4.43  0.69 Highest
3. Adhering strictly to the specified schedule 4.26 0.81 Highest
Audiovisual equipment 431 0.62 Highest

1. The audiovisual equipment is modern. It helps to gain knowledge and 4.39 0.69 Highest

understanding of transmission

2. Audiovisual equipment suitable for broadcasting 419 0.73 High
3. The audiovisual equipment is high-quality and safe to use 433  0.76 Highest
Knowledge 3.76 0.45 Highest
1. Knowledge of turmeric production technology has increased 440 0.69 Highest
2. Level of satisfaction with knowledge before technology transfer 250 0.64 Low
3. Level of satisfaction with knowledge after technology transfer 438 0.70 Highest
4. The knowledge received meets farmers' expectations 434  0.68 Highest
Total 436 0.71 Highest

Jadeiitinarennufianalanisareneamaluladnsudnviiuduvaunensns

nsAnwifasedifinanennufianelalunisareneamalulagnisnanuii udusesnunsns 19n1s3asien
Audaiugnisannasnvaa (Multiple regression analysis) fe3snTsuditavin (Stepwise method) Tngniisauys
daszduau 5 AU Laun el 818 sEAuN1sAn daunIwansa uaze ¥ Undiaunisanaes wuil F= 11.095
Lﬁ'aﬁmﬁmmﬁﬁmﬂizﬁwﬁfl,ﬁz?qwnqmwmfumu (Multiple coefficient of determination: R?) wu31 R* = 0.342
WAL fauUsaseaiunannsassutenisiunysuesiaulsany Ao aufianelanisanenesmaluladnisuan
siuturennuasnsiugnuiiuiulusunetimseon Smiaings ISosay 34.20 uazdudsdasesiuau 5 s i
wUsdasy 1 Miifanuduiusiusmuusmy fie dotuniwausa (X,) Srnuduiudidauandupnufianelanisdreven
wmiuiaﬁmﬁwamﬁm?umadmwmmcﬁ’ﬂqmﬁu%’ﬂuéwmaﬂwwwam Janiniimga fifaddneadffisedu 0.05
ANUMINETT LnEAsASRaauAnaNsaatiiauRmelanisareneamalulad nsnanviiutuannnitnensnsig
anunlan ve1$1e wazueniuey (Table 6)

Table 6 Factors affecting satisfaction in the transfer of turmeric production technology to turmeric farmers

Variables Cientific (b) t p-value
(Constant) 4.805 34.042 0.000
Marital status (X,) 0.209 3.331 0.001*

Std. Error =0.063, Durbin-Watson= 1.839, R=-0.417, R2=O.342, F= 11.095, p-value = 0.000
*significant (p<0.05)
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ayUnanIsAnen

nszaunsdeneawaluladnisndndiuiurennunsnssunet ey Saniaings nsvuIunnsaieven
weluladvosnuddei 1958n15189svuu Useneudae 3 duneu Ao Tuussiliuarudesnissdu dunisdreven uay
FunsUszfiuna TneBuainmsmanudesnisveaneasnsiisafumaluladnnsnanaiiudu wuin dunisidostunas
mimuquﬁ’mgﬁ%ﬁmméfmmﬁmﬂﬁqm waziinsaevenmealuladiiinensnsdenis e IBN1sUUUTIBYAAS AD
sl pueuiiviisy S3n1suuuinaTy fe n1sIasen WAEIBNISUUUNGN AD NMTaSH N1SRNBUTH AUEIRY dolu
nsdeneamaluladiinuasnsdeanis Ae W wihilvessy uazusiuiy ndudidunisdieneamelulad Taonisld
vsspelasorassfidermydumstestuuasnisaunudagi Wodenenmaluladuds TutuneunisUssiiiumg
nsAnundlatinsusediuna 1) ANNFVBUNYATNT WU Lnwasnsiiauiaunsdesiunaznisaivnudnsiivlunis
rnAnvflutufininniunitneudunisaneven wazsEAuANSTRuNYRINIATIINlATUN e nenmAlulagunneneiy
ndeuldsunisarenenmalulad egadveddaynieadad 0.01 Sndnsuansdausznianveansyuiunisanenen
waluladfidniu Insanzluidofiaenadosiunnudeanisveunsnsng 2) amnufanelasonisaionenmalulad
inwnsnsiianufisnelaluduinennswidududdonlunisarenesmalulad druaoiud fuusslovilasu du
szoznasduianssu sulasvirynsal wazduaug swddu SsaduayuuwiAninmsiievesiigenndesiuuium
vosseuvzinludnisuszandldlaase uarainnaaeunieadia wull anunIwnIsaNsa Jusuusiiedfifnaseniny
fawelalunsenenenmaluladnisnanuiiutuvounuasns athafitfuddunieadaisysu 0.05 UBLAUDUULIINK Y
Ao Asinsiudunisarenenmaluladlunisuaniiuiulitunensnsedareiies Inadudeiduiidesnisves
wnunsnsidivang wagmsiinisinaunistiianuiainnisiimalulagluldasa iaduwmalunisiaunnisuszneu
91INVOLNEATATADIY

LEC 4
naussleviviudou
Adeuveyszmaitunanuilifnaysslovivivdeu

nnAnssuUszNA
Fifeveveunuindinineds uvninerdvasauniuns Tunslivugavyumsidaiioinednusussdd
sutsvana 2566 veuniyumuilideyaUszneunmsfinuasiassrauailuiiud uasveveunaununInsdan
viuilusinotimzeen Swiningmniuiilinnuewaseit waslinnusudolunsiidoyaduoged

nsfidausaulunisilsuunainuvesiidey
ANNARSIEY WazauyRg u: ladld dnunems, efgan Saulve. MUfiRngITe mstidmdnlumsesniuy
mMInagey p3esiletn Wnsfudeya: w@ndld dnunans, efga Saulve, wasiad wruden. nsdaivdeys
mMyBeseideya nisuuana: w@add Wnuime. nsisalna nsiieuisuiudeagunioesdninug vsevguliu:

a o

aign Saulve. msfiduswlunisi@ou manuscript: 1@eld @nutems, edyyn Saulve.
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Abstract

This study aimed to 1) evaluate the training results of farmers who participated in the project to
promote the production of safe herbs and vegetables from toxic substances by comparing their knowledge
levels before and after the training, 2) study the implementation of the knowledge from the training, and 3)
evaluate the satisfaction of farmers who participated in the project. Data were collected using a questionnaire
from 60 farmers who participated in the project, which were in 4 project implementation areas in Samut Prakan
Province. Descriptive statistics and T-test were analyzed at a statistical significance level of .01 to compare the
knowledge levels of farmers before and after participating in the training activities. The results of the study
found that farmers had a high level of knowledge before the training at 50.00 percent and their knowledge
increased to 81.67 percent after the training. The mean of knowledge increased significantly from the mean
before training at 13.15 to the mean after training at 16.85 (p < .01), that is from 13.15 to 16.85 (p < .01). Farmers
applied the knowledge the most in terms of harvesting and post-harvest management (80.00%). Farmers who
participated in the training project expressed high satisfaction (mean 4.33), indicating that the knowledge transfer
to farmers who participated in the project to promote the production of safe herbs and vegetables from toxic
substances in Samut Prakan Province was successful and relevant agencies should expand the training activities
to other areas.

Keywords: training evaluation, medicinal herb production, safe vegetables, satisfaction
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Table 1 Frequency distribution of farmers' knowledge competency levels across agricultural domains

Farmers' Knowledge Level Pre-training program Post-training program
Frequency Percent Frequency Percent
High 30 50.00 49 81.67
Medium 27 45.00 11 18.33
Low 3 5.00 - -
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Table 2 Comparative analysis of farmers' knowledge levels: pre- and post-training assessment

Knowledge Lowest  Maximum X S.D. t Sig

1.Planting and maintenance (3 items)
Pre-training program - 3 1.98 0.77 1.98 0.00%*
Post-training program - 3 2.62 0.58

2 Water, soil and fertilizer management (4 items)
Pre-training program - 4 3.37 0.86 1.98 0.07*
Post-training program - 4 3.63 0.76

3.Pest management knowledge (4 items)
Pre-training program - 4 2.75 1.07 1.98 0.00%*
Post-training program 1 4 3.48 0.81

4.Harvesting and post-harvest management (3 items)
Pre-training program - 3 2.40 0.85 1.98 0.08*
Post-training program - 3 2.65 0.71

5.GAP plant certification standards (2 items)
Pre-training program - 2 0.83 0.58 1.98 0.00%*
Post-training program - 2 1.62 0.69

6.Group establishment and sustainable group management (2 items)
Pre-training program - 2 0.82 0.81 1.98 0.00%*
Post-training program - 2 1.27 0.76

7.BCG Model concept (2 items)
Pre-training program - 2 1.00 0.26 1.98 0.00%*
Post-training program - 2 1.58 0.56

Overall (20 items)
Pre-training program 1 19 13.15 3.07 1.98 0.00%*
Post-training program 9 20 16.85 296

* Statistically significant at the .05 level. **Statistically significant at the .01 level
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Table 3 Post-training knowledge application: frequency distribution and implementation rates

Post-Training Knowledge Implementation Items Frequency Percent
Planting and maintenance 42 70.00
Water, soil and fertilizer management 45 75.00
Pest management 44 73.33
Harvesting and post-harvest management 48 80.00

Total 179 74.58
Table 4 Barriers to post-training knowledge implementation
ltems Frequency Percent
Planting and maintenance

Knowledge Gained is Not Practically Applicable. 5 8.33
Implementation of Process Complexity. 5 8.33
High Investment Requirements. 2 3.33
High Time Demands. 1 1.67
Insufficient Materials and Equipment 6 10.00

Seasonal Production Constraints - -
Unsuitable Area Conditions 8 13.33
Others 1 1.67
Total 28 46.66

Water, soil and fertilizer management

Knowledge Gained is Not Practically Applicable. 4 6.67
Implementation of Process Complexity. 2 3.33
High Investment Requirements 5 8.33
High Time Demands 2 3.33
Insufficient Materials and Equipment 5 8.33

Seasonal Production Constraints - -
Unsuitable Area Conditions 6 10.00
Total 24 39.99

Pest management

Knowledge Gained is Not Practically Applicable. 4 6.67
Implementation of Process Complexity. 2 3.33
High Investment Requirements 3 5.00
High Time Demands 2 3.33
Insufficient Materials and Equipment 5 8.33

Seasonal Production Constraints - -
Unsuitable Area Conditions 5 8.33
Total 21 34.99

Harvesting and post-harvest management

Knowledge Gained is Not Practically Applicable. 3 5.00
Implementation of Process Complexity. 2 3.33
High Investment Requirements 3 5.00

High Time Demands - -
Insufficient Materials and Equipment 3 5.00
Seasonal Production Constraints 3 5.00
Unsuitable Area Conditions 1 1.67

Total 15 25.00
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Table 5 Farmers' satisfaction with training

