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NAYBY 6-Benzyladenine UMY silver thiosulfate AadnwazNIsAsYAULALAS
nstnin1seanaenludua1Uzwas
Effects of 6-Benzyladenine with Silver Thiosulfate on Growth Traits and

Flowering Induction in Cassava

| ‘”I 1,2¢ a AVL 2 v A =
SUNA unsenselnn? waduwa illvd! uay N AsAa
Thanapon Prangkratok%, Chalermpol Phumichai!, and Pasajee Kongsil!

unAnge

dnwurniseonmenvesiudndsdanuddyluduneunsuiulgaiug iWelvaunsafmuneua
pailld Ssdunafediivguizasd ilevsziiunsnovausmesiudsvdsifrednunznmaaioyivle
wazniseenmenidleldsunistnindaenisiany 6-benzyladenine (BA) fimvmdudising q $aufu silver
thiosulfate (STS) MMHUNITNAFDIKUY Randomized Complete Block Design (RCBD) 31wy 4 1 ey
SudUgnaniugiieus 80 Felasunisaanusae BA fiaududu 0, 0.5, 1.0 1.5 way 2.0 Jaaluas sy
STS Audutu 2.0 fadluans inudayadnuaensasaiulen Useneudie Augasy mmqqmnmﬂﬁqﬁ 1
uazAdadumsuaniedl 1 dennugedu Wesudiuzuds 01y 2-8 IWeundsgn wazdnwaznisesnaen
Uszneude dnnusendauile Suunenil wazdnnutensnses Wesuduzundseny 5-8 eundsgn
HANIVARBINUT BA NnseauAadudy dwalidnvuenisnsydulnvesiudendaiugineus 80 Ll
AsuanAsiunsedlundnvazvemnifeuiidinu  lurnefidnuugnisoonnonnuin BA fiszduna
Winduene 9 dawalviduaunendiidly I1uiunendg wagdniudensndesy vesudUsrdaiugineus 80
fmnuuansaiusgadidddyBonaada (P<0.01) Wesiudzvdeeny 7 Weuvdagn msdawu BA 1.0
fiadluans sy STS dwalsimdnundanaranniian egalsfiniy fausnnududuues BA avdanali
dnwagmssenmenvesiudyvdumnistunmsediflunafouiidny  uilidwasediuuneniifiese
dieldlutunoumsusulgsiustudismds
AdnAny: N1sUuUILSY ansmivaunsasaiulavesiiy lalalafiu Faneslsledains

Abstract

Cassava flowering characteristics are important for breeding program in order to operate the
preferred crossing along with the plan. Therefore, this research aims to assess cassava response to
growth and flowering traits when it was induced by spraying 6-benzyladenine (BA) at different
concentrations along with silver thiosulfate (STS). The Randomized Complete Block Design (RCBD) with
four replications was planned by using Huay-bong 80 as a commercial variety that was sprayed with
BA at concentrations of 0, 0.5, 1.0 1.5 and 2.0 mM with 2.0 mM STS concentrations. The data from
growth traits which consisted of the plant height, the 1% branching height, and the 1* branching ratio
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to plant height were recorded after planting for 2-8 months. The data from flowering traits which
consisted of the number of female flowers, the number of male flowers and the number of bunches
per plant were recorded after planting for 5-8 months. The results showed that BA at different
concentrations did not affect the growth traits of Huay-bong 80. There was no statistically significant
difference in all traits of every month studied. For the flowering traits of Huay-bong 80, BA at different
concentrations led to the statistically significant differences (P<0.01) in the number of female flowers,
the number of male flowers and the number of bunches per plant. When the cassava was 7 months
old after planting as well as the number of male flowers and the number of bunches per plant.
Spraying 1.0 millimolar BA in combination with STS resulted in the greatest effect. Although the
concentration of BA resulted in statistically significant difference in the flowering traits of cassava in
some months studied, it did not affect the number of flowers sufficient for using in the cassava
breeding program.

Keywords: plant breeding, plant growth regulators; (PGRs), cytokinin, silver thiosulfate (STS)

A1

ffudUgnds (Cassava) \ufimasugiaidauddnysnslaniesUssmalne iesandudznds
anmnsniluliusslendldnn q dausasisenauinn Tnsnananiudvevdeanunsntialfussuduiudu
viesiudailn isliuszlonilunsfuensdniuazsiannsnthuldiduingiivlugramnssunisudssudu
018wy geamnssundeutaiudinds viegramnssumaneniueariiolfilundinunauny Hudu
(Department of Agriculture, 1983) MndeyasisnandsdmalsitiagtuiiUsinaaudomsiudyvdaile
THuslaaneluussmenazdseongadiuann 1ud wa. 2563 fyarnisdeen 82,346,001,304 uwsiod (Office
of Agricultural Economics, 2020) LLazﬁLLuﬂﬁmzLﬁuqﬁu

