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HAYRINTINNITUBUUUNANRAUGBHANEA YRt InAnUNUgnTuAUTIY JsmdnuaTassa
Effect of Integrated Fertilizers Management on Yield of Sweet Corn on Loam Soil

at Nakhon Sawan Province
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dhaminilndeniden (p<0.01) uazkardn (p<0.01) uanseumeadn wildvilian v aaiivesfunasugn wagduay
avosunnanaiu (p>0.05) wamsveasduandliiini nsUgndrinamuiudiefioa-12 vuiusiuynfunzmuiu
Iused e lnsenaldlawiidnsuusiniiesndadie (100% RDF) wielddewniisauiuyalniunay (75-100% RDF + CM)
wseldlewall 75-100% veswwnsmuzthiuiuyaliunavuazJedinnluneslsen (75-100% ROF + CM + AMF) vi3ald
CM + AMF agndlaegnandlailellduandndumiumsamu uazidlefinsananududmiaassgianuin nisladeiniing
S Wnanouunusiomieamulugauani 1 uazqgil 2 snnfigainiu 2.72 wag 2.87 auandy
Frdndny: M3danisle Frlwemnnu sansuunumaasygia 1en5tagansluaeslsn mswasuulasaudny

Abstract

This study aimed to investigate the effects of chemical fertilizer, organic material, and mycorrhizal
biofertilizer on soil properties and yield of sweet corn cv. ATS-12, which was grown in loamy soil in Nakhon
Sawan province from 2022 to 2023. The experiment employed a randomized complete block design (RCBD)
with four replications. The seven treatments of integrated fertilizer management are as follows: 1. control
(unamended soil); 2) chemical fertilizer applied at the rate of 20-6-15 kg N-P,05-K,O/rai (100% RDF); 3) chemical
fertilizer at the rate of 20-6-15 kg N-P,O5-K,O/rai + chicken manure (100% RDF + CM); 4) chemical fertilizer at
the rate of 20-6-15 kg N-P,05-K,O/rai + chicken manure + mycorrhizal biofertilizer (100% RDF + CM + AMF); 5)
chemical fertilizer at the rate of 15-4.5-11.3 kg N-P,0s-K,O/rai + chicken manure (75% RDF + CM); 6) chemical
fertilizer at the rate of 15-4.5-11.3 kg N-P,05—K,0O/rai + chicken manure + mycorrhizal biofertilizer (75% RDF +
CM + AMF); 7) chicken manure + mycorrhizal biofertilizer (CM + AMF). The chicken manure was spread over the
plot at the rate of 1 ton of dry weight/rai, and mycorrhiza biofertilizer was added to the bottom of the hole
prepared for planting at the rate of 5 g¢/hole. The collected data included measurements of soil properties, AMF
spore numbers, yield component and yield. The results indicated that different integrated fertilizer management
significantly affected of root colonization (p<0.05), plant height (p<0.05), ear diameter (p<0.01), ear weight

without husk (p<0.01) and yield (p<0.01). However, there were no significant changes observed in soil properties

! neadfeiaundadunisninvnansinens NsHIvINSINYRs N3Ny 10900
! Agricultural Production Sciences Research and Development Office, Department of Agriculture, Bangkok 10900
* Corresponding author: sainam.udpuay@hotmail.co.th
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and AMF spore number after an experiment (p>0.05). The experimental results indicated that planting the sweet
corn variety ATS-12 in the Taphan Hin soil series necessitated the use of fertilizers. Fertilizers could be applied
at the recommended rate alone (100% RDF), or in combination with chemical fertilizers and chicken manure
(75-100% RDF + CM). Alternatively, they can be used alongside chemical fertilizers, chicken manure, and
mycorrhizal biofertilizer (75-100% RDF + CM + AMF), or with both chicken manure and mycorrhizal biofertilizer,
resulting in justified investments. In evaluating the economic value, it was observed that using chemical fertilizers
at the recommended rate produced the highest return on investment during the first and second growing
seasons, with returns of 2.72 and 2.87, respectively.

Keywords: fertilizer management, sweet corn, economic return, arbuscular mycorrhizal fungi, soil property

change
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naroslulsveanynIng Mmuaiuam suneyuLas Jminuasadssd eldanivsssuwd LL‘tJaﬂ@?\‘iang NNAazAIA
15°50'26.736"N 89933 100°15'6.084"E YAduAzHIWiiL (Fine-silty, mixed, active, isohyperthermic Ultic Haplustalfs) a1l
%@;&a‘ummuﬁ&umﬁﬁﬂuiwu USDA (Land Development Department, 2023)

NINUNUNITNARDY
TNUHUNSIAReRUUEaNysalneluudien (RCBD) dhwiu 4 €1 Fmeaes Ao msdanisdewnisuivian

duvsduasleTinnluneslsn 7 n35uis sreaziBennssuisvnasuansluy Table 1

Table 1 Treatment details of integrated fertilizers management in comparison with the control treatment

Treatments Symbols Optimal value
1 Control No fertilizer
2 100% RDF 20-6-15 kg N-P,05-K,O/rai
3 100% RDF + CM 20-6-15 kg N-P,05-K,O/rai + Chicken manure?
a4 100% RDF + CM + AMF 20-6-15 kg N-P,05-K,O/rai + Chicken manure + Mycorrhizal biofertilizer #
5 75% RDF + CM 15-4.5-11.3 kg N-P,05-K,O/rai + Chicken manure
6 75% RDF + CM + AMF 15-4.5-11.3 kg N-P,05-K,O/rai + Chicken manure + Mycorrhizal biofertilizer
7 CM + AMF Chicken manure + Mycorrhizal biofertilizer

Y Chicken manure at the rate 1,000 kg/rai

ZNrbuscular mycorrhiza fungi at the rate 5 g/hole

n15UgNUaEN1sIANTg

siiumameassgnivilnevmusoidedduiiuiivgniy 2 gaUan sewihadiousnsieu 2565-uau 2566
aSeutampassuaulasges ni1e 6 1WA 81 6 RS AL 28 Wases Wusrerssrinaulasges 1 wns svoy
TN 0.75 AT 5EMINGU 0.25 wins 119U 1 dusenau Tiuginalnamnugnuauiugiefied-12 Wuilaveass
Tnegquandil 1 Ugniudl 6 uns1au 2565 unanAn Ul 19 fuiau 2565 geUandil 2 Ugn Suil 6 unsAu 2566 LAy
wanAn Yuil 24 funaw 2566 Tdyalrunaulunssudsiilayaln Tnswiuyalrunauliuasdng 1 dudutuieiols
wnagniedbidrfufuneudandnlnaviy - wienineviesiusenouniuaiivesyalnnuisues Department of
Agriculture (2008) ns5uABlTjsanmluneslse Gasznousealesvess Glomus sp. (UinaauvEdiusedlim
i1 25 adadsedetinin 1 n3u) (Department of Agriculture, 2021a) ldsesiunaunsenuansnsi 5 n3udevau dmsu
Joindl wisldde 2 ads A adafl 1 ldsesitundoutgn lalslulnsiouaisdnniidinun dautlevoaodauasinunaidey
Tadtusnn uazadait 2 Tadelulnsaudiuiinge Wodvilneeny 30 T Tneidlsedraum wrvAunay wieuyulau
(Department of Agriculture, 2021b) lnglgusile 46-0-0, 18-46-0 uag 0-0-60 Iﬁifﬁ’niwml,l,wmﬂﬁ;’wjn MInTyiey
udeamanan sueiud 12 msnasns faavsndululiluag

nsiiuAlegsAuLasaNTRvasRURaUNINARDY

duifivfunaulgn AaN 0-20 WURWAS Wewluinswiiiienu Tne3s Hydrometer (Bouyoucos, 1962)
UFASeAU Shsrdnfusten wihiu 1:1 (Thomas, 1996) Arnsiinlwilivesiu Sasduiusiet wihfu 1:5 Rayment
and Higginson, 1992) USunauguvseingludu lags Walkley and Black titration (Walkley and Black, 1934) UTuna
Woamla3adiluusslon] afarudeienada Bray Il (Bray and Kurtz, 1945) wasUsunalmumaifenivandieuld afn
fusae 1IN Ammonium acetate (pH 7.0) (Pratt, 1965) as2atfuUSinaaUasveado AVF luiiu Tnethsegaiuunuen
@lo3n835 wet sieving and decanting (Balestra and Misaghi, 1997) wuin fuildnaaosditiofuduiusiu Uffsendudu
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nanguuseN SA1 pH Gui 1:1) 4.2 Fbivnzaudenaniguiviavesdriinamu Sewdufeddyulalaluviviuugsiu
Tudm 200 Alansusials neutgndmlnavmu 3 &Uaw armathlai Guab 1:5) 61 005 WdTendrouns Teeelused
lsiifal (Table 2) YsanaBuveingegluseiuiunans Sawiniu 1.44% Susinamleavlesaiduustloviaglusyauga il
wihiiu 30 edAnduseflaniu Uiinalmumadesiuandeulfeglussiuiunana fidwindu 90 feansudeflaniu fdwau
Ussrnsuesmentagansluaeslswilufiu S 40 avesdedu 100 niu Fadadneglussiui esmndsuauavediiniy
100 avasoRu 100 n¥u MnMsvssiummgauauysivestuillflunsAnwil f1e38n15Usudiures Land Development
Department (1980) wu31 Auiildlunis@nwiienugauanysaleglussfuvunans Ssiasandanieouusth A 20-6-15
Alansu N-P,0,—K,0 mials (100% RDF) (Department of Agriculture, 2021b)

Table 2 Physical and chemical properties of the soil before the experiment was conducted

Parameters Analysis value Optimal valueV
pH (soil:H,O 1:1) 4.2 5.5-7.5
Electrical conductivity (soil:H,0O 1:5) (dS/m) 0.05 Non saline
Organic matter (%) (Walkley and Black) 1.44 > 1
Available Phosphorus (Bray II) (mg/kg) 30 > 10
Exchangeable Potassium (mg/kg) (NH,OAC 90 > 60
pH7)

AM spore numbers (spore/100 g soil) 40 -
Sand (%) 32.51 -
Silt (%) 41.32 -
Clay (%) 26.17 -
Texture (Hydrometer method) Loam Loam, Clay loam, Sandy loam and Clay

YDepartment of Agriculture (2021b)

audinaaiivasyaliunau

nadiseaniinuaivesyaliunau U 2565-2566 wuin fujizendunan (pH 6.9-7.1) enstilni
7.3-8.1 w3Padsionns Usuadunseing 54-58% Usnadlulpsiausiovan 2.0-2.5% Usinmusleanesanavn 0.80-3.21%
uazUSinalnunadeuioen 2.47-3.249% Auu 23.7-25.8% uazdnandunivousolulnaiou 11-17 (Table 3)

Table 3 Chemical properties of chicken manure

ECY oMY Total NV Total P,Os¥  Total K,0V Moisture C/N
Year (dS/m) (%) (%) (%) (%) content (%) ratio
2022 7.1 7.3 54 1.82 3.21 3.24 25.8 17
2023 6.9 8.1 56 2.80 0.80 2.47 23.7 11
Standard value? ~ 5.5-8.5 <10 > 20 >1 > 0.5 > 0.5 <30 <20:1

Y EC: Electrical conductivity; OM: organic matter; Total N: total nitrogen; Total P,Os: total phosphorus; Total K,0: Total potassium
2/Department of Agriculture (2005)

¥

AsUNIInYayua

Y
v =

uiindayanisiataiuln 0sAusznouNandn uaznandnvast1ilnamu taud augaiud1ilng ANy
in Anuntsiln dwdninvenidien Amnunnulegldiaies refractometer wagtnntindnfilaninsgiu (Handn) oy

n
Alenstufinteyanuideialsuasiunaunundanu (Department of Agriculture, 2019) dwsudAunasugn dilumn
Tiurislufisy uakazsausIuATEUNSe 0.5 Tadiuns war 2 Hadwns udnhlvieses Yssilivdwivalessendagas
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lupeslsen waznisitiegondevessnensvanaislunailsenlusin nuisves Giovannetti & Mosse (1980) AT
Wesdudrnuvuuiuvesnsidnegendelusiniiy Faaunisded

Number of colonized root

Root colonizati te (%) = x 100
oot colonization rate (%) Total number of observed root

nsAAsIzvidaya

AinsesinnuulsUnuvesdeyauaziUSeuiiisunnuuandsesaiadsluusiay n55335 10g38 Duncan’s new
multiple range test (DMRT) 7 5efuaauLd ofu 95% Taeldlusunsu IRRISTAT for dos version 3/93 sauluiienas
AATIAHANDUMIUNNLATEEAI9INNSTEUE MeF value : cost ratio; VCR fie dnsdiusenineselagrsseduuain
nsldefifistuainnssuiBmunu (Udpuay et al, 2022)

NaN1SANYILALARTTAL

dulRvasAunaINITTMARLY

nansAny wud1 nsdanisenvusamavlufusiuseilendunanassd hiflnaviliaudAimanivesdiu
vdaugn Téud UATendu msthliidih VnaduvSeing siearesaiduusslevy uasTnunadouiuanideulduansing
1 (p>0.05) fdloandunasnanaruliatiauovesiiogaiu Insfundsugnitsansd fen pH sewine 4.8-5.0 B
fisgdumnudunsadauin Ansilniegluszaulihy senine 0.04-0.06 WEFmudsewns TUsuudunieing
spiuUILNaNs SEMine 1.32-1.72% WoameSaiiluuslevy seiuge seming 22-31 fladnfusienlaniu wazTnunaios
fuaniasulsl seAuUIunansiisgs sewine 94-138 Tadn3usioflansu (Table 4) nanfe laiwuanauanseszinams
Taouarlilatgluundsugninlnamiu widewisufieutuAuneulgn wud fuliviinueudunse -aafiaiy
9 sldyuann pH 4.2 18u 5.0 Turasfiviinadunieing uas veavefaiidulssloviifindululiiaes Wu 19%
WAz 83% MUEIAU

Table 4 Effect of integrated fertilizers management on chemical properties of the soil after the experiment was
repeated in 2022 and 2023

Soil pH (1:1) EC (1:5) OM (%) Avail. P (mg/kg) Exch. K (mg/kg)

Treatment (dS/m) (Walkley and Black) (Bray II) (NH4OAc pHT)
2022 2023 2022 2023 2022 2023 2022 2023 2022 2023

Control 48 5.0 0.05 0.06 1.55 1.47 20 30 86 137
100% RDF 4.5 5.1 0.09 0.06 1.28 1.74 19 32 90 131
100% RDF + CM 4.7 5.0 0.11 0.06 1.37 1.74 25 34 97 146
100% RDF + CM + AMF 4.8 4.9 0.09 0.05 1.54 1.65 26 27 104 122
75% RDF + CM 4.9 5.0 0.06 0.05 1.25 1.86 22 30 93 140
75% RDF + CM + AMF 4.9 5.0 0.06 0.06 1.37 1.69 22 29 73 122
CM + AMF 5.1 4.9 0.04 0.08 1.25 1.88 21 38 115 167
Mean 4.8 5.0 0.04 0.06 1.37 1.72 22 31 94 138

F-test ns ns ns ns ns ns ns ns ns ns
CV (%) 59 35 53.1 30.4 16.0 14.2 21.8 31.1 30.2 22.8

ns was non-significant difference
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Table 5 Effect of integrated fertilizers management on AMF spore numbers, root colonization, and plant height
of sweet corn cv. ATS-12, repeat tested in 2022 and 2023

Spore (spore/100 g soil) Root colonization rate (%) Plant height (cm)
Treatment
2022 2023 2022 2023 2022 2023
Control 110 173 99 98.3 % 223° 213°
100% RDF 172 195 85 100.0 @ 233 230
100% RDF + CM 139 110 91 98.4 2 2352 239 @
100% RDF + CM + AMF 252 197 89 97.9 2312 2332
75% RDF + CM 212 209 85 98.3 236 ° 2352
75% RDF + CM + AMF 183 165 91 97.52 231 234 @
CM + AMF 221 222 84 946" 234 2 232 @
Mean 184 181 89 97.6 231 231
F-test ns ns ns * * *
CV (%) 56.0 33.9 13.4 2.0 2.2 35

Mean within a column followed by the same letter was not significant difference by DMRT.

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

nsUssdiudnualessestanaisluneslse (Table 5) wuin Mmadanislenvuraunaiuguiuusing 9 1l
KastasuIualevesRundIgniaaest (p>0.05) Tansyming 181-184 adassaAu 100 niu Tasfidnuatesuinn
Aunaudgn wie Andu 360% vesduiualesvessensvagarsluneslsylufuneudgn uansin nsdanisdenuy
KA ugULUUAg 1 Snavhlidunuadesvesnenidagaslueeslssniviu dwiumadiodeveadesonitag
aslumeslswn wuin qauandil 2 denuuansnafunisadia (p<0.05) usmnunsidhendelusindnlnavuynnssais
ihanidunalonnanuanndsvesnisladetinmluneslsngguandi 1 wezdunmsmasssuanmudasneldaniy
sssumAdediauuUsununuaunstud suveudonertanafluneslssldon orailniaansuudounes
\Hoqdunsiug Uizna‘uﬁuamwﬁuﬁﬂgm‘fJuﬁaq'umﬂﬂa’mLLazﬁamwﬁuﬁammﬁw ﬁaﬁﬂﬁﬁ?@swmﬁaamﬂmaﬂam
nszaeluialy LLaz%ﬂ‘wmLfJuﬁ"uﬁﬁmimauauaa@iaiwmi‘ﬂa@jmﬂmaﬂwﬂﬁﬁ (Poomipan, 2012) Zenebe et al.
(2020) i deimsliveniifiesesnafier Vinunadiegendees AMF lusnfnimsldavesuesdosn AMF
Saiuioind oradumazsmomsiifeglutloniilududimusniuiifivazaiumnudiiusuuuionedetutude
71 AMF 1§ Felusfndnsnnisasenanien delddeniuay AMF fsaosogssuiu denndosiuaidores Qan et
al. (2024) nuh Yeraiviiliiviusmermslaig Jaieannisiien AMF vesiivlunisgasinensaniu
29AUSENAUNANEN uAzHaNEAYRIt1lNANITU

nsdansauuunasmauzULUUsing 4 sonisugndnalnavuiiaesgguan vilianugedu amnunteves
i dhnninueniuden wasdwiininilléunsgiu andeilnaniaudon) unnmeiumeadn (p<0.01) usilsivhlsian
12ln uazANUMILLANA1STY (0>0.05) (Table 5-6) TnglAdue1aiin @8y 20.6-21.4 lwufwAS WazAILUIY
13.1-14.6 9IAIUING AIUAIGU qaﬂ@a"ﬂﬁ 1 3550357 5 nstadeindl w1 15-4.5-11.3 Alansu N-P,0.-K,0 sials +
yaldunau (75% ROF + CM) Tianugedudnalnaunndian 1de 236 wufluns uiliunnsadunssuisau q oniiu
nssuBlaildte wuin Wanugeiudalnemiu anasils 3-6% luvnzfigeuandi 2 nssu¥si 3 mslddendl §aa 20-
6-15 Alan3u N-P,05-K,0 sials + yaliunau (100% RDF + CM) Iﬁmmqqé’uqﬂﬁqm wie 239 wudiwns Tngliang
gedugeaningsislaladefis 12% wWuiieaiu anunsesiinfuuvasililldsuie fanunsesiindriian 1w 5.24
uay 5.12 lwufms lugguandl 1 wag 2 muddu (Table 5-6) sgdlsfmunuin nssdsidnsladedinmluneslsm
Sufesaesgquan dlsimanaatalnevudindu 55-949% Weutunssaslildts ddinansduiunisfinuaes
Sirichaiwetchakul et al. (2021) 1891uih msldifesonstaganslunesle lifuadensaiaiuln uasnondnues
dlwavu uivilsibwininandiuiu Tnevssdvinmuondesazanandioogluaninsssuyin ogslsfnu luanin
wasmusssund enafiderenivagasluaesilsnendeegiuiivgniivegud daufunslilddeneaganslueesls
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91 19finndnegodevondogaduiu Seonavililiifuanuuandsssninminauudivyaniuay sauluds
UszAvBammesnstetaninluneslaniuegfurlinmesiusasameiuianizvondesluneslsniifioy fednuasiud
unnisuazidereilonoitagarsluroslsnutas sz dmalifisidenerdegldsudsslondlussduiiunnsg
fu Tneid osudazaiadanuarusolunisdifesinemisluaninuindenvesiui uandsiu (Owiny and
Dusengemunsgu, 2024)

ihntdniinveniden wasduiinilnilfunsgiuvionandniaasgquan wudn rilwavnudilldlaely
thwiiniinUeniBenuagnanaamnimnsiuiiinisladend yaliunau waedeTinm lasliimdndnenudentudi
1 uaz 2 10y 306 wag 305 niu mud i Tuvaefingsudsasimslals §na 20-6-15 Alandu N-P,0s-K,0 #els + ya
lrunau Withwilniinenidengsiian wde 309 uay 376 n¥u suddu uazdmudn mslateluynnssudsvinlinande
Fralwavuidindu luggugndi 1 woe B 2 sewing 48-86% wag 69-102% muddu Wawfisuiunssislalale
(n3u3BmuAY) azwiuin nsladedndudensaiapdvlnvesdininauiivgnluiusou tnslugguandi 1 nssuish
2 nistadewndl §ms1 20-6-15 Alandu N-P,05-K,0 #ials (100% RDF) linandnaaan Wiy 2,370 Alansusiols usld
wAnsaRUNTSUITeY 9 ﬁﬁmﬁdﬂa Pvnananszwing 1,885-2,367 Alansusels ahumaw%m%’wﬂwwmmqaﬂgn%ﬁ 2
wui n333s7 3 msldteiad Sms1 20-6-15 Alansu N-P,0s-K,0 siols+ualiunay inandngan (3,463 Alan3usie
19) ustladumnanefunssaizau 1 ﬁﬁmﬂﬁﬂﬂﬁmawﬁm 58U 2,876-3,290 Alansurals mugisiu (Table 6) agnalsh
mumuin mslddewnd 8ns1 20-6-15 Alansu N-P,05-K,0 sials+yaliwnau Wmamawﬁniwwmuﬁlﬁmmgmqqmw
nssuABlaildteda 1029 luggugn®i 2 Sesnudtmandndlnamnudiingulugguandil 2 delddeiniions 20-6-15
Alan¥u N-P,0;-K,0 dgls + yaldunau (100% ROF + CM) indufls 8% ilerFeuriivuiunandaluggugnii 1
Iuﬂumsﬁﬂsw%%mﬂﬁﬂamﬁ S1 20-6-15 Alan3u N-P,05K,0 siols (100% ROP) Wnandn wudu 21% muddiu
d8nndaeiuaITeves Domyos et al. (2018) $1841ud n1stdiadnuaiiasenau+edunsd vilidalnaninud
KanAngEn wonani Wedsuiileusswinanislddeiad 100 fu 75 Weddudvessmuush Wnandnd 1 lnamld
ety Fsaganmnsatieusendnnisliels uaznslayaliunaufudedinmluaeslse sudusumsudatnlnamy
Tufund idosniuliiinnbunieTngiutuds 1.88% Weiieuifleutuiurdeugniiidurdetngiftes 1.44%

Table 6 Effect of integrated fertilizers management on yield components and yield of sweet corn cv. ATS-12,
repeat tested in 2022 and 2023

Ear length Ear diameter Husked ear Total soluble Unhusked ear yield
(cm) (cm) yield (g/cob) solids (%Brix) (kg/rai)
Treatment 2022 2023 2022 2023 2022 2023 2022 2023 2022 2023 %
Increase
by year
Control 204 209 524b 512¢ 306 305b 126 150  1271°  1,717° 35
100% RDF 204 218 531%® 5433 3193 3602 13.7 14.8 2,370 @ 2,876 ° 21
100% RDF + CM 203 216 5462 541 3497 3762 13.2 14.2 2,340 @ 3,463 @ a3
100% RDF + CM + AMF 205 212 54423 5235 3423 3532 12.8 14.5 2,367 2 3,290 @ 39
75% RDF + CM 212 216 5432 5532 3412 3742 129 14.6 2,324 @ 29752 28
75% RDF + CM + AMF 21.2 218 537%® 5402 3383 3807 13.1 14.4 2,063 2 3,134 @ 52
CM + AMF 206 211 535%® 5402 3383 35872 13.2 144 1,885 % 2,895¢2 54
Mean 206 214 5.37 5.36 333 358 13.1 14.6 2,089 2,907 39
F-test ns ns *x ** x* ** ns ns ** *x -
CV (%) 2.8 2.8 1.5 2.1 a4 5.8 4.0 32 14.0 114 -

Mean within a column followed by the same letter was not significant difference by DMRT.

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

dlofiasamana ULy BNFAMUMIIANTUBFULUUAN 9 EMTUNTHENY iwavui Ugnlufus Jmin
UATENTIA MU A A7 1 nssd 2 msladednsuuzti 20-6-15 Alansu N-P,0s-K0 sials TinanauumiAuAmnng
awpusniian 1o VCR 272 Wleanillite 1 vm aEli3unanouuy 272 um (Table 7) daungUandi 2 wuin nssAsd 2 ms
Tadednuuzth 20-6-15 Alansu N-P,0s—K,0 sials warnssIiad 3 nslalednamuiuei 20-6-15 Alaniu N-P,0s—K,0 sials
+ yalAunau Wid VCR 287 waz 2.50 msdnsiu uidlefinmsdanstesmsing q ndulinaneuinuanas dedeutumslilate

Table 7 Effect of integrated fertilizers management on economic return of sweet corn cv. ATS-12 tested in 2022
and 2023

Year Treatments Fresh ear Relative Gross Gross  Cost on Increased  Net Net y
yield yield to benefit return fertilizer cost benefit return VeR
(kg/rai) control (%) (Baht/rai)
2022 Control 1,271 100 5,720 0
100% RDF 2,370 186.47 10,665 4,946 1,817 1,817 8,848 3,129 2.72
100% RDF + CM 2,340 184.11 10,530 4,811 3,147 3,147 7,383 1,664 1.53
100% RDF + CM + AMF 2,367 186.23 10,652 4,932 8,266 8,266 2,385 3,334 0.60
75% RDF + CM 2,324 182.85 10,458 4,739 2,693 2,693 7,765 2,046 1.76
75% RDF + CM + AMF 2,063 162.31 9,284 3,564 7,812 7,812 1,471 -4,248  0.46
CM + AMF 1,885 148.31 8,483 2,763 6,450 6,450 2,033 -3,687 043
2023 Control 1,717 100 7,727 0
100% RDF 2,876 167.50 12,942 5216 1,817 1,817 11,125 3,399 2.87
100% RDF + CM 3,463 201.69 15,584 7,857 3,147 3,147 12,437 4,710 2.50
100% RDF + CM + AMF 3,290 191.61 14,805 7,079 8,266 8,266 6,539 -1,188  0.86
75% RDF + CM 2,975 173.27 13,388 5,661 2,693 2,693 10,695 2,968 2.10
75% RDF + CM + AMF 3,134 182.53 14,103 6,377 7,812 7,812 6,291 -1,436  0.82
CM + AMF 2,895 168.61 13,028 5,301 6,450 6,450 6,578 -1,149  0.82

YWCR = Value to Cost Ratio; Fertilizer price in December 2021: 46-0-0 (21.2 Baht/kg), 18-46-0 (29.0 Baht/kg), 0-0-60 (25.0 Baht/kg),
Arbuscular mycorrhiza (120 baht/kg) and yield price: 4.5 Baht/kg

Source: Office of Agricultural Economics (2022)

a3UNanIsANY

maAnsmsdanssuuraREussTnseed yaliunay wandosontagansluneslsen vuituiivgnd ey
Aiduiugou gaRumemuiu Tusesnetias Smimuasenssd Fehuslmugeuauysal seiuUunans kemsAnuag Ul Foil

1. msugndmlwevmuiugiofied-12 vuiusu ganunziuiu lumduneyuue Jwinuesanssd Sulusaddly
Tumsugn lneenaldeiriinugnsuuzii (§mm 20-6-15 Alansu N-P,OsK0 els) Tidewnil 75-100 iwesdusivednuuetn
saifuyalaunay Wiewed 75-100 Wedduivesmuushsniudenoivagansluneslsn wieldyaliunauimiudon
o1agansluaeslsn edrslnesnamilaiiellsnandnduariunsamy

2. milileedimugnsuueth Ens 20-6-15 Alansi N-P,Os—K0 sials) inaneuwnusieviiseamulugg g A7l 1 uaz
f9UgnTl 2 (VCR) gariam 272 uaw 287 smuid iy wagmstilemus asuusihsmduyaliunay 1 fusiels linamouumsieviioe
amu“luqaﬁqﬂﬁ 1 uawvanuy i 2 qmﬁué’uﬁuﬁ 2 WU 1.53 wag 2.50 snienay

oghdlsimumsinsinuiiufurienaaesivuiuiinaasafudn 1 81 3 gaUgn WeiSeufisunanndns
vaansdnnstelufusonistinandatralnaviiu



King Mongkut’s Agr. J. 2026 : 44 (2) : 0265496 9

¢ o/ v
nauselavuriugou
AieuveUsenAdnunauiliiinayssleviviudou

a a

naanssuUIzNIA
MAplilasunsatuayuideandinnuanznssunsduasuivelmans Ideuasuinnssy (@nad.)

nsfidauslunsilsuunanuvasidey
AUARSISY wazaNyAgIw: angyie duasey, Hdan Tuussmn, Anngyan duwdl. n1sUURnsIde nsiidu
salumseenuuy mvaans Mavaasy wn3esdiotn B Toya uas criteria: angite duialey, anevn gatiae,
Ayardnval Sauiszna. msdafiudona nsdinsedeya nisuwdska: augie fFuaiy, a1ed gavae. ns
AnEinsaina nsuans maUsuifisutudeasy: aerh gavae. msdidiusulunadouduatuunenu: aeih
gevine, augiie fuady. nislinsatiuayueiesie siesufoins uay asfas: Smdmd viye,

LONE1581994

Balestra, G. M., & Misaghi, I. J. (1997). Increasing the efficiency of the plate counting method for estimating bacterial diversity.
Journal of Microbiological Methods, 30(2), 111-117.

Bouyoucos, G. J. (1962). Hydrometer method improved for making particle size analysis of soils. Agronomy Journal, 54(1), 464—
465.

Bray, R. H., & Kurtz, L. (1945). Determination of total, organic, and available forms of phosphorus in soils. Soil Science, 59(1), 39-46.

Department of Agriculture. (2005). Announcement of the Department of Agriculture: Organic Fertilizer Standards 2005.
Ministry of Agriculture and Cooperatives. (in Thai).

Department of Agriculture. (2008). Organic Fertilizer Analysis Manual. Ministry of Agriculture and Cooperatives. (in Thai).

Department of Agriculture. (2019). Manual for Data Collection on Field Crops and Renewable Energy Crops. Ministry of
Agriculture and Cooperatives. (in Thai).

Department of Agriculture. (2021a). Biofertilizer. Ministry of Agriculture and Cooperatives. (in Thai).

Department of Agriculture. (2021b). Recommendations for The Use of Fertilizers based on Soil Analysis Values for
Economic Field Crops. Ministry of Agriculture and Cooperatives. (in Thai).

Department of Agriculture. (2023). Summary of Fertilizer Import-Export Data in 2023. Retrieved from:
https://www.doa.go.th/ard/?page_id=312. (in Thai).

Domyos, S., Domyos, P., & Saykawe, J. (2018). Using chemical fertilizer based on soil analysis in combination with organic
fertilizers on growth and yield of sweet corn in Phattalung soil series. Journal of Vocational Education in Agriculture,
2(1), 72-80.

Giovannetti, M., & Mosse, B. (1980). An evaluation of techniques for measuring vesicular arbuscular mycorrhizal infection in roots.
New Phytologist, 84(3), 489-500.

Kaewmueng, C., Amkha, S., & Mala, T. (2013). The effects of azospirillum inoculation as alternative nitrogen source for sweet corn
growth promotion in Kamphaengsaen soil series. Journal of Science and Technology, 2(2), 25-45. (in Thai).

Kaewnoo, T., Luanmanee, S., Kaewsuralikhit, S., Nobuntou, W., Tancharoen, S., Kueanoon, C., Thaweenut, N., Reuncharoen, S.,
Klinphoklap, S., Palakul, W., Jinjakam, P., Charoensri, K., Tanwan, N., Udpuay, S., Ratanavirakul, P., & Phoorahong, A.
(2024). Nitrogen release assessment of compost, chicken manure, cow manure and dry azolla. Khon Kaen Agriculture
Journal, 52(Suppl 1), 392-400. (in Thai).

Land Development Department. (1980). Manual for Classifying Land Suitability for Economic Crops, Volume 28. Ministry of
Agriculture and Cooperatives. (in Thai).

Land Development Department. (2023). Soil Knowledge and Management. Retrieved from:
https://iddindee.ldd.go.th/iddindee/SoilSeries/T_1/5_Series (Tph).pdf. (in Thai).

Manager Online. (2024). ASEAN-Korea FTA Boosts Exports of “Thai Sweet Corn” to Become Champion in Kimchi Market.
Retrieved from: https://mgronline.com/business/detail/9670000013226. (in Thai).

Ministry of Commerce. (2024). Report on Thailand's International Trade Statistics, Information and Communication
Technology Center. Retrieved from: https://tradereport.moc.go.th/th/stat/reportcomcodeexportOd#comid=472. (in
Thai).

Office of Agricultural Economics. (2022). Agricultural Economic Data. Retrieved from: https://www.oae.go.th. (in Thai).

Owiny, A. A, & Dusengemungu, L. (2024). Mycorrhizae in mine wasteland reclamation. Heliyon, 10(13), e33141.



10 MIATNYATNTLIVUNAT 2569 : 44 (2) : 0265496

Poolthong, K., Seerasarn, N., & Keowan, B. (2024). Extension sweet corn production for farmers in Chum Saeng district, Nakhon
Sawan province. Sukhothai Thammathirat Open University Journal, 37(1), 59-73. (in Thai).

Poomipan, P., & Thongleung, P. (2011). Effects of indigenous arbuscular mycorrhizal fungi of Pak Chong soil series on growth and
phosphorus uptake of babycom, fieldcom and sweetcorn. Thai Science and Technology Journal, 19(4), 80-87. (in Thai).

Poomipan, P. (2012). Effects of soil phosphorus and corn type on arbuscular mycorrhizal dependency. Thai Journal of Science
and Technology, 1(3), 211-220. (in Thai).

Pratt, P. F. (1965). Potassium. In Norman A. G., Methods of Soil Analysis: Part Il Chemical and Microbiological Properties, pp.
1022-1030. American Society of Agronomy.

Qian, S., Xu, Y., Zhang, Y., Wang, X., Niu, X, & Wang, P. (2024). Inoculation on reducing excessive fertilizer use. Microorganisms,
12(8), 1550.

Ratanavirakul, P., Tancharoen, S., Nobuntou, W., & Luanmanee S. (2024). Effect of chemical fertilizer in combination with organic
fertilizer and mycorrhiza biofertilizer on yield and nutrient use efficiency of sweet corn. In Proceeding of the 8th
National Soil and Fertilizer Conference, pp. 49-59. Naresuan University. (in Thai).

Rayment, G. E., & Higginson, F. R. (1992). Australian Laboratory Handbook of Soil and Water Chemical Methods. Inkata press.

Sirichaiwetchakul, S., Nabhadalung, N., Malmai, S., & Krungkai, W. (2021). Effects of arbuscular mycorrhizal fungi on growth and
yield of sweet corn under natural conditions. King Mongkut’s Agricultural Journal, 39(2), 89-94.

Sungsamran, K., Thapsilvisul, O., Poomipan, P., & Takrattanasaran, N. (2021). Effects of arbuscular mycorrhizal fungi on growth of
field corn growing in soil after waterlogging. Thai Science and Technology Journal, 30(1), 109-122. (in Thai).

Thomas, G. W. (1996). Soil pH and soil acidity. In Sparks, D.L., Page, A. L., Helmke, P. A, Loeppert, R. H., Soltanpour, P. N.,
Tabatabai, M. A., Johnston, C. T., & Sumner, M. E. (Ed.), Methods of Soil Analysis Part 3: Chemical Methods, pp. 475-
490. Soil Science Society of America, Inc.

Udpuay, S., Kueanoon, C., Tanwan, N., & Thuenprom, N. (2022). Effect of potash fertilizer on growth and yield of maize (Zea
mays L.) in clay loam soil. Thai Agricultural Research Journal, 40(3), 307-320. (in Thai).

Walkley, A., & Black, I. A. (1934). An examination of the Degtjareff methods for determining soil organic matter, and a proposed
modification of the chromic acid titration method. Soil Science, 37(1), 29-38.

Zenebe, B., Dobo, B., & Woliy, K. (2024). The influence of biochar, organic and inorganic fertilizers, and arbuscular mycorrhizal
fungi inoculation on maize crop performance under normal and water-stressed conditions. Advances in Agriculture,
2024(1), 4934523,



King Mongkut’s Agr. J. 2026 : 44 (2) : e0267549 NIATNBATHIZAOUNAT 2569 : 44 (2) : e0267549

nstnevenmalulaBuuufidiusieifiulszansnmmandndialwadedasiugnluun
waINsAufieadne Frusiun sunesdnauwauiu Sswinanauns
Participatory Technology Transfer for Enhancing the Production Efficiency of Maize
Production Grown after the Rice Harvesting in Ban Champa, Sawang Daen Din District,
Sakon Nakhon Province

NUNITIR B21Ae’ uazagal winAyns'

Kanokwan Yahuadong' and Arunee Promkhambut"’

Received date: 8 W.A. 68 Revised date: 12 {l.4. 68 Accepted date: 12 {l.4. 68
DOI: https://doi.org/10.55003/kmaj.2026.267549

UNANED

nsfnwiadsididunisidedeufoRnsuuuddims fngussasdidofnudoyanisndndnlnadoadng
ety Teddalazesnuuunisateveamalulad adunisanevenvalulad LazAaniulazUszidunanis
srevonmelulad fufidnuitusiu suneainuauiy Sminanauns Alidayalawn Lﬂwmﬂﬁgﬂgﬂ%ﬂwmémé’mi
U 12 578 HaNISANYINUD mwmﬂsﬂgﬂ%’ﬂiwmL?ﬁstdé’miwé’qq@ﬁwu%ﬁaa%ﬁmalﬁmuuiammaﬁgma Laigins
sunguegadunienis wagldamsiadlunsidadngii dammdnvesnsuda Ao USuamandnmuazfuyunisnan
a4 InuRINIAaen1INsaeneamalulagiiunisineusy NMsussens a13n RnUJUR wazn1seudiunlauseus ns
Uszillunanasannisateveamalulad wuin mwmmﬁmmflﬁwﬁuaﬁhqﬁﬂfslél’ﬁﬁzgmaaﬁaﬁﬁzﬁu 0.05 way 0.01 Ha
nsUszdliuriruafinelasenisluninsinedseaugann wazAazuuunUssiiueglussaugsdsgun YRS 12
518 geusunsiiinaluladniswanlmifmun gniunisladenuaiiaseiau Fafisnnunsnsdenay 8.33 Wi
Lﬁmmmﬂumﬂiu‘[aﬁﬁéfmmﬁ’ﬁlmmL?’J’ﬂﬁ]LLasmsaﬁ’uawmnuﬂa&muﬁtﬁm%’aq nsiseiiuandiidiuin msaneven
L'1/|ﬂiuiaﬁmimamr:i'luwé’ﬂqmﬁﬁmmwLquLLazﬁdauiwmﬂLﬂwmﬂi annsadiudnenn wilodymuazasnanis
sousumaluladvennunsnsluiiuiild edrdlsinny weluladifanududeunanstuney Sudufediitnsaenenuar
msaﬁuaquﬁﬁﬁqLLawiaLijm
ey Trlnadesdnd nsdievenmalilad nsussdiuna msveusumelulad

Abstract

This participatory action research examined maize production among 12 farmers in Ban Champa, Sawang
Daen Din District, Sakon Nakhon Province, with objectives to analyze production systems, identify constraints,
design and implement technology transfer approaches, and evaluate outcomes. The study found that farmers
cultivated maize during post-rice seasons following government policy, lacked formal group organization, and
faced primary challenges of low yields and high production costs while relying on chemical pest control.
Technology transfer was conducted through training, lectures, demonstrations, hands-on practice, and learning
plots, resulting in statistically significant increases in farmer knowledge (p<0.05 and p<0.01), very high overall
project satisfaction scores, and complete adoption of new production technologies by all participants except
for soil analysis-based fertilization, which achieved only 8.33% adoption due to its complexity and need for
institutional support. The research demonstrates that planned, participatory technology transfer curricula can
effectively enhance farmer capabilities and facilitate technology adoption, though complex multi-step
technologies require intensive and continuous transfer methods with sustained institutional support for
successful implementation.