Items X S.D. Interpretation
1. Activity Organization Process
Overall Program Participation Satisfaction 4.47 0.62 Highest
Recruitment and Communication Process 4.28 0.67 Highest
Program Activities and Objectives Alignment. 4.20 0.67 High
Grand 4.31 0.65 Highest
2. Training Location and Facilities
Training Place Readiness 4.20 0.66 High
Equipment and Resource Availability 4.17 0.78 High
Training Schedule Appropriateness. 4.18 0.65 High
Refreshment and Meal Service Quality 4.30 0.70 Highest
Grand 4.21 0.69 Highest
3. Agricultural Training Instructor
Instructor Availability and Support 4.45 0.59 Highest
Training Materials and Media Quality. 4.32 0.62 Highest
Content Delivery Clarity 4.38 0.67 Highest
Communication Skills. 4.28 0.64 Highest
Grand 4.31 0.65 Highest
4. Agricultural Extension staff
Staff Service Quality a.47 0.62 Highest
Staff Coordination Effectiveness 4.37 0.64 Highest
Staff Support and Assistance a.47 0.65 Highest
Staff Response to Inquiries 4.40 0.69 Highest
Grand 4.42 0.65 Highest
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AZUUY NANTSIWTEUTBUANINIVRUNEATNT F8TTN1NERA A1 T-test §31 inwnsnsilaedsvesavuuuiiniy 3.70
ALLUU um‘ammuamwuammymﬂmLaa&Jﬂaummﬂamw 13.15 WuAadevdanisiineusudl 16.85 (p<.01)
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sulasinsineusuuaniauisnelanefanssueusUlng IUTEAUEER flenade 4.33 Falauiianelalusudneid
Tassnsundigaiaieds 4.42 dudefniiuvesnunsnsdelassnseusuiiddsy fe tnunsnsszyindesnisliifing
%’mmiﬁwiﬁaﬁwmﬁ’ﬂw FWAIANBIINNYATNTAULUY AABAIUATUAUUNITNAIL LA ADUDAVRINANAALAY
La‘uaLLuﬂﬁwNé"}ﬁ’mmmwmié’]’wi’mawiﬂﬁmsﬁﬂﬁﬁﬂﬁaﬂﬁiuauma&hwiat.ﬁad

ndedunulumsine Sidoiauanuy fiil 1) osnlassniseusuussadmnelumsiuyuawaso
YDINUATNT LLazﬁwamiUﬁzLﬁummﬁﬁwaiwiaﬁamﬁﬂuizﬁ’wmﬁqm ?wam8wa‘méfﬁnﬂmiammlﬂé’qﬁuﬁgw}
lugminaynsusinig sumzLﬁmﬁ’uﬁmsﬁ’mmué’ﬂqmﬂﬁwLﬁuﬁLﬁ‘iﬂuﬂizLﬁuﬁLﬂwmmé’qﬁmmiﬂaw%ﬁﬂ‘dﬂﬁﬁa
ﬁaaLﬁamsﬁwmﬁmavﬂqmﬂﬁm uay 2) mi%’ﬂmmﬂﬁmiﬂ%mﬁﬁﬁ@mmw Lﬁl@ﬁﬁ]’]mﬂu‘\mLL‘ﬁdﬁJmIﬂNmiﬁlﬁ%U
anudurourduegiann nfeudunisusuusaiudug vedlassnslidanuussivlalndidssdunislvuinisves
FUftRnuiiosnsziuamnmlasanislaesn uay 3) WanneiondouumsufoaTidudna (Best Practice) Msousy
Mnuszaunsalvesufiinulasimsifteldusunuuunlassnsduluouen



King Mongkut’s Agr. J. 2026 : 44 (1) : e0265569 9

¢ v v
naUssleviviudou
Adeuveysemaitunanuilifnaysslovivivdeu

nsfidausanlunsilsuunanuvesiidey
AWARSIEL e ausRgu: uiaas tesgassel, degn dudnen, dndn wausn. MsUfiRngide nsiidausan
TUN1599AKUY NITNAAES NTNAADU LASBIiTa YA FBnsiudoya wax criteria: uiaas Wosgassel, Iagm dudnan,
FOH A1 NIUN, qains adssaudnid. nsdaiuteya n1sTesisideya nisulsua: uiaas Weuaassal.
N5ININEIN TN N1TkanInIsiUSeuieuiuteasunieedAndtuy nienguiay: udaas deealssal,
galns adssasndined. n13ilausnlun1si@en manuscript: gaIns 3NN,

LONE1981989

Angkhasakulkiat, S. (2017). The relationship between the factors of gender, age, and education of farmers on the implementation
of the extension center project. and producing community rice varieties in Sisaket Province. Kaen Kaset Journal, 45(2),
341-350. (in Thai).

Department of Cooperative Promotion. (2014). Principles Observation Measurement-POM. Department of Cooperative
Promotion

Joedsak, A.,, Suwanmaneepong, S., & Thunmathiwat, P. P. (2022). Knowledge, attitudes and practices regarding good agricultural
practices among rice farmers under the large agricultural plot scheme (LAPS) in Khlongudomchonlajorn, Chachoengsao
Province, Thailand. World Review of Entrepreneurship, Management and Sustainable Development, 18(3), 249-266.
(in Thai).

Kanta, T., & Tasene, A. (2022). Guidelines for developing farmers leading to organic agriculture system of the housewife community
enterprise group in Ban Kokko, Maekasa Sub-District, Mae Sot District, Tak Province. Phetchabun Rajabhat Journal, 24(1),
67-75. (in Thai).

Keawnil, P. (2021). Satisfaction of Hill Tribe Farmers with the Project to Promote the Cultivation of Vegetables Safe from
Toxic Chemicals in the Highlands of the Chiang Mai Highland Agricultural Promotion Center. Retrieved from:
https://tarr.arda.or.th/preview/item/2X02qbL2QBnVIKE7i-dL 7?isAl=true. (in Thai).

Kruekum, P., Sakkatat, P., Vetchasitniraphai, N., & Jeerat, P. (2020). Factors relating expectation towards agricultural extension
workers of farmers in Sansai District, Chiang Mai. Journal of Agricultural Research and Extension, 37(2), 112-121. (in
Thai).

Kwang-Ngoen, P., & Limnirunkul, B. (2017). Perspectives and practices of good agricultural practice (GAP) of Hom Mali Rice growers
in Maha Sarakham Province, Khon Kaen Agricultural Journal, 45(1), 580-587. (in Thai).

Nosuansuwan, T. (2024). Development of a Pesticide-Free Vegetable Production System in Ching Mai’s Urban Agricultural
Ecosystem. (A15F640032). Retrieved from: https://pmua.or.th/research/a15f640032/. (in Thai).

Ritcharoon, P. (2017). Training project evaluation: concepts, models, and evaluation process. Stou Education Journal, 10(1), 42-
57. (in Thai).

Sakrik, D., & Chansukree, P. (2017). The impact of economic, social, institutional and climate change factors on income and expenses
in the agricultural sector of Thai farmers. Journal of Public Administration, 5(18), 58-74. (in Thai).

Samut Prakan Provincial Agriculture Office. (2023). Productivity Report and the Price of Agricultural Products Entering the
Market this Year Production 2023 Samut Prakan Province. Department of Agricultural Extension. (in Thai).

Samut Prakan Provincial Agriculture Office. (2024). Provincial Group Budget Project Manual Fiscal Year. Department of
Agricultural Extension. (in Thai).

Seehawong, A., & Sunthornwipat, L. N. (2015). Evaluation of farmer training under the agricultural development project according
to A new theory based on the sufficiency economy philosophy Samut Songkhram Province. Journal of Interdisciplinary
Research: Graduate Edition, 4(1), 101-104. (in Thai).

Siripanich, R. (1987). Principles of Creating Psychological and Educational Measures. Charoenwit Printing. (in Thai).

Tassamalee, P., & Thammathiwat, D. P. (2019). Satisfaction of new generations of farmers with training courses to prepare them to
become new generations of agricultural entrepreneurs. King Mongkut's Agricultural Journal, 37(4), 627-634. (in Thai).

Tirakanan, S. (2014). Social Science Research Methodology. Chulalongkorn University Printing House. (in Thai).

Topurin, M. (2022). Study of Students' Satisfaction and Needs regarding the Curriculum. B.A. in Information Studies Faculty
of Humanities Srinakharinwirot University. Retrieved from: https://ir.swu.ac.th/jspui/bitstream/123456789/27844/1/1S-
report_curr-2565.pdf. (in Thai).

Tuntavanitch, P., & Jindasri, P. (2018). The Real Meaning of IOC. Journal of Educational Sciences Mahasarakham University,
24(2), 1-10. (in Thai).



King Mongkut’s Agr. J. 2026 : 44 (1) : e0265568 NIALNYATHIZIDUNGT 2569 : 44 (1) : €0265568

nswaaaInaudUainniduvasnguiavnayusud lnsnmun
Aruaglng dunad1gnni Jeninunusiil
Development of Catfish Strips Labels of Lam Sai Phatthana Community Enterprise Group,
Lamsai Subdistrict, Lam Luk Ka District, Pathum Thani Province

Un15uns Wiauud', dwiwiie inaSete wazdvan audmdn’

Papawarin Nuritanonl, Chanhathai Kerdsriserm!” and Aschada Montawan?
Received date: 1 11.A. 68 Revised date: 30 #.A. 68 Accepted date: 19 W.A. 68
DOI: https://doi.org/10.55003/kmaj.2025.265568

UNANYD

mu%%’mﬁﬁ%\qﬂismﬁlﬁa 1) Annwndymuazanudesisiuniseeniuvaainnindagivainniduvenay
Fawfguouaisiuuw duadiling snnedignni Samdaunusid 2) Wawnaaindudiainndu way 3) Ussiliu
szé’ummﬁqwdwm@:uﬁmLLazam%ﬂﬂfjﬁa'mﬁm;muﬁﬁ@iaamﬂﬁuﬁwﬁﬁ’wmﬁu Tnonslysefouisidouuu
auNa Ludeyalinanimainnsduntvalldednanaudnnguiavisguyuaivsiaun 9w 17 au waziiu
ToyaaUiinaanuuuasuauguilan $1uu 151 au wan153de wuin aandudifudmiaeaniiaule ieaannly
anunseadeanudesiulundndasilsegdiussansam ﬁﬂ‘ﬁdé’qlu'mmmasﬁaumwé’waﬁu%Laﬂﬁﬂmﬁsumsqmjulﬁ
agedmau Jdldandunsimunuuaaindudivaisiuau 5 ¢ wuseondu 2 sawd liun a5 wuu LaETARIAY
5 wuu Ingl4ddu annany uaznmUszneuiidetssaninarsssurivewandang nnan1sussfiuaufiaonele wuin
QJT'U%‘IJWﬂﬁisé’fummﬁqwaklﬁaaamﬁﬁ@umagﬂusgﬁwm (X=3.75) Ingianizludusivavid onduai Ay
ndnwaivesaain uazamdnuallassiu mssenuuvaanlmiddiedivenuindede anamdnualifauresainn
LLasLﬁNLLN@jﬂﬂumS%@%E)ﬂﬁU%Iﬂﬂlﬁ@ﬂﬂdﬁﬁSﬁ’]ﬁlﬁy mu%%’a5amWiﬂiﬁfj’lﬁuLmeﬂumiﬁwmamﬂﬁué’wsqmu?iu 4
fidoen1sadenuuanang wasiindnauanunselunisuteiulunanaldegaiussdnsam
ARy NsmaaINduA Anuianela Yaianidu ngudanniaguu

Abstract

This study aims to: 1) analyze the problems and design needs related to product labeling for shredded
catfish produced by the Lamsai Pattana Community Enterprise Group in Lamsai Subdistrict, Lam Luk Ka District,
Pathum Thani Province, 2) develop improved product labels for shredded catfish, and 3) evaluate consumer
and community member satisfaction with the newly designed labels. A mixed-methods approach was
employed, integrating both qualitative and quantitative data. Qualitative data were collected through in-depth
interviews with 17 members of the community enterprise group, while quantitative data were obtained from
151 consumers using structured questionnaires. The results revealed that the existing product labels lacked
visual appeal and failed to effectively instill consumer confidence. Moreover, the original labels did not clearly
represent the identity or uniqueness of the local community. In response, ten new label designs were
developed, divided into two categories: sweet-flavored and original-flavored products. These designs
incorporated specific color schemes, patterns, and illustrations intended to communicate the flavor and natural
characteristics of the products. According to the satisfaction evaluation, consumers expressed a high level of
satisfaction with the redesigned labels (X= 3.75). Key aspects that contributed to this positive response included
the clarity of product information, the uniqueness of the label design, and the overall brand image. The

redesigned labels were shown to significantly enhance product credibility, mitigate the negative perception
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often associated with catfish, and effectively motivate consumer purchase intentions. This research contributes
practical insights into label development for community-based products, emphasizing the importance of
culturally reflective design elements. The findings suggest that effective product labeling can play a critical role
in strengthening brand identity, differentiating products in competitive markets, and supporting the growth and
sustainability of local community enterprises.