nsUuUssiusiuduendsdndusesdniunmsesudeioadiensuausssernudesnisiduunli
Lﬁmqasﬁu Lwiﬁz:ymﬁwuﬁaEﬂuﬁﬁgumaumsﬂ%’uﬂgnﬁ’uiﬂuﬁ’uﬂwﬁa Ao dnwaznisoennen 1iosaniy
dgndaduiivifinendafuazmendfivoguuiuioafuudueniuegauaziuvianielurenenifeaiy
(monoecious plant) IngtensnazifinnssUatesen vesdduveusnaseseiinnisuania sdmaliiug
AliunanAsagliiindenen dnduiiusiieannensnazeenaenlinouduiugdu 4 ndyvdnandsmasie
msimuaguaslutunounsusussiusudUsnds Tongumpai (1986) wut lelalafiu iuasitdnogly
nguarsmuaNnMsiaigdvlavesiiv finthiliRsadostunmstmiinisiatenonvesiy Inglanizegisds
gosluulelnlafiu wiln 6-Benzyladenine (BA) flazfiunumlunisnssfunisuiasad nmsvensvuinvossad
mMsiSresidlunasady wazisain1suanadne Fasdmalaensarenstmihnisiatensnvesity (Bemier
et al, 1985) uana NG Oluwasanya et al. (2021) lo@n¥1n1514 BA wag Silver Thiosulfate (STS) #anns
saneeanvastudUsvasaeiiug ITA-TMS-IBA980002 aeiug ITA-TMS-IBA30572 uazaneug TMEBA19
wud1 sl BA 0.5 fadluans sawiu STS 2.0 fadluand dawaliiudwzndafiudwiudensn S1uiusen
faudly uazdurumsiiona Sndae diuuans STS iuansngu inhibitors g aautElun1sdudanis
Funszansiofiau Tnsans STS awflgnilududinisviauveseules! 1-aminocyclopropane-1-carboxylic
acid (ACC) synthase ay ACC oxidase dswalyilinn139gannissisaurenennainisesnnan (Ma et al,
2006) ndeyaitsinumnaziiiulsinmsld BA uay TS flomahanltlumsdninisesnaenvesiudUsvas
diensuudgeiugly dafunuidediinguszasd iedssiunisnovauewesiudusndniugieus 80 7
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finodnvaznsaiyiulawarmseennenidioldsunisdniidensaanu BA finnududusig q saufu STS
wapaildonltiudzndsiugineus 80 Tumsnmaesil iesnidusiusmsdiiseauindidneaimlunig
Tonandngdlaeiivinautaaiogeds 27.3 Wedldus warliuandniads 4.9-5.5 ¢u/ls (Vichukit et al, 1999)
Favngdmiulibuguiugnssuddy i lulflulassmsufuusetugiudends

AsN15ANE
1. WAUNIINAADY
vhmeaesfiantuimunsiudsvduissemdlng  dvavhous  enedmugune  daia
UATTIVEN f;l’;dLLGiLaEJuﬁQuwu WA, 2563 D LADUNUANUS W.A. 2564 IUHUNITNAGDIUY Randomized
Completely Block Design (RCBD) $113u 4 & Tngldiudusndaiugmeus 80 gnihnseennanmenis 2n
Wy BA fieandudiusing  Usgnoudie 0, 0.5, 1.0, 1.5 uag 2.0 Gadluans saufvas STS 2.0 fadluans

2. m3Ugnuazn1guasne

wisnfuiidwiulinanadlnenslonsuarlousesiay 1 afs vioutuginsldenussana 2025
WUy nduiifiony 8-12 ifeu anumanlsauazuias MnduthviewiusTiaslivaasanurasedidie
tostusnnmsudatudumds Ygnuuuindimssuudusosiessesign 1 wesdeduluun uas 2 wnsee
wi WunsUgnuuvendetiiny Tddeiedigns 15-15-15 8ns1 50 Alansusels iefleny 30 fumdslgn naen
nsnaaesidntuiio 3 a3 Tnondadl 1 1usenuau afifl 2 uee 3 Waaeidwfuussnuaumueusidu
LazIAMSFNUIIANSIRY 9 MLz

3. AneAanudutuved BA Aan159nuin1599nnanvaslud Uz nas

pRaANINIARDIEAN BA uar STS 4 At Inednnunsiusnilediuduzviieny 75 Sumsdilures
Tufimadiuuinudunasiissliffinges mndulanunn q 2 et wiasmbhevnaesylFsu BA finnu
Wudu 0, 0.5, 1.0, 1.5 waw 2.0 Sadluans sausuans STS 2.0 fiadluans dwsunnududui 0 Sanwfies STS
2.0 fladluand dumnududud 05 fadluand daulasanauideves (Oluwasanya et al., 2021) wazLii
audidutusn 3 sesu Tnedaviundsay 100 fadansdeviinans

4. maiudoya

4.1 dayadnwernia  vdeyaanineiniasenininisnaasdlagoifedeyaainanituinuii
dusvdaissmelng suaisus suneruyune Torfauassieiun dus Weudquieu wa. 2563 fs
Wou nuaius wa. 2564 1dun sumnfiade gamgiiladugean gamgiiladeign Usinauhelusaluusas
Wow uardnuiuiusunnsaisiou

4.2 dayadnwuznsisyidula iudeyadnvaznseiyiulavesiudyvdaiiony 2-8 1Hounds
Ugn Useneuse mnugediy mnugansueniedl 1 uasAdadiunisunniedl 1 sennugedu Muinengns
i
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4.3 dayadnwazn1seanaen inudeyadnuusduiunisesnaentesiuduznadhusoutu 4 fieng
5-8 WipunasUgn Useznausmie Fruiunendiiily S1uiunenday wardnuiutensnsesiy
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5. MFAATIEATaYAN1eEDA

3Lﬂi’]xﬁﬂ’g’mLLiJ‘i“LJ‘i’.JuSZJEN%@Hamﬂﬂ’]iLﬁU“i’JJEJ;JuamiJLLNuﬂ’]‘iVIG]amLLU'U Randomized Completely
Block Design (RCBD) Taeldlusunsy (STAR version 2.0.1., 2014) wWisuileuaruuansisszsninsaiadslng
7% Fisher’s Least Significant Difference (LSD)

Nan1sAnEILazITal

1. dayadnwenne

ﬁﬁawaammﬁtaﬁsﬁwlﬁau Ginaluseiou uas ﬁi’wmui’uﬂumﬁiatﬁau o annUuNRIgY
duendauralsewmalng Fuaiieus mmamuﬁuum JWIAUATIIFELN mummaummﬂu A, 2563 09
WBaUNUATUS WA, 2564 mmammuLaaamaaﬂmmsmaaaaasumw 28-30 peALTALTYH Tusummmau
AugnguLazunIIAL uﬁgmmmaaﬂmqmwmauagw 28 aeALwaLTud Lﬂaumqmauuqmugmaaﬂqnqmw
Fouagd 34 ssmuwaea (Figure 1a) dautBmmhuraluusiosifounaeanisvaaesegssning 0-555
fiadwnsrodiou Sauiuluanegsening 0-23 Tusieiiou (Figure 1b) andeyasziiuldinga 3 Wouanvine
ﬁummi‘wmamﬁﬂ%mmwumﬂﬁ%ﬁﬂﬁagﬂ‘uamwLLé’qﬁmﬁ]dwaﬂismwiamaaanmnmmﬁuéwﬂwé’n
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Figure 1 Average, minimum, and maximum temperature (a) and rainfall and daily rainfall at the Tapioca

Development Institute, Huay-bong Dankhuntod, Nakorn Ratchasima, from June 2020 to February 2021.

