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N1SAMLUNTUA LASNISILATIZAAMNANNUES LBIIIBUUING

PRILHNAMUNA 1L Dacini ludszinalng Insdiv cox7

Identification and Phylogenetic Analysis of

Dacini Fruit Flies in Thailand by COX71 Gene

ZITUNT YU ANgIRE WANR BNENT INA
\NAGAT AUAT WAL UAMT LTNIAR
Yuvarin Boontop’, Charuwat Taekul, Chamaiporn Buamas,
Kessuda Sonsiri and Sunadda Chaovalit

ANNTIENRNITENTNIINT NINTTINIANBAT NN 10900
Plant Protection Research and Development Office, Department of Agriculture, Bangkok 19000, Thailand

*Corresponding author: Email: Yuvarin9320@gmail.com
(Received: 3 February 2022; Accepted: 9 May 2022)

Abstract: The fruit fly tribe Dacini is not only one of the most species-rich clades within the dipteran
family Tephritidae, it is also one of most serious groups of horticultural pests and thus of particular
biosecurity/quarantine concemn. All Dacini members are notoriously difficult to identify by morphological
characters. Molecular approaches, such as DNA ‘barcoding’ of the cytochrome ¢ oxidase (COX7) gene, are
commonly proposed to overcome this issue. Fresh materials of Dacini were collected from all regions of
Thailand. Sequences were analyzed using a ‘barcode’ approach. Species were identified using standard
nucleotide BLAST from GenBank database. Twenty species of Dacini were confirmed and their sequences
were deposited in the GenBank database: Dacus (1 species): Dacus longicornis Wiedemann; Bactrocera
(10 species): Bactrocera albistrigata de Meijere, B. carambolae Drew & Hancock, B. correcta (Bezzi),
B. dorsalis Hendel, B. latifrons (Hendel), B. limbifera (Bezzi), B. nigrotibialis (Perkins), B. tuberculata
(Bezzi), B. umbrosa (Fabricius), B. zonata (Saunders); and Zeugodaucs (9 species): Zeugodacus apicalis
(de Meijere), Z. caudatus (Fabricius), Z. cilifer (Hendel), Z. cucurbitae (Coquillett), Z. diversa (Coquillett),
Z. hochii (Zia), Z. incisus (Walker), Z. isolatus (Hardy), Z. platamus (Hardy) and Z. tau (Walker). A molecular
phylogeny of these 20 species of Dacini was generated using COX7 gene. Maximum Likelihood and
Bayesian analysis were used to investigate patterns of clustering of sequences with those of other pest
species of fruit flies. Analyses of sequences gave consistent results. COX7 gene was proved to be effective
in resolving Zeugodacus and Dacus from Bactrocera fruit fly species. The phylogeny showed that
Zeugodacus clade is more closely related to Dacus rather than Bactrocera. This result supported raising
Zeugodacus 1o the genus level. This study provided basic information on the number of species of fruit flies

of the tribe Dacini present in Thailand. COX7 sequences were demonstrated as an effective tool in identifying

159
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partial barcodes. Thus, we recommended that diagnostic and quarantine laboratories used the COX7 gene

for the accurate identification of Dacini species.
Keywords: Dacini fruit fly, identification, DNA barcoding, phylogenetics

unARsa: LuasTuRa kTN (tibe) Dacini Lﬂumﬁﬁﬁfiﬁmmﬁmmﬂ‘ﬁ'zgmmmLLm\if?um@”meqFTTephritidae
naliifinANu@eMeFaNANARNIINI9NEATELNNGIdINaRaRANAAlaA AN AUNT uazANlaaasE
ysfanm uaeTunaldfish Dacini fpisdnenizmeveniindifesisnnainsenssiuwngia msldnaia
dqluiana Inanisldaiduieunsinn (DNA barcode) aMngiu cytochrome ¢ oxidase (COXT) WU gansadas
LLﬁﬂmmmmﬁiﬁ Wiudaetauuasdunaldainyngininaeslssmealng afauazifia i S ue
nnEusumiy COX1 uardinmzianduiiondle s saumeuiugiudesya GenBank (standard nucleotide
BLAST) wudn anxnsngudutilnuaziuinlugiudeya GenBank 18 20 aiin Iiun unasiunaldana Dacus
(1 w1m): Dacus longicornis Wiedemann:; LLNmijuN@Llﬁzm@ Bactrocera (10 1im): Bactrocera albistrigata
de Meijere, B. carambolae Drew & Hancock, B. correcta (Bezzi), B. dorsalis Hendel, B. latifrons (Hendel),
B. limbifera (Bezzi), B. nigrotibialis, (Perkins), B. tuberculata (Bezzi), B. umbrosa (Fabricius), B. zonata
(Saunders); LL@ZLLN@\‘lfTuﬁJ@iﬁ@Q@ Zeugodaucs (9 11A): Zeugodacus apicalis (de Meijere), Z. caudatus
(Fabricius), Z. cilifer (Hendel), Z. cucurbitae (Coquillett), Z. diversa (Coquillett), Z. hochii (Zia), Z. incisus
(Walker), Z. isolatus (Hardy), Z. platamus (Hardy) uae Z. tau (Walker) N1sANHIANNENA USRI Tmung
anansuiaaalalnadaassunidetu COXT anuuasiuna e Dacini a1191 20 4ia 113LATIZTAAE
maximum likelihood kaz Bayesian analysis W31 WNUANH AN AU RIUNN7ANNTage i aN9 T A
fianandeaiu Eu COXT wanalfiiuielsz@nsninlunisudloyyvnues Zeugodacus Wag Dacus AN
Bactrocera tagi AN NANAUEN19ATmUN17uansliWiudn Zeugodacus Vi Auduiulndg Aty Dacus
N1NN91 Bactrocera %'qN@ﬁié"ﬁmmimiﬁ’mﬁuwu‘lumiﬂmzﬁmmLLmﬁumhﬂuma Zeugodacus
mﬁ‘ﬁﬂmﬁiﬁi’f@g@ﬁuﬁﬂwﬁ'mﬁuﬁmqwﬂﬁmmmea‘fum@iﬁmw Dacini lutlszinalng uazandutiapalalng
2938u COX7 lasunnsigaddnfisy@nsnwlunnsszyafinvesunasiunaldvin Dacini uildannuiflan
Unedau Faiuanansatiiiu coxs Widluea fRndadedmginuaznuduiniudngisiessy sinses
unasdura e Dacini liatinagneeg

ca Ao

AdAy: Luasiunald Dacini neanuungila Adweunslan ANANRLSIEATRLINIT

AN

anwnzgUinlndirsaiuuin faqiiuasinisdnm
nssuunaiaresdngielfgnideafield  eunsudstuuLuNaNNAIL (integrative taxonomy)
Lﬂumﬂﬁmmmmmmmmumﬂuwumummu Sadunininmaluladsing 7 iy nrsnedu
mfaqmm@ﬂmmfmmmuwuﬁml,mvmaﬂivﬂnm &ni§71U3ne1 (morphological character) WAL AU
519 ] 11 uAUANAUNT waznadnsedadhgie Wugnesu (molecular character) 1139NluN19ANEA
qnew udaqiuduiineuiufdiinmisdugy afliatesdngiafioinsenisuungie i unasiy

fmml,mumLmﬂmwmw'ﬂummqLLunﬂm‘wwm wa Y (Boontop, 2016)
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wHadTuna Ly (true fruit flies) ML WU A
Angiaddelfiaaaadeune i usudud |
gaalan 1Wesanndinanein waldlduanune
vannvaneTiin i lEnee i @aneunsfiifen
AF9ANNR LML NINNIEFABNITNINITNEAT LA
wNadTuRaldluiNA (tribe) Dacini 1%mﬂuﬁ’mgﬁ°ﬁ
1Ay lutlszmaaniau uazfendy arunsadyia
AR EUNLREN1ININFABUANARNIINITN AT
annn3dnsanusn alaniiuuasdunalsisa Dacini
N1NN31 932 mum‘wLﬂuﬁmiwmmﬂmmqmmﬁm
(Doorenweerd et al., 2018) LLm‘lumﬂLfmauuwum
unasTunallilin Dacini ‘lumﬂ Dacus Fabricius
Ana Bactrocera Macquart WAaZ&NA Zeugodacus
Hendel lIMYNA18NANAANINNITNHATATINAN
@ameludaininuazyarianiuassgiady
2e19N1N (Krosch et al., 2012)

taqifudlszmalneinisdnsnaynsnisiu
fadaunaziafndarasunasiunalduresiin
(Boontop et al., 2021) wANLI wNaITuna bl 1N
Dacini ﬁTfJLﬁuiﬂﬁuﬁmmuﬂss‘i’ummgﬂéwﬁnwmz
meauan Mlinnsanisauunatialiianugnsias
LAZLNUEN (Cameron et al., 2010; Schutze et al.,
2012) n1sdszgnelldmaTuladsng o funidede
waziflufisensulusyiuannaunsonldsuunaiin
nuaeFuna liiuil aorus et iegann
densusiinfigndeaesuuasiunalel vinld
mmmmwémmwmeﬁmﬁmmm@ﬁgnﬁm

annnsnideyanlallidundngunaineneans

wnon1sluniseeniu uazaouaunidn liag 19l
tszAvBnm iy nsfnenafetaafunissauun
ilaunaeiunald Aadneardngiu faudy
neldmatianisdalaana fdueu1sian (DNA
barcoding) Fafludsniei e suiianalelnsua
ASueLFnalaEnumieEenan ez uiy
Tunisszysilnaecdeidtnldet19mnise uaziu
Cytochrome ¢ oxidase subunit 1 (COX1 TG CO1)
G‘Tj'uﬂuﬁ‘hLmﬁmmﬁuﬁﬁﬁmmmﬁﬂﬁ (conserve
area) mmmlﬁﬂummgm‘lumﬁzmﬁmﬁiﬂﬁn
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UdLesRaTTam (Armstrong and Ball, 2005; Park
et al., 2011) Lmvmiﬁﬂmmmﬁmﬁuﬁmﬁfj“rmmmi
(phylogenetics anaIyS|s) LWﬂu’mﬂummumﬂuL@
ma‘“l?ﬂmmnmiﬂnmmmmqmmﬁmm@mwmm
Lmeum@"Lmu‘luﬂa‘vmmim‘mummjmmmwmu
ana adAnu@edelunisasanninidgeeen
auAnnemsaasnalauainuanaaiia

< a
AUnsaluazlione

1. NMSAUSILTINAIDEUNAITUNA LTI Dacini
sausNAlaEauNaiuna ld AR Ndaann
fufinnainens hefiufednainiiud 6 nHA
aastlszmdlng (NANAe NNARZIUAN NNAWITE
AAnziueen NaAnzdusendsanile waznnals)
BONUTITE NN sInERAs 11 gaualsl wlasn
e 7 souvaiuitnassugad iedusaunulu
naiuAaet1)inIAaY 5 A9udn (Figure 1) Ty
fnaauuasiunalifuuudadan dalsznaudae
&"a7U4a1988 (pheromone) unasdunall 3 sz
Ifun wiagaues Avans uaza1faas nanans
A UNAY malathion luamsndaun 4: 1 waznalu
fudnussqanstnsIndulnanesifefnmiganin
Adueaesmat1auNasdunall Rafusn 5 dusn
faanraaniatlssnndanial ui 1iususy
AR89 UINUAAUAAIAN W.A. 2561 - TULIEY
W.A. 2563 A1LUnIRALNAasTuna LA nan Ty
nauanneliinaesqanssal awmesle Leica 1 M
165C (Leica Microsystems Ltd., Switzerland) $aamiw
wuININ1IRafa R AkNasiuNa a8 Drew and
Romig, (2013; 2016) #1saagqunasiunaldnea
Tuueaneaed 95 Wefidus waziiusdind9ldlu
ALY -20 B9A"Ta T A
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North-East

Figure 1. Locations of sampling sites in the six Thai biogeographical regions (North, Central, South,

West, Northeast and East) at which fruit flies were collected

2. N1sANEIALAULALNSIARA (DNA barcode) U4
wnaIuna LN Dacini

2.1 anpneulennasdunaldien Dacini
vhenataunasTunaliRiann s uundaa dn s
nednigIAneaiapLEe AuNITTa Boontop
(2016) SaunUALUE N84T AATARLE WA 1531
(ISOLATE Il Genomic DNA kit; Bioline, Australia) 1'7{
wuuAUNaRAeLEE Iaginnsuea1anWIN 3 409
gasuNasiunald (25 Aaansy) ldlunaennnaas
2UNA 1.5 HaRART LAN lysis buffer GL UTums 180
lulAsams waza17aza1e protinase K U3n1ms 25
nlAsans anduduiiguunfl 37 asAnzaiies
U 16 - 20 F9Tu9 ¥innseinaaanafaat1elae
[einNaen9TIALE) WASLAN lysis buffer G3 U3unmg
200 luTnsdng Uniigaumgi 70 asAsaidaa wiu

10 W9 WwENat19AH AN D WANULBANDARALTANTD

13u1m7 210 lulAsang wenl¥ansazareiduiile
Weanu @mmmzmﬂ%\mmlzﬂuu@m ISOLATE
Il Genomic DNA LazANAZNaUAeAEaeT A
mwﬁq@.qﬁ' 11,000x g W11 1 W A1emznaw Tng
A19WAN wash buffer GW1 U3n1ms 500 lulasans
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LAZANAZNAWAQE m?mﬂum%amqm?qqqﬁ
11,000x g W14 1 W AINA98 wash buffer GW2
3u1ms 500 lulnsans uazAnAzneudasAeq
duwaeenani3agedt 11,000x g wu 1 unit fia
Jeamanfiaennaznoud fulelfutadae
Lﬂ?@ﬂﬁi@LﬁﬂﬁMWL%@ﬁ 11,000x g U1 1 W7
faann ISOLATE Il Genomic DNA tube unlalu
NaaANAAadIUIA 1.5 lulnsdansazatafiauLe
Imﬂmilﬁm elution buffer G 133173 50 lulnsams
mnuummauwammwm WU 5 Wi ANRzneu
mL@umﬂmeﬂumqmmwmm 11,000x g W11
17U mmmumwvl,mmu‘lumﬂmmnwmmuqu -20
asralFea a4l sl

2.2 finBunnA Suei e daamaile
polymerase chain reaction (PCR) Imﬂsl%@lvl,wa‘l,uﬂ‘f
universal primer AINEULI9EIU (partial) COXT:
LCO1490 (GGTCAACAAATCATAAAGATATTGG) hay
HCO02198 (TAAACTTCAGGGTGACCAAAAAATCA)
(Folmer et al., 1994) daunanaa3lnsen PCR
sznausaadiduiesuiuy 1 ulasans 10 pM
Inswas LCO1490 1 lulasans 10 uM Twsinas
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HC02198 1 lulAsams an3avant GoTag® 10
ulpsans Ui Fumasaeninnguiieindelhiunms
221 20 TulnsanslneinijAzen POR ldinTeq
WutFunoudidue Inefuuaduneuuazinanly
Uf)A7e1 PCR cycle fail 1) initial-denaturing 94
B9ANTATIEA 11U 4 WT 2) denaturing 7 94 aasn-
walEed 30 317 3) annealing 71 50 9A A E A
30 31171 4) extension 7 72 B4A" IR ITEA 30 3T
(8111 35 701) (Ineludungs 2 - 4 ¥iad7 Su9u
35 78U) LAy 5) final extension 17; 72 99ALEALT 814
5U17 AU 178U ATINABUNARS U NTRNT
(PCR product) A2e35aadianlnsin3da (gel
electrophoresis) fieznnlsalaananuAndud 2
wafidus nan RedSafe dye Tuansazane 1X TBE
buffer uaatNRNBAUIN IR ANFANa AN 100
Tasl 1unan 30 W9 warATIAdaULIUALEULD
melduassanalhlada (UV) Tuiinuadaeieies
graniwleanfaullsunsudArzinan ngaun
fsuianalalng Inadasansnanansoeidensild
i lduTqns wazmansuianalenddaniries
ABI3730x 1 automatedsequencer(Applied Biosystems,
Forster City, CA, USA) ABI BigDye terminator chemistry
A1NNITNATURILTEN Macrogen Uszmanua s
Tneldlnsinas LCO1490 wax HCO2198

23undayaanduiiondlalndaingu
COXT 1a9uNasTuNa AN un A neiansa 110
n13A e ImendFeuiiauansuiionalelne
(sequence assembly) Aaalisunsu Bioedit Sequence
Alignment Editor Version 7.2.5 (Hall, 1999) waziuin
dayaasuiiondlenglugduuylng FASTA

24 wWiaudeuduatsuianalelnduea
unasTuna 1R innesaaulugiudaya GenBank
Anen 9T Blast (https://blast.ncbi.nim.nih.gov/Blast.
cgi?PAGE_TYPE=BlastSearch) iFaiuiievitle fifusl
AMNIUN AU (% identity) Lﬁ@ﬁuﬁumwgﬂﬁm
arudnndlelndaesunasiuaaly ifuiuinasy
fnnalelndrasunasdunalifliluszuugiudeya
2849 GenBank Tug1iul accession number
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3. NISANHIAMNANNUS NIV UINITURY
UNAIIUNA LN Dacini
indayaaautonalamduesunasiunalsd
aniiu coxt Aneieuifuunaugnies fu
andu Hondlendresunasiunaliaingruteya
GenBank aniuinanduianalelndidngdunay
alignment Aaellsunss MEGA X (Kumar et al., 2018)
dszunanauazinnmvidayaldinausininsgiu 2
\Neust Aa maximum likelihood (ML) way bayesian
inference (Bl) wazil3auiiiay topology Flganniis
2 ,nurfunsgau lnelsaazi@annisinssy
Fai 15380 dataset 1898 UAUMUS COXT 3L
Maximum Likelihood (ML) TaaimTea sl a phy
Aazilagllsunsy RAXML v8.1.15 (Stamatakis,
2014) AM%UA model of evolution k11 GTRGAMMA
GasnnnzaniiATziaAuTanalane Ainszd
Foel rapid bootstrap (command —f a) L?Imm random
starting tree WAZNUUA maximum likelihood bootstrap
91 1,000 ASS uagALATzilag Bayesian inference
@) wizen g .nexus 1 Ttlsunsn MrBayes (Ronquist
and Huelsenbeck, 2003) 1933 Markov Chain Monte
Carlo (MCMC) PRI ST ST L A LTI ST Py 1 2t
Mcmcstartingtree = user ngen = 10 000 000 temp =
0.25 nruns = 4 samplefreq = 1000 pintfreq = 1000
nchains = 4 savebrlens = yes stoprules = yes stopval
=0.01; UY§uA" generation temperature substitution
model parameters AU generation WAL burnin
e ls¥ld consensus topology AsIaEaLAINNIT ALY
IRINATLATIZW A I8 cumulative and compare
functions Imel AWTY (Nylander et al., 2008)

NANISNARDILAZIANGDL

1. NMSIAUSILTINAIDENUNAITUNA LTI Dacini

naiusausaNAleteuNasTunaldsae
ﬁuﬁnﬁ\iLﬁﬂn%amﬁqmmmmﬁ@ﬁum ANAnT uaY
afdaFan 6 HHNA AU N1ANa1e N1ARzduAn
AAwmile nARzdueen nARzdusendemile
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waznaliaedlnamaatusnuNasdunalduuy
dadan vinntsasaadassfailanunaaiuna e
AMANEUENNAUT NG AreLuINIATady
284 Drew and Romig (2013; 2016) WULNAITUEA bT
w1 Dacini @n90aunn e 3 ana aauau 23 1iin
T

1) #N4a Dacus 3113u 3 1iln (Figure 2)
swA Dacus (Callantra) formosanus (Tseng & Chu),
D. (Callantra)
D. (Callantra) sphaeroidalis (Bezzi)

2) @na Bactrocera A14aw 10 1A (Figure 3)

@
o

longicornis Wiedemann U @

5un Bactrocera (Bactrocera) albistrigata de Meijere,
B. (Bactrocera) carambolae Drew & Hancock,
B.

dorsalis Hendel, B. (Bactrocera) latifrons (Hendel),

(Bactrocera) correcta (Bezzi), B. (Bactrocera)
B. (Bactrocera) limbifera (Bezzi), B. (Bactrocera)
nigrotibialis (Perkins), B. (Bactrocera) tuberculata
(Bezzi), B. (Bactrocera) umbrosa (Fabricius) Wa ¥
B. (Bactrocera) zonata (Saunders)

3) &NA Zeugodacus 91131 10 AHA (Figure
4) loun Zeugodacus (Asiadacus) apicalis (de Meijere)
comb. nov, Z. (Zeugodacus) caudatus (Fabricius),
stat. rev., Z. (Parasinodacus) cilifer (Hendel),comb.

nov., Z. (Zeugodacus) cucurbitae (Coquillett), stat.

(B)

rev., Z. (Hemigymnodacus) diversus (Coquillett),
Z.
Z.

(Sinodacus) hochii (Zia) , comb. nov. ,

( Parasinodacus) incisus (Walker), comb.
nov., Z. (Zeugodacus) isolatus (Hardy), comb.
nov., Z. (Zeugodacus) platamus (Hardy) @<

Z. (Zeugodacus) tau (Walker), comb. nov.

2. NMsANHIALAUIRLNSTARTRILNAITURALITLHN
Dacini

annITATAR IS ULe LAz TuI D
Adulanqanaila PCR Ineldinsiuas LCO1490/
HC02198 annfu COXT dunsatfindTunn
Aleea8LNasTuNa lididn Dacini A1 23 Bl
Iaun

1)ana Dacusa1uau 3 18a Liun
D. formosanus, D. longicornis Wag D. sphaeroidalis

2) @na Bactrocera a1uau 10 1ia lavun

Sy

albistrigata, B. carambolae, B. correcta,
B. dorsalis, B. latifrons, B. limbifera, B. nigrotibialis,
B. tuberculata, B. umbrosa Wa¥ B. zonata

3) ana Zeugodacus A1UU 10 THA

Z. apicalis, Z. caudatus, Z. cilifer, Z. cucurbitae,
Z. diversus, Z. hochii, Z. incisus, Z. isolatus,
Z. platamus Wag Z. tau

Figure 2. Fruit flies in genus Dacus

(A) Dacus formosanus, (B) D. longicomnis, (C) D. sphaeroidalis

164



NNSIUUNTRA LAZNIFILATIEUANNFNAUSITRTMUING
PaauNAIUHa Ll Dacini ludseindlne Tnafiu coxt

1mm

1mm

Figure 3. Fruit flies in genus Bactrocera

(A) Bactrocera albistrigata, (B) B. carambolae, (C) B. correcta, (D) B. dorsalis, (E) B. latifrons, (F) B. limbifera,
(G) B. nigrotibialis, (H) B. tuberculata, () B. umbrosa, (J) B. zonata
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Figure 4. Fruit flies in genus Zeugodacus
(A) Zeugodacus apicalis, (B) Z. caudatus, (C) Z. cilifer, (D) Z. cucurbitae, (E) Z. diversus, (F) Z. hochii,
(G) Z. incises, (H) Z. isolatus, (1) Z. platamus, (J) Z. tau

166



NNSIUUNTRA LAZNIFILATIEUANNFNAUSITRTMUING

PaauNAIUHa Ll Dacini ludseindlne Tnafiu coxt

UNHARA T ATDN AN N AT WA b LN
Dacini 14 23 THA A998 U1W1AR L8 UL lFaw A

650 - 700 f1u4 (Figure 5) usilatnlinsadinsnzyl
asutiapdlamAaInIadm At uTianalalng
Y9N a95UeA 171N Dacini teies 20 wiip Aail

D. formosanus, B. albistrigata, B. carambolae,
correcta, B. dorsalis, B. latifrons, B. limbifera,
B.
zonata, Z. apicalis, Z. caudatus, Z. cilifer,

Z

nigrotibialis, B. tuberculata, umbrosa,

cucurbitae, Z. hochii, incisus, Z. isolatus,
platamus WaT Z. tau
° = = °o o a = -
nnslFaumeuaisuiaaalalngann
n119 Blast nULUafifui A Nndauil 99 - 100
& & 8 1 o %3 a = fd‘ v
Wasdus wangdnatsunonalalnanlsgann
AT NLFNNUALEBLIaAINE W COXT HuR AN
U [ o K £ o o a al
gneied wazvanisiuindeyaaisuiionalalngdlu

ﬁﬁuﬂj”m;lj@ GenBank ‘lugﬂu‘uu accession number

(Table1) uazanndeyangnsiesaasasuiionalang

FINAN9 WAANINATNNTEN AR LA ULEN ANNIUNNIT AN

a1130vin ld I ar e e lusnasinunastuna e

1 = a a sl o o 1
A NNUILANENIN LAZAIN1I0 LTI EN1IANTAAINAND

1000

500

= al @ k2 1 © o o v
WIANHIALBUBUNFIAA LS LA NTUwNAITUNA T
3ata NATNITINNUTNI LA LB W LA a1 9D
ARTa1sUTIAA e s WPl ananAaInANHNLle
Aure3ansRugnIsnaassiaat19vin b ldanunem
~ c0 o a A v
WATAAFUTIAR R N L

3. NISANHIAMNANNUS NI UINITURY
UNAIIUNA LN Dacini
INNTANEAALRIAR LR INFUaIuNAdTL-
e bl Dacini WaZUANITINT alignment TRARY
10 ansuilandlelng anduunasiunalsduneoiia
memumammfaﬂ L D. longicornis, Z. a,o/ca//s
Waz 7. cilifer W14 5, 5 uaz 9 Faating AN AL
(Table 1) Tdnuanuwansneluasuiionalandia
1u%uzdmmwvﬂ”uqmamm g COXT 2a9unagiu
ualudaraia T Anen Fau 1uni9fnwen
AMNANNUTN 19T UIN2A283T phylogenetic
reconstruction a 11150l a A uiandalalng
ga9unaaiuna i laazsiuan 1 Faatng ey
AAuNuaeIuNasdunald il Dacini wiazain

(A11491 20 1R)

Figure 5. PCR results using the COX7 (LCO1490/HCO2198) universal primer pair

A: Lane 1

= Dacus formosanus, 2 = D. longicornis, 3

= D. sphaeroidalis, 4 = Bactrocera

albistrigata, 5 = B. carambolae, 6 = B. correcta, 7 = B. dorsalis, 8 = B. latifrons, 9 = B. limbifera,

10 = B. nigrotibialis, 11 = B. tuberculata, 12 = B. umbrosa, 13 = B. zonata, (-) = negative control

(double-distilled water: ddH20), (+) =

B: Lane 1 = Z apicalis, 2 =

(ddH20), (+) =

Z. caudatus, 3
6 = Z. hochii, 7 = Z. incisus, 8 = Z. isolatus, 9
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positive control (Zeugodacus cucurbitae) and M = Marker

Z. cilifer, 4 = Z. cucurbitae, 5 = Z. diversus,
Z. platamus, 10 = Z. tau, (-) = negative control

positive control (Z. cucurbitae) and M = Marker
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Table 1. Collection details (scientific name, specimen voucher, accession number and number of

specimens) for fruit flies used in this study

No

Scientific name

Accession

number

No. of

specimens

Voucher specimen

© 0 ~N o O

N
(@]

12
13
14
15
16
17

18
19
20
21
22
23

Bactrocera albistrigata

Bactrocera carambolae

Bactrocera correcta

Bactrocera dorsalis

Bactrocera latifrons
Bactrocera limbifera
Bactrocera nigrotibialis
Bactrocera tuberculata
Bactrocera umbrosa
Bactrocera zonata
Dacus formosanus
Dacus longicornis
Dacus sphaeroidalis
Zeugodacus apicalis
Zeugodacus caudatus
Zeugodacus cilifer

Zeugodacus cucurbitae

Zeugodacus diversus
Zeugodacus hochii
Zeugodacus incisus
Zeugodacus isolatus
Zeugodacus platamus

Zeugodacus tau

MW600096 - 15
MWO052780 - 84,
MW093419 - 23
MWO067300 - 09
MW052785 - 89,
MW093424 - 28
MW136282 - 93
MZ129218 - 19
MZ914401 - 10
MW600156 - 75
MW376156 - 73
MW600176 - 95
N/A

MW376179 - 83
N/A

MW376174 - 77
MW376156 - 73
MW376133 - 41
MW045505 - 14,
MW052790 - 94
N/A

MW600116 - 35
MW600136 - 55
MW600196 -215
MW600216 - 235
MW052795 - 99,
MW093429 - 33

20
10

10
10

12
10
10
10
14
10

15

14

20
10
20
20
10

EMBT0401 - EMBT0420
EMBT1301 - EMBT1310

EMBTO0601 - EMBT0610
EMBTO0701 - EMBTO0710

EMBTO0901 - EMBT 0913
EMBTO0901 - EMBT0920
EMBT1001 - EMBT1020
EMBT1101 - EMBT1120
EMBT1201 - EMBT1215
EMBT1301 - EMBT1320
EMBT0101 - EMBT0120
EMBT0201 - EMBT0220
EMBTO0301 - EMBT0320
EMBT1401 - EMBT1405
EMBT1501 - EMBT1520
EMBT1601 - EMBT1620
EMBT1601.L(SEM) - 1620

EMBT1801 - EMBT1820
EMBT1901 - EMBT1920
EMBT2001 - EMBT2020
EMBT2101 - EMBT2120
EMBT2201 - EMBT2220
EMBT1901.L(SEM) - 1920
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NANNTANEIAINENAUTN1ATRUINAT
anatsuianalendresunasdunald i
Dacini #é1s9anylutlsemalnesuou 20 19in uay
annuianalemAunasiunaly Ceratitis capitata
1l outgroup (Bartolini et al., 2020) WU fl’@ﬁ;lj@
AN AU LA AT RUIN T IE AN N3 1A
WU maximum likelihood WA & Bayesian inference
Januaenmaeaseniy (Figure 6) AN dluaYY
A1T9ULN Lasfudusiaunaedunaliine 20
1014 vnlFaunsofusuaiaiaifi arnidand
Boontop et al. (2021) lavi1n1sAn 1A NENAUE