Keywords: product label development, satisfaction, catfish strips, community enterprise group
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Eiadkaew (2024)

AZLULIAAY 4.21-5.00 EGUGK panienelaeg lussdunngn
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AZLULIAAY 2.61-3.40 EGUGK panienelaegluszduunang
AZLULIAAY 1.81-2.60 EGUGK panienelaeg uszdviies

= = = ’ o 3 o
AZIULIAAY 1.00 - 1.80 EGUGK panienelaeglusziuiiasiign

NANTSANEILAZIVTTAl
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v
Y

dvosaanitanansansesunuseansld Snvisdaliannsaaiismnuiaadliruguslaale Ssaenndosiu Jaimun et
al. (2020) find17i1 asduduuuisnesitefnsafiannsasudenazandasdudilundon 9 fu luvaesfinsdud
wuugUa Tnefifefnssiiannsaansildie dofimarirmeglunraufuuunanauiifvdonmuazam
Toguszasdded 2 wud1 mswwieainduivaignidudnsunguiavisyurudilnaiaun duadiing
sneagnm fandaunusd dudunislasnisdunsalaundnnguiaviagusudilnsiam Wevuummaiamuieain
Auf Fsdenadoaru Joungtrakul et al. (2021) find12d1 Msdun1waiidedn (In-depth Interview) 1u3Ensifusiusan
Foyandaqunmiidadumsaunuiegiasfon wasdndetudlideya olilduuues Usvaunisal uazarmAaiud
wirSswesineunuudunval Bnstitaelvinideannsadilaviunuasarumnefidudourestoyadildsunsiaun
wuamsmsdunsaldednifiussansamdudsddglunisiiuteyafiinunm uazaonndestu (Parkkaman and
Nuanyang, 2024) fina1731 mswmureaindudinisyadulifaainiazasdudiasiousndnvaiveayuwu dofs
uwnasiuveandndal wazadalansulunatn laglinszuiunisesnuuuiiddusmannguiamiaguy
mirwnunaly uazihviosiu uenand Selienuddyiuadusarfaqussyfusiidifiuaudiadlowasani
avmnlunsldanu TaglifisausnsiivanumesnaliiuaainduiuadannsawdUemsing q feanduduuuild
ansaudls Wy msuAtymisusudnualvesuainn esan f3deldudlusnenisldamasgu Aduamuszney
wazAsAuA Wietawanauniindwestainnld uvenanddsdinisutludunsaud dusudeuliamumngani
Fuilaanniouazdeaiiamnuniandild (Kerdthip and Kalee, 2024) salufisnsuflvdvesaaindudn dldidendid

ANuasanseuliiinaueeInems (Figure 1)

Figure 1 Old product label

n1seanwuLaaInduAUatnniduveinquianisgueuainsimun adnsiawaainlmidiuiu 5 ¢ lned
anulanwivlusuddu uazmsihiauessazidoaiivafudud Jaisadieanuindedo uazilignAdotuly
wAnfae ulufsnsifiualansuemnauidailindafusidiendnval uazannsafganrmadlavesiuslan
I¢oenstaiau Tasnseenuuuamnaudn wsesniu 2 sawd il

1. aanduduaignidusaning sou 5 uuu Tnedinaidenlddduilinnuidndeunats wazougu Faldiu
usstiumalaninaannvuumiu Wefwgaduslnaifuseusaviy dfdenisldifiovuonissand itelvfuslnaid

AMUTUTDUTAEM AN TN D INERAUYTleNe wazdelsruazainlun1ssuusenunaniue (Figure 2)
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Figure 2 Sweet-Flavored Catfish Strips Product Label Designed by the Researcher. The selected colors are

inspired by desserts in order to attract individuals who have a preference for sweet flavors

2. aanduiUaignidusadu (sanaiu) S 5 wuu lneinsidendduiitienseiuanuesinsuuseniuain

Yo o A v A & < e ey ' A g v = a ey & 4 4 = 3

nslddduignann anla wazmenidusamnialalidinugu deidunmsnseduuaziann uazdonlddinubuiiodeiann

Tnednsnaunausznivdivug uiasdlnudu weiiuanuiaulalunissudsenuiasdefssavifvowdnd s
(Figure 3)
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Figure 3 Original-Flavored Catfish Strips Product Label Designed by the Researcher. The selected colors are

inspired by spices and herbs to attract consumers, combined with natural tones to signify flavors that

are minimally processed

mﬂ%'a;gaﬁléfmﬂmié’mmmimméfmmimaaam%ma’u"?amﬁwmuéﬂ‘mﬁwm fuaalng 81Lne
a1gnn1 Jminunusnd ssyanudsanisludiunmsiamuiaaindum maalﬂwwmamﬂaummu Juuuy Ta0)
‘vﬂ,sumamﬂ asndudn mnuduendnval sreaziBendudi wavgunw mwwm 5 ¢ (Figure 2, 3) e
miawaa&ammwawdﬂlﬂiwLmauwﬂﬂqmmwmsqmumimwmm fefinsandonaaindudi S1uau 1 A
laun @jﬁ 1 ﬂ'auﬁﬂLmuﬁlﬁhﬂﬁé’ﬂﬁmﬂizLﬁuﬂawmﬁ&waiﬂﬁiaiﬂ (Figure 4)
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Figure 4 new product label

Smguszasddai 3 wuimsusuiliunnuiiemelavesiuslanifiseaaindud lususuuuuaaindudi dudan
Aldvihaaindud funsdudn suanaduendnuel ﬁwuswavlﬁamﬁuﬁw LLavm"wuiﬂm‘w Imaaaummmﬁu?‘lm
T 151 578 WU dszauanudianelaegluszauiin Luaqmﬂwamiamiwvummawaawmamm‘uaaumua&m 3.75
awnsaasulai mmruLL‘uvaaumuumqu‘walﬂusmumﬂmaamﬂaummaaﬂmyu Faaenadesiunanisinyives
Fiadkaew (2024) Tagléina1nin anudianele vanefs anuidnludeuan fuansfanimwey auauisla uazanug
soanmuandenlusus o lneduslaadilngiiui ananeuwasdduvuaainduidienssfuaueeinemsuazil
Tiangnguindatienas nieurtaUseloailldniwmisms Snsaandudidnaidumnzaudunngaete Sedofaman
wanzaulumslinuvesduidmiuitadnuaslng
dayaiAsugnadeauvasguslng

HANTIATIERTaYaATugRadIrNTesEnauLuUaBUa U Fraunuudeunudlngidunands (Govay
55.63) 4199185833 21-30 U (Sevaz 49.67) drlugifanunmlan ($evaz 45.70) uazszdunsAnuigegaey
Uingan3 (Fevay 43.71) Usznauendnniinauuszdn (Fevas 32.45) Inefineldiadeseifiousglutis 10,001-15,000
UM (Seway 41.06) (Table 1)



King Mongkut’s Agr. J. 2026 : 44 (1) : e0265568 7

Table 1 Economic and social data of consumers

Characteristics Consumers (n = 151)
Frequency Percentage
(n) (%)
Gender
Male 67 44.37
Female 84 55.63
Age
< 20 years 3 1.99
21-30 years 75 49.67
30-40 years 33 21.85
41-50 years 32 1391
51-60 years 19 12.58
Status
single 69 45.70
Married 27 17.88
Widow 5 3.31
Divorce 5 3.31
High School / Vocational Certificate 21 10.60
Diploma /high vocational certificate 39 25.83
Occupation
Student 33 21.85
General Labor 15 9.94
Trading Business 33 21.85
Agricultural Operation 21 13.91
Private Employee 49 32.45
Average Monthly Income (Baht/Month)
< 10,000 Bath 39 25.83
10,001-15,000 Bath 62 41.06
15,001-20,000 Bath 40 26.49
20,001-25,000 Bath 7 4.64
More than 25,000 Bath 3 1.98

anuitanalaguslnaiifiienanduduaignidu

nmsfnwanuiisnelavesiuslaaseaainduiivainnidu uansliidiuli danufisnelalunmsweyly
szeuann fleede (X = 3.75) lumuguuuuaanduen danufianelaluseduinn (X = 3.69) ﬁm‘i”uﬁ’m?aqﬁi%ﬁmmﬂ
gur dsgauanuianelaluszauunn (X = 3.75) aruns1duni dsgauanuianelalusyauuin (X = 3.75) A1uA
Wuendnwal dseauanuieanalaluseduunn (X = 3.79) ausieazidenduai dszauanuitanelalusedvann (X =
3.81) wagAuguan dszauanuiianalaluszdvinn (X = 3.79) MnwansAneduanddifiuisnnsmousuiindeaan
ﬁuﬁﬂwmﬂumaﬁwumﬂﬁg&ﬁmémLLasQU'%Im (Table 2)
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Table 2 Summary of mean, standard deviation, and consumer satisfaction levels

Consumers
Product label structure satisfaction assessment list (n =151)
X S.D. Moderate
1. Product Label Shape 3.69 0.76 High
2. Materials used for making product labels 3.75 0.73 High
3. Brand 3.75 0.75 High
4. Unigueness 3.79 0.75 High
5. Product Details 3.81 0.77 High
6. Images 3.79 0.77 High
Total 3.75 0.76 High

nsieseideyaninuisnelaseaainduduuusede

1. duguiuuaaindudn nan1sieszianuiianela wanddiiiuin anufawelavesimeusuvaeunuegly
seAvan TneguinavesmaIndusn ﬁﬂ'ua?{aagﬁ (X = 3.75, S.D. = 0.73) uagANUmIzauvamaInduaagluszauas
(X = 3.70, S.D. = 0.81) Anuausalunsusaiuduailasgratmaulasuanuianelaluseduuin (X = 2.63, SD. =
0.76) é’ﬂwmz@mmwmmamﬂﬁuﬁw ﬁﬁ%a%mwﬁmﬂ% (X =3.71,5.D. = 0.78)

uonanil avuiFeudesvesmsinaatndud waranuannsalunisigaduslaadiedduldsuntsussiivly
seaunnn Taefanade (X = 3.68, SD. = 0.74) waw (X = 3.65, S.D. = 0.74) a1uasiyu ludruvesnisud ladgun
nmanualvendnduaivainn aanduilasuasuuuauianelalusyiugs X = 3.71, S.D. = 0.78)

2. i’aqﬁi%ﬁwaawmﬁuﬁw NaN1TIASIEAANUNInala nuln %ﬁﬂmaqi’aqﬁlﬂuﬂ13m§m§uﬁwﬁmmﬁnwdﬂu
sEAUNN (X = 3.73, S.D. = 0.73) wazanundasmunuvesaaindudlasuainuianelaluseduann (X = 3.77, SD. =
0.72)

3. A518UAT HaN1SIASIEYANURanela nudn AnuaudaTeInsIduAIvNRaInduAllasuANTanelaly
sEUIn (X = 3.77, S.D. = 0.72) drunsadeanunssdiuiuseiulasazannsansiladelasuanufioelalusesu
Uy (X = 3.72, S.D. = 0.77)

4. pnuduenanwal #ansiAszianufianela wui aaindudanansauanaendnualiveNand el laegig
Tataunardusednsan lnedaiuianelaluszauunn (X = 3.85, S.D. = 0.75) uavienanwaivesnainduagiglv

v

Hustaadladie (X = 3.72, S.D. = 0.75)

U
v ay a

5. 18al88Adufn Nan13IATIZRANNRINel WU ANuATUGINTesteYad Ay INUSaAAIINIIUlASY

vy
a y\lwu =

Aanufanalalusedvuin (X = 3.85, S.0. = 0.75) wazaudaaulunisuanstayavuaainduailasuanuianelaly
sEAvLIN (X = 3.76, S.D. = 0.79)

6. UNM HaN1TIATIZYANNaNelY WUl AEIBLYeInIMUsEneUUNRaIntAsuAuTanelaluseAy
110 (X = 3.77, S.D. = 0.72) wazalrnanguusiaaindumaiuisauasiulavmay (X = 3.84, S.D. = 0.80) AmUsznauit
TFuuaannvrgasrennuiaulaliivduailaf (X = 3.73, S.D. = 0.72) IngnIN5IHVDIRA1INAUA1YILFS19A153ATN
nand i lapgneliusyansam (X = 3.83, S.D. = 0.84) (Table 3)
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Table 3 Average satisfaction level of members and consumers

Consumers
Product label structure satisfaction assessment list (n =151)
X S.D. Moderate