2. nAvBY BA waz STS sanwauen1sasydulnvasiudrusngs
MNMFRTEimNgwLvesiud U ndsiugeus 80 Moty 2-8 Ieundsgn wuin BA fimw
Windusing 4 lidwalinugesuvesiudisndniugineus 80 unnssiunsada nasandunan 2 Weu
nslof BA 0.5 fadluand saufu STS Fwnlilimamugaumnniian Wity 53.50 lwufwns dwil 3 dou
vaUgn wuitnsls BA 1.0 fadluand saufy STS funliilvenanugeduinniig dewindu 11550
wuins luvasd Woudl 4, 5 way 7 Weunasgn nsdaviuiiies STS ﬁLLmh’Iﬁlﬁmmmqqﬁumﬂﬁqm @
WinAU 147.19, 148.75 uag 167.50 WuRuns auaisu dmsud 6 Woundaan M3ty BA 1.5 fiadluans
ity STS Funliilinnugeduinniign Savinfu 170 iwufims uazd 8 WWoundsugn nsli BA 0.5 fiad
Tuan $auu STS funliilvinnugedusnniigaiiAiniu 176.67 wufens (Table 1) navaanutudusing
7 1949 BA flonuganadl 1 uazAndnadiunisuaniadl 1 demnugeiuesiudUzudsiugieus 80 fiony 5,
6, 7 uay 8 Leundsgn TagaiusenuRanNgINIsUAnAa 1 wazAndndrumsuania esfudgnds
91y 5 Wouvdagn esnniduidiounsniifimsunnia san1smaaesnuin msdaviu BA fiaududusing

25

20

15

10

Day rainfall



King Mongkut’s Agr. J. 2023 :41(1): 1 -8 9

ity STS laidawalvirnanugefed 1 uagAndndrunsunniai 1 dennugediuvesiudsndmiugieus 80
frnuuanssfumsadinnieuiiang msdgnluanmsssundlaglidmivhoansla o dssalviwuliien
ANEINTUANAsi 1 vesfudUzndanniign WesudUzvdteny 6 uay 7 Wouvdagn fawintu 108.56
uay 118.75 Lwufiuns audisu (Table 2) Tuvagdiandndiunisuania nut Wesudsvdieny 7 Wounda
Uan n1saAnY BA 1.0 fiadluans S STS awa‘[mmammumiLLmrmmrmam llﬂ’]L‘Vﬂﬂ‘U 0.76 (Table 2)
dsuadndiunmaunniaduaiivsvenfaiumis a funnfwesiudendsiuiu 4 Fwanimeansd
Aendestudnuurnasiyivlavesiudwenddumavnaes luvaefimsfinu ves Prangkratok et al.
(2021) AFnwmavesNslFuasAuns uaz BA 9aufu STS deanugs msunnfsuazniseenaonlusiudznds
ADIRAG, ¥781U4 90, nwasAans 50, se8es 9 wag TME3 Wud1 n1slvikasdunssiuiu BA uag STS duwiliy
dmalinnugeiu  wasnswniwosiudsvdafindy  fedoradunseilunmeassilildliuasdiung
sy Fsmaasiulavesiivenadesitadedy q Whundeides Srkanth et al (2011) Wesuneliinns
wiiulmesiivasgnauauiienalniadusudouiedadonglusiuiis 1wy egfty sesliu wastade
Awandeunouen 1wy ANuetas gl Wudu uenndsewimaneasssansenuiuanizuds
Tutsenuifeugainevessvaass  fienaazdwmadensuanioanvesdnuaznisiasydulaluiudiends
fugieus 80 dwsunisvanesi uasandiuldhdnvarnaaiyiulnemugeiuiasadadiuntsuania Tu
vsdeuliifirnudedesiudunannuitinsasagiulnvesiudUssndmeinsudaludieinsavay
wdlilusin uasuenanimannassiiunisduivdosaninugedu 3 du 1n 5 du Teenmaslalldsuioau
hmwLﬁwﬁa;ﬂamaqLLm’asLﬁauﬁasdamadammwmLﬁmmi“ﬂmé’ﬂwmsmﬁﬁﬁyLﬁiﬂm

3. HAYBY BA uaz STS dadnwuzn1saanaanvaiud1Uzvag

NAYDIANTNTUANY 9 909 BA RednwauznseannenvesiudUsuas Usenaulusie 9uiunen
fudle Srununendng wazduutenonsesiu vesuduzudsitugieus 80 wuih Sudiuzudasusenaenty
Woudl 5 dagn daududeungainmey 2563 luaufiseny 8 Woundugn duduieunuaiué 2564 wams
vaaes Ui Wlesiuduzudseny 5 uay 6 Weundsgn Anutudusing 9 ves BA lidswasioniseenaonyn
dnwaiy luvuziidnuagnsoennenislesiudiuzudseny 7 uas 8 WWeundsugn aududiusing 4 ves BA duna
Tanuarnseenaenuanssiuegsfifed Wbmeada (P<0.01) sniu Srunurenddlodletudvznds
919 8 Weundsgn Wesiuduudseny 7 Woundsugn iflesnnsdaviu BA 1.0 Sadluans saudu STS fidea
TidudUgvdseanaendifuazaandide T9wiuwiniu 2.72 uag 13.50 aendete MNa1AU kazdidnuiuge
wihriu 1.50 Yesiasu

Table 1 Plant height from 2-8 months after planting (MAP) of Huay-bong 80 when using difference BA

concentrations.