0.99
82

0.76
83

100

100

19T BINNITe N AT uNA 1T Dacini Idiie
6 1A AINNTTAIILUNAEANHUEN1NEUF U
Inauaznisanundeyasaisuilonalelnding
tiu cox1 daalnsines LCO1490 uay HCO2198
nantsAnafinuwuasiunalifluana Dacus
1%uﬁmw1ﬂa"%mﬁum@ Zeugodacus WATLENEAN
a1nana Bactrocera atnadnian tnenad lduaneli
windnunasiunalllu 4 anatles ldun Asiaducus,
Parasinodacus, Sinodacus W8 Zeugodacus 1%14
weneanaInanatas Bactrocera atuiulidn
AAAABIALUNITAN12DY Krosch et al. (2012)

C. capitata

} Genus Ceratitis

(C.) longicornis L Genus Dacus

. (C. S|

Z. (Z.) caudatus

. (Z.) isolatus

N

. (Z.) platamus

N

Z. (8.) hochii

N

. (Z.) cucurbitae= Genus Zeugodacus

N

. (A.) apicalis

N

. (P.) incisus

N N

. (P.) cilifer

Figure 6. Phylogram obtained in a maximum likelihood search in RAXML of COX7 gene regions. Bootstrap
support values (2 70 %) from 1000 replicates above nodes. Posterior probabilities (= 0.95)
summarised from 1500 converged trees obtained in a Bayesian search are shown below

nodes. Particulars genus is given as a particular colours
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FRNNsA NI A AN RUEN 1B SauInIsdae
Bayesian analysis A n&w 4 19a laun 16S, COI,
COIl LA white eye genes 2a4uNasTunalditn
Dacini Wu41 @na Bactrocera ‘Li'u LENAINANA
Zeugodacus 89T ALAY WAZANNNTAN IV

Virgilio et al. (2015) TlAlduangumnigaanduriug

N19ITRIUA2E Bayesian analysis a1nE1s COX7
AT 165 NMTNIAULAYUTRYANITIRUUNUNAITY
ualdfiuun i Tnannsfhaunasiunalifanades
(subgenus) AU 13 aqmi@ﬂ ’Luaqa Bactrocera
%Qﬂﬁmﬂuﬁ')ﬂ Asiadacus, Austrodacus, Diplodacus,
Hemigymnodacus, comb. nov., Heminotodacus,
Hemiparatridacus, Nesodacus, Niuginidacus,
Papuodacus, Paradacus, Parasinodacus, comb.
nov., Sinodacus WaY Zeugodacus %umrﬂum@
Tvsd o ana Zeugodacus Hendel (Table 2)
wnasdunaldluanaten Parasinodacus
§1u9U 2 19A A8 Z. cilifer UaY Z. incisus i &
ANANTUS INATAT U uazlndgaiuunasduna
luana Asiadacus @ un Z. apicalis uanannil
unasdunald 2 98a luanates Zeugodacus A4
7. cucurbitae Wae 7. tau Tupnuduriusindai
waznddafuana Sinodacus lduri Z. hochii Guiile
fansanfaenmsteauasiunalsifanuiin wudn
nuasfunaliiaannafadudniiane e lusad
Cucurbitaceae [uLAEI4 (Allwood et al., 1999)
AINAIMUENNUTNIAITE UINTUDS
unasdunaldluana Bactrocera anunsnatiuayu
N19AN1294 Drew and Romig (2013) %\wwmu
alauNasdunaldEududn B. albistrigata wa e
B. frauenfeldi \flunuazafiafy asainiauia
ardafiuansteiy dadunisudlanisAnsiae
Hardy and Adachi (1954) ﬁﬁnmﬁwmzﬁmgm
ﬁwmmﬂu@mmLLmﬁum@VLﬁLL@ 291847890
B. a/b/str/gata WAz B. frauenfeldi uwﬂwﬁummmﬂu
wazifludasias (synonym) Faviu nsAneAen
ldaraufionalalndunatuayuiastuduna
ANLANAIT LN AT s el TenasTiinld

170

ganAdaafUNIINITaNafinudn B albistrigata
m‘vmmmiuﬂi“mﬂiwﬂ Nnade uaraulailide
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area freedom (Wunne A anflsznalilaen
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ﬁmgﬁﬂﬁ'ixq) gadudayadiAylunisdszney
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A1AEH AR EIA R (pest risk analysis) el
TUN1918 9NN LA AR AN NANAAN NN AT
ansae

wananil nsAnunA e dataeuduy
dayaunaainualily 2 98n lu ana Bactrocera
FadNNUAMURANAIAAN NI N TR U AT
ualel B. nigrotibialis Wax Z. cilifer Ld'ﬂ\i’ﬂ’mﬁﬁ/ﬂ‘lﬂm:
mqﬁmd@mﬂﬁwmﬁqﬁu&u dalddayadaf
HapdlalnAundne A Ndu U3 TauInIg
anansnduduuazaduaywlddn z. cilifer fud
arsuiandlalndunnsneiuadesfaiauann
B. nigrotibialis yaNANT aduTanaTe lnAALANANS
UATHATBINNITANGNANNNNTTATIEANNANNUT
mﬁd“mmmiﬁummmmemmr‘fum@iﬁiumjm
Bactrocera dorsalis complex Atlanududau dun
B. dorsalis 8% B. carambolae l#ansne

ANANN AT UFNIF TR UIN1TA T
wanaliiiudndeyaa1duiugnesn vve Aidule
unilanaeaiiu coxt Huilauaenndestiudeya
neduguInan fanudn N19ANHIBUNINIBIU
wuasTunaldues Boontop et al. (2021) W90
LLumfj”umiﬁ?iﬁmwm@ﬁﬁmmqmeﬁﬁ@‘mﬂi:mﬂ
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Table 2. Scientific name of Dacini fruit flies in Thailand

Homotypic synonym

Current name

1 Bactrocera (Asiaducus) apicalis de Meijere

2 Bactrocera (Zeugodacus) caudata (Fabricius)

3 Bactrocera (Parasinodacus) cilifera (Hendel)

4 Bactrocera (Zeugodacus) cucurbitae (Coquillett)

5 Bactrocera (Hemigymnodacus) diversa (Coquillett)
6 Bactrocera (Sinodacus) hochii (Zia)

7 Bactrocera (Parasinodacus) incisa (Walker)

8 Bactrocera (Zeugodacus) isolata (Hardy)

9 Bactrocera (Zeugodacus) platamus (Hardy)

10 Bactrocera (Zeugodacus) tau (Walker)

Zeugodacus (Asiadacus) apicalis (de Meijere), comb. nov.
Zeugodacus (Zeugodacus) caudatus (Fabricius), stat. rev.
Zeugodacus (Parasinodacus) cilifer (Hendel), comb. nov.
Zeugodacus (Zeugodacus) cucurbitae (Coquillett), stat. rev.
Zeugodacus (Hemigymnodacus) diversus (Coquillett)
Zeugodacus (Sinodacus) hochii (Zia), comb. nov.
Zeugodacus (Parasinodacus) incisus (Walker), comb. nov.
Zeugodacus (Zeugodacus) isolatus (Hardy), comb. nov.

Zeugodacus (Zeugodacus) platamus (Hardy)

Zeugodacus (Zeugodacus) tau (Walker), comb. nov.

G

Aususufetsuasiunaliiasagen
wazsandeanyngininresdsznalng Tnald
Fusnuuasiunaliuuugaiden saufuansaai
I wniiagauen Aodas uazafans uazlunisaiuun
TUARILANH LN AU FIUTNLINLUNAITU-
ralidauau 3 ana liwn Dacus, Bactrocera uay
Zeugodacus AnEaEweunFianlaan1saninnas
WnSunniueaniu coxr lddeyadifuie
1nflAngesiNasiuna kit Dacini aMuau 20 19

nsAneasailinlinsudesy adiuie
1nflnnTeaunasiunalslisin Dacini 3¢lutlszmalng
dnlfiesdnrairdugiuntauenunidudadn
auun mldennuay mmmmmmmmmmmun
faumm'ﬁmmLﬂummwmmm@umun Fariy
AnsAnEASR AU coxt fluiufianunsnld
TunrsAnefdue L fianresuNasiunaldinn
Dacini & flued1ed Wasanndu coxr ifudund

a [ % o = a a c
UTNLAYINY (conserve area) Jauredanalalng

HponunizanAalszunn 500 - 800 fLud
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Dacini laaein4gnsiasie 99 - 100 wefidus uay
Iﬁmmﬁmmﬂﬁmﬁ’uﬁﬂwmzmqﬁmgmﬁm’mm
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NIATMUINIFIALFTNT maximum likelihood LAz

Bayesian analysis Wl WABN13M U1 2dNd1N1T0
fufurinvesunasiuna sl Dacini 16 Inawuan
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£ v v P A
uazresinislddeyaniduiauniinnaesduay 7
1 N9 AN AN T
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Effects of Adjusting pH Using Sodium Bicarbonate on Properties of
Whey Produced from Goat Milk Mozzarella Cheese Process

<
o

dgan unuwia” lelun doany’ 855089 usen’ JWiad IMUsRUSANA
138 A11An? WA Barune? uaz AREs wANeY

Pathama Thannark'’, Yaimai Chuaynoo', Thamthawat Seangngam', Wanwisa Wattanapunsak’,
Phawinee Jampakam®, Naritsara Yingkamhaeng® and Sasitorn Nakthong®

1

| AUERAEUAZLTNITIINT ADIINEAT TUINKAL NUIINEIBEINSAIAIART INEUYATUNIUAY 4. UATLTN 73140
" Research and Academic Service Center, Faculty of Agriculture at Kamphaeng Saen,
Kasetsart University Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand
2 JRNMas RIS TSNS TN INILIABATE ARIINEAS FUNLAL
NVINENAEUNBAIAARAT INEUVATNUAL 3. WATLIFY 73140
g Department of Agricultural Bio-resources and Food, Faculty of Agriculture at Kamphaeng Saen,
Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand
*Corresponding author: Email: fagrpat@ku.ac.th

(Received: 14 February 2022; Accepted: 17 May 2022)

Abstract: The process of making mozzarella cheese from 10-kilogram raw goat milk yielded 8.26 percent of
cheese, 90.41 percent of acid whey and 0.97 percent of process losses. This process resulted in large amounts
of sour taste whey (pH of 4.4 - 4.6), which could not be consumed. This study aimed to make use of by-product
whey by adjusting the pH level with sodium bicarbonate to 4.8, 5.0, 5.2, 5.4 and 5.6. A completely randomized
design (CRD) was used. The results showed that the fat amount in sodium bicarbonate-adjusted treatments was
significantly higher than the control treatment (P < 0.05). However, there was no significant difference found in
the amount of protein, lactose and solids (P > 0.05) in each treatment. Sensory evaluation using 9-point hedonic
scale by 10 trained panelists for the comparison of control and sodium bicarbonate-adjusted treatments was
conducted. The sensory score revealed that there was no significant difference in appearance (color) and
texture (consistency) (P > 0.05). On the other hand, the texture (mouthfeel), flavor and overall acceptance score
were statistically different and the highest sensory score was rated in the sodium bicarbonate-adjusted

treatment at pH level of 5.6 (P < 0.05).

Keywords: Acid whey, by-product, sodium bicarbonate, goat milk
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NYLNUNNINAANAFTLIAANT A T1AN pH T 4.4 - 4.6 frauFudliaunso3inald nrafneniaaintnng
115useay pH AreTnmenluafueIum 5 NgNN1IMARDY fiszdu pH 4.8,5.0, 5.2, 5.4 UWa¥ 5.6 2NLHUNNT
NAABALLILENANY 0] (Completely Randomized Design , CRD) TneAnEesdlsznauaesinng wudn t5unm
lasduumansnenuaelutgATYn1eania (P < 0.05) ‘Emmzﬂmﬁﬁmiﬂ?ﬂﬁw‘&nLaﬂﬂumirumumﬁi_l?mmvlﬂﬁuqq
nangNALAN weitFR T f 1haauanina wazaasudalaimudue uanssiue el d Ay neais
(P> 0.05) meﬁﬂméfﬂwmxmqﬂixmmzﬁ“uﬁmm@qﬁmmm@uﬁiﬁ%ﬂwﬁﬂﬂu 11493 10 AW ANLRBNNINARBLILLIL
9-Point hedonic scale Wud1 anmaizilsng (@) fnenusiadusa (g TdumnstesiueteldadnAty
NNADRA (P> 0.05) widnE s edusa (ANFANTUENAY) 9817 waznsaaniuldunnsinseteliednAty
N19405 (P < 0.05) Tagan1mmaga LT fudas TnAeslua fueiunissy pH 5.6 lAAZULUGIEAAIN
{maaay

AdAty: uadand wanaaels tmhanluaTUamn Uiuuwg

1N AauflunsaaNnnene @Ayl e 18
saierligunsotinunFinald el lsmud
uuLszLﬂuLLudqmimmi‘ﬁdﬁﬁtymﬁwﬁq @m’ﬂ@:ﬂammﬁmmﬂmu wAFuasALTENaL
@ﬁﬂﬁmﬂ,gﬂqqné’wuu BN suARUUNE ALY 719 ] Anas L Yannnuladu LLZ\]vTﬂi‘ﬁlu lusiy
feferar 30 n1alu 10 I AruAmetnguInIsuas mmﬂmvmumm@mumﬂmmefmmnmummv
a1senmnsluununzmunsiazifluniadenuis Tudngau 10 : 1 azildnefmdeannnszuaunis
Lﬁﬂmmwdﬁﬁuﬁuﬁm (Namhong, 2013) aqiiu NAMDY 9 NIANTNAINNITHANNDATILIARNTE 1
mm‘lﬁmi‘wmwmu’l@ Laziun At un e Alanfu
WunnTu danaldd a1 W unAa S aiann Tmanluafuaiun (NaHCO,) 1i3e wnf

dununzeansnagiesnaialunainuate  loan ddnssdunes@ndans Wilndu fdamin
sUuuy wu wnunenaresled ununzamneilad  Tuana 84.01 naazlddmiunanemsdssinmnaun

BUHERS uavTa TedadunAnineilandeans ey Tnalnaanluafuaiwaladuniseynyialifldlu
189087043 A11190n hilszneuanslavanaaiin a195ineNdnnusiii GRAS (generally recognized
‘Emﬂm:mummﬁm%%umnﬁmﬁua@niﬂﬁumﬁu as safe) el FDA (food and drug administration)
Usznmaasdany wianldsupmionlumnilng  wedlndenluafuemndaduannedismegniitans
A9 Tatia Y70 NOTTNAANTA TALNTELIUNITHAR AT aIAaA WazdAn pH flusnefilszan 8.4
wagaaandaavidunisanmnenauldsfiuiadu (Thongtid, 2012)

FaenImasd@nn (acetic acid) Wlun1sdmuenlysfiu Anema (2018) Anw1n13d5usyay pH lu
vty doulilsiuilmaeazifulisfiune YunresunnsauLe AT uNNT e T L e
20 wlafidusl (alpha lactalbumin, beta lactoglobulin, T3hu 0.75 wWefidus denasaseaudsullsfiu
bovine serum albumin, immuoglobulins LAY proteose LL@:LQH‘T‘]J??]‘LALJ?J‘@ pH Lﬁuﬁuﬂﬁﬂ pH 6.5 i} pH 7.1
peptone) B IA AN LU AR B E- WAy Muhammad et al. (2018) Anw1n19%149¢elL9F
g11sa813 el unedanduiennndiliga s funansdagaududuiunnmnefuaeslnimey

176



uaaInslsuitarmelmfanluamsuaiunsanuanse

WRNLIEN LAANNTELIUNSHAANARTNTARNT AU UNUNE

lansanladuazlnmonluarfusiun wudn ngu
ALANLAZNNT AN 0.1 N tnifaalupfuaiun
wulTunuldsivanasantdegatainannldsfiu
UINEIUREANIN LAZINAAINNITAEANINT DY
beta-lactoglobulin wagelafieAdanisdiuszaiu pH
Faalnaalunnfueunluiniedinuumne
FonuAdeiitedneuant sy pH 2184
BT AR NI L UM THARNA AT IR T4
Wunnsldus=Tamiannuanasels (by product) A
ANNILLIUNTHAR LL@zLﬁwaﬁﬂﬁﬁuﬁmﬁ

L4 aa
AUnTaluazInNg

mawsSaaniuad

1. ﬁmuLLW:EU@qu’mm%mnwmm
r:jjl,?ivmLL'Wzumﬂmm‘immnﬁwimwﬁ AU
300 Alaniu (3113w 2 91 18z 30 Alanfu 5 nqu
n1vAaeY) NIHAANDATIARNTA LW@M”LM’M?J
mumumimmmmmmmm Ao dhunune
fgnund 4 esanmaidag Wieulsdisuiun
Tunisanazneullsfiud 0.01 Wefifus i
ﬁﬁ:ﬁumﬂqmwm’miu 5lefidus (distiled
vinegar 5 percent acidity) a114914 0.2 tdafidus sie
Alanfuzeeiiun uasiinleiAsnsanssuan
S1uau 0.1 e nanlidniu iagnag i
W& 30 eeAal@ag iRnnsaas@nn 1A pH
167 4.6 naaaniiu Wauieuredaslngen
Uszanns 15 unit uentiadeanainuedeisaanda
(Chanakot et al., 2020) tagiA1 pH 28417 nelavag
746 (am isoelectric point) annifuintnn gy
A1 pH AINNGNNITAADY kA liA TR UTEAL
wwm@@ﬂiﬁ'fqmuqﬁ 80 R4ANIALTEA BIU
5 ¥ wazh liissideya

=< = =) o H &
2. AnwdTuIuNagsITa AT AT UUNe]

'
a

Fl&annnszuaunisuan Tnanistatangndas
PAesTaRAnea NATEN 2 AL (Sartorius MC1
model LC4200S, Germany) WasAn®1a3Alsznay
¥ ae1nteednTuilA Combi Fossomatic

177

FC Milkoscan FT Plus ( Foss Electric, Hillreod,
Denmark)

3. AnEBununsaesiiiy Aaed in-house
method TE-CH-372 Taa'ld Amino Acid Analyzer
(Biochem, biochem30") (Official Journal of the
European Journal of Communities, 1998), tryptophan
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Acid Analyzer (Biochem, biochem30") (Official Journal
of the European Journal of Communities, 1998)
tryptophan #283% in-house method TE-CH-373
ﬁgl"ml,ﬂéilm HPLC (Agilent, 1100) (Cevikkalp et al.,

2016) AANHU A #2893 in-house method TE-CH-024
992.06. M8 W B12 #2873 in-house method
analytica chimica acta 569 (Chen, 2006) WARALTEI
A2873 in-house method TE-CH-134 A 283% ICP-
OES technique (Poitevin, 2009)

1.5 NNINARALAN NIz a AN
m@\i‘f’]Lf;ﬂ“‘lﬁmﬂé’maﬁm%umﬁé“urm?ﬂﬂr:JuLLﬁfa AUIU
10 Aw Inarldn1snmaaauLLL 9-point hedonic scale
NNFLATITTaLA

ﬁﬂi@g@ﬁiﬁﬁwmmm’immw’ﬂ'ﬂmw—
w91 994 (analysis of variance: ANOVA) La e
AATIANNUANFANTZUINYIINNUFARY Duncan’s
new multiple range test (DMRT) AN LNUNITNAADY
LLUUZ@LN@MH‘;‘GI(CompIeter randomized design:
CRD) fqeldsunsndifagd R2.10.1 (Jompuk,
2012)

NANISANEIWAZIANGT L

ANBUTNINILNIN

AN UENINN NN TR A AN
NITUIUNNTNARNBATNLIAANTAZUNAA8ALAN
WU heifluresvanladivaesdeueuidaiseu

(Figure 1)

Figure 1. Acid whey from goat milk mozzarella cheese processing
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SIEE V!

3N UL ETIANT AN NN UNE AL
(Table 1) wuq NN THART AN ULLNEAL S1191
10 Atansw Wﬁmﬁnqw'ﬁmﬁqmﬂnizmummamﬁ'
10.32 Alansu (ann1stANTeA SR A1 100 NN
ﬁ'mzﬁ”mmﬂq 200 NN aznImaAINLUIzNIne 20 NH)
NARNAATIAANT AR 890 NFu Ynwiin
tiniad 9.33 Alansu wazlTNIuNI TRy IR EIEMgN
NILLAUNNIHAR 100 N onAaluldasidus teun
¥ 10 Alanu anunsanAnNedt1saanT ald
8.62 Wafifus Funauminiegd 90.41 wafidus uas
UFN10N19g 0y A ETTUdNINITLIUNITHAR 0.97
ilafidusl

mﬂﬂsvnaumummummm (acid whey)
mm@ﬂ@mﬂa‘ n@umummmmw

WABAINNILLIUNIIHANNAATTAATE (Table 2)

wuan AT ledu 1.16 wWefidus Ui 1.16

wafidud dimauaning 4.74 wefifud sesudly
sa0lusT (solid not fat) 6.42 e fifus vaauda
Wanan (total solids) 7.76 tUasiEus A1 pH 4.62
uaz ArANluNIm 0.65 AaAARRIALNIINAAEY
284 Bansal and Bhandari (2016) ilaz Sarala et al.
(2012) 18 AnE N1 muLAT AL e 9 AN
NRATTAATANLIN neldsAuliTunuaning
Tt (%) 4.5 + 0.51 Tl3Rw (%) 0.9 + 0.03 Tty
(%) 0.5 +0.14 gaqudeiaun (%) 0.42 +0.01 pH
4.2 % 25 aaATATaA ANAITIUNIA (%) 0.40 +
0.02 (NTAUAARN) Fetandidunanaosldann
nsuandauazAntdu 90 wWafidus veatFunn
daund W1gnszuaunisuGm Taeludnind
szneudaeresudaiauntlszano 50 wafidusd
wazlilsfusanna 20 wWefidusd T
Bunaianauanlnaanaseaudaiommn finiy
Hesannisedauisnueseduluimasfimiaan
Tnen13mldiilunsa (Bansal and Bhandari, 2016)

Table 1. Mozzarella cheese and acid whey from raw goat Milk

Goat milk Weight Mozzarella cheese Acid whey Lose
10 kg 10.32 kg 890 g 9.33 kg 100 g
100 % 8.62 % 90.41 % 0.97 %

Table 2. Compositions of acid whey

Component (%) Acid whey

Fat 1.16
Protein 1.16
Lactose 4.74
Solid not fat 6.42
Total solids 7.76
pH 4.62
Acidity 0.65
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Fununsnaciilu
Usuaunsnesdtugaainime (Table 3)
wudn Usununsnesiiluanas e aufunis-
Fiame nenesdluinuauuneAuaes Rutherfurd
et al. (2018) WU dusuneAuiiBunnnseesiity
(mg/g) histidine 186, isoleucine 317, leucine 610,
lysine 520, phenylalanine 330, threonine 335,
tryptophan 104, tyrosine 265, valine 480, cysteine
61 LAY methionine 165 B4N3LUIUNSHARLDA-
gsaantadenaldlsunmunsneziluanaauslu
dnnddansaanunsae s luilds MARBEUAL
Lﬂuﬂ@jmm@zﬁiuﬁﬁmwﬁnLﬂuﬁi@éwmﬂu@:

Table 3. Amino acid profile of acid whey

Faald5uannannsisutseni 194 isoleucine,
leucine, lysine, phenylalanine, threonine, tryptophan
wae valine Taglanne isoleucine, leucine A% valine
fgninluidudounaundnaesevnnady wazdl
ma‘uu:ﬁﬂﬁﬁiﬂﬂmmxmuﬂ@imﬁﬂi:mm 200
faanfudeuiniinge 1 Alandy dalusinned
fsurninsnerdlue 3 18ia sauduil 153.07
fiaAnsusae 100 HaaanT 39daamnInasiiuann
uasaLNFNesNiuR 2.42 niusevilemiog
13lnA (200 Haanin) InaazasauAquiszunm 40
wafiFust rea B adusnTiuusinsesy uay 6 niy
FadU ﬁ’mi‘y‘l_lpﬁll @uNYin (Martinez Sanz et al., 2017)

Amino acid profile

Acid whey (mg/100 ml)

Aspartic acid
Threonine
Serine
Glutamic acid
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxyproline
Proline

Tryptophan

77.28
49.33
41.63
135.74
21.57
44.47
<40.00
46.75
Not detected
39.73
66.59
<50.00
<50.00
Not detected
Not detected
44.59
44 .46
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AU A INTU B12 uaziAaLdan

HANAIAN®HA WLd1 H1gRldann
N9LLUNNTHAANBAT IR UL UNE TR AN TIY A
16.06 I lATNTuAE 100 NadaMT AA1NY B 12
(cyanocobalamin) 0.009 §aansusa 100 NaAAAMT
LAz calcium (Ca) 70.65 HaANTNAR 100 HARAMNT
(Table 4) ﬁﬁl\iLLML%N’Luﬁ%wﬂlnjmmmm
NILUIUNITHANNBATIIANITA d4OAARDIN U
nInAABNTes Garay et al, (2021) fiAnEnasAsznay
diefaainuaune wudn Bunnuaaiden calcium
(Wa@ansupa 100 NAAART) 40.49 + 1.18 Hadnsupa
100 HAAAAT

s s‘o’ d v = o
msususindaqalnmanluasuaiun
=2 & % rdl o v

NanT1gANEIaIAlsEnauNIENUsTuAaY
TR luAIFURIUANIZAY pH 4.8, 5.0, 5.2, 5.4
wae 5.6 nagmaaadanldunnsneiu Inedae
el nngunismaaaiudeiaguaantunae
(Figure 2) uazeartsznavinun aun dsunmiilsfiu
Unpnananing wazaeduwdlimuduime llunnsng
fuadefldadAynieaiis (P> 0.05) watFunm
T30 wazaesudeiavus uansneiuad 1 lisd Aty
N1940 7 (P < 0.05) (Table 5)InaFunaulaiuaes
¥ e o W a - ~ o P
Unedndsumalmaenluafuewnisesu 4.8 A
Psnnnuladugege WewFoumauiungunaaag
au 7 uazlunqunimaeaeangnlfussdudas
Tnanluaifueuntdiuinladuanasnu
n3lfuseAs pH 14934 lesannslfusyausag

TpanluarFuas Wunnwunngn Tl luinme

TngtnAvnunua unmiaauanganmuizas
2198487627177 Wazanduaiaduaaiidulul
(Wanphaisan, 2019) D4usHNNENLNIZLUNTHAR
o oo S o oy o
Fanlinsannazneullsauinlii@aadnnanna
1898171V withinddaduddaduaiiaintiduin
PN TR wasdieRnadiaindnfiazias
AndnduIRsaNsanusdena i aladuuas
TsAuiiBunuanauiadinisliuse i pH Nigeau
(Rahman et al., 2018)
HAAZUUUNNINARRLANHUEN1IU 328N
&uila (Table 6) vaaugNUFufoaTanenly-
AIFUBLUA WUTN Anmauztlsng (&) uazanwziiie
duda (panudu) ldunnaAneiued1aldad1Aty
NNATA (P> 0.05) wianwuzidaduda (AuFan
WULNAY) 7415 wazniseeniulauansngatiel
Hag1ATYNI9aTH (P < 0.05) laananisnadaay
L a ¥ 50/ rd‘ o v a
grsoaduliazunuiindnliunqalnmnenlu-
ANFUBLUATNIZAY pH 5.6 I 4R danARBITY
N1TNAABIT8I Sulejmani et al. (2021) 1A An®A
aniFAN193AINITNIBI M3IATIaFI9qanIA
wazAmaniRnIslszamdudasosuanunlodu
fin - anduyau Ysunglasa aenluaisuame
wazuaadanAaslsd wudn Aouansnlunis-
nszanesn AHYN AMwllal e uLazFaL
=~ P = -
Wewluuasunnidounanvesiaimanluafuamn
o . N
daflunannainnisdfuaninwnsaliidunang
UWAZHANITNLAANLADHINIIANFaUTDa T 9FY
TUNIZUIUNNINAANDATILIARNT A

Table 4. Vitamin A, vitamin B12 and calcium in acid whey

Parameters

Acid whey

Vitamin A
Vitamin B12 (cyanocobalamin)

Calcium (Ca)

16.06 pg /100 ml
0.009 mg/100 ml

70.65 mg/100 ml
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(e)

Figure 2. Acid whey added with different levels of sodium bicarbonate (a) pH 4.8 (b) pH 5.0 (c) pH 5.2
(d) pH 5.4 and (e) pH 5.6
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Table 5. Acid whey added levels of sodium bicarbonate to pH 4.8 - 5.6

pH at 29 'C Fat Protein Lactose SNF TS
control 1.16 + 0.32° 1.16 +£0.04 4.74 £ 0.01 6.42 +0.06 7.76 +0.28°
4.8 1.67 +0.07° 1.19 £ 0.04 4.69+0.10 6.48 + 0.16 8.24 + 0.22°
5.0 1,52 + 0.06%° 1.17 £0.02 4,72 +0.03 6.51 £ 0.08 8.10 + 0.00%
5.2 1.48 +0.10%° 1.19+0.00 4.67 £0.11 6.52 + 0.11 8.03 + 0.00%
54 1.34 + 0.04%° 1.16 £ 0.03 4.61 +0.00 6.48 + 0.07 7.82 +0.00°
5.6 1.36 + 0.20%° 1.18 £ 0.01 4.67 +0.17 6.59 +0.16 7.91 +0.03%

CV (%) 11.81 2.59 2.08 2.83 1.28

Means in the same column followed by different superscripts significantly differ (P < 0.05)

Table 6. Sensory of acid whey added levels of sodium bicarbonate to pH 4.8 - 5.6

pH at 29 'C Appearance Consistency Mouthfeel Flavor Acceptance
Acid whey (control)  5.83+0.32  4.66 +0.04 3.75+0.01° 412+0.06°  3.92+0.28°
4.8 500+208  4.42+193 3.58 + 1.88° 3.41+183°  325+182°

5.0 533+167  483+140  3.91+193b° 425+1.86™  4.17 +1.80™
5.2 6.33+1.30  533+215 508+207ab® 550+232° 516+241%

5.4 567+169  558+206  558+250a° 541+264"  575+249%

5.6 5.50 + 1.31 5.91+2.06 6.08 + 2.43° 6.25+249"  6.33 253

CV (%) 29.37 37.20 44 .88 45.37 45.28

Means in the same column followed by different superscripts significantly differ (P < 0.05)

@51

q

U N BIA 2 NaUTBIUIUNATUTIY
=® va a a o
N AT wanag ingzUsuNlesAlsenay
unundaulugeginaatsaarda waznisliu
2 = I3 ao/ raj‘ a
pH aelmenluarFueunluiimnegndiuan
Wnaudanalilsunnladuanas winislsusesy
d‘ d? o Y v a v o k%
pH Ngaliu M lineatuliazuuunisaaniula
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Fndy Farfugnunsnintinn el susydunanul
nsndnelnmenlunfuawnd pH 5.6 lildesaniily
Namﬁmeﬁ T w30 TAfa et iay
AUIATF AN l Lwamew‘l,mﬂa”‘tmu”l,mmm
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Sericulture Practices of Farmers Under

the Don Khun Huai Royal Initiative Project, Phetchaburi Province

51 tunay
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Abstract: This research aims to study on mulberry planting and silkworm rearing pattern of farmers under
Don Khun Huai Royal Initiative Project, Phetchaburi province. Data on mulberry cultivation, silkworm
rearing, natural dyeing, and weaving from farmers was collected by individual interviewing and focus
group discussion. They were analyzed by the content analysis. The results showed that farmers had
knowledge of mulberry cultivation and silkworm rearing from personal experiences without systematically
transmitted. Moreover, there were problems, including the development needs of farmers that should have
received knowledge transfer including 1) aid management to increase fertility and alleviate soil moisture
content deficit, especially during dry season, 2) knowledge on using natural products for silk threads to
provide a wide range of colors, and 3) authentic fabric pattern as local identity. The results would be
applied on education planning for farmers as well as knowledge management for rehabilitation and

promotion of mulberry cultivation and silkworm rearing in Don Khun Huai area.