1. Product Label Shape

1.1 Product label shape 3.75 0.73 High

1.2 Appropriateness of product label size 3.70 0.81 High

1.3 The product label can be clearly seen 3.63 0.76 High

1.4 Product label quality 3.71 0.78 High

1.5 Neatness of the product label 3.68 0.74 High

1.6 Ability of the label's color to attract consumers 3.65 0.74 High

1.7 Ability to improve the catfish’s image 3.71 0.78 High
2. Materials used for making product labels

2.1 Type of material used for the label 3.73 0.73 High

2.2 Durability of the label material 3.77 0.72 High
3. Brand

3.1 Brand visibility on the product label 3.77 0.72 High

3.2 Memorability and easy recognition of the brand 3.72 0.77 High
4. Uniqueness

4.1 Ability to convey product uniqueness 3.85 0.75 High

4.2 Easy brand recognition due to uniqueness 3.72 0.75 High
5. Product Details

5.1 Completeness of important product information 3.85 0.75 High

5.2 Clarity of product information on the label 3.76 0.79 High
6. Images

6.1 Beauty of images used on the product label 3.77 0.72 High

6.2 Clarity of design patterns on the label 3.84 0.80 High

6.3 Images used help enhance the product’s appeal 3.73 0.72 High

6.4 Overall image of the label makes the product memorable 3.83 0.84 High

ayUnanIsANeD

nsiawaanduivainnduveinguiawiaguruaingiuu Wunswaumansenunisesnwuuuaznig
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wansasillanieiu fagaaneni uazagviouendnuaivesiosiu uwiduiauedoyaldegrsiniau asudu iliuslan
Flaseazideavosdudilainedy n1seonuuudernileiiadan AVIANUNIL Uaz gaIna1efigivasianuuane e
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WarAUWNIIVBINISAEDUT (WOB) (P<0.05) Tae 15 way 30 w1l lsien STR way BCF g9nd1 5 Wil dauen LIN gnqm‘ﬁ
15 Uil ay WOB qqqmﬁ' 30 Wt (P<0.05) ANIBusERU 100 pg/mL LiinAn Proximal Droplet Wag YUIATBINITHATY
Y9398 (ALH) usiszau 0 pg/mL 136 BCF gedian (P<0.05)

frdhdny: sy dudle maadeudl samaninisadeui Wowugans

Abstract

The objective of this study was to investigate the effects of caffeine concentration and semen warming
duration on semen quality in boar semen. Semen was collected from four boars, with three ejaculates per boar.
The semen was diluted using Beltsville Thawing Solution (BTS) and stored at 17°C for three days. The experiment
was designed as a factorial in a randomized complete block design (RCBD), with two factors: caffeine
concentrations (0, 10, and 100 pg/mL) and semen warming durations at 37°C (5, 15, and 30 minutes). Semen
quality was evaluated based on motility, abnormality, and kinematic parameters. The results revealed a
significant interaction between caffeine concentration and warming duration on progressive motility and
proximal droplet abnormalities (P<0.05). The highest percentages of progressive motility and proximal droplet
abnormalities were observed in the group supplemented with 100 pg/mL of caffeine (P<0.05). Warming semen
for 15 minutes significantly increased values of progressive motility, DMR, and proximal droplet abnormalities
(P<0.05), whereas warming for 5 minutes yielded the highest motility (P<0.05). For kinematic parameters,
warming duration had a significant effect on Straightness (STR), Linearity (LIN), Beat Cross Frequency (BCF), and
Wobble (WOB) (P<0.05). Specifically, warming for 15 and 30 minutes resulted in higher STR and BCF values
compared to 5 minutes, while LIN was highest at 15 minutes, and WOB was highest at 30 minutes (P<0.05).
Regarding caffeine concentration alone, 100 pg/mL significantly increased proximal droplet abnormalities and
Amplitude of Lateral Head Displacement (ALH), whereas 0 pg/mL resulted in the highest BCF value (P<0.05).

! puzdmmansuazivalulad univendoudls . Wedlud 50290
ZgodumsonTdnwinunsniamile 2. 90 63180

! Faculty of Animal Science and Technology, Maejo University, Chiang Mai 50290
? Northen Institute of Vocational Education in Agriculture, Tak 63180

* Corresponding author: wannaluk.333@gmail.com



2 MIANTNYATNITIDUNG 2569 : 44 (1) : e0266618

Keywords: caffeine, semen, motility, kinematic parameters, boar

A

‘ug’]L%amﬂﬁugﬂﬁmﬂ%’uwiwmaiuizUUﬂﬂiwﬁmqﬂﬁLﬁaLﬁmﬁmwmiﬂﬁau%uasmimsmaﬁuqﬂiiu ag13lsh
muﬂmmwmaaﬁ%éﬁy@LLGU'Lﬁumaaﬂauﬁaamﬂﬂﬁamn 9 19U gl szesattunsiuiny wazujisereendindu
vouwadesd deullnuiseiliawddyiRetumaaiuanBuiioususmuaminge Tnsaundu (Caffeine) \uans
nszduiifiunumddlumaiamdsaulituwadosd tanisnszdunisviiuveaoulesl phosphodiesterase (PDE)
dwalviazsu cyclic adenosine monophosphate (CAMP) Liutu Ssthsnszfumsindeuiivesoguasifinauaiusa
lun1sufaus Mawmu%f{’]’ﬂwudwr}'ﬁlﬁumLWﬁuaﬂumsﬁamqﬁ;’]Ls'ﬁuaqmmmm‘dwLﬁué’m'ﬂmim?{auﬁmmaq%LLax
LﬁummwumuﬁiaamwLLmé'auﬁqmwQﬁméﬂ (Funahashi and Nagai, 2001a) mmaaﬂiw’jumilﬂﬁauﬁ%maq%
(Sperm Motility Activation) adufiunumlunisnszdunszuiuns capacitation dadunszurunisfieqduFendals
wiondmiunsufausiuls Tnewfinseiu cAMP wagnszfunisidsunlasmeaderiuwadeqd vinlsieaddnuanunse
Tunsunsniiueadsouliuazyfausldndu (Aparicio et al, 2005) Faelunsifiundanuliieadedd (Mitochondrial
Activation and Energy Production) uaﬂmﬂﬁmLWﬁuéquzhEmﬁxéjum3‘1/Twmmmluimﬂaum%ﬂumaéaq% ylndnng
n&n adenosine triphosphate (ATP) 1Nty équLﬁuLméawé’w}uwﬁﬂé’w%’vm'il,ﬂf?{auﬁsumaq%LLazﬂssmumiUﬁau%
(Borges et al., 2017) \Juansiueuyadaszuazdienisveatunnizeandiadu (Antioxidant Properties and Oxidative
Stress Reduction) fawsidnawduazlillyansinueuyadastlnenss wilins@nwimuinauisaananudenevesead
93391Mn1 oxidative stress lelngn1ssnuiaunavemdanuLaransnsInisidenanimuesegdilegniivinuly
ammmmé’auﬁﬁqquﬁsﬁ (Funahashi and Nagai, 2001b) wazdsdnasion1sinergnisiiuinwivesdiegd (sperm
longevity) Iuﬁ’lL%a?!ﬂiLL‘dLﬁu ImﬁlmnguﬂhElmaﬂwwmﬁm?{auﬁmmaqﬂwfwLs?ﬁuaLLszj'Lﬁu 1AIBAANITANAIVDITEAY
wdsnuneluwadead Fududadoddaiivilisnsnisufausananilonaniuly (Hemandez et al, 2007) lu
PNANMNTTUNTHANGNENT miLﬁU%’ﬂmﬁéﬂLs?ﬁuaqﬂuﬁamswamﬁauL‘ﬁuﬂﬁzmumiﬁﬂﬁ’zyﬁziawasiaé]”mqmﬁﬂﬁau%uas
NANARTDINTTY ﬂma’%uaﬁmLWEué’qﬂhEJLﬁmmim?iauﬁsumaq%LLazquumwsuaaﬂ""uf?ﬁyaiﬁum%u (Hernandez et al,,
2012)

'
a1 '

msq'uﬁwL%aqﬂidauﬁﬂﬂisﬁummauLﬁ&m (A Wutumauddydinassnmn I nveseadkazlseansainlu

v ] 9
Y a

n1sufaus nisuridudnietislneignisidiuveedd uiluvaeiferiuegingniiusnuiluannzudiduduszey

9 U
v
a

L’Jmmumﬁ]ﬁmm"l,wiammLﬂ%ﬁlmmﬂqmwQﬁLﬁaQﬂﬁjuﬁudaﬂsﬁmu Filuhideumiussordu (1-2 Su) ﬁw’faﬁgmlfd
Lﬁ‘lﬂmwzLamgué’amﬁmmmuwmiumﬁﬁuﬁﬂﬁﬁLﬁ@gﬂéjw’ﬁ”'u ImaﬁﬂﬂmiﬁjuﬁwL%aqﬂiﬁl,ﬁulﬂzjLﬁu 48 Falus 7
gaungiiuszanas 37°C Wuaan 10-15 undl %611':1aiﬁﬂﬁm’f?{auﬁsuanaq%ﬂé’UMTﬂé’Lﬁ&JﬁUﬁﬂﬂzUﬂﬁ Taglysinleiia
Avudevnesieiforiuead (Flowers, 2002) maifiusnuninideiiutifuszesnans (3-5 Yu) dndefignifuliuiutudud
nadsuuadlassaisvendeiueadunzuunuedduveead vilwhrenmadsuulasgamgdunndy n1sgustng
52529197 AR thermal shock ?Nmiéjuﬁ’ﬁaaﬁiwi’h 7 figaumnfivies (Uszanas 22-25°C) Wurian 5-10 unii Aeu
%ijiaﬁ 37°C o lfwadususa Johnson et al, 2000) wnlunsifiusnenideiutfussozen (5-7 Sundouy
) mafusnumindeansiiu 5 Jufinesennuidionvedasaiuradeadodedaau Tnslewizdefumwaranuarly
Inaeuinie nsguinideluszeriammhdsanusyinsetannian lne1aldinsguuuuiiutunou (stepwise
warming) L L'%umnqmmﬁﬁ’aa (25°C) W 10 W LLa”aLﬁuqu;_]ﬁLﬂu 30°C 8n 5 W1 riau%ajuzjmﬁwﬁ 37°C8n 5
Ul m‘iéjmw‘uLﬁmqmuqﬁLﬁuisawfs{h&JammwmﬁwwmﬂmmLﬂ%&JGwmqquﬁﬁaq%azamsijmiLﬁU%’msn
(Kuster and Althouse, 1997) 91nn15Anw1784 Pereira et al. (2019) WU IsuiuAHE A AT LTY 8.0 mM Tu
swdwmiéjwfw?ﬁuaqﬂiﬁLﬁu%’ﬂmﬁﬁl 15°C uran 72 $2lus Preiiunsiadeuil $ns1n138T3n wazianssuvesluin
ADULASEUDIDATLA athslsAmunsiuamduluiideifusnunliifies 0 wio 24 $alus liuanwadidnay uazns
UisLﬁu@mmwmmﬁwLﬂ'ﬁuaué’nmiﬁjuﬁ 37°C \Juan 10 way 120 w1l Wudwmség]'mf’n%aﬁﬁu%’ﬂmﬁ 72 alusludidl
mw\lﬁuuammaﬁﬁﬁqwé’qmﬁju 10 w1 ImeJmiéjuﬁmuLﬁuiﬂmﬁ]am@mmwmmaqﬁiﬁ

é’qﬁ?uﬁaﬁi’mqﬂizanﬁtﬁaﬁﬂmNamaﬁsm"’umwL%m’fumLWﬁuLLasswmmmiEjuﬁmemnﬁ’uﬁia@mmwﬁm%a
weugansannIsiusnw 3 u
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3sn13AN

dninnang

vewusansindiutoranun 4 & (@ousgienansd 2 i uar ar9iflast 2 #2) SorglndiRsetulsvaas
1.5-2 U werugansiavnnd lasuemsiuas 2 afauazlgsuiedgedass gm?iyaﬂuﬂam??&mﬁmsuum 2X2 195
Wisugns augdniaransuwazinalulad umInerdoudld vungiaveugynlddninaaes (approval number)
MACUCO024A/2566
nsimindadangne malfeasdidfegnauaznmaiiiuine

ymsimindesefionnnegniusaziainas 3 ads ldfedraiidonmun 12 feg niafudidodnd
faududureseadgs Fefieunsgrulumsdaidoniudefefidnsninedeud >70% aruiaunfvesedd <15%
Aviuidiudutetegd >200x10° #1/mL (Nuntapaitoon et al, 2024) ¥nsiieansinidousasiogsdearsasansgns
Beltsville Thawing Solution (BTS) fivsznauludae glucose 37 g, sodium citrate 6.0 g, Sodium bicarbonate 1.25
g, EDTA 1.25 g, Potassium chloride 0.75 g, Penicillin 1.10 g, Streptomycin 1.10 ¢ Nﬁuiu‘fﬂﬂﬁ’u 1,000 mL U§uan
oH vesasazaeliiien 7.2 sennduimsienuhidesegsidaududuil 3x10° #luusines 100 mL ndwn
Ms\309198e BTS wininhideusassegrunuuddvasniogns fethsas 9 vaen salunasntndernmun 108
naoausaznasnaziitofidonudmaonay 50 mL twaemindedessluutiduiiong 17 °C lugunifu (Thai
stainless argon) tWuan 3 Ju neuthuvinismeass
N5 UAUNTITNAADY

nassuauwduluthidagnavdemafuinuddefiguagd 17 °C uazssasinansguinidodidneiy

mwé’amﬂmsLﬁu%’ﬂmﬁwﬁ?@qmmu 3 5y vhmsfuamduiidanududusensetu 3 amududu © (Ngu
AIUAN), 10 pg/mL wag 100 ug/mL) atllumaenideusasfegnasiuuiiodieas 9 naen Tnglilanududuves
ANNDULARZATNTUTIUIY 3 NaDARIBENS ﬁnﬂﬁ?uﬁmaamf’]Lsﬁaﬁgwmiﬂv‘hmiéjuﬁwLsﬁa‘ﬁlqmqﬁ 37 °C \unan 5,
15 uay 30 mﬁiuéwﬂg’]a"u (water bath) v‘l’wmﬁmw@mmwmaaﬁwL%@L%qmﬁm?{auﬁ ANURAUNAYDIA0ET Lavda
AansNsAAeuTineIAse Computer assistance analysis (CASA) (Figure 1)