Keywords: maize, technology transfer, evaluation, technology adoption
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Figure 1 Problem analysis and the design of maize production technology transfer in collaboration with farmers
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LL‘anUE_jﬂiﬁquﬁmﬁaasmﬂumﬂﬁﬁﬂ gULLUUiadLﬁm (Single-row bed) S¥8g3¥1I19509 80-90 . ‘\]Wﬂii}’uﬂgﬂ%”l’ﬂﬂ/\lﬂ
Tnengaawdaiuddnilng 1-3 wassevau sewinwiu 25-30 @u. an 3-5 wufes IHudatuginlnedns 3.0-3.5
Alansustels inwasnslddeinil gns 46-0-0, 14-9-21 uar 15-15-15 lagldlutamsiasapivlnssegsing o sulddediuiu
4 ads LLaﬂ%‘fwmﬂﬂWiQUﬁ’]LGiT’lgjLLUadmm'adUgﬂ Fathnunsnsunesefildthanassihdiush msdansiuiieluuadd
wiasilelngussnuay nsiandnsivnensnsnneldansiailunisidnlaenisdanunisdy mMafuienandnld
m%ﬁﬂﬂumilﬁuLﬁﬁmﬁaﬁmmﬂugﬂl,muL;Jﬁm Tngflusdnensudnndudelunas Fesimsmnetuiuesidus
muduveadndninadedns WuRemananiosmingludiafoummey

sﬁagaﬁunummém%’ﬂﬂwmLﬁyﬁmé’mi Ynswde 2566 liswausanensnsede 6,382.96 vvsels Usuim
narAmedinuty 25% Ao 1,009.43 Alandusiols TnginunsnssmgluguLuuuanuiy Weumweu wa. 2566
MAdmineiade 8.5 vmseAlaniu inwnsnsiiseldsiuiade 8,580.17 uwisels waziiseldaniads 2,197.20 vinde
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2. mslnneiilymuazeanuuunuamsmsaenaamalulanswandnalnaidesdad

2.1 mmmzriymuazdositanmsudadnlnadsdnd lneldunudeinaa Tnadudimsesilamuasm
anvavanuardesveslym wudd 2 Jymman il

1) Usnaurandasi fanmmanainnansiade 1wy sumgiiiguduly msviaUszaunsaivesnunsns

lun1sdnnisudacian wagn1sssuInvesAng iy %qﬂﬁamﬁﬂﬁazﬁauﬁqwm Ihun annwandoudldmanean n1s
muAudngiivd uaznsinesdaudidndulunsndn Wus (Figure 2)

Uneven terrain Enviroment

Fall armyworm
Soil infertility

Pests

Insufficient water supply

High temperature

Rats
Lack of experience
Lack of expertise

Knowledge

Low yield €

Figure 2 Issue 1: low yield analyzed using a fishbone diagram

2) fununskangs inanuanganme Wy siaveaudniuiiavarsidadnsivnegluszdugs nns
nasesewazaunsalidnduluniszugn Haufansdrfnaaiunuiidide Jadewmanlasieudadam loun sien
Uadunisudniias enulundouduesesdiowsewns uasdediinduuwnaiunu Wusu (Figure 3)

Fertilizer

High chemical fertilizer cost

N

Capital

Lack of personal capital
Pesticide

& High pesticide cost

High

production cost

No machinery
High seed price

High machinery

purchase cost Machinery and tools Seed

Figure 3 Issue 2: high production cost analyzed using a fishbone diagram

2.2 msfmuakuimandledgm Wunssuiunsddglunsdanisdamesnsiivssansan dalddoiauonuy
mﬂmﬁwummﬁmﬁwaaLﬂwsﬂsﬁLsi’hﬁ"gmﬁauwmﬂeju W‘ud’]LmeamiLLﬁ‘lﬁJﬁigﬂﬁﬂiuﬂWiwam%waIwmLﬁymé’mi
anunsosuunesndu 2 sundn lun 1) wniensiunandn UwﬂauﬁwmidqLﬁ?ymmiﬁmmﬁmmiﬁuﬁuag
ATEUIUNITHAR ﬂ’]’iﬁafﬂﬁﬂLLUaﬁL%BuiLﬁaﬂﬁ%m%%ﬂ’ﬁﬁL‘Mll”l%ﬂii miLﬁaﬂi%ﬁ’u'ﬁjﬁwwﬁ’uamwﬁuﬁ MsUsMsInnTgth
pgellUsEANTA Swtansauandnsiivlagldinaunay WiT3tuayisna uenanil fadaasuliinunsnslaisous
FrufusiunsEneusuBUUR 2) uumenisandununands Jardunslidemuaiesgiiuieanyiununislid
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Wuarudndu nmsdrfsmamuriunesmuluguyunsendisnuadvayy swdnisaanisidasaiilaeduaiunis
InnsdmgivwuuRaunay (IPM) Tnsuwinieanisuilutyvianansaasdls ds Table 1

2.3 m3dadrduanuddguazanusiiou wui inwasnsidnsnlasainssuiuimuelinisaenennug
Tumsuandlnadsedns waznsdaviuvaaioudiinmuiseiunazddniiazdesduiuns nsuidymiiliissdou
wazddny loun nmstestunazmunudngfivdeisniseng 4 mawdtamiisamuuaslaiddn 1iun msmyuaivayu

en13lu wazmsuiUgmiilissuuarliddy Touwn n1s¥eaunsaluazin3asdnsiiiudu da Table 2

Table 1 Determining guidelines for problem solving by participating farmers

Problem Main Causes Sub-Causes Solutions
1. Low 1.Environment 1.1 Lack of soil fertility « Transfer knowledge to address production
yield issues
1.2 Insufficient water supply ~ « Promote effective water management
1.3 Uneven terrain « Transfer knowledge on land management
techniques
« Establish learning plots to demonstrate the
practical application of knowledge
1.4 High temperature « Support the use of climate-resilient crop
varieties
2.Infestation 2.1 Fall armyworm * Prevent and control pests using various
of Pests methods
2.2 Rats » Cultural Control and Mechanical Control
3.Lack of 3.1 Lack of experience « Transfer knowledge on land management
production techniques
knowledge « practical applications of knowledge
» Promote experience sharing among farmers
3.2 Lack of expertise « Establish learning plots to demonstrate
« Organize hands-on training sessions to
improve farm management skills
2. High 1. Fertilizer 1.1 High chemical * Applying chemical fertilizer according to soil
production fertilizer cost nutrient level based on soil test analysis
Cost 2. Capital 2.1 Lack of personal » Seek financial support from financial
capital institutions or community funds
3. Machinery 3.1 High machinery  Request support or rent machinery through
and tools purchase cost government or local organization initiatives
3.2 No machinery « Support farmer group formation
4. Pesticide 4.1 High pesticide cost « Integrated Pest Management
5. Seed 5.1 High seed price « Support farmer group formation to purchase

inputs at lower costs

1NNITANYT WU ﬂ']ﬂ%’ﬂizmuﬂﬁﬁ?hui'ammLﬂwm'ﬁﬂﬁvi’ﬂﬁmmamzqﬂzyméﬁzgﬁLﬁmgﬁyuﬁﬁﬂuﬁuﬁ
Ifun wandns WAZAUNUNISHAREY kazn15LY Eisenhower Matrix a111503AFIAUAILAIAYLAZAIIULTIAIUVBILT
mansuAludamld (Table 2) MsdadiduanudIAguaztsnIuaIun1saIenenAusAunALLaEN1SHENKNILNTS
Aneusuvonnumsng aonadosiunan1sdnuves Srthithong (2021) finuinnwnsnsgugndlnadssdnigaudslu
%’wi’ﬂﬁﬁLLW@LW%&T@@m'imiﬁ’wmmmﬁumimﬁm%ﬂwmL?ﬁuﬂqé’mimumsﬂﬂammﬂﬂLﬁ’]’mﬁwﬁ
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Table 2 Prioritization of tasks by using importance and urgency to solve problems by using the Eisenhower
Matrix

Priority Urgent Not Urgent
Important » Knowledge transfer on Maize production « Pest prevention and control
« Establishment of learning plots to demonstrate using various methods

the application of knowledge in the field
Not Important  « Sourcing financial support » Purchasing additional
equipment and machinery

3. msaneneawmaluladnisuan

FiTeuazinuasnslasrudufmunuumaudladymeiunszuiunsiineusy daifanssumsussedlviniug
n15a1da MsAnUUR uaznnanuiildsuousuinufoRlunvanieud nszuiunisanevendadunisujiiuas
Lanidsulszaunisalseningingnstuinuasnsuazseninanensnstuineasns lnedinguszasdiielfinunsns
annsaauilasuludiuldlunvannunsvesnuls Tasdaflnousuliinunsns 12 seuasdfiiauladrsin s
Fruruiiedy 30 T8 eliuarwimannlidssavsam nsiineusundsoaniu 4 Fatondn sateas 3 92l s
nisusianan 4 Ay dndunislugaafeusuen wa. 2566 Sufiouunsiau wa. 2567 m matsssenlumg i
FBnnsildlunsdeneamalulad Uszneusny nmsussensuszneunsnistinufuAuazuaniudsuuszaunisaiszning
\nwnsnIiazIngns mensussensldud limihiindinnunuassneainaunuiu Wi fingueinfivddna
inwnsdaminanauns Wmihiiqud@nwinisiauigwiu sulosnannsgsvdig uazndngninisaioneamaluladi
I¥annsdagiunnuddyuaranLs iy veununsns Usenaude 4 sde ded 1) msidenldmaluladniwan
Frlnadedriigniomwanmuzan 2) nfiulsyAvsnmnisidnlasnisnainsginu 3) lsauasdngfiviiady
vosimlnaiesdnd uax 4) Fesnstlestunasiindagiioludinlnadesdnd (Figure 4)

Figure 4 Technology transfer activities based on the training curriculum in collaboration with farmers.

n1sareveamalulagnisndalauiuuifnesduseneunisanenamnalulaguld Useneudieyatenen
walulad daduyaradiianuimiudeiny wasduszaunisallunisdneven weluladlunisaievendamswiuaii
FosnsveanunIng BBmsdeneniiunisussenslinnmg aise AnufoR uaznsdmihulaniouditeliaanisiFous
s3sweunumsns Tnardevnimsuiulidnlaine waranunsnthluusuldldese Melnssnuesnsiidhsalassnsiiony
uanensiuludruszaunisal arnumfeulunisusud uasninensiid fadu nseeniuunisdenenmaluladdes
Anuvzaufuieulvvenumsng (Department of Agricultural Extension, 2013) Tnefimsatiuayuiadonisnani
sudulunmsluldluwdannuasns wu Wideqdunds uargunsaldaviuansiafas 9 Ssequya et al. (2021) wuth
nsdaviudasFeudsmiunsaduayuiladonisudn (Small packs) fdwddyflaziliinunsnseesiumalulad {ide
Usziliunanisatenanmalulaglagnisineusy lneussdunanisiseus lnen1sneaeunoutasvasilnausuluusay
Wt Ussidiusunganssuannisinaiuluidagyisnisaniufanssy wasUssdudfizen LLa%Nﬁ§W§Lﬁa§uqmﬂﬂi
Atulasens (Figure 5) Iﬂﬁﬁiﬁ'&ﬁmiﬁﬂmwﬂuiwzLﬁ@lﬁﬁﬂﬂ?ﬂmmaamwL'Jmﬁv‘hmﬁ%’a Watns1EnsEUIUNTS
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wyuEsurInIsegselasnntnduaunnnunsnaduiumianisisunladizfnuaz UG UR dieliinunsns
HamnuewaziinANdsBulunszuIuNIIHEN (Pompranee, 2015)

[ Analysis of maize production systems in the area ]

!

[ Problem analysis and design of technology transfer approach]

y 12

Training ] [ Demonstration plot ]
L I

T B e

ble feed Learning Evaluation PR
s
Reaction Evaluation ]

Behavioral Evaluation ]

« Major diseases and pests of feed com
« Pest prevention and control

Post-training test — Outcome Evaluation

Figure 5 Flowchart of the technology transfer process and evaluation in the study.

4. nMsUszliunanisatenaamalulad

mMsUssfiukandsnseveamalulad Sunuvmddylumdiessiuasimuiuumeiitioasuasisdnenm
WAZAIHTVBUNYATNS unanuithiauerannTsiuad A3 weAnssy uazkadndannsiaNdlasuly
U%’Uiﬂuﬁuﬁﬂaﬂsﬁn‘[wmadLmﬂmﬂi Wuirnuddgueansidiunuvesnunsnslunssuiunsiauiwagnisiseus;
ptwsiaiios MaUssuradsynousaeussdiu il

4.1 ANUAATIUYDLNEAINS

MsUszduaMURMALTDUNYASAT WU 5sm°’ummﬁmLﬁuLaﬁawaﬂxLLuuagiiuisﬁ’uumﬁqmnﬁqmﬂﬁﬁa
Tngusziufinunsnaifiusennniign fe inwasnsazuusiiliinuasnsmeduiidulasing (Auads 4.83) msinousy
aenndastuilymveanunans (Fuade 4.75) aansofededmihiiiefeadioveruuziiluewian (Ainde 4.67)
wazanladhsuRanssiluowan (Aiads 4.75) Saasiouiunumsnsiipuesiiidonisieneameluladfidatu aunsn
afunnusiilaliuiinunsnslunsimusluufoRluwasmuies (dueds 4.25) wazdiovenrnuiludununsnssedu
(fuady 4.50) wiewidanusiulalumsieszitgmilunsnanldifiafundnnilneust (Aade 4.25) (Table 3) Vil
dunsglsufuiinuasnsldfunisaenenmaluladnssiulymuaganudesnisvennuasns
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Table 3 Evaluation of farmers’ opinions toward technology transfer project (N=12)

No. Details Average score  Meaning

1 The training can effectively address Maize-production issues that align 4.75 Highest
with the problems you face.

2 You can apply the knowledge gained from the training to livestock corn 4.25 High
production in your area.

3 The knowledge from the training helps you reduce production costs 4.25 High
and increase your income in Maize-production.

4 You feel confident in sharing or exchanging your experience in livestock 4.50 High
corn production with others interested in the topic.

5 If there are livestock corn production issues in the future, you can 4.67 Highest
contact or coordinate with relevant officials for advice.

6  You feel more confident in analyzing and solving livestock corn 4.25 High
production problems compared to before joining the program.

7 You are willing to participate in future training activities if they are 4.67 Highest
organized.
You will recommend other farmers to join the program in the future. 4.83 Highest

9  Overall satisfaction with this program. 4.75 Highest

4.2 AU3vaUNEAINT

mswmaaumLLuudauLLawa‘”ﬁmsﬂﬂamuLﬁaﬂizLﬁuwamiﬁauﬁmmLmﬁmﬁﬂiuﬂdaamﬁu 2 ngu lauwn

1) Si'faaﬂaﬁﬁmsl,ﬁ)ﬂt,t,wt.wﬂﬂa (Normal distribution) KAN1IATIVABUNITHANKIVDITBLANUIY WUUNAGDY
mmi‘luﬁﬁaﬁ 1 uagiidofi 2 Tnsuanuasuuuuni 39l4a8 Paired t-test Tun1sinseiauuAnAIvBIATULLADY
WASVARNDUTH  HANITIATIEINUTY INERsNITIUIY 12 918 HATiUUANUINuLAsTaSENaUTNLANATUDEN 9
Teddymadffiszduanuderiu 0.01 (Table 4)

2) YoyadilallFuanuasuuuund (Non-parametric data) dwiuhided 3 uazhied 4 Feoyalsidulununis
WANKAMUVUNGA NTIATIZASLTARR Wilcoxon Signed-Rank Test Han153LATIz9ANUIT A1 p-value 11AU 0.0178 tag
00218 sudwiyu  uandliifiuirzuuuneulazndainistineusuiianuuandnsfuesnedifedfyniadnfiszdiuain
o3 0.05 (Table 5)

ATLLULUUTAdeUNsnoUsIT IR umuuanstesaiiedd et avtouinlassnmsilneusuanansa
Lﬁ'mwummﬂumiwam%’wﬂ‘wmadLﬂwmﬂ'ﬂﬁ’f ﬁgnifmﬁ]Lﬂmwmsﬂﬁsmumsmwammﬂiuiaﬁﬁt,ﬁumﬂﬁmmi asn
warasfloufuiasnhlinuasnadiladenififindu aeandostunisinunes Kuhaswonvetch et al. (2024) Fawu
mmimm;ﬁﬁwmﬂumﬁmﬁwLqums%’mmsﬁ’mauuawé’dL'%ﬂuﬁmmmﬂﬁmﬁ’um&aﬁaasmﬁﬁaﬁﬁzy wsgnslaas
floufjiinge aiinsastioufifnseaenadosfunmpnnisiouidmsuglng fuesindlvgasioudléffandoaunn
tharslldluaniunssiads leslamzlunsdlveanunsnsiifiuszaunisalifa mslidueuilmidisadiansiFousidl
Aviuvanenassosenamild uaziosnnglvgasdarundolunisSoudinniudediuaudidyviovsslovives
oty q Inenadoudiuudvaiilifizouduqudnans wnswlulssaunisaivesGou uasdaadunisfdmdonly
NITUIUNITSHUTOLIUIDTY (Loeng, 2018)
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Table 4 Comparison of the mean and standard deviation of farmers' test scores before and after training,

analyzed using the paired t-test

Pre-Training Post-Training
Topic t df p
M SD M SD
1. Appropriate technology for 5.8333 1.7494 84166 1.2401 4.6399 11  0.0007**
Maize-production
2. Enhancing efficiency in corn 53636 23159  9.3560 3.0587 4.6065 11  0.0007**

production for cost reduction
by application of fertilizer according
to soil analysis

* p<0.01

Table 5 Comparison of the mean and standard deviation of farmers' test scores before and after training,

analyzed using the Wilcoxon Signed-Rank Test

Pre-Training Post-Training
Topic Zz p
N M SD N M SD

1. Major diseases and pests in
12 6.2500 0.7537 12 7.6660 1.2309 -2.369 0.0178*

corn production
2. Disease and pest prevention

12 6.3333 14974 12 7.8333 0.7177 -2.293 0.0218*
and control in feed corn

* p<0.05

4.3 WANTTUVBUNEAINT

msfinevsufieaienenmalulagnisadndlnauminunsns Saruddglunisiaunissdawaznisdnnig
Aumsinens MsfiamunisihanuiluujiRlusdamuemesnensnsludssiiumiigeg wud invasnsdunalulagnig
UgnuuulndlUuFod 100% lensiouiisuneunazndadniinlasins (Table 6 uaz Figure 6) Usznausny msinioy
Aulagn1smnAunaulan LLaxmﬂfﬁm%dﬂqﬂLﬁ@iﬁ‘lé’iwsﬂqﬂﬁmwau N13d1579uUa kaENISIANISARg YUY
wannay tnglHiouuniissundada yiadiouda (Bacillus thuringiensis) Wosiunilsideu (Metarhizium anisopliae)
ansinilsunun@iu (Emamectin benzoate) uazmsnanfudngeunas nansanudliiuinnunsnslufiuiiannsath
mwfﬁlé’%’ulﬂﬂﬁﬁmuﬁuﬁﬂqﬂsz’f'rﬂ‘wmL?ﬁuaaé’miﬁn wandliiudasnsfidusaulunisseytym wueiSnisudly
Jaym waznszurumslumsaeneamaluladinlugninhesdanusluldlsaisduanmndenveanuasns a9
danAdpeuN13AnyIvae Maleehuan and Panpakdee (2023) Fanuinnszuiunisanenonmaluladlnenisidiusu
yenunInTannaUiudsuisuiiivennvasnsld iliinunsnsseniumaluladlvig lnslaniznisnsaneven
walulad@ieisnisevsy AnUFUR uaznsideudtiuulasanse uenaind enafumsgnsiamulidusnwmy
\nwasnsegaliewandmiid ilvanansaasviouauAnuas SuiulTuusinalulagivansauivaniunisalase
YOUNWATNT FedonAdaItunIsAnwIves Chaipiriyakit et al. (2019) Fsnuindladeiiddysoniseensumealuladnis
nandlnndesdnd Aensinsefud T fiduasnsinuns

ogslsfny Tudsaiunslddenuddinsesiau wuidiisansasns 1 518 thluujid (Table 5) osan
NEAINTTEEULARIANAMITILIY nszUIuNsTiAududou Lﬂuﬁaﬂmiuas&jqmﬂﬁm%’umwmm nuasnsluAuAg
fussnnsi faramnuiulainnisliemuaiinneinuaglinadniunninaieduaviol avvioulmifiuinnislie
AuATATIEEALs L dudpsinsnaandluseAuLUas Lﬁ@%lﬁt,ﬁudﬂﬁmaﬁmazmwmﬂ'ﬁﬁmmﬁmmiddLa'%uaﬁ’umgu
Pnmbsruiiiedeesnsduazsiaiio
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Table 6 Farmers’ practices by applying knowledge from the training in the fields

Farmer's Practice Percentage

Topic Details of Practices Before joining  After joining
the training the training
1. Appropriate technology for Maize- 1. Soil preparation 0 100.00
production 2. Optimum planting density

by using planters
2. Enhancing efficiency in corn production 1. Soil analysis 0 8.33
for cost reduction by application of
fertilizer according to soil analysis

3. Major diseases and pests in corn 1. Pest situation assessment 0 100.00
production based on scientific principles

4. Disease and pest prevention and 1. Integrated pest 0 100.00
control in feed corn management

Figure 6 Adopted technologies of farmers participating in the project. Preparation of land according to
scientific principles for crop cultivation (A), soil analysis conducted (B), production of insect traps (C), and pest
situation assessment based on scientific principles (D)
4.4 waawsnisaeneamalulagnisuan
ndsnaeveamaluladinsuaniddsunsiudssuianuasnsluiuil Tasfanssuldadsiiuiidmsuns
Bouduazutsiuuszaunsel suhanussnsidisnlasinsuasseduiundasfous wasiinunsnsiunuudinly
%u‘ﬂuwumﬂiﬂmua gihnusluldlundasdnu 1 au vieAndu 8.33% mwaawamnaﬂaaL‘Uumiaﬁ’mﬂaiﬂmﬂmslu

il IWEILUUﬂ’]iai’NW‘IJ‘I/Iﬂ’]iLiﬁmi (Learning platform) wazinwasnssiuwuudmiuilugaravenninug Tedinsnelu

v
=

fufsilifinsmungunenansiidaiau madanalndinaashliniafnmatsussnturonnynansluiud dwali
Lﬁmmm€J"n§u°luﬂﬁif{’1’mﬂ1'iLLﬁ'lﬂJfJaquﬁ%Lﬁm"ﬁusl.uaummimaéquﬂHMﬂi LLazm%asu'wmwmﬂﬂuﬁuﬁﬁﬂizauﬁmm
Weatu Fenaldfunsmyuauanutuudsazamsaiamnliaeandesiuiufn Communities of Practice (CoP) @
Wmmﬁﬁmﬁ’umaLLaﬂL‘UﬁﬁmmmimuLﬁauiauaﬁwmﬂﬂdwmsﬁﬁmiﬁnﬂLﬁ’fmﬁwﬁ Lﬁaqmﬂmmimﬁmﬂmi
wanwdeulu Cop WuanusiAnanusraunsaings annsiluuszendldldats wavaonadoatuuunveusasiiui
9E19U71934 (Hayden et al,, 2018) lagnszuIuN15lUN1SVEILHAINNBATATAULUY 819UsEYNALTUUIAA Champion
Network Model daifunisanenenruianinunsnsginumsns lasldgiimeluladluldlddnsadufuniodsmasie
wothe Tnglunsidet enadudusensiauinunsnsduuy Tnedatineusuduanud wayisnisiiieatonduiy
wouvtvinuznnsdoans madugsuneanuazan (Facilitator) nénnsSeusvesivguazimadamsnisvenaiug
musaduayuianuasnineinslumsansa Mndudanisadaluslannuasnsfuuuulaeinstuiindoyameiuns
Wiyiulnvesity uazdeyaimsugianigg TasfuanuTeudiouisufoRinunsnsfuisuioilm andunsieed
\Sevnedsnudifieg uddnfvnssunsieuinnuasnunsnsiunuilaeiugidsmianssuaniteutunienusiniy
inwnInsFuuuy madamaduilusannnansdusuuiiuinldinseAusendy wavasvioudn lasvsdfesiiszuy
finau uazatuayuionmadumaia wardegdls Tnssudunuiumhenuiifuiaseu wu nsudadunisineas el
wmsznmsdadulageuiumaluladlmisiniAnainnislasudnsnannaundnluaseuasvdeifiou (Bandiera and Rasul,
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2006) Inglamziteutuiivszauanudise dadunalanissensurunisiFeuinadsay (Social learning) (Conley
and Udry, 2010)

InMsITenuIInIsaeneawalulagludssinunsldlonuaingziiu finumsnseensuiiiethluldiies 1
EREITG R COAVE R ﬁﬁ‘uLﬂwmﬂia";uimg'Lwﬂiuiaﬁﬁmﬁnﬁaﬂ%ﬁz&JgLamL?Buiﬁmmﬂ’iﬂﬂ'}iﬂﬂammﬁam%ﬁm
iesannifussdnuiiidudou dosorfoanudiladsdn msdunanadnsluszezen waznsiinUfdRedseiilos o
AMUARTUaANEAINSTINg1I1 “arsinisousuiiuiy Wowduadanud lawasinuslunsasiion e1adesinas
ausumdevenenailiuniy’ fedunuainnsiseluadidaonadesiu Nindam et al. (2018) F951891u31 sih
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Abstract

Sweet pepper (Capsicum annuum L.) seeds often have problems concerning low germination and non-
uniform germination. This study aimed to investigate the effects of seed priming with calcium chloride (CaCl,)
solutions in different concentrations on germination and vigor of sweet pepper seeds. The experiment was
designed in a completely randomized design (CRD) with five treatments, including non-primed seeds (control),
seed priming with reverse osmosis water (hydropriming), seed priming with CaCl, solutions at the concentrations
of 10, 30 and 50% for 72 hours. After priming, seed moisture was reduced to the initial level of approximately
7%. The results showed that all priming methods had no effect on percentages of radicle emergence and
germination, when compared with non-primed seeds. However, primed seeds had time to reach 50% or a half
of radicle emergence (TsRE), days to emergence (DTE), time to reach 50% or a half of germination (Ts,) and
mean germination (MGT) faster than non-primed seeds. However, seed priming with 10% CaCl, solution tended
to have the highest germination of 84.00%. In addition, primed seeds had a high speed of TsRE at 5.81 days,
DTE at 6.48 days, T, at 11.51 days and MGT at 12.20 days when compared with non-primed seeds had the
germination of 74%, slow T5,RE of 6.84 days, DTE of 7.45 days, T, of 12.63 days and MGT of 12.71 days.

Keywords: seed priming, speed of germination, seed quality, mean germination time
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Wt 10, 30 way 50% Wuszevinan 72 Halus mﬂﬁ"’uﬁwLuﬁmﬁ’uiw%ﬂmmﬁiﬁﬂmLLasshumam’%auw%’aum%ﬁuém
nagouANIBnuInsgIluan et fuRng
N1SNAFBUAMNTNLNAANUTHINNITY
mLuamwuﬁmﬂmmmmmaaumwmaﬂmmmﬂuamwmmﬂgummﬁmmgmmammmaauLuamwuﬁ
UUF (International Seed Testing Association) WJEJ’Jﬁﬂ”ISL‘W’IuLZLIaG]UUﬂSufﬂ”IHSUu (top of paper; TP) ) Tunaes
wananladiUnadi awﬂaaﬁwazLuamiu@jwagLuam (seed germinator) wmmuqquu 20630 asrmwaldya 1ng
gaumndl 20 sseniwaldea Wuszezia 16 $2lus Tuanmiln adurugamadl 30 ssmwaiBea Wuszazian 8 alus lu
anmillas (International Seed Testing Association, 2024) ﬁuﬁﬂﬁayjaﬁﬁﬁ
n15i57n98n (radicle emergence; RE): fuldnninmnuiiiisinendszaina 2 faduns yniu 1Wuszezna
14 Yurdanziuan mﬂﬁ?uﬁﬁaaﬂamﬁﬁmmmﬂgm
msiisineen (%) = (Wandiisineen / Sunuadn) x 100
A21198N (germination): UszifiuA1ueeNUAnRUENENIIIUANLNUBIEINANNAAOULANTUSUIUIYA Y50
International Seed Testing Association (International Seed Testing Association, 2024) IﬂﬁﬁUﬂ%ﬂLL‘iﬂ (first count)
dloasu 7 Sundamnziwde ﬁuLawmﬁuﬁiauﬂﬂaﬁﬁé’ﬂwmxﬁﬂauyﬁzﬁ aduseuldludes (hypocotyl) Famse wazily
Besdiden 2 1 LLa%ﬁUﬂ%ﬁﬁﬂﬁﬂ&l (final count) Wloasu 14 Yundumzwda l6un fudoudnd susouinuni wWanan
waLLAnnY a]'mﬁ?uﬁwmmmﬂqm
A48 (%) = (SruufugauUnd / S1uiumén) x 100
naildlunsisinsaniis 50% (time to reach 50% radicle emergence; Tsoe): TULIANTIRTINIENE
Uszana 2 fadwns vniu Wussesig 14 Jundanziudn Mntufuananildlunisisinsends 50% lnedaulas
an391n Coolbear et al. (1984)
Toore () = t+ [N + 1)/ 2) - n) / (- )] x (& - £)]
e t /o nafeuilwdeisinenlsmsmil, t; A LIAAINLIAN t, N, AD Srunuudndiisn e van i, nj fie
Srunuudefidsn a1l t wag N Ao Snnueifsnsmue
Fruauiuiifisnnsen (days to emergence; DTE): fusuiudniifisinsensnuszang 2 fiadiuns nniu iy
SzEza 14 Tunduniziuan mﬂﬁf’uﬁwmmmﬂqm (Dhillon, 1995)
DTE (3W) = 5nd / ¥n
oo n /e Swuadeifsnlutudl 1, 2, ., 18 uaz d Ao Swutundumswdn 1, 2, ., 14
nandildluniseanda 50% (time to reach 50% germination; Tsp): Wuduaususewund nniu 1lu
SYEEIAT 14 Jundunziudn a]'muummmmﬂam (Coolbear et al., 1984)
Too () =t + [N + 1)/ 2) - ) / (- )] x (& - 1))
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Tne t, Ao nanouwdasendusugeuunilaasmils, tj AD LIAIAAAINLIAN t, N, AR IWINFUSIUUNT U 13]1
t, n, Ao Sruaudusouunf m 1aan t waw N fo SunudugouUnivavn

aedsluniseen (mean germination time; MGT): fusiugeuuninniu uszoria 14 Sundaumzidn
AIINgns (Ellis and Robert, 1980)

MGT (F) = $nd / 5n

108 n Ao SwaususeuUnRluiud 1, 2, ., 14 uay d Ao SIwIuTUdUNzWER 1, 2, ., 14
nsessideyanieaa

WpTIRAUUlsUTIUNNERR (analysis of variance) FasfayanmNNUEATUENS IUANBALANN 9 uaz
\Wisuiflsuauuanssaadesieds Duncan’s multiple range test (DMRT) fiszsuannandosiu 0.05 way 0.01 Tagld
TUsunsuadd R Jompuk, 2012)

NAN1SANEILAZITAl

N15disINIBNUAZAIUIDN

winiiliwdsumSonndeiug (yaeuau) warmaaisanieudaiugninmuietiieasazans Cacl, 4
anududy 10, 30 waz 50% Wilnaviliwdedsinsenuasausenuandiimieeda (Table 1) lnawdadsinsenas
90.00-94.50% uazsdnfinviusongs 72.50-84.00% lnssudoulniivesinmnuiissuusinauysal Sdusing warly
Aoe 2 Tu (Figure 1A) waneiTisniawdsmioumdniiugietuarasarats CaCl, ynsefuemududu Tufnalums
NIEAUAILNBNYBUUAANINIITY mm‘ﬁmwswL;Jémw%ﬂmmﬁamiﬂumﬁmﬁuﬁjmauLﬂmﬁﬂawmﬁﬁﬂﬁm’mﬁﬁmm
soni3udu 55% Wokmunsiiusnuidussesandsyana 3 deu ﬁmﬁmaﬂqasﬁwﬂu 74.00% wiAuasiiaueveuLdn
mefludenreuinaios Fuvhlrudauansfneningaiignud aenandesiy Prapanoppasin (1999) MeumsinIoamiey
wanugngn ‘U’ ﬁﬁmwmaﬂﬁuﬁuqd 97.5% #enh iWusveznan 5 Yalus Lifinaviiudaiinnusenuansiens
afffudnilsinoundouiudaiug (97.5-99.5%) agndlsfau mawSeumfeumdaiusninvufoasazats Cacl,
fianaududu 10% ﬁLLuaIﬁm‘fﬂﬁLuﬁmaﬂgdﬁqm o 84.00% gz’iqqm’jwLuﬁwﬁhjm‘%ww%’auLuﬁmﬁuﬁfﬁﬁmﬂmamﬁm
76.00% (553104 10%) Ws1zansazans CaCl, windafiu Ca”* fianansnuiuaugamiudueedalsfn (osmotic pressure)
%I’dﬁwaﬁiaﬂﬁsmumﬁ@mfwmmﬁm Sne Cacl, § Ca WussiUszneundniifauddnsediosnnue sy
(membrane) azaneiled uay Ca iy co-factor venauleriuoari-azluag (A-amylase) Faflduelunisdosuted
avavegluoulaadsy (endosperm) anluanalngliluluanadn Jsduadunisionvenudin (Assefa et al, 2010;
Reina and Pascual, 2001; Reina et al., 2001) venanil Wangsawang and Wangsawang (2024) $189UA15LA38UNS U
widawusWintmyauieansarats CaCl, mnududu 10 Sadluans Wuszeznan 24 wew 48 dalus vilvndadany
39N 78.70 wag 67.70% AIUE1AU ‘ﬁﬂ@ﬂﬂ’hLM&WﬁiﬁL@%BMW%@MLMﬁﬂﬁuﬁ: fifieusenifies 42.35%

Luﬁmw%ﬂmmﬁlﬂshumsm‘%&mw%’auLuﬁmﬁuﬁﬁﬁuéauﬁmﬂﬂagqﬁqm fio 20.50% FliuansnansadfiuiEn
1’7im%&mw%’auLuﬁmﬁ’uié’wﬁmamiazaw CaCl, ALY 30% Laeiiusouraun@ 17.50% windu (Figure 2) Augau
Anunfdulugfiudenwndsinegiuludes (cotyledons) ifnanniudasentidwiliduseuindn ludeslsiaunsn
sudenwuadneenls (Figure 1B, C, D, E) LLazﬁuéauﬁmﬂqmgu (Figure 1E, F) ludeaidhnna (Figure 16) uazidndl
swmamwigmﬁ?juaLLUﬂﬁS&JL%ﬁwma (Figure 1H) dhuniswseundeuuiaiugnsnvnuiigaisazany CaCl, innandud
10% ﬁwaﬁﬂﬁﬁmé’uéauﬁmﬂﬂaﬁ?wﬁqm fio 7.00% (Figure 2) o1aslunsng CaCl, fdhudaslunmsiiiuainaenuagainy
wiusmenudn liudedisinseniannlufudusouundléiuiy Smuduseulnunfitesas (Assefa et al, 2010)

mim‘%smw%"auLuﬁmﬁuﬁw'%ﬂmﬂuﬁwﬁwLLazaﬁagaw CaCl, finududusing o lifinaviliudnanuaziude
meunniasadfdeiSouifisuiumdeilivioumouudaiug (Figure 3 and 4) Taofiwdaanifies 3.50-6.00%
(Figure 2) 6'?5&LuﬁmﬁmmﬂimﬁuLﬁﬂﬁasmﬂmiﬁ'Luﬁmawmsagmﬁﬂﬁ,lﬁiwnaﬂ wisuuslenasoulnalunisluude
faanog (Figure 1K) uansinudnfianisindatuniend (secondary dormancy) oraiialutunoumsifusnyisdariug
Tuanmitldoangan W DUNYig mm%ué’uﬁ’wﬁ‘qa uenNIguEnnefies 1.50-5.50% (Figure 4) lpawden
LuﬁmﬁLé’ﬂﬂ?{ﬁi”mﬂL%aiﬁs'quﬂﬂquLuﬁm wasfifeuuafiadwhaneviliAanisas (Figure 11, 1J)
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Table 1 Radicle emergence and germination percentages of sweet pepper seeds after priming with different

CaCl, concentrations

Treatment Radicle emergence (%) Germination (%)

Non-primed seeds (control) 94.50+1.00 74.00+8.49
Hydropriming 90.00+£4.32 72.50+£7.55
Seed priming with 10% CaCl, solution 91.00+7.57 84.00+8.16
Seed priming with 30% CaCl, solution 92.00+4.90 74.50+6.61
Seed priming with 50% CaCl, solution 91.00+2.58 78.00+2.31
F-test ns ns

CV (%) 5.06 9.13

ns = not significantly different.

Figure 1 Normal seedling of sweet pepper with a fully developed primary root, hypocotyl, and two
cotyledons (A); abnormal seedlings: trapped cotyledons inside the seed coat (B-E), missing primary root (E, F),

cotyledon senescence (G), infection (H), dead seed (I, J), and fresh seed (K). Bar indicates 1 cm.
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Figure 2 Abnormal seedlings of sweet pepper after priming with different CaCl, concentrations

100~
e 80 -
T 60 A
&
< 40 -
220 A 4.00 4.50 6.00 5.50 350
10% ‘ 30% ‘ 50%
on-primed seeds| Hydropriming Seed priming with CaCly

Seed priming treatment

Figure 3 Fresh seeds of sweet pepper after priming with different CaCl, concentrations
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Figure 4 Dead seeds of sweet pepper after priming with different CaCl, concentrations
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nanildlunsisinseniis 50% wazsruauiuiifisansen
Luﬁmw%ﬂmmﬁm%&mw%’auLuﬁmﬁ’uiﬁasnfﬂ%’naﬂuﬂ'mafmﬂﬁq 50% LLazﬁaﬁu’Juﬁ’uﬁﬁmmam%aﬁqm fio
5.30 uag 6.08 Tu Mud16U (Table 2) s89a31 Ao MawSeuniouuiaiudmeasazans CaCl, Avdudu 10% (5.81
uay 6.48 Yy mudiav) luvaisfwdailivSeumieumdaiug (aeugu) lHailunissensinds 50% uaslistuuiud
ﬁ'ﬁmaﬂ%ﬁﬁqﬂ D 6.84 WAy 7.45 TU MUAIRU LLam’jwmﬁmw%mmmﬁm’%auw%’auLuﬁmﬁuﬁﬁaaﬁwﬁmmu%LLﬁﬁNaﬂ
nldFiniwdediiunsefeumioumdaiusiemsazats CaCl, finvundudu 10, 30 uaz 50% uazwwdnilyl
wissunSouudniug auaey LWi’Iuﬂ’]iLGl‘%EJMW%E]lILméﬂﬁ’uﬁ‘ﬁ?Bﬁﬂﬁﬂiﬁméﬂﬂﬂﬁ?U%ﬁWélﬁL%’ﬁﬁL%ﬂﬁﬁuﬂlaﬂ lag phase
1@1L5’Jm’1mimsauwmuLmamwuﬁmamiavaw CaCl, fieandudusing 9 LLaWUﬁmzummamm%umaiumamwmwa
Tuszesd 2 Wioszusiy ‘wﬂ‘wmvmumiLuLmuaawma’lumamammmmnawu MntanAutuas Wethwdadiniu
msmﬁwwaauLuamwuqmauwlﬂﬂgﬂ Luamz@mumaquiz ¥ lag phase lATininswssundendniugioe
asavany CaCl, LLazﬁ’Jﬂ’j'n,uﬁmﬁvl,zishuﬂ'ﬁm’%auw%’amuﬁmﬁuﬁ: WesnudaleSoundeslunssenud iliudn
uwnesnliEtunazashiaue (McDonald, 2000) Fsdenndaafiy Sa-ngasaeng et al. (2020) $1891UNTIASHUNSDULLEAR
Wugn3nwu ‘California’ feth Wuszesnan 72 dalus ﬁﬂﬁl,uﬁmam’]m%’m’hLuﬁmﬁ?ﬂ,zjm’%smw%’amu%ﬁuﬁj (13.37
waE 15.33 Su mundu) 91nnnsneaesiinuin mMansunSeumdaiugninmunnIsnsinavibiwanldiatlunisee
nnds 50% uazfidrnuiuiisneniiniuudedlinioumieumdniug (Table 2) mzlunszuiunssioundon
wiaitugasdesududniugluih viemsarats Fuhasonsefunisheumediiouludsing q fidosaatsomsasan
meludn Welfudnausailuldlunsyuiunssenld (Chanprasert, 2010) wenanni wiaw3nvuiiunis
wsundeudniugietldnalumssensinde 50% uaeliduufuiifisnsenisniudainunasienndonsdn
Wugamwasavaty CaCl, NANUTUTY LWiwzmiLm%uw%fauLuﬁmﬂ’uﬁ:é’f’wﬁw RO Lﬂuﬁwﬁqwéﬁﬁﬁiwaﬁﬂﬁ (water
potential; V) g1 fim 0 MPa dloviudauteiitavadndauinis -100 f9 -200 MPa mﬂu%ﬁqw%{ L:uéﬂﬁa@mfﬂasm
557 Sehldnsvurumseniintulfiss (Chanprasert, 2010)
Lﬁaﬁﬁ]’ﬁmﬁ%mim%mﬁauLuﬁmﬂ’uﬁ‘w%ﬂmmﬁ’;aaﬁsavaw CaCl, fieududu 10% Tewadng -6.80 MPa
yliudaldnatlunissensinds 50% LLaulJf\]’]U’JU’JUVliJi”IﬂQE]ﬂL‘E’Jﬂ’JWﬂWﬁLG]iEJlI‘WiE]lILllafﬂWLlﬁWJElﬁ’]‘iaua’]EJ CaCl, %
ANULTLTY 30% dA1vadng -20.41 MPa wag 50% dA1vadng -34.01 MPa (Table 2) LuaﬁmﬂmimsamﬁauLuamwuq
WinmusLansazats CaCl, ieududusi 10% ﬁﬁwaé’fﬂéqqﬂdwmiasawﬁﬁmmﬁuﬁuqﬁ 5&‘1/711151’L3J5®@®1§11€1’L§3
i1 fedu Aanssmeduaillussesdl 2 vi3e lag phase FuAnldosauysainnniasasatsfifanudutugs Sir
2015) danndesiu Aloui et al. (2014a) Meeunswseuniouudniugnin ‘Baklouti’ fapansazane CaCl, mnandudu
10 fadluas 3o 0.1% Juszesiian 36 Halus ﬁﬂﬁmﬁmﬁwa%aﬁ&ﬂumsaaﬂﬁﬂL%faﬂdwmﬁm%uw%'auLuﬁmﬁ’uiﬁw

v

1

Table 2 Time to reach 50% radicle emergence (T5,RE) and days to emergence (DTE) of sweet pepper seeds

after priming with different CaCl, concentrations

Treatment TsoRE (days) DTE (days)
Non-primed seeds (control) 6.84+0.17 a 7.45+0.27 a
Hydropriming 5.30+0.16 d 6.08+0.12 d
Seed priming with 10% CaCl, solution 5.81+0.28 c 6.48+0.36 ¢
Seed priming with 30% CaCl, solution 6.44+0.13 b 6.99+0.26 b
Seed priming with 50% CaCl, solution 6.26+0.18 b 6.91+£0.10 b
F-test xx x*

CV (%) 3.10 3.56

**Means+SD within a column followed by the same letter are not significantly when DMRT method of mean

comparison at 99% confidence.
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naildlunssends 50% waziaanadelunison