Keywords: Sericulture, community economy, knowledge management, Don Khun Huai, Phetchaburi
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unAnta: N13AnENEdRgUsrasdiiednngluuunislgnudeuuazidasinreunsnmslulasanisniu
wizarlszasAnauguing Samdamasys anluniafiudeyadiunisilgnuden waeluu nsdendnsaed
893NT1ALAzNMEE AINnguineRIlatdEn1sduN1HAlTEUAAS N1TAUNUINGN LazTiATIzvidaya
Tnanisdamssiitiont uannsAnenudn inemsnsiannfludgnudeusaziaasuifinaindszaunisnd
dnuyananlilainistnananstirafuszun wanainil wutlyu9auiiANARIN IR LI T8N HATNIT
Arglasunstnananaaug laun 1) n1sdanianinannshulielinganany saiuarussinitToyninisane
panTuresAulnaanzlunguds 2) arniGeenislduaniusdisssnaaninenisdenduluu e 1ils
Anvannuans uaz 3) nsawanainniludnansniresiul nan1sAnmainisnuiN ldaeununislianng
WINBRININANLATINUELNIaANIIA N fineusr Tamilunsiunuazdaiasuenannislgnuiounas
3 A v

e s lununneuguionsialy

AdATy: nstgnusendeslun wegRaguTy N39ANIIANNE AeuYLaL INT9LT
unin Tfinwasnsinislgnudeudaslug aaun1snas

Wulnndasivaldluanudndn anaudesilingg-
TasannsmunszaalszasAnauguion wezaanuined o uazfunguinemsns

Fandamasys ulasanislunszuinaniia t:Iﬂ@uﬂuﬂ@mgmiuuﬁmmuﬁuﬁmLﬂTﬁLﬂu
WITUINTUNBLUAT NUNHNALAALLATHUNTT anngnAaan Lmzﬂmmuﬁ@ﬂﬁmﬂmﬁu%@
UsIOLRAS Inseiingyanea 3 aousd w2514 dulananndiuneuguion dentendn
Lﬁ’a'ﬁvmﬂ’]ﬁlauﬁ‘ﬂﬁa‘l’]ﬂﬁi"]‘]ﬂgﬂﬁﬂiﬁuﬂﬁi‘ﬂ‘a“xﬂ’m_l miﬂQmmi@mﬁymiuuﬁﬁumuquﬁqwm
BNTNAUNITNHAIATUIBATIUATIAL 15 15 Uas N19AUNeA NN9AIAaTUAaTY 998D 1ANI9-
Wdausan1s6ig EENECY I PRRRER IS AUATHATUNITARIALATAIININITTINS
Al Faamsainszasiddnunenmshianunm  Ussneufugiathwinldlssnaendwinnsnsw
fannauAnRauanianininsanisediuion  @unes Wy n1sdgndldzsaiiliameldgendn
ilesannmanuliwiueuressssuanisansiananm- wildndsy mﬁiwmmmimmwmﬁﬂ@ﬂuuﬂu
AunauaeInann nsduasuliinemnsiongle L@ﬂqvl,uummnmmﬁ NI mumummm
w3 udadidndny mu%ﬂﬁ’ﬁmimm@jmﬁla 714 7 (Wongsorn et al., 2015) Wudundafinnm
meaduendniediunisfaonnueuasdoevde  vaid U @‘l‘wm‘n‘wmmwﬂmuuﬂummiuu
%Qﬁul,l,ﬂzﬁ/u (The National Legislative Assembly, gauneainslulnsanIsa unszglsasa
2018) ﬁﬂﬁrﬂ'@mﬁmﬁmﬁz\mumajmimwm pauguas F9uiamays Jaaudunsuay
ABUYUNIE A7 LW@ﬂﬁ@mLuuﬁsmmumq I faflu A anusuatisiisiiazdesiinnmnen
luiﬂmmuwauuﬂmmwﬂmﬂ@umwmm uwGﬁuoﬁ”mmiﬂqnmi@mﬁmiummmwmm
“aINUAEAIU (Thurapaeng, 2012) fnasdanasaannfiduszun Weanisneuny

zﬁ’ws‘“um%wﬂ@unmiﬂmgmimﬁluimqm@ cvﬁ”ﬁumﬁyuvjLL@MQL@?N@W%WWWLmzrmﬂ@
AINNIEINTUszasAnauguig AIuTaInTsys faqiiu uazasfunEansaeludviei el
AnTuannnszsmianaildresaniian szunadn mm%’ummwuluﬁu‘ﬁ (Muangchan, 2005)
3375 wezusuadilunn nezusnsgruiliul @qummmul@uﬂﬂwummmmmmem@m‘m
sand ulasaniadaldnilddnidunisdaaia N739u79u (knowledge assets) ffananail li
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(Panich, 2005)v1\1u BRI RRREY Y STOTCIRIU AL
nemaNnguiilanisaunuiuaznisuanilasu
AINFIRINGNINEATNT SaNAUNITANN O]
i’]ﬂ‘]_lﬂﬂ@L‘ﬂu@ﬂLLu')‘W’NMuQV}V}’11‘1/11@“]]@11@
wmﬂum@ummumﬂimmm AnsnIn Tae
n1snemunGeuasal Wudunauusnesnszuu-
NMaAan129ANIALEAINNTALLLI AR 189
Demarestﬁiﬁuﬂmixmuﬂf]ﬁmma‘mmj’mﬂ
flu 4 dumen Idun 1) n1sadrenang (knowledge
construction) mm?qmmmammm;fmmmm

f19 7] NNTTAANTZANY 2) NI LIIUTINAING

(knowledge embodiment) M iduszuy dazaanse
NFAUNIBLAZNIF Y 3) mmim’mmw;}ﬁ@
n19un ld gl s2le sl (knowledge dissemination)
waz 4) ﬂ’]iﬁ’]mw;ﬂﬂw(knowledge use) (Sittipong
and Tarkool, 2015)

Faviu n1sAneAsaiansneaun Gy
anminensnslneld3annsAneinainuaneile
W lddayaiimsudau iautuanalunisin 19l
nsdanasaann il 14 lunasiunandwilgn
piewaslnuaeaneasns lulasenisaiunse
P7Usvasdnauguiag a1netran AT sY3
WilAauunuazdadiusielyl

8AUUNITANEN
e L -
n1sdaAfaiidun1sAnEigluuunislgn

ulauanslnaanguineasnsdilgnusianasslug
Tulaseniemunseaadsvasdnauguing 4audn

w913 WverenANgn e W ldlunisdanisaaang

Mdluszuusall Inaaiun1s39s lusansman
NNTIAN - ABUNOHNAN W.A. 2563

NFEUIUNAUNTANEN
1) AnEIanNHULNIU sz NaLaNTNYRILNAINT
mm:mmmfmmmmmmﬂwmaﬂ@numu
Aesluuaeanenan RduRUSTUaNInaY 7 109
INEAsNS Walszfiun9919UNBNNIAN 59T AR

189

AT (Phuboonbud, 2015) U3zl uANNE1N13D
lunsdnnisaud Tantalunisdniunisdnanaen
AYTNG wazlenialunisimuinuiesiiiaades
ﬁu@ﬁwmiﬂ@unmifﬂml,ml,'gmiummLm:rmm
Ingandudayaannisduniunlinemens
2) ANIANBIUUIAR
LflumiﬁﬂmLLmﬁmﬁmﬁumimmdu
AaiiAnanda ANTHABINITAINNITIINNGH UAT
ANNNABINITNITWEN U TBINGNUTAINUY AR A
murauuaRalun e aueuazaasdentes
ALLUIAAATEFRANELNEY UazN19a5 198 TNE999
ﬁu@ﬂmﬁﬂmﬂmiﬁﬂmimwm (Newcomb et al.,
1993; The National Legislative Assembly, 2018)
3)Anwiesdprini wardatauauuziioul
WIAANABINNG
AnwiAINLazaIAAIIN{ IR AN
waildsunasinanenarnuiazaunie luuaz
mevenni P I Fumsdaananndszaunisal
gaaneaafivinfineasaunsasflufanssu
fsudldTuaniazuandenesiuiivieguey
(Traimongkolkul et al., 2001) Lﬁmﬂumﬂrmwf
waxﬂziwdi@quzﬁuﬁ luauranatnnsnn
duasuvralfuldiuineasnsuannguusedaula
il Idmenzidenanuinissanisetnaduszuy
u,zi’fumezmmg’*’ﬁummmLﬂ%i&ﬁﬂﬂﬂﬁhﬁﬁ
BN ] sautaneliadselanidldundnisusy
11/1LmﬁﬂmmmwuwﬂﬂNmm%u (Olsson, 2000)
u@nmﬂu Feflnnsfuialoywireans Asnsi
Rundesislagnsuasingdan (Praepattarapisuth
et al., 2014) ﬁiﬂﬂwﬁwmaﬁwmiﬂqﬂuﬂ@u
weala WAZANNABINITIUNIIN I U TBINGH
\NEATNT
4) Msidenlesaniidse
ﬁmm’mmi’ﬁiﬁmnLm:rmﬂm@zn@;mm
3mawwﬂﬁlfaL%@u‘f,mﬁ’mm%ﬁﬂﬁmmimﬁumwu
aefAT T agRuiien i unendn uaziin
TeymYTaRANNABINIIIBUNHATNIVINNT AT
Lﬁ‘ﬂm'ﬂﬂﬂﬂ@mﬁrﬂ?‘ﬂ@\‘lﬂ%%’miﬁf@ﬁmﬁiﬂﬁ’mﬁLLﬁ’ﬂQ_,IMﬂ



M5A1TNEAT 38(2): 187 - 199 (2565)

siarnNNATUALUA N IR T8ANEATNTUAS
ﬂziumwmm‘”l,rﬁ (Charoensit and Emphandhu, 2018)
Fudirae

Tasan1smnnszs Tl ssavAna YUY
NI PN

nausaasedivnsAnmn

Usznaudaeinmnonsd Wuanignngu
Ugnuaiauiaesiva luaauiilaseanisnunsz-
Mlszaspauguian Smdaman fidnedaden
WULLANZAY 4191 10 ATELIATY

ASRINAT LT bunsIan

n193du A iidun193dedaqnininw
dsznaudag 1) n1sANE1L@NA1T (document study)
2) N NAEalLULLR1LAN (in-depth interview)
easauAdl iunisiiuaumndeyalaedidy

o o ld‘ v o ¥ dl =3
azdauAninmnwuIAI N el e
v vy Ao o .
dayaaninunIngy WideyandiAcy (key informant)
3) miﬁﬂwﬂmmﬁmuwmmﬁu (focus group)
dunisiivsusndeyalaetiniduazloauanliun
o . vy o o duss
lszgungunenansg lidayadi Ay la @ oy un
dl 9Idl Y o vy Y a =3 J o
walimsegulasauiulideys domAniiuuazsaniu
andUmalulssifudAny

dumaunsALiuMs

Lﬁ'@iﬁ’mﬁ@“ﬂLﬂu"lﬂmm“mqﬂa:mm’ﬁ
nuuA Q”%ﬁﬂiﬁ”ﬁ’mum%umuluﬂwﬁﬂLﬁumﬁﬁ‘fﬂ
panidu 4 sumeu

1) nAsnumauasTINIIN TN Eades Lile
nuansaukuIAnlun1939y Tnedinnaiag
wiseailelunnsian wi”fauﬁ”\imammmuqmmw
vaaeiciian1sife wdainunldAnsuiunaes
it wazineAInsluneuyuing Tuaunislsznay
ardnseansmsnIngsARn1sLgnusieuLAZ ALl

Wasusndayaduiunisdiunldlunisdasyd

sauiudayanlfannsdunisaluazaunuings

190

2) @a51quuaA o g lunsdunealuuy

@1ran ImeniuualsziiuainnisAneIANNnIaL
a = > . = °
wuaAnunIsAnE lRdunewn 1 auduarnns
Uaedle uarasildduneaisepsauninanuay
10 AsaUASINARLRaNAINATaLATINEAN51gN
X C oA A . 3

udaulasslunetssaiilas Neglungunials
TAIINITATNNIEITUsTAIA B UYUIIY A9
W93

3) AANT1TAUNUINGN TnedssiAnAInIN
= I 2 o d?/ a
ldlunisaunuinguliiinuaauaInnsauLuaAn
luns@nenninuald Tnadanguiveaunun
WnaafuTyn 9Uassn LazANNABINITINUIT8Y
nguineaiy (1) n1sdgnudian (2) naaesluu (3)
n13aan1sdeNAlduluuanudn el 3u s A
LAZNIINBEN

4) Mmatiazvidasya ldmatinlunisinsed
dayaiannin Tnenideyaimeilszandanyndau
wszunauaziaminadonin e agddoyud
gUaTTALAZAINNARIN IR W TRINquEUgn

1 d9/ v o £ dl o

wanuazae i udailldudayaienisdanig
annFatnaiiuszuuuazin hlldUseloainannan
weiwng ludeaniesing o sialy

NN5IATISUTBNS
Aimnzidayalnenisinsziuuugiiy
(analytic induction) Tmu’m’am@mﬂmmunﬁﬂm
wafANaisdeag Uszneudaudunan fail
1) a@mmﬂmm@uaﬂmﬁﬂmsmmwmwﬁmvmm
(transcribing interview) 2) ﬁq%@gﬂuﬁimﬁm
gantsdunualiieanauindeya 3) aue
%H@Lﬁ@mﬁmmzﬁummsﬁﬁLmu@ Tneninde
@;ﬂmﬁﬁ@u‘ﬁmﬁu wazldnisdianeiidaiian
(content analysis) TneANRanau3uy (context) VB
@ﬂﬁ‘wLLQﬂﬁ@Nﬂ?zﬂ‘ﬂUﬂ‘N%@H@ﬁﬁ’]NW?JLF’W?’W;“,‘VT



amwnistgnusiauideslunaaanunsnsnels
TAsaN1saaNTzaTLsa9A AauUE AAIUIALNTSLT

NANNSANHILAZIANTRL

1. WumAufiuazinensns

ﬁu“ﬁ'ﬁmm@uwﬁw B1NDTLEN 9% TR
wasyd dunillufuiilddunisuf Ty des
ifn:rga‘vﬁﬂﬂqmﬁﬂﬁuﬁﬂqLﬂu‘ﬁ'ﬁflﬁu waeufy
mi"l,&’fi‘“umifﬁ”mm?‘ﬁ'ﬁuluﬁuﬁﬂﬂﬁmwgiﬁﬂﬁu
Tnadinnsaruan munszsTAFalunszuImaNLaa
WITUTNIUNIDILAT NUN)RNARAALLATNUNINT
usnuauRes uazilufinnsesuuanszangang
Tun1sdnassfiduntunszarlszass d1usy
Auimeuguiaiduiuifiseg fldfinislszney
@ﬁwLmzivﬁ”‘}’umaﬁmuﬂzﬁuLﬁ@miﬂ?xﬂ@u
81N NIANATHNITUIZNOLRITNINHAIN TN
fpnasaunsniznemsualn Wilaaudnla
TUNN9 g8 IMAB A WBIATHUAN WA W TN T e
daneldltunauluguau taeniamanguilsenas
m%w’lugﬂLLuuugﬁﬁu@uﬂmjgﬁm W.A. 2514
Tuitufl 399015 3 971 83 m191997 Usznaudas
ARUYUTE 1 [;lé\‘i’aill‘ﬁlﬂﬁi’f/‘ll 5R1UAADUYUNIY
811001787 TandAnTIyT uazaeuguian 2
Faatf il 5 uaznydl 6 Auavines 81108
e Sendainasy? TaansdnasefiAuldiy
AT TR AU Aurenuies dudiunis-
UnauanTninEAINITNAINUANITIN TN
dnnalulaglu - uldlunisinnisinems 'ﬁuv;l
ausn il warinisdnseaunsainisineas
ABUYUNILATA c-ﬁ’%ﬁuﬁ@m@’lugﬂmmam%
Ruelin An19990NgNANIRUNEATNT LU NEN
dealiuuunsadu ngudgnusieudaslva nga
ayulnsudlsgd nquudsgldulesn nquinwmans
wuuRANNaw nguutsglayu nguiewdndanan
nauEiinseaeatanluduileen sy

Fausi i n.e. 2518 WnERINIuy 517U
ABUYUNAE AIUAADUYUYIE B1LN2TLEN S9uTn
wasy3 1 Funtsdasdunisgnusenasdins

(LANN B 89) NFIRINNAN LB ANIZVINI1EIN A

aa a o =
WILUININTUUID WITUININTT UL AN UL A0S

191

-ﬂl :’/ v @ ‘ﬂl v £
WanivldmAadansugriiuneuguiosuay
~ = P a ' &
Hnszanganafdlidaaiunislgnusiouias
Tu Wweduniaiume i liiuswgs Inadnns-
o o o v @ EZ v
Tannaginaindandnfaedanndugidnasuly
Augatiiuluszasisnuardauasnliinisananan
ANFunannnueenguaneay o lnadinnsdusiy
Wiannssaudaiudunguiassuuiiuaougu-
Woassuaduiiusiunn $all aundniaasluuiug
Nued warudulnngaliflasanis@at dn lng
anndndanlungidunquaninilenanau o 1w
7119 warn191ulsenu wardeandnnimadiluy
Wuand@nigduludondu uiginisanaunidu

al o 1 ‘ﬂl 1 U 1 £
ANTNUAN M 29N 3193 1A Nda9n19 g haaa1u Ly
ANANITNTAT

[~ 1
2. dsziauaasnisAnugduuunisdgnusian
vaelua

2.1 msdanuaiau
NEATNTIAINHIAUINAINNE L5 T
g py o v A H

nisaesluaine Wl iduluund anunangeilu
JuiuaunIwaas lunaeuds 80 ilaidus wail
Tundeudunsstlafaaivueuluuldnule

=< o £% ' va nll s
811119 Asadudesdgnuieulidlunany sl
= o vy \ A o ~
Fan13danisaannFaunislgnusdauddoulsi
dnAyuatadsznisidenasnanisiiulnuassu
AU A9

= & A = o o

1) nsiaeniuidgnilaonudidnylunis
Ugnuslau na1nAe FesiansannuiLFnndiape
[ A ' [ o val o 1% '
soailadmrsetfindaauinacunalininisldanssin
wHAdHl R WIUNIN Wegannan AR Ra A Tl
wavaruna lidudunaasanveuluniaznia 1
Tunngls saiu unnduldldaqsaaniiunaauvse
& A ¥ 'V a o a HUE
Wunge U ldvionds Augouge szuneninlan Jaaa
fuauus lluarawinll azvinllunsiawasyean
nuilunnn windgnluaninsuuas funieuazlyl
. - - y & A LA .
AoalAsny A UIA G undgnudeudundaiu
watuun i luwmaes ludae wazananials 41
aflusaslgnluungusiasansasligs (Figure 1)



MTATLNEAT 38(2): 187 - 199 (2565)

2) ggnrandslgnlutdaenguingzdns
N1992AYBIAUNNBUGY wiiladunsiaulnugda
fumauntsquasnasnazusieudufisiny
AuanineiniAnin Inelunisdgnuden 1 seu

wininisguaineduatisphainisnlddszlond

Ilseanns 10 - 154

3) Wuﬁmi@uﬁﬁﬂuﬂqﬂ Ap WUfanauAT
uaz uganauns 85 Nduansieligedannununiu
FAANINEINIARKILAIBBNIING TE18RUTINe
FAununiuselsnsndn

4) mmmﬂwmummmﬂ@ﬂmimﬂﬂ
nwmumumﬂmum 8 Aautuly Tnaaiunsn
FanaannfiaAenfindu e sfuRs AanLne
dmsunisuansnuazisinuldetnesniiuaz
udauss ddenfefisauivllanadanalionnis
fiazan1fluisanaliiasnasaniseanaassin
uazvnAmsieuuAiivly praeshenadeudadaua
FNUANT AT izﬂzﬂqn'ﬁ'mmmu A% 80 x 80
VIURLNAT

5) natingefnuniidndy

A o a

=
AD
. - - o .
neMredINIUNAqNANLTINUgNUN NI

o

Fan e b 1o

vefugaevnainlidumsieumnnelding wefnnssa
Tumiaulddedlnsluusaziu Asvianaslansau
’i‘xﬁdﬂLLﬂ']Vgﬂﬂ%\i el¥anan NITAUNITAI99IN
Iniaesdumian uaziflunistidadaianuue
21N TuNRNTIdansA N luadundenlindranen
HLNAINIzaN AT AN AT UM ey 1 el
deueulnurinlduueulnuaield nndaany
sndufesansnasialitlazann 1 e ey
gnnaflaaneldvuaneuaaiuluvdenld
Aeanuanvald wenanni nedaLAsR e
il fumenzinliaduunnaesWuasdul
gqunuld v ldazaonseaniafulunieaunazlsy
Handnlugandndaes Az munn1Nassuan A
nsdaes ldRund el vewannniduldnn lfluvdean
WinyAuIn A dev lUAs ey luen-
Inudauneuazildenseluliun %l nananues
lumsiauainnisgn ﬁuﬁﬂ@,nuﬁ@u 4-5'13 anwnen
Bnlumsiewl 14 i@ el ldsy i 30 Alansu
ae95elu Felnaisallldvianisanalun) dalesin
g lunudalananamdulunlszunn 2 Alansu
s |dUszannilaniuas 250 U

Figure 1. Mulberry planting area using water supply system and planting soil condition
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Figure 2. Silkworm rearing of farmers in Don Khun Huai, Phetchaburi Province
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Factors Affecting Good Agricultural Practices of Quality

Strawberry Farmers, Samoeng District, Chiang Mai Province
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Abstract: The objectives of this research were to study physical, economic, and social characteristics of quality
strawberry production under good agricultural practices and analyze the factors affecting good agricultural
practices of quality strawberry farmers in Samoeng district, Chiang Mai province. The sample of this research
was strawberry farmers in Samoeng district, Chiang Mai province of 241 cases from a simple random sampling
method. The interview schedules and focus group discussion were used to collect data between January and
July 2021. Descriptive statistics such as percentage, mean, maximum, minimum, and standard deviation were
applied for data analysis, and multiple regression analysis were used for analyzing the relationship between the
independent variables and dependentvariables. The results revealed that most of the farmers were male, average
age of 43.47 years, and finished primary school, the average strawberry cultivation experience was 11.84 years,
the average strawberry planting area was 2.82 rai, and the average net income was 126,019.71 baht per year.
Farmers had perception about good agricultural practices at a moderate level and had a good attitude about
good agricultural practices. The result of the hypothesis testing found that factors affecting good agricultural
practices of quality strawberry correlated with positive statistically significant (P<0.01) were the attitude towards
GAP (Sig.=0.000) and contact with an officer about GAP (Sig. =0.006).

Keywords: Farmer’s practices, strawberry cultivation, GAP
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Y =a+b,Xx,+bX,+bx,+b,X,+0bX+ DX+

DX+ DXt DgXgt ByoXiot DXy

Good agricultural practices of quality
strawberry (score)

Constant

The correlation coefficient of the
independent variables 1 to 11

Gender (1 = male, 0 = female)

Age (year)

X X X
N

Education level (year)

[

x
x

Experience in strawberry production
(year)

Perception of GAP for strawberry
(score)

Attitude towards GAP for strawberry

[

(mean)

Planting area (rai)

K4

Net income (baht/year)

[o]

Market (number)

Group membership (number)
Contact with officer about GAP

X X X X X

(times/year)
NANITANBILAZIANTOL

ANBUSNNNIENW LATHFNA Uazdaan nels
ST ERATATINNEANA S LARTaTIUasT
inwmsnsdouluniduwagne de0g
i 43.47 I finnsdnwnaglussiuszondnm
fulszaunisallunisgnanseadiuefiade 11.84
1 aursiuilgnansediuetiads 2.82 15 seld
gniainnisuneansadiuessiull w.a. 2563
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0.42 adasiall inwmensdauluniavniaonidila
NeaAUTzUUNEAIAN N1z aN sz AUl unang
LAYHAAUARNARDIUUNHATANUNIZAN
(Table 1)
v v dl o o
ANFAamdlanaafuszuLNIIAANIg
AMININTDAUNHATATIUNIZAN Anfuansadiuass
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ANENATYALNITUGNULLIZUL GAP BE19ANAY
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1 dll o vl £ a Q/le £ = =
siatiias nliandedfuRngndecll inemsnsasd
Y . . vy
Arngaoudlalussauliunane vistidszifu

Table 1. Physical,

Samoeng district, Chiang Mai province

A lafiinemsnsneuRananninfenas
50.0 14ur 1) ILULINHAIFNIMUNLEN (GAP) Aa
ma“v‘if]mwmﬂm’lﬁmimmﬁﬁ@ﬂﬁqm 2) ABANALHU
gnnad lunauslaiadauazNinadman Husuiu
1¢ 3) iileTarladanswdniandny Tdun wug i
wazanAi lAeaednrntunin annsavn ld 1 lsas
LAY 4) milﬁm"nmLLuuﬁuﬁnmiﬂﬁﬂﬁmuLLm
ienansdndnfinaadesiunisfifuetiles
2 Jaesn suanAnsafy e lfa1u1s0n9ede
faunaale

ada

miﬂﬂmwmﬂmmumm ULN1I9ANT
@mmwmmmwmmwmmmummummmm@ﬁ
WU INRTNsFenny 86.7 HVTAUARTARETZLIL
INHATATIMNNZAN INSZIN AN UINAINN9D
dgnuuusezuy GAP 1a wandnaslianuuziin doe
Huid3nEuasdnisfaniuaaet 19881600
dausidnasiinaiinduneunisvinauting usfdae
anAld4nsGesilanazarna il lfunuaziiia
anlaandusenuiesuaziusinadndas ne
flAnad8s21ndng 3.67-5.00 Azuu d98eifly

economic and social characteristics of quality strawberry production under GAP in

Variables Mean S.D.
1. Gender (1 = male, 0 = female) 0.78 0.42
2. Age (year) 43.47 9.32
3. Education level (year) 7.51 4.55
4. Experience in strawberry production (year) 11.84 6.90
5. Perception of GAP for strawberry (score) 13.10 2.34
6. Attitude towards GAP for strawberry (mean) 49.56 5.09
7. Planting area (rai) 2.82 1.81
8. Net income (baht/year) 126,019.71 323,562.99
9. Market (number) 1.29 0.58
10. Group membership (number) 1.13 0.34
11. Contact with officer about GAP (times/year) 0.42 1.50
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ala ] a £ o
Wuan1an A lunsduasn ldinensnsaensuLay
WU doutleziAauiinensnsunesedely

=3 ¥ v 1 v = a
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TadaffinadanisUiRinsnsafivansaly
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ANNIILATITVDADBLNY e ilade

ffuasienisfiRinensafimunzanlunisuan
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ARTATILOFTAMANINTBINEATNT BINBATIA

o o

Fandadaelud nudn Adulsc@nsnisindnla

a

FI9WY (multiple coefficient of determination, R?)