Concentration of sperm

° 0 mL in BTS .
3X10" celt/ 100 mL in Computer Assisted Sperm
: (3 ejaculates/boar) — Analysis (CASA)
ﬂ ! Concentration of caffeine | Time of incubated 372 C
g LT
e Control (no caffeine) ® 5mins
4 Boar > —p .
; v | e Caffeine 10 pg/mL e 15 mins
Semen collection
(12 ejaculates) « Caffeine 100 pg/mL o 30 mins * Motility -
i * Progressive
(] Y [ ] _ 7 * Kinematic
1)) Storage17¢C * Abnormal
Factor A Factor B
Day 3

Figure 1 Flow chart diagram for the present study

miﬂmﬁuqmmwﬁuﬁa

miﬂ‘imﬁuﬂmmwﬁﬁL%@ﬁ?&lLﬂ?@d Computer Assisted Sperm Analysis (CASA; ?fﬁ'a: HAMILTON THORNE;
3u: CEROS 1) (Nuntapaitoon et al., 2024) v‘hmﬁmwﬂizLﬁuammwsumugﬂL%@%’@aagmnﬂ%ﬁ%@@% (motile, %)
mzm%uﬁlﬂ%mﬁwmaq% (progressive, %) 9af1ansN1swAABLT (kinematic parameters) Moun SzozMIvRden1Y
\dumaind sufivesedd (Distance Average Path, DAP; pm), szegmaduidunssvasnisindouiivesaad (Distance
Straight Line, DSL; pm), iwwmLLUUI@’TW@Qm'ﬁm?{auﬁmaqaq% (Distance Curvilinear, DCL; um), A213L53A14LU7
T#s- mnuisiveseadnunuadunisaisitadoudl (Curvilinear Velocity, VCL; pm/sec), Anandnfudunss— anmiss
ngaiusulUSgeAugmludunss (Straight-Line Velocity, VSL, pm/sec), AuiSnadontuiuadunie mausuais
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mmé’umnﬁaq%m?{auﬁ (Average Path Velocity, VAP; um/sec), pufudunsenmsndeud - LLamﬁaazﬁmmm
waouidwdunsalduindiods (Linearity = VSLAVCL, LIN; %), A211959903n15LaA oudl — vandienisidesiuuann
[ uns3 (Straightness = VSL/VAP, STR; %), ¥U1Av83N15UN39983%1043 - 5383115d18903%10434 sdnasnons
\ndeufivasme (Amplitude of Lateral Head Displacement, ALH; pm), A21818989n151n39174 —ai’wmuﬂ%”’qﬁﬁaaq%ﬁm
sudumaadslunilsiundl (Beat Cross Frequency, BCF; Hz) way Auunieveanisindendi - eSutsnsindeuiives
Weadlun1ainudng (Wobble = VAP/VCL, WOB; %) n15Useiuanuiinunfivetedd (abnormal sperm, %) laun aad
fifivnsléeae (Bent Tail, %), aq%ﬁﬁmwmﬂmd (Coiled Tail, %), mmﬁmﬂﬂaﬂ%nmﬁqﬂmwmaq% (Distal Midpiece
Reflex, DMR; %), aq%ﬁﬁuamﬁwdquﬂmama (Distal Droplets, %) LLazaq%ﬁﬁuaﬂﬁwdaﬂﬂumq (Proximal Droplet,
%)

n3alATzsidaya (Statistics Analysis)

MUNUNITNIAGBILUU 3 x 3 factorial in Randomized Complete Block Design Hasdefifnuszsuanandud
199AUNBU 3 AU VLm”t.t.rinaJuﬁiﬁ%’umM%uﬁ 0, 10 uag 100 pg/mL LLazsLuﬁqﬂﬂisﬁ’mzﬁwmiﬁjwfﬁL%aﬁlmﬂﬁhdﬁ’u 3
seau (Uden) lawn szazlaaﬂuﬂﬁa:uﬂf%%aﬁ 5,15 wag 30 Wl I(ﬂEJ‘IE’]L%@ﬁﬂiﬁ%ﬂlﬁm]‘agﬂ%ﬂadLLﬁfaz(ﬁq\J’Jﬁ]zQﬂLLﬂd
pandu 9 MaaﬂLﬁav‘f’]mi?jwaamﬁ%ggaiﬁlﬁ%uLwiazwgmﬁuﬁﬂamﬁm%u (treatment combination) 91nN53ALLEe
Wanue 12 ad ihteyaiiliainnsduiinluiinszsinianuudsusiu (Analysis of Variance, ANOVA) luusiazngy
maaw‘hﬂ'm.ﬂ%uLﬁsmﬁhLaﬁlasw’jwﬂa;uwmaadﬁw%% Least significant difference (LSD) fisvuauidosiunisada
95 1Uasidus (Gomez and Gomez, 1984) lagldlusunsudusagudmsvimsizidoyanisad SPSS 29 (Statistics
Package for Social Sciences) (IBM, 2022)

NanIsANEILAZIRNTAl

PINNANITNAADIVDITTAUAUTUTUANND U (0, 10 ey 100 pg/mL) iauﬁ’msaxnmm%jwfﬁﬁya (5,15
waz 30 W) Namwmamwudwﬁﬁm%waiamadﬁgﬁumwLﬁsz’J’usuadmLWSuLLazizstnaﬂumsaﬁ'uﬁ%%asiamﬂﬁ
wdouiiludnanth (Progressive) LLazﬁmmﬁm"dﬂﬁmaqaq%ﬁﬁmmﬁﬂmﬂﬂww (Proximal Droplet) agneidadAynia
@i ( P<0.05) (Table 1) Bsnsiafunnduiissdiu 100 pg/mL lumsguindefiszerina 5, 15 uay 30 wiildsnalyi
Wosiusivosmaindouiiluiremtiuas Proximal Droplet fidnganinngudu (P<0.05) uenatninuiszeziaailums
EjuﬂgwﬁaﬁLLmﬂﬁhdﬁ’uﬁqwaﬁiammimﬁlauﬁlﬂ%ﬁmﬁw, DMR wag Proximal droplet Lﬁaﬁjuﬁwﬁaﬁqmmﬁﬁ 37 °C \Ju
Sgeriian 15 w1l ﬁwav‘fﬂﬁﬁﬁménqﬁmﬁaLﬁ&JUﬁmz&JzLamﬁu (P<0.05) LLas‘W‘UiﬁwzL’Jaﬂumiéjuﬁuﬁaﬁndwa
soFmandoufilassau (motility) Fudleguinidofisserinat 5 uift fenvedidudvesninadouiilnesiuminninde
Wisufuszuzadu (79.83, 7167, 70.32; P<0.05) (Table 4) nsiafuannduluinidenadlioraiinaingnd ves
AMHBUT Nz un TN N Iuvetead Tnatunisiauvedeulesl cyclic AMP (cAMP) §sffunuimaenis
\ndoulinuetedd (Funahashi and Nagai, 2001b) AtWdustansumsvnuveseululluwadiistestumsdos
dangnglaanaznInLAARN Faanunsadanasionisuannsauaninlutndels miﬂwﬁumsv‘mmmawvaéﬁﬁma@iami
wﬁmﬂimaﬂaﬂmmhaLﬁumimﬁlaublmuasﬁwmﬂﬁsuaaaqﬁiuﬂszﬁﬁaqﬂw%mm%mmLwﬁuﬁmmsau WHIINLETH
mLWﬁuGLuU%mmﬁ'mﬂLﬁu"l,ﬂmaﬁﬂﬁl,ﬁmmmm%‘mmnaaﬂ%m%“ué?fqﬁmaLﬁaﬁiaqmmwﬁwﬁéﬂﬁ (Hernandez et al.,
2012) AmsLiiaduvesdn Proximal Droplet LLamdﬁqmmﬁmﬂﬂmumiL%%@Lﬁuimaqaq%w%aq%ﬁLﬁ]?zglﬁuimﬁuﬁ
NaUn® awLﬁmmﬂmié’uﬁaﬁ’vmLWﬁuiuigé’UﬁqdLLagﬁz&JznmmuLﬁulﬂ LLamﬂﬁLﬁu’jwmmﬂmﬂﬂammaq%dauﬁLfl‘u
wamﬁwﬁamgﬂﬂé’ﬁaaq%LﬁuﬁumwuizﬁsLaaﬂumiQuﬁﬂL%@%ﬁawasﬁauﬁqmmLﬂ%&mmaqmaéaq% (Borges et al,,
2017) Imaﬁmu"?%ﬁ'LLamiﬁLﬁudwmﬂ%’mLWSquﬂawuL%MSiTUQQM%aL‘ﬁuﬁzasL’Jmmuawa'waLﬁeﬁiaqmﬂwwmadaq%
W i usTIN1TNeYeseqIuaranANALYTAIUeY DNA (Mocé et al, 2010) nstaTuainduenaiinanonisiin
Proximal Droplet F3p1aiiadostunisiasunlasedasaiisogiilloldsunmdu snldaumdulunudutugs
wazilunaiuy fuuiliufisvdsadedenuauysoivedlasiaiiedd iwunsifiuduves Proximal Droplets 39
Fuusfusmsnisufausiianas (Schulze et al, 2021) 1nmsifusnuuind eidunaiuiuuansliiiuiinig
LU?BuLLﬂadmf-\]"l,ailﬁl,ﬁmnﬂmmL%'uﬁi’fusummL‘V\Iﬁmﬁma&hqLﬁmLLGiS?TuagJ'ﬁusxasLaaWﬂﬁéjuﬁ;'lL%aﬁaa LﬁaL%aéaq%
Fuiatuadulussezianiuu ?fwmammd’]mL'V\Iﬁuawﬁwmﬂumﬁﬂ'33ﬁumwmﬁauﬁmaaaqﬁmwzL’Jm
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Sudu uwimneadldsuandudunaiuiwiuly enalugenudemevedassadugadead uastiiudnsiniy

NAUNAUB9 (Aitken and Clarkson, 1987)

Table 1

concentration levels and warming boar semen at 37°C to 5, 15 and 30 minutes on storage for 3 days

Percentage of total motility, progressive motility, and abnormal sperm of different caffeine

Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction
Progressive (%)
Control 50.40+4.47°°  46.93+3.59°  49.23+523°*  0.77 0.055 0.031 0.011
10 pg/mL 50.32+7.80% 54.03+4.78%* 46.74+4.36™  1.06
100 pg/mL 50.8245.83**  54.48+2.13*  49.97+525%  0.93
Motile (%)
Control 75.83+16.31°  69.97+20.99" 759241357  2.83 0.873 0.035 0.497
10 pg/mL 79.92+11.02° 71.84+18.61Y 67.08+19.25  2.85
100 pg/mL 83.78+6.45°  73.21+18.79" 67.98+18.83  2.79
Bent Tail (%)
Control 10.31+4.20 7.75+3.19 7.93+3.92 0.65 0.966 0.545 0.381
10 pg/mL 8.12+4.23 8.47+1.87 8.79+3.95 0.57
100 pg/mL 8.63+3.86 9.27+2.24 7.56+3.84 0.56
Coiled Tail (%)
Control 1.26+0.82 0.98+0.78 1.09+1.21 0.16 0.439 0.553 0.617
10 pg/mL 1.07+0.85 1.46+1.06 1.32+1.34 0.18
100 pg/mL 1.03+0.70 1.69+1.11 1.58+1.42 0.19
DMR (%)
Control 0.32+0.23 0.49+0.26" 0.41+0.29" 0.05 0.353 0.012 0.869
10 pg/mL 0.36+0.24” 0.75+0.71" 0.47+0.45" 0.09
100 pg/mL 0.35+.026" 0.70+0.66" 0.57+0.42" 0.08
Distal Droplet (%)
Control 5.56+3.52 5.51+3.36 5.04+3.49 0.56 0.385 0.675 0.917
10 pg/mL 6.22+4.08 6.81+3.90 6.04+3.76 0.64
100 pg/mL 5.47+3.21 7.00+3.10 6.60+2.70 0.5
Proximal Droplet (%)
Control 4.65+1.77°°  4.18+1.29%  4.11+1.12°*  0.23 0.002 0.019 0.019
10 pg/mL 4.18+1.15®Y  525+1.48°*  513x1.32%*  0.23
100 pg/mL 4.26+0.92%  633+1.81*  582+1.14%  0.26

DMR: Distal Midpiece Reflex.
SEM: standard error of the mean.
** Means within a column with superscripts indicate significant differences (p < 0.05).