MaesEUNSeuaATUEHINVIUMEEaTTaTa1Y CaCl, Anududu 10% wazth Snaviilfudeldinanlunissen
09 50% L%’JﬁqmLLazlaiLLmﬁmmaaaa flo 11.51 uaz 11.89 Ju mud sy (Table 3) Wuderiuwasinanadsluniseen
SaﬁqmLLaz"LJ,jLmeGmmqaaﬁ D 12.20 way 12.36 Tu muaau (Table 3) ﬁauLuﬁmﬁlﬂm'%&Juw%'auLuﬁmﬂ’uiuasmﬁmﬁ
wissunSouudniugieansazany CaCl, mnandudu 30% way 50% ldarlunissends 50% %'wﬁzjmt,aﬂmmﬂ&hqu
a0 D 12.63, 12.24 way 12.38 U A1uaeU LLazLuﬁm‘ﬁnmLaﬁaiuﬂWﬁqaﬂ%'WﬁquLaslﬂLLmﬂshd‘vmaﬁa Ao 12.71,
12.68 uay 12.67 Ju auadu wansinsnseuneuwdaiudninmiuiieaisavats CaCl, anududu 10% wagin
vlsdasonsnifuesiaiylududuseulndliiiniudailivioumioundaiug wszwdafisdoumsondnriug
WNWﬂszmumﬁQmﬁﬂuﬁws 2 o2y (lag phase) sghaiiissmeuds Werthudaluimeviendaldsuidnads 3q
sludnsentdetnemada (i, 2015) wenaind mswisundoumdaiusdemsarais CaCl, Vildawadnguos
ansaranesiiag Luﬁmzamﬁw%’waa ﬂhaﬁmizngL’Ja'm'ﬁmewmissz‘ﬁ 2 videszesiu (ag phase) lhintuegnad
UsgAviBandaiu (McDonald, 2000) wuieraiu Smith and Cobb (1991) FIBUNTATEUNTOULEANUTNI VLAY
asazany CaCl, ANududu 200 way 300 fadluans viliwdaiinaluniseeniia 50% 157 1.88 way 3.93 Ju audsu
Lﬂ%&JULﬁ&JUﬁ’Uméﬂﬁhim’%aw%amuﬁmﬁué Taanlunssenis 50% %11'7{5391 Ao 647 Fu Bnvimenadesiu
Wangsawang and Wangsawang (2024) ﬁwmumﬁmw%mﬁmmu (Capsicum frutescens) ﬁLW%SNW%’@MLNﬁ@W‘uiﬁw
@15agany CaCl, Anududy 10 dadluans wazi RO Wuszezian 48 $alus vilhwdeldnaadslunisieniga 10.42
way 11.33 U Auasu éﬁﬁL%’Jﬂ’i’]Lugﬂ'ﬁ‘lu‘L@%BMW%@MLN&@WH'&:I%L’J@WLQ§ISIUH13GBH%’1 12,53 Ju aegslsinny anwa
mswmaaaﬁwudwmsm’%ww%auLmﬁmﬁuiw%mm Jaunod’ fevh Wuszoznan 72 Falug Viqmmﬁ 30 DeALTALT
ﬁﬂﬁmﬁmﬁL’JmLa?ilstumiaaﬂL%ﬂdwmﬁmmmm%mw%uLuﬁmﬁ’ui (12.36 way 12.71 Yu awddv) Fedaudetu Sa-
ngasaeng et al. (2020) ST UM swEBNSBMLARTUNENYIL ‘California’ Faeth WWussesim 72 Falus fgamnd
30 eerwalTod lﬂﬁmaﬁﬂﬁmﬁmﬁL’Ja%a?{ﬂumidaﬂmehwnaﬁaﬁ’muﬁmﬁlﬂLm'%'auw%fa:uLuémﬁ’uﬁf (21.34 uag 21.56
U AUAIAU) ma]L‘l‘flut,wmx@mmwﬁuﬁwmLuﬁmLLazﬁu'afw'%ﬂmmmemﬁu Tne “California’ finausenSudiuiiios
56.50% FwnI Tiunes’ msﬁumumamﬁﬁmmqaﬂgn 74.00% Feilvineuauawian1INIEAUNITIONANTY ot
giadeuusrsiudenafiosdusznoumaaiineluwdaunnaaiy saudenssuaunsme@uaiiing 4 aeluwdess
Andulamdeuiy (McDonald, 2000)

Table 3 Time to reach 50% germination (Tsy) and mean germination time (MGT) of sweet pepper seeds after

priming with different CaCl, concentrations

Treatment T, (days) MGT (days)
Non-primed seeds (control) 12.63+0.28 a 12.71+0.10 a
Hydropriming 11.89+0.40 bc 12.36+£0.17 b
Seed priming with 10% CaCl, solution 11.51+0.23 ¢ 12.20+0.07 b
Seed priming with 30% CaCl, solution 12.24+0.29 ab 12.68+0.08 a
Seed priming with 50% CaCl, solution 12.38+0.43 ab 12.67+£0.19 a
F-test xx *

CV (%) 2.75 1.00

** *Means+SD within a column followed by the same letter are not significantly when DMRT method of mean

comparison at 99% and 95% confidence, respectively.

ayUnanIsANe)
MaesEuNSeNwaATUEHINIIUMEaTTazaty CaCl, ANty 10% ﬁqmugﬁ 30+2 aerwaldea 1Ju
szpzm 72 Halus Lfﬂuﬁ'ﬁmiﬁﬁﬁqm wsshiudedianusenguazwdaianuudusgs lnswdnenlmsedis
auaue Samngdmsunisuandundmsnmny
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AnANTINUITENA
VOUDUANMANGNTINGIMANTUNTN a1V UNUATIUNTOU AMBINEAT UNINgIRenwaTAEns Natduayu
Ruyuideluasail

nsdausanlunMslisuunaMuvaidey
ANARSEN (dea) uar auyfgiu, MsUfiAnde mstidwsnlumseoniuu mamaaes Msvadey
iwsesilodn F5nsiiudoya uar criteria, msdmiudoya msliasizvideya nsudswa, MsImnEinndua msuans s
Wisuieufiudeasuvisensdanud visenguidn: Junsidnd aseglye, fdns uiaeu. nisidmsaulunisdeu
Fuatiuuney duniidndn qierlve, R uhaew, Wy uzlude. mslinsafuayuiaiesdle esUfiRnng uas
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Abstract

Sandy soil is a coarse-textured soil in which most of the particles are composed of quartz minerals,
exhibiting low specific surface area and negative charges. This leads to poor water and nutrient retention capacity
and low fertility. Accordingly, it is necessary to amend sandy soil to improve its properties before cultivating
crops. The use of biochar is another approach to improve soil properties due to biochar contains plant nutrients
component and high porosity. This study aimed to compare the effects of biochars derived from rice husk,
durian peel and oil palm petiole rates on sandy soil properties, plant growth and nutrient uptake. The
experiment was designed as a completely randomized design with 3 replications and 10 treatments, consisting
of a control (no biochar) and applications of rice husk, durian peel, and oil palm petiole biochars at rates of
1%, 2%, and 3% by weight. The experiment was conducted by growing maize in pots under greenhouse
conditions. Results showed that all three biochars increased soil pH, cation exchange capacity and nutrient
content. However, durian peel biochar raised soil pH excessively, negatively affecting maize growth. In contrast,
rice husk and oil palm petiole biochars at 3% application rate performed best, producing the highest maize dry
weight and nutrient uptake. Therefore, biochar is another approach to improve sandy soil properties for
cultivating crops, but the type and appropriate application rate must be considered.

Keywords: biochar, sandy soil, oil palm petiole, durian peel
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Palm Research Center, 2010; Poovarodom, 2021) ety Fafimsazvausnaanandludiunig q vesiiveas lnediseny
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uazsesawnAesiglulpsiau 10.72 Alaniu/ls uazueaiden 7.04 Alan3u/ls luvagiiiwoanesa 0.63 Alansu/ls uas
wund@eavindu 2.08 Alansu/ls (Suratthani Oil Palm Research Center, 2010) Lsu'ul,ﬁmﬁ’uiudauﬁumLﬂﬁaﬂnﬁauﬁ
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(Tyopine, 2014) %ﬁddwalﬁdm%’;mwmﬁmﬂLﬂﬁamqL’%&JULLazLmumﬁma‘uﬁwﬁuﬁﬁmmmiqqmhl,ma‘u (Table 1) 3
amj”aLLazﬁmmmﬂuﬁm%’gmw?]{uagjf'fwﬁmaﬁa@ﬁﬁ'}mﬁwmu%amwLLazQmuqﬁluﬂixmumﬂm'ﬂa%ﬁﬁmeﬁm
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Table 1 Biochar properties

Biochar properties Rice husk Durian peel Oil palm petiole
pH (Biochar:Water 1:5 w/v) 9.44 9.95 10.28
EC (dS/m) (Biochar:Water 1:5 w/v) 0.74 0.02 0.01
OC (g/ke) 53.57 70.61 95.94
CEC (cmol/ke) 15.74 19.74 19.40
Total N (g/kg) 3.46 9.65 3.05
NH," (mg/kg) 6.28 12.36 7.44
NO; (mg/kg) 38.00 16.28 8.13
Avail. P (mg/kg) 346.80 558.15 599.35
Total P (g/kg) 2.33 7.70 3.10
Extr. K (mg/kg) 4518.86 6173291 14006.80
Total K (g/kg) 6.75 88.66 17.53
Extr. Ca (mg/kg) 524.72 2084.63 5180.92
Total Ca (g/kg) 6.02 15.74 25.17
Extr. Mg (mg/kg) 218.99 1826.34 754.26
Total Mg (g/kg) 0.99 14.00 7.59
Density (g/cm’) 0.31 0.22 0.26

Avail. = available, Extr. = Extractable

NAYBIEUTINNAINUNAY LURBNNEEY wazunumMeduThdudesudRnunsenouuasudmaans
AunTenesunIaaeiidedinndmsuniseiyiivlnvesianareusenis laeflanmdunsadauin (pH 4.53)

fisnnensuazmNuaniUasuuanlooous dwaliauiiaugauaiysali Lﬁaﬁuﬂssﬂa‘uﬁwaqmﬂqud (Brady

and Weil, 2008; Onthong, 2017) waililiidadinauanuiA LLazLﬁ'aﬁﬁuwawmu%amwLﬁaﬁmimauﬁ’ﬁﬁuuasﬁm
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mmiﬁLﬂuﬂiﬂwﬂ‘ﬁL‘Uﬁamrﬂamé’dNaumu%amwdauﬂqﬂﬁ% WU msravduiinmsnsiuiulufunseneu
Uandanalviauiiey mquLaﬂLU?{aumelaaau ﬁmmmiﬁﬂuﬁmﬁusﬁu Turariinnuruudusiuwilduanas
dowSeudisuiuauiilildandinm fuddnswauaudinmandenysowinlvaudimaeiuazsinomsluiugs
AT manunausarunuaUdus (Table 2) aonndasiuaudinundnisvnass wuii Welddugannly
Snaiintudmalifioruazsmommsganitlufuiililddiudanw (Table 3) fafdosandiudinmaniudenyidou
fUsU5191M5ge (Table 1) FsUanUdessineimsesnunlanin uinudiauginmainionysoudmalifuiiaidi
wuiindy waregluraaiidanimusig (Table 2 uay 3) luvagifiosAuiivuzausonisugniivoglugag 5.5-7.0
(Brady and Weil, 2008) ilosarndudanmarniudenizousianumnudusiuian Wenwaniuiudadiuiosay
Tagtwin lTesaindaudinInanwnaukazn gy IevdwaliiunansudinInanUion S e ulln
W0gefian usnanidnenuin arwannsaluniafisfiosvesiulnedudannlaildtuegiuaiien vosudaam
iesoghadien uituegiuiladevaeuszns Tasianizanududing (lkalinity) warUsusniidusanleoulusu
Fanm ﬁwu%amwﬁﬁﬁt,awfm’iwLm'ﬁmmLﬂuﬁmqqLLaxﬁﬂ%mmﬁmﬁLﬂul,mmvl,aaaumﬂ anunsaifiufiorvesiule
mnﬂd'lmu%amwﬁﬁﬁLaszjqnﬂ’mwiﬁmwmﬂumdﬁw (Chintala et al, 2013; Yuan and Xu, 2011) Fewuilugudanim
mﬂL'UﬁamqL'%EluﬁiwLLwaL?u&mLLaz:LLamﬁLS’?Jauﬁaﬁ’mlé’qdﬂ’jﬂudm%’gmwmmmauLLameumdméuﬁ;ﬁu (Table 1) 34
dqwaiﬁ’ﬂl,mjsua&ﬁuﬁﬁmﬂdd’m%’gmwmmfuﬁamqﬁauﬁﬁl@ﬂjqqqm I189un1sneassnisldanudinimainnietniand
lusnsn¥evas 3 Tnsvwidn viildAnfiovvesiuiiniu (6.08 Wy 7.18) (Purkaystha et al, 2022) uaginsanwinisld
mu%amwmﬂlﬁgmﬁﬂﬁaﬁmuﬂizmumﬂmﬁqmmﬁ 350 pernwalded wuin Welddudannlusng 500 Alandu/
15 viliAundsugniiiendinduann 5.27 {lu 7.43 (Manaonok et al,, 2017) Bnvts lulnsiou weanesa Tnunaiden
uAALTaL LLazLLmﬁL%&J;JLWM@Q%uSLuﬁwé’JUQﬂ @oAARBINUNSANYINATRIE1uTIN Nl lHLaTLNaURBNAKER LAY
Usgdnsnmnisgealdlulasiauvesdn a'ﬁNﬁlﬁﬁmﬂ’ﬁmamﬁmadﬁwé’wqmﬁ'u%uimaLawwvl,uimmuﬁgmm Woanesad
Wudszlend warTnuna@eondiadald (Hemwong, 2014) ilesannluduTininiismemssanaifuesdusznou Tuin
Tfinsuanuaeseenunanaiudinin lnedunsees 4 anldessinemiseenuagiedi 4 Uilkov'and Angst, 2022)
AundagninandudinmainudenyFoulusamiesay 2 Tasmin fusuameanssawaruTinalnunadeugen
Iuﬁwé’dﬂqﬂﬁmammu%amwmﬂLLﬂaULLazLLﬂumaméu 5ﬂﬁy’a1uﬁuriauﬂqﬂﬁl;ﬂﬁﬂLLazﬁdﬂzﬁ@@iuisﬁuﬁauﬁwﬁw le
Aududuveneanesaluiuguilifivgandnuazdinzdldiasas (Osotsapar, 2015) @enndesiunaiinsizingn
wardanzaniduuselovdlufundansmaassiifinsaananudanm wudr Sareninduilifinsfuugeheaudanm
(Table 3)

wavassuTanwanunay Wisnyideu wasunumaduidiusieninesyiulavasiiv

nsldeudnmanunaukarknumesUndutsusasdesas 3 Tnsthmin dwalinsesadivln (hdhuks)
vastnlnafivgnlufiuniegsniinislddmdanmsnmdu 9 uazandennsounnsasegadaiau (Table 4 uay
Figure 1) \fosannisldauganimainunavuasunumedutuildauiianiesfiuzaunifldaugananain
Waenniseu (Table 2 uay 3) dwalisimeimstududulszlevisodiv (Brady and Weil, 2008) uenaINi e19fiNaaN
AwANnAYe IR INIaTe uaaiBen uasuandiFeslufu finudt dedruvessmiananegluseiuiiliguderfiudu
AlddndanmanivdenyiFouiidadulnunadousounadontaznunafousounndifougaunn (Table 2) Fu
srenuindndinfivnganvesnunadeudeunniifenlufudmiufils Ao wWesnin 5:1 (Havlin et al., 2005) Tuns
psafudnn wud WeldanuTanmainidenyiFeu vilvinisiasydulavesinnasninislddudinmanunavuas
ununadunsuegadaia (Figure 1 uaw Table 4) ilosnnnisldduinmanidenydswhlvinuneugnifiey
1 (Table 2) ﬁuﬁm’mLﬂ‘um'wﬂ’mﬂmdﬁwhdfé’mmﬂa'qmam'amsﬂamﬂa'aasumﬁwlmmﬁﬁ%aman (Brady and Weil,
2008) Fadsrastonsiatapivlnvestinlng uenanienadinaanaruliaugavessmewnsluiu finud Auflnaudu
Fanmarndennissufiusualnunadeuiiadnlage (Table 2 waz 3) 1iea91ndwdanmarniddenyFoud
Tnunaidesdiatnlige (61,732.91 fadn3u/Alansy) %ﬁqmiﬂmu%amwmﬂLmauLLaxLLﬂumq‘ma‘uﬁwﬁuﬁa 14 uay 4
Wi mud1du (Table 1) Msiilnunal@ouguiulvdmaliiianistavinenisgelduaai@ouuazuundi@ouvesiyld
(Havlin et al., 2005) Fsdswalitnalnaaieiulnlad
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Table 2 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on sandy soil
properties before planting

Treat- pH EC CEC oM Total Avail. Extr. Extr. Extr. Bulk
ment N P K Ca Mg density
(ds/m) (cmol/kg)  <......(g/kg.......> Sevvrvreneseannn (VL) S > (g/cm?)
Control  5.27h  0.03e 0.76c 6.34 0.53d 13.00d 10.36d 17.66f 0.88e 1.36a
Hu 1%  5.57¢  0.03e 0.76c 597 0.62bcd  17.52cd 55.70d 17.73f 7.40de 1.30b
Hu 2%  5.87f 0.04de 0.90bc 6.65 0.56cd  30.1dbcd  72.15d 22.47f 11.13de 1.26¢
Hu 3% 6.42e 0.06de 1.36ab 6.41 0.65bc 39.36b 136.49d 32.46ef 34.56¢ 1.22d
Dul1% 824b  0.24c 1.09bc 7.51 0.56cd 44.55b 539.26¢ 53.27e 43.57c 1.28bc
Du2% 9.22a 0.59% 1.5%9a 7.18 0.70ab 70.10a 1310.17b  103.93cd  90.94b 1.23d
Du3% 9.33a 0.77a 1.33ab 6.41 0.79a 75.25a 1604.94a  116.03c  134.06a 1.22e
Pa 1% 6.67e 0.06de 0.83c 5.84 0.52d  25.49bcd  44.84d 89.98d  13.08de  1.33b
Pa2% 7.08d 0.11de 0.89bc 8.30 0.55cd  30.6dbcd 114.85d  155.24b  26.18cd 1.26¢
Pa3% 7.42c 0.16cd 0.99bc 7.44  0.60bcd  34.19bc 180.86d  228.05a 34.53c  1.24de
F-test * * * ns * M * * * *
CV (%) 2.35 33.56 23.81 16.39 8.98 21.21 31.61 17.29 27.43 2.50

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significant at P
>0.05, Control = without biochar, Avail. = Available, Extr. = Extractable

Table 3 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on sandy soil
properties after crop harvest

Treatment ~ PH EC oM Total  Avail. Extr. Extr. Extr.  Avail. Avail.

N P K Ca Mg Zn Fe

(dS/m) <...(g/kg)...> DS (MG/K).oooee >

Control  5.63f  0.10a 7.10a 0.24 34.27b  25.75cde  79.11c 0.34g  0.46a 8.55ab
Hul1%  580e 0.05bc  6.47abc  0.26 49.17b  1477e  98.16bc  3.86fg  0.29b 10.24a
Hu2%  6.03de 0.05bcd 6.6labc  0.29 51.17b  23.75de  126.52bc  7.75ef  0.30b 8.01ab
Hu3%  6.28d 006b  7.37a 0.29 82.84a  30.44cd  150.60b  7.64ef  0.43a  9.30a
Dul%  699c 003cd 6.79ab 0.26 76.05a  88.76a  107.43bc  25.73c  0.25bc 8.42ab
Du2%  7.42ab 0.03cd  5.50c 0.27 91.16a  5526b  107.17bc  42.47b 0.26bc 6.24bc
Du3%  7.73a 0.03d  5.82bc 0.27 7858a  9193a  113.62bc  58.20a 0.28bc 4.61c
Pa1%  7.02c  0.0dbcd 6.66abc  0.24 7870a  13.93e  144.10b  3.63fg  0.21c 10.36a
Pa2%  7.05c 0.03cd  7.35a 0.33 87.59a  2693cde  225.85a  9.97de 0.2dbc 10.07a
Pa3%  7.25bc 0.03cd  7.22a 0.29 76.06a  37.94c  252.88a  12.60d 0.29b 9.19a

Ftest « « « ns « « « « « «
Qv (%) 2.83 20 9.57 1481  16.87 16.95 20.90 1359 1333 14.94

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significant at P

>0.05, Control = without biochar, Avail. = Available, Extr. = Extractable
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Figure 1 Effect of biochar derived from oil palm petiole (PA), durian peel (Du) and rice husk (HU) on maize

growth (age 56 day). Control = without biochar

Table 4 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on leaf
number, plant height, stem diameter and dry weight of whole plant (age 56 day)

Treatment Leaf number Plant height Stem diameter Dry weight (g)
(cm) (mm)

Control 11.33 151.57ab 22.15a 152.48ab
Hu 1% 10.33 139.57b 20.97a 107.19c
Hu 2% 11.33 149.03ab 21.26a 131.37bc
Hu 3% 11.67 183.90a 20.62a 170.79a
Du 1% 9.66 93.00c 12.96b 40.55d
Du 2% 10.33 69.60c 14.42b 28.50d
Du 3% 7.00 66.03C 11.00b 21.75d
Pa 1% 11.00 146.27ab 22.40a 128.94bc
Pa 2% 9.67 145.17ab 22.51a 112.21c
Pa 3% 11.33 166.07ab 22.97a 173.89a
F-test ns * * *

CV (%) 20.64 17.36 16.00 17.57

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significantat P
>0.05, Control = without biochar

Kavasudanmanunay WienyFeu waswnumehdimiiudaarnduduvassigemis
wazn1sgaldsinormisluiy

Taszaududuresemslutlnadumilefukarsin wud nsldaudinmaniudenySeuinali
ANUNTureslulnsiay eanesa Inunaden waalfou L.LazLLmﬁL%&mﬁmqqLﬁaL‘U%'EJ‘ULﬁ&mﬁ’umﬂﬂﬁmu%amw
waglnglawizlnuna@on wuan ﬁmmLSﬁwﬁuqqLﬁaﬁmﬂdﬁwu%amwmﬂLﬂﬁamqL?sluu,agqmiwmﬂa'mu%amwmﬂ
wnaukazunumeduinuegedaeu (Table 5 wax 6) Fudunamandlnwnaeuiiadaldlugudanmainuden
‘1/1Li&luaunﬂmwmummwmmmamm wnumsUdusisy (Table 1) amaliﬂm’mL;Jawmszmmmmi%ammwwwsu
(Figure 2 uay Figure 3) mmmmmﬂmmmeuﬁmmmmauumuﬂLmq WU mﬂwmmﬂaﬂlumuﬂamumm‘wmn
wnumadduiiusasfesas 3 Tngthuin ums@m%smaﬂmigmqm Tnganglulnsiau veanesa warlnunadoy
Tu%mzﬁ%’wﬂwmﬁﬂqﬂiuﬁumdmu%amwmﬂLﬂﬁamqL%auﬁmiaﬂwﬁmmmwﬁﬁqm (Figure 2 waz 3) udaziini1u
udugs Usingnsaiiwuiiinain dilution effect Faintudlofivfintguiulnliffimsarausinemsluarandudugs
(Jarrell and Beverly, 1981) Lﬁmmﬂﬁmmmsﬁ@jmﬁm Qﬂﬂizmﬁaaﬂuma%amwﬁﬁa& Iumajﬁ%niwmﬁﬂqﬂiuﬁuﬁ
TarudinmanidenyiFeusinisiaiauiuladi (Table 4) Safinranduduvessinermags usnisgaldsimermssanei
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Table 5 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nutrient

concentration (g/kg) in maize above ground

Treatment Total N Total P Total K Total Ca Total Mg Total Zn Total Fe
Control 14.29b 0.54 9.20c 6.84a 1.49cde 0.06a 0.09acd
Hu 1% 12.79¢ 0.63 10.00c 2.54c 1.36e 0.05bc 0.07de
Hu 2% 14.08b 0.84 13.58bc 3.47bc 1.65cd 0.05b 0.07de
Hu 3% 10.52d 0.57 6.88c 2.83c 1.56cde 0.04bcd 0.0de
Du 1% 18.58a 1.48 18.47ab 3.97bc 2.10a 0.04de 0.11ac
Du 2% 14.92b 2.00 20.64a 2.44c 2.03a 0.03ef 0.09acd
Du 3% 11.10d 1.75 17.94ab 3.40bc 1.96ab 0.02f 0.12a
Pa 1% 11.54d 0.62 9.47c 4.64b 1.3% 0.04cd 0.08cde
Pa 2% 14.26b 0.88 9.54c 3.00bc 1.73bc 0.05bc 0.18a
Pa 3% 12.84c 0.99 10.26¢ 2.68c 1.43de 0.03de 0.09cd

F-test * ns * * * * *
CV (%) 4.82 64.08 30.08 24.30 8.38 12.20 19.35

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significantat P

>0.05, Control = without biochar

Table 6 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nutrient

concentration (g/kg) in maize root

Treatment Total N Total P Total K Total Ca Total Mg Total Zn Total Fe
Control 7.18f 0.82f 5.82¢ 4.38c 0.68g 0.02d 0.99bc
Hu 1% 9.58bc 1.05e 10.39¢ 2.40d 0.88f 0.04ab 0.78c
Hu 2% 8.23d 1.15d 12.06e 3.95¢ 0.85f 0.04ab 0.83c
Hu 3% 7.55ef 1.35¢ 17.02d 2.88d 1.09e 0.03bc 0.70c
Du 1% 11.23a 1.48b 32.03b 5.14b 1.38d 0.04a 2.57a
Du 2% 9.80b 1.38¢ 40.47a 5.14b 1.82b 0.02d 1.07bc
Du 3% 9.15¢ 1.55a 33.30b 6.22a 2.21a 0.03bc 0.72c
Pa 1% 7.32ef 1.17d 8.11f 5.63ab 1.47cd 0.03c 2.70a
Pa 2% 8.14d 1.54a 12.32e 5.10b 2.15a 0.03c 1.51b
Pa 3% 7.76de 1.03e 21.82c 3.78c 1.54¢ 0.02d 0.62c

F-test * * * * * * *
CV (%) 3.61 1.60 5.95 8.97 3.57 16.67 24.80

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05. Control = without

biochar
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Figure 2 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nitrogen (a),
phosphorus (b), and potassium (c) uptake of maize shoot and root. Control = without biochar
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Figure 3 Effect of biochar derived from rice husk, durian peel and oil palm petiole on calcium (d), magnesium
(e), zinc (f), and iron (g) uptake of maize shoot and root. Control = without biochar
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Abstract

This research aimed to 1) study the problems and needs regarding packaging design for the Khlong Dan
Shrimp Paste Community Enterprise Group 3, located in Klong Dan Subdistrict, Bang Bo District, Samut Prakan
Province, 2) develop packaging for the community enterprise group, and 3) assess members’ satisfaction
with the developed packaging design. The study employed a mixed methods research approach, integrating
both qualitative and quantitative methods, with a total of 9 participants. A participatory action research process
was applied throughout the study. Data collection instruments included in-depth interviews, a satisfaction
questionnaire, and focus group discussions. Quantitative data were analyzed using descriptive statistics including
frequency, percentage, mean, and standard deviation.

The findings revealed that the community enterprise group lacked suitable packaging for use as a local
souvenir product. The group expressed the need for packaging made from paper, in a rectangular box shape

with a handle, foldable for convenient transport, stackable, and durable. The packaging was designed in a light
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brown color with a white label. The label contained product details including: the recipe for shrimp paste
chili dip, list of ingredients, production and expiration dates, a brief history of the community enterprise,
QR code, production location, and a background image of the group’s geographical location according
to the satisfaction assessment, the first packaging design received the highest overall satisfaction
(M =4.57,S.D. = 0.22). In terms of specific elements, the color received the highest level of satisfaction, followed
by the label design, while the lowest satisfaction was found in terms of functional attributes.

This packaging development significantly enhanced the product’s market value, increasing its price from
60 THB to 159 THB. The newly designed packaging emphasized modernity, convenience, and trustworthiness,
contributing to greater consumer appeal. Moreover, the exchange of ideas among group members during the
research process laid a strong foundation for the sustainable development of the community enterprise.

Keywords: packaging development, community enterprise, shrimp paste products
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Table 1 General Information

Characteristics Frequency (N) Percentage (%)
Gender
Male 6 66.67
Female 3 33.33
Age
Less than or equal 40 1 11.11
41 - 50 2 22.22
51-60 4 44.44
Year of community enterprise membership
1-2 Year 1 11.11
3 -4 Year 1 11.11
5-6 Year 7 77.78
Occupation
Vendors 4 44.44
Fisheries 3 33.34
Housewife 2 22.22

a ¢ v =< 1 g (3 g’
NaNTIATITNdaYaAUNIwa AR FULUUUTTRAMIING 5 JUluY

o 4

NNSANYINUI auianelasesuuuuussadaet wudt vssadaigduuuil 1 dseduanuienelauiniian

q
% d'

(M= 4.57) 9998311 Usﬁﬁ;ﬁm%gmmuﬁ' 2 (U= 3.49) LLasuawqmmﬁ;ﬁm%gﬂLLwﬁ 5 (U= 2.90)

Table 2 Results of the analysis of satisfaction data on the 5 packaging formats

Format 1 Format 2 Format 3 Format 4 Format 5
Characteristics o o o n o
Interpret Results  Interpret Results  Interpret Results  Interpret Results  Interpret Results
Material " a.67 a.67 a.67 a.67 a.67
aterial aspec
P Highest Highest Highest Highest Highest
4.63 4.63 4.63 4.63 4.63
Format aspect ) ) ) . .
High Highest Highest Highest Highest
3.82 3.73 3.98 3.07 291
Features ) ) )
High High High Moderate Moderate
. 4.69 3.72 4.03 3.47 3.47
Label side ) ) :
Highest High High Moderate Moderate
. 4.74 3.30 3.26 3.67 2.19
Color side ) .
Highest Moderate Moderate High LOW
) 4.48 3.04 3.48 3.00 2.70
Character side )
High Moderate Moderate Moderate Moderate
. 4.33 3.81 393 3.22 3.04
[llustration . :
High Moderate High Moderate Moderate
4.57 3.49 3.70 3.35 2.90

Total average ) .
Highest Moderate High Moderate Moderate
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Table 3 The results of the analysis of satisfaction data for each item of the packaging format

Evaluation Criteria ] S.D. Interpret Results

Material aspect

The materials used for the packaging are strong and durable

4.89 0.33 Highest
capable of protecting the products inside
The packaging materials are suitable and compatible with the )
o 4.67 0.50 Highest
type of product inside
The materials used are safe and appropriate for the product 4.44 0.73 Highest
Design aspect
The structural design of the packaging is suitable for the )
4.56 1.01 Highest
product
The packaging design reflects creativity 4.55 0.73 Highest
The packaging design is compact and portable 4.80 0.67 Highest
The packaging helps identify the product of the Khlong Dan
P S8 etp Y P s a.67 0.71 Highest
Community Enterprise Group 3
The packaging is user-friendly, allowing easy opening, closing,
P sns V@ § casy opening, © : 4.33 1.00 High
and convenient product storage
The packaging is suitable for purchasing as a souvenir 4.67 0.71 Highest
The packaging is easy to store and can be stacked to save )
. . . 4.44 0.53 High
space during transportation and display
Labeling
The packaging label contains all the essential information that )
4.78 0.67 Highest
consumers need to know
The label reflects the community identity of the Klong Dan )
. ) i 4.56 0.88 Highest
Shrimp Paste community enterprise group
The brand logo size is appropriately adjusted 4.48 0.67 High
The brand logo is well-positioned 4.67 0.50 Highest
Color
The colors are visually appealing and attractive 4.67 0.71 Highest
The color combinations are appropriate and interesting 4.78 0.67 Highest

The label colors are suitable for reading the product details 4.78 0.44 Highest
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Table 3 (Continuous)

Evaluation Criteria ) S.D. Interpret Results

Typography

The font style is easy to read 4.33 0.87 High

The font size is proportionate 4.44 0.53 High

The font color is clearly visible and stands out 4.67 0.44 Highest

IWustrations

The images of symbols are clear in size 4.33 0.87 High

The illustrations used (such as line art, drawings, and modified )

) ) . 4.44 0.73 High

images) are cohesive and harmonious

The illustrations on the packaging enhance the product’s )
4.22 0.83 High

appeal and reflect the community identity

N va o
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Abstract

This research aimed to compare the effects of farm manure, bio-fertilizer, and the combination of farm
manure + bio-fertilizer on the growth and yield of Jerusalem artichoke in organic farming system. Nine fertilizer
treatments were applied including 1) no fertilizer, 2) cattle manure, 3) goat manure, 4) photosynthetic bacteria,
5) bio-extract, 6) cattle manure + photosynthetic bacteria, 7) cattle manure + bio-extract, 8) goat manure +
photosynthetic bacteria, and 9) goat manure + bio-extract to Jerusalem artichoke cultivar HEL 65, arranged in a
Randomized Complete Block Design with four replications in field conditions. Cattle manure, goat manure, goat
manure + photosynthetic bacteria, and goat manure + bio-extract promoted earlier occurrence of first flowering
and 50% faster flowering compared to other fertilizer treatments. Almost all fertilizer treatments did not
significantly affect plant height, fresh shoot weight, and harvest index compared to the control treatment. Goat
manure, cattle manure + photosynthetic bacteria, goat manure + photosynthetic bacteria and goat manure +
bio-extract resulted in high fresh tuber weight. The different fertilizer treatments significantly affected the
number of tubers in Jerusalem artichoke (P=0.01), but did not affect tuber width or tuber length. Cattle manure,
cattle manure + photosynthetic bacteria, cattle manure + bio-extract, and goat manure + bio-extract resulted
in high total soluble solids. The goat manure + photosynthetic bacteria treatment caused a significant rise in
inulin content compared to the control (P=0.05).

Keywords: cattle manure, goat manure, photosynthetic bacteria, super LDD 2
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LazAN LIRS oNTILANANY ‘uaﬂﬁnﬂﬁ?ué’ﬂziﬁmiﬁﬂmwa'ﬁmﬁumm{jaﬂaﬂLLagﬂ&J%’mesluudumsﬁ’umﬂ'au ety
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wideaisausran 80% vesdiu iiudeyatmiinandu (Gadiulusasis unndulusasden) thutdnian (ndu
Tuusiazuasges) S1uauvh twting anwenh wasaun e 1310 10 61 USinamesudsitazanetildiiavmada
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doyanu

"3meﬁ@mauﬁ’amnmﬁsﬂmﬁudauﬂgﬂuawé’dLﬁUL?{mLLdumzi’u Auneudgninudiegrsanulamaaosn
wasdnennymiu anliuisluiisy udhdshodsiuluinneidvio joinemhelnsgiidoiu fv wayan
NuRs AUGURUANITIToUazTauUgNHInNAAeY ANEINYAT NMUNGHAN UNNTNGIRSNYATAIERT INGWNUAMTUNIUEY 9.
upsUgn Welinsizsian pH msthilnih Suvdeteg veawedaiiluvsslon] TnunaBoniivaniudeuls uaadeoud
wanwdsuld  wasuundiFenfivanasuls awa"’uﬁmﬁmzjuLﬁ‘uG?haﬁhqﬁuiwwiaw’h%’uﬂﬁwgﬂﬁgﬂmmuﬁuuas?{'ﬂﬂ
Taszvinuandivaeligudiuiuaunsulgn
nsAATIvidaya

"3mmzﬁsﬁaaﬂamqaﬁa*ﬁmmmmLqumsmamLLUUEjuiuuﬁaﬂaugiai Wisuiiouaadelneds  Least
Significant Difference (LSD) mﬁ"?m'3’1zﬁﬁaaﬂaﬁgwmv‘iﬂuiﬂil,lmu STATISTIX 8 (Analytical Software, Tallahassee,
Florida, USA)

Nan1sANEILazIRsal

AudITANATiva iy

{jﬁlﬁuw%énﬂﬁﬁuﬁLLu’ﬂﬁw‘fﬂﬁawﬁdLﬁULﬁmLLdumi’uﬁ@mauﬁﬁﬁﬁu nstadeyaladivualduyilvnull
Usinameavtedadidutsslovinnfundivhiviy  dwnsladeyalasdwiindanmdunltmhlisnasunising
uazueadeuiandsuldgs Tuvaridoyauns+aunidduaneiuasdiuul i liinalnunadouiivanivasuls
a a'auﬂﬁlyjaLLW%HEWﬁﬂ%QmWﬁLLuaIﬁuﬁﬂﬁﬁwa”ﬁLﬁuLﬁmL.Lfiums‘?uﬁﬂ%mmLLuﬂﬁL%ﬁmﬁLLaﬂLU?iaulﬁqq lnggaun3d
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Theerak et al., 2020)

mMsAnwndal Table 1 WUiWLLﬂaL‘?JEJNLLaSLLNﬂﬁL%EJiJﬁLLaﬂLﬂgﬂuiﬁﬁLLu’ﬂ‘ﬁNLﬁm%uﬁau%ﬂ%dwﬁﬁﬂ’liﬂgﬂLLﬂ"u
g JuluyniSude LLﬂaLs?J&JzuLﬂuﬁmﬁmmﬁmLLaﬂLﬂ?iauiﬁimmmmLLaﬂLﬂﬁauﬁUﬁwaguiﬁLLﬂaL%BMLﬁuqa%ulﬁ
Ufduiussevhemuuniilon Inunaidey LLazLmaL%emmmmﬁﬂﬁmmL%u%usuadLLmﬁL%ﬂuauQ&‘ﬁu (Huntley,
2023) m'ﬂsﬁﬁmﬁﬂ%amwéwﬁuﬂ&Jﬂaﬂﬁﬂﬁl,maLS’?JEJ;JLLazLLuﬂﬁL%amﬁLLaﬂLﬂéaulﬁqﬁﬂdﬂmﬂ%'ﬂammﬁ&Naﬁhdlﬁm
Tnudsiunanisiniges Nooprom et al. (2017) finudn msléilsaensrududwiindanmluudenladlsidemeli
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weadenuwazuuniidedlufugsninnislddeneniiesedraiien egslsiony waé’wﬁ'mﬁ]Lmﬂﬁmﬁ’uiﬂsﬁuagiﬁ’wﬁmmﬁm
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FUADAUITNUIULAZIUADNUIU 50%
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(Table 2) Jumenusnuiudiidanau Houst 51.75 e 57.50 Ju Juaenuu 50% 9851119 57.00 Uy 62.00 Ju AL
wanFsvariunBnLINUILLAzTURBNUIL 50% Bgsendne 3.50 A 7.00 Ju Jeyala Jeyauwny Jeyauns+aunsd
FuAszilas LLazﬂﬁJyjaLmeﬁmﬁﬂ%amw MliuAung I udnenusnuiuwazAanuIu 50% L?’mdﬂﬂaﬁw%’uﬁlu onuth
wifnTnmiinenusnuiudiniusnenuiu 50% 4103

1NN5ANBIVB Kays and Kultur (2005) Tuesnaanvedununziuegsening 21 9 126 Tu nasgn S’fuagiﬁ’u

o 6

Wug LAYANNLINADY a&hnbﬁmué’fﬂzjﬁswmuﬁaNamadﬂs@uw%émi’uaaﬂmmmudumzi’umdau mwmaaﬂ%’ﬂs
duvsglumungTudsegnsenafediuiuwnune Tu ¥e1 Oshundiya et al. (2014) wui JeBunsdvinlvimunziueennen
Fanmsssumuan (dldde) Tunisfnwives Zurbano et al. (2023) wudn nnsldhudnTan wanualdlavinly

+

mupzTueanaeniidu msulevilinenuiusionalunamnansianeansSawas lnuvadoundunumdAysenis

q 9
N

nszdunsEUIUMIRnaonvesiiy  Ineveaneadaududulunsdeloundanuiiieidesiunsiadydulavesaen
lem:i‘ﬁIIWLLWﬁL%ElmJ"JEJﬂ’JUﬂiJﬂi%U’Jum'ﬁWNﬁ%ﬁV]Sﬁﬂaﬂﬂﬂﬁgﬂﬂiﬁﬁwaﬁi@ﬂ”lia%”lwmﬂ (Zhang et al., 2023) Tun1sAnw
5LLdumziJu1uv!ﬂ¢T1%’uam15aLﬁvﬁﬂ’ﬂﬁw%'auﬁ’u maiudeyatusenneniianuddgronisnununisudn lneoigiiu
Lﬁ'msuadLLﬁumzi’usﬁuagiﬁ’uﬁ’uiuaxi’mqﬂﬁsmﬂ”lumﬁLﬁ'uLﬁ'EJ’JﬁTﬁLﬁwﬁ'aﬁmsmﬁﬁzﬂumﬂﬁuLﬁmLLdumi’ﬂﬁﬁmaNém
AMAINES (Liava et al., 2021)

Table 1 Soil chemical properties for pH, electrical conductivity (EC), organic matter (OM) and available

phosphorus (P) of the soils before planting and after harvesting Jerusalem artichoke

pH EC oM P K Ca Mg
Treatment (dsm™ (%) (mgke) (mgkg") (mgkg-") (mgkg)
Soil chemical properties before planting
6.45 0.22 0.52 192.20 18.57 166.97 18.57
Soil chemical properties after harvesting
Un-fertilized control 7.14 0.57 0.57 214.90 43.30 388.86 46.39
Cattle manure 7.16 0.86 0.65 239.89 69.30 443.98 48.13
Goat manure 7.28 0.71 0.56 205.46 67.11 438.55 53.25
Photosynthetic bacteria 6.97 0.56 0.50 206.13 43.05 357.40 aa.47
Bio-extract 7.03 0.53 0.50 228.06 42.79 341.34 33.43
Cattle manure + Photosynthetic  6.86 0.71 0.67 227.72 47.85 360.00 38.62
bacteria
Cattle manure + Bio-extract 7.08 0.74 0.84 219.62 70.18 547.49 61.85
Goat manure + Photosynthetic 7.36 0.64 0.55 216.25 80.41 401.01 53.04
bacteria
Goat manure + Bio-extract 6.89 0.79 0.66 199.39 72.38 503.65 73.24
Mean 7.08 0.68 0.61 217.49 59.60 420.25 50.27

AUFIVIIAU dwinandy daninansia wazdadifiuien

GTW%’UQEJ'V‘LLmﬂﬁmﬁuﬁﬂﬁmmqnﬁu Yraninand waziiiuieunndsiuegaituddymeda (P=0.05)
wailaivi v mdnanduuandnaty (Table 3) insuledulngliinlinnugediu dninandy warsuiliuiies uansng
Nnsumuan Jegaune yala+aunsddunsienuas  yaune+auniddaunseikas LLa%;JuaLLW$+‘1§’]‘VTﬁﬂ%’JﬂWW i
Tinandnianununziugs azvuldinnislddeyaunzegiafes vienisldsuiunmininmuazafunidduaseiuas
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ssibiunussulnandaiangs  eglsiaudilifinisfnudmavesdoyaunzdonisasaiviauaslinandnves
LAURZIUNINDY

dhuinduresuiuns Tuitisenusnteudiuannssnuluivinuds Chaimala et al. (2020) $1897u
dhvinuisuuiung Suitugnlussuuraussmuegsewing 0,082 fv 0.242 duslels Tussuunsndnuuuedilliiogns
na NPK (9-18-27) §m51 60 AlanSusiols aansalvnmiinuiaduldda 2.2 dusiols (Matias et al., 2013) usdlaifsraa
S minduveununy ulussuunsnanuuUBunss é’suﬁt,ﬁuLﬁmLLdumgi’umuﬁﬁiwmuasﬂuﬂhﬁ 057 f9 0.83
(Chaimala et al., 2020) Imaé’mﬁtﬁuLﬁmﬁﬁwmmmﬂﬁmﬁﬂLLﬁdﬁ]sﬁmgmdﬁ%ﬁLﬁUL?{‘&Jaﬁﬁwmmmﬂﬁmﬁfﬂam

mswémt,ﬂ'umzi’umadﬂixmﬂimiuizwﬂgﬂﬁqlﬂﬁﬁﬂﬂﬂ%’ﬂ&ﬂﬁ wazansadmdndngity  inandniian
Uszana 2-3 fiustels (Puttha and Charoenphun, 2020) egnslsfina nandaunuseflunisAnenidifunsnasiusyu
INWRSBUVESRuNaNERTAT NI Tis e Iuﬂwwmaauﬂaﬁuﬁﬁl,l,asﬂamﬁﬁmdumsi’uﬁsﬁum wudr nnslade
ponfluwnliuiinandnianununz Jugsninsldledinmdadn  wazlewnd Imaﬁﬁmﬁﬂﬁaamagjﬁ 1.9 dunals
(Srihanco et al, 2022) siwunadeslulpfidutisinssuunmaadoudieimannddulusshuesiunds vh
Tnananaufiudy (Westermann et al, 1994) ms@nwassiinui ms‘ldﬂagat.t.wzi'wﬁuﬁmﬁﬂ%’gmw wazlayaung
FWAUAUNTIFUATIE LA ﬁLLuﬁIﬁNﬁWIﬁﬁu%ﬁﬁLﬁULﬁEJQIWLLV]ﬁL%&JMQQ%u

Table 2 Means for days to first flowering and days to 50% flowering of Jerusalem artichoke at harvest as

affected by different treatments of organic fertilizers

Treatment Days to first Days to 50% Difference
flowering (Day)  flowering (Day) (Day)?