Treatments (T) Plant height (cm)

2 MAP 3 MAP 4 MAP 5 MAP 6 MAP 7 MAP 8 MAP

0 BA+STS 47.50 98.75 147.19 148.75 152.00 167.50 173.75
0.5 BA + STS 53.50 102.75 142.19 142.75 160.00 155.00 176.67
1.0 BA + STS 47.38 115.50 131.00 130.92 137.25 135.25 146.50
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1.5 BA + STS 47.00 91.25 142.50 144.88 170.00 147.50 156.25
2.0 BA + STS 51.00 101.25 140.50 148.31 156.92 155.00 164.06
F-test ns ns ns ns ns ns ns
CV (%) 11.43 10.94 7.80 8.35 9.31 9.13 9.32

ns not significant.

Table 2 The first branch height (FBH; cm) and the ratio of the first branch to total height (RBTH) from
5-8 months after planting (MAP) of Huay-bong 80 when using difference BA concentrations.
Treatments (T) 5 MAP 6 MAP 7 MAP 8 MAP

FBH RBTH FBH RBTH FBH RBTH FBH RBTH

0 BA +STS 105.50 0.71 10856  0.72 118.75 0.71 107.50 0.62

0.5 BA + STS 100.21 0.71 102.50  0.64 98.75 0.64 96.67 0.55
1.0 BA + STS 99.58 0.77 101.67  0.75 102.50 0.76 104.38 0.72
1.5 BA + STS 108.23 0.75 93.75 0.56 103.02 0.70 107.71 0.69
2.0 BA + STS 110.65 0.74 107.44  0.69 100.00 0.64 107.92 0.66
F-test ns ns ns ns ns ns ns ns

CV (%) 12.84 11.89 11.94 1397 12.02 11.48 13.12 13.06

ns not significant.

°

Tuvausfisudzndseny 8 oundagn msdeviu BA 1.0 fadluans sawdy STS fdwalvifu
dumdsenaondfiarduiutesiosy wnflgauiu dawvindu 7.71 aensdede uax 1.75 vesiefu
MNEIAU DaudIAutNtuYed BA Tauiu STS azdwmalvianvazniseannenvasivdUsnaaunnsineiunia
adluuaeuiidnu urlidsarodwaunenfifieswaiiieldluduneunisusulgaiugiudevds Saannua
N9MARDIELANATINTIELTB (Oluwasanya et al, 2021) fidnwinavasnsld BA $auifu STS deniseon
nonvosiudznds wuin nsld BA $aufu STS dwalihudsndaiivduunensiu aendadly S1uauns
fna  wardswausendiudy andiuldinimesesisaedd BA efiaieatu wisnslitadeillddnin
wnnssfulnglununaaesiliisnsdaniumisly daunisaaewes Oluwasanya et al. (2021) ¥ Petiole
fed Tnansdnuluudaliansildlunstnirudmng xylem aasii 5?5&L‘f]umi@msﬁumimmﬁuﬁimmq
Iummzﬁmﬁmﬂumﬂuﬁaﬁuaajf‘ﬁ’“uﬂwiLﬂoﬁJmJ1ﬂIU%aaﬁuﬁﬂﬂwé’a‘[ummwfaqﬁamu uenINTanuuEN
wugnssuvesiudUzndsiltlununeassfidafianuuansieiu Jensld STS Sweardmaliifinnisvzas
ANSINMAUVRINBNUSINITBEARBN (Ma et al., 2006) @1 Oluwasanya et al. (2021) laasuienalnnisiitau
193 STS 14 STS aglududamsduamesiansiefidu wasiefiduarliannsansedunisvhaumesdungy
TEMPRANILLO1 (TEM 1) l¢t e?iqﬁumjuﬁ%iﬂ&“J’U&“J’qmiﬁﬂmwuaﬁuLuaLiaéuﬁL?‘im%aqﬁ’Uﬂﬁ pONABNYDLIU
d1lzude wazanwanisnaaesinunsld STS susedlidmarednuwuzniseannonvesiudsndaiug
$eUs 80 AiftuannTuiruriu
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Table 3 Numbers of females per bunch (NF), numbers of males per bunch (NM) and numbers of
bunches per plant (NB) at 5, 6, 7, and 9 months after planting (MAP) of Huay-bong when using

difference BA concentrations.

Treatments
M 5 MAP 6 MAP 7 MAP 8 MAP
Femal Femal Femal Femal
e Male NB e Male NB e Male NB e Male NB
0.1 11.68
0 BA+STS 066 5 9 062 270 075 0.00°  000° 000° 130 g 5.00°
0.1
0.5BA +STS 025 15 9 000 000 000 0.00° 000° 000° 000 000° 0.00°
0.0 1.75°

1.0BA+STS  0.00 0.00 0 000 000 000 272* 1350° 150° 037 771® °
0.2

15BA+STS  0.25 15 5 037 287 025 0.02° 000° 000° 000 0.00° 0.00°
0.4

20BA+STS 025 4.83 1 137 662 200 003  000° 000° 000  000° 0.00°

F-test ns ns ns ns ns ns ** *x *x ns ** **
145.0 2139 280.1 354.8 2425 2153
CV (%) 138.12 8 136 210.75 1 3 267.61 447.21 6 260.79 1 3

Mean in the same column with the same letter are not significantly different by least significant difference (LSD) **

Significant at P < 0.01 and ns not significant.