IS DU '

NAWINAY 0.268 UHILAININ AU TRATZAINNA

FouAuesULANNE BT wl RN s SR Ay
26.80 TIF2L1l58A9L99 11 Aauts1ii Fanunu 2 69
wilsNR A NN USEsuanTusaulsninatinai
WadAtyneaiangzau 0.01 laun siaunfndse
FLULLNHATANANIZANMALNNTAARDA UMV
NEAUITULINHATATIUNIZAN (Table 2)
AINANTINTIIAUAINITORBUNE
MuduNusaasiladafananalatn tnemang
aa ada a A
AU AUARNAFBIZULINHATANIANIZAN WAL
~ a Ve % v A o o =
An1sAmdafu I nEIRNeTUIE UL N T AT A
Mwnzannan AnasdJuRneashinuizas
TuN1INARARTaTIUATTAMININNINNG N EATNT
da o v . o~
ARAABARN I MU ZANARIZUL N Y ATAN
\ a e v v o a o
WHIzaN wazliinisiafed U I uTNNnea iy
a Aa o aaa
FLUUNHATANMNIZAN NHATNINAAAUARN A
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wardn WU iR e nuanndl Geaenndeany

Table 2. Regression coefficient of independent variables related to GAP

Unstandardized

Variables t Sig.
coefficients : B
Constant 5.435 1.523 0.129
1. Gender (X,) 0.878 1.220 0.224
2. Age (X)) 0.036 0.900 0.369
3. Education level (X,) 0.139 1.760 0.080
4. Experience in strawberry production (X,) 0.052 1.066 0.287
5. Perception of GAP for strawberry (X;) 0.043 0.340 0.734
6. Attitude towards GAP for strawberry (X,) 0.365 6.484 0.000**
7. Planting area (X,) 0.349 1.945 0.053
8. Net income (X;) 1.447 0.146 0.884
9. Market (X,) -0.910 -1.912 0.057
10. Group membership (X, ;) 1.251 1.384 0.168
11. Contact with officer about GAP (X,,) 0.567 2.779 0.006**
R =0.518 R? = 0.268 SEE= 4.258 F=7.621 sig. of F = 0.000

** significantly different at P<0.01
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Chlorophyll Content and Nutrient Status

in Durian Leaves and Soil Growing Under Agroforestry System
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Abstract: Nutrient management is very important for growing quality durian on sloping land in the agroforestry
system of Uttaradit province. The objectives of this work were to determine chlorophyll content, and evaluate
nutrient status in soils and leaves during the first and second stages of leaf flushing that link to photosynthesis
and nutrient management. Soils and leaves of seven orchards differing in nutrient management were
collected. Soil properties such as pH, organic matter, available phosphorus, exchangeable potassium,
calcium and magnesium were analyzed. Furthermore, greenness values, chlorophyll content and nutrients
including nitrogen, phosphorus, potassium, calcium and magnesium of leaves were analyzed. Medium and
correlation between 2 variables were determined. The results showed that chlorophyll contents were
observed higher in the first leaf stage. Greenness correlated with total chlorophyll (r = 0.52***) but not for
nitrogen. Soil pH was below 5.5 and organic matter was over 2 percent. All available forms of nutrients such
as phosphorus, potassium, calcium and magnesium were mostly below the standard range. Negative
interaction between exchangeable potassium and exchangeable calcium (R° = 0.36**) and exchangeable
magnesium (R2 = 0.38**) were observed. Meanwhile, the nutrient status of index leaves was varied. Only
nitrogen contents were in the standard range. Phosphorus, potassium and magnesium contents were above
standard ranges but calcium was the opposite. Negative interaction between potassium and calcium
(R = 0.91**) as well as potassium and magnesium (R* = 0.94**) were clearly noticeable. Nevertheless,
magnesium was 3-6 times over the standard range. Briefly, magnesium was more needed over the standard
range for photosynthesis. Calcium applied for soil pH adjustment is essential for durian growing under

agroforestry.

Keywords: Durian, chlorophyll, index leaf, nutrient survey, interaction
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Figure 2. Relationship between leaf greenness and total nitrogen (a) and leaf greenness and total chlorophyll (b)

214



FanuesalsilasuazanruzanssInaimns
TwlunFaunasfuiiasayiaulalussuuuinses

SanaanaIms lunu
Lﬁ'@ﬁmimﬁ@mmﬂﬁaummuﬁimmu
Lﬂ?‘ﬁ‘uLﬁﬂuﬁummmﬁqumqﬁuﬁ'mmmum’@
N9ty AU TR (Santasup, 2009) WU31 AN
pH daulnn)daiiArmnndn 5.5 lunnazdumanuin
aniugaud 1daiugouiildesniusssuani
ldfinns9mng (Figure 3a) & v5ULFuNuaunTe-
TANUBIYNAIUNLIN Auflszdunau@n 0-20
viuB A s AFuudunedngiin 2 wefidus
LazanadliiastAuANAN NI Y (Figure 3b)
Usunnunaanefaiiuls Tamifszdunaaiuin
0 - 20 [WUANAT DA NUANA19 Ut 9t mLanly

exch. K (mg/kg)

exch. Mg (mg/kg)

7.00 -
6.50 4
6.00 @
5.50 [—o-20cm
T 500
450 E=2020-40 om
4,00 [ 40-60 cm
3.50 Opi
......... ptimum range
3.00
1 2 3 4 5 6 7
Orchard number
400.00
_ (c)
2 300.00
g [C—/30-20cm
: 200.00 + [C==-320-40 cm
= -
>
® 100.00 n [ 40-60 em
2B E - 2 B e Optimum range
0.00 e Tk Tl
1 2 3 4 5 6 7
Orchard number
1500.00 -
1250.00 ‘6)
g
% 1000.00
£ [C—020cm
@ 750.00
(&}
) [E=1320-40 cm
£ 500.00
x
3 [ 40-60 cm
250.00
........ Optimum range
0.00

Orchard number

. da " - .
uslazasulenizauninI9ldilantsiwdulszan
UAIUN 5 6 Az 7WUdSu 1 uNadanasan
dudszlanliiurininsgiu ausiszduaanuan
20 - 40 WAY 40 - 60 LIWALUATIBIVNAIUNLI
Buruneanasandulsclaoniianasatiiatmnian

_ o e o A -
(Figure 3c) d1usutsunnusinunamaunuanidaau
T wuen 12l uAUTUUUAILAUAITNAN O - 20
wuFmns wazdiuluneg lussAuAndtANInsgy

. o o = a a
(Figure 3d) @ fUUTNMUAR TN LAZUNNTLT N
4 4 v . -
nuanaauldreanasuuaznssAuaIINan
NanuzAf1eiuAe ANYIAINIATIY (Figure
3e, f)

5.00

4.00 ®)

3.00 /020 cm

2.00 [== Median

[ 40-60 cm

Organic matter (%)

1.00

Optimum range

Orchard number

140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

(d)

020 cm
20-40 cm
[ 40-60 cm

Optimum range

Orchard number

400.00

()
300.00

[—/0-20cm
C==32040 em
[ 40-60 cm

200.00

100.00

Optimum range

0.00

1 2 3 4 5 6 7

Orchard number

Figure 3. Soil properties of different orchard (a) pH, (b) organic matter, (c) available P, (d) exchangeable K,

(e) exchangeable Ca, (f) exchangeable Mg
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Figure 4. Correlation between Ca/K ratio and exchangeable K (a) and Mg/K ration and exchangeable K (b)
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WL ﬂ?mmmﬁlmma‘@gﬂm:ﬁwﬁ"q 11unang
Lmzqqndqﬁ'ﬁmmﬁ’m%u@ﬂﬁmﬁmmmﬁ;mmi
v W3 lulnsaululudadiddsegiu 1.96
Lﬂ@ﬁﬁ‘ﬁ%‘%ﬁlﬂé&ﬁﬂﬁﬂﬁqmm‘gf]u aqulFunn
Waanefauazinunadandinlvg NAdsagiu
gandaAnamsgaued1efaiay Inaneaneiadl
A1378813711 0.60 uaz 3.53 lafidus muaAy
(Table 1) mm:ﬁﬁ’]mmﬂmmmw'ﬂmw'a% I
Twunadanayludas 0.15-0.25 uay 1.50 - 2.50
wafidus nuaTAY (Table 1) #9UE16B1M1370
TAun wpaldanuazuin BT e WU HANLANGg

1 Na19Ae LAATHNHANNEF W 0.90 Wesidus
fepndnANImsgIuneg ugag 1.7 - 2.5 wedidus
lursiunnidon NAdsag1u 1.5 wWefidusd

4aN91AINIATFIY 0.25 - 0.50 wefidus daiiadn
Lﬂumﬁ'@uqndwmmmimﬂa:mm 3-6 %1 (Table
1)

TWmeL%ﬂuﬁwululmﬂ?mmﬁqqmmdw
ANIRTgIudInari N MU Jduusnieay
funaa@anuaziundi@an dediaoududu
2BIFIFAINA1INIUIANNENNUT sz NI ndan
ANANAuS I InunaFaniuLAaTaN uay
Twunadaniuunniides a9nudn iaaniae
AUAINIETIaLTEUINsIRAINaI Ty Ade AN
R® WU 0.91 waz 0.94 mANAAL (Figure 5) Az
Iddnindjduiusozndresginunaiden iy

=} A A = Y v v
uAA@ENLAzLNN LT NTdanAdaeiudaAuNL
‘1/1mmmu”l,mmﬂm”l,ﬂmmﬂuﬂ{]muwuﬁmﬂmmm-
‘e (Osotsapar, 2017) WAUANERNLAN 204N
Ufduiusnsauszudelnunadaniuusniiges

o 1 a a o aa 1 1
naunud wnnidenluwludauiAIgenden
N msguiuatinanin ‘Lumm“mmmsﬁﬂm@uwﬂu
‘]Jaémmmmmﬁmmmﬁ’m ot nan1sAnE
agu/lddn nafaUdniusmeaussndneginAngnn
21°TUB LR8N LA UsrANEN N9 A
1519099117 11 waaEand alusa AR s
gn T (immobile element) mwﬁqmﬂmmm
ﬁmLm@Lermumummqsmmu@fauum wAALTE N
Lma@umﬁmmmm LAY zgaddn T ludausing 7
gasialagenizibeifiand Aanuaiunsnly
N9AREUNTBIULAATENTUREALNITANYTEINE
Y9N TR (Ernani et al., 2008) VoL AWNN LT 8N
wasugan1eviaa misuaanszane lddeunaeiu

I a A %
Todne warnunadasiusinnnsaiunsagnld
laagnlaani®a (luxury consumption) (Osotsapar,

v a o a PR A
2017) daAunuinaadudTusunnii@auh

a a o . A !
waniasulaluauauswuuanddaslulugandn
ANIRTgIuusY BeuduaT R uIn iR aduayuy
NAN1TANEI289 Kongmak et al. (2017) inan991
= o A ~ ] =
WRnafeINIsuNN LT e NNGINdIAININTFIY T
TudeenAnedudoiiluui 1 Alfununaslsilas
a = ~ o o A a
fgennn Agenadnisanaasunntides i o
aurnnialdlunsdanmziuga

Table 1. Status of nitrogen, phosphorus, potassium, calcium and magnesium in index leaves and standard

ranges of these nutrients

Index leaves Standard
Nutrients -
Median Ranges Upper quatile (Q1)  Lower quatile (Q3) Leaves

Nitrogen (%) 1.96 1.29-2.74 1.71 2.09 2.00 -2.40
Phosphorus (%) 0.60 0.08-1.55 0.39 0.86 0.15-0.25
Potassium (%) 3.53 2.00-4.80 3.08 3.80 1.50 - 2.50
Calcium (%) 0.90 0.15-2.27 0.62 1.31 1.70-2.50
Magnesium (%) 1.50 0.02-2.13 0.82 1.82 0.25-0.50

"Poovarodom et al. (2001)
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Figure 5. Correlation between K/Mg ratio and total magnesium (a) and Ca/Mg ration and total magnesium

of index leaves (b)
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Effects of Fertilizer Rates on Growth and Development,

and Water Use Efficiency of Ornamental Allium
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Abstract: Ornamental allium is a beautiful large-inflorescence flower bulb. It is popular to be utilized as cut
flower and landscape plant. However, reports on fertilizer application and water use of this plant were rather
limited. Therefore, this research aimed to study the fertilizer rates affecting water use efficiency and growth of
the plant. The experimental design applied was a completely randomized design with 3 treatments, i.e.,
treatment 1) no fertilizer while treatment 2) and 3) were fertilizer applications of 15-15-15 (Total N-P,0,-K,0) at
the rates of 2.5 and 5 grams per plant per month, respectively. Data was collected in 2 phases, i.e., phase 1)
from planting to flower senescence and phase 2) from flower senescence to bulb harvest. Plant growth (plant
height, leaf number and flower quality) and water use efficiency (crop evapotranspiration and crop coefficient)
were recorded. The result showed that plant growth in terms of plant height and leaf number by the plant
receiving different fertilizer rates were not significantly different. However, inflorescence circumference and
umbel diameter were the highest, being 41.11 cm and 14.01 cm respectively, when the plants were supplied
with 2.5 g of fertilizer (T2) in phase 1, with no significant difference from T3 (5 g/plant/month). Water use
efficiency was not significantly different among treatments in phase 1. In the meantime, crop coefficient and
transpiration rate per leaf area of the plants receiving 2.5 g of fertilizer (T2) were at the highest with the figures of
2.49- and 0.53-ml/cm/day, respectively. In phase 2, crop evapotranspiration and crop coefficient showed no
significant difference among treatments. The highest transpiration rate per leaves area unit (1.83 ml/cm/day)

was found in the plants given with 5 g of fertilizer (T3) per plant per month.

Keywords: Ornamental allium, water use, fertilizer rate, plant height, flower quality
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n93uas 7 3 Wilendanga 15-15-15 dm9n
5 NFNFBNITNIN LAAUAT 1 AT

TIUHUNTTN ARBIL LU N ANy Tl

(completely randomized design) a2 3 N99078
N2UABAL 20 11 (51) m’uﬁm‘lua‘m:mﬂﬂ?mlﬁuim
m\mu 2 szazie szasd 1 svez msm?mmuim
mumﬂ@ﬂmmnmm (108 $)uaz sxasi 2 szay
panfigafawnd (14 §u) (Figure 1) Awmsney
ﬂixﬁw%m'wnwﬂ%ﬁwffmmﬁhw:ﬂxmm?ry ]
2ol

1. SmsnnsAeszieii IneRannsdanuin
Wiwaznsznna (potted plant weighing method) A1
A3904 Pereira and Kozlowski (1976) a1n&xn13

N1IANETLMEUARZIU = m1-m2
= ¥ o - o
Wa m1 = drudnaednsznedgnnanassn

11, m2 = uandnaesnszonvdgnialudusann
nNauInL

2. dSurunaslddraaanN g (crop
evapotranspiration, ETc) ANITLANANNNT

a aa

1Funaunnsldvnresiva (ETc)(Radamns)

gl vesT luLAaz L (Radam3)

Wi lemsans x 1,000
0 & da s ' <
AUuANUN AN N HL89IWIANTZDNN 6 19
HFANWINAY 0.0762 WA AU NUN IdN TN
A1n 409 I azlawunldnsanuivindy 0.0182
FINNINAT

3. AATINITAILUIADUUILNUA LY

(transpiration rate per leaves area unit) a1N4NN17

ARFINNIANEUN (RARART/ANIIUTUR AT/ )

UFunnunn ldiavue

° o 4 g =
AMUARTULFAAZEN x N lULedy

Bl = nasnaeadnd g luus
AYIUARAATEZNNTRITYLFUTR
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AMUIRITULAAZTIN = A1UAUTRIULAAZ T
3~ﬂ”mimmmuim

FuRlueds = (Wumu B +

(2

AugataesraznisasyFuin) / 2

4. Usz@ngnaw n’l'a‘°l°ﬁ'1j"l (water use
efficiency, WUE) ﬁmmzﬁqmwdwiwﬂ’ﬂ Wik
Wanun (total dry matter) M’?@N@mﬁmmqmmiﬁ@
(economic yield) ﬁi@ﬂ?uﬂmﬁﬂ‘ﬁﬁﬂ% (water use)
(Tuner, 1986) AaMNAXNNT

WUE (Raansusnmuinuiiv/daaang)
LN WFITANNA TN

Fnosnildnaensyaznis

e invenuieianuaifuay Wunasig
szwinatnainutegaing uaziminukedudy
g09filuda9fiAn®A (Medrano et al., 2015)

5. Andsz@nanislduraaang (crop
coefficient, Kc) a1n&unng

Kc = ETc / (Kp x Epan)

e Ke = dulaz@nsnnsldinmnadaanis
\wayiiu e

ETc = Ysurainfina 14 luusas sy
(HadaR9)

Kp = Fudsz@nionadaniseyive
Avsunnadauuy ve Usemalnalawingy 0.85
(Boonyatharokul, 1983)

Epan = 3uMaIn1IsEmetinannanada
N1352e (ANAINADNRATIABNTA)

tuindayanisasoyidulelaiun Anugasu
Tnadnainlauduielataaeniiiosuluiy
(ummng) auaulusdedy (lu) Anaawaen
TawA ANsNfIuTanan (IURLNAT) LEUWHA-
AuNa19Tenen (LIuFAWAT) usauleTanan

(TIUFLNAT)



narasansilasdamsiasyiulauas
ss@Ansnwmslduraasanissau

Phase 1

Phase 2

>

N "
€. _
0 day 70 days 85 days 109 days 122 days

Figure 1. Growth cycle of ornamental onion from planting to bulb harvest

Finavvideyananimaand Ineldllsunsy
d117a31Un19a07 Statistix Analytical Software (SXW
Tallahassee, FL) Wi a3t e AIma 1wl 119w

a a . a' ! aal aa
wazilFuunauAeaesendnansnis lnaas
least significant difference N5AUAIINIT BN 95
ilafidust

N@ﬂﬂiﬂﬂﬂ’ﬂﬂtt@%ﬁ@ﬁ‘iﬂi

1. nMgLasLAUTRIaING
1.1 ANgauaza Uiy

Sefeldsusnsiefuansaefuieans
n93uA3s 1uszeza UL 2 haundanisdniin
N1998N3IN NANIINAADINLFN AIINGITRINAN
Uszu eanunsnidshiuansneiulagilinaaugs
raefuiiielaan 85 uaz 109 fundedninsnag
52119714 30.60 - 35.55 WUALNAT (Table 1) A1
luaasvaniseauluusaznssudsliunnsnenng
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and lnaiAneeendng 9.10 - 10 lusesu wazlu
Lﬁ@uﬁmwﬁqé’wﬂ@.n (109 Fu)wuq1 anuquly s
ANLANANSTUN At A uAeafulaadauau
Tueg# 9.10 - 9.90 lusiadunIuaFy (Table 1)
iesannuendsysuienmsazanluiafoane
AamuAaIn1sasdenalinisasyiuinaniin
T#aeisanysal TneuinNalsinainnsiiaane
feAudedntsiaiuenaliuantennisinlng
¥\ (Foypikul, 2003) T9q0nARBITUN1INARDI
nazavlulnsiau neanesa uazlwunadause
nsiseyiivinvesunanledadndjduiugsrndng
aguduils warladufunoudaduilsraiuds
nalinannge wazauaulullunnsnaiunieaiis
(Ruamrungsri et al., 2009)
1.2 ATUNINAGN

nFvanndgnuendsziuu 70 fu Redud
nMTUNSTanan LL@:@ﬂﬂﬂﬂﬂéNUﬁuwﬁqﬂ@ﬂuqu 81
Ju (Figure 2)
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Table 1. Plant height and number of leaves per plant after supplied with different fertilizer rates at 85

and 109 days after planting

Plant height (cm) Leaves number (leaves)

Treatments 85 days after 109 days after 85 days after 109 days
planting planting planting after planting
1) No fertilizer 30.60 31.55 9.70 9.90
2) 2.5 grams fertilizer supply 35.35 33.65 9.10 9.10
3) 5 grams fertilizer supply 35.55 33.05 10.00 9.80
CV (%) 17.27 8.76 14.03 16.46
LSD ns ns ns ns

0.05

ns = non significant

T1=0g T2=25¢g T3=5g¢g

Figure 2. Flower quality of ornamental onion at the flower blooming phases, no fertilizer (T1), fertilizer
application by 15-15-15 (N-P-K) at rate of 2.5 grams per plant per month (T2) and 5 grams per
plant per month (T3)
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AINNIINARBINLGN ATUNTWABN bA LA
AINENITEABN AINEIINIUABN AIUIUTU
aannan wazitlasidusinisesnaenluusaznssuis
T uAnATUN19adA winudn aundu
sauaetanan uazidudiudueanaisianand
mmLLﬂﬂm'wﬁummﬁEuﬁqiﬁﬁ‘“uﬂﬂuﬁmmﬁ
unneinafiu Tnewudn naslalasuilaaanadauin
dusaunetemeniienndn Aiade 39.60 EUAWAS
nslasuiludng 2.5 uaz 5 nfuAeRY 41.11 ez
42.08 iruANAs (Table 2) dwiuiduiuguenans
damanwudn nssuAsd 3 fAaduunniiga 14.17
wufiwn lduandenneafifidunssndag 2
GedAnain 14.01 Lsnuﬁmmﬁﬁ'qmﬂﬁ’ﬂﬁ%\mm
anan linadauadur uAugnatanenuInngn
nisldlifleat 19l dud 1Aty n19adif (Table 2)
ﬁqﬁlﬁmmﬂuﬁ\amnmuﬂixﬁuﬁmm??fy W I
da1189nanazidULUNAITLBIUNT T8 strong sink
28957 &Tu%umﬂﬁﬂﬁ{mmmmmﬁ'mzmm?u
inlinandauinlugy Lﬁmmﬂmﬂﬁﬁﬁﬁwmm?

o =l lﬂl EX o 6
ANDUNINANLIN DN LT LN ITW R BN U RILT AR
laidnazilu nrsutimad viveanevm (Osotsapar
et al., 2011) depa linantszaugInsninananssu
FANA12081ANT TIRDAAADINUITUITH DS
El-Naggar and El-Nasharty (2009) w141 8371 ¢
7 5 NFNLAT 2 NFUFABFAUTIERN AN A UAAN
WATATUIUABNFBAUITUAT AR18 RN WS Apple
a 1 1 Y+
Blossom &Anunnnannis e

2. naraedmsilasalsyAns mwnsldiin
21 ﬂ?mmmﬂ%{i’] (crop evapotranspiration,
ETc)
wasannisdgnuantezduuiu 2 inau
Imﬂﬁmﬂﬁﬂﬂué’mwﬁLLﬁmﬁmrTu 3 3LAU WU
Buranisldinresi ol annuunnsnei uaaes
N1INANBINLIN Iuﬁqaizmrﬁ?\iLmﬂqnﬁqmmﬁlm
(phase 1) N3l 1]edmen 2.5 nusiasiy 1N
fiBuunisldiaunnndnnssaraulne il Funn
n17ldin1eae 6.54 TaAAAIAATY 709890 AE

Table 2. Inflorescence quality of ornamental onion affected by different fertilizer rates treatment at
flowering phase (105 days after planting)
Treatments Inflorescence quality

Inflorescence  Stalk Umbel Umbel Day to Percentage of
length length  circumference  diameter  flowering  inflorescence
(cm) (cm) (cm) (cm) (days) (%)
1) No fertilizer 50.91 43.41 39.60 b 12.99b 70.94 99.94
2) 2.5 grams fertilizer
supply 51.25 4291 4111 ab 14.01 a 70.52 100.00
3) 5 grams fertilizer
supply 52.23 4418 42.08a 1417 a 69.58 100.00
CV (%) 4.26 517 4.26 475 5.74 0.14
LSD, s ns ns * ns ns

ns = non significant, * = means with different superscripts differ significantly (P < 0.05)
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al
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AINANA L (Figure 3) lussazmaniiaaawnsg
(phase 2) n99uAs NI ]udnen 5niusafuil
dsnrunisldunuanigniade 445 8adans
A aa Y+ o o ' v
7898911A0 N9NAD W lludnen 25 nfusasy
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Aadu AMNATAY (Figure 3) Bi9iliiiaaannlugaa
srazusnadinisaiiAuinetnemmifa In19un
arvsazanainggnauntldlunisiuin dena
Wluszazuandnialdun alfifianszuaunis
wunuedtusng o luafelu aienen wanaini
indududoudrAnylunszuounisdanseiias
~ a A Ay . A
WanARa uIsuiNganaae uazludiussacians
Wu91 nasanaaniiaalewnaa luuAaznssuis
o v ¥ o o a d oo o
aziinisldiifanas iasainiaiEuinisidas
an 1w nlddannsldun uanannitludaelane

Crop Evapotranspiration :ET (mm)

B
R T A S S A A T

e )

phases 1

- = 4 . o
gasnaasyiAuinlussasd 2 4 aduazmilanu
FRANITuReAe Wesaniad1gszaswne
(Ruamrungsri, 2015) a9 N8N 13A181Na AR
aanalinglzununislduinanaaduiu dnsiy
Aunnsreiuinasedduianisldunfiunnsaiu
Y ¥ qo . a - -
wetiitlasannnisiladnlidasdadiunisiasyiduln

= ] v = o o 24
99t A9ualFNIN N IR RIUI2E U n 11 l9E
lunNgflaunnlun (Techapinyawat, 1992) 9w
Wan1sldun Tul3uuiinan nanarenisldun
NINTUAINNITAIY AU TATDIN TN 1A ULA Y
21131l HAY (Poruksa et al., 2002) WHaLsL
o a R o o oA A A
duszaraaniigaawnsa ANTin sd@anann
1991y danaldiyTuaninisldunnanas Cooper
et al. (1987) 3189711491 Tudaunfiadinnsldun
nliuansineiulaidnazliiile wielifiniu warwll

=< ' aclag v+ A o ¥ ,
seaiznilanudn nesud s Wadnslduafinannda
nesxds W idausd i ldunnsnaiunieata

B T Mo fertilizer

[]T2:25grams

fertilizer supply

" T3 Sgrams

fertilizer supply

phases 2

Figure 3. Crop evapotranspiration (ETc) of ornamental onion at 2 phases after supplied with different

fertilizer rates
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228Ms1N1TANEUNA VUL N WA LY
(transpiration rate per leaves area unit)

. I A
amsIn1TAuIAenasnunly Tussee
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o
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Fausitlgnianeniiien (phase 1) HAdeandnluszey
dl o 1 Qdd‘ Y+ o o
Nae9 wardanudn nasudsnwiadmnan 2.5 n5u
Fofu HA1RALEIan 053 NaAARTAE A9
VR LN AT H U immmmnﬁmﬂu’muﬁ
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0.46 WAL 0.46 NARANTABANTITIURNATFBTU
ANNAALTNHN ANLAN ARl TdN Aty neaif
Aantluszaaandiaafewnsa (phase 2) NUI0
o ¥ . , & A adag v
amngni1sAte U audaeNunlulunssnasnla
{ledne 5 niusiasii NAaunINgn 1.83 Hadamns
FAA1IILTUALNATAETY WALIBIAININTINAT
Wiie 2.5 nfusie wasllilWilaiAnady 1.22 uas
0.98 HARAMTADANTIUTUALNATADTU ATNAIAL
(Figure 4) iavannluszusNaaaN g 3unen

a a = P = = ¥
nissgimule ludnis@esnanin iewsanidng

\
)
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1.5

0.5

e
i
fan

IR mmﬂlﬁﬁqﬁLﬁﬂﬁmaﬂuwﬁmmaﬂu
?ﬁluﬂu‘imm%qﬁmﬂﬁmﬁuqmLﬁﬂﬁmiﬂmmw
ld@ael (Pantatan, 2000) ¥ lsTnnsAneinannngn
FTUTUIN %ﬂﬁ'lmmﬁﬂuma Allium 98112
wazAua e ludanszmilauiy Ussnausas
Unly wadan wazauly (Yousaf et al., 2008)
ELua'qué”mmﬂﬂﬁinuLmnﬁiwﬁuﬁmrﬁi@ﬁmw
mimﬂﬂfﬁmqLﬁmmﬂiuﬂﬂﬁm@mmaﬁ'ﬁ’]Lflu“lu
NITUIUNIINIATINGY UWATUNUINIUAIUNS
\a3ey AL IRUR9INT (Ruamrungsri, 2015) @9L&3aN
ﬁmiﬁmuﬂuﬁmumm‘ (Techapinyawat, 1992) 911
IReiinsaanaunisaadiedneilszannm
ik iinasanedaiivesndn deaenndesiy
U884 Fanga et al. (2018) Taanulufuinin
(buckwheat) 3113umaasi]alulnsiauiininiu
doadaasunigasymuinaasig wanlilane
NsAETNBIRLTAINARAY

W T1: Nofertilizer

[]T2:2.5 grams

fertilizer supply

"= T3: 5 grams fertlizer|

supply

ranspiration rate per leaf area unit perday (ml cm-2 day-1

phases 1

0.5

phases 2

Figure 4. Transpiration rate per leaves area unit per day of ornamental onion at 2 phases after supplied

with different fertilizer rates. means with the same letter within column are not significant

different at P<0.05 by least significant difference

231



MTATLNEAT 38(2): 223 - 235 (2565)

2.3 ﬂﬁ?zanﬁmWﬂ’]ﬂ%’ﬁ’] (water use efficiency,
WUE)
Lﬁﬂﬂ@ﬂﬁﬂuﬂa:ﬁuuﬁu 2 1haudaNiy
Nl e ludmeafiuansineiu 3 sxiu wudn
UsrAnsnannislduinesneulszdustaluszes
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mmummm@ﬂmﬂmm 0.00029 faAnFunAMIN
wivsiaiadans savasunAanisliijadnsn 2.5 nin

sl waznslsiils fafAnszansninnaslding
AnLaAE 0.00026 LA 0.00025 ﬁaanﬁ*mfmﬁn WA
AANARAMT ATNANAL (Figure 5) ) daulusze mmm
ﬂﬁmﬂulwﬂwmm@ﬂ 10,0086 RAnFuLimin
wiireNaRanT i@q@quqm@niiuq'ﬁw%ﬂqﬂ 25 Uay
5 nfusaduilANIaAe -0.0096 LAY -0.0101 ANy
uwumm\imu@a@m(ﬁgure 5) nsfiAeae
sresianstiAfnatiiiasannimeinutalanaasd]
Antiatndndutas ez luuiAntuilauadn
AN

| B 11 No fertilizer D T2: 2.5 grams fertilizer supply

¥ T3: 5 grams fertilizer supply

0.00029 -

0.00028 o

0.00027

0.00026 o

(mg DW.ml-1)

0.00025

Water use efficiency; WUE

0.00024 4

0.00023 4
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e

.