Un-fertilized control 56.00° 60.00° 4.00
Cattle manure 52.00° 59.00° 7.00
Goat manure 51.75° 57.50° 5.75
Photosynthetic bacteria 55.75° 59.25° 3.50
Bio-extract 54.75° 60.25° 5.50
Cattle manure + Photosynthetic bacteria 55.00° 60.75° 5.75
Cattle manure + Bio-extract 57.50° 62.00° 4.50
Goat manure + Photosynthetic bacteria 53.25° 57.00° 3.75
Goat manure + Bio-extract 53.75° 58.25" 4.50
Mean 54.43 59.33 4.90
F-test ¥ * -

CV.% 3.9 3 -

* significant at 0.05 probability level by LSD.
° Difference (Day) was calculated as the number of days to 50% flowering minus the number of days to first flowering, and no
statistical analysis was performed.

Means in the same column followed by the same subscript letter are not significantly different by LSD.

13mﬁﬂ6?nmwmﬂﬂmszhmﬁué’mwmseiasmawﬁuw’%a‘?mqiﬁagiiugﬂﬁﬁ%ﬁﬂﬂﬂﬁ Lﬁmﬁﬂﬂﬁ‘iﬁuﬂ%&iﬁg\iﬁaﬁ’]
waruuaiSefianunsadosaaslelnsasvauiiduesiusenaureasdunid (Alves et al, 2019) luvhuewdeaiu
JAursddnaTwiuasiunumlunstisgosaaeussintuauliivdulgliguiu (Theerak et al., 2020) yonantul
efnUszansnmlunsduneilaesivsngie (Lee, 2005)
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FIUIUND AUNINAD LAZAINEIINT

Mfuleiunnesiurilisauhefuvesiung Tuumnenafuegsiidfoedfamnaada (P=0.01) uslsivinlsf
ANUNTIN WagAHEILANAaUY (Table 4) donnaaiiun1sAnwinaveslenansonuAMTILAUAL TUYDY Puttha
(2016) wud Jumanyilasng 9 fidnwilivhlvaruniie wazganuewvetnuaguwanemetun1eaaa Gﬁ%’vﬂﬁlﬁﬁ’]
Tunung ufidauiun laun Jeyala Joyala+auniddansert Jogauns+auniddunsziuas uay Joyaung+
Yt washSuladanandliiiiisuuisiesulsand1sandiuaIuay SnvawesdUsznaunandnmant
Rertednonsafunsiiunandnuasanuaiatevenfanaziminii lunisusudiuununefu 20 g ¥4 Berenji and
Sikora (2001) Wui1 IIWTILAUALTUIIANRESENINN 12 Uay 72 Wsedu uasvuInvewnidegsyning 29 uay 132
nuserty uidunisugnluszuuillildssuudunsd Furunefulidnvusagreslidou fadumndomsisudio
gunvewIiunsfnwdy 1 msldhmindedunasinszanuniuazamuemntoniaunainndousinay

3alé (human error)

Table 3 Means for plant height, shoot fresh weight, tuber fresh weight and harvest index of Jerusalem artichoke

at harvest as affected by different treatments of organic fertilizers

Treatment Plant height Shoot fresh weight Tuber fresh weight Harvest
(cm) (kg Plant™) (T Rai®) index
Un-fertilized control 81.4° 1.025 0.9b 0.48°
Cattle manure 88.7° 1.175 0.9b 0.45°
Goat manure 81.9° 1.350 1.1a 0.46°
Photosynthetic bacteria 83.8° 1.200 0.7b 0.38°
Bio-extract 76.4° 1.275 0.8b 0.41°
Cattle manure + Photosynthetic bacteria 79.8° 1.275 1.0a 0.45°
Cattle manure + Bio-extract 78.5° 1.025 0.9b 0.47°
Goat manure + Photosynthetic bacteria 86.5° 1.275 1.0a 0.46°
Goat manure + Bio-extract 78.1° 1.425 1.1a 0.44°
Mean 81.7 1.225 0.9 0.45
F-test * ns * *
CV.% 4.9 30.98 27.8 8.9

ns, * nonsignificant and significant at 0.05 probability level by LSD

Means in the same column followed by the same subscript letter are not significantly different by LSD.

Uunawasudsiiazanetldonun uasduaduydu

GTﬁ’iJﬂﬁlﬁLLG]ﬂﬁi’ldf‘]’uﬁﬂﬁﬂ%u’lmmmLL%Qﬁagmﬁlﬁﬂﬁﬁﬁ‘muﬂ wazUTHnaduLAY unnesiuegeidedidgmng
atif (P=0.01 wag P=0.05) (Table 5) Yoyala Joyala+aduniddunsigsinas ﬂﬂyjaimﬁ'mﬁﬂ%amw LLazﬁsJ;gaLstﬂfw
wﬁﬂ%amwﬁﬂ%mmmmLLGTJqﬁazawﬁﬂé’fﬁy’wquﬂ’jwﬂwﬁ%’uﬁua&mﬁﬁfaéﬁaﬁquaaﬁ Yedunsdnnensuldviily

3
o

YunaBuyduuandrsindifuauay ondu Jegauwng+auniddunsieiina Flurung WAUTINAUANIN
ssumuanegeituddgyneaia

TumsAnuEIuIn WU U%mmsumLLGTJﬁiazawaﬁwiﬁﬁwmlumumi’uﬁﬁmgiiz%’hq 18.4 3 29.1 °Brix
(Puakrai et al., 2013; Saengthongpinit and Sajjaanantakul, 2005) TneUsinaesudsiiazanemhlnmualuuriuny fu
WasuwlaslUmuTufuien wazszeviatlunisiiuing (Saengthongpinit and Sajjaanantakul, 2005) 31nA1snaEaU
wasuaqﬂsJﬂaﬂ&iaﬂ'%mzuﬁuaqLLG‘deﬁasaw&Jﬂfﬂﬁﬁmmmm Puttha (2016) WU ﬂaﬂaﬂlm‘fﬂﬁﬁmmma&LLﬂﬁnﬁaxmaﬁﬂﬁ
ﬁgwummﬂﬁi'mrmmﬁhﬂaiﬂa Tuitwwdndu 1wy usifome wui ﬂﬁﬁuw§§aﬂuWﬁaLﬁuﬂ'%mmsumLLS‘fjdﬁazawﬂfﬂéjﬁwm
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TusgduiiganinderSsuifisudulewd (Alia et al, 2005) usfluns@nyiues Kandil et al. (2011) inaaeuieiniiuas
ﬂa%uw%ﬂuﬁuﬂ%’q WU ﬂﬁlmﬁﬁﬂﬁﬂ’%mmmadLLG?Nﬁaz:m&Jﬂfﬂﬁﬁgwmqmiﬂﬂ&@w% wanINsMlLulAsIAULAE
Tnunadedlupuiiunumdndalunsavauutiuazihnaluiesiionh (Westermann et al, 1994) veaweaidusn
mwﬁqﬁﬁu'1/1m‘vma'1ﬂ‘ma'1Ef[:uﬂi::mumiLaJmuaﬁﬁTimmﬁﬂjﬁaﬁmLsziuﬁ’u I danEnasneAuAINUBITINILNITAIUAY
mMsudawad msdaaszsiudslui waznsazauuts fnasessdusenouvosuils nsnueanastn TUsiu wazthaalush
(Marschner, 2012; Raghothama, 2000) lasnsfnwiadsil wud1 sudeyala Yeyala+qdunidduasziuas uaste
wala-+inindanin Suwilduliuimleao¥ags Kusi et al. (2021) nuh Uiinamanalusiagni$ongedumuniuna
ﬂﬁiﬁ%ﬂ&ﬁ/\laam'ﬁaﬁﬁuﬁu aemlﬁﬁmué’J’quzu'ﬁﬁw&mwﬁmﬁuwammmﬂ%ﬂaﬂaﬂimﬁ’uﬁmﬁﬂ%amwLLazﬁgéuwgé
Fuprvinasiousinameudsiazaetnldvmuslunniuns fu

Table 4 Means for tuber number, tuber width and tuber length of Jerusalem artichoke at harvest as affected

by different treatments of organic fertilizers

Treatment Tuber number Tuber width Tuber length
(Tubers/Plant) (cm) (cm)
Un-fertilized control 16.10° 273 4.30
Cattle manure 14.28° 2.43 4.25
Goat manure 11.28° 2.53 4.03
Photosynthetic bacteria 13.58° 2.40 4.18
Bio-extract 11.70° 2.23 4.05
Cattle manure + Photosynthetic bacteria 14.01° 253 4.65
Cattle manure + Bio-extract 10.78° 2.35 4.85
Goat manure + Photosynthetic bacteria 15.28° 2.40 4.13
Goat manure + Bio-extract 14.40° 2.30 4.43
Mean 13.48 2.43 4.31
F-test x* ns ns
CV.% 11.08 215 13.6

ns, ** nonsignificant and significant at 0.01 probability level by LSD

Means in the same column followed by the same subscript letter(s) are not significantly different by LSD.
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isuleBunidnnisulaivhlivinnaduyduwnnsisendisuauan onviu Joyaune +auvsddunseika
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fUsnaduyaugainivhiumuaueaiidudidty 9nmsAnwives Pinmongkhonkul et al. (2021) Ainsaauszidiu
USinaduyduvesuiuny ulunannuasdunid 3 ulasifmianzien wui Suyduiidiegsening 59.9 f 81.5% dwu
Tuns@inwlSeuiieunavedewedl Jeren wazdeTinmdndaluwiunziu ves Srihanoo et al. (2022) wuin Jesing
vilafulifinadeuinaduydiluiuiunsi  wituwlimsladefamsasiailivinaduydugeiian  fe
65.91% sesaunfelenen (61.38%) Jendl (59.64%) wazlilldle (53.41%) muddu sgdlsfinmudslainsfinwing
vosluyaunzuazaiuniddunneiuasoasduyduluimunungiuuiney  Michalska-Ciechanowska et al. (2019)
eumsusadenuadondinaviiliuiung uiug Topstar ﬁﬂ%mmﬁuyamﬁuﬁu lnensfnwveidedisu
Jeifunlihmessglnunadonginidiudu q e Joyaunz+eduviddaaneiuas uinalnvestwunadoniunis
dintuvesduyuslifimsinuniidaiau feoruifertpatuunumilunaedouthedmanngdulugsn
(Westermann et al., 1994) ﬁm%’uwmmamauw%éé’dmeﬁuaqsiaﬂ%mm@ug%uﬁguLﬁuiﬂléﬁwﬁuw’%éﬁdmeﬁLLad
vhmhillunisdesaaeduniong relilnuvadoueglusuiifinlUldld edrdlsinunsiinisfnwidedniedvina
YpIRAUNTIALATIEILEY waskaswiulereniusiuneTusely



8 MTANSNYATNITIDUNET 2569 : 44 (2) : 0266896

Table 5 Means for total soluble solid and inulin content of Jerusalem artichoke at harvest as affected by

different treatments of organic fertilizers

Treatment Total soluble solid (°Brix) Inulin content (%)

Un-fertilized control 19.05 64.46
Cattle manure 21.98 67.58"
Goat manure 20.30° 69.05°
Photosynthetic bacteria 20.58° 68.88°
Bio-extract 20.58° 67.16°
Cattle manure + Photosynthetic bacteria 21.95° 70.22°
Cattle manure + Bio-extract 24.50° 70.94%°
Goat manure + Photosynthetic bacteria 18.70° 75.58°
Goat manure + Bio-extract 24.45° 70.76%
Mean 21.34 69.40
F-test xx ¥
CV.% 9.6 4.89

*** Significant at 0.5 and 0.01 probability levels by LSD

Means in the same column followed by the same subscript letter(s) are not significantly different by LSD.
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Abstract

Plicatulum grass is a high-potential forage crop. However, achieving high yield and quality requires
appropriate soil management, particularly in organic agriculture that prioritizes soil amendment with organic
matter. This study aimed to evaluate the effects of soil management combined with peanut intercropping on
the vyield of plicatulum grass in an organic system. A randomized complete block design (RCBD) with six
treatments and four replications was employed: (T1) control, (T2) farmer's method (organic fertilizer), (T3) peanut
intercropping, (T4) peanut intercropping + farmer's method, (T5) nutrient management based on lost biomass,
and (T6) peanut intercropping + nutrient management based on lost biomass. The results indicated that peanut
intercropping with nutrient management based on lost biomass (T6) tends to increase soil organic matter
content. Additionally, available phosphorus and available water capacity were significantly enhanced. This
treatment also resulted in a marked increase in nitrogen and potassium accumulation in the grass, leading to
the highest yield and improved protein quality, shifting from low to medium levels. Therefore, peanut
intercropping with nutrient management based on loss biomass is a recommended practice for farmers.

Keywords: plicatulum grass, organic agriculture, soil management, peanuts, biomass
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Table 1 Organic matter and nutrients from soil amendments in experimental treatments

Treatments OM N P,Os KO CaO MgO S Fe Mn Cu Zn Na
Kg/rai
T1 3528 2227
T2 2534 129 103 139 4124 2333 1.7 10.6 0.7 0.2 03 15
T3 3528 2227
T4 2534 129 103 139 4124 2333 1.7 10.6 0.7 0.2 03 15
T5 684.2 348 278 375 5138 2513 4.6 28.5 1.9 0.4 09 41
T6 684.2 348 278 375 5138 2513 4.6 28.5 1.9 0.4 09 4.1

T1 = control, T2 = farmer method (compost at 1 t/rai), T3 = peanuts between the rows (no compost), T4 =
peanuts between the rows + farmer method (compost at 1 t/rai), T5 = nutrient management based on lost
biomass (compost at 2.7 t/rai), T6 = peanuts between the rows + nutrient management based on lost biomass

(compost at 2.7 t/rai). All experimental treatments were applied with dolomite at a rate of 1.1 t/rai.

NaNIsANEILAZIRNTAl

auUAAuNaUNAADY

Han1siATeianUAnsailazn1en e aR uinaeneunIsnaaad (Table 2) Ve adesinvanausynns
TasAuidamarndunsa (pH 4.9) ilesanuanlessulszquinsisgnuzazatsoonly deiissuanleseufivhlsiiu
\unsn (Office of the Royal Society, 2019) dwaliiuTuansaiiuaniudeuligs (8.4 wudluavesuszy/nn.) Ay
65.2 LU@%L%ucﬁs{Jaw’hmmqLLamU?{&Jumelaaau zjﬁmfw'qqLLWﬁWﬁW%Uﬁ%W’J"L“U (Onthone, 2022) Tuaaeiusuia
LmaL%&J;JLLazLLmﬁL%MﬁLLaﬂLﬂﬁaulé’agﬂmhwfmdwﬁﬁLLuzuﬁ LﬁmmﬂgﬂLmuﬁﬁasﬂaimL%uiaQBULLasazqﬁﬂ’ulaaau
uen9ndl Audsdivdinamearesaiidulsslonisnun esngnassegfueenlesvoundnuareraiiiy duuiun
SunFeingeglusziuuiunans (Office of Science for Land Development, 2004a) andvizwavesingduriindiin
mﬂmiﬁ’ummadmgﬂauﬁumauﬂqﬂLﬂé’ﬂﬁ’uﬁuw‘?amsmmmLﬁﬂﬁﬁmwwmﬁuﬁﬂ (Soil Survey and Soil Resources
Research Division, 2017) #uaudintanienm auiiifefusrumbertunsie fAnunuIwiuTINEs (1.6 n/av.gu.)
Iﬂamawmﬂqmm’mmmsﬁjauiwaﬁmwm wazAufinuduiduusslenisefion (11.5%) axfoudslymmsszune
11 018M9INA LLauﬂﬂLﬂUﬂ’nWUWUEN(ﬂu (Office of Science for Land Development, 2004a) ) Tunwsin audinisadl
vosauiidediniuaudunsa nsviawnauneanesa uasauliaunavesuanlossulszauana dwantini
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Table 2 Soil properties before experiment

pH EC 1:5 Avail. P Exch.Ca Exch.Mg Exch.Na Exch.K EA ECEC oM BS AWCA pb Soil
1:1  (dS/m) (mg/ke) (cmol/kg) (%) (g/cm®)  texture

49 0.04 2.3 3.96 0.92 0.04 023 84 136 18 348 11.5 1.6 scl

pH = potential of hydrogen ion, EC = electrical conductivity, Avail. P = available phosphorus, Exch. Ca =
exchangeable calcium, Exch. Mg = exchangeable magnesium, Exch. Na = exchangeable sodium, Exch. K =
exchangeable potassium, EA = exchangeable acidity, ECEC = effective cation exchange capacity, OM = organic

matter, BS = base saturation, AWCA = available water capacity, Pb = soil bulk density, scl = sandy clay loam.

AUUAAUNAIWAADY

NAILASIENAUNAIN1NAaBY (Table 3) WUl Moy wazan1si i Lidauuanaiamnsadfsyninasisu
nsmaaes winsugnidassandiunisladedunigiuualiuanadniies (pH 5.6-6.4, EC 0.04-0.07 dS/m) 1ile991n
nsesslulasiauvesdidadiaiudaelunssviunsdesaasarsdunisuazanainisiluivesiu eduillulnsiau
\sfuardaasufonssunisdevaasanssunidfiiuadly uazenavanuaeslalnsavlessussnumilisuiiftovana
Bntios Ysinalelnsiulessufiiiiniu deunalaflessutszquiniiiuesdussneuesasazaisinde Jxtwandn
asthlniwesiu nsiwasundas Mevwazainisubiiad adululuiieniadieddu (Aydinsakir et al, 2015) dau
dunsedng ldnuanuuanamieada LLﬁiﬂﬁﬂqﬂﬁaﬁaqi"mﬁ’umﬂdﬂaﬁw’%éﬁLLuﬂﬁmﬁw’ﬁumﬂmwmﬁmaxmi
duasunszuiunsgesaaiy uanliiiuin mﬂa'ﬂaﬁw‘%ﬁﬁLLmIﬂuﬁmumsU%’UU'a;dﬁuiuis&w&m Woanaafiiiu
Uszlewd danuunnnsegdvedidny Inonslaledunidamdmnaiigydsifiuveanssalufu > 10 un./an)
(Office of Science for Land Development, 2004a) msﬁWaaWa%’aLﬁuﬁuagﬂuwéfuﬁmmgau denafsion1suaniialy
adasioly vausd Amnuvuudusin weaey wund@ey waslwunafeniuanuaould mwQLLaﬂLU?{aumelaaau
Wesiudanudusimenis wavnsafivanudsulsd lufianuwansnstunsads mf\JLﬁmmﬂﬁum'%aﬁ’mqﬁlﬁi”ﬂut.wiaz
ﬁw%umﬁwmaaaé’ﬁagﬂuﬁzﬁuﬁﬂ finsladedunidiieuatinen Fadsldfnadonisdsuntasdnuaslassadeiu way
aruanansalunmsgedulszauanuesiu Yszneufudvinavessinaniiuuargamgdiigsluseudviliisanssuauns
govamedunidansanianssuuesqdunie dualifugndeduvioingiiivadlusgnssinig egrslsfin drzuns
naasafiugniadassauiunsladedunidaudinadunaiigyds fnsasaulafouiiuandsulsgenindiuns
npaeddu o egeiituddy wididnogluszdutiunans linsenudeaunasinomslufu (Onthong, 2022) 814
iesannslaedunidauinmaiigande dwalivgemsdniuaziidanaiapivlaldd vilvidnsgaazalefon
ndedunsdiiuliludimessn Lﬁ'aﬁﬁﬂﬁmﬁiaaamaﬁaﬂamﬂdaﬂIGULﬁauﬁquﬁu Flvauiivsunalodeuiivaniuasuls
qnﬂ’iwﬁﬁumwmaaﬁu Tngtaniznsdvesdldas fsenuanuduvesiuiiinanndeladon Assauldiiu ¢
WATuAownT dwaieuindenisiasyivlnvesdidas (Aydinsakir et al., 2015) wennil f3untsnaaesdiling
nAava e mnsdnigaannisladedunidnudiaiigydefissedaievdeldsiuiunisugndtdas dualiseeu
mm%uqnqmﬁLﬂu‘u‘iﬂwﬁ@iaﬁﬂjqdﬂdwﬁ%’umsmammmua&hdﬁﬁ’aﬁ'}ﬁzg Fokiiuin nsUgnuanemnsdndsiuiu
mﬁ%’mﬂ'ﬁﬁuaﬂwmmzaw&wiﬁﬁumuﬁaﬁﬂLﬁuﬁﬂudauﬁﬁmmu'limumwlm’lﬁu%u Fraty n1sugnue1emsdnd
venandredusgldunnensns Sfldmtiafiuamnundudsyloniveniluiu Sadufivmadeniinsduasunensns
Tidssslenlunsiunldadeseliazdrenuanuiuluiu
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Table 3 Soil properties after experiment

EC 1:5 . Exch.Ca Exch.Mg Exch.Na Exch.K EA ECEC OM BS AWCA pb

Treatments © (dS/ Avail. P (g/cm?)
1:1 (mg/kg)
m) (cmol/kg) (%)

T1 6.0 0.07 47b 5.2 2.1 02b 02 43 120 1.1 627 9.8b 1.5
T2 6.7 0.09 6.3ab 6.0 2.2 0.1b 02 33 119 1.3 71.8 10.2ab 1.6
T3 69 0.11 6.lab 6.4 2.9 0.1b 03 34 131 1.4 739 10.9ab 1.6
T4 56 0.04 9.0ab 28 1.2 0.1b 02 47 89 1.8 428 9.9ab 1.6
T5 56 0.08 134ab 4.5 2.0 02b 03 47 117 1.8 583 11.3ab 1.5
T6 6.4 0.07 18.9a 5.7 1.9 0.3a 04 39 121 1.8 627 1l.6a 1.6
F-test ns ns * ns ns * ns ns ns ns ns * ns
CV.% 13.1 536 422 508 40.3 288 564 267 223 292 247 7.1 7.4

T1 = control, T2 = farmer method, T3 = peanuts between the rows, T4 = peanuts between the rows + farmer
method, T5 = nutrient management based on lost biomass, T6 = peanuts between the rows + nutrient
management based on lost biomass. Different letters indicate significant differences between treatment means

at P<0.05, * = significant at P<0.05 and ns= non-significant.

sm@Imslune1e MR
mﬁmswzﬁﬁmmmﬂﬂuﬁwﬂﬁmmLﬁmwaﬁammmmmiuﬂwmmisﬁﬁmmmimmﬁsu nnsUTEIEY
AnudutusImeImslungmauaydundinisnaass Usenauaig USUNas1neImisuan 5199115589 3a519ueiin
swdsTunaladey (Table 4) wuin mmﬁu%’uﬁmmmiﬁﬁ%@mw 1ANURULUIRINFITUNITAEaRY 91NNTLEI0
Fannsfuiianariy USUIUTINDMTNENKATTINDINITIO NFINIINARDY WU NITAZANTINBIMTIULAEEAITUNNT
naaosdulvglifianuunnsiranisada snunsdvedulasiau uazlnunaden d¥unismaassiilddedunidau
Uiinadnafigydesuiunsugnisdasdinsazaululasiau uazlnunadon gandndiunismaasseunu agned
DEGRETY Lﬁadmﬂmﬂdﬂaﬁuw%eﬂﬁ’lﬁmQmmimuﬂ?mmﬁq@Lﬁaaaﬂmﬂﬁuﬁ Paelgemsdnilasululnsiau
naunudwifalufunandn Uszneufunsugnindastiefislulasieuluiu 91ndanssugdunidngulsladenuiim
51067 Aansansslulasiauaineinianisludesingdufiu (Mao et al, 2023) eeinunaswadlulasiaulvngn
omsdnigeldldegrafivame Wonghemsdaiiiunsazaululnsiau Fsdaadulivghomsdnigaldinumaideon
Wiy Lﬁaqmﬂamﬁgaamﬁummwwﬁwﬁiwﬁ’uaei'mwiusﬁ’m Tulasiuvhnrifdussdusznevvediusiu wasidu
29AUTENOUAABLINAA lUNTEUIUNTAUATIZHIELEAT Lﬁamammmﬂugﬂmmﬁwmamq‘[ﬂa riau%gmﬂ?{autﬁuﬁwma
SgimaLLazLﬂﬁauﬁwm%quﬁaé’%ﬁmmmi dnlnunadeuihminiidaglunsduaseilsiu uastredndouihmadils
IUazaudunassu dusuldlufanssunisasgivlnvesiie ﬁ']@ﬁ/'?daaﬁqﬁé’umﬁ%mL%ﬁmﬂﬁiaﬁu (Osotsapar, 2009)
Tuvauzdidhfunismaassdu q lisusmemshisenadestuaudesnsvomanduayiy Jsiinsgeldlulnsiounas
Tnunadenluysinadidosndn drudinalefeunazyass waan1snaass wud nsazaulaiien wdn dnzd uaz
nosundlunge1msdnd veausazisunsnaasdldfinnuuandamneeda endunsdvesuusniia dsunismaaoia
nsazanlulasiouluvgemsdadogiasiuta annisladedunidesufemiesaniumsugnitdaduuuazay
wenfagenindizunsmaassaugy Taslaniznslaldunigifinumsnssmiunsugniaas uaznslddedunie
awdanafigyde dwalivgiemmsdniazauuusnidageniidfunimeassnuauegeaitudify e1aifiedain
wisnfaidunsisendauindululasiau luunumtedaasziaaelsilad Jainsgeldavauluiamaderiululasau
(Osotsapar, 2009) aeslsfnu WefiarsaunanumnzaunututusIgesAiduesdUszneuve g o1dn
dm3uidsda (Whiteman, 1980) Flifiuin smpnsdnilvgjogluseiuiiiivme sniunsdveseaieda nui eglu
sedudnimuusegaauda desndn 2.2 n/nn. Weswindedninvesiu Afannudunse Swanaudulselon
voanloanosalufiu Turaedl wn uazuusniia fanududugeninauugimvaiewing erafnaneauliaunaly
n1sgaldsineims anannzmaduljinddedu ibinsavaureanesdlunawawanaudsegluszauliiisane
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Table 4 Nutrients in plicatulum grass from the final harvest

N p K Ca Mg S Na Fe Mn Zn Cu

Treatments
(g/kg) (mg/ke)

T1 7.3b 0.6 18.5b 4.7 2.4 0.6 0.5 95 570cd 21 25
T2 8.1b 0.7 20.0ab 4.7 2.6 0.5 0.5 174 569d 30 26
T3 8.2b 0.6 20.0ab 4.8 2.6 0.6 0.5 103 612bcd 25 25
T4 8.3b 0.7 20.1ab 5.0 2.6 0.4 0.6 120 697a 33 23
T5 8.9ab 0.7 21.1a 4.5 2.6 0.5 0.6 99 678ab 26 21
T6 10.8a 0.7 21.3a 5.2 2.6 0.3 0.9 100 652abc 27 21
Sufficient level >8 2.2 >3.1 222 =212 - >0.5 >30 >40 >20 >4
F-test * ns * ns ns ns ns ns * ns ns
CV.% 12.4 8.2 4.5 9.8 6.1 46.4  40.2 40.5 5.8 30.2 121

T1 = control, T2 = farmer method, T3 = peanuts between the rows, T4 = peanuts between the rows + farmer
method, T5 = nutrient management based on lost biomass, T6 = peanuts between the rows + nutrient
management based on lost biomass. Sufficient level (adapted from Whiteman, 1980). Different letters indicate

significant differences between treatment means at P<0.05, * = significant at P<0.05 and ns= non-significant.

NARANNEY 181915807

ns@nyInarasaun MRandnng e sdnd Wuduussznaunsdaduls Tunsdndenizdnnishiui
winzaudmsulgnue e msdnd nadnwinishinandavg e msdnilaesiu naoaszeziianisnaasdluseu 1 U
Pnmsfiuieaanan 7 as nui nendanghonsdn llemnuiuslsmus3unsmaaes MILEIHNMNIAITINA
Aquduifivsegauior viosamdunisugndndas ﬁmaiu“lm”%’umawﬁmfmﬂ’ﬂamqqqm 16,179 waz 18,414 nn./ls
muﬁﬁu aqﬂ’jwi"ﬁuumumaemﬁﬁaﬁﬁm el vinananivinan 8,643 nn./ls (Figure la) dennaesnulsunuKaNEnR
dhudnuis nsifiusAeIvIuTaatigy deiissedauien viesamiunisugnitdas Mmamamumummamam
2,883 wag 3,730 nn./13 muady ganddadonandavgwdnayduiiugniily 3 fisenunandniminuis 2,200
nn./ls/0 (Vaithanomsat et al., 2015) Tusumu‘w m‘a‘umimammumﬂmamamm‘munLmqmqm 1,264 nn./1s ( (Figure
1b) wonantl navsduamamugesEns Iiun Wesiduddmiinuis uasuiialusiu wud aenndesiutona
nanAntmTnanuaz vt nu s e sdn nMsifinsnevnmuTunaiigydefisseguien viesuiunis
Uaﬂmfﬁ%m ﬁwaiﬁmﬁwmwﬁé’m’iﬁLU@%L%M&W%LLﬁnLLaz‘U?mmMiauqqﬂ’iwﬁ%’umimamﬁ'u TPglanIgAIsunIs
naaosiivgnidassauiunsifiusinemsnudamadiqyde denalingnomsdnidvhvtnute (Figure 10) uay
Usmnaulusitu (Figure 1d) gagm 20.30 uay 6.73 Wasidud muddiu uaziflofinnsannisnszaneiivesdoyaiiodis
wui1 msUgnddassiudunisiiusinemnsaudinaigandelusuvestedunid aunsasnszduuinalsiuves
neomsdiansedusungsedulunarlév 4 wamegou Wewdsuifeutusisummaasiniugu Turued
mM¥unsnaaedy msmsﬁnasuadwa%mswﬂﬂiﬁﬂul,wiasLLanmaaumuLﬁﬁnagjﬁzijdadqmmwsgﬁvﬁﬁvmu
na1a (Department of Livestock Development, 2004) Flifiudn Fasananfinrummnzaudmsuiunldifuiuna
Tsfuvemvigemsdnd Suduisfemniluduaunnensns esnmaifiusinervnsnaiinadsnaiigyds viilv
e sdailiFusinensvaedniianlufunanan dwwalvidindsnemsiismedmiumaaiagdulnuazaiins
psAUsznounandnlusoudnald (Marques et al, 2024) UsznaudunisugndldasisiiuuTunalulasiauain
nsruunInsabulnsiauanemaunadesiluiulaefanssuvesnuaiiisongulsludey (Stagnari et al, 2017) ¥h
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Figure 1 Fresh weight yield (a) dry weight yield (b) dry matter percentage (c) and protein (d) of plicatulum grass.
T1 = control, T2 = farmer method, T3 = peanuts between the rows, T4 = peanuts between the rows + farmer
method, T5 = nutrient management based on lost biomass, T6 = peanuts between the rows + nutrient
management based on lost biomass. Different letters indicate significant differences between treatment means

at P<0.05. Protein level classification in forage grass (Department of Livestock Development, 2004)
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n&eliiBasis (Dendrobium lindleyi Steud.) finendwmassendy finduneumnuadronauiissaduidey
Tuwgﬂ’mwwt.?:mﬂé'miﬁ nsvereRusndeliifondnlusssunAtsninissending wiyAulauazesnnonts
Jatrianenannduguassanenisveneuguaznisusuusanugndagly mu’?%’m‘fﬁi’mqﬂismﬁl,ﬁaﬁﬂmmamm
6-benzylaminopurine (BAP) 521U 1-naphthaleneacetic acid (NAA) sian1seanasnuaznisiasgiivlnvesndaseld
Besiisluanmiasaie LW’I%L?;’EJW’IJUE]IE]UB’]E; 10 dUa9i UUBIMITENT MS Soudasiiiu BAP Sauifu NAA TéuA 040,
0.5+0.5, 0.5+1.0, 0.5+1.5 4@z 0.5+2.0 fiadnsu/dns \Juszeziian 20 a9 nan1IMAae U3 ©I15GAT MS
FauUasiivin BAP Sauifu NAA avwuidudu 0.5+1.0 fadniu/ans uaz 0.5+2.0 fadniu/ans dwaliinsuiunenady
qdﬁqm WU 0.6 Aen/etnsity udsnmnzidsaduna 4 §Uans 2IU5GAT MS faulasiiiu BAP $2uiu NAA
AULUNTY 0.5+0.5 Aadnsu/ans dqmaslﬁﬁi’wmuaamaﬁaLLazmmqaaama?{aqaﬁqm WAy 11.9 gop/Mg19Ne Lag
2.4 WURWAT MUEIFU 819158NT MS FauUasiivin BAP $auifu NAA avuidudu 0.5+1.5 fadniu/ans dewalisuou
SWﬂLaﬁagqﬁqm Wiy 18.8 sn/fheensiiy Anadedannuuandnegtsditeddmnsedafisesuanadeiu 95%
frdhdny: ndwldl mamnsdeaieude A13AUANMIATYRUlATY nseenaenluanmINEEE

Abstract

The Dendrobium lindleyi Steud. has yellow-orange flowers and a sweet honey-like scent, making it
popular among orchid growers. Propagation of orchids by seeds in nature have a low survival rate, slow growth
and flowering. Such limitations are obstacles to the propagation and breeding of orchids. This research aimed
to study the effects of 6-benzylaminopurine (BAP) in combination with 1-naphthaleneacetic acid (NAA) on the
in vitro growth and flowering of Dendrobium lindleyi. The ten-week-old seedlings were cultured on modified
MS medium supplemented with BAP and NAA at 0+0, 0.5+0.5, 0.5+1.0, 0.5+1.5, and 0.5+2.0 mg/L for twenty
weeks. The results showed that the modified MS medium supplemented with BAP and NAA at 0.5+1.0 mg/L
and 0.5+2.0 mg/L resulted in the highest average number of flowers, which was 0.6 flowers/explant, at the
fourth weeks of cultured. The modified MS medium supplemented with BAP and NAA at a concentration of
0.5+0.5 mg/L resulted in the highest average number of shoots (11.9 shoots/explant) and shoot height
(2.4 cm). The modified MS medium supplemented with BAP and NAA at a concentration of 0.5+1.5 mg/L
resulted in the highest average root number of 18.8 roots/explant. The means were statistically significantly
different at the 95% confidence level.