ayUnan1sAne

HANISNIARBINUT BA Tiszduanududusng 4 saufu STS dwalidnvasnsiaSyivinvety
dgndaiugieus 80 lufauunndrstunsadflundnvurveanifouiidnw luvaeiidnuaznis
ponABANUT BA fiszfuaundudiusing o saufu STS dewalviduaunendudle Suaunenday wavduiute
sefy vawudendsiugvous 80 danuuandnafusgrelifoddnymsada (P<0.01) msnsdaviu BA
1.0 fadluans saudu STS deraliimdnvazdsnanuniign Wesudendseny 7 Woundagn wuifentu
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Efficacy of Antagonistic Fungi, Trichoderma asperellum

in The Control of Fungal Diseases on Leaves of Oil Palm Seedlings
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Abstract

This study tested the efficacy of Trichoderma asperellum strains NST-009 and CB-Pin-01 in
controlling of palm leaf fungal disease. Plant pathogenic fungi were isolated from leaves of oil palm
seedlings by tissue transplanting technique. A total of 12 isolates of plant pathogenic fungi were
obtained including Alternaria sp. 1 isolate, Botryodiplodia spp. 2 isolates, Colletotrichum spp. 2
isolates, Curvularia spp. 3 isolates, Drechslera spp. 2 isolates and Pestalotia spp. 2 isolates.
Pathogenicity test on oil palm leaves by detached leaf method showed that all isolates caused lesions
of 2.3-4.1 mm in diameter, Curvularia sp.-03 and Botryodiplodia sp.-01 respectively caused the largest
lesion of 4.1 mm and the lesion of 3.5 mm. When testing the efficacy of antagonist fungi in the
laboratory, it was found that both antagonistic fungi were able to inhibit and cover the mycelium

Botryodiplodia sp.-01 and Curvularia sp.-03. T. asperellum NST-009 had the highest inhibition of

Fninlvinalulagnisinunswaygnainnssue1ns ininedeidudnual JminuasA3sIINgIY 80160
School of Agricultural Technology and Food Industry, Walailak University, Tha Sala, Nakhon Si Thammarat 80160
"Corresponding author: keewarin54@gmail.com
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Botryodiplodia sp.-01 and Curvularia sp.-03 at 89.1 and 84.9%, respectively, and covering such fungi
at 67.4 and 58.3%, respectively. Tests on the efficacy of antagonistic fungi in disease control showed
that both strains were able to reduce the severity of the disease. That is, T. asperellum NST-009
showed significantly better efficacy to reduce the severity of Botryodiplodia sp.-01 and Curvularia sp.-
03 than T. asperellum CB-Pin-01. By using T. asperellum NST-009, the diseases were found at 12.9
and 17.1%, respectively. While using T. asperellum CB-Pin-01, the diseases were found at 16.8 and
25.5%, respectively. According to Trichoderma spp. quantification on oil palm leaves, it was found
that T. asperellum NST-009 was detected at the highest level of 1.3x10" and 2.3x10" CFU/1 g of the
oil palm leaves when it was used for controlling Botryodiplodia sp.-01 and Curvularia sp.-03,
respectively.

Keywords: oil palm diseases, antagonistic fungi, biological control
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et al,, 2013; Pornsuriya et al., 2013; Sunpapao et al., 2014) %ﬂmamiﬁﬂmuaziﬂmmmﬁ 9 wan sl
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Figure 1 Colony characteristics of 6 plant pathogenic fungi isolated from oil palm leaves growing on
potato dextrose agar at room temperature for 7 days: Alternaria sp. (A), Botryodiplodia sp.

(B), Colletotrichum sp. (C), Curvularia sp. (D), Drechslera sp. (E), Pestalotia sp. (F).
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Figure 2 Asexual structure of 6 plant pathogenic fungi isolated from oil palm leaves when examined
under a 400X microscope: Alternaria sp. (A), Botryodiplodia sp. (B), Colletotrichum sp. (C),
Curvularia sp. (D), Drechslera sp. (E), Pestalotia sp. (F).

Auaunsalunisnalsa
1 dy = 5 1 3 ’a’ U v 6 Al a

NNINAdeuNUIgeslsain 12 lelwian anusanelsavuluiduindiuiugdnlolauinen
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lugas 2.3 - 4.1 Taduns laglanenssudsnldves Curvularia sp.-03 NillduHUAUINAUNALINGAT 4.1
a a o a = <1 vz 1 & a ' . a
fiadluns feswasidualy Table 2 inwansfnutuanddiiuingesilsaiglungy Curvularia sp. IR
suwstlunisnelsavuluiduifiugainindeslsaiivngudy o Fedonnaosiuseauves Sunpapao et al.
(2014) MNa1vINGo51 C. oryzae folsalugaegeguussuuludundrduiiduluaninlsasoumnizdr 39
T duienlsaiivndrAyniaasegiavesrdauihiulussezdundt yenanidsflsrsnuves Pomsuriya et
al. (2013) wnmmﬂsﬂ’lmmmaumuumLﬂmmﬂwam Curvularia sp. umssmmiuammm wagaNIsn
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Table 1 Pathogenic severity on oil palm leaves of 12 isolates of plant pathogenic fungi.