B S
e

-0.0075
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phases 2
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-0.0085

-0.009

(mg DW.ml-1)

-0.0095

Water use efficiency; WUE

-0.01

-0.0105

Figure 5. Water use efficiency (WUE) of ornamental onion at phase 2 after supplied with different

fertilizer rates
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04 duilszdninisldnnaeei g (crop
coefficient, Kc)
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WilaRuanas (Osotsapar et al., 2011) @aAARIL
nmaaasliilelulnsan waznisliunsenanas
o 1 1 add‘ Y+
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anaslutaataafiuiien (El-Akram, 2012)

W T7: Mo fertilizer
e
:a& [ T2: 2.5 grams
:E&& fertilizer supply
e
Sy _
:E&& T3 Sgrams
:E&& fertilizer supply
e
e
Celela

phases 2

Figure 6. Crop coefficient (Kc) of ornamental onion at phase 2, after supplied with different fertilizer rates.

ns =
P<0.05 by least significant difference
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Detection of Anthracnose Disease in ‘Namdokmai Sithong’
Mango Using Near Infrared Spectroscopy

wAN3EN AUBEN' WNWla Auswin'> d5eR iguqunwa®® uaz wangual Ndiags

1,2,3*

Katthareeya Sonthiya', Pimjai Seehanam"?*®, Parichat Theanjumpol*® and Phonkrit Maniwara®®

madmigmaniuasLgiaans anizineasmans sanenaedeslual . Tl 50200
1Depar1mem‘ of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
2@uﬂ%’”mn?mmfuf@ﬁﬁ@”mmﬁuﬁm NIENFNNIFGANANT INLNANART TAEUASUIFINGTH NFUNN 10400
? Postharvest Technology Innovation Center, Ministry of Higher Education, Science,

Research and Innovation, Bangkok 10400, Thailand
 guelistina luladvasmariuien ansinsasanans sinendndesiua a. @eelual 50200
® Postharvest Technology Research Center, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

*Corresponding author: Email: pimjai193@gmail.com

(Received: 1 December 2021; Accepted: 25 April 2022)

Abstract: The aim of this research was to detect anthracnose disease in ‘Namdokmai Sithong’ mango
fruit using near infrared spectroscopy (NIRS). Inoculation using 20 uL of 10° spores/mL Colletotrichum
gloeosporioides spore suspension was done onto mango fruit's peel (one cheek; accounted as infected)
while another cheek was left intact (accounted as control). The inoculation was conducted using 102 mango
fruits prior to incubating the samples in moist chambers (100 % relative humidity). The chambers were
thereafter stored at 28 'C for 24 h before acquiring NIR spectra from both fruit cheeks using FT-NIR
apparatus. The spectra were divided into training and testing sets (each set consisted of 102 spectra:
51 intact and 51 infected) before performing a partial least squares discriminant analysis (PLS-DA).
The results indicated that spectra preprocessed by standard normal variate (SNV) method could
discriminate anthracnose-infected against intact mango fruit with an overall classification accuracy of 95.1 %.
Wavelengths of 1152, 1725, and 1880 nm were important to the classification model. In summary, NIRS with

PLS-DA could be a possible tool for detecting anthracnose disease in mango.

Keywords: Nondestructive detection, fungi, discriminant analysis
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Figure 1. All NIR spectral data of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first derivative

spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact area
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Figure 2. Average NIR spectral data of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first

derivative spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact areas
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Figure 3. PCA score plots of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first derivative

spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact areas

uazias tuandedn (Thanapase et al., 2012) mm‘u
IR LR P LTI AT L L EE L RT I S
NANNTILATIZURNALIIZNALINAN WLAT INANTTTRWAL
Fueadnifen Wesannnislfuudsaulnmiu
A1UNT0AAAINNARTALARD U NTAd AN 1 a9 le
aselsAninnisiAsziesAdssnauuansaly
ANNTLENAIUNATHITNININTNITAAILA N
(VLaJﬂ@um%@m) Lmzmm\ﬁﬁiﬁ’%‘umiﬂ@ﬂL%mﬁ C.
gloeosporioides aananfule Fariu Aesiludad
Fipmsdauunawnaiudaniaindaestenige
19494 170 partial least square discriminant analysis
(PLS-DA)
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NSAFNANNTAEUNIATIIY

N8 NaNNTNEUNINTFIUAIEAD partial
least squares (PLS) regression 143Tn1531AT2%
fayaludalTunn anfetuneulunisaiienuy
ANABIRIEAT partial least squares discriminant
analysis (PLS-DA) AIa9N UNIZLIUNITAFINANNT
WiBLNIRIFIUAAEARE PLS regression nau iegann
wmAlA PLS-DA Lﬂuﬁ%'miﬁﬂi:qﬂm’anMﬂﬁﬂ
PLS regression (Kittiwachana, 2020) ‘1/;1!;\'15 nNsLaen
M TlumaannmnaAila PLS regression €4l nase
AN U1 luNITAIR AR LAMNINTBLNATIA
PLS-DA it
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HANNTAFINANNITTELNIATIIUAILTT
PLS regression W91 Anduilsr@Ansnisaadula
(coefficient of determination, R’) 284GAA5194NN"3
(calibration set) 8¢ lutq4 0.79 - 0.85 Tnaiailnnsy
ffuusiefands SNV uazds MSC fldn R gefign
A9 0.8521 (Table 1) uaNAN Rl AN root mean
square error of calibration (RMSEC) r:*%’]‘ﬁl'qm A9
0.1923 Wefidus (Table 1) ilasinaunisfildly
nIAdaunudayaTANAAaLaNnNI9 (prediction
sef) WU91 gnedufilsuusiadaeis SN fln R?
mm’ﬁlzgm wazANANRANAIANIRsFIWTWNNIYINUNY
2189722819 UTANAGBLANNAT (standard error of
prediction, SEP) Wa <A1 root mean square error of
prediction (RMSEP) f;‘i’wﬁ'zgm winfiy 0.6693, 0.2874
LAy 0.2889 1afidus nruatau (Table 1) Tng
aunafiaAsiiAn R Wnlndvidewindy 1 saumy
nnsilAn SEC uay SEP A1 803 SEC uax SEP Aasd]
ATuANFNaTUaE T9NaNAN T8 A Tl AN
RMSEP A1 1ii84a1nAn RMSEP fiRnan1n3a1iaddn
mumﬂﬁﬂummgm&uiﬂLﬁmﬂi'mgmim‘ over
fitting WAz under fitting (Shao and He, 2007)

Table 1.

NNFRFILLLANARY
HANNTAFIULUANARIR28AT partial
least squares discriminant analysis (PLS-DA) e
pavagaulsaneuunsnTualunanzsnaiuginnenls
An09 NUTY NNFAFIULUINABIA2EAT PLS-DA
ANNIDALUNNZNNTILNTRs C. gloeosporioides
A v X nad .
aananuzdasi W ldsunislgnimela Seanlnasy
FURNLAZALNASUALSULAIAREAE standard normal
variate (SNV) HAAanuudus1lun1smsaagausnin
g InagnaZi9anns (calibration set) HA1AN
wdugnlunisnsageu iy 98.04 L asidus
(Table 2) nanfAa uzananguin lisunisgniiesinae
‘E?mt,@ul,ma‘ﬂim A response Slﬂmﬂﬂ\‘iﬂ‘i_lﬂ’]‘v}
AUUA (AARIYUA A 1) 49 HA ANTTaMNA 51 A
LL@”u”mw"Lm”Lms‘umiﬂ@ﬂmmw C. gloeosporioides
A response sLﬂmﬂmﬂummmuummnm (A
AMUA Aa 0) (Table 2) NIUIBIANARBLANNNS
(prediction set) &LUNAFNALANTIRIN TR 1o 5
& v ¥ 4
nsdgnimasuazladlafunislgnimasiian
P o 1 Ao
response MAALIAUAINAINUA 48 LAY 49 1A
ANNAGL WAL NASNNUSLLFIR283F SNV N1AN

Calibration and prediction statistics of PLS regression for anthracnose evaluation in mango

Calibration set (n = 102)

Prediction set (n = 102)

Preprocessing method

R® SEC RMSEC R? SEP RMSEP

None (original data) 0.8132 0.2172 0.2191 0.6274 0.3044 0.3067
SNV 0.8521 0.1933 0.1923 0.6693 0.2874 0.2889

MSC 0.8521 0.1932 0.1923 0.6414 0.2981 0.3009

First derivative 0.7928 0.2283 0.2276 0.5155 0.3484 0.3498

Remarks: SNV: standard normal variate; MSC: multiplicative scatter correction; n:

number of samples; R coefficient of

determination; SEC: standard error of calibration; SEP: standard error of prediction; RMSEC: root mean square error of

calibration; RMSEP: root mean square error of prediction
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response INALIANTIIANUA 47 HA LAY 50 HA
ANNANAL (mﬁﬁmum A8 0 LAY 1 MNATAL) (Table
2) Tnaalnafud i nnazannnfuid s
FatAB SNV ansnsauenszsaaiildiunsUgnidesn
nalsauauunsnluauazuziasgamsunu (ldign

@a31) ensrauANuN Ny 95.1 W Fidusl

(Table 2) Inanann1luNIIANUUNNGNUBINTHI
paeRantaalnuning 1R PLS-DA wuwmeaiu
AUNIINAARITAY Wongsheree et al. (2010) Way
Chaiareekitwat (2012) 2gin413iA1NAINN1INARD
‘Lum\mmmmmq%famm@ﬁ C. gloeosporioides
Framaiia PLS-DA ld7iszAuAa i uaiugn 95.1
e fifus anziniImaaedaag Wongsheree et al.

(2010) ay Chaiareekitwat (2012) 1119051593421
da31 C. gloeosporioides A2LINALA PLS-DA 7
AL E 89 UAx 90.9 wlefiFus Audsy el
AN residual predictive deviation (RPD) ﬂﬂﬂzﬂﬂﬂmu
FlsuusiadaeAs SNV SAruanndnaulnpiusaas
WWnuas Aa 1.7484 Laz 1.6506 AMNATAL (Table 2)
%'ami‘ﬁ'%ﬁﬂLLuuﬁmfm"Lﬂﬂi:Qﬂﬁﬂ,ﬂumiﬁmw
nARualETL A1 RPD maﬁm”]mmd’] 3 (Gaitan-
Jurado et al., 2008) muu mwmmmmmwu
ﬂ?xam%ﬂwwiunqimuwiquu suflugauiiy
Suruiedneldunniy e lfuunsiaesiaune
A leLein (robust) wazilAN SEP anad (Seehanam
et al., 2016)

Table 2. Discrimination results of anthracnose infected and intact mango by partial least squares

discriminant analysis (PLS-DA)

Calibration set (n=102)

Prediction set (n=102)

Preprocess ) )
Confusion matrix Infected Intact Infected Intact
method
(predicted)  (predicted) (predicted)  (predicted)
Infected (actual) 49 2 48 3
None Intact (actual) 0 51 2 49
(original data) accuracy (%) 98.04 95.10
RPD - 1.6506
Infected (actual) 49 2 47 4
Intact (actual) 0 51 1 50
SNV
accuracy (%) 98.04 95.10
RPD - 1.7484
Infected (actual) 48 3 46 5
Intact (actual) 0 51 1 50
MSC
accuracy (%) 97.06 94.12
RPD - 1.6850
Infected (actual) 50 1 47 4
Intact (actual) 2 49 6 45
First derivative
accuracy (%) 97.06 90.20
RPD - 1.4421

Remarks: SNV: standard normal variate; MSC: multiplicative scatter correction; n: number of samples; RPD: residual predictive deviation
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AuilszAnsnsannas
HefiansnunAduils@Ansnsonnesang
mumnﬁﬂummﬁsm (regression coefficients) A8
AlnasRUS LA AERE SNV WU9Y AnNenanALn
g1Atylu PLS regression £1nfun1saniunszinn
An 1152, 1725, 1880 waz 1900 - 2100 wrlumsg
(Figure 4) 1ag AYNNENIAALT 1152 U lLLAT Ae
second overtone 184 C-H (CH,) LL@:ﬂfJ’mmfmﬁluﬁ
1725 U TU LN AT A first overtone U849 C-H (CH,)
Tl L@nmmmﬂﬂmmm (Osborne et al., 1993)
TAEIAINNENIARLIG 2 AU BNalRE9Te e
Tnssafregedlaiudaiudandsznavd Ay aes
O T LI Lrg (Rinaudo, 2006) 4115UA2 N
819AAuT 1880 unTuAs Ae combination LA
first overtone 284 O-H lulu Lmqmmﬁ’] (Fernandez-
Espinosa, 2016) Fadesud1iianaianizizinm
fnreqnaNzaiaingL (Jenny et al., 2019) N1l
LﬁmmizgtyLﬁwfwmLeﬂ@@’ifauu?mmﬁﬂ@ﬂL“%@m
ANUFUT9AINUARLITEMTN 1900 - 2100 W TlNAS
WLAN FuRLERUNT s Uaz I a8 LEE N - H

= 1 o v a
\1@’1@mﬁfmmnuimmmwmmiﬂ?m@umeu
mmmuummwmuim w@analeawauunaniug

o D

lusendnannsnasiaues appressoria 1841TAI1AN A
Colletotrichum (Kubo et al., 1985)

a7
NAN1IANEIN1INIIRdeL 1AL NLNTN I
Tunzieiuiaeni@newuiloBulssan-
nsalnd wudn Wesfsunsisasninsaindsandy
N1TA51LLLRNABIA LT partial least squares
discriminant analysis (PLS-DA) ANNTDANWUNNEHN
Hlaidgnidasuazazsinedildsunislgnides c.
Gloeosporioides 147 Auusiugn 951 nlafidus
Lmzmmmfsm?{uﬁ'z@’]ﬁm%qmmmﬂwanmmmm
TsAuaILNINING AB 1152, 1725 uaz 1880 W lNAS
sy Aeflaanandull i iunaslszg nildiles-
durmaaidninsaindnsaaeulsanauunsniua
lunanziasugiinenls@nes ieannisgoyde

srndnannrddeanNEiagsel

Regression Coefficients
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Figure 4. Regression coefficient plots of partial least squares (PLS) regression using NIR spectra preprocessed by

SNV for developing discriminant model

245



M5ATINEAT 38(2): 237 - 248 (2565)
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Mungbean Leaves Under High Temperature Condition

MNAUY BN Useiia aNvin waz Alles Tag’
Wassana Songklang, Prakit Somta and Jamnian Chompoo”

AIAFTINTIFUT ADUSINIAT FUNNUALY NIINENRENNERTAIART INLUIRFIUINUAL 4. uATLlgN 73140
Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand

*Corresponding author: Email: agrinc@ku.ac.th

(Received: 1 December 2021; Accepted.: 1 April 2022)

Abstract: Heat stress is a major abiotic stress causing yield of seed crops. The objectives of this study were to
evaluate heat stress tolerance and investigate biochemical changes of antioxidants (total phenolics, total
flavonoids) and osmoprotectants (proline and glycine betaine) in 13 mungbean accessions grown under heat
stress in a greenhouse. The results revealed that yield reduction in accessions JP231223, JP31324, and
JP78930 was less affected by heat stress, as compared to other accessions. Under heat stress, JP231223,
JP31324, and JP78930 showed an increase in total phenolics and glycine betaine. JP31324 and JP78930
also expressed a high level of total flavonoids and proline. Moreover, JP231223, JP31324 and JP78930
inhibited lipid peroxidation, resulting in a decrease in the accumulation of malondialdehyde, a biomarker of
oxidative stress. Altogether, these results suggested that the increase in antioxidants and osmoprotectants
are associated with heat tolerance in the mungbean accessions JP231223, JP31324 and JP78930.

Keywords: Heat tolerance, flavonoid, phenolics, glycine betaine, proline
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UNARED: ANNLATEAAINANTUITUANIATEANINENINAGNATY A9HansznUN ITNaNARILAATaY

<

a

WNrlgnanas Muddeliasidnglszasdinetlsziiuanununuseg ) Ngere9taldien a1uaw 13 a1eiug

A a
a

uazmmadauninasuulamisdauailudadaeiegnialdaninguunigelulasSeutau Usznaudas
ansfnuayyadasy (Wuednaun uay Wanlaueasson) uarastesiuusadueaaiusn (Inaguiun1du uaz
W) nannTaasswLdn dailenanaiiug JP231223, JP31324 uaz JP78930 finaudnanaudnifaniilently
anmiesaaanguvniige Tnada@uafinumuseqnug g 3 areiugianisdaunsziansueanon
ualnaduiumd find luansfianeriug JP31324 uaz JP78930 RUSnmuresansvianlauermmuasinsiL
isduEndas uenainilfonudn dadaaneiug JP231223, JP31324 uaz JP78930 finnadiualisen lipid
perOX|dat|on IPEAN1742dNT294NT malondialdehyde sﬁx‘iLﬂuMMﬂmmmnﬂQmm lipid peroxidation aAaY
°n<mW?meummm@mu@ummmuummaﬂmnmmmu@@aimmnumwmwmuwuﬁﬂumwwumum@

anmnfigerasdaidananeniug JP231223, JP31324 uaz JP78930

[ (] s % o a = a =
AdAny: nudau Wanloueasd Wuedn Inaduwumdu Tnsdu

AN WregluaniaziaTanainaanfeu iusume
SLuﬂﬂiVTW@’]ﬂLé@ﬁ’N Wiaa (cell membrane) WA

'ﬂqﬂgﬁqﬁﬂ’m’]ﬂ‘ﬁ@]\i%u@ﬂ’]\iﬁiﬂLﬁ’a\‘lﬁud’] NITLIUNNTUUNLDATHIBING (Suzuki and Mittler,
Lflumqum?ﬂmﬁLﬂué’ummﬂ‘ﬁqm Tnefanenuagn 2006) MafinunudananFeuainsadesiu
qmuqﬁmmmmﬂﬁqi@ﬂmmdwuﬁlm%u 0.2 nansznuiineldiAnaanadanigain ROS i
avAmadaaronAasse denalilull w.a. 2643 dasnisdansnzfiaulsdlunsdueyyadasy
(A.A. 2100) Qmuqﬁ‘imzp%umnﬂwﬂu 1.8-40  (enzymatic antioxidants) 813A 1 UB UL ABATE
ANANTIATEIA (Intergovernmental Panel on Climate (non-enzymatic antioxidants) hasngeUIUNIT
Change, 2007) AMNNIATEAAINAYINFA UNT D detoxification (Apel and Hirt, 2004) W8N AN H e
AN N4Y (heat stress) L utloyund1Aty1e9nia Wug1 Weinsazanansiasiuusesiusaalusn
naalan Wesaindeuansenulunisdn in (osmoprotectants) War@319llsRunaUAURIHB
N1 Y AU TARAS WM WIN1998IN T (Wahid BN NE4 (heat shock protein) (Bitaand Gerats, 2013)
et al., 2007) @unsavinanalAfa519 LazNITLINNg f§aidlen (Vigna radiata (L.) Wilczek \JuiNt
WunuadTunasnT (Vierling, 1991) n13ufuilgq ﬁﬁmmzﬁ’wﬁmmmﬂ?:mﬂiwﬂ nanamnaauluny 14
Augialiarunsonuniuseaninzguugiige  dufunisisinalaamssuazulspidundasioells
dadudmunefidfyreainidaifensnims  warnvansede du dasen fudu uladan dadn
annnsAnEINa NN AN A e U s et WATIUNTRAF N 7] (Heuzé et al., 2015) wenainy
anguniigs nudn Aeinsudedidinaren i wiadedesfaduiuianAmninauinige
msadalilsiu Snsaduasesfuusedueealuin  Taaianizedefeudonazllsiutlszanns 58
{n1safansiiueyyadasy wazladedy I 7 wefius uaz 24 wesiFus mudsu (Kumar and
Aaadesiunisdedy e lii g aauulas Pandey, 2020) %qﬁwfqmuqﬁﬁmmmmﬁwwﬁ
nezuaunIMmIeaIineuariaaiinaluis  answsoiiulnaesdadan agsrudng 27 - 32
(Hasanuzzaman et al., 2013) @w@?ﬂmz (reactive BIANTALT 814 memmm@ﬂimmmmmmzm
oxygen species; ROS) iflunalnuiaiiinuile 15 asAgaFua taduaduiailug drdaeiudu
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'aﬂ"]\ivl,?ﬁmmﬁl“f;ﬁmcﬂ'wwun;ﬂuumimmumﬁi@
Fa9uaiifineiy Imﬂﬁfqmuqﬁqqmﬂﬂdq 37
BIANEALTEE HEANTENUABNIINMUINITITLY
Auugaesdadaauaziny nandnaAaIREN
NETURUATNURAINATRBUNATINAE (pollen) 184
G RHRIRPPNATY (Khattak et al., 2006; Zinn et al., 2010)
uananii ANHIATEAANAIUUN N AIAINNINTINANE
aeAUsznautesmdaie W iima ulls Tsiiu
uazrnan lusi Iuﬁmmzqaﬁq‘ﬁ'Lﬂummm'qulmg
Lﬁaqmuqﬁmmﬁum:mmﬂL‘W'u%u avnalde
palTuuldsiulumdnuazauninman ng
nu91 dinnsisulumdadinduly 20 uay 37
wofidusl lunfaresdadasuariomaes muaiy
(Bhandari et al., 2016) kazganuan Uunoizadnsa
lafulewdniiniudaunsalalumdnanasiu
winvesitnznada (Faroog et al, 2018) lunia
naufunudn Panoldsiulundadaansaieldiu
mmm?mmn@mmmﬁm (Sarkar et al., 2021)
uenaniifedseenudn tanm N, P LL@“’H’]M’]@‘V}
@”mﬂuﬂm (soluble sugar) 1uLu@®ﬂ’J@ﬂm Lllfa
IHFuguunge 40/31 mmmmma (AN
NAN9AL) (Sehgal et al., 2018) muu m‘ﬁnmmu
FefldmnuszasAiladnidanarafugdndas
NUNTUABANIITHUNN G Aoenissiiin
BIAUIENOUNANARLATHANAR uazAn®Inaln
p19iaadluluresdadaousiazanaiugiag
meldaniazgnuungiiags 1o tsunnianssiuenya-
fasy Uisendiueyyadass uaznaiinljasen

lipid peroxidation TINANIINAABIN LFAI1N9D
Wl dseTamd drusunisWmunwugnadnidien
Wi uniusean nwnse i ldmunzan e

d aa
fuUnsaluazlione

NLNUNIIMAAeLUUgNaNy sainte
AN (randomized completely block design, RCBD)
191 3 5 Inenlgndaden sruau 13 aeiug Wur
JP212360 (Uszineluaize), JP226698 (Uszinaana),
JP229233 (Uszmedulatiide), JP231216 (Uszmelne),
JP231223 (LszinARwae), JP240344 (LszinAd i),
JP240383 (Uszimainanni), JP240384 (Uszins
thfiannw), JP31324 (UszmadWniianiw), JP73287
(Uszmensn), JP78930 (Uszinantananiu), JP85557
WezwmAwmwila), JP99049 (Usewmaldniu) waTug
n19A1 2 9Wug liun daun 84 (Wezma'lne) uaz
AUNSLAY 2 (KPS2; Uszndlng) aslunszanewanasin
Ann mnaduRAUENAe 10 i 4475 fin i 20
funpu w.a. 2564 1iadaany 10 u vieilluade
Uszunns 4 -5 10 hdad saaeiudugidaaiy
uthelneldlulnaFeufau uaznnauanlsazeuiou
(mmmum) (Figure 1) raaAN1TNAADY slﬁﬂﬂﬂ%\‘iﬁ
11{e6901¢ 15-20 qu‘lﬁmﬂ@ﬂﬂmim 46-0-0 UFunny
5 rmJ Fanszng Mmmnummmmﬂ 30 Ju 14y
A 2 Tneldilennsn 8- 24 - 24 1Fu10u 5 nfusie
9079 IALNANNANNALIUN TS UBNAINTES

fnnsguaineAnisnuanidaunasuazisadng
fAANNTUNTTZLNA

Figure 1. Experimental pots designed inside (A) and outside (B) a greenhouse
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Tuiinfeyaguuninialuwaznieuan
TraFeudaunat data Iogger (WatchDog 1250 Micro
Station §14 3682WD1) m@munu‘lm gzl daiden
a8nA8N 13987¢ 35 - 60 Tunaagn uanlseFou-
Fou (gaAauAN) Hguunige agllutgag 34.1 - 39.0
BIALTA LT oA Qmugﬁs‘i’ﬁ 8¢ lug99 23,5 - 274
avATaTea dougunnilulsaouiougign
g lu199 41.4 - 48.8 aeATaTEA qquﬁﬁ’mq’
W09 24.1 - 27.1 asATaLdaa (Figure 2)

ARUBIANIITYUNNNFFDIALTENDUNANAR

LAZHANAATRIGALTEn
Lﬁuiﬂaﬂamﬂrﬂa‘xn@ummmmamﬁqﬁm

18un SuanmEasedin Sruudnaedy wastinmin

=3 '

> s o o Ao a
LHARNBAR Y IﬂﬂLﬂUTﬂH@qf]ﬂﬁﬂﬂ']Lﬂﬂqmﬂﬂ’]imﬂﬂﬂ

fdn% 1 Dednd 10 uaziiudeyanandnuansasiy

a

Gwdreduniuses)

b

ArneilSnuansiuayyaddss
nMafiufaetg dusattluaesdaiden
uaranewugluszazaannan 50 wWefidus e
VLANINUFI 4 AWMU NAARINNIINHLB9AY
uoialidugudn 7 dnsaateanzedly 10N

Wi M NAZAEINNIUAA AN LIND 80 1 aFidsT

ENAARAAIAILAIINITY 1,000 saumAaunf 1w

—-Inside-Max. —m=— Inside-Min.

1981 24 204 ndeanntunsesansaraiadoe
nseANENTed Whatman wwes 1 laduansainsae
wnuesanluresdaden el AnmeiEunng
ANIFNUDUNABATE
AanzilIniaesarsianlnueansan
(total flavonoids): ¥1&13417AAILLNNIUBARIN LU
gasia@aausaziug Uiunns 100 kulnsdns ldas
luasazang aluminium chloride (AN NT U
751ulefidud) Usuans 100 lulnsans Unlsa
@m‘vmwm Wuan 15 ui mimmmmmmﬂ@u
Lmemmm spectrophotometer Vlm’]ﬁdil’]'m@u
510 w1 luwms (Djeridane et al.,, 2006) wiFaLifiey
Tnnns flavonoids AUNTMNIATFILLRS ANy AN
(rutin equivalent, RUE) Lfl‘lfa Y = 0.0081X + 0.2525
waz R* = 0.989 Hudsenfluiiadninanyanesgiuse
FiaaeiNaLIfe 1 NSu (mg RUE/ g sample)
AwrmzidiunuaesansWueadansau (otal
phenolics): ¥hansaradasuniueasnlugesda
deausaziug UTuaas 20 lulasans ldacludy
U3nams 20 lulAsdms nE9a N uFY Folin-
Ciocalteau reagent (8714714 1
1Bunms 50 llAsans unndw 15unms 50 lulasang

: 1; reagent : water)

LATANTATANY sodium carbonate (AYNTNLTNT U
20 Wafidus) wenansazanalidgu wnluuyld
luniln goungiias iunan 30 wid W lldaan

—e—Outside-Max. —e—Outside-Min.