Keywords: orchid, tissue culture, plant growth regulators, in vitro flowering
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AU

\8 09il 9 (Dendrobium lindleyi Steud.) \lungavldiussiandulmasa (Sympodial) fnsiasaivinly
e Tagazuanuislviandgnndeiisuazislodignndelvsiiniqdvlaifuiiazeonneniaznganisiaiadula
iy mielmifasindusaziminisely dnvasuiiilindeldFinieainsunnneuasuivenseenluidos 9
(Bottom, 2024) LgaaﬁdwulﬁuﬂﬁuLLé’dLﬁaunﬂmﬂaﬂL*Eumﬂiﬁsuadﬂﬁmﬁiwa ﬁﬂwmsﬂisﬁwﬁuimadLgaqfn fio an
annaledleady e1usvaa 2 - 3 i usazdrezfiiies 1 luwidy Tuiidnuaznans Tunun enaussana 1 i 9o
aoniinandenaziosanduniseniuszinn 7 wufiues fnenusyana 7 - 20 aen aenduuiulsiidmdeseunden
fesndazdut uaududindosoudy panmenlusenituseuiiuAufimguniruveyny (Lanna Magazine on Cloud, 2021)
nsveeiugkaynIseusnYiugnssuvendelivnluiannsavildegalivssdnsam losnanmilnaingrvesild
LLazmsLﬂgauLLanqﬁBWﬂWﬂmadIaﬂ win Tl dunds nsvilsideuass waznisadradeou Wudu vlshsinissen
warn1ssendinvenudandielilusssumdsuin dmansenulnensadesiuiulszrinsndaeliivn N13v818WUG LY
amwﬂaamﬁyaﬁuﬁu’j%mwmaﬁ’uﬁ:ﬂé’wiﬁﬁ'mmzauﬁ'qm (Ritti et al, 2017) uonanil NsUSUUTINug
wazmsfmdoniusndelignuandeisrafuldssosnauu iesmnidodiadiuinsdinvesndelsiililunsesn
G]E]ﬂﬂ‘?dLLiﬂsLs?figﬁJzL’Ja’IU’mMa’]EﬁdJLLazﬁﬂW‘WLL?ﬂéjaﬂﬁﬂﬁUﬂwlﬁmﬂ (Teixeira da Silva et al, 2013) fatfu Wnansnsa
%ﬂﬁﬂﬁﬂé’lﬁﬂﬁaaﬂ@]@ﬂi‘uaﬂ’]‘wL‘W’]%Lgﬂdﬁ]z‘ﬁl’JEJEJ"US%EJSLﬁaﬂﬂﬁiﬂ%uﬂiﬁﬁuﬁ:adlﬁw’m

misu&n&Jﬂ’ua:ﬂa”aalﬂuamwﬂaamL%ammml,l,ﬂqaaﬂvl,é’ 2 33 Wun (1) msinzdandeldlugamuasnide
fie msthudandaeliluidouuemsdaaszdt sudnidululanesu (protocorm) waziannlUdudilvsifiauy salls
Fiwzdmiumnzmdandelignuaniiviulsiugiuintm viedeoysndiugnssundeliiusfuturiewusin
waz (2) Msnidsnidedendaelsl Ao nnimieseu denendou luwazsin Tdsduemsdunseiauindu
TusTnaasaiiien (protocorm-like body) wagimuliudilyaifiauyselld Fdmnedmsuiusunuduldld Ui
winuaziidnuazmiieusudy deuldlugnamnssunisndanaielifinnenuazndislidnszans (Piluek, 2015) yonanil
m‘i‘umaﬁ’uﬁ:ﬂé’wiﬂuamwﬂaamLs’ﬁuaé’ﬁﬁsﬁaﬁaﬂwmaﬂﬁzﬂﬁ oun Wesidudniseenas uuilowsgyegenininay
auysoludausnssmuaeiug maeidvlpdamiuaiiase Unennlsauazusasdngiiy 1usy nsinzdsailede
Fegnihunldndandreliiinisdneganinswnnsaunaneduiivgnangsu (Department of Agricultural Extension,
2016) mwmﬁlﬁuﬁﬂuamwﬂaaﬂLéﬁyaﬁwLﬁumsmuqumiw%@Lﬁuimﬁsn Taun lelnladu (Cytokynins) wayesndu
(Auxins) Lﬁaﬂisﬁumﬂmqwaa‘msﬁ’wuwanwaéﬁm Fadeafidnarufiianzan (Kieber and Schaller, 2024) Tunns
wnsideuiiedeidesils aunsald 6-benzylaminopurine (BAP) 571U 1-Naphthaleneacetic acid (NAA) agvinlidl
UTIN 31uUly ai’mawﬂauaxﬁmﬁﬂamqnﬁqm (Supinrach and Supinrach, 2014) UfwIATBYANIISINTEEN
penmuluanindasaide

farfa r:ﬁﬁ’ﬁl?mﬁi’mqﬂizmﬁﬁaﬁﬂmmasuaa BAP way NAA Aon15L59n1909na0nlazn1stasyLaulneeg
n&wliiesisluanmdaonie suasdudsslovidentsuetoiug maoyindugnssuwagnisusulssiugndaels
famsilinssenaenuasiaiiulnmesndaelsiesnniineluanmiasade axvhliinysuugsiugansadaned
vosnen JUwesnuzvasnonndeliildiininamzisdusssud

A5N15ANY

n1sWensindauazdinindusaundaslfigacie

hilnndaeliidesiiaundrevhanuareindeinsndsaunasdadiondsadity 2 ads Suliuisie
nsgauduidaininguaande weonsideiinndaeliidesieiasansazans Clorox® Arndudu 10% WWunan
10wt sy thilnndaeldid eeil sluguluweniuea 95% Wunan 3 3ut wdahlvaulidensziies
Leanesed 2 ATa q ay 3 Junft Wi AuueaneseTiogusAREnnEw gn W ivsiaunun thilnndaelsindn
Uinudwnagdrineiln udilnndelinuuuiuenvesiln wnsiinndgliudniiaudeiisnvusiduns
avBonlUmeidsuuemsgns Ms figamnd 25:2C Tuanmiladuna 1 duemi antdu wnzdeduanmliiuas
2,500 &4 (16 Falue/Su) Wunan 9 dUawi Wedniliudandeliiasadulusinresusasiamnduduseu
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n1sANYINAYES BAP uaz NAA densissnmssanaanuasnisiasqyivlnvasndasliidosis
MIUHUNIIIARBILUUA ALY Al (Completely Randomized Design; CRD) $1uau 5 n3333% 4 aw 20

ﬁlﬂLaaﬂﬁuéBUﬂé”JﬁJlﬁLg@dﬁdﬁﬁﬂﬂu@dﬂizwﬁm 0.5 URALLAT ﬁmmaaﬂl,l,a”’gﬁﬂﬂwazl,?iymuummiqm MS anulas
fLfu BAP Sauffu NAA fimnududuuanaieiu 1aun 040, 0.5+0.5, 0.5+1.0, 0.5+1.5 uaz 0.5+2.0 fadniu/ans
Toowziaes 1 du/ana andu dildmnzideduaninliuas 2,500 809 (16 alue/5) ﬁqquﬁ 25+2°C 1Junan
20 dUa v
NMSUUTINHANTSNARBILAZNNTIATIZUNIEDR

Judinsanisneaeavn 9 1 dUaii laun FUnvifisueennen SuIunen SIULEN ANUGIVDIYDALAYITUIUTIN
Wusvazinan 20 dUnii SiemgienaulsunuuanuSsudisuanadedie3s Duncan's new multiple range test (DMRT)
fisvaummudoiu 95%

NanIsANEILAZIRNTAl

mswansindawazdnirdusaundlgldidesi

nsWensidouardnihdusoundreldidesi ua‘"ﬁmﬂwaLgﬁmLuﬁmmé’wlﬁﬁaﬁwummiqm MS aelsl
aomiladuaen 1§k nudt dasuenwezaiaduluslaredy mendmnmnededuanmliuadustanefunduilid
Fowasiaundudusounudidurunssiaiugeuiiiamiugessana 0.5 wufuns vdanmizdsaduna 10
fani
n1sAnYINAYES BAP uaz NAA denisaanmanuasnisaioyiulavaandaeliidasie

NSAN¥INATBY BAP LA NAA sioniseannenvasndrelsidesiis wuin ﬂ’]SLW’IngﬁNUuaWWﬁQGﬁ MS il

\Auansaugunisiasgiavlaivliiniseennen uie misans MS dauUasiiiin BAP $aufu NAA TFuA 0.5+0.5,
0.5+1.0, 0.5+1.5 uay 0.5+2.0 fadn3a/ans dUavidisueenaen Ao 4 - 5 dUnnindimnmnsiEss Weddudniseannen
WinAu 0, 33.3, 40 0, 26.7 WAz 40.0% MUENU LLavmmsmmuﬂmﬂmaﬂLaasl 0.5,0.6,0.3 LLa” 0. 6 ADN/FA8819NY
AUAIAU mLaaEJGU@ammumaﬂummLLmﬂmaasm:uuamﬂﬁumaaamwmmmw3~GmmmL%auu 95% (Table 1,
Figure 1) pa1ududunazdnsfivunsausening BAP uaz NAA fia 0.5+1.0 uaz 0.5+2.0 Jadniu/ans awsadniinig
pennonuaziesiiuiniseanaen 0.6 aen/feteiy wag 40% muddu @onrdastu Zhao et al. (2012) Awmzidos
naeldl D. strongylanthum vue3d@ns MS Faudasiliiia BAP $auifu NAA eandiudi 2.040.2 fadnsw/Aans awsadn
ﬁﬂﬁﬁLU@%L%uﬁmﬁaaﬂmaﬂqqﬁqm 40% wonanni Sanuinndaelst D, nobile ﬁwaLgawummsqm MS Aaulas
fuiw Thidiazuron (TDZ) Aududy 2 Saansa/ans mmaa%’ﬂﬁﬂﬁmaiﬁuﬁmiaaﬂmaﬂqdﬁqm 54% (Nadal et al.,
2023) lednae

Table 1 Effect of BAP and NAA on flower induction of Dendrobium lindleyi in vitro

BAP NAA Flowering initiation Flowering No. of flowers
Trt (mg/L)  (mg/L) (weeks after cultured) (%) (Rowers/explants)
1 0 0 0 0 0.0+0.0°
2 0.5 0.5 5 333 0.5+0.3°
3 0.5 1.0 a4 40.0 0.6+0.4°
4 0.5 15 5 26.7 0.3+0.3%°
5 0.5 2.0 a4 40.0 0.6+0.4°

Meansztstandard deviation followed by a letter indicates statistical difference using DMRT at 95% significance level.
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Figure 1 The Dendrobium orchids bloomed at five weeks of cultured on MS medium supplemented with BA
and NAA at concentrations of 0.5+0.5 (a), 0.5+1.0 (b), 0.5+1.5 (c) and 0.5+2.0 (d) mg/L, whereas no flowering

occurred in the control

naaelsnd el s nenmenanslunasanaass (in vitro flowering) d@1unsadanaiudnvavaidy wie
d1gnndae (pseudobulbs) l9datau Tluilsranvuadnuasinendmdosan uifuinuazdrautesnitnendiingy
55507 Llesananmwndeniiiudiiadneamnsiadydula (Figure 2) msumngdnwazdananndirudfouazd
Tefnansusznislasianizegaddusunsise msusudgeiusuazgnannnssundelsl osanndaeliifamsdind
gmunuadldszernamansdninzoanaenadiun (Teixeira da Silva et al, 2013) sy msdniilsindaelieannan
melunasanaaedld Sudunsruiunssimsesnaenlhidaduedelidoddey lvaunsadunadnuarvemen
n&wlimeluszornandudy Taduvssloniosndsdmiuinitouasinuiuusaiug suavannsoUssfiudnunsve
anwaulal 9 a5ty visansvezialunmsdmiengnuaulfesnsdifoddydouiiaziluaseiusgaely duind
fovansuszns Idud tetuszernalulasinisuivdseiug ssudaiiuiuazninenns iesmnnismeidedlunaon
naaediuidesnnidefivusunmsgnndeliauslnglulsudounieutaan annsonaaesiufegediuaumin
auTsIRUMITAaBiigantnaeswars L ldluNufidte andunulunisguaine Wy A1le A1ans
Jaaiumdndng iy ‘m‘%‘aﬂ'wLL'awuﬁ'ﬁaﬂﬂumiqLLaﬂa”aalﬁmaluuﬂawumimﬁ (Kaur, 2022) ik 1uaniisneanu
arudnsalunmsinihniseenaenvesndasliianavegnues (Dendrobium hybrids) luaniwuaaidio (Murthy et al.,
2012) mstnindgliliesnnennelunasannassisiinginun amsaltifuuumsluns@nwideuasnnsuiulse
Wugndaeldananine lnsaunsofnwidnvuzvesadunazaennielunasavaasietioanunfnwdnuueaie 9
Meusnvasanaaedlaiuiy

Figure 2 The characteristics of the Dendrobium orchid that grew and flowered after five weeks of cultivation.
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nsAnuINaTes BAP war NAA senstnineenvesndaeliigesiis wuin DIMTEAT MS FawUasfiiu BAP
saufiu NAA 16n 0+0, 0.5+0.5, 0.5+1.0, 0.5+1.5 uag 0.5+2.0 fadn3u/ans \Wuan 20 &ansi anansadninlimineen
\Aw 9.4, 11.9, 11.3, 9.5 uay 7.8 san/fegeiiy auddiu (Table 2, Figure 3) Anadsvessiuiugenlifiauuwansig
agalifudAneedd anudidusarsnsduiivaneausewing BAP uay NAA Ao 0.5+0.5 fadndw/ans anunsadniilii
\Aneniadugeiign 11.9 ven/fee1afiy aenndediu Goswami et al. (2015) Avmnzideandaelsl Dendrobium sp.
shedanglugouuuemsgns MS dnuuasiiiis BAP uaz NAA amitudy 0.5+0.5 Sadniu/dns awnsadniliiia
vamRae 11 vea/fogsity vhlfiAnsensiuauunnnda Parthibhan et al. (2015) nwideendaels b. aqueum
UUBIMTANT MS FauwUaafiiin BAP Aandudu 10 fadnsu/dns awnsadnilviinsennds 1.4 sea/fegreity
UBNAINBIMNTANT MS U7 é’ﬁﬁﬁmLWWL??&Nﬂé%&J”Lﬂwmmigm Vacin and Went (VW) fiiusiunsaun ansnsadnle
\Ainganiade 11.4 voa/faeg19iiy (Bouasavanh et al, 2021) wifi1Anadsvessiuiugesluudasnssudsarlddaiu
upNAA U WHTHEAYNISEDH usn15lY BAP aadutu 0.5 faan3u/ans saudu NAA asdudy 0.5 dadnsu/ans
Lflué’mﬂdauﬁmmxauﬁqmiumsmzﬁﬂﬁlﬁmaamLaﬁﬂqnﬁqm BAP 1ugesluulungulelaladu Vi dindnlunis
nszuNIWULYaduasn1saseeeniia (Fosket, 1994) @ NAA Wusesluulunguesndu funumddglunisnsedu
nsfafavengad nsad1eI1n warmsWaUITesi il osing 9 (Davies, 2013) SasduT anauszindlelalaiiy
wazeanduartivduasuliminnisadseenlvrdlaegrelivse@nsamainninnislosesiuuiieasiinige (Pierik, 1997)

NIANYINATDY BAP LAz NAA aiammqwaasJamﬂé‘J&JlﬁLﬁyaﬁq WUIT 9IRS MS FauUasiliin BAP
520U NAA @A 040, 0.5+0.5, 0.5+1.0, 0.5+1.5 uay 0.5+2.0 fiaansu/ans Wuaan 20 dUasi ansadnilveen
fmnugaede 1.4, 2.4, 1.8, 2.1 uag 1.8 wufns muddu (Table 3, Figure 3) Alodsaugauedsaniinnuuansng
aghafltfddnieadafisyiuanudenu 95% anududunarsnsarufivanzausening BAP uaz NAA A 0.5+0.5
adnsu/ans mmm%’ﬂﬁwamiﬁﬁmmqqLaﬁaqqﬁqm 2.4 \wuRung donadediu Goswami et al. (2015) mzides
néglifunemsgns MS dauUasiis BAP uaz NAA aasndudu 0.5+0.5 fadniu/ans anunsadniilieeninaiugs
Laﬁyaqq‘ﬁ'qm 3.6 LWUALNAT sfﬁﬁmmﬁasﬁ’ﬂﬁﬂﬁﬂamﬁmmqqmnmﬁ Parthibhan et al. (2015) fw1zid sendaels
D. aqueum U1 M15gAT MS Aaudasdiiiiy BAP auidudy 7 dadndu/dns anunsadnieenliidanugands
0.8 WIUALLAT HANTVIAABITLITLIY BAP uay NAA denarannugevesganndeliog1addud Aty Tnsianizeg1ads
dieldsrutuluaududuilinunzan vliAnnsadugmstiu (synergistic) szmring BAP (lelnlafin) uas NAA (eondu)
lunsduasunmsuwwaduaznisiafvensad lieenasaivinldnty Swandwainnisld BAP Tuaududugs
IB90EN9LAYY

Table 2 Effect of MS medium supplemented with various concentration of BAP and NAA on in vitro shoots

induction of Dendrobium lindleyi at 1*" to 20" weeks

Number of shoots (shoots/explant)

BAP NAA
weeks
(mg/L) (mg/L)
1 5 10 15 20
0 0 1.0+0.0™ 3.0+1.2"™ 5.3+1.9"™ 7.1+3.0™ 9.4+6.9™
0.5 0.5 1.0+0.0™ 3.1+1.3™ 53+1.6™ 7.6+1.8™ 11.9+4.2™
0.5 1.0 1.0+£0.0™ 3.6+1.4" 5.0+2.1™ 7.0+3.7" 11.3+£5.9™
0.5 15 1.0+£0.0™ 3.2+1.0™ 5.5+2.3™ 8.9+3.7™ 9.5+5.3™
0.5 2.0 1.0+£0.0™ 3.240.9" 4.1+1.6™ 6.843.5" 7.8+5.3™

Meansztstandard deviation followed by a letter indicates statistical difference using DMRT at 95% significance level
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(f - j) of cultured on MS medium supplemented with BA and NAA at concentrations of 0+0 (a, ), 0.5+0.5 (b, ),
0.5+1.0 (¢, h), 0.5+1.5 (d, i) and 0.5+2.0 (e, j) mg/L.

N13ANWINATDY BAP LAy NAA dediurusinesndaoliidosils nudn o1msgns MS daudasiliiu BAP
390U NAA TAUA 040, 0.5+0.5, 0.5+1.0, 0.5+1.5 wag 0.5+2.0 aansu/ans 1Wunan 20 et amnsadniilifiie
571888 9.9, 5.1, 6.9, 18.8, uar 3.5 910/f0873fiY AudRU Anadsressiuusniianuuandiseseditedfayni
adffisziuaudotu 95% wasiUodidudnsifnsinvindu 73.3, 66.7, 80.0, 93.3 war 66.7% auddu (Table 4,
Figure 3) Anuudunarsnsauiivanzaussning BAP way NAA e 0.5+1.5 fadndw/dns anwnsadniliinsinadey
a98n 18.8 510//10873 AonAZ0Iy Goswami et al. (2015) imzidssndaglsiuuoimsgns MS fauasiiiiu BAP
uaz NAA A 0.5+0.5 fiadn3u/ans anansadmiiliifnsniadegean 4.0 sn/fegeity Geanunsadniilisind
$1uauannn Parthibhan et al. (2015) finizideandaelsl D. aqueum vuownsgns MS daulasiiiiu BAP aidudu
1 dadnsw/ans awnsadniiliiinsinads 1.5 s1n/feg19fie wena1ni Parthibhan et al. (2015) Ses1e91udn
NAA dansasnirsnndaslsl D, chrysanthum waw Dendrobium sp. ldiauiiu nan1s@nwdivifiuinnisld BAP saufu
NAA Tudnsrdauimnzauiiuszavsamlunisnssdunisainesndiuauannld Wesnnuiuames NAA funumdrdy
peeBasiosuuT ATy (Davies, 2013)

Table 3 Effect of MS medium supplemented with various concentration BAP and NAA on in vitro shoot height

of Dendrobium lindleyi at 1% to 20" weeks

Shoot height (cm)

BAP NAA weeks
(mg/L) (mg/L) s 0 15 20
0 0 1.0+0.4"™ 0.7+0.24° 0.9+0.2° 1.120.3 1.420.3
0.5 0.5 1.0£0.4"™ 1.0+0.43° 1.4+0.6° 1.7+0.7° 2.4+1.2°
0.5 1.0 1.0+0.4"™ 1.0£0.46™ 1.3+0.5% 1.4+0.6™ 1.8+0.8%
0.5 1.5 1.0+0.4"™ 1.0£0.23% 1.4+0.3° 1.4+0.4% 2.1+0.6™
0.5 2.0 1.0+0.4"™ 0.8+0.34% 1.0£0.4% 1.120.3 1.8+0.4%°

Meanszstandard deviation followed by a letter indicates statistical difference using DMRT at 95% significance level
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Table 4 Effect of MS medium supplemented with various concentration BAP and NAA on in vitro root

induction of Dendrobium lindleyi

ot BAP NAA No. of roots Rooting
(mg/L) (mg/L) (roots/explants) (%)
1 0 0 9.9+3.2° 73.3
2 0.5 0.5 5.1+5.0° 66.7
3 0.5 1.0 6.9+5.0° 80.0
4 0.5 1.5 18.8+5.2° 93.3
5 0.5 2.0 3.5+1.3" 66.7

Meanszstandard deviation followed by a letter indicates statistical difference using DMRT at 95% significance level

dyunan1sAnen
NaUDY BAP Uuay NAA GiamﬁaaﬂmmLLasmiLﬁﬁﬁgLﬁﬂmadLgmﬁu’d (Dendrobium lindleyi) Wu1n QRVREY (26
MS Fautaafiiiu BAP Saufu NAA avuidudu 0.5+1.0 fiadn3u/ans waz 0.5+2.0 fadnsu/ans dwaliAnsuaunen
Laﬁaqdﬁqm Wiy 0.60 Aen/fagefiy wisanwnzidsadunan 4 dUav DIMTEAT MS Foulasiiu BAP Sauifu
NAA ANULLNTU 0.5+0.5 Taansu/ans dwaiﬁﬁmﬁ’mauaamLaﬁaqaﬁqm 11.88 gop/f0g 19N mmgwamaﬁlagnﬁqm
2.44 yoa/fo8g19fy S1uIuTINWEL WU 5.12 510/fegeiiy waziivesidudnisiingn 66.67% wdsainnis
wnzisadunan 20 dUai Anadediauuanssesnaditudfynsadaisesuaudesiu 95%

¢ o ¥
nauselavunudau
Adeuveysemadtunanuiliinaysslovivivdeu
AnRNIINUIZNA

VOUDUNTEAUAULNYATAIANS NINEINTTITUNRUATAWINGDN UMINEFeULTAIS NinTaduayuasi
Laran U uNSAnY e luAsll

! ! I Y
ﬂ']iﬂ'JU'i'JﬁJeLuﬂ']iL?Jﬂu‘UVlﬂ'J']iJ‘U?J\WdL?JEJ'U
ANUANSISN pENKUUNITVIAABY N15UJURNTITY udoya Inszideyauazideuduatu: unimi duan.
flausulunsufuiinside ivfeyawazdinseideys: wnowed afoeumysinuy, wea A33uns, ywung Anf.
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¥y (3.37 o) geitgn @ T7 Svwnansaiuninsfian (8.18 wu.) luvaigiinssuifaiuau (T1) Wnasiigaluyn
Fd¥asunsiaiauiuln taoagy uifinueaasliuafidunisengsiian witanmendlasianiznssuds T4 ddnenmn
gelunislinaunuiivaea Heluduussdnsnnmssenagauaindundt Sadunmadeniieativayunislifanlu
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Abstract

This study aimed to evaluate the effects of different seedling substrates on the germination and growth
of Butterhead lettuce as an alternative to peat in organic farming systems. The experiment was conducted using
a completely randomized design (CRD) with seven treatments and three replications. The treatments were as
follows: T1 (Peat moss (control), T2 (compost, coconut coir dust and azolla in a ratio of 1:1:1) T3 (compost,
vermicompost, coconut coir dust and azolla in a ratio of 1:1:1:1), T4 (compost, vermicompost, coconut coir
dust and azolla in a ratio of 1:2:1:1), T5 (compost, vermicompost, coconut coir dust, and azolla in a ratio of
1:1:2:1), T6 (compost, vermicompost, coconut coir dust, and azolla in a ratio of 1:1:1:2) and T7 (compost,
vermicompost, coconut dust, and azolla in a ratio of 2:1:1:1). The experimental results revealed that T1 (peat
moss) achieved the highest germination percentage (98.39%) and germination index (50.89); however, it also
required the longest average germination time (3.94 days). Following this, T4 exhibited a germination percentage
of 83.65% and a germination index of 43.05. Conversely, T3 demonstrated the lowest germination percentage
(55.44%) and the shortest germination duration (2.18 days). In terms of seedling growth, T4 produced the tallest
seedlings (7.27 cm), while T6 achieved the highest fresh weight (28.42 ¢) and leaf width (3.37 cm). T7 resulted
in the widest canopy spread (8.18 cm). By comparison, the control treatment (T1) consistently recorded the
lowest values across all growth parameters. Overall, while peat moss (T1) vyielded superior germination

performance, the seedling substrate in T4 demonstrated considerable potential as a viable peat moss
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alternative, offering competitive germination efficiency and improved seedling growth quality. These results
highlight the feasibility of utilizing locally sourced materials as seedling substrates, particularly for organic farming
systems.

Keywords: seedling substrate, compost, vermicompost, coconut dust, azolla
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Table 1 Some physical and chemical properties of the material for use as a seedling substrate

Material

Physical properties

Chemical properties

Source

Compost

Peat moss

Vermicompost

Coconut coir dust

Azolla

good water retention, coarse
structure

High water retention capacity,

lishtweight, highly porous

Balanced texture, good
moisture retention, fully
decomposed organic matter,
high in NPK

Good aeration, dense texture

Good water retention and

release

pH 6.9, CE 0.2 dSm™,
N 2.22%, P 1.27%,

K 0.61%, Ca 3.21%,
Mg 0.21%

Pb: 12 mgkg”,

Cu: 43.23 mgkg™,

Zn: 170.8 mg.kg™,

Cd: 0.19 mgkg™,

Fe: 3177.3 mgkg™,

Mn: 360.5 mg.kg™

pH 3.9-6.08, EC 0.20-0.21
dS/m,

N: 0.48-0.80%, P: 0.16-
0.27%,

K: 0.36-0.4%

pH 7.5, EC 2.2 dSm!,
N: 1.57%, P: 1.02%,

K: 1.05%, Ca: 3.18%,
Mg: 0.78%,

Pb: 32.3 mg.kg,

Cu: 53.3 mgkg™,

Zn: 270.3 mg.kg™,

Cd: 0.69 mgkg™,

Fe: 11814 mgkg™,

Mn: 423.3 mg.kg"

pH 6.2-6.78, EC 0.51-0.9
dsm™,

N: 0.31-0.45%,

P: 0.05-0.3%,

K: 0.55-0.719%,

pH 5.9, EC 1.0-2.0 dSm™*
N: 4.69-4.81%, P: 0.33-
0.65%,

K: 1.17-5.08%, Ca: 1.88-
2.59%, Mg: 0.39-3.37%,
Fe: 0.20%,

Cu: 13.76 mg.kg™

Zn: 59.66 mg.kg!

Mn: 0.18%

Angelova, et al. (2013);
Sornsawan and
Tawinteung (2019)

Carlile, et al. (2015);
Wannakroirot, et al.
(2019)

Angelova et al. (2013)

Carlile et al. (2015);
Wannakroirot et al.
(2019)

Kaewsuralikhit et al.
(2020);
Wimoonchart (2020);
Intana et al. (2023)
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U
o w =

U doyav lau13iAserinuuUsUTIu (Analysis of Variance: ANOVA) ANaILNUNITNIAABILUY CRD way
WiguguanuLanasuesalaiae 1neds Duncan’s Multiple Range Test (DMRT) M15¢AuAuT 03y 95% Lagld
Wswnsudnsagun1aadi IBM SPSS Statistics version 29
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Ugnludanmizndnanseine q meldszuuinunsdunsd daansu Table 2
wWasidudnissen:

v o w

WuITanunznagns T1 (fivuea, Control) SWesidudnissendsiignil 98.39% TJauansnseeefited1Aeymig
A

o w

aid (P<0.01) AuTannzndnansdu q sesawn Td uas T5 fesidudinisien 83.65% uaz 72.11% awandu i
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fuinnsseniiuualiundreduiesidudinnssen Taetan T1 (finuea, Control) fe1 GI gefigadl 50.89
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wuiTanunendngns T1 (fnuea, Control) flszezandslunissenuuiigail 3.94 Yu Ssuansisnissendi
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Fefugmstanmznd anuanisinwfiannsnssnaunuiinaeade T4 Wevsin: yaldidou: yeuewdn:
uwuuns ludnsidau 1:2:1:1) uaz T5 (oniin: yaldifou: yougnin: uwmuns lushsidu 1:1:2:1) idneamilnzas
dmsumsthlulFnuluszuuinunsdunds feaesgasiianuuandlududedidudnissen dudnissen (Gl) uaz
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T5: Wesldudnsien 72.11%, Gl Wiy 36.63 way MGT winfiu 2.82 Tu
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1) mngaunsingndil Wedidudnissenguaziianuainiane gns T4 azmmizaundn esanld
Wesiiudnsenuazdvfinistentias Fatieannisandesundwasifinusyansamlunimde

EY] L]
Y A

2) vngatiunns waRdundnfiaeniss uarananlunszuaunsinzndn gas T5 enamanzannin (osendl
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3) gms T4 Iyaldifouludnndudigendn (1:2:1:1) Fserafindunuuiornugsenlunisiedouiangms
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Table 2 Germination percentage, germination index (Gl), and mean germination time (MGT) of butterhead

lettuce in organic farming

Treatment Germination Gl MGT
(%)

T1. Peat moss (Control) 98.39+1.10°"  50.89+0.89°  3.94+0.09°
T2. Compost: Coconut coir dust: azolla (1:1:1) 60.25+2.42°  30.44+091"  2.34+0.08°
T3. Compost: vermicompost: Coconut coir dust: azolla (1:1:1:1) 55.44+1.47"  28.30+1.06g 2.18+0.08
Ta. Compost: vermicompost: Coconut coir dust: azolla (1:2:1:1)  83.65+1.66°  43.05+0.96°  3.31+0.08"
T5. Compost: vermicompost: Coconut coir dust: azolla (1:1:2:1)  72.11£1.92°  36..63+0.80°  2.82+0.07¢
T6. Compost: vermicompost: Coconut coir dust: azolla (1:1:1:2)  66.34+0.96°  33.80+0.89°  2.60+0.08°
T7. Compost: vermicompost: Coconut coir dust: azolla (2:1:1:1)  63.78+1.46°  32.13+0.91°  2.50+0.09°
F-test *¥ *% *%
CV(%) 2.29 2.53 2.96

YWithin a column, means followed by different letters are significant at p<0.01 (DMRT).

**Significantly different at p<0.01.

nsiseyiulavasfunainadatnnasian

NsAnwIHATeIARNIZNAgNsHIe o TddensaSyiulavesiunddnadadamesian laiun augs AN

sy dmtnan Anue1sIn wagaun gty man1snaaesasulilu Table 3 dsil:
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nuan19ide PiduinTanmzndiifimanandeviin yaldifeu uazumuuadudadausing q awnsodiuns
winAvlnvessundinadatnnesienlsodsiifuddndloiouiufinuea dmiunisidenltianmnzndn wuztilly
T6 (S5 1:1:1:2) vide T4 $am 1:2:1:1) Fuagfuhazithuhutnanriornugadudidunn
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Table 3 Effect of seedling media on height, canopy width, fresh weight, root length, and leaf width of butterhead
lettuce seedlings

Height Canopy width  Fresh weight Root length Leaf width
Treatment

(cm) (cm) (9) (cm) (cm)
T1. Peat (Control) 5.30+0.20Y  6.06+0.34" 15.67+0.23"  9.31x0.17°  2.38+0.01"
T2. Compost: Coconut dust: 6.39+0.02° 6.69+0.28b° 19.48+0.38°  11.59+0.03° 2.92+0.05“
azolla (1:1:1)
T3. Compost: vermicompost:  6.34+0.20 6.50+0.18° 20.71+0.15°  10.48+0.28°  2.79+0.18<
Coconut dust: azolla (1:1:1:1)
Ta. Compost: vermicompost:  7.27+0.04° 7.11+0.06° 20.21+0.10°  11.44+0.15*®  2.77+0.06°
Coconut dust: azolla (1:2:1:1)
T5. Compost: vermicompost:  6.93+0.09° 6.48+0.28° 23.26+0.17°  10.32+0.11°  3.2+0.03°
Coconut dust: azolla (1:1:2:1)
T6. Compost: vermicompost:  6.27+0.03° 6.55+0.07° 28.42+0.29°  11.16+0.28°  3.37+0.07°
Coconut dust: azolla (1:1:1:2)
T7. Compost: vermicompost: 6.53+0.10° 8.18+0.26° 23.47+0.14°  10.30+0.31°  2.99+0.04°
Coconut dust: azolla (2:1:1:1)
Fotest x xx xx xx *x
CV(%) 1.90 3.51 1.07 2.03 2.86

YWwithin a column, means followed by different letters are significant at p<0.01 (DMRT)
**Significantly different at p<0.01
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duasumsndednlussuuinunsdunidediedsiu
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Abstract

Agritourism serves as a key mechanism for developing local economies, particularly in an era where
online media plays a crucial role in shaping the travel decisions of Generation Z. However, there is still a lack
of in-depth understanding regarding their media preferences. This study aimed to examine the general
characteristics, media usage behaviors, and needs for platforms, media types, formats, and content related to
agritourism online media among Gen Z students. It also aimed to compare differences in media needs based
on gender, age, income and prior experience with agritourism. The sample consisted of 381 Gen Z students of
Khon Kaen University, Thailand, who voluntarily responded to an online questionnaire. The research instrument
was a three-level rating scale (reliability = 0.96). Data were analyzed using descriptive statistics, t-test, and ANOVA
with LSD post hoc analysis.

The findings revealed that most participants were female, with an average age of 20. While 76% had
previously seen agritourism-related media online, 60% had never engaged in agritourism travel. The most
preferred platforms were Facebook, TikTok, YouTube, and Instagram, with a strong preference for short-form
videos that inspire, entertain, and inform. The analysis revealed statistically significant differences in media
needs across gender, income, and travel experience (p < .05). The study suggests that online media for

communicating with Generation Z should focus on short-form videos and infographics, with concise and engaging
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content that aligns with their interests such as tourist attractions, food, safety, and promotions. These insights
can guide tourism authorities and entrepreneurs in designing effective communication strategies to promote
agritourism.

Keywords: information needs, online media, agritourism, Gen Z, Khon Kaen

o o
AU
Uszinalnaidulssmeanensnssuiiddnanindiuninens wasnidggviesiiugs dawalifianssunianis

LA

nessannsasssenluunaieafisndanuns (Agritourism) Tdvainvane ﬁu’ﬂugﬂuuumsﬁauﬁﬁ%%mwmﬂi n13
WrswAanssufuieanandn viensfundasasiainidulaenss ﬁdﬁdauﬁﬁzysiamimzmaﬁﬂlé’quﬁaqﬁu way
Bﬂﬁgﬁ’mmmw%ﬁmmmwmm (Chenchitsin and Euajarusphan, 2023; Pitisan, 2018) Ing51841uu84 Department of
Agricultural Extension (2025) syi1 513U 2563-2567 funasvioafiendanuasildsunswamniiuty 343 i
wavaieeldiiutuaedetas 12% windadewnunsns wenanil vTEndnelngiunsiiaszinaineg1s Technavio
(2025) §3p1Ann3al31 Aam Agritourism Tilanazidulnogsieidesauiiyadinii 7.5 Wuduaeaanianignielud
2572 dhedasimsiiulands (CAGR) Sovay 3.7 ded

maivlavesnsvisafisndunuasluanissei 21 llenueneenanunumeeanalulad Tnawanisdendad
naneidudesmamdnlunisioans Usznduiug uarairaussgslasunisvieadion nuAdeluussiva wui wodingsunis
fuiteyaandessulatiimuduiusiumsiadulaidenuvamissiivndaunuasvesinvieadivavnlnelundvesaud
Tunsidume msdnaulededudn uaznisnduudoususi (Chaimoolwong et al, 2019) §nvanan1sdnwves
Mokanan and Sabaijai (2023) faii msdeansmananmesulatiuy Facebook uag Instagram @"31130NSEAUNYANTTU
n15%0911% vuzdl Yodkaew and Sabaijai (2025) s¥yin nagnsiauedeyaruiRleduisninasgrsmndonisaing
AWANWALTIUIN LLas@dlﬂﬂ@:MﬁﬂﬂmLﬁﬁl’ﬂﬁﬁuﬂﬂfﬁ‘qmsﬁu

vilslunguiihmunediniisidnenwlunsiauinisviendiondanuns fe ngu Gen Z (iAnasewingd 1997-
2012) Bslud 2568 azflonyszming 13-28 U Gen Z idulmndumeluladdidvia uazdinginssuuilaadeyaiitudonm
wagInle Kuunanvesudianaoulall 1w TikTok, YouTube way Instagram (Johnston, 2023; De Jong, 2024) Tagsin
T voouladifiodumusstumalalunisvondien Mawnudunis wazidonusnisiidnnudsdu (Wonewicht et al.,
2022; Tourism Authority of Thailand Academy, 2023) 911518914383 Shearer and Mitchell (2020) wag
Booking.com. (2019) §anun Gen Z ianudrdgyfunisiiumadaiouduazunasiiinvesens lnsdeudeniiini
Hufinsfudaandey wevsuiifinisduiunisesedadiu

ot9lsfAn winuisenansduaznandunuimvesdsesuladsenisindulasunisvisaiisalnesay
(Nuchanong and Jones, 2020; Dewi et al., 2021) LL@\'&qummmﬁﬂmﬁ;{qd’ﬁaﬁ]mmﬁmmsmwwé’muwamﬂa%u
Uszian sUkuY waziiomdeseuladifsatunisvieadisndununs Tastanzlunga Gen Z sfinginssuguslan
uAnAsaNTuBueg Ty VTyﬂum”'mmwmwm’iwiagULL‘UUﬂTﬁﬁWLaua Usgaunsaifldanu uaznailézuain
do

il nfansanannnufimslduazanufisnela (Uses and Gratifications Theory) @aiauelag Katz et al,
(1973) %a%msﬂm"ﬂw;ﬂ%ﬁmﬁaﬂLLwam\Ia%mLLazLﬁyammuLm@jﬂﬁ]LLazmmGTmmﬁLaww Wy AT n15lasy
TayarnIasiny LLavmiﬁﬁ’Juimmaé’mu FaaonadeaiungAnssuvesnau Gen Z fifnidenlddefineuaussainy
Tnduaznisdearsuuulineuld uaﬂmﬂu WUIAANITENINTEIBUTANTTU (Rogers, 2003) §995UN8ANUWLANAIIUDY
nsidenlddeszuinanguuszvnsiidine o1y 518ld uazUszaunisaifivainuans fafu nsAnwIALieInns
wnaanasy JUkuY LLazLuamaaaaulaumaqurmﬂmmqm Gen Z mmmgmmﬂmﬂizmuﬁr:gmwLﬂmsuua]iq uag
vdnmsiBeguifauayuogisinio

NYDIINBIAAINTAING wmﬁ"]’aﬁ”ﬁfﬁmUiumﬂ‘lﬁaﬁﬂmé’ﬂwmzﬁ’ﬂﬂ mnﬂm%’u%’ayjaﬂinmmmﬁa
paulal warAuAeINITAIULNAaANESY Ussan JULUY waziilenvesdosauladdunseniisndununsves
UnAnwingu Gen Z wlauaIeuiisumnuuanacueInLdensaLwe 21y eld warUszaunsainisvieadien
Banwns Tagsjaneumaiuinunanesule sunuudeln wazilomuuulaiiaenndesiunginssunasauamanies



King Mongkut’s Agr. J. 2026 : 44 (2) : e0268305 3

o { &

naufana1 waludeyalsusednddmsunisesnuuudeUssuduiusnivszdniamm uasduasunisimuiunas
Vounendununsegredsguluauinn

ad =
A5N19ANWI
533t dun 53T aUSunas (Quantitative Research) Iagdiuii@nwiag

kY

wnivedevuamglugiiniesgfuesndeuniovessemelng nquuszwinaidmune loun dnfnwisedud3ygns

AunInerdevauwnu 3y

wazszAuUudinAnwmnane o Un1sinwl 2567 sauvedu 39,851 Ay ﬂfjuﬂimﬂﬂiiﬁﬁ%’vﬂﬁlﬁaﬂLﬁadmﬂﬂ’ﬂﬁﬂm
dnilvgjeglutiseny 18-27 U Ssnsafungu Gen Z auflenuves Parker and Igielnik (2019) ST Ineduvouuiy
é’l’aLf’luamﬁumiﬁﬂwwmuwmiwajmanﬂWﬂmsi’uaaﬂLﬁ&JdmﬁaﬁﬁmmL%auimﬁumsﬂmLﬁ&J’JL%qmwﬂuﬁumm&msn
Aelunminededin@nwanuainvaeAskaaIy IEUTNALVDURIAUNAINIAIENIUATYFAIALHIALVDS
nau Gen Z loluagned 5ﬂﬁu’qé’ﬂL?ﬁyaﬁiammaz:mnimﬁﬁﬁdﬂejuéhaai'mLﬁam‘at.ﬁu%’a;gaasmﬁﬂizﬁw%mw

HIdeAmuavuIangusteg1elagldgnsves Cochran (1977) dusulszansfinsuduau Tnefivunseu
aueiunsaiifl 95% (Confidence Level) wazrmuamainunainndeuiisausuls (Marein of Error) lalAu +5%
dawaiw”lﬁ"mumnq'ué’aaa'wﬁmmzamﬁ’wmu 381 Ay pg1alsfinnu esaindedidadiunaiuazusunnisidaga
nquidmune §33e3dld38nsdenngudiegranuulilyaiuiiazidu (Non-probability Sampling) Ussinnnisassn
Tagasinsla (Volunteer Sampling) Tneingunsuuvasunmeoulatinungs KKU GROUP v Facebook daiduay
LailouvestinAnwuynINedurouLny
\n3nefiefildlumside

in3osdleflilunsrusindona fe wuvasuamiuuilaseains (Structured Questionnaire) Uszneusie 4
nou liun newudl 1 Teyaaldnuasugia deay uagnginssunislddessulatuissenng (Mauarelauaziln)
noudt 2 Uszaunisallunsléfuteyaiiertunisieafisndunvaniudossulay (Manvaslauazile) noudl 3
Anudeansivdoosulatdunisvieaiindanuas Suunaaunanedy Usziande sukuunsiiaue LazLiom
W1ATIA 3 AU MULUIAAUDY Srisurat (2002) L3989 UIN ABINITUBY = 1 619 ABINITNIN = 3) waznoudl 4
Forauuugiiiniy (Fomvaieda)

LL‘UUaavmmﬂ’uﬁiﬁ”ﬁhumimwaaummmqLs‘?NLﬁam (Content Validity) Iﬂﬁlﬁgﬁ/ﬁ\‘iﬂmg@ 3 vu wagily
naaadldiungufleg19TedIuIu 50 AU Tt deseimanaudesiu (Reliability) #e/3sAdudszansuoar
Y93AT8UVIA (Cronbach’s Alpha) laAWniu 0.96
nsAATIvidaya

nsiesgiteyasiiunisiagldlusunsudnsaguneads Useneudieadfdanssaun laun AAud
(Frequency) 5o8ag (Percentage) Anady (Mean) LLazd’mLﬁadLuummg”lu (Standard Deviation) imﬁgdaaal,%ﬁaﬂgmu
1#un nMsmAaoy Independent-samples t-test dmiunsiuIeuifivunguitiiaengu uazn1silaszinuLUsUTIw
N14LA87 (One-way ANOVA) ﬁ’m%’umim%uLﬁauﬂfjuﬁﬁmmdwamﬂfju%ulﬂ WIANANITIATIZANUAIIULANAIDE
ffuddymeadafiseiu 05 awimsiinseiiuToufisusog fiuifusieds Least Significant Difference (LSD) post

hoc test

NANSANYILAZIRITA]

ﬁ]’lﬂﬂ’]‘iﬁﬂ‘lﬂ’]ﬂ’;’mﬁ@ﬂﬂ?ﬁﬂ?i%uﬁaﬁdﬂua@ulaﬁf;f”IUﬂﬁVimLﬁ&J’JL%QLﬂHGﬁﬁJE}JﬂE}'N Gen Z IMINEFEYaULNY
annsn diauenantideeenidy 4 dausil
%’ayjaﬁ’ugmmaé’ﬂmﬂwgﬁa Faau uaznwgAnssunsidaiudeyarasinudessulafurssznisvesngu Gen Z

Han1sAN®1 wudn UnAnwingu Gen Z fineuuvvasvauawlvgidunends Gosay 63.3) sosaaniame
¥1e (Fovay 31.2) uazliszyma (Fovas 5.5) nauorgdnilvajegil 20 U Fevar 52.5) sosawnfeegiini 19 Y (Foe
az 26.2) wara1eunni 20 U (Sewaz 21.3) ﬁfﬂﬁﬂmﬁauﬁ%uumagﬂmwﬁ’vﬂ%ww% (Fozar 98.4) lunugddnun
wuiinfnwdnlngordeeylunanyfusenideuniie Andu (Fesay 90.55) daulngiselddiuyananinni 5,000
udeliieu Anidu (Feas 65.1) vauziisovas 34.9 AeldliiAu 5,000 vmdelfiou dmsuseldniaseu wuiiey



4 MTENSNYATNILIDUNET 2569 : 44 (2) : e0268305

Tug33 25,001-30,000 UnsiBiABugEn (Seuay 37.5) 509a9u1ARYI 30,001-35,000 Unseiiau (Feeay 31.0) wali
\Au 25,000 vnseldiau (Sevar 22.0) Ingdulngdilifiawsi (Sevas 81.1)
dwsulszaunisaisunisvieniiendununs nan1sfnwnuii naudegedlnglimeiivssaunisel
dumwienflendaunwasuineu (Gesar 60.1) vaefidesar 39.9 neduszaunisaifnan
sfungAnssunndafudoyarnaisiudessulal nans@nwinuin Fesay 90.3 veangu Gen Z l1de
ooulatifuuszdmniu Inedesas 50.7 [nanadeUszana 3-4 Hilusietu drnaiildanusniianforisd (uan
21:00-23:59 u.) Anidufesar 80.8 druunasesuiildsuanudengsan loun Facebook (Fevas 99.5) sosasufe
Instagram (598az 99.0) uay YouTube (Saeay 96.9) ﬁm%"uﬂizmmﬁamﬁiﬁ%’ummaﬂamﬂﬁqm AounIans (Sovaz
80.1) sosanAemuTiie (Govaz 72.2) uaviienvieadien (Govaz 44.6) denndasiu Sidoti et al. (2025) ﬁﬁzuﬁq

anvazlan1zvengy Gen Z MnAulasnsauiumalulagadvia dewalilinginssunisilasutoyauuunin uaginle