Isolates Lesion diameter (mm)’
Alternaria sp.-01 29d
Botryodiplodia sp.-01 3.5 abc
Botryodiplodia sp.-02 3.4 bc
Colletotrichum sp.-01 29d
Colletotrichum sp.-02 32c
Curvularia sp.-01 39 ab

Curvularia sp.-02 3.8 ab
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Isolates Lesion diameter (mm)'
Curvularia sp.-03 41a
Drechslera spp.-01 32c
Drechslera sp.-02 29d
Pestalotia sp.-01 23d
Pestalotia sp.-02 32c
T-test *

! Mean followed by the same letter are not significantly different by Duncan’s new multiple rang test (P<0.05).
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Uftindflanunsanquiuduledeslsafie fududunidunalnniaduusin dodulodeslsaiy 4a
ﬁzmuﬂa'nm%asmﬁf]mé Trichoderma spp. awnsaidulsansedoslsafiald Tnglunalailfinng
Uamﬂdaamaﬂﬁ%aum’%aLauiszjﬂi'mﬁﬂmaLé’uiw?iuasﬂiﬂﬁ% 1w toulwal chitinase, glucanase, protease
ey cellulase 3’3111’1\‘1mi°d§]°21’mu pentyl pyrone, tr|choderm|n gliotoxin, vmdm ey oxazole aqwa‘[.m%a
slsmitwmeidity (Chamswarng, 2020) uenanildenndeafunanesenu fina1ites Trichoderma
spp. Weduiatuduledoslsaity wsuansnalnnisfudesusin dedoslsafiudenisaiaduleisa
wazevhaeduledesilsaiy dslunszuiunsildnsmany mvanddesansuifusuasoulesidnay
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naneviln deamaliifosilsafivnigegasinisa (Harman et al,, 2004; Sunpapao et al.,, 2018; Tapwal &
Pandey, 2016; Intana et al., 2021)

Table 2 Efficacy of Trichoderma asperellum in inhibiting and covering fungal mycelium of

Botryodiplodia sp. and Curvularia sp.

Mycelial growth inhibition (%)* Over mycelial growth (%)"
Treatments

Botryodiplodia sp. Curvularia sp. otryodiplodia sp. Curvularia sp.
T asperellum NST- 67.4 a 58.3 a

89.1a 849 a
009
T. asperellum CB- 62.8 b 57.4 a

822 b 789 b
Pin-01
Control 0.0c 00c 0.0c 00b
T-test * * * *

! Mean followed by the same letter are not significantly different by Duncan’s new multiple rang test (P<0.05).

UszgansmunisaunulsaludnmlseSeulgnivannass

mﬂmimaauwujmmﬁﬁ%‘ﬁgﬂmﬂ%vﬁyam T. asperellum NST-009, T. asperellum CB-Pin-01,
a151ail Benomyl uazansiail Captan anansnanauguussveslsalutduisuldunnd stuogned
Hoddymeadfsunsaisauay tiundw) Taewusuuwsauilufunduduhdutiosndt nssuis
muquﬁ%msmaauﬁuL%aiﬂﬁﬂﬁﬁu Botryodiplodia sp-01 waz Curvularia sp.-03 Tngtaniznssadanidide
51 T. asperellum NST-009 Finusuuusauiluiduihsudonsdeutuidon Botryodiplodia sp.-01 way
Curvularia sp-03 vl 12,9 waz 17.1 Wesidus muadu dslilunnsrmnsadfsunssudsildasiad
Benomyl #inun1siAnlsn 11.8 uay 19.8 Wesidud audifu (Table 3) luvarfingsuisaugumudiuiu
wragedn (Weudu 100.0 Weosidus) mamﬁﬁﬂmmm‘tﬁﬁu'ﬁw o T. asperellum #a 2 aneiiug anunsn
aG]ﬂ’nmml,iwaﬂiﬂuﬂuﬂﬂamumu mmmmmmﬂmai’] Botryod/p(od/a sp.-01 wag Curvularia P 03 lg1
@9AAABINUIIEIUVDY Sunpapao et al. (2014) wmaaumaimgﬂﬂmawmmswuumauaﬁuuﬁuaawasw T.
harzianum TM2/1 uag T. spirale T76-1 Wu31au150§u8%031 C. oryzae awglsalugauusunduidu
Bl Felsiunnsinameadd funisldansiedindnides Prochloraz wasfidenadasiunissenuves
Chamswarng (2020) finanyindes T. asperellum fusvansnnlunsavaslsenidluresirduhiiuiife
Mg o3 Botryodiplodia sp., Curvularia sp. waz Pestalotiopsis sp. 19 laglanize 198 an1snulaenis
\ALAITaNLIIRIRY (surfactant) aﬂuaﬂaiwauaaEJﬂJaﬂLﬁ?fyamﬁﬁﬂﬁ uanaNigamuinasiall Benomyl
waz Captan ﬁﬂiz%‘m%quﬂuﬂWiﬂaumiiﬂuuiumémfﬂﬁuﬁLﬁmmm%yasw Botryodiplodia sp. ka
Curvularia sp. Faaenadosfusenuiinarniasiadl Benomyl ey Captan ﬁﬂizﬁﬂ%m‘wgﬂ ‘Lummauqu
157 Die-back vaanuauuaylsa turf yellow Tugunamg7iiinanides Botryodiplodia sp. was Curvularia
sp. Aud18U (Malkanthi et al., 2016; Kumar, 2018)
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Table 3 Efficacy of Trichoderma asperellum in controlling of oil palm leaf disease caused by

Botryodiplodia sp. and Curvularia sp.

Disease severity (%)’

Treatments
Botryodiplodia sp. Curvularia sp.

T asperellum NST-009 129 a 17.1 a

T. asperellum CB-Pin-01 16.8 b 255b
Benomyl 11.4 a 198 a
Captan 252c 236 b
Control 100.0 d 100.0 ¢

T-test * *

! Mean followed by the same letter are not significantly different by Duncan’s new multiple rang test (P<0.05)

The test was carried out in a greenhouse for 3 months.