55 | ‘ | Flowering period |
50 | rfwl“ | | | Ji- 1 } | | ||
T 40 74
g [
S s | o83 SR a0s 104" %00 oM 2o set™n oS
5 i v ¥ AW, o
‘E 30 4 ! { v { | { { | ! { !
@ | ¢
= J - i .,M"' - V0N & 4 o .
£ o Y ety s ° Fo50-85s4voeot SRyt Ssotes
= 20 T
15
10
5
Y T T T T T T T T T T T T T T T T
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Days after planting

Figure 2. Distribution of maximum and minimum temperatures inside and outside a greenhouse of each day
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ﬂﬂi@ﬂﬂﬁuumﬁwm?m spectrophotometerﬁl
ANNENDAAL 725 untumas (Kahkonen et al., 1999)
wWisuisulSuimansiuedniunsnuinsgiu
wﬂdmmﬂaﬂﬁ‘mmaaﬂ (gallic acid equivalent, GAE)
Lﬁ’ﬂ Y = 0.0038X + 0.0495 kaz R*= 0.995 Auiqe
Hulaanfuanya18aNIALNAANFABFAIBLIIUIY 1
n3u (mg GAE/g sample)

Apszlunuaisianuusinuaaaluin

ATz Sua Iweau (proline) AN
994 Bates et al. (1973) ¥ ludaidgann 0.5 néu
UAALLBEALUE1TAZANE sulfosalicycllic acid
(PN NN 3 1efidus) Usuams 10 Naaamns
ndaanniusluiuma g efi aanuiSasan 10,000
sausau?l unan 5 Uil geansazanadiula
Usums 2 Tadans ldaslunnaesfifiansuas
YB4ANT acid-ninhydrin UTu1RT 2 NARART LAY
@119 glacial acetic acid UTu159 2 NadAMT LNANT
nan'ld water bath gruuni 100 avAradaa 1y
1981 199009 Y1naennaaedaan LAY toluene
153 4 Taaaas Hauasazanelidn s feldlud
{n (gruugives) unan 30 wn gaansazaiala
i lLSaApanFuLasTiALEAAY 520 unTuams
Fae1ata spectrophotometer 112U U311t
InsausdaenaFaumauiunsuinsguesans
Tws@w e Y = 0.0053X + 0.0881 uay R? = 0.984
Amdreduiasnsueesinsaumesaatnauis 1
N3 (mg proline/g sample)

Az Bunansinaduiumnau (glycine
betaine) AIN3TU849 Grieve and Grattan (1983) U
Tdadeaununaziaenliuans oluene (Aanuidudy
0.05 tag sl wdsantui o iusAsaiaanmuse
981 10,000 $UABWNT (WA 5 W7 gaarsazany
doula Usunms 05 0aaans ldasluaisnan
HCI (AaNsdudu 2 Tuans) UTums 1 Hadamns was
dN7a¥A"E potassium tri-iodide 301R9 0.1 AadamnT
mmmmuiﬂuﬂqmmmu 4 aeAaLEed L
1987 90 WA ANt NduudifiL 3unms 2

UanamT wazanIazane 1,2-dichoroethane Uu1me
10 Hadan7 e lidiu grasazataladauuy

o '

TAAIAANAULAINAINENIARY 365 U TINAT
fa8LATaY spectrophotometer A1 1WA 4 U N7
a17lnaduiunnau (glcince betaine, GB) Aaeinng-
a o = =
WRsusuiunsmunsgiueesans inaduumdu
e Y = 0.0091X + 0.0053 way R = 0.998 Uil
Wil aansuesinaT U ausasIas 19w 1 N5y

(mg GB/g sample)

Arszsimaind)isen lipid peroxidation

nARaUN19INALNTe lipid peroxidation
MIN3Ta89 De Azevedo Neto et al. (2006) U
Fantinaludaidan asluaisuas thiobarbituric
acid (ANNLNTU 0.5 wWafidus) wag trichloroacetic
acid (A9 N Ndw 20 WeFidus luansazansy
DMSO AN DY 10 wefidus unansuanangld
wam‘wﬂu 95 agANALTed uinan 30 U9
wdsaNLive) mﬂgﬂsmmﬂmimﬂuw Wi mmum
4 paATalTad YnansuanTumdsadas a5
3,000 N¥H WA 10 Wil gaarsazansla unlldn
ﬁﬂmi@mﬂﬁuumﬁ'mmmm?ﬁlu 532 W1 luiumg
ETIGECR spectrophotometer A1Wa MU JATeN
HAntu AaeninTeumauiunsiuInsgu
1998178100UlAR las (malondialdehyde, MDA)
Lﬁ@ Y = 0.0035X + 0.0030 kA% R* = 0.999 {niqs
Wuladnfuresnaeulndad lasmamaag 19w
1 nfu (mg MDA/g sample)

AN unlasaesnimiines
RN mmé”f;L%qmwﬁuﬁ/ﬁuﬁ:ﬁmﬁu%@u
annzguuniguTauiauiuaniozdng (1
ATLIAN) mmgméﬁf:

wafidus1e3agaAILAN (% of control) =
[(Treatment — Control)/ Control] x 100

dla Control e dayarasinduafiad
wanlseFauiau (Out) uae Treatment An T3 A
‘uﬂmlvfu%qﬁﬂgiuimﬁ@u%ﬂu (n) Tae i aaul
Al () LRI B9 ﬁmﬁuﬁﬁuﬁmﬂﬁ@Lﬁu‘ﬁmm
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i
' ql/ = s '3 IS
LAANIN DI TLINURUUNNIT

ahenanananaiiensoy wulnluan wgoung
a9 uavduuan (+)

CELIGITE B2 bW N@mﬁmﬁlm%mﬁ'm@?m wuls
Tuanngaingiiga

R

ARzvdayaneana

Amsvidayanieans lnainisnauny
NIsNAaeILUUgNaNyIunIaluuaan
(randomized completely block design, RCBD)
§19% 591 Faelilsunsy SPSSAiATLIANY-
LANAN909A @A A2835 989 Duncan's new
multiple range test (DMRT) ﬁizﬁummﬁ@ﬁu 95
wafidus (P < 0.05) WAZILATIZHANGUENNUS (R)

WLILLNEIFAU (Person product moment correlation)
NANISANEN

ann1stuindayaedAlssnounanas
waznanAn NS aresia @i Fauiautiussudng
Sadenfiagluanmguvgigaiudadaaaariug
Wuijrlﬁmﬁuﬁ'ag"lumwwqmuqﬁﬂﬂﬁ (TAMILIAN)
(Table 1) Wud daidaannanefugiugiaiuiy
wiadednanas lnafianawug JP78930 LAy
JP231223 {nnsanadredaiusuilansedniias
ﬁqm Winiu 3.93 uay 4.42 wlefidusiresgantuni
FRIAINIAE AW UE JP31324 1My 10.32
WS UM I8 IARILAN WANAINAUNIIETA
(P <0.05) Lfimﬂ?‘ﬂuLﬁﬂuﬁuﬁqﬁmmmﬁuﬁ:ﬁ'u
uarugnI9An dusudeyadnuandnsasu wudn
Fadaadaulvgy dwudnsesuanasilently
ANINRUNNNQI 8nidy d1eWug JP231223,
JP229233, JP31324 way JP78930 ?{wuﬁﬁwmuﬁﬂ
saduiiuiu infu 3.50,1.58, 148 waz 0.50
wefifuiresgantunn Auaniu doudesya
nanARNEARafuTL wudn dadaananeiugiiug
fuandnudndeduanaadentluanimguund
6N Tmﬁmﬂﬁuﬁ:JPzamza HN17AAAITBIRTUIU
Lmﬁﬂﬁiﬂffﬂﬁ'ﬂﬁ‘ﬁlqm windy 5.78 wefidusaes
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TAAILAN TBIAINIAD JP78930 WAL JP31324 &
HAKARINARAFARAUAAAY 8.76 UAY 12.30 tlafifius
PRNTAAILAN MINAAL (Table 1)

Usnnuansdueyyadasyiuluves
flden (Table 2) widn r;i'”qﬁmmﬂﬁufJPYB%O,
JP231223, JP31324, JP229233 uaz JP85557 &
nadaATZiEN RN La Yy AR dTEngN T ue AN AT
dleadluanmgnmnfigulSoufeufugaaunm
Tnef fU3nmvesansTuednsan winfu 57.75,
56.42, 51.40, 24.91 uav 478 ilafifuf1e3gn
AYLIAN ANNAAL AuLlTuNMBsaN IR ue AT ATy
ngunanloues Ay wudn dadaaanawus
JP226698, JP31324 LAz JP78930 Annsdaiaaneif
maﬁmwgm%mxmjuﬁﬁuﬁu winfiy 104.72,
47.70 uaz 6.41 Wafidusasganauny luausi
maﬁuﬁf/ﬁuﬁ:%'uj ﬁﬂ?mmmmmm@uﬁmm
dleatluanwgumngiige (Table 2) A uiuianm
29987909 usAueea NN Insduuazinadiu-
\WmBY (Table 3) wudn daidaannanawugug
Hnnsdaimsefans proline anas antdu anawug
JP78930 ilaz JP31324 ?imwwmiﬁumwﬁma
ﬂmﬁmmoﬁ"uma‘imﬁﬂmﬁmﬁﬁm%ul,ﬁ'ﬂm;j’l,u
ANNG NN NG9 WAL 16.23 uaz 0.78 ilasidus
VR AAILIAN FNNEITL TuanizTianeiug JP78930,
JP231223, JP31324, JP212360, JP85557, JP231216,
JP73287, JP99049, JP240383, JP229233 LA &
JP240384 a1un90d9lATIEW AT glycine betaine
Lﬁm%uﬁ@@ﬂﬂmqumuqﬁqq WinAy 15.13,
10.90, 7.19, 6.61, 5.03, 4.83, 3.68, 2.70, 1.34, 0.55
uaz 0.24 iwlafldusiaeTAnILAN ATNANAL
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Table 1. Yield components of mungbean under high temperature (In) compared with normal condition (Out)

No. seeds/pod No. pods/plant Seed yield (gram/plant)
Accession no.
% of control % of control % of control

In 6.76 + 0.59' ) 12.87 £ 1.62 4,19 + 0.66

JP212360 -24.04 fg -22.75¢ -50.39 ¢
Out 8.90 £ 0.20 16.66 + 3.15 8.45+1.11
In 7.92 £0.07 12.66 + 2.06 8.91 £ 0.86

JP226698 -20.94 def -65.78 h -74.58 k
Out 10.02 £ 0.25 37.00 £4.25 35.05+5.12
In 6.14 £ 0.21 12.86 £ 2.1 5.37 £1.01

JP229233 -19.42 cde 1.58 a -23.75¢
Out 7.62 +0.19 12.66 +1.05 7.05+1.72
In 7.87 £0.12 10.66 + 1.89 8.07 £ 2.01

JP231216 -16.31 bc -58.99 g -70.19j
Out 9.40 £1.01 26.00 £ 2.10 27.07 £ 3.02
In 9.35 +0.07 22.77 £4.26 10.80 £ 2.1

JP231223 -4.42 a 3.50a -5.78 a
Out 9.78 £0.40 22.00 £ 4.21 11.46 £ 2.76
In 6.17 £0.24 9.29 +1.08 4.83 +0.68

JP240344 -29.71h -73.351 -81.64 |
Out 8.78 + 0.56 34.86 + 3.33 26.30 + 5.61
In 8.58 £ 0.31 18.11 £ 2.61 10.02 £1.28

JP240383 -18.28 b-e -48.27 f -59.43 h
Out 10.50 £ 0.78 35.00 + 4.56 24.69 £ 4.16
In 8.11+0.72 21.45 + 4.56 8.28 +2.60

JP240384 -17.57 bed -15.34 b -35.57 e
Out 9.84 £0.25 25.33 £ 1.98 12.85 £ 2.01
In 7.65+1.02 12.67 +0.98 5.98 + 0.56

JP31324 -10.32 b 148 a -12.30 b
Out 8.53 +0.85 13.00 +1.89 6.82 +1.16
In 7.16 £ 0.51 16.96 + 1.66 9.92 + 1.86

JP73287 -19.56 cde -16.60 b -30.81d
Out 8.53 +0.85 20.33 +2.87 14.34 +2.32
In 8.93 +2.05 16.43 +3.26 7.05+0.86

JP78930 -3.98 a 0.50a -8.76 ab
Out 9.30 £ 0.56 16.35 + 3.01 7.72+1.46
In 6.76 £ 1.56 15.64 + 1.65 10.88 £ 3.12

JP85557 -23.98 fg -41.36 e -53.01 fg
Out 8.89 £ 0.17 26.67 £ 2.36 23.16 £5.02
In 7.34£1.14 11.56 £ 1.59 8.86 + 1.99

JP99049 -27.09 gh -67.90 h -76.29 k
Out 10.07 £ 0.71 36.00 + 3.50 37.38 +2.61
In 7.27 £0.31 12.99 + 2.08 8.00 £ 0.76

CN84 -22.27 ef -33.42d -66.23 i
Out 9.35 +0.07 19.51 +2.16 23.68 £ 4.61
In 7.56 £0.78 14.19 £ 1.06 11.35+1.87

KPS2 -22.48 ef -40.89 e -54.45 g
Out 8.54 +0.35 24.00 +4.20 24.90 £ 6.21

' The data represent the mean + standard deviation of three replications
? Values followed by the same letters within each column are not significantly different according to DMRT at P < 0.05

255



M5ATINEAT 38(2): 249 - 263 (2565)

Table 2. Antioxidant (total phenolics and flavonoids) contents of mungbean under high temperature (In)

compared with normal condition (Out)

ACCESSION NO. Total phenolics (mg GAE/g DW) Total flavonoids (mg RUE/g DW)

In Out % of control In Out % of control
JP212360 0.59 + 0.02' 19.83£342  -97.02 13.03 + 1.26 15.08 + 0.82 -13.61e
JP226698 1.26 £ 0.56 1255+293 -89.97i 13.27 + 2.86 6.48 + 2.11 104.72 a
JP229233 7.52+1.01 6.02+1.21 2491 e 10.32 £ 2.86 18.60 = 2.66 -44.53 i
JP231216 1.01+£0.12 28.66 +4.02 -96.49 ] 18.11 + 3.08 38.44 +4.62 -52.87 jk
JP231223 24.06+£3.17 15.38 £ 2.76 56.42 a 9.77 £ 1.96 15.66 + 1.86 -37.59 h
JP240344 4.84 £1.21 13.22 £ 2.31 -63.38 g 12.47 + 2.66 22.66 + 3.92 -44.96 i
JP240383 10.75 £ 2.01 1437 £321 -25.18e 12.07 £ 0.96 19.06 + 2.61 -36.65 h
JP240384 4.01£0.11 17.98 £ 3.61 -77.70 h 1743 +3.12 28.78 £ 4.22 -39.42 h
JP31324 716+ 2.11 472 £1.29 5140 b 21.97 £ 1.66 14.87 + 3.39 4770 b
JP73287 1.19+0.21 713+2.09 -110.75k 11.25 £ 1.02 12.01+2.72 -6.34 d
JP78930 15.80 £2.12 10.02 £ 1.62 57.75a 13.93 £ 0.86 13.09 £+ 1.72 6.41c
JP85557 9.57 £ 1.31 9.13+£0.89 4.78 d 18.83 £ 3.02 23.52 £ 3.86 -19.97 f
JP99049 1.74 +0.98 1720+ 1.24  -89.871i 10.99 + 1.08 15.58 + 3.19 -29.49 ¢
CN84 342 +0.12 8.40 + 1.86 -58.30 f 5.07 £ 0.62 11.56 + 0.99 -56.12 k
KPS2 1.44 £ 0.1 6.18+2.02 -76.70h 17.01 £ 2.82 34.22 + 4.66 -50.31j

"The data represent the mean + standard deviation of three replications
? Values followed by the same letters within each column are not significantly different according to DMRT at P < 0.05

Table 3. Osmoprotectant (proline and glycine betaine) contents of mungbean under high temperature

(In) compared with normal condition (Out)

AGGESSION Mo Proline (mg/g DW) Glycine betaine (mg/g DW)

In Out % of control In Out % of control
JP212360 5.64 + 062' 576 + 1.49 -2.06 b’ 23.34 + 1.95 21.89 + 3.98 6.61 cd
JP226698 519+ 1.02 6.37 £1.82 -18.54 f 19.17 £ 3.62 19.97 £+ 4.03 -4.00i
JP229233 4.04 +1.50 517 +2.10 -21.84 g 23.35 + 5.01 2322 +2.73 0.55 fgh
JP231216 590 +1.32 7.48 +1.21 -20.91 fg 22.83+4.16 21.78 + 3.51 4.83 cde
JP231223 5.65 £ 1.86 6.28 £ 0.98 -10.09 cd 22.87 +3.79 20.62 + 3.42 10.90 b
JP240344 3.79+1.22 423 £ 1.96 -10.45 cd 21.74 + 3.68 22.23 + 4.66 -2.19 hi
JP240383 6.01 +2.01 7.49 +0.56 -19.76 fg 21.78 + 3.62 2149 +2.12 1.34 e-h
JP240384 5.85 + 1.86 6.79 £ 0.76 -13.81 e 21.32 +2.68 21.27 £ 6.16 0.24 fgh
JP31324 515+ 1.32 511+ 1.46 0.78 b 23.83 + 3.66 2223 +3.26 719¢c
JP73287 4.42 +1.08 4.82+1.02 -8.30 ¢ 2259 + 4.16 21.79 + 0.59 3.68 c-f
JP78930 5.66 £ 0.76 4.87 +1.36 16.23 a 2548 +1.48 2213 + 2.66 15.13 a
JP85557 525+ 1.72 6.13 £ 1.31 -14.36 e 23.14 +2.92 22.03 +3.14 5.03 cde
JP99049 4.36 +0.88 6.46 + 2.16 -32.50 h 21.37 £ 2.36 20.81 + 3.83 2.70 d-g
CN84 4.47 +0.52 5.07 £ 0.66 -11.81 de 2222 +2.23 22.54 +2.63 -1.43 hi
KPS2 529 £ 1.45 541 +0.13 -2.23b 22.26 + 3.12 22.43 + 3.11 -0.79 ghi

'The data represent the mean + standard deviation of three replications
? Values followed by the same letters within each column are not significantly different according to DMRT at P <0.05
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N199LATEU TN U419 malondialdehyde
%'\1Lﬂummamﬁmeﬁqmﬁwﬁirﬁmﬂmsm:mu
lipid peroxidation filassaddluTiluitegnevsadass
N1ane nnUIuIMI84aNs malondialdehyde
fnnsavanlumadianindadaonnsinnas
oxidative stress (An1w wazdniinliAa Ujnsen
lipid oxidlation 113 WAN1TNAABINLAN H2idEaLg
a1 Wug/MusinalJnsen lipid peroxidation 11
\asT RN (Table 4) ldun @i JPI9049,
JP226698, JP231216, JP240383 WAzWUFN19AN
CN84 uaz KPS2 lun1enaurii anawug Jp229223,
JP240344, JP 231223, JP240384, JP85557, JP31324,
JP73287, JP78930 uaz JP212360 Hn19iinlfjfizen
lipid peroxidation luigaaL31n aluresdadaniie
g lugnngnungigaleandnluanindng uananil

Fanydn z’i’qﬁmmmﬁuﬁw229223, JP231223,
JP85557, JP31324 uaz JP78930 Ansdaiaszif
anslueansuuarasinaduumawRny e
atluanInguunige Avdanalfanunsoduds
nsinaUAzen lipid peroxidation A1alulures
fadenld
HaRansananuduriuszminseadilsznay
HANARAULFHNIMA TP Ue L AR ATT AL AT BarU
wsepuaaalufn (Table 5) WL ATUIUINAAF B
fnuazanuanidnsaduiAcudunusnisuaniy
NANARTaEATan HA1 R WU 0547 uay 0.913
ANNAN AU TuAe e uinmEase LAz
fTnsiefuiingy denaliuanantesda @ ooy
TnefioeflsenaLnauAnLA L ANART LT LT
AN AR USRS a9an T U AN TR N T Y

Table 4. The accumulation of malodialdehyde (MDA) in leaves of mungbean under high temperature (In)

compared with normal condition (Out)

MDA (mg/g DW)

% of control

Accession no.

MDA (mg/g DW)

% of control

Accession no.

In 29.85 + 12.52' , In 50.82 + 6.90

JP212360 -32.96 h JP31324 -13.44 ef
Out 4453 +13.25 Out 58.71 + 12.06
In  51.87 +9.42 In 31.06 + 7.49

JP226698 759¢ JP73287 -60.28 |
Out  4821+8.10 Out 78.20 +10.22
In  48.89+7.82 In 37.61+335

JP229233 -41.68i JP78930 -15.18 f
Out  83.83+1566 out 44.34 + 4.77
In  56.63 +8.41 In 40.68 + 8.01

JP231216 6.90 c JP85557 24479
Out 5298+0.74 Out 53.86 + 16.62
In  50.29 +8.02 In 53.38 +3.10

JP231223 -15.35 f JP99049 11.44 b
Out 5941+332 Out 47.90 +1.13
In 3595 +7.61 In 49.43 + 12.52

JP240344 -11.86 e CN84 368d
Out 4079 +4.08 Out 4767 +4.27
In 6358505 In 52.57 +9.83

JP240383 16.60 a KPS2 10.29 b
Out 5454 +3.70 Out 47.67 £1.10
In 4160 +3.02

JP240384 -35.11 h

Out  64.56 +4.45

"The data represent the mean + standard deviation of three replications.

? Values followed by the same letters within each column are not significantly different according to DMRT at P < 0.05
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Table 5. Correlation coefficients between yield components and antioxidants (phenolics and flavonoids)

and osmoprotectants (glycine betaine and proline) and MDA content

Seeds/pod  Pod/plant Seed w. Yield Phenolics  Flavonoids Proline GB
Pods/pl  0.332**
Seedw. -0.277* -0.147
Yields 0547** 0.913* 0.045
Phe 0.266** 0.419* 0.062 0.506**
Fla 0.209* 0.017 -0.073 0.052 0.131
Pro 0.287** 0.400 -0.249** 0.094 0.018 -0.061
GB -0.300 -0.168* -0.076 0.119 0.217** -0.136 -0.105
MDA -0.112 -0.293** -0.100 -0.316** 0.182* -0.161 -0.146 -0.120

* Significance level at P < 0.05 and **

[%

al o 1 a2 & =
wanaINRTINLI1 Usunusnanluassuazlngau
g0

MR NTUR A NN AUTAUR N UIUNAAG D
WNAW AN R WNAY 0.209 WAL 0.287 ANHATF U
TUNNNFUAUNANARNVRIDNTLIN AT NENAUS
FIaUAULFNIUEEY MDA HAN R Winfu -0.316 111
A aaa L. . . aAa & o ¥ a
AR ﬂgﬂim lipid peroxidation Mtn AAUN A A
NNFALANTDIENT MDA NINTU danansznunn b
NANARNUBITLTLINARAY

Fa1508

AININEITUAITNLATY AN AU G
sl lufimifiesuis ldfau lumaes Avugeuaz
NIATININVRINTAAAS (Siddiqui et al., 2015) W
ﬁiaﬁ”é“uqmuqﬁa;mmﬁn@mmmm?cy wulnaes

£AA 31N WAYAIUININN (XU ef al., 2000) Wananil

ARNLATEAAINY U Hgedanaliiinnsg oy de
ﬁwmmm’mmmm@’(uu and Huang, 2000) ua
n1sEmenaredlansanad denaldianne (Reddy
et al., 2003) uﬂﬂmnﬁfﬂ’qwmmmud’] AHLATE A

AINANAINTIUAINANTENUDE19F U T

NERsenafolduaTaaINaIanay NANIINLBY
woulmd RuBisco Rnlnf Usnnmuaaslsiadanas
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significance level at P < 0.01

wazdanalinszuaunisdamsieiuasluszuy
PSIl gNILNaY Imaﬁﬁ“wsi@zmﬁmﬁﬁw@mmﬁ
qnqm (NANTW/NANSAY) WANANSTY AaaenaLti
daaa9 (3822 mﬂwnmeﬁm) ﬂQ@ﬂ1ﬂ (35/16
AIANTALTaE) DTy (4540 a4ANLTALT L A)
Fawu (36127 aeATaLdaa) fomdes (38/30
Q9ANTA LT E) FUTN (3227 B4ANLTALTHA)
§21389 (>40/25 aeAmaded) wazdaldanian
35/27 a4AN AT a4 (Djanajuiraman et al., 2013;
Farooq et al., 2017) Tneflsadeudaulunimanadi
HRuunA 41 - 48.8 B9ANEALTHA AMNKANITANE
mmauau@wmfﬁﬁmmﬂﬁ@mwamuqﬁ
galulssFaufou wudn anawug JP231223,
JP31324 LAY JP78930 HadAUsNaUNANAAWAY
m@mam@mmﬁ@ﬂﬁ'qm Tnafidaidaqsna 3
maﬁuﬁjﬁﬁm?zﬁ“\ﬂLmﬁw’maﬁﬁu@mﬂaﬁmz-
Huodnsu i uiu 39910 HAN19T AL AN
ANFUANUSTEMINNHANAANLUINI U ANTH Y
auyadasrHuaANIIN NUd1 WA TuANR Uy
FT9UANFARNY 48AARBINILIINEN11T8Y Mohi-Ud-Din
et al. (2021) WUIN NTAINITNNUNIUADENIN
gruunigalasaanisdanszianssiuenyagasy

ANBLN4L 1 ascorbic acid, carotenoids, tocopherols,



Fanuasiuayysdassuazasiasiuussiuaaslumn
Tuludadiennelaanmwguuniigs

isoprenoids, flavonoids, phenolic acids aAA31N
WuN=1Taniam ROS (Asthir, 2015) ilasannanin
faun)iguin ilnineyyaaaszainijisen oxidation
1R99ANT LA (reactive oxygen species; ROS) 1114
singlet oxygen (102), superoxide anion radical 02%),
hydroxyl radical ('OH) ha e
(H,0,) s lsiRans i atedlanau (on leakage)
‘luwﬂmwwummmwmLﬁmmm 79ATAE LA
N1732A4NURI4179 malondialdehyde mu‘jum's
NARADLITAINNIZLIUNNT lipid peroxidation 491
Cai et al. (2020) Wud1 119nuUFaUNUE SDWG005
innsuamvaanaag DEGs geneﬁ'ﬁﬂfm’fmﬁu

hydrogen peroxide

n19289LATIZY lignin WAL flavonoids TINUNULN
d1Aty luntgvinlddaugiainisonuniuse

AT LT NNITULNITAR LY meiosis WANAINT

Wang et al. (2019) £149121911491 Festuca trachyphylla
g Reliat IV finumnusiepansdaugnimginansd
nNanaAL Usennu 38/33 asAaaidiad JUTunmaes
@19 phenolic acids lun salicylic aC|d homovamlhc
acid, caffeic acid ka¥ ferulic acid L‘Wllﬂlu LN@@EI
mﬂmqmuqmqumwmmu 7 42l usidle
szaznammauly 22 §u neldaningunnigs
wualaa9a171U9enau phenolic acid unnaw g
3,4-dyhydroxybenzoic acid, 4-hydroxybenzoic acid,
coumaric acid, gallic acid, cinnamic acid, benzoic
acid Uae vanillic acid Inafit3unnuans homovanillic

acid WAz caffeic acid WNAW 118 WAz 117 LlaFidust

d oA oA 5 -
WauFaunauiulesgnaldaninguuniige
4 o o A4 A v
sravdu ausuannaltnnialunandoaling
NUNUFABANINLAFEAAINANSaUIUNINARDIT
1Avdu wudn dallieavi 3 aneug tun JP231223,
JP31324 uaz JP78930 An1349tAsnsifanslnadu-
W BWARNTW wananBeanudn anasg JP31324
LAY JP78930 An1sdatmsnziiansins A Ui N
a v = a = o
anans daduldluianiameadusas1uee
Hemantaranjan et al. (2014) T4NUI1 N1TATANANT
TTaarunsasuaaalumn iy wsdaw Inaduwuniay
= o o A4 Ay
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ANLATEAGNY 7 a1nFuandan il wanzay
Nl uNIUusanINFay (Rasheed et al., 2011)
sdauuazinaduiunidudosannisdamsnysl
H,0, ﬂmﬁmﬁm@'@gﬂﬁﬁmﬂ el Kaushal et
(2011) wudn 4 chickpea ﬁ@gﬂu@nm@muqﬁ
49 (NA99U/NANIA) 45/40 a9 EaLTa g |
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Sharma et al. (2019) Anwn1sABUAUEITRI91]
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NN IR WinrL 35.7, 88.8 uay 84.1 tlefifus
AANEAFY wanaIni Wang et al. (2010) €9WLI91
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Effects of Nitrogen Fertilizer on Proline Content, Yield, Yield Components,

Grain Quality, and Gene Expression in Thai Fragrant Rice Landrace
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Abstract: Fragrant rice landraces are genetically diverse, have a high ability to adapt to local environments
and some varieties are fragrant rice. Aroma is an important characteristic of grain quality and is due to
2-acetyl-1-pyrroline (2AP) which is derived from proline. Factors such as the environment, cultivation
method, and post-harvest management can affect the aroma of fragrant rice. Therefore, the objective
of this research was to evaluate effects of nitrogen (N) application rate on proline contents in leaves
at three growth stages (tillering, booting, and flowering), vield, yield components, seed quality and
expression of badh2 and TP/ genes in Thai fragrant rice landraces, Buer Ner Moo 4 (BNM4). The
pot experiments were conducted in a completely randomized design (CRD) with 6 N fertilizer rate
(30, 60, 90, 120, 150, and 180 kgN/rai) and 3 replications. Urea was used as source of N fertilizer. The
results demonstrated that application N fertilizer at booting led to the highest proline content at the rate
of 180 kgN/rai (2.41 pmol/g fresh weight) compared to application of N fertilizer at the other growth
stages. Furthermore, increasing the rate of N fertilizer increased the yield and yield components of rice.
A sensory test for aroma revealed that BNM4 supplied with 60 kgN/rai had the highest aroma, while
at 150 kgN/rai is non fragrant. The increase in N fertilizer supply did not affect the softness of rice
grain as determined by the alkali test. The expression of badh2 and TP/ genes from the samples at

the 5 days after the anthesis, the highest at 30 and 120 kgN/rai, respectively. This data could be
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useful for cultivation management for enhancing the aroma and productivity of the fragrant rice landraces in

the future.