'
a =

nsiifsdeyanuuiuiviule wazAudasnsdeiilnutudic dansldnuunanrlesumaniitiensvaussioniny
aulvdiuynna LLasmmmL%maﬁ’uLﬁauLLazﬂgmuaaﬂauﬂlﬁ ﬁdl,‘ﬁum@lmaﬁﬂaju Gen Z findenitinutayadnians
RuunaseSmaidundn

ndoyanaasughanardinuvesnguiiegsaziioudn tn@nw Gen 7 daulugjdsegluiofiefis uazlaid
seleusedn Taedgiuzaiafoussduiunans wazdlngjendveglunanziusenidoanie deaenndeiuna
nsAnwIves Wongwicht et al. (2022) finuin Gen 7 ludsemelnefinywalasunisvieaiiondeyiny eenslsinu
Lﬁmmﬂmil,ﬁm’fagaﬁwLﬁumiLawwﬁwﬁmaﬁwaumu %qﬁgnagﬂumﬂmsi’uaamﬁmmﬁa Javilianisfine
penuul V?aﬁmﬁﬂﬁm;ﬂéfmadﬂ?jmﬁaaﬁhﬂugﬁmﬂLﬁmﬁ’uﬁ aiansianunadnslussiuusene Jeaenndes
AUnaNN13v03 Sampling Theory Way External Validity 1uﬂw53€1’8L%w%mmﬁﬁsq’hmilﬁaﬂﬂfjm?f’mamﬁlmﬂuﬁmmu
GUEN‘U%SU’]ﬂ3‘17?&'1/!1JG]E]’lﬁ]ﬁﬂﬁmaﬂﬁﬁﬂw’lagﬁauﬁﬂwﬂwLQW’]%‘U@JHEjM@f’JE]EJ"NWi”Iﬁgu (Creswell, 2014; Fraenkel, Wallen
and Hyun, 2012) 33a25ldnans@nuniegeseadnse e L.LasLauaiﬁﬁmisum&JﬁuﬁﬁﬂwﬂuamﬂmLﬁ@iw“lé’%’a%aﬁ
ﬂsamqu?jqﬁu

ueNINIFanuin ndu Gen Z dawlvgdvlifivszaunisaiveaiiondaununs wiinsdifuasdniudeya
Pmasiiudessulaiiulszd dstedunuiionaduliifodulonalumsdaaiulinguiidasulssaunsalln
Tnsianzmninisdeasniugem LLaz‘gﬂLLUUﬁmdﬁummﬁmmi Feaenadosiutaaueves Tourism Authority of
Thailand Academy (2023) AszyInnsNsusunagnsnsdoasannsagilalinguenvudunddiusuluianssy
vieateaguuuulv 9 167

Baluniniu wansnwdanuin unasesuoeulafiduiteslundgy Gen Z 1¥ud Facebook, Instagram wae
Youtube Fsapnndesiunaifoues Sampattawanich et al. (2022) fimssuinausulmilulssnalnedoudefitiunis
doansiuninuaziledundn wenani il Gen Z aulafetnans amnududis LLazsi’J’aagjavimLﬁ&n Toglaniy
TudhananiveuiAudsasoungdnssunsldnubadunuins dnvaedinananansoeduiglédeuuifn Uses and
Gratifications Theory (Katz et al., 1973) ﬁ%’i’mﬂ%ﬁa%LéaﬂﬁimLﬁammw,ljagqsiﬁ]dquqﬂﬂa WU MshEIYoya
AUTILAY nionsdududnanualnuies 39919na13lA3naN Gen Z fuwliulasudessulaviinsetuaiuaula
RNITYAAA linaldnufidenndesiudmedinveinuies %daamﬂﬁmﬁ’wam'ﬁ%’adauwﬁwﬁszqdw Gen Z il
sutuunsuslnadeuuu On-demand uazsjaudenunanasuiineuaussisanuseinisianzsueeissInigs 31019
nanlaingu Gen Z fuunliundniudossulatiidenadostuaruavlauasfomeiinvewmmes dwaliunannesuiid
mm%mjuuazLﬁuﬂﬂiﬁaaWﬁLLUUIﬁmauiﬁ%’Ummﬁaua*&hdﬁiatﬁm Sidoti et al. (2025)
nslésudeyatnasiudessulatdunmsisaiisndunuasvasngy Gen Z

naMFITenuin nquiteg1sindnn Gen Z dwlng (ovay 76.4) tngldsudoyasnansifeiunsvieaiieo
Banunsiudessulay] vaeiidesay 23.6 ldwnelasutoyading E‘T’]M%J“ULLWﬁmWa%MﬁﬂdNﬁiaﬁfﬂdLﬂﬂiﬁ%u‘ﬁauﬂau’m
fign Ao Facebook (Fevaz 98.8) s93aNAD Instagram ($evaz 65.5) uay TikTok (Sovay 44.3)

fofunuiasoulidiudsunmesdessulaflugruzuvdsioyavdnuosauiulu Tasianelungu Gen Z 7
fngAnssumslinuiitaiiulsed uandasuidomiuunaaosuoaulatinnnidesuiu Ssonadestusenuves



King Mongkut’s Agr. J. 2026 : 44 (2) : e0268305 5

Tourism Authority of Thailand Academy (2023) ﬁizqfiw Gen Z L‘ﬁuﬂa;wszsmmﬁLﬁUIG\MW%@;Jﬁ’ULWﬂIuIa%%ﬁa
wardluwililnlniudeyatiasiuwnannesuesulailudndiuas

wonani miﬁLLwamWaﬁuﬁlﬁ%’Ummﬁaﬂumm’hﬁq%@yjaﬁa Facebook, Instagram waz TikTok Us331
Lﬁamﬁﬂmﬂgslugﬂuwmw uarilodu Lﬁuﬁﬁauﬁm%’umﬁﬁwLauaLﬁ'uamﬁ'lumwimLﬁmv?mmwmﬂuﬂsju Gen Z 4
aenadesfudnvazvedealivlnifiniuanusngilunisieas LLaSﬂ’]iaQQﬂﬂﬁ’mﬂuiﬁ]N"]“LJﬂ’]‘iLa'WL%E]ﬂug‘ﬂLLUUﬂi%%U
a¢19l5AnU Aulleuves Gen Z Gfaﬁaé?uuasﬂﬁgsz?ummsaaﬁmalﬁﬁaEJ Cognitive Load Theory (Sweller, 1988;
Mayer, 2009) fidT1uywsiitosifadumisarudissesdu nisihiauedoyasdtenssduuaslddonmaisanniseni
ey (Cognitive load) waziaasionsansuasyinanudilasgnisngs Jaenandosiudnvasmsiandeves Gen Z 7
Audufunisvinuansegndlunfeniu (Multitasking) waznsfudoyanatstosmanieniu uonaini :esuves
Microsoft (2015) wag Shearer and Mitchell (2020) 83111 Gen Z f91sa2uaula (Attention Span) wavduauile
douduaueistureu iliidemiidu nszdu wasfsgaanenviifleduniodulinsifinnevaussdenginssuns
FuiTeyalasnd iy nsfunanweduegns TikTok, Reels w3 Shorts lesuauien Felaiiesasiouusagalads
mmﬁmﬁmam’fayjawhﬁ?u Lwié“naamé'aqﬁ’u%ﬁi’wﬁ’mvmm‘a%’viﬁ,l,axé’ﬂwmzmﬂ%'ﬁaLawwzmaq Gen Z 8ngne

ognslsfin nsidiimeunuuasuausdiu Gowar 23.6) inglssudeyamumsveaiisndanuns enadl
anmgnadaulalanizyana wiadasinvesszuusaneifiuveunanesudessulay Fudenuanaiomany
neANIINVOILY 1w n1snalan N1swYs 3en1sAUNaNIEAIY mﬂpﬂ%’lﬂmsJLLafﬂnmmaﬂw%ﬂﬁé’mﬁ’uﬁ‘ﬁuLﬁam
nMavieafisndaunuasuinou ssvuerasevindevidnanliiiedosiudld wedliuanmalfiduvosnds vsadud
aonAdasiuLLIAN Filter Bubble a9 Pariser (2011) Fadlifuiidanssfiuesdodnuesulaifuuliiudansestoya
Iﬁpﬂﬁﬁmaww?dﬁaamﬁadﬁ’ummaiﬂﬁ]Lﬁu ilvnalenialunissuiveyalml w’%a%aaﬂaﬁmmﬂuma daralviglduns
auufaglduunanosuesulaiegyniu Aenalilifuteyaiierfunisvionfivandanuasiae
anudasnsiudeyavnasinudessulatfunsisuilsndanunsvesngy Gen Z

NNANITITE WU nautindny) Gen Z IAnusesnisiudeyarnaisiuunanesuesulatlusedudonis
110 Imeisesanuannuinluties laun Facebook (M = 2.98) Instagram (M = 2.89) YouTube (M = 2.86) TikTok (M =
2.75) wag X (M = 2.50) dwsugUuvuvesdonsulaidldsuarudasnislussdudesnisinn W 3aledu wwu TikTok
uaz Reels (M = 2.95) unAnuuazn ma1eUsznau (M = 2.94) Infographic (M = 2.67) ey Ialoe1a 1w YouTube (M
= 2.43)

Tuduilemdefiistostunsioniiendunvns ‘W‘Ud’]ﬂq'wff’gashdé’{aqmﬂﬁuamLﬁ&J’Jﬁ’U'ﬁ”mmmi M =
2.94), foyaaonuivioudies W = 2.92) uaz TerauevelusTudu (M = 2.91) vaurfiguuvunmaiauesdeyaildiuany
AeanistuseAudenisuin lawn nsdsadawssduaiala (M = 2.97) avuduiis (M = 2.96) uae LRI (M =
2.76)

v

Tafunuilagyioudn ngu Gen Z lildaaninfissasedeya widaismanamelsuaivaryssaunisal

De

S ndediy nadnsdannsaeSuieldfie Expectancy-Value Theory (Eccles and Wigfield, 2002) %a%ﬂwwqﬁmsu
nsidendeduiugiunismanivinaslésuuselowd Wy Jeyalusludy wavaueinouly Wy amnumanmduvdouss
Yumala wenand wwadin Elaboration Likelihood Model (Petty and Cacioppo, 1986) §aaeaiuelain ol
Wauslusuwuufwaaen Wy alodunazdulrinsiin dngnussaanaruduninsidudinsindulaludung
34 (Peripheral Route) ?fdmﬁaﬁﬁ]ﬁ"fﬁlé’mmsmﬁuazLmgﬂﬂmwsﬁ’mﬁﬂﬁuaﬁmnﬂ’hmﬁmswﬁﬁﬁﬂ HARNS
Fananidenadeastunisfnu1ves Pongwatcharanon and Sridee (2025) fiiaueiinisdeansnisviendisndainuns
#1%3U Gen Z msunsnesdusznausuussiiuaale anuduidie uazanuidndoulostuguvy tewiunsidiusu
waznseAun1sAndulaaunislaess srarfu mﬂpﬁwﬁm?{ammmaammuLﬁ'"amﬁmammuﬁgqqmﬂ'wﬁmmﬁzu,asmﬁmi
swtiudnanmvainsioanstiinlnaniinmsliasudeya lugnsiidusiuuasnmsdnauladmginssuluiian
nansAnuiausaLdenlefunuAnues Hunt and Ruben (1993, #1slu Satawethin, 2003) §5791 Uyl
anudeinstunsiliaduansfiuanseiy warindendesulamzasiidonndestuauaula wienudenisveny
vauziivanidesansilidiiortes vieldnevaueinues Fwaunsatidfiudwuiltiinmsdadudesoulaiuicssan



6 MTENSNYATNILIDUNET 2569 : 44 (2) : e0268305

awﬁwmmamia%ﬁdLL'iqﬁ’umaiw‘%ammaﬂﬁﬂumilﬁumwimLﬁsnL%nmwmsumﬂfju Gen 7 uihaadedaglaile
fanrssindulaiumalaenss uiasvoulidudnenwuesdossulailunisiduiiwgdnssudangn

iy mﬂsgwém?{aﬁmmsﬂauﬁmL%qmwmmmmaamwuLﬁyam LLazﬂaqmﬁmﬁﬁamﬂﬁmﬁumm
Foen1svesngu Gen Z Maiiusingluanis@nwnil asdaefiulenmalunisdasuans dwalinisdoansivszansam
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flesunsuszanduiudinudossulatldogiwiage

nsiSsuiisuaudasnisifeafudessulatifunisvisuileadununsveingy Gen Z Sruunaiudaus

LA

Nam'ﬁLU’?BULﬁ&lummﬁmﬂﬁﬁmﬁ’U%Gauiaﬂ@fmmwiaqLﬁ&m%dl,ﬂwmsuadﬂa;u Gen Z FIWUNAIN LA
WARIAY Table 1 WU L'Wﬁﬁmam'ammG?Taqms%’uﬁa;ﬂmmmiﬁmﬂ'ﬁvimLﬁam%dmwm loy inAngesaen1ssudeya
WU Instagram (t = 2.368, p = .05) wag TikTok (t = 2.480, p = .05) NINNTWNAYIEY Swﬁd@fmmsgﬂLL‘UU%‘UWLW
UNANY WaEAMENEIINAININAT ( = 1.874, p = .05) Snvanendeteimsilemdeisafunmsrieniisndununs
fudauiiviendien (t = 2.010, p = .05), $1WeWs (t = 2.307, p = .05) wazAuUasads (t = 1.993, p = .05) 1A
wene Tunnenauiu mewﬁmmsgﬂLLUUmiﬁwLa‘ua‘ﬁLﬁumﬂwﬁﬂszaumaaﬁmmﬁumammﬂ’hwaﬁjﬁ (t = 1.956,
p = .05)

Todunuianunsnesuglddenguianuuandadiumalunisdonldde (Gendered Media Preferences)
84 Meyers-Levy and Loken (2015) fiauain inandainliauddyfudeilviauidndeoisua uaznaidesles
N9FIAY LU mmﬂaamﬁa UTIHINIA m?ammmammmamuﬁ vuemeeinaulanisutsdulszaunisaivie
sl eludnuae waamﬁmmu uenanildeaenadoeiu mqwgmﬂwa ¥A1UNINela (Uses and Gratifications
Theory) 984 Katz et al. (1973) fiogunean w‘uﬂﬂﬂaaLaamﬂmuLua‘mL‘Wama‘uaummmmaqmsmu‘uma LU AN
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Table 1 Comparison of online media needs regarding agritourism among Gen Z, classified by Gender

(n=381)
Mean Mean
Item Male (1) Female (2) t-value P-Value
(n =119) (n = 242)

Platform
Instagram 2.82 293 2.368 0.019*
TikTok 2.65 2.80 2.480 0.001*
Media Format
Articles and Photographs 291 2.96 1.874 0.031*
Media content related to agritourism
Tourist attraction information 2.88 2.95 2.010 0.0023*
Restaurant information 2.90 297 2.307 0.011*
Safety information 2.71 2.80 1.993 0.024*
Presentation Style
Travel experience sharing 2.46 2.35 1.956 0.026*

* = significant at the .05 level
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WERIAY Table 2 WU mq‘ﬁ'u,mﬂ@haﬁuﬁma&iammé’mmﬁﬁmﬁuﬁaaauiaﬁﬁwumwiadLﬁaaL%nLﬂwmiLLmﬁmﬁ’u 1ng
naufiflengsnimSewintu 19 U desnissudoyarnanseiiu X (F = 4.451, p = .05) Treads (F = 7.416, p = 01) uaz
Google Map (F = 5.159, p = .01) 11 nguiifenguinnin 20 ¥ luvazideaiu nguiifleny 20 U fesnissudoua
Y1a3H Treads 110031 nguiidienguinndn 20 U (F = 7.416, p = .01) sugUuuude wuin nguiidiengsiniwmie
wintu 19 9 uaznguilfiony 20 T #ean133UMUL Infographic 1 nawfidienganandt 20 T (F = 7.014, p = .01) Tu
dusuifomdaifsfunmsveniiendanuns wuin ﬂfjmﬁﬁmﬁgﬁmdm’%awhﬁ’u 19 ¥ dmanstoyanuaulasnsiy
(F = 3.118, p = .05) uazdoyadiin (F = 9.838, p = .05) Yosninguiiieng 20 U uazergunnnit 20 T Tuvaedingui
f9gunnd1 20 U ﬁmmﬁmmﬁagaé’mumuﬁﬁmw Hoeni ﬂ?jmﬁﬁmqﬁm’hﬁmmﬁu 197 LLasmjmﬁ'ﬁmq 20 U
(F = 9.917, p = .05) fugUuvumsihiauedeya wuin nguiifenginimiewindu 19 U danmdesnisguuuunis
e Wsludu (F = 3.181, p = .05) uaz Al wazwmaludl VR/AR (F = 5.798, p = .05) Hosninnauenguinnin 20 ¥

Yarunuilaonadesiu Junpensuk (2017) fiszyirergifutaduddgiifnunanudesnisiudonassuuuy
msaue winguidhmneazegluiueisiuieaiu ududazsisieidasiouussgdlanagngAnssunslidefianaiu
MsesunEHadNEianansadeuTlesiu Uses and Gratifications Theory (Blumler and Katz, 1974) %ﬂ%ﬁ?ﬁﬂ%ﬁ@LLﬁ@@U
ﬂfj:iuLaﬂﬁﬁuﬁﬁLLiﬁ@Jﬂﬁ]LﬂWWﬁLLmﬂﬁm wardaduiusuuuIAaSos Age Cohort Theory (Strauss and Howe, 1991) i
Nosusazteisdiuszaunmsaluazauaanislimilouiuy ﬁ“jaazﬁauiﬁl,ﬁuﬁdmmﬁwLﬂuﬁi{mﬁmﬁamsaaﬂLLUULﬁam
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Table 2 Comparison of online media needs regarding agritourism among Gen Z, classified by Age

(n=381)
< 19 years 20 years > 20 years
Item F P-Value
(n = 100) (n = 200) (n =81)
Platform
X 2.63° 2.50%° 2.34° 4.451 012*
Treads 2.36° 2.25% 2.01° 7.416 .001%*
Google Maps 2.33° 2.16% 2.02° 5.159 006**
Media Format
Infographic 2.74° 2.71° 2.46° 7.014 .001%*
Agritourism Content
Safety information 2.68° 2.81° 2.81° 3.118 .045*
Accommodation information 2.44° 2.61% 2.78° 9.838 .000%*
Route & map guidance 2.74° 2.79° 2.73° 9.917 .000%*
Presentation Style
Promotions 2.29° 2.40%° 2.48° 3.181 .043*
Al / VR-AR 2.20° 2.31% 2.46° 5.798 .003%*

Values are means; superscripts a, b indicate significant differences between age groups based on LSD post hoc comparisons (p <
.05). Groups sharing the same superscript do not differ significantly.

* = significant at the .05 level, ** = significant at the .01 level
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ua Instagram (t = 2.628, p = .001) fownin nguidiselduinnd 5,000 vw lunsnduiu nquiiseldrniuie
Wiy 5,000 UM fioen1sTuUTeyanNIY LINE 11nndn ﬂa;uﬁﬁﬁwié’mm’h 5,000 U (t = 1.681, p = .001) MugULUY
do nuin nguiidiseldsnndvemintu 5,000 vm favmdesnisdeluguuuy lavlan (t = 2.843, p = .001) uazwien
wAadAdea (t = 2.777, p = .001) 1191 nguidsels 11nndn 5,000 v suidemdeiieafumsresiisndunuas
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6.575, p = .001) 3NN nguATeldunng 5,000 Fugiuumsiiauedeya wuin nauiifiseldiniuiewiniu
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Table 3 Comparison of online media needs regarding agritourism among Gen Z, classified by personal income
(Bath/Month)

(n=381)
Mean Mean
Item <5,000 Bath/Month >5,000 Bath/Month t-value P-Value
(n = 133) (n = 248)

Platform
TikTok 2.57 2.85 4.739 0.000%**
Instagram 2.82 293 2.628 0.000***
LINE 2.19 2.09 1.681 0.000%**
Media Format
Live streaming 2.32 2.17 2.843 0.000***
Podcast/audio 2.28 2.13 2777 0.000%**

Media content related
to agritourism
Route and map sguidance 2.86 2.52 6.575 0.000%**

Accommodation

2.85 2.46 7.341 0.000%**
information
Presentation Style
Online

2.43 2.17 5.040 0.000%**

Communities/Forums
Al and VR/AR 2.49 2.21 5.168 0.000%**
*** = Statistically significant at the .001 level
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ﬁ&l"l.é’gjnﬂ’jwﬁmmﬁadﬂﬁﬁﬁ@ﬂhULLWﬁ@W@%yL.su'u TikTok ua Instagram 1nnndn wasiieuaulailendassaunisel
viemelulafidaisassdnnni nadnstasieuliduhiadomaasvgiaiunumadnysonisdonlideuasdomni
#0405 SeanunsaeSurelddisuuafia Digital Divide (Norris, 2001) ﬁﬁﬁﬁLﬁu’hmmLmﬂﬁmé’huiwlmyt.t.axgmww
wswghaduidmuslonialunaddaneluladuaznsliusslovianndonava deuiu nquitiswlddiingenldded



King Mongkut’s Agr. J. 2026 : 44 (2) : e0268305 9

Funusniuasidnfldagan sausfingusngligeiuunlindasudefiniulsraunisallmiuasmaluladdugennnd
donndesiumIAnYIes Junpensuk (2017) finuth seldvesinveniisaiunnsetuiinrudosnisifom nstiaue
ﬂ’liLﬂﬂ%U%aHaﬂﬂﬂgaLLmﬂﬁﬂdﬁu Fofunuiitliiiudn niseenuuunisdeasiieduasunisvieniisndaunumsaas
finnsanansuanaeiusgldvesiuas Inslanglungu Gen Z Aifianauandanaasugia Wielnisdoasnss
auanaule uagngAnssuvesdfuarsidegammzay feaenndeady nguijnisidaiuuuuidenass (Selective
Exposure Theory) ﬁ%’hﬁ%’vmiﬁﬂLﬁaﬂﬁaﬁaamé’mﬁ’uamuzmﬁmuLLasmwgﬁwamu (Klapper, 1960)
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dnfeiiugruissodiadion uagldfunmsatuayuainauues Livingstone (2017) itdnenvuludssimaiifssliiu
nana 1w Ine Ssnauadgguassalunsidifededinafisuvintu Ssatuayusunes Resources and Opportunities
(Van Dijk, 2005) §sve1891nuuaAn Digital Divide Iﬂ&JG‘lﬁﬁLﬁu’i’lﬂ’ﬂuLLG]ﬂG]"N'VI’NLﬂi@gﬁﬁllﬂLﬁﬂdﬁﬂmaﬁfaﬂﬁlﬁﬁ’]ﬁd
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Table 4 Comparison of online media needs regarding agritourism among Gen Z, classified by Household
income, (Bath/Month)

(n=381)
<25,000 25,001-30,000  30,001-35,000 >35,000
Item F o}
(n =84) (n = 143) (n=118) (n = 36)

Platform
TikTok 2.58° 2.70% 2.90° 2.86° 6.466 .000%**
X 2.33° 2.47% 2.70° 2.39% 6.554 .000***
Treads 2.14% 2.20% 2.40° 1.94° 6.111 .000***
Media Format
Live streaming 2.37° 2.18° 2.17° 2.19° 2.980 031%
Podcast / Audio 2.35° 2.12° 2.14° 2.14° 3.886 .010*
Agritourism Content
Accommodation 5 b . b
‘ . 2.90 258 2.41 2.58 16.893 .000%**
information
Route & Map 2.93° 2.59° 2.50° 2.58° 14.153 .000%**
Presentation Style
Online Communities b

2.45° 2.27 2.14° 2.19° 7.182 .000%**
/ Forums
Al and VR/AR 2522 2.27° 2.19° 2.33% 7.528 .000%**

Values are means. Superscript letters (a, b, ¢) indicate significant differences between groups based on LSD post hoc
comparisons (p < .05). Groups sharing the same letter do not differ significantly.

* = significant at the .05 level, ** = significant at the .01 level and *** significant at the .001 level
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Gen Z

Table 5 Comparison of Online Media Needs Regarding Agritourism Among Gen Z, Classified by Agritourism

travel experience

(n=381)
Mean Mean
ltem Experienced Without experience t-value P-Value
(n = 151) (n = 230)

Platform
YouTube 292 2.83 2.097 0.000***
Google Map 2.07 2.25 2.595 0.000***
Official Government Website 1.81 1.61 3.660 0.000%***
Media Format
Live streaming 231 2.16 2,776 0.000***
Podcast/Audio 2.27 2.12 2.869 0.000***
Media content related to
agritourism
Accommodation information 2.73 2.51 4.018 0.000%**
Presentation Style
Focus on Entertainment 2.98 2.95 1.403 0.000%**
To Inspire 2.98 2.95 1.976 0.005**
Al and VR/AR 2.45 2.22 4.454 0.000***

** = significant at the .01 level and *** = significant at the .001 level
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Abstract

This study investigated the development of Bamboo leaf pulp paper from Dendrocalamus copelandii
leaves collected from bamboo agroforestry plots in Long District, Phrae Province, Thailand. The research focused
on comparing the physical and mechanical properties of Bamboo leaf pulp paper produced from young and
mature bamboo leaves. The tested properties included moisture content, density, water absorption, thickness
swelling, tensile strength, and tearing strength. The results revealed that Bamboo leaf pulp paper derived from
mature bamboo leaves exhibited superior properties compared to that from young leaves. Specifically, the
paper from mature leaves showed an average moisture content of 7.59+3.98%, density of 277.85+14.95 kg/m3,
water absorption of 349.29+13.87%, thickness swelling of 96.23+5.439%, tensile strength of 6.26+2.92 MPa, and
tearing strength of 6.99+1.35 mN. These findings highlight the potential of mature D. giganteus leaves as a
promising raw material for high-quality Bamboo leaf pulp paper production, providing a foundation for product
development and further commercial applications.

Keywords: water absorption, thickness swelling, density, tensile strength, tearing strength
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Figure 2 Dendrocalamus copelandii in bamboo agroforestry plots
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Figure 3 Bamboo leaf pulp paper products from Dendrocalamus copelandii leaves; A. Young bamboo leaves

and B. Mature bamboo leaves
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M A Uminvesiuvesdeu (NSu)
Vo fie USunsvesdunadey (@nuiAniiaduns)

- mamaaummmméﬁuﬁ:ﬂ (Water absorption) kagn13WesfIn11AUNUT (Thickness swelling) #131130%11
18Tnedinfet9tunaasuannszauislulivuin 50x50x1 fadwns seundwimnduiuindunaaeuneuudin
waz¥anumuuneaeufiunumut unsgeueuwtih udurtunadeuluiiazens Wuna 60 3undl 9ntuihdu
nageuIFmindudminuneseundudin wasiannunurdmageuunum unageundTt nnswAn
nagafuLh wanstsaumsi (3)
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(W,w,)
Wa = —— x 100 (3)
Wl
HE Wa  fe Ansgaduil (Seuaz)

v v
o o a '

W, Ao dmidnvesiunageuneuwgiln (nSu)

oe

v v
N o

W, @9 UnuNvestunaaaunalaill (nTu)

ANSUIAINITNBIAINIUANUNUN LEAAIAIANNITN (4)

(T,-T)
Ts = — x 100 (4)
Tl
Wie Ts A AINISNDIEIMUAUNULT (5o8aL)

T, fAe Amnunuineuwdin Haduns)
T, fAe Anunumadtil Jaduns)
- A1TNAABUATILTIAY (Tensile strength) @1unsavinlalasdnfleg 198 unaaeuainnszanwid olulidauin

15x180x1 fladiuns 3ntudidinIsamaaauaina (Universal testing machine) lngldgunsaldmsunaaauusefs Lite
HAseelusnsdRgEle antutAwsItainaasulauImuIn wansRsaunish (5)

F
Tn =

(5)

, (W xL)
Wie Tn A9 ALSIRe Wngw1daa)

Fo fie wsshegegn (as)

a

W g AUnIerRsTunaday (Jaains)
L Ao ANUENVRITUNAFDU (Tadiuns)

~ ASMAReUAILIIEN (Tearing strength) @unsavinldlneindaog 1918 unadeuainnszaiudeluliauin
63x76x1 fBIUAT NTUTMNNTUINUSABUTBINSEMBEN TR e furuasumssudunsanan wdmidudans
nsvmuaesiuieedy nilwudalituiiedl SndudeuseruiniesinuswaU3e (Spring Balance) 9ntiusonussits
stierollosrunszmwAnnIsann W%'auﬁgdﬂ’uﬁﬂmﬁwé’&qaqmﬁa'wuim”mﬂLrﬁladi’mLmaﬂ%Lﬁaﬁwmﬂ"'}mmmﬁﬂ
WAnISIEun15T (6)

Tr = (6)

N '

Wie Tr A9 AWSIRN

o

Hadianu)

~ Z 1N

a aa

C  Ae wsedngegn (Hadiadiu)
N e Sunuiushethslunisnegey
nsAATIvidaya
ﬁw%’aaﬂammmsﬁu ATANNNUILUY mmsamﬁi‘m&w ANNITNOIAIANUAIIUNUT ATLTIFT LATALTIAN U0
Ans1esimuulsUsIY LazUSeudisuaadsmeanadi t-test Ingldlusunsudrsagulumsiinsgideyanmsadia

NAN1SANE LAV

AR TLATAIAI LML LY

Aprutureanszmudelulianluliidhzsuniidaudueiedosay 7.59+3.98 dauuanstaiuegadaid
Toddyneada (0<0.05) Aululiilhzsouiiiidnruduadelovay 8.44+3.55 daumumnutuwesnseaubely
Lianlubidhzunfmeuvuuvueds 277.85:14.95 Alan3u/gnuiadiuns deinrsunnssiuegidliddoddyma
aif (p<0.05) Aululsiilnzeeudifirniade 268.95+16.62 Alanfu/gnuiaAriumg uanads Table 1 TnoArAutuwes
szl olulifnnalndifissiunuideves Sunckaew et al. (2016) Aildvin1saLINISHAANSE A YRATNAR S U]
nszawantdnnsantunisliddoussanend wuin Sannudueiedesas 7.36 fen1smuauuiiuautuves
nszmuidolulifudsddnyfozdmadenuduyumsiuasugaanise (Taikhao, 2013) uazaonadosiunsn
Y99 Tohluebaji et al. (2022) ﬁi@fﬁwﬂﬁﬁﬂmmwwmuu'ummmswﬁmmzmwmﬂmwﬂizgmwamsxmmuﬁaﬁuﬂmﬂ
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a A

ddnauieiaundadugiyugu wud deranuvuiwiuede 283.15 Alanduw/gnuiaiiuns Jvingaunlindaiy

q
o

wANANTUAzAINaRRAIUYLILINYBINTEAY (Asta et al,, 2024) inlWinseawilamauUAlgnanaeiu (Park et al,,
2020)

Table 1 Moisture content and density of Bamboo leaf pulp paper products from Dendrocalamus copelandii

Leaves
Bamboo leaf Moisture content (%) Density (kg/m°)
Young 8.44+3.55 268.95+16.62
Mature 7.59+3.98 277.85£14.95
Average 8.02+3.77 273.40+15.79
p-value 0.78 0.80

Statistically significant difference at p<0.05

@hmsgmsﬁwjﬁLLaxﬁhmswaqé‘fqmmemwm

mm‘a@m%’mﬁ’mmﬂﬁxmméai‘ulw'mﬂiUisJLflszLdﬁﬁwLﬂ?ﬂ%’@yﬂz 349.29+13.87 lnefiauuananeiuaeneladl
Hod Ay 9ana (p<0.05) ﬁ’UIUiN'Lﬂwéauﬁﬁmmﬁ@m%uﬂgmaﬁB%’aaaz 356.26+22.66 LUULABINUAUAINITNOIAINL
aunuveinszaudeluldonluliidizuniiansnesiinuanuuiedsSesas 96.23+5.43 Jailnuuaneieiy
agnsliififeddnymneadn (p<0.05) Aululiihesouiifiriadsdosay 102.22+3.17 uanesa Table 2 Imammiam?jmﬁwﬁ
ArlndiAesiu Maneewan and Yimchang (2007) fildvinisfinwuiuadnsyawdelulidmsussuurhanuuuuy
smimenyin fansgaduieglurasiosay 220-390 WuiReatufuauideuss Maneewan (2007) AldinTsAny
audinanenmeesnszmmielulidmsussuurianuduluussmve nud nszavantiuumEes suneliesen
Jadnuu truazdeu dunedies Jawdniiu uaztnuues suneuasine Jainiivalan ﬁmmﬁ@jm%’uﬁwagﬂumﬁaa
8% 325.00-450.00 @1UAINITHDIAININANUNUINAMUA18ATINY Tohluebaiji et al. (2022) 31NN15NARBINITHAR
ﬂ‘izmwﬁ]'ml,ﬂwﬂﬁxgmwudﬂﬁ ﬁwmwswaa@hmummumLﬂﬁﬂ%@ﬂaz 98.55 ImeJﬂﬁsmmflu?amqﬁﬁ@mauﬁmumﬁ@jm%uﬁw
1oig FedwmaliAnnsdonanmileduiaiunnuty ﬁdmi'wLﬂuﬁaqﬁmsﬁ’@umL‘ﬁaLﬁu@mauﬁ’ﬁﬁmmumﬁumummﬁw
YDINTLAY ImﬁlﬁLi’]mmaLﬁaamwmiam‘%uﬁwLLazé“mswmiwaqc?hmumwwuﬂﬁﬁ‘uﬁzﬁw%mwﬁﬁu (Khongtong and
Patjun, 2013) ﬁgaﬁ%uagiﬁ’wﬁzLﬂwmm’;’aw’%a’a’mqﬁuﬁaﬂ%’mv‘f’mszmw wazansing q Aazthunuiulsnuanticog
(Podkumnerd et al., 2019)

Table 2 Water absorption and thickness swelling of Bamboo leaf pulp paper Products from Dendrocalamus

copelandii Leaves

Bamboo leaf Water absorption (%) Thickness swelling (%)
Young 356.26+22.66 102.22+3.17
Mature 349.29+13.87 96.23+5.43
Average 352.78+18.26 99.27+4.30
p-value 0.26 0.26

Statistically significant difference at p<0.05

AL IINILAZANLIIAN

Arwsafsveenseamdaluldannluliifnzuniidieds 6.0742.83 wnzniania dauuanaiatuegisld
Teddaneadf (p<0.05) Aululdidnzeoufifidusiunds 6.26+2.92 wngwiana wWudeatuiudiusidnues
sz elulinnluldidzundausednede 6.99+1.35 faddfu Fedanuuandsiuesnslifidoddgnisada
(p<0.05) Aululkilegsoudifianads 6.26+2.60 Gadfdu wanas Table 3 FeruseiadnulndiAsstunuideves
Tongsawang and Suwannawatanamatee (2022) ﬁ‘lﬁﬁ’]ﬂ?ﬁﬂ%UﬂEﬁﬂmﬂuﬁﬁﬂ‘izWﬁ%ﬂﬂLgaﬂﬁﬁﬂﬁﬁﬂﬂﬂgvaﬂ%Lmﬁa
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waglaa wuin flfuseiaede 8.00 wnzwidn1a SnandneadsfuA1LsEnues Eamchuen et al. (2020) fildvinns
maavauﬂ’ﬁmadL?faLLazﬂﬁxmwmwwmﬂﬂltil,?iymuazlsismmaL'ﬁamﬂ%ﬂsﬂa‘uﬂuqmammsmzsmwmwﬂﬂu
Usewndlng wuan ﬂ‘izﬂ?‘lﬂﬁ]’mimgﬁlﬂﬁﬁ’]LLi\‘iaﬂ@EﬂuSﬁN 6.70-16.60 Haaiiafu Imaﬂ%mmmaqiaaﬁLmehﬁu%ddwa
sensmnzvandule (Pacaphol et al, 2023) luAuseiwwazausadn Fadusedd inanuamisaluntsdummuuse
NNNAVDINTLAY Lﬁuqmauﬁﬁﬁﬁﬁ@aﬁmﬁqﬁaﬂWﬁUiz&gﬂm“lsi’fmuiuqmamﬂﬁu mMswasuulasesduseneunie a0
Fadulun1sudn (L et al, 2021; Yamauchi and Tanaka, 2002) éi'fﬂ‘uim'L‘ﬁui’mqﬁumqLﬁaﬂmmﬁﬁmnﬁﬁﬁﬁ’ﬂamw
anunsathunldiduunawduledmsundnidenszany (Gruyal and Ulbeda, 2024)

Table 3 Tensile strength and tearing strength of Bamboo leaf pulp paper products from Dendrocalamus

copelandii Leaves

Bamboo leaf Tensile strength (Mpa) Tearing strength (mN)
Young 6.07+2.83 6.26+2.60
Mature 6.26+2.92 6.99+1.35
Average 6.17+2.86 6.63+1.97
p-value 0.95 0.21

Statistically significant difference at p<0.05

ayUnanIsAnen
nszawielulifindnanluldidhsunfiandnismenmuasdsnaiinninnssawielulifindnarnluliide
gou lnenszmwideluliiindnanlulidsuniidanuduedetosas 7.59+3.98 Aranuvuuvueds 277.85+14.95
Alansw/gnuiaiiung ﬁhmmum%mf%a?{a%’aaas 349.29+13.87 AIN1SNOIHINIUAIINAU LA B 08aY 96.23+5.43
AIUSILRAE 6.07+2.83 LUNENIAATE WaTALSENIaAY 6.99+1.35 faddasu uansliiuiilulidheunansalddu

o a

Tmgaunfidnenmlunisednnsearubeluli Wesnlimauaudinmugaudenisldaunnndttulidizeeu

nauszlevuiugau
fisuveussmatiuneuiilifnausslomiviudou
nnRnssuUsenIA
AnizfideveveunseanLneIioy funzdu {luaituds mifl 3 Suneass Sandauns Aldldarmeyaneily
ﬂﬁﬁﬂﬁuﬁlﬁaﬁu%ga sunedngAusg 9 Tunsiseluadell 5ﬂ'17iu’wamammwﬁmmé“&1LLaﬂﬁ—LLwé \Aunsiesh 7

Y v
a

Ieouaseigunsal uaziedealiens q fildlunsmaseueiAdeduiiaiauysal

nsduslunslsuunanuvesiidey
ANUARTISN wazauLAgIw: 57 nlvAansmid MsUJURN15ITe nsddiusiulun1sesniuy N1mMAaes N3

x|
1

naaou 1n3esdledn Bnsifudeya uay criteria: 57 NdvAandmd, diguw Sunfdunas uazdsv 1973 Mz
foya maudssa: a3 uanden wazalnfgie yagiasl M19Innginnsaina nisuans maieuidisuiudoasunie
9IRS visengudu: 35101 MNivAanIny nsldusulunmsfeusiuaduunaiu: 58 NiyFanshl wagain was
ey nslvinisatiuayy specimens: 351071 1fidanshil.
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o1megulinuty (UAV) vdelasu Ifidandunumddglunsenseduinensnssulne Tasanizlugaiiane
N3N EATABINTYAUTYMIVIALAAULSIIU AUNUES wazAUdsRInansiadl mem’imm‘iﬁ”aiaﬁﬂmﬁﬁuﬂasum
wneasnsineiidnenislilasuiionisinuas FdNsUsEduANNANNY LLas%’aLauaL%quIamaLﬁ'aaﬂ’uaqumiﬁﬂ
weluladiananluldegefiussaniamuazdedu lnenumumanu3duifietuiruafiniseeusurennunsnslulseme
Insuazraanmslimaluladlasuiionsinuasiimeunslugiudeyanuide nannnsfnuidedisafiiunuandsi
wiwnuasnsiiviruafdsuansenisldlasulaeinissensussaugeluiiuafisenissuiuselemiuaz fudnnudesents
Tdwelulad egndlsinnu Fmudednadiuduyunisamu anududeulunisldnu wasdedinadunguuie n1s
f’imiwﬁmmﬁumﬁq%ﬁLﬁ’]'waﬂmuﬁi%’l,ﬁamswamLLasﬁuué?Nmmmiﬁ%’UwamauLmuﬁ'ﬁunuLﬁmmmﬂumwmﬂﬁw
Eiasﬁﬁmiiqmajuﬁumaiéﬂmammﬂaﬂmy' U‘wmmLa‘uaLmequ‘[amafl,umﬁaﬂ’uaﬂguﬁgqﬁmﬂﬁﬁu ATOUTH N3
\infamelulad uaznsusulgingmane Weduaiunisveneiveanuasnssuutuglulszmalne
Adadny: Insuiflenisinens uinnssunisinees firuad ANUANNY Telauanuzidaleuny

Abstract

Unmanned Aerial Vehicles (UAVs), or drones, have emerged as a key innovation in enhancing Thai
agriculture amid challenges such as labor shortages, rising production costs, and health risks from agrochemical
exposure. This review explores Thai farmers’ attitudes toward agricultural drones, assesses their cost-
effectiveness, and proposes policy recommendations to facilitate efficient and sustainable adoption by
compiling research results on farmers' acceptance attitudes and the outcomes of using drone technology for
agriculture, which have been published in research databases. Results from previous survey studies have shown
that farmers have positive attitudes towards drone use, with high levels of acceptance in attitudes towards
perceived usefulness and perceived ease of use of technology. However, concerns remain regarding high initial
investment, operational complexity, and regulatory constraints. Cost-benefit analyses indicate that owning
drones, especially when used for both personal and commercial purposes, can yield significant economic
returns as they are smallholder farmers grouped together under a large-scale project. This article concludes
with policy recommendations addressing financial support, farmer training, legal reform, and technology access
to promote the broader adoption of precision agriculture in Thailand.