Tunsnsradiainaution Trichoderma spp. wdlutduiundmaaeumsaiueulsn nuinssis
A9 7. asperellum NST- 009 waz T. asperellum CB-Pin-01 asranulsunandesn vuluinduisiulugae
1.2 % 10° - 2.3 x 10° CFUAuUdnisu 1 n3u Tasianensndsilldile T. asperellum NST- 009 mua
Tsnudluthduhiuiiinandes cunularia sp.-03 finsaanudsuanten Trichoderma spp. q\‘iqwﬁ 2.3
x 10° CFUAuUEusiu 1 ndu lunedingsuisaiuay uhndy) waznssudsdldaaiad (fa Benomyl
kay Captan) asvaliinuies Trichoderma spp. (Table 4) wanslidiuingon T asperellum @u130LA38Y
wariifinsenudluiduihifunsenszernanihnmanageu 3 Weu TuaninlssFoutgniianaaes aenndes
fumanemeauiinuinges Trichoderma spp. annsawasauasiituuuailduudausg q vesuievaaeu
Tunguny o191 nusl wetitla 417Tnn ndae Tl awan wnsnm dailnenn wasundlne sastlufudgn
fiwstanan Tneidesn Trichoderma spp. 91T vnsTivanUdesnwadaiuvedhy Avu d1du wagsin
vuity (exudates) yasdunioing B 7 Ui 9 vesiuiiy Fenauaudatviling
149851 Trichoderma spp. ﬁé’fﬂ&mesl,umimmmimﬁma&mébnﬁumn?iqsﬁu (Chamswarng et al., 2012;
Promwee et al,, 2016, Chamswarng, 2020 Intana et al., 2021)

Table 4 The quantities of Trichoderma spp. on oil palm leaves after testing the effectiveness of

disease control for 3 months.

Quantities of Trichoderma sp. (x10* CFU/1 g of oil palm leaf)

Treatments
Botryodiplodia sp. Curvularia sp.

T asperellum NST-009 13a 23a
T. asperellum CB-Pin-01  1.2b 1.3a
Benomyl 0.0c 0.0b
Captan 0.0c 0.0b
Control 0.0c 00b
T-test * *

! Mean followed by the same letter are not significantly different by Duncan’s new multiple rang test (P<0.05).
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ayunansAnen
fundrrduisiuiideslsafivnarsviadvhatsuarasnannudemes lnsanesdesmidy
La'wn Alternaria sp., Botryodiplodia spp., Colletotrichum spp., Curvularia spp., Drechslera spp., hag
pestalotia spp. Inendos1ngy Curvularia spp. firnuguusstunisnelsaundign sesasnldudidosndy
Botryodiplodia spp.

v '

\Wes1 T. asperellum ansamuaslsafisfiinnni@esvululiduiduld lnenunisiialsauy
Tuduiniutesninnslldides 7. asperellum wonandgsnuinigosn T. asperellum aansalasetaz
WNUSINaUREILANY 9 Yasiulaudndy Senadmaliiin Mstesiunseniualsafivsialula
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nanssalusunsussunsaduniduazlamfiusauluiduvedidlefidesnneldanim
Tsasaua
Effect of Mixed Organic Acids and Multivitamins Supplementation Program in
Drinking Water of Broilers Raised under Opened House Conditions

Yiaudases iaudunid! uay atuvg wauaan?
Paweenisaras Khenjan!" and Ananthaya Sansawat?

unAnge

nsfnintsdalusunsunisasunsndunissmuarlmivluiduvedidefidssaneldanm
TssZoudadoaussonmnisndn aunimen wazaduvdsluldsu I8dlAdomadony 7 Yu S 160 &
TnHUVAaRILUUANaNYsal wiseenidu 4 nqu q az 4 %1 9 aw 10 i Taongud 1 lalld$uansias (Co;
NFUAIUAY), NANT 2 L@3unIABUNIETIM (OA) Tuthdly U3ana 1 wa./ah 1 ans, nauil 3 @i lnndiusam
(VM) U3ana 1 n¥u/d 1 8ms sausiony 7-35 Tu waznaudl 4 w@su VM fleng 7-21 Tu wag OA fiony 22-35
Fu (vO) lrnnnguazl@susimsdisagumanisiaunseiiseny 42 Yu wan1sAnyiwuin ngu VO i
anvhenniNguAIUAN wazngdu VM (P<0.01) Inilefllésuanaiaiuvesynnguitmiingafisdu (We) uay
Ardiinisnds (P) gandnnguaiuau (P<0.01) wWesiiudenuazamnneinvesnnaulifiauunnsiaiu
3add (P>0.05) usnuasifudinuusangy OA wasvo ganingudu 7 (P<0.05) nsiasunsmduniduas
Tniluihdvdmalilddeivsiauuafidouanings minguaiuauesteddoddydonmaadd (P<0.01)
naw VO uaz OA l#¥uamauunuannsuelafifinmnninguaiuey (P<0.01) Fefumsdalusunsuasy
VM Tio7g 7-21 Fu $2uiu OA fleng 22-35 Fu Ty dwaldlidofidedulsadoudediduinmbouay
KATULTLNSaMUATIan Taidwmalilrdeiiviinante £ corlugldfuanasdig
AdnARy: NsnduVsEsu Limfiu aussaninnisuas Yaunsdlulddiu lsasewdn

Abstract

The research aims to study the Effect of mixed organic acids and multivitamins
supplementation program in drinking water of broilers raised under opened house conditions
on performance, carcass characteristics and caecal bacteria counts of broilers.  This study
was conducted on 7-days-old male chicks and a total of 160 broiler chicks were randomly divided
into 4 groups of 4 replicates with 10 birds/replicate. Four treatments were as follows: Group 1 had no
added feed additive (CO; control), Group 2 took organic acids (OA) added into drinking water at 1
mU/L, Group 3 was supplemented with vitamins (VM) at 1 ¢/L, during 7 to 35 days of age. VM and OA
were added to Group 4 from 7 to 21 days of age and from 22 to 35 days of age, respectively. All
birds received commercial feed throughout the experiment until 42 days old. The results revealed
that the VO group had a higher final weight than the control group, and the VM groups (P<0.01). All
of the broilers that received drinking water supplements showed higher body weight gain (WG) and
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production index (PI) than those in the control group (P<0.01). The carcass percentages and carcass
quality of all groups were not significantly different (P>0.05), but the spleen percentages of the OA
and VO groups were higher than the other groups (P<0.05). Adding organic acids and vitamins in the
drinking water resulted in the broiler chickens having significantly higher lactic acid bacteria than the
control group (P<0.01). The VO and OA groups had significantly higher returns on investment than the
control group (P<0.01). Therefore, under opened house conditions, the supplementation of VM at 7
to 21 days of age and OA at 22 to 35 days of age, respectively, in drinking water resulted in the best
production index and return of investment. Also £. coliconcentration in caeca reduced in the broilers.
Keywords: total organic acids, vitamin, productive performance, caecal microbial, opened house