*# Means within a row with superscripts indicate significant differences (p < 0.05).

271 Table 2 laiwudnEwasmvosssdumuduiuresanBusasssozalunisguindededaamaninig
\wAoudt (P>0.05) LwiWU’i’riwznaﬂuﬂﬁEjuﬁwL?juaaiwaﬁiam STR, LIN, BCF uag WOB (P<0.05) szegiianlunisgu
Yudfodt 15 uay 30 uni flen STR way BCF qmdwwsnaﬂumsaﬁ'uﬁwLG’?}U@V{ 5 W1l m‘iﬁju‘f%%aﬁ 15 W9l dananonl
LIN qnﬂ’i%ﬁal,ﬁﬁmﬁmwmmé“'u LLazmiéjuﬁ;u%aﬁ 30 wiidenasiod1 WOB wnnidlewSeuifisuiussesinandu
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(P<0.05; Table 3) 5zAUAIUTNTUVDIANND UAINARBDAT Proximal droplet, ALH Wag BCF (P<0.05) 21nn15Ld34
A uAsEAUANILTNTY 100 pg/mL fiA1 Proximal droplet wag ALH ganinngudu wagnisiasuanindudiszsu o
ug/mL fAn BCF gandnguiliinisiaiunmdudl 10 waz 100 pg/ml (P<0.05; Table 4) Fsapnndosiunuifoves
Henning et al. (2020) ﬁmsnwasuaaﬂ’ﬁm%mml,w%uaﬂumiazmsnfwL%uaqﬂwé’qmﬁLLsu'LLsﬁqwudmma‘%umLW%W’QEJL'W;J
A1 ALH maqaqﬁué’amiazmsﬁqLLﬂmﬁmnnm%ﬂmﬁgqLLazﬁﬂisﬁm%mwmrﬁz’Tu FamunFuiinuandilunisnsedu
msiuveseulwinealWlaieanelsa (PDE) dwnaliseAu cAMP msflumaéaq&ﬁwﬁu LAENTEAUNITYINUYEY
TUsAuletua A (PKA) 6’2’}&L?{aﬁmﬁ’vmiﬂﬁséjumiLﬂﬁauﬁmadaq% (Henkel and Schill, 2003) A1 BCF ﬁLLamﬂuﬂfjmad
nsladuaiduanasoraidunamnanmsnsefuinniiuluanamdy ufihnlduesdionszdunsedeulmustedd
AT NSERY CAMP uiinsiasulusedugaiuluenasuniuaugavesnalnnismuqunisiadeudl silAnnns
wasulmiiliuszaudu waze1ainnig Oxidative Stress G'ﬁdmna’%umnguiusxﬁuqama}ﬂisﬁumilﬁm reactive
oxygen species (ROS) %dﬁﬂﬁlﬁmmwmﬁﬂmmaL?JaﬁmLsuaéLLasIﬂida%ﬁnmsﬂu dawasoUsyansnmuasnisiadeuln
93943 TIufan"5anaswear1 BCF (Aitken and Clarkson, 1987) Tagan BCF singnldsaudumisifitaesdu 1wy ALH
(Amplitude of Lateral Head Displacement) Lﬁa%mﬁwzﬁmwawwmmaqﬁiumim?{auﬁLLazﬂ{jau% (Funahashi
and Nagai 2001b)

Table 2 The kinematic parameters sperm of different caffeine concentration levels and warming boar semen
at 37°C to 5, 15 and 30 minutes on storage for 3 days

Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction

DAP (um)
Control 32.05+4.08 32.86+5.48 35.30+5.19 0.82 0.552 0.586 0.346
10 pg/mL 34.20+3.09 31.24+5.89 31.29+3.42 0.74
100 pg/mL 34.26+5.98 32.79+7.66 33.17+4.75 1.02
DSL (um)
Control 23.83+2.617 23.63+4.58” 25.48+2.60" 0.42 0.146 0.046 0.312
10 pg/mL 24.30+1.89" 23.69+2.43 24.11+2.23" 0.36
100 pg/mL 24.31+3.35” 25.02+2.48” 27.00+1.99% 0.60
DCL (um)
Control 62.89+9.28 62.89+11.00 68.14+10.28 1.71 0.669 0.26 0.492
10 pg/mL 68.31+6.92 60.16+12.89 61.70+9.55 1.74
100 pg/mL 62.13+15.12 58.95+18.50 65.14+11.23 2.50
VAP (um/sec)
Control 72.38+13.03 70.59+12.84 70.01+14.80 2.21 0.489 0.827 0.935
10 pg/mL 72.15+14.57 77.30+14.17 75.23+17.39 2.53
100 pg/mL 72.41+13.65 75.37+15.77 74.44+13.89 2.35
VSL (um/sec)
Control 55.75+7.20 55.18+6.13 57.18+9.95 1.29 0.685 0.139 0.637
10 pg/mL 53.64+10.15 60.82+8.11 58.81+£8.91 1.56
100 pg/mL 54.54+7.84 58.30+9.97 58.30+6.46 1.36
VCL (um/sec)
Control 138.46+29.82 132.89+28.55 134.35+29.98 4.78 0.448 0.904 0.964
10 pg/mL 140.97+£28.79 145.07+33.60 147.81+43.31 5.81
100 pg/mL 138.01+£31.25 143.27+32.08 145.48+3294 522

STR (%)
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Concentration Time of incubated 37 °C (mins) SEM P-value
of caffeine 5 15 30 Treatment Time Interaction

Control 77.64+530  79.31+6.90°  79.49+7.78°  1.10 0.555 0.026 0.848
10 pyg/mL 74524237 79.30+5.85°  79.53+7.60°  1.00

100 pg/mL 74964450  T7.48+5.02°  79.38+7.42°  0.99

LIN (%)

Control 41974452  4378x531°  42.80+4.69"  0.80 0.692 0.031 0.845
10 pg/mL 39.40+2.78 44124561  42.58+6.54°  0.91

100 pg/mL 40.29+3.88°  42.85+4.25°  42.70+5.67°  0.78

ALH (um)

Control 7.20+1.06° 6.80+1.16° 6.66+1.27° 0.19 0.014 0.222 0.853
10 pg/mL 8.02+0.34° 7.60+1.03° 7.41+1.72° 0.20

100 pg/mL 7.37:0.67°  7.61+0.89"°  7.13x1.41°° 017

BCF (Hz)

Control 32724255 3370+2.91%  33.66+2.70°* 0.45 0.007 0.000 0.817
10 pg/mL 29.72+2.70% 32524353 32.77+£3.70°  0.58

100 pg/mL 30.67+2.04%  3334+2.69°°* 3505+2.38*  0.46

WOB (%)

Control 53.60+2.42Y  54.46+2.49°  5337+1.22"  0.35 0.797 0.019 0.892
10 pg/mL 52.43+2.00°  54.87+3.02°  52.87+3.43  0.50

100 pg/mL 53.14+2.14Y  54.55+3.63°  53.07+2.19Y  0.48

SEM, standard error of the mean. VCL: Curvilinear Velocity; VSL: Straight-Line Velocity; VAP: Average Path
Velocity; LIN: Linearity = VSL/VCL; STR: Straightness = VSL/VAP; WOB: Wobble = VAP/VCL; ALH: Amplitude of

Lateral Head Displacement; BCF: Beat Cross Frequency

¥ Means within a row with superscripts indicate significant differences (p < 0.05).

*# Means within a column with superscripts indicate significant differences (p < 0.05).

Table 3 Effect of different warming boar semen at 37°C on storage for 3 days

Time of incubated 37 °C (mins)

Items SEM P-value
5 15 30
Motile & abnormal
Progressive (%) 50.51% 51.81° 48.64° 0.92 0.031
Motile (%) 79.83° 71.67° 70.32° 2.9 0.035
DMR (%) 0.34° 0.64° 0.48% 0.08 0.012
Proximal Droplet (%) 4.36° 5.25° 5.01° 0.26 0.190
Kinematic parameter
STR (%) 75.71° 78.69° 79.46° 1.14 0.260
LIN (%) 40.55° 43.58° 42.69%° 0.89 0.310
BCF (Hz) 31.03° 33.18° 33.82° 0.84 0.000
WOB (%) 53.05° 53.10° 54.62° 0.51 0.019

SEM, standard error of the mean. STR: Straightness = VSL/VAP; WOB: Wobble = VAP/VCL; ALH: Amplitude of Lateral Head

Displacement; BCF: Beat Cross Frequency

a-c Means within a row with superscripts indicate significant differences (p < 0.05).
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Table 4 Effect of different caffeine concentration levels on storage for 3 days

Concentration caffein (ug/mL)

[tems SEM P-value
0 10 100
Abnormal sperms
. b b ) 0.33 0.002
Proximal Droplet (%) 4.31 4.85 5.46
Kinematic parameter
ALH (um) 6.88" 7.36 7.67° 0.22 0.140
BCF (H2) 33.82° 32.55% 31.66" 0.62 0.007

SEM, standard error of the mean. ALH: Amplitude of Lateral Head Displacement; BCF: Beat Cross Frequency

a-c Means within a row with superscripts indicate significant differences (p < 0.05).
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UNANEYD
ﬂWﬁf{’fﬁlﬁyﬁfﬁlqﬂszaaﬁﬁaﬁnmmammmﬂ%’ﬂ&Jﬁiaauﬂ’ﬁmmﬁu N30nlE5191M15 HAKEN waziUSeuiigy
funuuazranisaeuunuanmsiidelunisnandndeniugdoum 3 Ugnluanmmdaiuiiesdn ludusiudunse
Fardndoum Naununsaaesuuuduaysainigluuden (Randomized complete block design; RCBD) $1u3u 5 %1
4 fr¥unisvnaed fal ssud 1 Lullddeidussumunu fsud 2 wulevslu Aedendnans 25-5-5 uay 15-30-15
§n51 50 nfuseri 20 Ans FSU 3 Tadewndl w1 4.5-3-3 Alansu N-P,05-K,0 siels wazssuil 4 lddeinil 8051
4.5-3-3 Alansu N-P,05-K,0 sals + Jedannlslafon udeyaaudfivesiu wiafinmdrunidedu n1sgaldsis
9IMNINY UavNandn HaN13ANYY WU audfvesiunaalan aaduseNoUNAKER watamuieufiu wazn13aly
smeIInan luanaeiuseninensunisvmeass (p>0.05) eniudsunadunieingludu (p<0.05) n1sldde dns
4.5-3-3 Alansu N-P,0.-K,0 siols + Jedanmlsluden vilinanugeiu (p<0.01) wazkanin (p<0.05) d9dn HaNI3
NAaaERslmiuI m‘iﬂgﬂﬁl’aﬁmﬁ’ui%mw 3 TuRusiudunsie ganwnnue Sndudeddde Taeaavudenisdy
\iengufies (Jendngns 25-5-5 uay 15-30-15) wie n1slddeiadl §nsn 4.5-3-3 Alansu N-P,0s-K,0 sials n3ald
Jenadl $m1 4.5-3-3 Alandu N-P,0s-K,0 sigls + Jedanmlsledon uaziilofinnsanenududmiansugia wui
msWuﬂﬂmﬂﬂﬁwamumeiaumaaw!umﬁfjm WAy 4.20
frdndy: nslite duTen naneuunumaasugia Jedanmlsladen

Abstract

The research aimed to investigate how fertilizer application affects soil properties, primary nutrient
uptake, yield and compare cost and return of mung bean cultivar Chainat-3 production, grown in sandy loam
soil in Chai Nat province. The study used a randomized complete block design (RCBD) and included five
replications. Four treatments were applied: 1. control (no fertilizer use), 2. foliar spray (Fertilizers 25-5-5 and
15-30-15 at a rate of 50 ¢/20 liters of water), 3. chemical fertilizer at a rate of 4.5-3-3 kg N-P,0s—K,O/rai, and
4. chemical fertilizer at the rate of 4.5-3-3 kg N-P,0s—-K,O/rai + rhizobium biofertilizer. The collected data
included measurements of soil properties, above-ground biomass, primary nutrient uptake, yield component,
and yield. The results indicated that there were no significant differences among treatments regarding soil
properties, yield components, dry matter, and nutrient uptake (p>0.05), with the except of soil organic matter.
The application of chemical fertilizer at a rate of 4.5-3-3 kg N-P,05—K,O/rai + rhizobium biofertilizer, significantly
increased plant height (p<0.01) and yield (p<0.05). The experimental results showed that growing the Chainat 3
variety of mung beans in the sandy loam soil of the Doem Bang soil series requires the application of fertilizers.
This can be achieved through several methods: using only foliar fertilizers (specifically, 25-5-5 and 15-30-15
formulations), applying chemical fertilizers at a rate of 4.5-3-3 kg N-P,05-K,O/rai, or a combination of chemical
fertilizers with rhizobium biofertilizer. An economic analysis indicated that the use of foliar fertilizers yielded the
highest return on investment, which was calculated to be 4.20.
Keywords: fertilizer application, mung bean, economic return, rhizobium biofertilizer
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Faudsewwns Inegluszavliiau (Table 1) fUsunadurseing warUSunalnunadeniivaniuasuls Tussiusi wae
0.78% way 47 fadnsusedlansy audiu Uunameanesaiduusslow Tusediuge Wi 47 fadnSusieilansu 910
n15Usz1ius875984 Land Development Department (1980) Aufildlun1s@nwidaugauanysaliiunans 3s
farsandnsdewusii fie 4.5-3-3 Alansu N-P,0s—K,0 #ials (Department of Agriculture, 2005; 2021)