Keywords: agricultural drone, agricultural innovation, attitudes, cost-effectiveness, policy recommendations
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AU

wnwasnssutluuvasmdnsmvanvedanuasiduamanmaasegisvesdssindley Imaﬁﬁuﬁwwﬂqﬂmn
f14 147.7 d1uls (Office of Agricultural Economics, 2023) pg19lsfinu ﬂﬁﬁLﬂUmiLLUU%ﬁLaM%Q‘WJW’]LLiN”Iuﬁﬁuawﬂﬂ
THaauu wazdesduiaansiafidunelaonss mdundadestaiiddy lli’j’lf\]”Lﬂuiﬂ‘idﬁ%ﬂﬂﬁwd’mﬂUQ’lﬂLﬂ‘lﬂm‘i‘ﬁﬁ
LLu’ﬂuumaammaama nsvInkAauLTIUluTeyieu mwumimamwawu AADATUNANTENUNNAVAINULAL
dnndeuilfinunni iensvauswedamidinan waluladadelnlsaduniiunumddalunsensesunisin
nunsnssa Tneamzeg13Be ernaeuliautu (Unmanned Aerial Vehicle: UAV) w3 "Tasu" daduuinnssuiivae
Wudszansanuazandosinvesnisinunsuuunaiy srednenmlunisyhaudsiuiegiudugr Insuause
dnldlununeasnssuvatesu dun msninude wude wuansedl n1sfinnunisasaivlavesiiv nsusaiu
aunmmasiitia waynsATsianwiuTneUgn (Sampaothong and Punyawattoe, 2024) msldlasuanunsndae
annauazmsldduuussnuesadldegafidudidy Snisdmusaussinanateyadiondowuasisumes vl
annsanTvanuyaiidiam wu gerath nsszuavesdingiiy vdoanudeninsuvesiuldogiausiug (Phrommas
and Chaiwong, 2021) dawalvitinuuinialvdues “inunsustiuggs (Precision agriculture)” ﬁ'fqagm,ﬁumil,ﬁmamam an
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Uaondgluuiunveassmelng unanuildngusrasdifiotiauedeyanissonsuluuinnssulnsunens n1siadula
14 Tofiaveununing suiwnudunuannisidauinnssy LfluLLuawﬂnﬂWﬁﬁmqu§UU§dui’mﬂiimmﬁgﬁmﬂqsﬁﬁ)
waztinddeiamunfioandofinavesnuning sudsmsimusulovioiazsulszanuaiuayunuasnsanmienusy

TiruaRn1ssauumaluladdenslilasuienisinuns

nswoufumaluladnisldlasuiiensinuasidunszuiunisiuiineluladlnorunisdeansisslomiios
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Table 1 Attitudes and acceptance toward agricultural drones: Summary of survey-based studies
Population / Area / Acceptance level Negative Reference
N attitudes

Technology Ease of  Perceived Intent to Others

/ innovation use benefits use
Farmers, agricultural High (Wajasuwan and
entrepreneurs / Wongsansukchar
Central Region / 385 oen, 2022)
Large-rice field High High High High (Assavakul et al.,,
farmers, agricultural 2022)
entrepreneurs /
Mahasarakarm
Province / 385
Large-rice field High High High Attitude: High (Thila and
farmers / Pathum Oottamakorn,
Thani Province / 329 2024)
Sugarcane farmers / Very low Reduce Difficult to (Charoenwikkai,
Kamphaeng Phet working time:  use: High  2023)
Province / 288 Very high
Sugarcane farmers / High Moderate Complicated (Wongwai, 2025)
Udon Thani Province knowledge:
/ 344 Moderate
Rice farmers / Safety (Jirathammawat
Central Region / 200 attitude: High et al., 2025)
Rice farmers / High Moderate (Soyyana et al.,

Chiang Mai Province/
240

2022)
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Table 2 Utilization and economic value of agricultural drones: Summary of empirical studies

Method / Population Ownership Use / Value Challenges / Reference
/ Area /N month Drawbacks
Questionnaire / Renter 5 (Wajasuwan
Farmers, agricultural and
entrepreneurs / Wongsansukc
Central Region / 385 haroen, 2022)
Cost-benefit analysis / owner - Benefit/cost ratio = 1.76 1 fixed cost (Piyamada
Rice farmers / Surin Internal rate of return and
Province / 3 72.6% Saraithong,

Payback period in 1 year, 2023)

1.5 month

| Production cost

| Labor time

| Chemical exposure

1 Total benefit

T Net present value
Interview / mega-farm 8 owners - Problems: Obstructive (Thongpan
enterprises / Suphan trees, weather and Intarat,
Buri Province / 48 dependence, reliance 2025)

on suppliers, limited
40 renters | Labor cost cost-effectiveness

| Labor time
Questionnaire / - - Usage factors: Labor cost (Leelawanich,
Farmers / Central reduction, convenience, 2022)
Region / 100 chemical safety, reduced

hazard exposure
Questionnaire / - 2 Usage factors: (Suvittawat,
Farmers who use Convenience, reduced 2024)
drone / All area of labor time, minimized
Thailand / 400 hazardous exposure
Field studies UAVs’ | Labor time 1 Drift deposition on  (Punyawattoe
spray vs normal spray <> Disease control efficacy the ground et al, 2019)

application method /
Rice field / Suphan
Buri and Chainat

Provinces / -

<> Spray deposition
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Table 2 Utilization and economic value of agricultural drones: Summary of empirical studies (continuous)

Method / Population Ownership Use / Value Challenges / Reference
/ Area /N month Drawbacks

Field studies UAVs’ | Labor time vs backpack Turning in the (Koondee et
spray vs boom and <> sugarcane high head/end fields must al, 2022)
backpack spray / 25 No tramping in the field not have any trees or

rai sugarcane field / Turning in the head/end obstructions.

Khon Kaen Province / field is programmed, no

- confusion in next working

row

- = data not available; T = Increase or improvement; | = Decrease or reduction; <> = no significant difference
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nsAnwALMaInanEveNasimeuarUsInafivlilasdaiuluumdaihusnadadumaluladnsyaey
WnadAumsaIanse Ui aseu L‘ﬁaﬂssLﬁumﬂwmrmmml,azwaﬂizwuﬁawﬁm;ﬁé’mﬁaﬁﬂ%ﬁﬂ WiudeEe 10
amil Weua 1 ads wuunasimeudis 3 A39u 6 Aana 64 ana 92 AUTA U Chlorophyta fATumaTuaIEINin
(31 ana 74 al¥d) Aa1a Cyanophyceae ﬁﬂ%mmmmﬁqm (0.14-374.78 x 10* units/L) aqaﬁﬁﬂ%mmmmﬁqﬂﬁa
Chroococcus (372.58 x 10° units/L) d@auunasnnoudninu 3 lildu 22 ana 11 aU34 Wdu Protozoa fA1u
varnmaneyearia (12 ana) wasduunamnndian (3,714.53 units/L) anafifiufunamnniigade Difflugia (1,750.11
units/L) mﬁﬁﬂmﬁwuLLwaaﬁmauﬁa%amiﬂMﬁ 6 @na Ao Oscillatoria, Microcystis, Lyngbya, Pseudanabaena,
Anabaena uar Anabaenopsis WeiuIunasiuynanaeglugie 0-7.61 x 10° unit/L winsiakinuasiivlulasdaiiuly
VlﬂLLWﬁQi}”]ﬁﬁm&’] wansIUSinaunasneuiadafiudvldinnnefiazadrsuasUdesfivasauluth daurnduiiaam
VANMANEN19TINTN AL wazALIINYIanuegluyie 0.17-1.78, 0.046-0.508 uay 2.11-4.66 M1UAWU
wansiunasiiirumatnvanensTanmenaasiann mmﬁuﬁ’uémm@mmwﬁﬁuLLwadﬁmuwudwﬂ%mmuwmﬁmu
lumana Cyanophyceae fanuduiusifsuandiuanuaunazainisilai aana Euglenophyceae, Chrysophyceae
uay Dinophyceae HAMUANHUSITIUINAUAUITLLES ﬂfjaﬁ,"dﬁim%’aﬁmmé’uﬁ’uﬂ%qmﬂﬁ’umadLL%nﬁagma’luﬁw
AdnAy: unasinauily unasnnaudnd lulasdaiu dvdanuvainwane anduius

Abstract

This study investigated the diversity of plankton and the presence of microcystin toxins in water
sources around King Mongkut’s Institute of Technology Ladkrabang (KMITL) during the summer season, aiming
to assess biodiversity and potential risks to water users. Samples were collected monthly from 10 stations. A
total of 92 species of phytoplankton, belonging to 64 genera, 6 classes, and 3 divisions, were identified. The
division Chlorophyta exhibited the highest species diversity (31 genera, 74 species), while the class
Cyanophyceae showed the highest abundance (0.14-374.78 x 10* units/L), with Chroococcus spp. being the
most dominant genus (372.58 x 10 units/L). Zooplankton comprised 22 genera and 11 species from 3 phyla,
with Protozoa showing both the highest diversity (12 genera) and abundance (3,714.53 units/L), and
Difflugia being the most abundant genus (1,750.11 units/L). Six genera of potentially toxin-producing
cyanobacteria were detected: Oscillatoria, Microcystis, Lyngbya, Pseudanabaena, Anabaena, and
Anabaenopsis, with a combined abundance ranging from 0-7.61 x 10* units/L. However, microcystin toxins
were not detected in any water samples, suggesting that toxic plankton levels were insufficient to produce or
accumulate detectable toxins. Biodiversity indices, including the Shannon-Wiener index (0.17-1.78), evenness
(0.046-0.508), and species richness (2.11-4.66), indicated low to very low biodiversity in the studied waters.

Positive correlations were observed between Cyanophyceae abundance and both salinity and conductivity,
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while Euglenophyceae, Chrysophyceae, and Dinophyceae correlated positively with light intensity. Protozoa
abundance was positively associated with total dissolved solids.

Keyword: phytoplankton, zooplankton, microcystin, diversity index, correlation
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Table 1 Density of potentially toxic cyanobacteria (x10 unit/L) in the water source at KMITL from February to

May
Cyanobacteria St. 1 St.2 St.3 St4 St5 Sté St. 7 St. 8 St.9 St 10

February
Oscillatoria spp. 0.003 0.325 0.051 0 0.007 0 0.019 4875 0.054 0.013
Microcystis sp. 0.007 0 0 0.326 0.071 0 0 0 0 0.007
Lyngbya spp. 0.021  0.340 7.333 0.062 0.078 0.008 0.744 0.026  0.418 0.007
Pseudanabaena 0.003 0.951 0.011 0 0 0 0.050 2708 0.061 0.013
spp.
Total 0.034 1.616 7.396 0.397 0.155 0.008 0.808 7.609 0.532 0.040
March
Oscillatoria spp. 1.185 0.298 0.011 0.007 0.003 0.007 0.168 0.237  0.046 0
Lyngbya spp. 0.875 0.094 0.141 0.021 0.026 0 1.320 0.463 0.023 0.011
Pseudanabaena 0.03¢  1.203 0.011 0 0 0.007 0.945 0.269  0.060 0
spp.
Total 2.094 1595 0.163 0.028 0.030 0.015 2.432 0.969 0.129 0.011
April
Oscillatoria spp. 0.130  0.077 0.014 0.212 0.006 0.004 0.016 0.110 0 0.003
Microcystis sp. 0 0 0 0 0.030 0 0 0 0 0.003
Lyngbya spp. 0.130  0.077 0.032 0.054 0.017 0 0.242 0.124  0.058 0
Pseudanabaena 0.043  5.275 0 0 0 0 0.179 0.221 0 0.013
spp.
Anabaena sp. 0 0 0 0 0 0 0.028 0 0 0
Anabaenopsis 0 0 0 0 0 0 0 0 0 0.052
sp.
Total 0.302 5.447 0.046 0.266 0.052 0.004 0.465 0.452 0.058 0.072
May
Oscillatoria spp. 0.042  0.043 0.003 0 0.007 0 0 0.078  0.198 0
Microcystis sp. 0 0 0 0.053 0.015 0 0 0 0 0
Lyngbya spp. 0.118  0.079 0.061 0.007 0.023 0 0.020 0.023  0.153 0.008
Pseudanabaena 0.073  0.043 0 0 0 0 0 0.094  0.020 0
spp.
Anabaenopsis 0 0 0 0 0 0 0 0.010 0 0
sp.
Total 0.233 0.165 0.064 0.060 0.040 0 0.023 0.207 0.371 0.008

29AUTZNaUTlALAZUS UV IUNAINNBUARS

wuunasinoudnd 3 Idu 22 ana 11 al%d lnelndy Protozoa Useneause Paramesium sp., Difflugia sp.,
Coleps sp., Tintinnidium sp., Tintinnopsis sp., Vorticella sp., Codonella sp., Euglypha sp., Holophrya sp.,
Halteria sp., Centropyxis sp. Wag unidentified ciliated protozoa lW&u Rotifera Uszneaunie Asplanchna sp.,
Brachionus angularis, B. calyciflorus, B. diversicornis, Platyias quadricornis, Keratella cochlearis, Filinia
longiseta, Hexarthra sp., Trichocerca pusilla, Anuraeopsis sp., Polyarthra dolichoptera, Lecane papuana, \a¥
L. closterocerca nau Arthropoda Aana Crustacean Usznaunae Moina macrocopa, Copepod nauplius hag
Calanoid copepod Tng wnasineudniligu Protozoa inuynanifi@nun l¥un unidentified ciliated protozoa
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USinauesunasineudniudazandiviunalugg foueglurag 0-3785.97 unit/L ilofinnsandndiuysunm
wnasnmeudnilugieggiou (Figure 1) wudn Iy Protozoa, Rotifera waw Arthropoda HUsunasgaaniufieununius
Andufenas 28.72 (3714.53 unit/L), 2.13 (302 unit/L) WAz 10.64 (343.33 unit/L) Feviavmanuly aenddl 1 dle
fi9snaentasaiins@nyimuinfidadutiunuunasineudailulidy Protozoa unftgalunnideu e
fiansamaniuunasinaudnivnaaduenidusedou agnuiingu Protozoa uay Arthropoda IUSunasiunnaniilgs
fapluideununiug ngu Rotifera fUmasumnanigaianlufouwiou

February March
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
St.1 St.2 St3 Std4 St.5 St.é6 St.7 St.8 St.9 St.10 St.7 St.8 St9 St10
M Cyanaphyceae |l Chlorophyceae [ Euglenophyceae M Cyanaphyceae [l Chlorophyceae i Euglenophyceae
M Bacillariophyceae @ Chrysophyceae g Dinophyceae M Bacillariophyceae @ Chrysophyceae @ Dinophyceae
W Protozoa W Rotifera W Arthropoda W Protozoa M Rotifera W Arthropoda
April May

{605 100%
80% 0%
60% 60%
40% 40%
20% 20%
0% 0%
St.3 Std4 St5

St.6 St.7 St.8 St.9 St10 St.7 St.8 St.9 St10

W Cyanaphyceae il Chlorophyceae i Euglenophyceae W Cyanobacteria i Green Algae M Euglenoid
M Bacillariophyceae |l Chrysophyceae [ Dinophyceae M Bacillariophyceae W Chrysophyceae i Dinoflagellates
M Protozoa W Rotifera W Arthropoda M Protozoa M Rotifera W Arthropoda

Figure 1 Proportional composition of plankton groups in water source at KMITL from February to May

dofiansanmasntaggiounuiunasinoufivluandd 1 fdnasmunndige sewmwnfoantiil 3 uaz and
7l 9 dauanndifiuTnasuunasineufiviiigafoanid 6 ludiwveaunasinoudninuitandd 9 nuiumsy
unasineudninniiga sesawmnfeantii 3, annd 1 uaz annili 2 dauaaniii 5 TUTunauwasineudnitesiian 3
wuiluandifivsinaunasineufivanndign lilvandfsivunaunasineudniuniian dsenauandlinsiuinvie
unaarmoufivluandil 1 fuenfivduililivdnfinzaudenaduewnsvesunasinoudn? dufumsasaianis
1 mnfuwasimeufiedadufndndudunnn msiiviinuunasdroudnifadufuilnadusundy ervligndesimun
msresndudesinnsansiaveunasinoufivluumanitug dewui

druunasinouivfinusnndigeluanis 1 (udsfauzmealuladnisinums), aadil 3 @ dnonssuGeulng)
uay an1dlil 9 (ewseeUsedd 5. 4) Wefinnsamuinluanidmanifansdunidaeudnags nsnaniiaalulsd
avauogfiute uazanandstudivesdnith Fadudelffuunasinoufivlds SoiliivTnaunasneufivun Tudu
annilil 6 (UoUmgudidsurmaudansznny) famuvinaunasineuiiviign auwmiandunszlueiniadss
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YanasviuazUanila 6’?3&LfluﬂmﬁﬁuuwaﬁmauﬁmﬂummaagjLLﬁ’J é’qﬁ?uLLﬂ%ﬁﬁd%’waa’mﬂmLﬂuﬂaiﬁﬁ’uLLwaaﬁmu
i uiunaseuiiafiingy ﬁgﬂ‘ummaﬁﬂ?uﬁuﬂumms FenuunasrineufivluySunmiio
N153LATIZAAURAINRANLNITIN TN VB IUNAIN DU

AAnumannvanenstan (H) Wesunenrumannvanevesunassaenluganii 5 lnpAwtinuainiany
Mnnanniliedenasntisggieudaiogluti 0.17-1.78 Fanvluanniil 3 uaz a1l 6 (Table 2) Tngerduiay
vianvanevesuNasinaunAIsg 1 u,amﬁqLmdqﬂgwﬁuﬁmwwmm/im&Jma%qmwﬁl’wmmmzﬁuaquamm (bad
status) 929 1-2 wanadaund winiinanumainmatenisganIwea Huan13zaa (poor status) ¥33 2-3 nunefisdany
wanuatensdinmiiunae fuanieliunats (moderate status) (Ge et al., 2022) iieRansaunluninsiaumui
iWeunuaiusuazifouiunaudieamanraenisiinndigininfeulwisulas nguniau wansiUTinaNan e
lugrsuanevesggTeuduinninlugiwiugg nsAnwassinufemesnsunuiivesunasineuiiaudeluaonii 1
Lﬁauqumﬁ’uﬁ‘%dwvmwwmﬂwm&waa%’gqunqm LwiLﬁauﬁmﬂﬂuamﬁﬁﬂé’uﬁmwwmﬂuawmq%amwﬁﬂﬁqwﬁq
LLamﬁaLﬁmmﬁl,muﬁsumnfjuLLwanﬁmauﬁLﬁwﬁm(ﬂ'wﬁu mﬂﬂwﬁﬂmﬁuwud']ﬁaﬂfjﬂ%ﬂmwﬂﬁﬁEJ (Figure 1) 1
s ilFousmeuimguaiay fanumanuanenistanmeninty faummananynawesngulveiluwuadiFed
WinSunanntuluuvash vilvunasineunguduliamnsauisiulunmsindivlald Samuedaunasineunguduls
Yoy AmnuvaInva1ensanmissinas Iag Plaas and Paerl (2021) sieauingaumgivinlvinisiasapdvlaveunasi
peuuwiaRuTuiewdsunladly ﬁ?fqﬁﬂﬁt.ﬁmﬂﬁl,muﬁ%aaﬂfjuLLwaqﬁmauﬁLﬂ'u W NMssyiulaveangulyeily
WUATISY LLwaﬁﬁmauﬂa;uﬁ%LﬁﬁfgtﬁuimLLazLst'ﬂssm&Jléfﬁiuqmmﬁﬂfwﬁqn F9ANANI0ANAIIANAINYATENITIN AT

161

Table 2 Biodiversity analysis (biodiversity, evenness and species richness index) of Plankton found in the water

reservoir around KMITL from February to May

Shannon-wiener (H)

St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9 St.10
February 2.93 0.48 0.29 1.87 0.59 2.35 0.16 1.00 2.72 0.24
March 0.11 2.84 0.35 2.52 0.19 2.05 2.48 0.29 0.13 0.49
April 0.20 0.53 0.02 0.04 0.13 0.77 0.36 0.36 0.01 0.19
May 0.05 0.12 0.02 0.17 0.01 1.95 0.22 0.36 0.35 0.25
average 0.82 0.86 0.17 1.15 0.23 1.78 0.80 0.49 0.80 0.29
Evenness index (J)
February 0.88 0.12 0.08 0.66 0.17 0.64 0.05 0.24 0.73 0.07
March 0.03 0.68 0.09 0.68 0.05 0.58 0.63 0.08 0.04 0.14
April 0.05 0.13 0.01 0.01 0.04 0.22 0.10 0.10 0.01 0.05
May 0.01 0.03 0.01 0.06 0 0.6 0.07 0.09 0.11 0.07
average 0.24 0.24 0.05 0.35 0.07 0.51 0.21 0.12 0.22 0.09
Species richness (S)
February 3.34 4.86 3.01 1.74 2.90 3.80 2.47 4.60 4.04 2.38
March 2.31 6.31 3.38 4.25 2.99 2.97 4.41 3.63 1.89 2.53
April 4.28 4.12 1.58 2.12 1.83 2.93 3.19 3.76 1.07 3.05
May 2.30 3.33 1.21 1.51 0.94 2.45 1.68 3.62 1.43 2.31
average 3.06 4.66 2.29 2.41 2.16 3.03 294 3.90 2.11 2.57

Adianuainate () viennuwinfiguvesnasineuanynanfindenasnyiegaseudeataglugie 0.046
- 0.508 Fanuluaafiil 3 waz anliil 6 awaRy WeNasakenTeiRouanin 1 luieunuaiusiiAdviiniig
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aiaueuniian (0.878) wagsaeluanndil 5 lulfounquaiau (0.004) Adwiauasiiansaansaeduisnmss
ANuvaNvangveLnasinaulnedAegluyie 0-1 winAlnalAes 1 wnefansiauaiianereanisuninsyaneves
uwasimeuusarsialuuvaningunn Samasntimgdouani 6 dduadvaruaiiauogaiian vunefiiusuamde
nsnsEEfmYh UYL A ouLnnIEn ey 9 (Wang et al., 2021)

fdanuannein () mnvnaailndsnasntiggioudicogluti 2.11-4.66 Fanuluaanilil 9 uay aanili 2
puady efinnsanuenseieuanniil 2 ludeuiua fewiniian (6.31) uazianluanndi 5 lufeunguaiau
(0.94) fflaamnedaliluniseduissusiaunasinouiiuandsiureusaranifidnw Jesfvdarumnedadni
ﬂ'mm%LLamﬁm’mmmad‘ﬂﬁmqﬂmﬁmzbjLﬁ&lﬁ@ﬁﬁ’uﬁwmuwiawﬁm

Iuﬂwwsaumé’%ﬁmﬂwmﬂwa’1Ewm%qmwwsﬁuaQﬁvmﬁmﬁmmaﬁwLauaLLazmé’%ﬁmmmn%ﬁm Famnd
Prunusianarnisnszaeiivewnaiinouin Aazvilirsuiaiunainnaienisdanings (Magurran, 2004)
AnuduusvesaunwnAuuwasTnay

qamwwﬁwmﬂmamﬁﬁ'ﬁwmﬁﬁuﬁaasiwwumagﬂuszmé’nﬁ Qmuqﬁﬁ;’l 25.4-31.7 °C sendiauaranei 0.4-
9.2 mg/L ﬁ‘fqmﬁ’iﬂiﬁwdauﬁfmdﬁLﬂm%MWM'igwuﬁLLugﬁﬁdﬂziji’mdw 5.7 mg/L (Yoshikawa et al., 2007) #1nAn
DO shndunasidenaneadmanszudensdsaiinvesdnith e pH 6.95-7.89 %wgﬂumm%mmgmmmLma'q‘fﬁﬁ
MvuadnAlsiategluaie 5-9 (Pollution Control Department, 2014) USuauuad 9-874 Lux A214YY 1.14-89 NTU
AMLLAL 177-706 ppm A1nsUlndn 185-683 uS/cm LLasmﬁﬁﬂmmmé’uﬁ’uﬁmm@mmwffﬂﬁ’vﬂ%mmuwadﬁmauﬁﬁj
nuunasineufislumana Cyanophyceae fnnuduiusisuaniuanuauuazainisiilaid (0.41, 0.49) aana
Chlorophyceae finuduiusidsviniuiiion (0.11) dauaaa Euglenophyceae, Chrysophyceae Wag Dinophyceae
fiauduiudiduanduannudunas (0.16, 0.11, 0.22) druanuduiusvesunasineusinfienaadsarsiiviuen
ﬂ]mmwﬁwwudw Oscillatoria fiauduiusidsuanduainuduuas (0.18), Lyngbya aruduiusidsuanduvosuded
avaneluth (0.12), Pseudanabaena anuduiusi@auiniuainufusazainisii vl (0.18 wax 0.16), Anabaena
WAz Anabaenopsis AMUFNTUSITIUINAURUNAI (0.02 uay 0.25) ludiuvesunaineudninuiingy Protozoa il
ArwduiudiBsauiugangdl (-0.45) uasiiarmduiudieuaniureaudsiiazatsluih (0.51) uagndu Arthropoda
(0.39) Wilefnrsanndeyannuduiussuaunimienuihunasineuriafiaiaiulnesuarduiusmanindu uas
gaungil uazUSinmansemnsluuvas GﬁqﬂﬁlﬁfaLudwﬁﬁwqﬂumnqg%@u Faduggmiatiensiimsihse Tsnsidiaiinu
WnnveduNaIineufienvaisansfiv
nan1snsATzlulAs TR

lunsfnwiadsiinsialdwulilasdadiunndn RR, LR uar YR) Tutharnmnaoniifi@nwinaeatasgqieu 8
A&Bfun13AnYI983 Ruangsomboon et al. (2014) dadnwuiunalalasdafiulutodswauasstgninnssianly
wnananszdauarlinulilasdaiuluivesuranihdnairuiu lnsanseanudunuidlveluuaiidefiadfivly
UaUangatla 843,964-11,241,788 unit/L uwagnuiivlulasdaniu RR TulserluwuaiiiSe 0.014-0.202 mg/g dw usiliiny
T daumsinwadsinusinaleelusuadiSefiadaiivsinga (11,600-185,800 unit/L) dslinululasdafuluuvas
B Ui 99NN19ATI9LBNENINUTIBIUTRS Zimba and Grimm (2003) Ga51891ui1Uszana 50% vesUaua1mia
ny fussnidedlivesanigouinifinumsuguuedlselusuaiiFeiiiuiv fsssululastaduludhiigauiund 1 ng/ml
Faduvesuyud msvadiesdnseunsielan Li et al. (2017) uuzthindaeafedmiunisuilnalinulalasdaivain
nsfnwiioradunainanlumdsihidnuiiusinalseluuefideiiduiivies Wewisudsusuluvavamnain
doswise Ysnnaludide Gemmanululasdadiuluiigsds 0.6-5.89 mg/L (Chia et al., 2009) wuihiiuTualesly
wuaiSeidufivinnninvedidnwadel 900-1,500 wih FawaneiUsnaveseelusuafiZeiunumdfysonisnan
aﬁﬁwé’fﬁﬂa'naqgil,mdaﬁ;ﬁ

nnsAnvefeddflefiasanainUSunaunasineusin unasineuiiad ey aruduiusveslsua
LLwanﬁmauﬁwﬁ’U@mmwﬁw warUSiadlalasdaiuluth LLamsLﬁmmdﬂusdwqgﬁ”auLméqﬂgﬂu‘u'%nm ava. faAlnany
UaondlalldFuivanunasinouiifusunmesodmituazuyed yasnsuazinfnuannsalifuiindoudnlilng
Lméaﬁmmmdqlﬁ Lifesinanisszmefosfinnanmsduiaazennifienaiifivaray uavdandun awnsaasuene
hanmeluanitus asgaassaeuents Insaylsidsanssnusainumsnsginianaaeduliuss o
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Abstract

This research aimed to: 1) explore design guidelines for packaging and labeling to promote marketing
of mango wine products; 2) develop packaging and labeling to enhance sales of mango wine; and 3) study the
satisfaction of target consumers toward the developed packaging and labeling. The study engaged stakeholders
involved in packaging and labeling to establish suitable development directions and assessed consumer
satisfaction with researcher-designed prototypes. The findings revealed that effective packaging and labeling
designs for mango wine promotion should consist of three essential components: product information content,
packaging form, and graphic design elements. In terms of product content, legal regulations and standards
specific to alcoholic products must be strictly adhered to. The packaging form should take into account
appropriate size, quantity, structural design, and materials. The graphic and visual design should focus on
aesthetic appeal, attractiveness, and color schemes aligned with the product identity. Smart packaging is also
emphasized, allowing consumers to have quick access to product information and facilitating connectivity with
producers. Quality assessment of the developed packaging and labeling indicated very high quality of content
(x = 4.93, S.D. = 0.15), high quality of design (x = 4.33, S.D. = 0.47), and strong performance in promotional

effectiveness (x = 4.44, S.D. = 0.54). Furthermore, satisfaction assessment among sample participants showed
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the highest level of satisfaction in terms of design (x = 4.61,5.D. = 0.17) and promotional support (x = 4.61, S.D.
= 0.13).

Keywords: smart packaging, labeling, mango wine, sales promotion
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Table 1 Synthesized table of interview results on packaging and labeling of mango wine

Informant Group Key Issues Details / Requirements
Content Experts Product Product name: Namdokmai Wine Vibe; produced from
(Entrepreneurs of Information Namdokmai Mango No. 4 (Geographical Indication: Samut
Thanyalux Mango Prakan); 500 ml; 15% alcohol by volume; price: 50 THB/unit
Orchard) Marketing Desire to distribute as single bottles and in a set of three

Packaging Design
Experts

Consumers (Target

Customers)

Design Preferences

Design Orientation

Product
Information and
Labeling

Sustainability

Demographic
Characteristics
Consumption
Behavior
Product

Requirements

Design
Expectations

bottles as souvenir products

- Color tones: Natural (green, brown, and yellow) to represent
Namdokmai Mango No. 4

- Using a realistic mango illustration

- Typeface should convey luxury, cleanliness, refinement, and
attractiveness

- Interest in Smart Packaging

- Should reflect product identity, be vivid, lively, and highlight
mango fruit clearly

- Graphic elements must be distinctive and eye-catching

- Information should be complete, clear, and simple

- Must comply with alcohol labeling regulations

- Prohibited from claiming medicinal or health benefits of raw
materials/herbs

Emphasis on efficient use of resources and environmental
sustainability

Predominantly female, aged 21-30 years, single, holding a
bachelor’s degree, and earning over 25,000 THB/month

Most had never consumed or purchased wine; a small portion
purchased only 1-2 bottles per occasion

- Preferred volume: 500 ml/bottle- Packaging should protect
product quality, be portable, and easy to open/close

- Should be available as single bottles or in sets of three
bottles

- Packaging graphics, product name, and images should be
clear and appealing

- Label should communicate taste attributes (sweet, fragrant,
and unique)

- Highlight product origin and incorporate a short slogan to
enhance storytelling
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Figure 1 Packaging and labeling design for marketing promotion of mango wine products
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Table 2 Evaluation results on the quality of product content

Content assessment items X S.D. Meaning
1. The accuracy of the content 5.00 0.00 highest
2. The appropriateness of language and word choices 5.00 0.00 highest
3. The amount of information was considered 4.67 058 highest
4. The sequencing and organization of content achieved 500 0.00 highest
5. The illustrations were found to be perfectly aligned with the content 5.00 0.00 highest
Overall gquality level 493 0.15 highest

271 Table 2 nansUspifiunuamuesusstasiuazaandudigadeldtmundulnedidergdudom
wudrdaedewiiu 4.93 uasfiendudssuumnassuindy 0.15 WethundIsudisufuinusiffvuadsing i
A iuievesussfasiuarasndudeglussduinniign Sadulumunasifitmue
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Table 3 Evaluation results on the quality of product packaging and label design

Design assessment items X S.D. Meaning
1. Strength and durability of the label and packaging 367 1.15 high
2. Effectiveness in protecting the product within the package 433  1.15 high
3. Ease of use and portability 3.67 058 high

4. Aesthetic appeal and attractiveness of the graphic design 500 0.00 highest
5. Ability of the design to reflect the product’s identity 433  0.58 high
6. Appropriateness of typography used in the design 433  0.58 high
7. Suitability of layout and composition in the design 433  0.58 high

8. Appropriateness of color selection in the design 500 0.00 highest
9. Clarity of content and illustrations in conveying information 433 1.15 high
Overall guality level 433 047 high

310 Table 4 nan15UsEIuAMAIMAILANATUNTVIBVRIUTIA LAz RaInd A1 {38l ulag
HgvnyeudLaIuNsvY nudaiaiewintu 4.44 uasliedudeauuninsgiuviniu 0.54 WethwnlSeuiiiey
funaueififvunusing R miudaasunsveegiuszivinn Fudulumunasividmun

Table 4 Evaluation results on the quality of sales promotion evaluation

Sales promotion evaluation items x S.D. Meaning

1. The label and packaging enhance the product’s brand image 4.67 0.58  highest
2. The product effectively attracts customers and encourages purchase decisions ~ 4.00 1.00 high
3. The product is attractive, unique, and easily memorable for consumers 433 1.15 high
4. The product presents an environmentally friendly image 3.67 115 high

5. The packaging facilitates convenient product display and shelf arrangement 500 0.00 highest

6. The packaging and design add perceived value to the product 500 0.00 highest
Overall quality level 444 0.54 high
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Table 5 Results of the satisfaction evaluation regarding packaging and label design

Evaluation items X S.D. Meaning
1. Appropriateness of the Size and Shape of the Packaging 4.62 059  highest
2. Convenience of Use, Storage, and Portability 457 0.66 highest
3. Strength, Durability, and Product Protection Capability 432  0.79 high
4. Accuracy and Completeness of Product Information 472 053  highest
5. Clarity of Displayed Information and Images 472 050 highest
6. Aesthetic Appeal of Packaging Elements 4.69 053  highest
7. Attractiveness and Appeal of Graphic Design 4.65 059  highest
Overall quality level 461 0.17  highest
n =226

Table 6 Results of the satisfaction evaluation regarding sales promotion

Evaluation items X S.D. Meaning

1. The packaging and labels can enhance the product’s positive image 4.65 057  highest
2. The packaging and labels have an attractive design that can draw customer 472 051 highest
attention
3. The packaging and labels can add value to the product 472 049  highest
4. The packaging and labels have a unique identity, making them easily 452 0.49 highest
recognizable to consumers
5. The packaging and labels present an environmentally friendly image 443  0.75 high

Overall quality level 461 0.13  highest
n =226
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(User-Centered Design) #ilvianuddiaysionudesnis waznsiladusInvesly

Frudayaion msvenuuusesdisfadeyafiaonadosnguneaiuaugs Wy massydendniust Ui
a3 Usinauwoanased Tukdn wazdfiou uendnimsesnuuulidoyadididudu (information hierarchy) wagdl
anutaau (clarity) denadosiundnnisues Gestalt Design Principles Tiun1sdnszifevesdusenauiioliiAnns
fufiduennmuaziedennudilovesuilan (Mehta et al, 2024) Msnaueteyaiiuaniguat vienuausd
MiAvvaIndndnaluguwuy Key Message é’qszj";sﬂ,uﬂwﬁﬁamsmﬁmﬁmﬁm‘lﬁmmmLsﬁﬁqﬂa;uLﬂWﬁuwalﬁaﬁa%uaamﬂa”aﬂ
fusiAdeues Schifferstein et al. (2021) Ainamfansiuiiferiunansdasivesiuslamimdsramduianianisus i
TneandnvuzidsuanvemdndusivisnssfuliiAnnuAndeindonudnuazdug Mo aainduddnisiie
walulad QR code Whurldifioassuszaunsalfialitugndn Tnedeslosfudeyaaiuiifuiloneaaulaiadossn
yowdnfasinszuIunsHan wardoyaiiuszneuns (Saysrikeaw et al, 2022) iesassumsiduussinsisanios vie
Smart Packaging
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FruzUuuuussgamet nseenuuudesidsiiguuuunazrausTAnsiiazdosldUTnaimnzauduay
denasionisldann (Farell et al, 2024) Tneidenldwiaurivuia 500 fadansuaznassusseyn 3 WInfifanuudauss
UM naenIuMIRnLUUTIBaansnnwIkazdasvine denndesiuuuifin Functional Design wagndn Form
Follows Function Afulsisuuuunsesnuuuneuaussieussleviliaesuaznisuntiomanfusiduddy msliiani
wiaussuaznuniudieiuyani1vesussaSuet dlaudigfinunniagundoundu (Singbubpha et al, 2025)
uenIniffesmnzaudmivnufisiionadwifiasnunssnuiioonuuy Sxstievhlinand asiAneuiauly
uazdglunsaaTuN1SVI9EUA donAABINUUIBVDY Jujia and Roodplang (2023) ﬁﬂzﬁ'njwmiqﬁmsﬁﬁuﬁﬂwﬁq
nagmsnemsaaafitisRagevinlvguslnafnawaulessnndududuniiiefinnsan

FIUNNTDDNUULAMUATAIAABULUTTA TLAzaaINdud nadonlilnudsssuwi (haa-wdes)iiden
FuiunguInined (Color Psychology) frededmdns é‘hé’ﬂmﬁﬁé’ﬂwmwgmw LA ATWLEN DU IVDINLAY
thaonlsl Pretnevensndnunivomandusildogusiun donadofusmiifoves Schifferstein et al. (2021) findmais
mMsuiuazmsneuaussweriuilariamiiunnguuussafasiaansaimiifsgarnuaulevesfuilaeldd few
Fanuuaziwlunisvanudila sgdlsinufesiowusenoviug fivrsduaduiuionisiiaue wWu veous &
amans n31fin HrenszduliiAnanuidenledlugsidud uonaninsidenldfendnfusinunsnguimisais
amdnwaliviuasiouazvenenisiuigaainanna

Usziuanuiiswelefifidaussyiasiuazaaindud lunmsamdunisesnuuunguiegisfimnufianelaeg
Tusgduanndign Tnsludusuusn Ae anugndes Asudiu mnudaauvesdoya uazgunmiluans sesasuniduizes
ANUEIBNNTEINNTINeIUTZNEU Auhaulalavadivesueanwu tneduduannefonuuleuss AunuIY
wazAmalnIalun1sunlowdnsine aonndesiuauideuss Wang et al. (2022) WUIINITOBNRUVUITTYATIAY
oadUsznoufifuslnafiurey axdsnsedurundalunsioldfidy

Tududaesunsvenanisussidunafianelavesnguiogisiidadssueglussfuanufiswelaundian
Taglusuduusn fie nseenuuuiifianuiiauls Asgagndn uazdreifinyadliiuadndne sosasniduizenisie
duduasnnmanual anudiendnvalianizi wazyiliuslneanusaandnlidne denndesiuaideves Thienwet
(2022) fAlenandsussydnsiinuenainazyimiilunisussandndueionguanlugiuilaaud Suiunuenliv
NAnsoue! aenndesTunuAduues Rattanapan et al. (2022) findnyinussysasitisimihfilunisdeansnisnain ns
ifoyn nisuuzinaud wasienseduliiaansdadulate mseenuuuusssusshlfAeniaiouiiou wasns
wdady anAuiuazussinsinTiondnual uansdsiinuiianuddedanndensdndiminedud Tusunsdaaiy
AndnualfiAliiuguszneuns mswauussaAusiassilfiuseneunisaieyaruaziaiuenaudwnswosuusus
dmdumsutetuluganunisaiieg 1§7%u (Boonthawee and Auyyuenyong, 2024)

a3unan1sAnen

HUIMNIN158BNIUVUSs Y AITIuazRa N Fud e aaSun1sv1e 1 ndazsiag

wanAnusTlnzshsmsEvTnafivnzando 500 faddns/an uendmihoiduriaiien uaznaosussgyn 3
¥ vsstaeimsEaNaansalunsundesduildflngas deadenldsmtaniudusmuniu vssgdusiuazaainang
finsoonuuuasdUsznouin  liud deanu am & nsilnuazanany Aviedoansiuendnvaivestaniag laotoya
flagusnguusdnsuriaenndostumiufesnsvestide assmudongrunefmun
HANTABNIUUUTIY AITLATaa N AU Iad uasunsuelatiuzsing

nseenUuUUUTIYasiLazaandudiileduaiunisneliiuzshedesddsiesduszneundn 3 suldun
Foyaitonnanst JULUUUITIAL uar MIBBNLUUATNLAYAIRRNEULUTTY NTuasanIN AU
arwiiswelafisiraussyfasinazaanndudiiedasiunisuglnfusaing

naushegsdiaruiianelalussduannilaarluduniseonuuy wasdunsdaadunisnelneanizesnedsly
Uszifiumnigndios asuiu mnutaauvestoyauaznmiluanina uaznsideslosteyaneuend walulad QR
code Fsapnndasiunnusioinsveiuilanduidunamnanmsdsamnudesnsvesiiidulsdudesoussqfus
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uNAnge

WngngUraNATnUaENSsUS DA eRmza Sminnsin gnauundusiin Catostylus townsendi andeya
duguifissediafion uarluiligulimsfinuiusnssuvesusnensuriaiifinnnty fadulssloniensiususia
waznanuidolosesiugnisy  nafnwniifsdiingUszasdifedusuriauasnsaeunnudenlososiugnasily
wsngwguannafinululsemalnefuiuiisy  Tnensnsgidnuasduguiuiuieyadiuindlelnduinmsy
COl (cytochrome ¢ oxidase subunit 1) 4aEATIVADUTLHENNNINUINTTURALANUFNTUSITAUINGT MIANY
dnwaurdugiureaunnemgy 21 Megne Sadusiuvureauunengy 7 ngu snueuduuysvesdundiduasiuan an
UEhauvarassay suauvaunda suneles Smiansn nuusengngu 7 ngu idnuasdugiuiisuduienisdiuwun
¥fin A ArmemvesuInTauUIN TUIuLATILIAYET DU warUsvenivizsuanuidnadieiu daluuila
C. townsendi MsfnwdduiadlalnauTindy COl veauunensy 18 Mo nuanuuanisvesinuilindlolnd
tfoy aonAdoIiuALAABTRITIZIaMSUENTTL (K2P) (0.19+0.09%) msAnwianudiiudmaiannmslaenisaing
WHUEIAUEITUEAIETT maximum likelihood wukssngwguvandeglungsudinunsiediuusnsnsusiapieiu
NnUTuezTusenvemeaduld Meranuderiu 100 Weslwud namsAnundnvardugiusiuiuteyamaiugnssu
Budunisduunudauusnznguvaind  wazuandbiiudsenuduldldvesnsiinsiagewsuluveunnisunsnszany
mammquwﬁmﬁ FafiruddnyronisUssumnuvannvaekag M IoynEnIne N TINITIA M

o o

ANEATY: Catostylus townsendi 8w COI ANNENTUENIITRILINT aunsidsuliana

Abstract

Multi-colored jellyfish that bloomed along the coast of Trat Province were classified as Catostylus
townsendi based on morphological data alone. Currently, an increasing number of studies on C. townsendi
genetics have led to the verification of the species and the investigation of its genetic connectivity. Therefore,
this study aimed to confirm species identification and investigate genetic connectivity between Thai and other
populations of multi-colored jellyfish by morphological character and CO/ (cytochrome ¢ oxidase subunit 1)
nucleotide sequence analyses. In addition, pairwise genetic distances and phylogenetic analyses were also
examined. Morphological evaluation of 21 jellyfish (representing 7 groups defined by color variation on bells
and oral arms), collected from Klongson Beach, Laemklud, Muang, Trat Province showed that the 7 morphotypes
were morphologically similar with comparable key morphological characters, namely oral arm length, number
and size of lappets, and rhopalium shape, and were classified to the species C. townsendi. The COI sequence
variation of 18 jellyfish samples was low consistence with a mean pairwise genetic distance (K2P) (0.19+0.09%).
The maximum likelihood phylogenetic tree revealed that multi-colored jellyfish were in the same clade as C.
townsendi from the east of The South China Sea, strongly supported by a 100 percent bootstrap value.