Keywords: Buer Ner Moo 4, nitrogen fertilizer rate, grain quality, fragrant rice
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TP/’Luimu@uﬁuﬁﬁmﬁmﬁuﬁ:ﬁmu@aﬂ 4 9NUNUNINARBILLILENANY 70 AUIU 31 Ugnnaany
Tunszone ldfelulnsan 6 szdn ldun 30, 60, 90, 120, 150 waz 180 Alansululnsausdals Iny
ldilelulnsianluglunugFe aanuanimaagsnudn 1’7iaxﬂxé?qﬁmﬂ’]i‘lzdﬂﬂvl,u‘llmmuﬁﬁmm 180 nlansu
lulnsausels S5umanstnsdugeqauindu 2.41 llasTuasianiu Wefauainszaznisasoydols
au wenaniidanudn Lﬁﬂ%?ﬂﬂ”luimmuluﬁmmLﬁ'u%ummlﬁmmﬁm waredAlsEnaunand n1eddng
Wi anziinaaeuasunesiagdiaunan nudn fezduily 60 Alansululnsausels faiugtewey
4 Windunaunngs uasfiszduila 150 Alaniwlulnsiausiels Widnaunen daunimeaauaiu e
gaauandalnedinisaaafaludng wudn mﬂﬁm:ﬁuﬂﬂiuimmuiﬂﬁma&i@mm@'@m@mm*ﬁm waL
nsuanteanvesiuiiiandasiudnumauven badh? uaziiu TP ludauespeniisvas 5 fundsnanuiu
50 weasifus gegemszauielulngau 30 uaz 120 Alaniululanausels Auasy anuaidanansniinly
ﬂizqﬂm‘lﬁ@Lﬁmmmmumeamﬁmm%qmmﬁmﬁ@ﬂﬁﬁﬁu‘lu@mmm

° o I o+ < ¥
AdAty: owey 4 szavilelulnaan Ansnmwmdn dravex
AN WHAY AT ANINUAINUAILNIINUGNITHEIN

neluilserinsuazseudnelszains Gaunangu
v da_ o oy dAnes Y oy da 2
drondndunenidungudiainlafu gasdszrinsdaiwiesdungudaninauvey

AT AOEAMIANTRTBIANYNUAZNAUNEN  AINNMIANEILEY Chan-in et al. (2019) WU d1aves
o v o a A a £ & oA P a

nldiaouseinslunisuiinaiimunintuias Wulesnaiungs dAracunainuatanielu
AudINNITTE A reInaIntIeN Inadiires Usza1n9sin Wil AIANLANANNTEIINLsETN9ga
Mlszmalneondsenn laud doiuganaeenued  wazdanudn droveniulesiungaiugiieiuay 4
105 wardnaiugiusnd 1 agelsfimnu wudr da- Hilunnians 2AP gelndlAssiudnaiugananenuza
WONUWNAINUTHNARARAT WWasanladnuniulsn 105 dudwiugdianennfiondgnludsznalne

Sy e el oA oA A o

wazunas anuEingudaiugiies Wunquiand  Taqiiu

Anmouzniiugnesniiiuendnenl HAnnanie naunenzesionenduniisludneuy
lunnsdsusalidaduaninundansiestulds ATUNINLNAATIYNATLANAGINUFNITH AINI1UIAE

(Frankel et al., 1995) nuniusiani1sdinanalsauas ADUNHN WU NAUNBNTRIT1INBNLIAAAINENT
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AMAWLNAR waznsudnsaanaasduludnovannugiuiadlne

MaNSTIMEVANETIATINAY UARNTUsENaUNANT
Glﬁﬂﬁluﬁ'ﬂll Aa 2-acetyl-1-pyrroline (2AP) %uﬂu
asriadenfuiuinululuwme a1u1ranuans
2AP landauaessiuing andusin (Buttery et al.,
1983) 413 2AP (AW lLATNNIF AT polyamine
fansdeduAansnoriTulnaay (proline) Wazi
Hufat badh2 ATLANANHUTAMNNEN f;"\a'aﬂu'uu
Tnstulua# 8 Tnaulanuans GABald liilu 24P
ynlddnafindunen walunsdiduisy BADH2 v
i lasuans GABald liifluans GABA dana
a2 laifinAumen (Yoshihashi et al., 2002) uaze
finnsauRgIfuEuAueNTasd19 A nane
aile 114 fu TP AR dowiReadesuanswiialng-
aanga (methylglyoxal, MG) Faflugnsseduans
a3 2AP ludnanenuazAsiidingu ) Idannistiu
nsvuaunisinalalada Tag MG HlFunaufiniy
desudnneylunnaiaien wan1sinduTes MG
fuavin ¥ 2AP LTy (Wakte et al., 2017)
uanNaINTadeNI19A TUA UGN ITHUAD
FafiifadeannganInuIAfaN N1TIANITANS 7 vl
n13l4i{le (Yang et al., 2012) 1519 (Li et al.,
2021) AREAAUANARNNIT AN AN AL 7T
NARAANMANTRITN2 AINT1L9IULRY Itani et al.
(2004) ﬁﬁﬂwuﬁmﬁ’um’muﬂiﬂmu‘ﬁlLﬁmﬁu
AuAMAINAIUAINNENTBITI9 WUd YN
1e9813u1aN 2AP wilsduldminaninuinaaw
i‘vqumﬂ@ﬂ mummﬂu Tejakum et al. (2019)
1/1ﬂﬂmwﬁwmmwuwﬂ@nmmmm ATUNIN
AR LAY mwmmfawwwummwuﬁmLu@u
’Lummwuwﬂmwmvmummmmumvmum‘w 8
FINard WA msﬂ@nluuﬂmmmmm@ui‘wm@sz
mnmf]ﬂ@ﬂiuwuwm usinstgnlunainnans
wummmquﬂ@umumnm’]ﬂ@ﬂiuwummu
u‘ﬂﬂ@ﬁﬂu AINNFANELD Zhong and Tang (2014)

wudn WaldUsunnielulnsauiinau Juald

217 2AP LU A A NTU N AN NI WY99417
WA ululunazNamA NI wazn13ldsunoy
TulnganludnaALAnFA1a Ul NadaNANART19
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Tulnsiauiiunilalusinaiunsuanuasy
doutlszneufdiAnyaesnsaasdlu TUsAu nen
fanddn uazieuladdAtyludousing o 2e9aaa-
Ao A a % o ax P
NN eadaItunszuaun TN unUadTNANe Tung
4 . o o A e
FadunszuauniiunuindAyinaadasiu
nswastyLAuIRaaeig (Teh et al., 2016) vivluszes
naRsLAUIRN19eIN a6 U (vegetative growth)
waznisasty i uTan19n198usug (reproductive
growth) (Slocum, 1991) wanani Tuinsaudaidan
NedesiuAINenaaIianesn a1 un1sazan
InsauLazans 2AP ludq8naag (Yoshihashi et al.,
2002) A1N1897U Monggoot et al. (2014) W31
d1qu19nannzd 105 Nhasululnsauuinnaly
151817 2AP luwdndas luwnieinsAnsn1es
Mo et al. (2018) naunui1n171d lulnsiauinay
N lFn1ravanaealnsanluluasiuannua
Fean 11l U3un0 24P A a i naw danaled

a & v 2 . 2 Ao S o
naune N TUNAAT19NINTU A9 9UARBRAH
. - - " .
TrquseasAietlsziiunareanislaielulnsause
U3ud1s IR U HANAR BAAUTYNBLNANAR
AUNINNAR FINTINNTUAAIRBNTBIEUNATLAN
. N & 4 4 .
anwaurANed lud e nNuileing ey
aa o U 1 ﬁI
gasnnsdannisnigldlulnsiauliatamuncan @
21NN W AMANLTR A NN T 19Ma N 1R
flau

L4 aa
AuUnsaluazlians

WHUNNSNARBILAENSLANAY
Ateiinaaesiiananiaials qud
AdganimuasineusunIsineasLl ey
AMLLINEATANERT Hunaneae Tl ludag
q@tluﬁzmﬁilﬁ@umngwm - fUNAN W.A. 2561
TIUNBNIINAABILUUdNany sl (CRD)
§7uau 391 dsrneudaenisldilelulnsaulugy
219981328 (46 - 0 - 0) AU 6 szAU lAun 30, 60,
90, 120, 150 waz 180 Alanfululnsiausals
‘Emuﬂﬂa’ﬂa‘luﬁmﬁwﬁﬁu §1uau 3 ASe A
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srazumnne (15 Junaednailgn) srezRafeq
(45 Tunasednalgn) uarszaraanaan (70 UNAY
getlgn) ldilavsdidaglilesiaawn (0 - 46 - 0)
uariloTwunadandawa (0 -0 -60) ludne
50 Az 100 Alansusels muatAy Aeudenan
dgn 1 44 doudraneniugiuidleined 4y
nmAaes As 41anugleluay 4 (BNM4) tnailgn
‘lumxmqﬁﬁﬁush@uﬂ’ﬂmq 30 [IURLNAT AYINES
28 [TURINAT U995 13 Alandu winduynnszang
ﬁum%ﬂ@uﬂﬁ@Tﬂwmuﬂuﬁuéquﬂumm (sandy
loam) Taadgneanandinanuau 5 Ausansznig

ArTziBunuasingau

wianaaatelududslailalulnsau
7 qu ImﬂLﬁumﬂu%q@'@umﬁLLNMW‘LUL&N{
(youngest emerged blade YEB) a1uau 1 T 71
WFeamne i uF AR LFetng faatnias 1 du
fansznng eatAsziBunnuanstnsauly 3 svay
18uA sravunnne svasiaies Lavszavaanann
A3N13A AL AaIN1AINNITNAARITBY Bates ef al.
(1973) Tnatinfaatnaludrannuanae lulnsiauwman
HfunsaziBeniimin 0.5 N5 AuaNsazane
dalWlanalaanuweda AN T 3 wWefidus 4
faansu el fuudasin i duluinfden 10
w7 theenuudinfuneusi A aanuiEd
6,000 sa UL LwnaT 10 w1l aansazasls
Futu 2 fisdniu FuasazansnantulasiuLein
(ninydrin 2.5 N§4 + glacial acetic acid 60 NAANTN +
6M phosphoric acid 40 HaaNTN) 2 HaANTH LAY
nanazdin 2 Aaaniu shluduludReatigaumgd
100 aeATadea flunan 1 9204 uaztineanan
uqmﬂﬁﬁ?mﬁwmmﬁimﬁq éizqﬁqifj”ﬁqmuqﬁ
W09 5 W waziiningdu 4 Fadaniu wenlfans
dniuudanansldiduendu Qmmmmwim%uuu
nppanaunasiinanugtaniu 520 ualuimns
Faenansaninsindines (spectrophotometer)
TneldmgaududanlTauman (blank) Aunsv
N1R37§11 (standard curve) D917 TNIAL
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NATIEURANAALAZDIALSENALNANAR

WU EINANAR LAz T U NasAlsenay
nandnluszazgnun wiazfaet19iunindaya

N . P o
Angarulnednaniuiuislatelusenise
taeluse Auausesedy Inadnynau aanvy
AU UA9E9 2 999 UNNTUATUIUNAAR HB 999
AU FEUMNAAR wardatinmiin 100 AR
WUNEINANARLENEIUNAATUNI98BNAINTY
Tnasdrdounndldaunguundl 75 avAmadas
Wwaan 72 289 anndudanianndadnntinwga

o K £ 1 [~3 all v o
uaztiuiindaya daunaausnntaunllninuan
FIUNMENNER TUNNAMNT N ATUITULALAR
o & - o 1 ° <

WAANANTU 14 Wafidus neuunldiuly
FALANGUNANT 20 aeATALTHE LaTe
N1INAFALAITNNEN

AFIAHALANUANUDINAALND

NAGELAMUVENLE DI URAENTANNAY
(mmmmmmﬁmﬂm Sood and Siddiq, 1978)
TmmuLmmmqm“ﬂvmmemiifmmmmmavm
F1a% 10 WA 290AY 30 WEA duunziden
Wudanaasldlunasanaaes 2u1n 1.5 Jaansu
Wnasavanatnwnadanlansenlad (KOH) 1.7
wafifust 850 lailasans Tasugiiald 10 widt il
Idmagausua 20 Au axnAukasiufindaya
Tnafinauainnslissiumaanunan s Wilnduvey
= 0 AZUUY NAUVENEaUVERMENTIa = 1 AZIULY
Lmzﬁﬂ?}lumummmLL@”ﬁmHﬂﬁﬂﬁummﬁw
e = 2 Azuuu

VARALANMNEAUYNIDUNAATI
NARBUAIINEBUYNIBINAATI9A Y
Agn1raanafialumg (alkali test) (Aawdadann
A8n19904 Little et al. 1958) Tasiin WEAANLAAYEN
F1az 10 WA 7909aRN 30 WA unzildenudluy
d19ndequasiniuan ldasluaiungunanann
(microwell plate) MaNAaL 1 VAR LANANTAZANE
Iwuwnadanlansenlad aanadudu 1.7 wefidus



naaasilelulnsiaunaliunnansingau nandn a9Alsenaunanan
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350 lulnsanssiangu fanaldfigumungaves
fuanunu 23 Falug annduilssifiusyfuaes
nngaate s luae InauleseAun1saanafaaad
Wwanwlu 7 s2Ay (Table 1)

AmszinisusgnIaanuastiu
M3an A RNA LAENISAILAFIEY complementary
DNA (cDNA)

Fufetnmandine1ua 7 - 10 aand
9rele 5 JUNAIAANLIU 50 1afidus ununsag
lulnsiauman ez @aaiietinldainenfidue
(RNA) #2861 NucleoZOL a1niiusin RNA fiafnldll
Anmziiunnnazannnanadududaneias
nanodrop spectrophotometer 11 RNA ﬁmﬁmiﬁm
fndnaE e uiiaudas DNase I, RNase-free
(1 U/llAsams) (Thermo Scientific) 7 20 Talrsans
sznaunae RNA 1 Tulasnu, 10x reaction buffer
2'lulnsams, DNase1 1 lulrsamns uaz DEPC-treated
water 9 - 15 lulasans anndui lunfigug
37 a9AIA@ g 30 U1 WAALAN 50 mM EDTA 1
lulnsdns Unilquuundl 65 asAaadas 10 uf
waa€9LATI2W cDNA a1 RNA 40 lulasans lng
ﬁmiﬁﬁﬂﬁﬁ?m reverse-transcription polymerase
chain reaction (RT-PCR) Antl RevertAid First Strand
cDNA Synthesis Kit (Thermo Scientific) a1 1w
waam microtube 1uNA 0.2 Fa@nin Usznaumase
RNA (treated-DNase 1) 1 luTasn#u, Primer Oligo (dT)

1luTasamse, 5x RT buffer 4 TuTaaam e, RiboLock
RNase Inhibitor (20 U/luTasams) 1 lulns@ams,
10mM dNTP mix 2 Tulmsa 77, RevertAid RT (200
Ululasams) 1 U/lnTAsams was DEPC-treated
water 1 U/lulasans anndusinluafigun 42
A9ALTALT 8 60 U7 WAT 70 AYALTALTUA 5
it el fienaiaduudarinludfg -20 aeen-
WAdad TUT LAZATIAEaUNITLAAIRaNTRIE W
Agl 1.5 Lﬂ'a?rlfﬁumragarose gel electrophoresis

N19UsElNUNISUERIRBNURITUAILLNATA
Semi-quantitative RT-PCR
11 cDNA #ilduntlsz1funsuansnnn
ye9fuAagmAlA semi-quantitative RT-PCR
TnaldinAd A polymerase Cham reaction (PCR)
Tunisiy d3unn pnmerm’n‘W’] LA
§u badh2 uwaz TP/ (Table 2) WAZMTIAABLNI-
wansaanuedduaay 1.5 1esidus agarose gel
electrophoresis LLafoJLﬂmzﬁﬁ'm;l]@mﬂmma@ﬂ
yasiiumaallsunsy Imaged wafiu 1.50i (Wayne
Rasband National Institutes of Health, USA) Iag
TAANANNLT N (intensity) TRILDLA LB ULE Faay
WianifaunisuanseanaesduiAneaiy actin
(housekeeping gene) \euAN relative intensity
WRUReuANLAnF1eAeaslnaldAn least
significant difference (LSD) ﬁlizmv‘l_lﬂmm%mju
95 1afifusl

Table 1. The criterion used to determine scores of alkali test

Score* Morphological changes of rice grain Gelatinization temperature
1 Grain not affected
2 Grain swollen High (>75 °C)
3 Grain swollen and collar incomplete and narrow
4 Grain swollen and collar incomplete and wide o
Medium (70 - 74 °C)
5 Grain split or segmented and collar complete and wide
6 Grain dispersed and merging with collar o
) ) . . Low (<69 "C)
7 Grain completely dispersed and intermingled

*Score 1 - 3 = grain quality is hard texture, score 4 - 5 = grain quality is intermediate texture, score 6 - 7 = grain quality is soft texture
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Table 2. Primers used for study gene expression of 3 genes

Genes Forward sequence Reverse sequence
actin 5-GACTATGGTGATGGTGTCAGC-3’ 5-GGCTGGAAGAGGACCTCAGG-3’
badh2 5-TGTGCTAAACATAGTGACTGG-3' 5-CTTAACCATAGGAGCAGCT-3'
TPI 5-ATCAGATGAACTGAAAGTGCCGTT-3' 5-GACTACGAAAACAAGTAATCAT-3

NN5IATISUTBNANNAD A
Aimsziiaouulslmuaesdeyalneds
analysis of variance (ANOVA) wazit3eu i ey
ANNNUANANTEMTN9ARAInEWAY LSD Aot
Tsunsudnigazunieani (Statistic version 8.0) 7
sxAuANLTesY 95 lafiFus (P<0.05)

NANIFANE

Funussinsaululuai
dnilululnsaunazszazniaasgduie
1998190 AN usTanAuAedFuuansinedu
Twludna BNM4 agnafidagnAyn1eada (P < 0.05)
(Figure 1) Tmawuan ﬂﬁiidﬂﬂiuim?L@uLﬁu%u
ann 30 119 180 Alanfululnsiause’ls lufina
etunnansnsaululudiafissazunnne Tagd
AleagveslFuininsauwingy 0.13 lulaslua
ﬁi'aﬂi"wmﬁmﬁﬂm Laszazeanman iAaas
Winiy 0.63 lulastuasanfusestinvings aouedi
szezAeRRINLn nsldilelulnsiauann 30, 60,
90 uay 120 nlansululnsiaure’ls ldfiua
AelFunmasinsaululudio TnafAwindy 0.34,
0.40,0.71 uaz 0.88 ulasluasensuaasimings
AINAIAL LLm'LﬁaLﬁumﬂz\iﬂﬂiuimmuﬁﬁmm

150 waz 180 nlansululnsiausals n1ld

P3urnansTnsdululuiinau uasiAiuinign
Waldlulnsaudnsn 180 Alansululnsausals
windu 2.41 lulasluasansuaeariimings
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NAHAALAZBIALTENALNANAR

AINNANIIFATIET AN L T T9UN
AnR NANAR WAzeAlsTnaUNANANTaIT TN UG
BNM4 WUEV]’EW@mmixﬁuﬂﬂuvmﬁﬂwmzﬁﬁm:m
TnemuazBunveuazdneusi Ansnilnosielyd
(Table 3)

wminindasesues BNM4 Tuuansineiy
Lﬁmﬁuﬁmmﬂﬂiuimmumn 30 ilu 60 Nlaniw
Tulnsausels HA1windy 3.2 nfusesu
wideugnant]elulnsiauiu 90 §9 180
Alansululnsiausiels nandnildindulaeiads
flu 3.5 nfusiady dhuiinuderhaiadunnugnm
flelulnsnuuasiifsunugeqaiisnaie ulasay
180 Alansfululnsiausals windu 19.7 n5u
AaNTEZNI9 z\iququqﬁuiﬂLLerieru‘ﬁlé“mm
{alulnsiau 30 waz 60 Alaniululnsiausals
fA1adaminiu 103.4 uRiuns LLmﬁmﬁuﬂﬁ
Tuinsiauiiu 90 N9 180 Alansululnsiausaels
mfngqﬁul,ﬁuﬁuﬁﬂ'fn,faﬁlﬂwhﬁu 124.6 LIURLNAT
ﬁﬂuqumm@ﬁ’mﬂ'u%ummﬁmmﬂﬂuimmmm:
flazsudle 150 uaz 180 Alansululnsausie’ls
fiauausasiafuadngeaarintu 4 199 S1uan
memmmfmummeummmwﬂﬁiu‘ﬂmww
WsTuuariisuaumdnasessadugegai 120
fiv 180 Alanfululnsausals wiadu 119 Wén
doudaaiy Wefifufudaises BNMA AiAnTy
mwé”mwﬂqﬂuimmmﬁLﬁu%umﬁiiwﬁ”u 120
29 180 flansululnsiausals Hiefidusmudns
L'ﬂ?ﬂlﬂ@]dqmmﬂﬁ‘u 91.6 wWafifius dauiiuin
100 iwfnres BNM4 lisinefuilaldilelulnsian
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L Sb.

'
g a

25 4

20 4

Proline (umole/g fresh weight)

CIN30 [EN6O EN9 pN120 [IN150 g N180

51 30, 60 way 120 nlansululnsiausals
HAmanwiniy 3.8 niu waillalatlelulnsiau

1 90, 150 way 180 Alansululnsausals Wrmin
100 WAMNNTUGIAARALLYINAL 4.4 NN

Booting

a

Flowering

Nitrogen fertilizer levels (kgN/rai)

LSDy psresy = 0-42

Figure 1. Effects of N rates on proline in rice variety Buer Ner Moo 4. The values are means of three
replications. The different letters indicate significant differences by LSD, .. (N = nitrogen rate, S
= growth stages, N*S = interaction effects between nitrogen rate and growth stages)

Table 3. Analysis of variances on the effects of yield and yield components on 6 N fertilizer rates in rice
variety Buer Ner Moo 4

N rate Grain yield Straw dry Plant height No. of panicles/  No. of spikelets/  Filled grain 100 grain
(kgN/rai) (g/plant)  weight (g/plant) (cm) plant panicle (%) weight ()
30 3.2c 7.8e 103.4b 2.7d 74.8c 69.0c 3.8b
60 3.2c 8.8de 103.4b 3.0cd 78.9c 73.4c 3.9b
90 3.5ab 11.3cd 120.3a 3.0cd 102.6b 84.2b 4.4a
120 3.3bc 13.1bc 118.9ab 3.7bc 108.4ab 89.4ab 4.0b
150 3.5ab 15.3bc 126.5a 4.0ab 120.3ab 92.3a 4.4a
180 3.6a 19.7a 132.6a 4.7ab 129.6a 93.3a 4.4a

F-test . . o . . o
CV (%) 3.5 13.7 7.8 14.8 1.7 5.2 3.9

**and *** indicate the significant at P < 0.01 and 0.001, respectively, while ns is not significant. Means in the same column

followed by different letters indicate significant differences at P < 0.05
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AMNVANTBITN
AMNNIINARALAINNNANTRIUNAATND
lneAznsaunaw AMNYIINNAFDUANUI 20 AL
(Table 4) N9 ﬁmﬁﬂﬂiuimmuﬁ 30 Alansu
Tulnsiausiaels s lfandndnauneuseu was
7 60 Alansululnsiausals Tnauvenuinia
NaNaau LLm'Lﬁmﬁmﬁmwﬂﬂiuimmmﬂu 90 14
180 Alansululnsiausiels nAumeNTau LA

Flénauindunenanasanlaifingy
m’m’é’auﬂummmgmﬁ'ﬂq

AMNNIINAREBLANEBUYNTBUNAAT2
IneR3NN78aN87 1A (Table 4) WUI1 AT LE8M9N
{Julnnauludnosiug BNMA Saedanisaais
lusineetjsendng 4.2-4.5 %QLﬂmﬁmmmﬁLLﬂmﬂ
1unas

NSUAAIRANUBIEY

NMsuAnIeanaasin badh2 ludna BNM4
Haannuans1aiunieatanieldnisdnnisde
Tulnsiaufiuansnafu (Figure 2a) Taanydn
NsLAR<eaN129Eu badh2 S A uNTiga iie
Welulaniauiisns 30 Alansululnsausals
fAwiniy 2.14 seaasundunil 60, 120, 180
uaz150 Alansnlulasiausials Hewindu 1.60,
1.37,0.98 uaz 0.87 muasiu e lilelulnaay
figman 00 Alaniululnsiausiels nudn &
N17uARIaana89Ey badh? Tesfign winfuy
0.40 49UN17LAAIRDNIBITY TP/ (Figure 2b)
wudn nalilelulasiand 120 Alansululnsiay
sials TAnnsuanseanaasiuniniigaindy
2.67 daun1sliijalulnsiau 150 waz 180 Alansu
Tulnsausiels Snrsuanseanesii 7P/ dasfign
TnadAvinduAewiniy 1.40
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1508

AINNTNAAET WU UFuuansinsau
TlufAunfigaiszazaateuazifnfiugy
prudmsnns Wi elulnsauilifisndu laedAann
flgafisnanilelulnsau 180 Alaniululnsiau
sials Fagnstnsdilugnsdad uaes 2AP aanadad
m_l Hlnge et al. (2016) VlW‘]JQ’]ﬂ?N’]ﬂM’]? 2AP
wau@ﬂ’mmmummum 8y munmqum
svavdaras Inafllsunnians 24P unnfiszeas
Faras lulillddnsre s dasioadutqed Gu
ﬂi:mumizﬁLmﬂwﬂmmmumaﬁ'ﬁqﬁm 5D
naasyAvingesduing lnantsldilalulngauy
LL@zﬁﬁqqa:mwimxmwﬁmLﬁuimLLaxmaﬁmm
m@ﬁ’mmuLﬂuﬁqqﬁﬁmmz&’ﬁﬁfymn (Ren et al.,
2017) ANNNNA AT HAUNAT 3189 U9 TNaR
Junuamdndny luniswmuiscuuduiuglag
laNZa e 9T lUT293E NI R U AN LA L€
Y uuramasnuluareaungs (Lehmann
et al, 2010) wananis meeudnlnnauiiuase
N1742ANTRIA1TINTAUUATENT 2AP Tuda Tag
Yang et al. (2012) AnE1ANNENRUTVRIANNUEH
AuFunnlulnsauluiu woda Twsdauiangelu
Lu@mnqwamnﬂ@ﬂ‘LuLLﬂmu’mu”LuImmum el
mm‘iwmumumumsﬂumm AuNAUNDY
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Table 4. Sensory and alkali test on 6 N fertilizer rates in rice variety Buer Ner Moo 4

N rate Alkali test
Sensory test*
(kgN/rai) Spreading value  Gelatinization temperature
30 Moderate fragrant 4.2 Medium
60 Moderate fragrant to high fragrant 4.2 Medium
90 Non fragrant to moderate fragrant 4.3 Medium
120 Non fragrant to moderate fragrant 4.4 Medium
150 Non fragrant 4.3 Medium
180 Non fragrant to moderate fragrant 4.5 Medium
*Sensory test from 20 testers
30 _ A LSDg s = 0-19 30 _ (B LSDg gsqyy = 0.21
a
& ab
§z.5 1. m25 be .
220 §20 -
S b @
@15 - c 915 d d
o d d %
510 - Y10 -
v C
§os A e I l &os
00 - . 0.0
30 60 90 120 150 180 30 60 90 120 150 180

Nitrogen fertilizer levels (kgN/rai)

Nitrogen fertilizer levels (kgN/rai)

Figure 2. Effects of N rates on genes expression of badh2 (A) and TP/ (B) in rice variety Buer Ner Moo

4. The different letters indicate significant differences by LSD, .. (N = nitrogen rate)
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Abstract: Flooding stress affects to yield, yield components and ratooning ability of sugarcane. The objective
of this study is to evaluate yield, yield components and ratooning ability of 14 sugarcane varieties in plant
cane and the first ratoon stage. The experiment was arranged in a randomized complete block design
(RCBD) with four replications. Each sugarcane variety was cultivated in a 1.65x10 m subplot size with four
rows. The results showed that KPS 07 - 17-83, KK07 -599 and KPS 07 -21 -4 varieties had yield and yield
components higher than KK3 and LK92-11, the standard check varieties in natural flooding of plant cane by
29 and 9 %, respectively and the first ratoon cycles by 23 and 7 %, respectively. In addition, the yield and
yield components of KPS 07-17-83 and KKO7-599 were the highest in crop cycles. Therefore, KPS 07-17 -
83, KK07-599 and KPS 07-21-4 should be encouraged or used as an alternative variety for the local farmers

who suffered from natural flooding in sugarcane fields in Phitsanulok.

Keywords: Sugarcane, yield, yield component, ratoon ability, flooding

279
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5ATINEAT 38(2): 279 - 292 (2565)

unARga: lanziAInNLaNdadansTnuRanaLARn aarlssnatnanEn uazaNaunanlunnsline
SLNAVGLE] ma‘ﬁﬂmﬁﬁffﬁlqﬂﬁxmﬂ‘Lﬁ@ﬂi:Lﬁummam avAlsznauNaNAn LazANa N30 tunnsling
21848089149 14 Wug Junedeudgnuardesna 1 919UHUNITNAREILUL RCBD A119U 4 1 gndas
LerimvTuﬁ"luLLﬂmﬂ'ﬂﬂﬁﬁmmm 1.65 x 10 LNAT AU 4 K02 WUL BBYRUG KPS 07-17-83, KKO7-599 WaE
KPS 07-21-4 Wnananaas me@mmmmamﬂfn@@ﬂwumﬂ?‘aummmmam KK3 uay LK92-11 Tuanay
mmmqﬁﬁmwmmqmfa@ﬂﬂ@n (29 uaz 9 Wasidust mumm‘u) uazeumn 1 (23 waz 7 wafidus mmmm‘u)
u@ﬂmﬂu‘wuﬁ KPS 07-17-83 uay KK07-599 94ﬁnﬂmwﬂummﬂ’;‘”ﬂ@‘umm@mmﬂ@ﬂwmvmmmhmmmqm
1an Faiu fatiug KPS 07-17-83, KKO7-599 uay KPS 07-21-4 aqslasunisaadsu vidaldidwiugniauaan
’Lﬁmwmﬂﬂuﬁmﬁlu‘ﬁ'ﬂimuﬁtymﬁwiqm%ﬁﬁumﬁ“luuﬂmﬂ@Jﬂ@”@ﬂ“lw-i’wr?mﬁwm‘iaﬂiﬁ@@ﬂﬂqﬂm'@iﬂ

o o a

ANRNATY: 808 NANAR BIAUTZNOUNANAR ANNANN1ID NN IdRe YNy

@

v o
= A a a

AN Fandafiwnlandnunnmuizangd iy
miﬂ@ﬂfaﬂﬂﬂi“mﬂuwuﬁw@Tﬂwmwumﬂmqnu Gih
aqiiuilAvnAeINIINANRASBLLANNAN fineu iz LL@“"V]Z\]?J Uszanng 136,845 15 vi3n 1.24

‘%u”lunn 11 Lﬁ@ﬁﬂﬂlﬂﬂuﬁmqﬁﬂuqmWﬂiiu wWefidust ﬂ@dwuwﬂ@]ﬂ'ﬂ’ﬂﬂﬂﬂﬂiwmﬂ (Office of the
r;imﬁ@ﬁ{umﬂuma wananulegthiunansiouet Cane and Sugar Board, 2020) dsenaunuulaung
virmaudn muuwmwmmmiu@mmuﬂﬁmu 1 IR BRI IMIA N TAN FlaTusndady
1 BTMNTUATIAIBIAS BUAZIATEIANB19 WAL mﬁﬂ@ﬂwmmiﬁﬂwmmmm Fanialuduie
nauny vielasnA s LT luAeieaiasing l Foalseanuy flesann Lﬂuwmmmiiwmmmm
wJusn (Office of the Cane and Sugar Board, 2020) wenylan meﬂmmmﬂuLLmummmmwuwﬂQﬂ
wﬂmuﬂu@mwﬂumuwmﬂimmm@m@m é’ﬂmmimmuﬁmmﬁwmiaﬂ Tnaiawiziiud
fa'amwamlmq@qmmuﬂﬁu EEOT PYGEIER l whasnausn Aeituiseulssuinnnas lusas 50
dur nsfiniuiinsnandes Tnaen1znsuan Alawms atnelasfinnu Tuﬁuﬁﬁqnmqmuiumﬁ
@@ﬂlummwwuwm”lmmm TAN 11U Iu‘wumu‘v] ﬁnwmuﬂuﬁmmm:ﬁ@ju Lﬁ@ﬁqq@ﬂuwuﬂ?mm
viviond Lﬂumu mmmummiwwmwuﬁa@mwe %ﬂummuﬁ?\umtﬁﬂumngmu-ﬁlmcﬁm 1 2559 -
1973 mmmw@wu uaﬂmnumuﬂ@ﬂmm@wm 0563 LaALYINAL 883 HaA LA (National Statistical
annanIAlulagiu daealiAnan U adanTil Office, 2020) &aNaN1 LFTANFINANNIBILAAT]
munzangmiunisasy i uinaesans Ineanie Anvviandsluulasdelszanmn 15-25 5u

fnannzuduiseivondeluiuiinensnssy i TugnnazAieaaninviandedananszny
Lﬂummwuﬁzﬁ’ﬁﬁmLL@zmm‘Emﬂmm'ﬂmmﬁmé’@ﬂ pantfastyLinvesiudes il AudasuyaTdn
fiana (Gomathi et al., 2015; Zho and Li, 2015) 11 N3 ARILAYNTIEN8IUNATR9L a9 aE LA

el PR o 4 A & |
ananisaidssauanisoutladguianismily  Anwurluvdesdaiedanansznusanszuaunig
Tnennsuniugdeanddnaninlinandngs uar  duAsviuas n19wIINanas uazin liFudas

andaidanluannuandaniindifssundgnuaaes fuFunmnniesuazszuumnay duanimnnin o
dwsuRmdeniuifesfivanzan awnmdiuda dsrdniniwnislineanas uazdenaliiudenlsl
uaz WHanangeluanImIIndaNAINANT [agastu NUNIUFRANIZLAY (Gomathi and Chandran, 2009;
1% Lm:rmﬂﬂuﬁmﬁuﬂgﬂ piall Gomathi et al., 2015; Jaiphong et al., 2016; Tetsushi
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Ususuaznanannteldaniozinviondald
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B9ALITNAUNANAS UazANEINN9n g iReaes
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madeniugdeniifidnaninnisaireessisznen
m@mﬁmm:mmamﬁmﬁ@ﬂ tsenauiuAINaINITT
Tuns1imedia uiinwasnsiiandudeslgndanlu