Table 1 Soil analysis before planting

Analysis value

Parameters Optimal value®
0-20 cm 20-50 cm Average
Soil pH (1:1) 6.8 7.0 6.9 5.5-7.0
Electrical conductivity (EC) (1:5) 0.09 0.06 0.08 non saline
(dS/m)
Organic matter (%) (Walkley and 1.09 0.47 0.78 > 1.0
Black)
Available Phosphorus (Bray II) (mg/kg) 69 24 ar >8
Exchangeble Potassium (mg/ke) 37 25 31 > 40
(NH,OAc pHT)
Sand (%) 56.0 55.0 - -
Silt (%) 258 25.6 - -
Clay (%) 18.2 19.4 - -
Texture (Hydrometer method) Sandy loam  Sandy - Loam, Clay loam, Clay,
loam Sandy clay loam

YDepartment of Agriculture (2021)
ANTIUNUNITNAADY

MIunuNIsAaesuUVdsaNysalneluuden (Randomized complete block design; RCBD) $1uaw 5 41 uax 4
ASUNTNAADY 18axBYARSUNINAaRILERASlU Table 2

Table 2 Treatment details of fertilizer management in comparison with the control treatment

Treatments Symbols Describes

1 Control No fertilizer use

2 FAM Foliar spray of fertilizer 25-5-5 and 15-30-15 at a rate of 50 ¢/20 liters
3 RDF 4.5-3-3 kg N-P,05-K,O/rai

4 RDF + Rhizobium 4.5-3-3 kg N-P,05-K,0O/rai + rhizobium biofertilizer

WBMIUgnuazn1sIAng

UIALUAaBWIITU 6 X 10 AT SINTAY 20 A SzezsywInauUaseen Wiy 1.5 wns Uaﬂmﬁ""u%&nLLUULﬁu
LAY $IUU 12 UA29 4y 50 vy Tdszgseninannd 50 WuRLAT T888TenINeeiu 20 WURWAT 311U 4 Ause
GH TﬁﬁuiﬁaLﬁaaﬁuéﬁﬂuﬂw 3 Wuiwnnaes ﬁWLﬁumﬁﬂQﬂﬁl’aL%ﬂui“uﬁ 18 UN1AY 2567 FSunsmnaesd 2 nuy
milu Inglvidensly 2 ads ldun aded 1 Lﬁaﬁuﬁqﬁmmq 22 Ju Wudeindngns 25-5-5 631 50 n¥useri 20 Ans
wag adadl 2 LﬁaﬁuﬁaLﬁaaawq 43 Ju Wudeindngns 15-30-15 8031 50 nfuseth 20 Ans waglddeiniinuisunis
yaaoafl 3 uar 4 Tsuudlatewnd il (1) sestumaundouign felslulanaundsnaiidmunliluusiassiunis
mamw%’auﬁ’uﬂEJWQaWa%’aLLazﬂeﬂwLLwaL%auLﬁué’mswﬁﬁﬂmumlﬁuLwisi’ﬁ’umivmam uaz (2) LﬁaﬁuﬁaLﬁaaaﬂq 20 Ju
TdﬂaluimsLﬁluﬁmﬁaﬂ?nﬁm’]ﬁﬁmumlﬂumG‘iﬁumimaaa memslsedeadunau dostnanailgn wasnsiufunay
(Department of Agriculture, 2021) lnglduans 46-0-0 Juans 18-46-0 uazdegns 0-0-60 PN AUREINaRER
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Fudl 25 funeu 2567 lufiudl 3x6 wwas Yssdunatinmesdaden Tasduifufegnafivsiuau 10 fusdeutasdos
wenudu 4 du fe dfu lu win wazdeniln tlvevludovanougamail 65 ssmuwadea iunan 72 92lus tiem
vhwednuste mntuhliunldazBondaordesunsietheiy LLazeJLﬂi’l%ﬁﬂ%ﬂ’lmﬁ’lﬁlE]’Wi’liﬁﬁ%@jﬂﬁdiﬂi‘ﬁ Fududend
wiasluuiudasdes Idfndudafenasiamssnduaslududorlflunda
nmsiiudayauaznsiingzi

Juiindoyanisiasgiule laun Arugsiu wavnananvesdudo liud rueniin snuilndadeasiody v
wiindadearioiin vntn 1,000 whs wasnandnuda ity nieNufiu uagnisgaldsmemndn
28377 (plant nutrient uptake) taun s1alulasiau (N) Weaneasa (P) wazlnunaideu (K) lnatidaeg1any wen
paniu 4 @ Tdun drdu Tu wWaen uazwde weuukuasusliaziBen olnseiusinalulasouaue daens
goui10819878n5A H,50, #1135 Kjeldahl method (Kjeldahl, 1883) d2uu3uamaanosansnuauazusunm
Tnuna sutanunvinnisgesdaet1adaensa HNO; : HClO, dns1d2u 2:1 Tneusuins warinusununeanesauas
USunalwumai@en nuisues Department of Agriculture (2001) d@msuAundsnisvaassiiluinsiziniuisees
Department of Agriculture (2001) daudwiinisifiuiieamuiuniuisues Udpuay et al. (2022) Tnedaiinsifiuiien
Ao Snsrdussraiminrandnudasetninmun
N15AATIEATIUARINLANAIINIEDR

Wdeyanieada iun audfvesfundsgn watanmmilefiuiu N139AlY5190MIVAN BIAUTENBUNAKER WAz
HaNAR WHATITRAMULUSUTIU (@nalysis of variance; ANOVA) wasi3euiisupinuuansnsvesdiadslunsaziisu
A1INeas #1835 DMRT fiszsunnudesiu 95% Tagldlusunsu IRRISTAT for dos version 3/93 (International Rice
Research Institute, 2005) 3tA31¥iAUANARBNTAWU 1n835 value : cost ratio (VCR) mu35vee Udpuay et al.
(2022)

NANSANYILAZIRTA]

ANUANIBALIVIIAUNAINITNAADY

nslddeguuuunng q liliaudfnaadivesfundsugnuansieiu (p>0.05)  eniudsunadunieingluaunds
Ugn (p<0.05) Mumsvaaesii 4 msldte §aa 4.5-3-3 Alandu N-P,05-K,0 siels + lsleiden (RDF+Rhizobium) §i
Suw%’a’mqhﬁuqdﬁqm \de 1.03% Lwi"l,u'LLmﬂﬁmﬁuﬁﬁumsmaadﬁﬁmﬂﬁﬂaﬁw%’vmi‘wmamgu 5 AAIAD AISUAIT
naaesd 2-4 fusinaduvieingluduliunnsiediu egslsfnm wuih msladevmsfiusazydly vlvfuiidunietag
ity 10-49% Waifiuiushsunmeasdlallads (hiumuaw) (Table 3)

uenNBunuth Austs 2 seduaudn Ao 0-20 uaz 20-50 wuRnsvasgnduden Aufufazenlaiunnsiis
eada tnedufisenvesiu 51 6.1-6.5 mn1sutliilufiu (EC 1:5) 581319 0.02-0.03 W dTiudnowns Jnoglu
sedulaifn FunTetngluiusi (0.85%-0.86%) oalesaiiduussloniludugs (50-53 fadnsusodlania) uay
TnunaBouiuanidsulslufugs (25-34 fladnsusioAlaniu) (Table 3) mslddegunuusing o liviliaudRmaniives
AuBsuuasiaansenudin (0-20 way 20-50 iwufiuns) wanssdusntiuuiinadunisagluuuy
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Table 3 Effect of using fertilizer on soil chemical properties after experiment of mung bean cv. Chai Nat-3

Treatments Soil pH (1:1) EC (1:5) OM (%) Avail. P (mg/kg) Exch. K (mg/kg)
(dS/m) (Walkley and (Bray II) (NH4OAc pHT)
Black)

0-20 20-50 0-20 20-50 0-20 20-50 0-20 20-50 0-20 20-50
cm cm cm cm cm cm cm cm cm cm
Control 6.2 6.5 0.03 0.02 0.69° 0.80 45 56 28 25
FAM 6.0 6.4 0.03 0.03 0.76 % 0.87 50 55 32 27
RDF 6.2 6.6 0.02 0.02 0.92 % 0.85 a7 48 41 23
RDF+Rhizobium 6.2 6.6 0.02 0.03 1.03° 0.92 59 53 38 25
Mean 6.1 6.5 0.03 0.02 0.85 0.86 50 53 34 25
F-test ns ns ns ns * ns ns ns ns ns
CV (%) 6.1 8.6 29.2 233 20.3 159 25.2 26.6 234 28.1

Mean within a column followed by the same letter is not significantly different by DMRT (P > 0.05), *=0.05 and ns = non-

significant

asAUsENOUNANER wasnanAnuasd Ty

nslddeguuuusing q ldviliesduszneunandndudounndnsiunieadd duderlianueniinaeds 10.4
wuRns s1wauiindadaredueds 12.6 Hn Suiuwdedaudeaseiineds 12.1 wén uaztmin 1,000 Wwénadey
78.4 n3u Nursw’aidah et al. (2014) e91win nsldtslifinadesuundadaudensioin uazdwiin 100 wisludy
Fen Feorainanuanedade Wy é’ﬂwmmawwwaaﬁ’uﬁ:ﬁu%a N3vIAs1Ine s IzluRY vieYIIawazIsnsld
Jg (Yin et al,, 2018) undnavilinugedu (p<0.01) wagnandn (p<0.05) uansi1aiu tnensldle dns1 4.5-3-3
Alansu N-P,0s-K,0 mals + Lslaifeau ﬁﬂﬁmmgwaaﬁuﬁaL%ﬁaqﬁﬁqﬂ Wi 76.2 wuRuns LLazwawﬁmqaqm—Laﬁlﬁ
205.3 Alanfusiols (Table 4) aghslsfiniu wuin nslde dn31 4.5-3-3 Alansu N-P,0s-K,0 siols + lsleiTeuld
ﬂ??ﬂ@d%@dﬁuﬁiLS?JEJ?bLiJ'LLGlﬂGi’NﬁJUﬂ’IﬂﬁﬂEJLﬂﬁa'&h%ﬁ&l? (4.5-3-3 Alansu N-P,0.-K,0O fals) uanuinmisun1snaass
Iﬁ{jElmnﬁuﬁgqaawi’w%’umswmaaﬂﬁmmqqé’uqaﬂdw‘fﬁumswmamﬁ 2 mslidenisly (Jeindngns 25-5-5 wag 15—
30-15 $931 50 n¥usievn 20 An%) wagmsunITNAAe 1 nshdldde hiuatuaw) WiaTu 10-22% uay 20-33%
AU