Morphological and genetic results confirmed the species identification of multi-colored jellyfish and suggested
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! Institute of Marine Science, Burapha University, Chonburi 20131
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the possibility of cryptic species detection within C. townsendi distribution. This suggestion is important for
biodiversity assessment and conservation.

Keywords: Catostylus townsendi, COI gene, phylogeny, molecular taxonomy

A1

Unngmsainsmuiifuressnenguduunnuinamienh  viefidend  msaznimosuungngy
(jellyfish bloom) utsngnisainusssud Sawmuananetade Wi mafsinumsemsasgundsh s
Wasuuwlawuvdsiiogendvesdnitifionamudes  moiwssnafunnn  msiudh-dsoondnithindy  (lien
species) LLavmsmﬁamwaaammﬁmmﬂ (Richardson et al., 2009; Hashim et al., 2023) d@lugindmansznusio
msvieaiies gavnssalsdlali (ilkAnnsgadlussuuvaeBuestsdlniy uaznisviszusneils (Lynam et al.,
2006; Purcell et al., 2007) iuﬂsumﬂlmwum'iaw‘wwuanLme‘WiwmﬂamnmsmEJEJnmLasuaammmmm Fausivn
s1n1gmd Sunaiios feeniliin Sunemandlug) seviadeutueneudmgedmeuremnd Tnefinenunsnuiudd
w.e. 2555 unedagiu (MGR Online, 2013; Nation Thailand, 2024; TNA, 2024) wiognslsfinu nsasnsewes
wngnguandvinaeilmea fmdansia shlmAnmsaieneldlugisunmaieadsdlumeniavuissng gy
wana sﬁa%’m%mﬂuﬂszﬁmﬂ% (MGR Online, 2013; Nation Thailand, 2024; Pattaya Mail, 2024; TNA, 2024) ga101338
uazimumInensazia Mellmeia wasthweay IS uunelausenenguvanndinuaznisunumeilmea
Jdans1a dndunuangwguedin Catostylus townsendi (Phylum Cnidaria, Class Scyphozoa, Family Catostylidae)
f\]’mﬁﬂwmzm\‘]ﬁiugﬁﬁmmL‘WEN@EJ"NLam (Marine and Coastal Resources, and Mangrove Research and
Development Institute, 2015) LLinﬂzW§u1uaf]a Catostylus ﬁswmuﬁ'ﬂaﬂﬁy’wm 11 %w¥n (C. cruciatus, C. mosaicus,
C. ornatellus, C. ouwensi, C. perezi, C. purpurus, C. tagi, C. townsendi, C. tripterus, C. turgescens uag C.
viridescens) (WoRMS Editorial Board, 2025) lutsgwelnedistaaninnu C townsendi \igsyiafien wiansniuin
fifdiiulandiody faduuandeiy fusen wdesna tma #h ahe tidu Smoegunsnsieswau 8 Eueg
suansdnd vinamuniiduiiy Sulanuguussliintnuariidusunsiedenyud (Marine and Coastal Resources,
and Mangrove Research and Development Institute, 2015) LmeWﬁquﬁuﬁmﬁwuLLWi'ﬂizm&JU%L’Jmmuawiumg ey
191 Useinadulaii@e (Kramp, 1961) Tulsgimalnenuusinumziasunisiu %’ﬂwi’mqtﬁm Lazs s sminnsa
JUNYT T8U89 YAUT INYTYT aynsanas aynsusinig aunsansiy Useauastus quns 31wy sontl uaseAtessusy
kazasuan (Marine and Coastal Resources, and Mangrove Research and Development Institute, 2015)

Tl we. 2560 Menunmsinuduguinendoruuaranuiususvessuindlendlussngngunand
Tny Panithanarak and Taleb (2017a) Wuiusngngumanadnnuasnislufoungadniou wa. 2556 UIMAABIN
a1U MAIN1TEE unewies wazUnAaegnliisn sunerasddug) Jminnsa ldnvaeduguadienieiu Jneglu
ana Catostylus Tnefidwhilundnesy faFeu iy fdduuansieiu loun Fvuazih sufadiidednszaseginly
snnduzunsinsis T 8 duegdudisdii Taduuanety dusom e wagdeudiam wuaruduusves
aauindlelnausiindu mitochondrial cytochrome ¢ oxidase subunit | (CON Hos wagliszayrinamaiugnssutios
(Kimura 2-parameter (K2P) genetic distance 0-0.75%) Wiguwifiusseziiamaiugnssunisluiaane niusilade i
(Holst and Laakmann, 2013) udlsianunsaduunldfesedurin idesannundeyavesdnuuzdnguidniusenisdn
Sruunluszaueiin Wun anuemvemuanseuthn (oral arm) SuaukavILNAYEBITEUSY (lappets) uazanugUsg
038w uduia (rhopalium) uazgudeyadiuiandlelndluszduana (GenBank) luruzdulsiifoyadduiiangle
Indusindu cor vesusngwuluana Catostylus (sntiusanewsuniin C mosaicus Sewuuiameilmnane fuoen
vosUsuinareanside) lulagtuiimsfnumussngnguluana Catostylus sanusngnguiln C. townsendi Tusydiu
ﬂ’uqﬂﬁmﬁmmﬂﬁﬁu (Abboud et al., 2018; Gomez-Daglio et al., 2022) Inenuteyaaruiianalolnausiangu COl ves
wsngwyuluanaiifavmn 3 vlia (C mosaicus, C. tagi wag C. townsendi) Mnn1sduAugiudeyn GenBank wagnuiy
fitoyalalnneusieadluuionnn (mitochondrial complete genome) UauaNENILYA C. townsendi fiansnsauiiun
Wisuidisuiuteyadiduindlelndveausansngunanndfmuluvsemealne  ilensBudunsiuunviaiignieuas
Anwaudenlosesiugnssululssrnsfinulutssmdlnensudisuduluiuiiduely - drfunisnuiluadedid
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Tnquszasdiiofudunsseyrinfigniosweauunenguvand  (nuanufunUsvesduudimuasuan  Fanuasnss
U%L’;msmaﬁjama%’w*ﬁmmm Huuszdmnd uazasivaeuanuidenlowesiugnssululssnsimululsemelneduly
fuiisy Imamﬂmevwmmmmmwma’mﬂumauaamumﬂaialmummau COl UAATINADUTLYLWNNINUTNTTY
P POV R Rl mauawumumﬂmsﬂﬂmummmmﬂmmamimwmmmmmwmmLLuuLLa s
WNINTNYVBIULINENTU i’;:ulﬂmﬂmﬂﬁmwmﬂgmsmmsmwawaaLme‘wau L‘WEJﬂ”I?ﬂENﬂ‘uLLau‘UiiLW]D\Iaﬂiu‘WU
vosIngnsaifensvieafiennanzia mavssuseily wazgeamnssilsslih uennduddsinnuddgsens
Uspidluamumannuansuazniseyinemineinsmedanmuesdailunguidsdauddysoszuuiing

2n19ANE

NSAUTIVTINATDE

Wiusegauwuengngulaensldaiuadndnuuienuisnisves Browne and Kingsford (2005) ANUILIE
MPPABIEY FUALNANNER BLNOWEY JINIANTIN (Figure 1) 1umaummﬂu w.el. 2559 Faduraananfinunsasnds
YDIMINNZNTY MINMBAUFIBEN 1 dandl Sruau 1 a%a wuummwswwm 7 N muAMIRuL TR sATINUUUA G
uazvng Iagldnsdniunaudullsvesdnun1sfinyives Panithanarak and Taleb (2017b) lawn ﬂqu A @endvn7
YBUTUANI MUINEUT NGY B d19EU1 veusude vuinding ngu C aendin I9adfh viuindy ngu D dedadih
yundid ngu E drdun fqedthidu mueden ndu F d1dadn sundidy wasndu G dhdum wuanden (Figure
2) \uiegaiduiunuvesusiazngy $1uau 3 faoghs savevun 21 fegne antuidesan Tnduriugudnans
(bell diameter, LURALIAT) Farmnden (wet weight, N$1) wazdufindnwardugiunieuan wWu Fuuafuasiuing
fhegreihiluFnwdenisduguinelimegaishiiusnuieresundu 10 wWesiwusd Tnefnudnuazdugunia
ﬂlflafj’]LLUﬂ%ﬁﬂLLMJﬂ8W§UELu%u Scyphozoa Ipg Mianzan and Cornelius (1999) loun su (bell/umbrella) Swousy
(lappets) wuan (oral arm) wardnuairdguididuionsduunlussiueia liud armenvemuinseun $1uu
LLﬂ“‘UU’]WU@ﬁ’J‘U@Ui@J wazgUIveseieiziuauian (rhopalium) (Figure 3) ?I’]ﬁiUGl’J@?J’NVM’ﬂUﬂﬂﬁ:ﬂVI’NWUSﬂiiﬁJ
wnmsiaieideruen 0.5-1 wuiuns Uinamunavieveusiuazfiuinvideiefiaueaneseduiay’ (absolute
ethanol)

| Laemklud

Klongsaphanhin

Fanin
"

Trat Province

Suwankleawthong Beach
(Mukmek Beach, Laemklud)

Klongson

Klongson Beach

Figure 1 Map of jellyfish blooming area at Klongson Beach, Laemklud, Muang, Trat Province in October 2016
(edited from Panithanarak and Taleb, 2017a). A sampling station is indicated by a white star
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Figure 2 Seven groups of multi-colored jellyfish collected from their blooming area at Trat Province in
October 2016: (a) Group A, (b) Group B, (c) Group C, (d) Group D, (e) Group E, (f) Group F, and (g) Group G
(edited from Panithanarak and Taleb, 2017a). Classification follows the presence of color variations in jellyfish

bodies and tentacles

bell

2= rhopalium
7
%

=—— lappets

oral arm

Figure 3 Morphological characteristics of multi-colored jellyfish

nsafnfBue MawNYuaBue waznsaduiiandlalne
afnmdwennieBousnenulagldynatnfidueanideifodnd DNeasy Blood and Tissue kit (Qiagen,
Hilden, Germany) 38nsafaiduielifiRmuenaslugaafaiidue MnduthiiBuefanlufiainuuiinusy
cor Whilnreunsdafinnnmngaudonisiuunviadalunguussngmgu (Holst and Laakmann, 2013) Tagldlns
wesfianusadiuliaiduetinuiy  col vesddiTiavatein  (universal primers) lduA  LCO1490 5-
GGTCAACAAATCATAAAGATATTGG-3' Iy HCO2198 5'-TAAACTTCAGGGTGCCAAAAAATCA-3' (Folmer et al., 1994)
msinUnamidueluufizen Polymerase Chain Reaction (PCR) auvasannnisanwilag Holst and Laakmann
(2013) dudsznauluufiiser PCR Usuns 25 lulasins taun 0.2 mM dNTP (nvitrogen, Waltham, Massachusetts,
USA), 0.4 uM primer (Macrogen, Inc., Seoul, South Korea) 3117 2 Wy, 3 mM MgCL, (Invitrogen), 1xPCR buffer
(Invitrogen), 1.25-unit platinum Tag DNA polymerase (Invitrogen) kag 1 ug template DNA nsguun1sludfisen
PCR #s819851nmsfinwlag Holst and Laakmann (2013) Usznaudae 3 suseuvdn Idud (1) nisuenansfibuie
Turhai3udu (initial denaturation) Tigaumgdl 94 ssmeaiFea a1 5 wiit $1uan 1 sou (2) Sumeuiivsznoude 3
fupouges (ldun nisusnanefdue (denaturation) figamgd 94 ssmuwaidea ian 45 Junit nisdugsswindlwawes
fufiBueansifien (annealing) flgaumgil 42 ssrnisaidoa LAt 45 Il waznsiuiinafidue (extension) 7
gunfl 72 aseiwaidea vian 1 unft 20 3unil] S1uau 38 50U uae (3) MaiiuuTinafiduiendaetie (final extension)

9 Y

zl

1 72 samwaldua a0 7 uil 91U 1 50U 9ntunIRdeurananiigensnlaainufisen PCR (PCR product) feds
8idalnsl3Tauuuivaznilsa (agarose gel electrophoresis) adndsiuiloulunandniidonslagldyaimandniigens
Tu3awd QlAquick PCR purification kit (Qiagen) wazdinananiizesnusans (purified PCR product) lU3wmsnziin
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Suianalolnddneds Sanger method imihsuimnneimdduianalolnduisn Macrogen Inc. nyslwa
A135USTNMA
nsAaszidayadiauiiangloing

AIRADUALYNABIYRINM IS UAGUTndlelnAuTMEY COI Mmuaen Wisuileularsaunan1seuafy
Thedlolnsanlnswes LCO1490 waz HCO2198 Tidwiduien (sequence assembly) ngldlusunsu CAP3 (Huang
and Madan, 1999) Ssuiisunardnseeaisuiandlelnanieds MUSCLE Tuluswnsy MEGA12: Molecular
Evolutionary Genetics Analysis version 12 (Kumar et al., 2024) wazSsudisudduinedlelndainnsdnwiiu
Joyaaruilindlolndlugiudoya GenBank lagldlusunsu BLASTN (Altschul et al, 1990) drduilindlelndain
nsRnwiiameifiulifigrudeya GenBank (accession numbers PV998005-PV99802) 9niiuinsizsianuiundsma
fugnssulaensTuunuazilSsuisusUsuuresiduiingdlelne (haplotype) Ingldlusunsa DnaSP (DNA Sequence
Polymorphism) v6.12.01 (Rozas et al., 2017)
N15ALATIEATLELUIMIRUINTTUUATAMUTUNUSNIITAUING

AWINASEEEINIIMEUENTSUTEnINavesdwuindlolndvesuuinswy  (pairwise genetic  distance,
distance measure = Kimura 2-parameter, K2P) Taglalusensy MEGA12 (Kumar et al., 2024) %@Qaﬁ’lﬁuﬁmﬁdwﬁ
dmfumsliemginnuduiusmadiaums Usenouse sduiiadlelndanmsdnuil swau 18 iy wasdsu
fmalelndannn1381984 (reference sequence) $1uau 29 d1iu leud druiiaadlelndiindretudsuiiedlelndves
wusngnguvaIndanmsilseudieulagldlusunsy BLASTN drduihedlelvdveuusnenguluana Catostylus way
wienengualln C. townsendi  @duilipdleddmiunTiAIsiauduiusIeliauns - Idduiindlelnaves
wHaNENgUnRUBtln Acromitus sp. uag A. flagellates (accession numbers JX845351 Uag OR230087 ANalansiv)
\Yu outgroup 1lesanegfluad Catostylidae uazdimudusiuslnddafunusnsnguluana Catostylus

BATwRANNdNiusMTansndeyadiuiiindlomeneds maximum likelihood (Sullivan, 2005)
a5 19aUIAMUFINLSIITUINTS (phylogenetic tree) Tneldlana Tamura 3-parameter (T92+1) (Tamura, 1992)
Faduluaanisunuiivesditdule (DNA substitution) Aiflmumnzaududeyauniign :1nnsiiasiesia Bayesian
Information Criterion (BIC) salUswnsy MEGA12 (Kumar et al., 2024) Lazdudunnudunus lubNuRIALdunwsnig
ATUINS P1878 bootstrap 911U 1,000 s

AT Iudmniwedasinside Fos “mstuunsliaumngnguanadnusinameimee Tomaama
Inglddayanieduginguasiugnssy” falgknunsfimsananaaenssunshiuguamsdsayldang
uvinendeysnn (mnetavlususesd 74 - 78/2559)

Naﬂ'ﬁﬁﬂi‘.‘ﬂuaza?ﬂ'ﬁﬂj

ANYUENINEUFIUINEN

fegiaunsngngumaInd S1uu 21 fegs idurugudnansuesdiien 5.59.7 iwufms (Aue1Rde
8.53 + 0.99 Leufums) wazdwiinden 50.82-232.67 n3u (nifniafe 174.31 = 47.56 n3u) MsAnwIdnuuedgy
\Dosduredanngiioduunadialay Mianzan and Comelius (1999) wudnusangwsuiifiaiuidsvesduiinadih
wavWLIATa 7 nau Tenwardugiuadieiu laun dnyaeiruuentessy (exumbrella) S1eusy (lappets) ¥1IN50U
U1n (oral arm)  wagszuuviefideusedulusiun  (anastomosing canals) meluveusy  Shuunléifugisu
Rhizostomeae @1fiugoe Dactyliophorae A Catostylidae @na Catostylus lnefidnuauginsuuenvadsy
(exumbrella) Feulsifit (granulan) sufidvmuazih waznuiing (pigment) nszaweginly (Figure da) vausuuia
(lappets) T51uau3a 8-12 31 luudavdau (octant, 9nefeariumnuian (hopalium) wilsldsdneteariumnsan
i) (Figure ab and ¢) liifwuiafiveusy (marginal tentacle) fuanawassuiivuan (oral arm) Snwazniousensdi
fusenuIannsInaNsesiuanEia (subumbrella) fveun 8 1y mnalifldeadaliomadn (scapulets)  usdl
Fealnlviudrumdn (mouthlets) Bosuunuan fdunnsneiu Wun 8917 the uasAewdned Svewmdeviofivens
2ONINNNTEUUYDEULAYAATUIMTAIUNAN (radial canal) 16 YB3 DBNNIAINYIBIUMIUUTIUVOUIY (primary ring
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canal) wazveneluisvouvessy seinavie (canal) Sszuuvieiidenserudusisum (anastomosing canals) agnely
YUIH Lﬁuﬁﬂwmzmwwmmaqa Catostylus (Mianzan and Cornelius, 1999) (Figure 4d)
nsfnudnuazdugiuiisniudensduunungwpiluszdvele Wud anunvemueseuUn $1uu
LAYUUIATBII VT wazgUIeveseieIgiuausan (thopalium) wudusngnsuvaindiaiuenvemuinsaulin
2 u 3 veaduihuguinansdii Srvevsuenuasiswauliiuiueu o¥ufunnuddn (thopalium) S5unss doudng
nay uasnun1sdeusovesszuLviefidondetulusiaun (anastomosing canals) Insifeusielnensaiuiefifeusie
fruedeirsumuidn (rhopalar canal) UagvioasumILuUIINYBUTH (ring canal) nvestesfiinsdeouseusiaszuy
ViosEniaaau (intercirculan) fidnwazadeseun Svualngninusnasyuuienieueniauwmny (extracircular) 7is
Fowntevundnuazaziden Inednuvaznisdeusevesssuuiefideusefudusiaum (anastomosing canals) finuly
wusngngunandifudnuasionizasawusnsngueiia C townsendi

.

> (a) : lappets (b) rhopaliurr),

anastomosing canals

Figure 4 Morphological characteristics of jellyfish in the genus Catostylus: (a) umbrella, (b) lappets, (c)

rhopalium, and (d) reticulate anastomosing canals (edited from Panithanarak and Taleb, 2017a)

Mnmssuiisuruinvesusngnguaindlunisinwifuusenswsunin C. mosaicus uax C. cruciatus
wudvwaannan (C. mosaicus way C. cruciatus Suuna 25-35 WUALAT WAy 12-15 LWURLLAST ALEIAU) (Kramp,
1961) widlvunelndidesiuwsanenguaiin C townsendi finuuinameiadunsiu Saiagiin uazuinameilmeiaves
818 (ANUNI199893Y 10 1WwURWHS) (Marine and Coastal Resources, and Mangrove Research and Development
Institute, 2015) WaguaNNENTUNAINAANA Catostylus INUUTNAARDIIETY MATIwAI3aE Suneiles Tuaufain
pansglilgn Snenandlug) Sminnsia (uiadushuguinanwesd ey 8.09 + 0.91 wufins) (Panithanarak
and Taleb, 2017b) lenFsuliivuteyadnwazdugiu Téun Wuruguina1swesdii (bell diameter) dnuaiziau
uaNYeesY (exumbrella surface) $1voUTY (lappets) aiggiuauian (rhopalium) wagvuiaseulin (oral arm) Tu
nMsfnwitunsAnulneaatiisewssiauminennsmmee velova wastheau (Marine and Coastal
Resources, and Mangrove Research and Development Institute, 2015) Wuandlauaenadsi (Table 1) uaﬂmﬂu
LLmmwwumﬂaﬂ,umﬁﬁﬂmumuaﬂwmuammuwmLﬂumamsmuunsuummaﬂaqﬂULmeWiwum C. townsendi
NUUSUAZTURINTBLRY Surabaya ziaw Usewnedulatidy (Gomez-Daglio et al., 2022) (Table 1)
AMURULUT VRN UENNIRUTN T

nsiasgvaruiiandlelnauiiangu COl vesuunensuranddiuiu 18 faed1e (laun faege AL-A3, B2-
B3, C1-C3, D1-D2, E1-E2, F1-F3 uaz G1-G3 dmiusiegns B1, D3 uaw E3 LilgAnzsidduiindlelnd iesnl
amnsafiusinamduevesausiogisudnadu corld) Fudlvun 688 Awa Iuungluuuvesiauiindlolvale
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8 guUwuu (8 haplotype, Hap1l-Hap8) EﬂLLUUﬁWUN’]ﬂﬁ@ﬂ (Hapd) dsranulunaensngu 8 feg1e laud fees B3,
C2, D2, F1, F3, G1, G2 uag G3 5098311 Ao Hap2 d133anulu 4 fegns laun feena A2, B2, C3 uay F2 dmsuguuuy
Hapl Hap3 wag Hap5 fis Hap8 d1saanuluiuenegniu 1 d10819/3Uuuu (haplotype) dewSeuiteudisuiindlelng
W 8 sUkuy (Table 2) wudduilndlelnatianuunnssiuiey Tnefidumismesiandlelnddidnatu 8 sfums
sziulﬁmr"fummLmﬂﬁmﬁzmwaqsuaqmmumﬂaial‘ww:umuaﬂ nusuvtavestiindlelnadisnety 1-3 dum

Table 1 Diagnostic morphological characters of multi-colored jellyfish Catostylus townsendi comparing between

this and previous studies: Marine and Coastal Resources, and Mangrove Research and Development Institute

(2015) and Gomez-Daglio et al. (2022)

Diagnostic Characters

MCRMRDI (2015)

Gémez-Daglio et al. (2022)

This study

Bell diameter (cm)

Exumbrella surface

Lappets

Rhopalium

Oral arms

10

fine granular with white, light
yellow, brown, blue, purple

and dark blue umbrella

elongated lappets, uncertain
number of lappets, no

marginal tentacle

small and oval shape

8 oral arms, two-thirds of the

bell diameter length, conical

shape with a point end

fine granular with yellowish-

brownish pigmented flecks

8-12 elongated
lappets/octant, some
bifurcated, no marginal

tentacle

small and round shape

three-winged with no

filaments or terminal clubs

55-9.7

no granular with yellowish-
bluish pigmented flecks,

white and blue umbrella

8-12 elongated
lappets/octant, uncertain
number of lappets, no

marginal tentacle

small and slightly oval shape

8 oral arms, two-thirds of bell

diameter length, conical

shape with pointed end, no

scapulets on oral arms, but
small mouthlets presence
with white, purple and near-

black colors

MCRMRDI (2015): Marine and Coastal Resources, and Mangrove Research and Development Institute (2015)

maiFeudleudduiedlolndanmsinuiiutoyadisuinnalelndlugiudoya GenBank wuuusngwsy
vandiiaduiadlelndadetufunusngnguvia C townsendi 1niign (accession number NC_061766) fifnannu
pdneAfsvasdAuinnalelng (Percent Identity) 97.64-97.94% n1sBugunisdwunsdauusnsnguvaindlaglddeya
Sduihedlelnsusnaiu cor aonndesiunssuunsinlnelddnvardugiu e wunensuaindimunduyie
Fenftu Tnsanudundsvedfinuuudiiuasuasvesusnsnguis 7 ndu lllfuansdsnmuuandessaingsio u
wanafannamannvanevesdnwazduguinululsngnsurlnfodtu eruiuudsvesdiuinedlelnddianiosuaslsl
aonAdosiuAIAaNNTaNBYesATInULLEWILAriave Ny Seliifsenunsfnudsaumaiinuanuiuuls
Y0IAUTIUE M LAEIINTBILINNENTWaINE C fownsendi ogdlsfiniy eumainvaevesdlunssnengulind
thazifnanidied (pigment) inAnTINFLLINENTUOS WU Wisngguvila C. mosaicus (Richmond, 1997) ¥3eifinan
Windvesansiegueumad (zooxanthellae) flondagsiniuusangngunazdmuduiusuuuienediu (symbiosis
relationship) 1y LLMﬂzW?u%ﬁﬂ Mastigias papua (Hamaguchi et al., 2021)
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Table 2 Polymorphic sites at the COI gene comparing among multi-colored jellyfish haplotypes (Hap1l to Hap8).

«

Numbers refer to nucleotide positions (688 bp). Each nucleotide identical to Hapl is denoted as “.

Nucleotide Position

Haplotype 0O 0 O 1 2 2 3 6
2 9 9 8 4 6 3 6
4 0 9 6 0 7 0 6

Hapl c A A C T T T C

Hap2 T G

Hap3 G @ T

Hap4d G

Hap5 T G C

Hap6 G G

Hap7 G T C

Hap8 . . . T

FTYTWINIINUTNTTURAZAMNFUNUSINTINUING

NTAATIZNTEELYNN TGN TINTENINEVasAAUTIAGLalng nussezyinan1aiiugnssu (distance measure:
Kimura 2-parameter, K2P) angluuasngnsurilamediuilaiios Tneiiduadefous 0.15:0.08% e 1.98+0.40%
(usanenguvand C townsendi lun1sfnwil: 0.19£0.09% uwsngwguwin C. townsendi (Bulaflife): 0.32+0.17%
ugangnguala C. mosaicus: 1.98+0.40% ussngnsuia Crambionella orsini: 0.15+0.08% WaZLISNENTUBLA
Crambionella helmbiru: 0.29+0.16%) (Table 3) lun1anseiudny seeemaiugnssd (K2P) T8nIALANENTUMI
yinfiaunn Tnsfieuadenous 14.101.76% §9 20.14+1.96% (Table 3) sniiusverrnamaiugnIsuvesumnenyusin
C. townsendi finuluuiiasinaiy fio Vinumelmzadmianie Ussmalne wazinnidulaiide defidge (17.02
+ 1.87%, Table 3) WigUWAUATEEEMIIMNINUENTTUTENISUTN

Table 3 Mean genetic distances (£SD) within and between jellyfish species (Family Catostylidae, (1) Catostylus
townsendi (IND) (n = 5), (2) Catostylus mosaicus (n = 10), (3) Crambionella orsini (n = 7), (4) Crambionella
helmbiru (n = 5), and (5) Catostylus townsendi (THA) (n = 18)). The values were calculated based on a Kimura
2-parameter model and were shown as percentages (%). Intraspecific genetic distances were highlighted in bold.

IND and THA refer to Indonesia and Thailand, respectively

1 2 3 4 5
1. Catostylus townsendi (IND) 0.32 + 0.17
2. Catostylus mosaicus 15.59 + 1.72 1.98 + 0.40
3. Crambionella orsini 19.04 + 2.07 19.22 + 1.98 0.15 + 0.08
4. Crambionella helmbiru 20.04 + 2.13 20.14 + 1.96 14.10 + 1.76 0.29 + 0.16
5. Catostylus townsendi (THA) 17.02 + 1.87 18.51 + 1.92 17.08 + 1.87 17.64 + 1.91 0.19+0.09

ARABYDITEIZYNINIRUENTTNVBIULINENTUIAINE C. townsendi 9INM3ANYIE (0.19£0.09%, Table 3) i
AapnAdaIiUANTEBEYIIeUgNTTITEINNENTUMANE Catostylus sp. AnmsAnwdesiulas Panithanarak
and Taleb (2017b) aflenogsening 0-0.75% uazaenAdosfuszEEvImMaTLgnITIvBILAINENTLlUANAB AT
nsAnwanieunthil Wu wsnewguada Cyanea lamarckii waw Cyanea capillata @fienszessianisiugnsss
581319 0-0.3% Wag 0-1.5% AWa1AU (Holst and Laakmann, 2013)
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Tuvhuoadentu Anderesszesvnametugnssussrinauasnemgusseinlunsineil (Rous 14.10+1.76%
fi9 20.14+1.96%, Table 3) fiArdonARDITUAITEELMNNINUTNTTUSENINAUINNENTUYTn Cyanea lamarckii wae
Cyanea capillata 3sdiA5ewing 15.5-17.0% (Holst and Laakmann, 2013) 8u cor'lulilnmouniogninluldusylov
othaundvans laensfu DNA barcode wiedduiiandlelvdunsgiitvuadudmivssyrinvesdnivarsngs
ilesanauantivestu cor Afimnuuususunaiusnssugeszninevia (high interspecific variation) msefutuiy
AuLUsUTIUMSiugnssuingluvia (low intraspedific variation) vilvinsseyuiiavilddaaunazusiugl (Hebert
et al,, 2003) Fsduduisuslominazusyavsnmuesiu cor lumssnsuunvindn? sudednilifinszgndunddlundgy
wiangngu (Class Scyphozoa) Wudefumsanefitinneuntii (Holland et al., 2004; Dawson, 2005; Bayha and
Dawson, 2010; Rizman-Idid et al., 2016)

wsnewgu C townsendi 9 nmsAnudl ihasduauasadiaduuaensngu C townsendi nulutuihves
Usemedulailide (iesanniidedevessragyanaiugnssugs aenndesturssasvinameiugnssusminausanEwgy
seviln Selawdndnnjuduusngnguiiaduazimszazianaiugnas (K2P) daud 6% auly (Abboud et al,
2018) usannsAnwIdnuairdugIuYeINEIgy C townsendi fiwuuiininzTusenueailes Surabaya MzlaT
Useimedulatiide lag Gomez-Daglio et al. (2022) wudnildnwaedagiuaaieiuwianeniuvaind C. townsendi Tu
mMsfnwnd sedirnuduldlén Snsieviedewsu (cryptic species) Fafidnuardugulasety winumnuuansg
maugnsugs  melureulanisunsnszaisrossnenguaded  Tesiuiiddnenuimosmnenguein G
townsendi  louA  nEuvemynzUTMIMALMTBURsuArIANnSLUTTiA  seniaedeng Tueenidedliuay
poansidy wmaymslugiinaedeny Tueenidedls wavdulailide (Stiasny, 1921; Ranson, 1949; Rizman-Idid et al.,
2016)  NMIAENwITRILINEIMsAunurateuuludainguuaanengy - nmsAnvmeyiugmans Wy Tu
waIngwIUana Aurelia (Moon Jellyfish, LLuaﬂxw§uW3z%’uw§) ‘W‘U’j'}LLmﬂxWEuiuﬂfjuf:ﬁﬂawuwaﬂﬂuawwawﬁmqma:
1nN13uNInsza188E1931n (Dawson and Jacobs, 2001; Dong et al., 2015; Lawley et al., 2021) wusnzwiuluana
Cassiopea (Upside-Down  Jellyfish, uiangnsunauin) Fadnsundnsrangluilanuaziafiafisuunaudnuay
Fugnilifndn  winumnuuenssnetugnssugeneluusnenguvia  Cassiopea  andromeda (5¥83MaNIs
WugNI3 (K2P) 23.4%) (Holland et al., 2004) wavuusngwiuluana Phacellophora (Fried Egg Jellyfish, hasngnsu
19a17) Talanzwda Phacellophora camtschatica Saneideidunssnyngusinifeorifnsuninsznegeuina
wumayvswlinaneumilouasumauvsuonwauiin  wilutagtunundngrunmaiavlagewsu  wazausoszysiale
agetogaNYln (Sp¥raaiugnIsy (K2P) 3.4-11.5%) (Moura et al., 2022) Hadeivlminsindousu @nvas
dougmilalenedu udlianuunndiemisiugnssugy) lususnengusia C townsendi fnuuinameaiulduaziiiuh
ulailify orndeunannisifaunisvesssrnsfiuenanduindussesnanuiusmsansedutmea (120 wes
mmzﬁuﬁwmﬂuﬁﬁﬁgﬁu) Tugalnaalndu (Pleistocene, 2.4 &11T-10,000 U) vinliusiumaulivemziaduld enlny
uazvziarn (Sunda Shelf) Fadumsialupiiureilndiud Aenauenivoussmaynsmaonniniadula-
wang (Voris, 2000) BefimrniswaniUAsuresBussielsssnsflondousnamsniuldfuiuidy 1 Tasseu Tne
AaANFITSTLUsNTTsE I UsEnTTiede U nameziaiuliuaziuihauladifeinenuluda nsanaeie
iy fhthe Hippocampus kuda (Lourie et al., 2005) #oe3in Pinctada maxima (Lind et al., 2012) uagUaingns
Lutjanus bengalensis (Rahayu et al., 2024) {Jufu

nsfnsAEEITuEATaLMTUINMEY COI seniausnenguaInd C townsend anvgilgia
Fmnns1a Usemelne (accession numbers PV998005-PV998022) wazusianzwguniln C. townsendi safewinduluy
WA Catostylidae  fimudduihandlelndndefufuusangnunaindlagnsduiuaingiudeya GenBank [lfun C.
townsendi 910 Yangxi Donghai Sea USiaunziuaanvamaduls Useimalu (accession number NC_061766) C.
townsendi mnﬂmﬁﬁu‘[wﬁ@s (Surabaya, Java Sea, Banda Sea waz Arafura Sea) (accession numbers MF742234-
MF742236 wag MN395693-MN395694) Catostylus sp. (accession number MZ028020) C. mosaicus 3NAUTNe
E]ElﬁLGliLﬁElLLamJWWﬁlgVIiLLU‘%Wﬂ (accession numbers AY737185, AY737194, AY737198, AY737210, AY737215,
AYT737227, AY737238, HF548537-HF548538 way HF968747) Crambionella helmbiru 31niN1gYNADUNAIN UMEYNT
duLAe (accession numbers AB820008- AB820012) iaz Crambionella orsini 9nUsginadnsuLazduLie (accession
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numbers EU363343-EU363344 Uay MH571745-MH571749)]  1nen15a319unufannuduiusn1adinuinisiuy
maximum likelihood wagldluima Tamura 3-parameter (T92+1) (Tamura, 1992) fadulinanisunudivesiidued
frnumsnzaniutoyamniign 99nnsiiasgiia Bayesian Information Criterion (BIC) felusunsy MEGA12 Taedl
wHangNgUUstln Acromitus sp. uag A. flagellates (accession numbers JX845351 Uag OR230087 ANalansiv)
Wy outgroup WUIN wINENTUMAINE C. townsend] Mnweilanziadininnsia Ussnalne dnoglunguidentui
wHaNeENgUYln C. townsendi INUTINALTUBBNYDMEATULS Useinedu uazuuenenuailn Catostylus sp. (Figure
5) WALENINNGUUDINENILTER C. townsendi minuthdulaiidy uasuusngnsurindulund Catostylidae
é’wmmmﬁaﬁu;ﬁ (bootstrap support 100%, Figure 5) g1y A1sIANENAHENITLENIITANINITYRN
ussnzngulusuile denndesiuriinvosusengngy Tasdideudesiugs (bootstrap support 93-100%, Figure 5)
sniunsdanguuesissngnguvaind C townsendi anmeilmziadimiansa Useinelne wazuusngwgueln C
townsendi ntuhdulniiide (bootstrap support 99% Waz 100% a1y, Figure 5) NANITANYIAUANNUSNIG
TN IAOAARBINUNTANYITEEN UGN TTU eBudumsdaduunviaungngunandindusie
C. townsendi waztazidumuazedin (cryptic species, ¥liagouliu) Aukusnsngu C. townsendi finvudnathuives
Useimedulatide

nsfnvAleeidnuazmnduguisidusonssuunslaunengy  waznsAnwdeyadduiaalelnd
1938u €Ol TiimInTnaeussgiametugnITLaANLELII9 TN sveausngwguran FluntsAnunil
annsodudunsszyviafigndesweausansngunannafmuasnisuinameilmeia fmiansa  (Juvssdmnd  wa
msfnwdnguineasitusnssufinnuaonadesiu uardlifiviussnenguanndidusiia C townsendi uazdnog
Tunguidaiuinisideanu (phylogenetic clade) ﬁ‘uLLmﬂswiuﬂjﬁmﬁﬁww%mmmi’uaaﬂﬂuawzm?miéf wonaniiuda wa
NTIATIAN YL AU IULATAUUANANTIRUINTINVDINNENTUNAING C. townsend) WIBuWiBUAULLINENTY
yiadriuaniahddladdes  Swandiiunnudululfeesmaisaumanrasvessisteudiluusngngu
¥in C townsendi Fsfimenumenuuninszneduinanidusnginzvesmannsduiouasudiie seaig
pimeifensfusenidediuavesawads wnaynslugfiinaeidony Tusenidedld uashuhsulafide (Stiasny,
1921; Ranson, 1949; Rizman-Idid et al., 2016) %amuamgﬂiﬁﬁmﬁgﬂﬁawaqLLmﬂzwgwmﬂ?m’mmiﬁﬂmﬁ Judeya
fuguddysonshinmussadeua I ILLLLAE NN T eTRIngngY TdluTsmadhar Tusingnisain
aeniaveausanewgy ienstestulazusammansgnuvesUmngmssidemsvieaiivanimeia msuszasmeils ua
gnamnsauladlulih uenandudinsfunurindeusuluusnemgu C townsendi Ssflanudnydensuszifiun
VAINNAIENNTINN . NM5ANIANEFNTUSNITaunsiagardetoyanisgieans Ineiimmunis nsAnwid
e N159USNENTNEINTNTININ WAZNITANAINNITININ (Dawson and Jacobs, 2001; Holland et al., 2004; Dong
et al,, 2015; Lawley et al., 2021) migimwmﬁ%mmqa‘gﬂﬁu%ﬁ’]u?ﬁnmsﬂa‘u"L‘Uﬁ’m%’auﬂamqa%ﬁuﬁqmam‘
wiaunsnunuanwardugIu Jeyanefiamine) wavdoyansunsnszatemuanmgiianans danudndusenissey
YHUALLINENTUBEL QN ADILATILIIUEN ﬁgﬂﬁLﬁaﬂ’ﬁLLﬁ{]ﬁgM’]LLaSQﬂaS‘EW\]’mﬂ?iﬁWLLuﬂ%ﬁﬂLLQJJﬂ%WEHIWEJ%%miMN
aunsIsuludagiu LLazmmL%ﬂaé’mﬂumjuﬁ%qﬁmmﬁ’]ﬁfg&iaﬁxwﬁnm (Lawley et al., 2021; Moura et al., 2022)
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PV998021 Catostylus townsendi Trat Province, Gulf of Thailand
PV998022 Catostylus townsendi Trat Province, Gulf of Thailand
PV998020 Catostylus townsendi Trat Province, Gulf of Thailand
PV998019 Catostylus townsendi Trat Province, Gulf of Thailand
PV998017 Catostylus townsendi Trat Province, Gulf of Thailand
PV998014 Catostylus townsendi Trat Province, Gulf of Thailand
PV998011 Catostylus townsendi Trat Province, Gulf of Thailand
PV998010 Catostylus townsendi Trat Province, Gulf of Thailand
PV998009 Catostylus townsendi Trat Province, Gulf of Thailand
PV998016 Catostylus townsendi Trat Province, Gulf of Thailand
PV998005 Catostylus townsendi Trat Province, Gulf of Thailand
PV998013 Catostylus townsendi Trat Province, Gulf of Thailand
PV998006 Catostylus townsendi Trat Province, Gulf of Thailand
PV998008 Catostylus townsendi Trat Province, Gulf of Thailand
PV998012 Catostylus townsendi Trat Province, Gulf of Thailand
100 PV998018 Catostylus townsendi Trat Province, Gulf of Thailand
PV998007 Catostylus townsendi Trat Province, Gulf of Thailand
PV998015 Catostylus townsendi Trat Province, Gulf of Thailand
NC 061766 Catostylus townsendi Yangxi Donghai Sea, China
MZ028020 Catostylus sp.

MF742234 Catostylus townsend| Surabaya, Indonesia

50

82 MFra2236 Catostylus townsendi Sunda-Arafura Shelves Province, Indonesia

100 [ MIN395693 Catostylus townsendi Surabaya, Indonesia

MN395694 Catostylus townsendi Surabaya, Indonesia
MF742235 Catostylus townsendi Indonesian Sea Number 38

[E]

97| AYT37227 Catostylus mosaicus Port Albert, Victoria, Australia
79;? AYT737215 Catostylus mosaicus Gippsland Lakes, Victoria, Australia

10 AYT37238 Catostylus mosaicus Tamar Estuary, Tasmania, Australia

AYT37210 Catostylus mosaicus Coila Lake, New South Wales, Australia
HF548538 Catostylus mosaicus Southwest Pacific, Pacific Ocean
| HFsags37 Catostylus mosaicus Southwest Pacific, Pacific Ocean

AYT37194 Catostylus mosaicus Botany Bay, New South Wales, Australia
AYT37198 Catostylus mosaicus Lake Illawarra, New South Wales, Australia
U AYT37185 Catostylus mosaicus Mooloolaba Harbor, Queensland, Australia
&2l yroga7ar Catostylus mosaicus Western Central Pacific, Pacific Ocean

[ ABB20008 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

AB820009 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean
AB820010 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

.1 ABB20011 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean

ABB20012 Crambionella helmbiru central Java, off Karang Kandri, Indian Ocean
EU363343 Crambionella orsinilran

MH571748 Crambionella orsini India

EU363344 Crambionella orsini Iran

MH571745 Crambicnella orsini India

MH571746 Crambionella orsini India

MH571747 Crambionella orsini India

MH571749 Crambionella orsini India

100 [— JXB45351 Acromitus sp.
-
OR230087 Acromitus fl

agellatus India

0.10

Figure 5 Maximum likelihood phylogenetic tree of multi-colored jellyfish Catostylus townsendi in this study
(highlighted in bold) and closely related jellyfish reference sequences (annotated with GenBank accession
numbers followed by species names and/or collection sites). The phylogenetic tree based on the COI gene was
constructed using T92+I model and rooted with Acromitus sp. and A. flagellatus. Bootstrap values greater than

50% were shown. A scale bar indicates evolutionary divergence between taxa
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