& dda 5, o,
Wu‘VW]Lﬂﬂu’W]'JJ\I?J\‘iM'BVLﬂ

ansaluazigns

Wugdas souiivhmsinm uazanantiBay

sausaNuEEan A udl §Anunanwle
HANARAZY AU 12 aneWug uasiugulFauiiey
NINTFIUIIUIU 2 7Ug Ihun Wugzeuwny 3 (KK3)
LAZUAALA 92-11 (LK92-11) %uﬂuﬁuﬁé’mﬁ'mwmm
‘Luﬁuﬁﬁﬂuﬂqﬂ@ﬂwuwmmﬂ AnunaaLfuga
Wug 4 wiae lun wunangndenemsaans (KU)
AUNIUAYE NUNTNENA BT UM (KKU) AudIqe
Werl3rauunii (KKFCRC) uWazdninanuanenIsing
fa”faml,@m’fﬁm@mm (OCSB) sntiazlatiAAY Table 1

AndunsAnelugggndast 2561/62
014 2562/63 1 uilavgndasnanemINg AUA
Uanes 81nau1eseni fandanwailan Win 16°
38'52"N 100°09'33"E i‘$ﬁﬂﬂf3’13~l@]\‘i‘ﬂ@\‘iﬁuﬁ 39.8

- . % = % o '
WRsmllessAuUIna TulastlgneesAanand

o

ﬁﬂixﬁiﬂmuﬂ“ﬂuq@r;]mﬂuﬂixﬁuﬁ@unﬂﬁ
L‘fimmnLﬂuﬁuﬁi“uﬁwmﬁw{mﬁm@@ﬂ
nauniamsanAulgndenliguifiu
FratiaAus LI 15 90 71 2 s2iuALAn 72 0 - 15
uaz 15 - 30 LU mAsanazFuiafu ietlsziiu
anTANIeNaN N LaziAR 189A Y (Arpornrat and
Jakrarat, 2012) Inganmraiznianianinaessiuly
NuiAneiesdu suunag lungugaaud 4
eaunuuazarssuunlunguAumiiaadune
anURIANvedRu UfseAulAndunsathunans

Table 1. Fourteen sugarcane varieties from four sources of Thailand and two standard check varieties

(Khon Kaen 3 (KK3) and LK92-11)

Source of variety No. of varieties

Varieties

KU 4
KKU 4
KKFCRC 2
OCSB 2
KKFCRC 1
OCSB 1

KPS 07-17-83, KPS 07-21-4, TBy30-0464 and TBy30-0484
KKU99-01, KKU99-02, KKU99-03 and KKU99-06
KK07-250 and KK07-599

CSB07-184 and CSB07-199

KKS; Standard check variety

LK92-11; Standard check variety
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A AR waasdnauld iy SuUsunm
Eum?‘ﬂfﬁ’mq‘luﬁum’@u"ﬁwﬁq Uil afidusl
Tulnsiauiaan Lmzﬂ?mmW@mWﬁm‘LugﬂﬁLﬂu
Us=lemiafta SAneunn uailBuuinumadeoy
Auanulasuldlusysulunana (Table 2)

N152UNUNTNARDY N15Llan wazmsauasas

ANUHUNNTNARBILLL RCBD 4141 4 51
naEsENAY N19gn uazn1sguainm Tnadeds
paAETeanERInluedtu Al

ludaeilgn newwssnauiINsUiusziy
Aduliasinanaiansulas wdsuaulaeii
nisladasanuln 3 6uar 24 41U AINAIAY
Adun1slgndealuinauiuanan w.e. 2561
Inudasusasiuflgndasuuuunaiaadag
70Uqn A1UU 4 409 Tunastenfifiaun 1.65 x
10 3 vieuwudiidulgndens Indidasiu fauan
srasinane Saauysal i lsauazuuaud
1818 1svaatsatdeaslgnldnuansia

fasiunisdvnanaaeames asluneuiug wiaw
fei]emfigns 10 - 20 - 10 ludmsn 30 Alaniusials
faunauAUY nadlgn 2 Ju WuaisadAruANITNT
1 d‘ £% U A o
nawsan Wefudaseiglsvuin 3 thaunaslgn
fdaflansan 2 gns 21 -3-27 ludnen 30 Alandu
Fals NEANNISATTINTANLILNINAWDITDE LD
v v = a -
Ausesalylsrinn 12 heu UsziluesAlszney
NAKAR LASLALLAHNANARNAL ISR BN ANAR Gt
LWHBLARUFUINAN W.A. 2562

ludesne iWedesnannylszuins 1
BaUNAYAn Mn1iingane Tnanisdeilaniigns
10-20- 10 luém91 30 Alansusals wfaunidm
FENTIENINMDITDE AV ANITANNITA ST T
WAwEN LAzl udananylsviin 3 lHaUNAIFR
failenian 2 gme 21-3-27 ludmen 30 Alansusials
wiaundndaiaszudnunadey \edetany
Usvannd 12 1heu UsiiuedAUssnaunNanan LAy
B o - ~ v oA
WUINEINANARNDUIL N UNANARS D LiBLAaY
§191AN W.A. 2563

Table 2. Soil physical and chemical properties at sugarcane’s fields in two soil depth ranges (0-15 and

16-30 cm) during two crop cycles; plant cane (PC) and first ratoon (FR) stage

Soil texture' Soil depth 0-15 cm Soil depth 16-13 cm Mean = SE
% Sand 40.09 39.85 39.97 £0.12
% Silt 5.49 4.99 524 +0.25
% Clay 54.42 55.16 54.79 + 0.37
Texture class Sandy clay Sandy clay
pH 5.66 5.87 5.77 £ 0.11
EC (dS/m, soil :water 1:5) 0.060 0.064 0.062 + 0.002
CEC (cmol/kg) 15.78 15.36 15.57 +0.21
OM (%) 0.97 0.94 0.96 + 0.02
Total N (%) 0.047 0.059 0.053 + 0.01
Avail P (mg/kg) 0.31 0.24 0.275+0.04
Exc. K (mg/kg) 88.78 84.67 86.73 £ 2.06
Soil density (mg/m™) 2.04 2.74 2.39+0.35

WpH, Soil pH; EC, electrical conductivity; CEC, cation exchange capacity; OM, soil organic matter;

available phosphorus; Exc. K, exchangeable potassium

SE, standard error of mean
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N5IATIERT YN
a 'S o dld
AATIZUAINNLLTUIIUUBIAN B USNAN N
ANHNLNUNNTINAABILLIL RCBD wazl/Fen e unfny
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AmwamAuaziviaads
anmenniAkaznviandreinszuing
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Table 3. Meteorological conditions including, total rainfall (Rf), maximum of temperature (Max T),

minimum of temperature (Min T), relative humidity (H), days of flooding (DF) and the highest

depth of flood (HD) at sugarcane’s fields during two crop cycles; plant cane (PC) and first

ratoon (FR) cycles (1-732 days after planting (dap))

Meteorological Throughout two crop cycles (1-732 dap) During waterlogging
conditions Max T (°C) Min T (°C) H (%) Rf (mm) DF (dap) Rf (mm)  HD (cm)
PC (2018-19) 23.8 33.2 75.32 1,002.9 26 (273-299) 815.1 45.2
FR (2019-20) 231 32.4 78.91 1,246.2 37 (651-678)  1,067.5 60.6
Mean + SE' 23307 32407 77.8x17 1271462717 31.5£55 20.2+8.7

1SE, standard error of mean

283



M5ATINEAT 38(2): 279 - 292 (2565)

%qlué’ﬂumﬂﬁmmngq (Bn1a4) NNsTENEBUNA
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et al., 2011; Taiz and Zeiger, 2002)
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aandiau asuasan1siglasuuldeendiau waz
N1349LATIZIAIEN (Drew, 1997; Gomathi et al., 2015;
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Figure 1.

Cane yield (CY) of First ratoon (FR, ton/rai)
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40 - i
g vy = 0.9393x - 0.3932 i KK3
? 35 | i KPS 07—17»83.._.
2 r=0.97"" : ® .o
S 30 i " KKO7-599
o .
Z 25 | ko211 .- ®
S KKU99-02 v 21-
s T @ QUKOOOITSITAE
£ 20 ® B
2 TBy30-0484...* | KKU99-01
< 15 | ® ... ® KKo7-250
o . I 1
g TBy30-0464 |
= 10 } . :
z csBo7-19§75B07184 :
> 05 | i
®©
D
>
? 00 1 1 1 1 1 1 1 1 )
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45

Sugar yield (SY) of Plant cane (PC, ton CCS/rai)

Correlations between cane yield (CY) in the plant cane (PC) and 1 ratoon (FR) and sugar
yield (SY) in the plant cane (PC) and 1* ratoon (FR) of 14 sugarcane varieties under the

waterlogging condition in lowland flooding areas, two red dash lines are the average values
*** = significant at P<0.001
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Evaluation of Progeny Populations Between Purple Rice with

High Grain Phenol cv. Saeng 5 and Modern Variety cv. Pathum Thani 1

WNEWA AUNS' TUINIUE TURA Wsngia'™’ saunt waR ™ was Aualld a1an'”
Pattapon Tonking', Chanakan Thebault Prom-u-thai'?, Tonapha Pusadee'? and Sansanee Jamjod"*
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*Lanna Rice Research Center, Chiang Mai University, Chiang Mai 50200, Thailand

*Corresponding author: Email: sansanee.cm@gmail.com

(Received: 1 November 2021; Accepted: 9 February 2022)

Abstract: Khao Saeng 5 (KS5) is a “Khao Kam” with purple kernel and contained high phenol content in rice
grain. It is traditional improved variety by pure line selection method from purple rice landraces in the
highlands of northern Thailand. Phenolic compounds are considered as essential substances found in purple
rice with antioxidant properties help to reduce the risk of various major chronic diseases. However, KS5 is a
landrace rice variety with lower yielding than the modern varieties. Therefore, to improve KS5 with higher
yields, the hybridization was conducted between KS5 and the modern white rice variety Pathum Thani 1.
This study aimed to evaluate the agronomical characteristics of first- and second-generation hybrids
and select plants with high phenol content from the second - generation population. The results showed
that almost agronomical characteristics of F1 plants grown in wet season 2017 was ranged between KS5
and PTT1, excepted plant height had exceeded their parents, while the percent of filled grain was lower than
their parents. In dry season 2018, the 129 F2 plants with purple pericarp were selected from 280 F2 plants.
Almost all the selected purple pericarp F2 plants had the range of almost agronomical characters wider
than their parents, except the percentage of filled grain was lower than female parent KS5. Grain yield
was varied between 6.2 -56.5 g/plant and skewed to KS5. Phenol content showed a continuous distribution
ranging from 28 to 272 mg gallic acid equivalent/100 g. There was no relationship between grain yield
and phenol content. The eight F2 plants with the highest grain phenol ranging from 199.7 - 272.3 mg gallic
acid equivalent/100 g and grain yield ranging from 7.6-34.2 g/plant were selected. These F2 plant could be

used as the genetic sources for subsequence selection to improve high grain quality purple rice.

Keywords: Purple rice, black glutinous rice, rice landraces, phenol, evaluation
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(potassium iodide, Kl ) (Chang and Bardenas, 1965)
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Figure 1. The black pericarp color of female parent Khao Saeng 5 (KS5), variation of pericarp color of F2

plants e.g., black, partial black and white and white pericarp color of male parent Pathum Thani

1 (PTT1)
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nssiteyalunisdssiiugnuan F1
FineiA T analysis of variance (ANOVA) waziFeuiiey
A1AINNLANANIT89ARAE N AR A TR e 1d least
significant difference (LSD) fezdumAu Ty 95
wWadidus dougnuan F2 Tipseitaaaednianszans
# (range) Aiaae (mean) mmﬁmmummﬁsm
(standard deviation) LAZNIAITNANNUE TN
nananuazlIuuuealneldisnisameef
fulsrAva auduug (correlation coefficient)

NANISANEIWAZIANGTOE

AnKANTAT 1
qnuandausnildnwazmeiglsuansing
AnWugWasineunanwusanduauaune
ARAY ATUIUTNAL AU LAZATUINTTLIF BTN
Hengaanaaniandn wasdugeandinaud Ing

'
a

aanaand 83 Ju WATAUGY 95 LIURLNAT AT
WaLNBENABNITNINN 88 - 90 T1 UATHAIINGIFY
U419 74 - 80 LIUAINAT HANE199990e Tudas
sxydnawawsl AAWARRes 57 Wefifud elasndn
Naud Nanuludesansesaiaslduananiasnda
Wugnwauazliuansnsanwugus (Table 1)

nsisziliugnuandan 2
ANBULNING |5
1 ¥ o & 1

angaenaan wudn d1augWe PTT1 uay
Wugual KS5 Hangeanasniads windu 118 uay 91
U HUANFUMITINER ANaA Y Uszrng F2 §

T .

818/89NABNNITANE TN 196IUA 66 - 140 T1
fAanangaanaan 91 9u lnadoulunjasnnan
In&ALRUEUN (Figure 2A) ANHOUIEAINES WUGT
WugWauaziugulanefaangelndiaeiy
WAL 724 LA 73.6 LEUFALNAT ATNATAY d9U
Uszanng F2 AN19N92A1AI09ANHIUTAIINEY

[ A

Table 1. Comparison of agronomic traits among F1 population, female parent Khao Saeng 5 (KS5) and

male parent Pathum Thani 1 (PTT1)

Traits P1 (KS5) P2 (PTT1) F1 F-test LSD, g5

Days to flowering 88 b 90 a 83c bl 0.7
Plant height (cm) 80 b 74 b 95 a o 6.5
Tillers per plant 4 5 4 ns

Panicles per plant 4 5 4 ns

Panicles length (cm) 22 ¢C 28 a 24 b o 2.3
Branches per panicle 7 8 7 ns

Spikelets per panicle 69 b 119a 89 b * 21.0
Filled grain (%) 82 a 82 a 57b * 13.6
Grain yield per plant (g) 40Db 9.1a 5.8b * 3.0

*, **and *** indicated significantly difference at P < 0.05, P < 0.01 and P < 0.001, respectively. ns indicated non-significantly

difference at P < 0.05
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uanilaanaeuanIesiuineawazud Inad
ANAINGINTEANEFIDLTEUING 49 - 118 LTURLNAT
(Figure 2B) @9uA9INE19399 WUF1 UGN PTT1
ﬁm’wLfaﬁlmmmwmqmqmnnfi’]ﬁuﬁuﬂ KS5
fANaAnwinTy 28 uaz 23 lURWAT ATNATSL
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4NITANFIRIUR 17 - 33 uRLAg (Figure 2C)
AMFUANHUZATUIUTRABNFABIIE NLTT A1UIU
TaABNFARIINYBIR UGN PTTT LasWugud KS5
fiAad WAL 135 waz 61 Tanan AINEIAL
dquiszanns F2 HAnegsendaiugnawazus
Tmﬂﬁﬁ%fa?{mfﬁ 99 damansadae (Figure 2D)
pulefEUANIIRAWAR WUIN WG PTTT Laz

WUGUH KS5 AALNAATENGNS 80 - 100 L afifus
dqulugnuan F2 in1snszataioseilafifus

nefnmdauuusedies frnszudng 10 Tlauis
100 wlafidud FAnaduadi 547 Wafidus Ine
fiu F2 aaulun)nszanafafnuaniaandinauy
(Figure 2E) UAZANHMLHANAR WU WugWe PTT1
fAnadsnandnuindy 39.1 nfu wanndRugul
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wuMsnsTaEsare N AR filugaasing
6.2-56.5 nfuradu IuilAvadnetf 16.4 nfu
Tnedu F2 dowlig) SuandnsAeulinieiugil
(Figure 2F)

NITNANTTNINNTIUES 5 (Wugud) AU
Unusf 1 (Wugnwe) iunisnansendnedals
wazdioun Imm'ﬁ'ﬁuﬁv@@LL;JﬁmmmLmnﬁiNr‘Tu
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anuan 1y nanlifia gnuandauus llauds

o ' ' < =2 g dﬁl
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v 1 ] ] ] v a v v

Pasndinauwd denalinanandasninlldqe
ABAARRINUINUNAADY Khodruankeaw et al.
(2020) Nl nanwugszndnedaldvuginanaven
w1, Audrouiuglyus il 1 fgnuan F1 aaunsn

298

Tnananls wignuan F1 8n1sanmandasuas
gy Aulndulndlalu F2 Semseiudu
fiu Jaksomsak (2007) 7 lekanda lswugnvian w.
Aud1owugdaum 1 wudn gnuan F1 Julasidus
nsfnmandasnin uignuan F2 liauisndin
wiald iesannidumsiuionan uanednnisuas-
ugszinednlitudiaundlaniafiazdaidoymw
A AulANIGiugnIINsENIeRuiWauN uay
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o A 1 dld o =R v
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A v s s
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< ¥ v o £ = v a o
WaA wazdd1duiudamiaante e aanu
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& s A a v v & @ I3
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2)

Bnussiluaaluinan

Wugnwa PTT1 HAffunuansiuensendng
50.1-77.2 HadNSN NIAUNAANANYARD 100 NFN
wAnwiaiy 602 Hadniu NIAUNAANANYARD
100 NN Wugual KS5 a1 uaaluuanszndng
198.7 - 289.0 HAaANFN NFALNARNANYAGE 100
n$u wanwinfu 2422 fadnsu NIALNAANANYA
sl 100 NN TnadFunuansiuasgendniugne
Uszunad 4 win doutlszannsgnuan F2 wunns-
nszangfandne wazilA1n1ansrany i daus
28 - 272 HAANTN NIAUNAANANYAFD 100 NN |
ANy 96.8 Radniu NIALNAANANLAFE
100 ngu (Figure 3)
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Figure 2. Distribution of days to flowering (A), plant height (B), panicle length (C), spikelets per spike (D),
percent filled grain (E) and grain yield per plant (F) of F2 population. (The black, white and gray
bars represented value of female parent Khao Saeng 5 (KS5), male parent Pathum Thani 1

(PTT1) and F2 population

, respectively)
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Table 2. Distribution of starch type of endosperm within F2 population from between male parent
Pathum Thani 1 (PTT1) and female parent Khao Saeng 5 (KS5)

Family Endosperm type Number of plants %
Non-glutinous 45 34.9
Family 2 Glutinous 31 24.0
Non-glutinous and glutinous 53 411
Total 129 100
KS5 Glutinous 5 100
PTT 1 Non-glutinous 5 100
70 - W KS5 F2 OPTT1
Mean = 2422 Mean=96.8 Mean=602
€0 1 SD =332 sD=492] sD=110
50 -
9
= 40 4 B
g 30 -
o
20
10 A
0 T T T T T T 1

60 100 140

180

220 260 300 340

Phenol content (mg GAE/100 g)

Figure 3. Distribution of phenol content of F2 population and Pathum Thani 1 (PTT1) and Khao Saeng
5 (KS5) parents grown in wet season 2018 in the experiment at Faculty of Agriculture,

Chiang Mai University
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100 NN WA WY (Goffman and Bergman
2004: Min et al., 2012) wu A Nkl sdsouaa
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(recessive epistasis)
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Table 3. Agronomic traits, starch type and phenol content of 8 selected F2 plants with black pericarp,
female Khao Saeng 5 (KS5) and male Pathum Thani 1 (PTT1) parents

Days to Plant Tillers  Panicles  Panicle Spikelets Filed  Grain yield Phenol
Starch Pericarp
Selection flowering height per per length per grain per Content (mg
family type color
(days) (cm) plant plant (cm) panicle (%) plant (g)  GAE/100 g)
1 2 82 96 6 6 325 91 47.3 9.9 272.3 Both type Black
2 39 90 79 10 10 21 71 62.0 7.7 2504 Non-glutinous  Black
3 28 106 94 10 10 25.8 139 791 34.2 217.0 Non-glutinous  Black
4 1 82 81 8 8 26 112 33.9 10.7 216.2 Glutinous Black
5 35 87 97 5 5 24.6 88 43.2 7.6 211.9 Glutinous Black
6 121 84 88 1" 1" 29.5 121 57.9 12.6 206.1 Non-glutinous  Black
7 123 92 87 6 6 254 80 23.8 12.6 201.2 Glutinous Black
8 62 87 92 9 9 26.4 95 28.4 14.2 199.7 Both type Black
Parent P1(ks5) 91(1.9) 74(3.1) 7(1.1) 6(0.5 23(1.4) 61(9.8) 90(6.5) 14.0(1.3) 242.3(33.2) Glutinous Black
P2(PTT1) 118(29) 72(4.5) 17(4.9) 17(4.9) 28(1.6) 135(35.5) 84(6.1) 39.1(54) 60.2(11.0) Non-glutinous White

The value in parenthesis represented standard deviation (sd)
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Abstract: Foliar fertilizer application is one of the methods to increase fertilizer use efficiency in plant. The
objective of this research was to evaluate the rate of basal phosphorus (P) fertilizer combined with foliar
P fertilizer application for improving yield and P use efficiency (PUE) in rice. The variety RD61 was planted in
the Ayutthaya soil series, Phranakhon Si Ayutthaya province. The experimental design was carried out in
randomized complete block design (RCBD) with 3 replications and 11 treatments. The results showed that
the basal P fertilizer at the rate 0.5 times of site-specific fertilizer management (SSF) combined with foliar
P fertilizer application at 1.28 kg P,O/rai (P, +FP. ..) provided the highest grain yield (1,185 kg/rai) which
10 kg
P,Oy/rai) and also gave the highest total P uptake in rice (10.17 kg P/rai). The basal fertilizer application of
P

concentration of foliar P fertilizer application higher than P

0.5SSF 1.28)

was not significantly different from the P fertilizer application according to the farmers practices (Pp,,) (

,sss Was linear correlation between grain yield (R” = 0.89*) and total P uptake in grain (R®= 0.95**) with the

osssse 1t was found that the foliar P fertilizer
application at various rates had higher P use efficiency than basal P fertilizer application. The application of
basal P fertilizer at 0.5 times of SSF combined with foliar P fertilizer at 1.28 kg P,O /rai is suggested as a
suitable method to increase yield and P use efficiency of rice RD61 variety planted in Phranakhon Si

Ayutthaya province.

Keywords: Phosphorus, foliar fertilizer, P use efficiency, rice RD61 variety
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Table 1. Properties of soil used in the experiment

Soil pH EC, Organic matter Available P Exchangeable K
Texture
(1eon * Twater) (dS/m) (9/kg) (mg/kg) (mg/kg)
Clay 5.0 (SA)' 0.9 (VL)' 49.5 (H)' 18.6 (MH)' 148.2 (H)'

! Interpretation according to FAO Project Staff and Land Classification Division (1973): SA= strongly acid; VL= very low;
MH= moderately high; H= high

Table 2. Treatment details of phosphorus fertilizer in basal and foliar application in comparison with the

control treatment

Treatments Symbols Describes
1 C Control (no P fertilizer)
2 Pvp Basal of P fertilizer according to the rate of FMP' (10 kg P,O,/rai)
3 Pesr Basal of P fertilizer according to the rate of SSF” (3 kg P,O,/rai)
4 PyasssFPois  Basal of P fertilizer according to 0.25 times of SSF* + foliar P at 0.16 kg P,0,/rai
5 PyassstFPos  Basal of P fertilizer according to 0.25 times of SSF* + foliar P at 0.32 kg P,0,/rai
6 PosssitFPoes  Basal of P fertilizer according to 0.25 times of SSF? + foliar P at 0.64 kg P,0,/rai
7 PoasssitFPo s Basal of P fertilizer according to 0.25 times of SSF? + foliar P at 1.28 kg P,0,/rai
8 PosssrFPo 16 Basal of P fertilizer according to 0.5 times of SSF* + foliar P at 0.16 kg P,O,/rai
9 PosssrFPoan Basal of P fertilizer according to 0.5 times of SSF* + foliar P at 0.32 kg P,O,/rai
10 PosssrFPoes Basal of P fertilizer according to 0.5 times of SSF* + foliar P at 0.64 kg P,O,/rai
11 PosssrtFPyog Basal of P fertilizer according to 0.5 times of SSF* + foliar P at 1.28 kg P,O,/rai

' FMP= farmer practices; 2 SSF=site specific fertilizer management

Akinrinde and Gaizer (2006) #azLsz@NEN1WN199)A e pU = nsgaavannaaneda (flansu
dneanesa (phosphorus-use efficiency, PUE) Tng ald), Total P = AnudNduraanaanasalung (nsu
fnuilaaannainises Fageria et al. (2014) WAz planlansy), DM = “fmffﬂ wifais (Alansusals),
Girma et al. (2007) FAEUNE 1 WA 2 ATNANAL PUE = dsz@nsninnisgnldveanada (esidus),

GPU treatment = nsgnazaunaanaialuinanues
PU =Total P (g/kg) X DM (kg/rai) (1) arsuninisldilanaanesa (Rlanfusials), GPU
_ _ control = nspaazanaanaialumanaes1Fun
GPUtreatment (kg/rai)- GPU control (kg/rai) . v - e v
= x100 (2)  ldldflaeanesa (Alansusalsd) uay Prate =
Fnnuileweanasainld (Alansusals)

PUE

P rate (kg/rai)
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Table 3. Effect of P fertilizer application on growth and yield components of rice variety RD61

Height Plant/Tiller ~ Panicle length Seed/Panicle 100 grain wt Fertile grain
Treatments
(cm)' (No/tiller)' (cm)' (No/panicle)' (g)' (%)'
Control 69.6 1.33° 17.6° 48.3° 3.72 94.7
Pewp 79.6 3.00° 20.5° 71.3° 3.73 90.3
Peor 68.6 2.00” 17.3° 60.0% 3.48 93.6
PossssiFFPos 74.6 1.67™ 17.4° 55.3% 3.60 92.6
Po2sssrt FPo.as 72.6 2.33% 18.5% 61.6" 3.70 94.4
Po2sssiTFPoss 74.0 2.00% 17.3° 54.6 3.63 94.0
Py asssi P18 75.6 2.33" 18.6%° 65.6% 3.75 95.2
Py sssr+FPo 16 73.0 1.67™ 17.6° 56.3" 3.65 97.0
PosssrTFPo 3 68.6 2.00” 18.6% 51.0° 3.72 95.0
Py sssitFPoss 70.6 2.67% 18.6% 59.3% 3.52 96.1
Py sssr PP 06 74.0 2.67% 19.8° 65.0%° 3.67 94.3
F-test ns * * ) ns ns
CV (%) 6.07 24.81 5.88 14.38 3.64 1.18

' Means within the same column followed by the same letters indicate no significantly different among treatments using by DMRT,

* significant difference at 0.05 probability levels, ™ not significant
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O E o E e =
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Straw yield Grain yield

Figure 1. Straw and grain yield of rice variety RD61 when applied with different P fertilizer at different
rates. The lowercase letters above the bar indicated significant differences among treatments
by using DMRT at P<0.05
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Table 4. Effect of P fertilizer application on P concentration and total P uptake in different parts of rice

variety RD61

Phosphorus concentration (g/kg)’

Total phosphorus uptake (kg/rai)’

Treatments

Straw Grain Straw Grain Total

Control 2.46° 4.05 1.92% 4.14° 6.07°
Pep 2.44° 4.83 2.25° 6.37° 8.63%

Pssr 2.30° 4.48 1.91% 5.49° 7.40°
Po2sssitFPo s 2.35° 4.43 1.76° 5.37° 7.13°
Po2sssitFPoan 2.33° 4.94 1.79° 5.67° 7.46°
PosssetFPoscs 2.53° 5.00 2.05> 6.02% 8.07%
Poossse PPy 06 3.13%® 4.78 257" 5.65° 8.20%
Py sssetFPo s 2.32° 3.86 1.98" 4.65™ 6.63°
PossseFPo 5 3.02% 4.39 2.44° 4.90" 7.34°
PosssrTFPoss 3.54° 4.40 3.01%° 4.98" 7.99%
Py ssse PP 26 3.45° 5.19 3.56° 6.61° 10.17°

F_test * % nS * %k *% * %k
CV (%) 16.42 12.60 19.36 11.88 7.78

' Means within the same column followed by the same letters indicate no significantly different among treatments using by

DMRT, ** significant difference at 0.01 probability levels, ™ not significant
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Figure 2. Relationships of grain yield, grain P concentration, grain P uptake and foliar P different rates

applied in rice variety RD61 applied with two levels of soil P fertilizer at 21 days after sowing
(A-C and D-F were applied with P fertilizer at 0.25 and 0.5 time of SSF, respectively)
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Phosphorus use efficiency of rice variety RD61 as affected by different rates of P fertilizer. The

different lowercase letters above the bars indicated significant differences among treatments by

using DMRT at P<0.05
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