Lﬁl@ﬁﬁ]’]im’]ﬁ’l%Uﬂ’]i%ﬂa@ﬂiﬁﬂﬁlﬂ'EJ (f3umuAL) Nun fudeilinandnana LﬁaLﬁsvﬁ’w‘fﬁ’umammﬂdﬂﬁ
FULUUAIT 9 69 17-24% usn1stideguuuusing 4 ndulinandaliunnsaiu (Table 4) Wwutdeanuauideves
Asaduzzaman et al. (2008) wui1 fudlgasiug BARI mung-5 finsiaiaydulauaznandnanas dlisinsldde vie 1
Jeluszius vesinsliefliauna egrslsfinm aziiuin dunismeassil 4 msldie §ns1 4.5-3-3 Alanfu N-
P,0s—K,0 iols + lslodon (RDF+Rhizobium) IWnandniade 205.3 Alansusels wildunndnsiusiiunismeassi 2
way 3 Falvinandn 189.7 waz 204.7 Alandusiels mudidu sgrslsfimuaziiui srsunsvaaesiifinisldlsladeusu
Freviilinananuiiuiu 30% LﬁaLﬁaUﬁUﬁﬁ’umuqu WULReIUL3Seves Ehsan et al. (2023) Fanudn msldidols
Tonfoutisiiunandnudnd udeafis 12% wazn15@nw1vee Hussain et al. (2011) wuin nsldduegranunzaui
audftyegBwenssyivlauasnandnvasiuden

wavosmslitesefuiliiuiAe wuin mslidoguuuusing 4 fasilidvdifuievesdudvunndaiunisada
(p<0.05) Tnedaden lushsunsveassil 4 ﬁlﬁ%ﬁﬂa 951 4.5-3-3 Alansy N-P,0.-K,0 sials + lsluideou deviliiu
Rerganidndeniildsulesnsdu 4 lnedaduiifiuies widu 0.205 sesasn fe f3unsmaassd 3 uazdzuns
naaesi 2 fediiuien Wiy 0.175 waz 0.173 muddu dwsisunisnaasdlildade ﬁmm"’%ﬁtﬁuﬁmﬁwﬁqm b
0.148 (Table 4)
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Table 4 Effect of using fertilizer on plant height, yield components and yield of mung bean cv. Chai Nat-3
Treatments Plant height Pod length Pods/plant Seeds/pod 1,000 Yield Harvest

(cm) (cm) seeds (g) (kg/rai) index
Control 57.3°¢ 9.9 11.3 12.1 75.4 1570  0.148°
FAM 62.4 11.5 11.8 12.0 77.8 189.7%  0.173 %
RDF 68.6 * 10.1 13.3 12.2 80.3 2047° 0175
RDF+Rhizobium  76.2 2 10.1 13.9 12.3 80.0 2053°  0.205°
Mean 66.1 10.4 12.6 12.1 78.4 189.1 0.175
F-test *x ns ns ns ns * *
CV (%) 8.4 18.3 12.6 3.2 4.9 12.5 14.4

Mean within a column followed by the same letter was not significantly difference by DMRT,

** significant difference at p<0.01 level, * significant difference at p < 0.05 level, and ns was non-significant difference

waddandrumilefunaznisgaldsinermnmanvasivy

nslddesuuuusing 9 hivi’ﬂﬁma%amwdaumﬁaﬁ‘uLLagm‘a@mﬁmQmmwé’ﬂmadﬁuﬁﬁL%aﬁﬂauﬂiuﬁuﬁ'auﬂu
NIBUANEITU (p>0.05) Imafﬁlﬁmﬁm‘a@mi%’ﬁmmmiﬁ% 16U N P wa K wdswihiu 15.20 4.10 uaz18.70 Alandu
Aols mua1Ru (Table 5) wansloiiuin 53L6?J&J’Jﬁ’uﬁjsﬁaum 3 dnsgaldsn K > N > P agaslsfinnu ﬁu‘ﬁﬁmmqmu
anysafluszivdiunans nsléleguuuusng q Tdvilsftsduinanisealdsmennamdn (N P K) sy Tuannislald
o (Ffr¥umunw) wilinasosziuauituvessigoanesdludiuvesiudn (0<0.05) (Table 6-7) loUszifiudnau
sumﬁmmmsﬁﬁ"aL%aﬁadmﬁamﬁudﬁ 5’1L%&J’Jf?fmmﬂmmaﬁsmLLaziuImLausLuﬂ%uwmﬁqdﬂdW\laaWQ%’a Falaeviily
udsmevsvaniviilunsifinemgeesiy sUnuunsaien nsieigdulasaznslinandaveadaden lae
Meena and Varma (2016) 15U@jﬂﬁ6L%EJﬂuU‘ixmﬂ§uﬁEJ Afieauduiusiuvunse wuin Wielwldnandn 83.8
Alansusiels 5’3L%&Jﬁﬁmﬁq]mslﬁﬁﬁmmmwé’ﬂ WU 6.94-1.01-7.56 Alandu N-P-K siols @ennassiunan1sdne1ves
Choudhary et al. (2013) wWui1 51"31,6?1&131&’14'5: RMG-268 ﬁﬂgﬂiuﬂﬁzmﬂﬁuﬁa fiferudufunsievusiu Lﬁ@l@iﬂsﬁmw
3.2-6.4-0 kg N-P,0,—K,0 siols in1sgaldsinemisvdn wiadu 10.99-1.22-9.18 Alansu N-P-K siols Trinandn
Wiy 189.4 Alansusiels

Table 5 Effect of using fertilizer on above-ground biomass and nutrient of mung bean cv. Chai Nat-3

Treatments Above-ground biomass Nutrient uptake (kg/rai)

(kg/rai) N P K
Control 1,007 15.20 4.20 17.60
FAM 1,101 15.40 4.20 17.20
RDF 1,188 15.00 3.80 19.60
RDF+Rhizobium 1,234 15.20 4.20 20.40
Mean 1,133 15.20 4.10 18.70
F-test ns ns ns ns
CV (%) 18.0 6.3 10.9 13.8

ns was non-significant difference

Havaen1sldderonnududuressineomsiarUsunanisanldsineimslugdiusing q v nden wuin nsld
Yelavibinnududuvesiulasiau uazlnunadeouluwda d1du lu uwasiufeninuanaieiu Tnefidniades dmsy
Tulnsiau 3.43% 0.97% 1.98% uaz 0.69% muawu anududureslulasuluwdageniilu diu wazideon Tusue
firndsvodnuvadon winfu 1.30% 2.01% 1.58% wag 1.72% awadiu (Table 6) dauvleaneda nuin nslided
nasieAududureweanedaluudn Tnassunismaassdi 1 ﬁﬂ%mmmmL%m%ummmam%’aﬁwﬁqﬂ \ade 0.86%
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dmsudiudu q vesuder wuin lufinnuuenaedunisadfvesanududuremeanesa sgndlsfnuudndaiim
\uduvesreanesaginitly didu uaziden mudidu dwiuumanisgelisinemsvesindolinaaenndeaiu
AaNtuvessInmsitludiusg 9 (Table 7) A nslddelivilisinaunisgaldsineimsunnsneiy (p>0.05)
sniulnanisgaliveanesaluduveaudaunnseiu (p<0.05) WawFouisududiunsmaaesd 1 lildds (hiu
muAw) wud fnsgelisinreanesaludiuvesudnsidian lade 2.56 Alansu P sels Tuvazdidhiunismnassildde
finsnaldsmneanasa agsening 2.62-2.69 Alansu P sals ﬁ’dﬁgumﬂdﬂagmmwm 9 finasioUuIN1saalYdsn
Woale3aluwdn iosnnsgueanesasiunumdfglunisaiaudauazdndonnzdedivinasinnoanealufud
Wigawe (Parvez et al., 2013)
NARBUUNUNINLATEFNIRINANTIHY

\defansandmanouunuainnisamulidesuuuuing 4 dmdunsuandudeaiugdoun 3 Avgalusauu
18 Sawdadeum wuin sfunismaaes mslidendy faduisufofvennunsnsluiiui iudemilu 2 ada de
Jeindngns 25-5-5 wag 15-30-15) Iinanouunudusuinisamugeiiga 1% VCR 4.20 (Table 8) usiiledinnsldny
gnTuuzd war/viesaudunslddelsluden ndulinanauwnuanas

Table 6 Effect of using fertilizer on nutrient concentration in each part of mung bean cv. Chai Nat-3

Treatments N concentration (%) P concentration (%) K concentration (%)

Grain Stalk Leave Pod Grain Stalk Leave Pod Grain Stalk Leave Pod

shell shell shell

Control 3.39 094 191 0.66 0.86° 033 0.44 0.16  1.29 1.90 1.46 1.63
FAM 3.44 099 2.07 0.69 0.88% 0.36 0.48 0.14  1.29 1.76 1.45 1.67
RDF 3.43 096 197 0.73 0.90° 0.34 0.45 0.14  1.30 2.16 1.64 1.79
RDF+Rhizobium  3.46 099 197 0.70 0.90° 0.37 0.44 0.13 132 2.24 1.79 1.79
Mean 3.43 097 198 0.69 0.89 0.35 0.45 0.14  1.30 2.01 1.58 1.72
F-test ns ns ns ns * ns ns ns ns ns ns ns

CV (%) 1.8 7.6 9.6 10.2 2.6 15.1 12.8 29.1 29 21.7 16.5 8.0

Mean within a column followed by the same letter was not significantly difference by DMRT,

* significant difference at p < 0.05 level, and ns was non-significant difference

Table 7 Effect of using fertilizer on nutrient uptake in each part of mung bean cv. Chai Nat-3

Treatments N uptake (kg/rai) P uptake (kg/rai) K uptake (kg/rai)

Grain Stalk Leave Pod Grain Stalk Leave Pod Grain Stalk Leave Pod

shell shell shell

Control 10.10 324 692 0.58 2.56 ° 1.14 1.52 0.14 385 6.58  5.04 1.44
FAM 10.25 342  7.16 0.61 262 124 1.66 0.12 383 6.06 5.02 1.48
RDF 10.23 332  6.80 0.65 2.68° 1.14 1.56 0.13  3.87 748  5.68 1.58
RDF+Rhizobium 10.30 342  6.82 0.62 2,69 ° 1.26 1.54 0.12 392 7.76 6.18 1.58
Mean 10.22 335 693 0.61 2.64 1.20 1.57 0.13  3.87 697 548 1.52
F-test ns ns ns ns * ns ns ns ns ns ns ns

CV (%) 1.8 7.5 11.1 10.1 2.6 14.6 13.0 292 29 21.7 16.5 8.0

Mean within a column followed by the same letter was not significantly difference by DMRT,

* significant difference at p < 0.05 level, and ns was non-significant difference
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Table 8 Effect of using fertilizer on economic return of mung bean cv. Chai Nat-3

Treatments Yield Increased Gross Gross Cost on Increased Net Net VCRY
(kg/rai)  yield (%) benefit return fertilizer cost benefit  return
(Baht/rai)
Control 157.0 - 5,338 - 0 - 5,338 - -
FAM 189.7 21 6,450 1,112 265 265 6,185 847 4.20
RDF 204.7 30 6,960 1,622 397 397 6,562 1,224 4.08
RDF+Rhizobium 205.3 31 6,980 1,642 aav aav 6,533 1,195 3.67

YWCR = Value to Cost Ratio; Fertilizer price on January 2024: 46-0-0 (16.5 Baht/kg), 18-46-0 (24.0 Baht/kg), 0-0-60 (17.5 Baht/kg),
25-5-5 (115 Baht/kg), 15-30—15 (150 Baht/kg), Rhizobium (250 Baht/kg) and yield price: 34 Baht/kg
Source: Office of Agricultural Economics (2024)

ayUnanIsAne)
nsldegunuusig q lumsugndandentustoum 3 Avgnluuninmdageviiun ludusiudunse Smindeum
Lﬂuﬁuﬁﬁﬁuw’%ai’mqLLazU%mm‘[WLmaLs‘?ﬁauﬁLLamﬂﬁaulﬁﬁw LLGiW@aWB%’aﬁLﬂuﬂﬁﬂmjﬂqq wudn nslddewnd §msn 4.5-
3.3 Alansu N-P,0.—,0 aols + lslodon Hudsmsiimnzausonisifiunandn wazdmalviuiivsunaBuniedag
ity Tnelinananiade 2053 Alansusiold widlefinsananuduemaasvgin nslidemslulien VCR gafian
(4.20) usliinandn 1wds 189.7 Alandusels aehqvl,iﬁmumﬂ%ﬂﬁﬁufﬁLG?JsrﬂuLwiaxﬁyuﬁmﬁﬁmimauﬁammau uaz
AUABINITTNDINS WelfinUszansnmnswan

AnfnssuUIZNA
qwu%’ﬁlﬁlﬁ%wluqmmua}'mmﬂﬁwﬁfﬂmuﬂmxﬂiﬁmmﬁa'dl,a'%u":mmmam% F9uLazuIANgsy (@ndl.)

nsfidausaulunisilsuunainuvesiidey
ATUANTISL oy auyfigiu: aneth gatiae, 3du3ni wiluud. MUTRNNTITY nstidusauluniseenuuy
NIMIARRY NIVAFEY LAdediloTn ’3‘§mil,ﬁ°u Joya waz criteria: Yyulg) Suassay, Iaesed wduwia. nsdafiudeya
nsAsIzideya n1suUsHa: mam aeiie, Ao i uduuia. mainndinsalka nisuans mawisuiieuiutonsd
v3easdaug vidsonquiifiu: aeth gawae. mafldusaulumadeuduatuune: aed gaviae, augite fuiasey.
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