conditions

A1

gramnssumsnanlnidofanudesnsldsunananiige 39ldfinisihansiad (feed additives)
F1mne1UfTrug (antibiotic) sifuasissnsisapdulaludnitn eldlunsinwaunavesqdunidlu
szuumaiuemng Jestunisiielse egalsinunisldansufuzensneliintdymansanduaziinnis
foenililumssnuiluayuduazdng vilifesdng European Commission (EC) finmsdrianisldansufjiued
Juansissmsasaivlalumsiaesdad (Khan & Igbal, 2016) siinnsthansiasad uumawnunisidans
U7z leeladinislonsndunidvarevila laun nsawesia (formic acid), nsauwanfa (lactic acid), n3n
1Usletin (propionic acid), nsnesdin (acetic acid), nsndnsa (citric acid) 1Wudu Wethurldiasuluems
viothasliliide nindunisinalumsdas it pH vasssuumadueslioglussduitosiunis
\inivlmveuaiFenelsa MeifiuUssansnmnnaiydulnvesdn lnensatuayuenleifdosems
aelusranie LLazmm@um%‘ﬂé’qﬁa"guézhEJLﬁumsmauauawmqﬁﬁuﬁ’uiulﬂ'Lﬁg‘la (Hajati, 2018; Islam &
Nishibori, 2017)

nsasulhmivlunsdsddideanusadiefiuussans mmvosnszuruninumueddu s
Wiydule afundduiu andnsnisme wazannnzuialnduludaitn esmndnitndanugoulusio
mavalaniu msedldvesdn iUnaunsaduaseilhmiulfifondntes Snvsluszuunadesdnidod
wuRutadeiia eliAnAnuiASeauinine (Rahman et al, 2012) saziiuladn nsldasiasuiiinan
Uaeadelunaidedliidoiaiinnuduiu edrlsimumsldasiasuiiiuanusiiulunszuiunadsses
dawalifusenounsdifunuitgsdu nsAnwmanisdalusunsunsaiuninduniuay Tanfuluidu 39
\udsiihaulasazlunsmsudeyasunsldasadudeaussauznsnanuazdununisadandadudoya
madenlunmsannisldansufiuslifuinumsns fuszneuns wazdauls woldiduuumsunsdansld
aswesunsnduvsualinfuluhudificsaenseseldoussduilnde

ABnsinen
A0 IVARBILATNITINUNUNTNARDY
nsnaaesi Avunnsldsiuiudninaassdaslusunsy G power version 3.1.9.7 (Faul et al,
2007) wieliliumanzauLazioswanundnasseussunslidn lueyanalddnd U1-03187-2559 s
NITUHLNITINABILUUFLANYIH] (Completely Randomized Design; CRD) Tagld T oieranesius

Ross 81¢ 7 Ju S1wausisviun 160 67 vinsdulnesndu 4 nqu 9 az 4 91 9 az 10 fa lnenguil 1 e
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lafléSuanaiat (CO; ngumuAw), nduil 2 (OA) idunsadun3dranTun 1 wa/h 1 3ns Wlndudeny 7-
35 $u, nawil 3 (VM) iedailannfusaiina 1 n3u/in 1 Ams Tﬁldé‘?«mmq 7-35 Yu uaznguil 4 (VO) L&
VM Iﬁldﬁmq 7-21 U uag OA ﬁa'lq 22-35 Ju

ANSLE3UNINBUNTETIM (Lovit acid®, Kaesler animal nutrition, Germany) 7ildlunisvaass Usuna
1 AlansuazUsznauluaie nsanesiia (formic acid) 33.5%, nsauania (lactic acid) 20%, nsalusUlada
(propionic acid) 10%, nsnezdRna (acetic acid) 8%, NIATR3A (citric acid) 3% wazansiasulmduduasei
71971581 USanaw 1 Alansy azusenausie Lasndwe 20,000,000 U, Lasndud (D3) 4,000,000 U, Lanniud
22,000 1U, Tasndiue (K3) 4.0 g, Tamnfiud 81, 2, 3, 5, 6, 12) 26.05 g, baniud 15 ¢ uazansiasudu 9

Indelumsmeassezldsuiadulunstestfulsanaenausnauianiuisnanada wazaduiiluls
filiony 14 uaz21 Yu nudidu lrideasgnidsdulsaFouda vwnrenld 2.50 n3.a./a Munauutag
sosfiu wazormsiliiloldsu avldormsdisagumamadutadu 2 9251y 1dun 92ee1gusnieds 3
dUai (AUAUMEIU 21%) wastiiene 4 - 6 dUanii @UsAuneTu 18%) lannnguvnassaglasuemisuay
dhieghadiudt (ad tbitum) TngluusayFuazliiuazonns 2 929 #e 1an 7.00 uay 17.00u.

nsiiusausIndaya

Vi’wmiﬁuﬁﬂsﬁaﬁ,ﬂamﬂmimmaaaﬁgﬂmiqu 7 $u Tngaztuiiniminla tdnemsfinu wa
USnashiy iilefuinlszansnmnmakaanndanvemnng deAuannismnaesiliey 42 fu agiin
msdulinguag 24 & wialu 2 ga av 12 #;

lgadl 1 szgnltifiednwisuaudnuazsn lagagyhnstiuvazsnlinamdnaina e
Hunandnainern teud wWesiduienn (dressing percentage) 1Wos1dus @ udausausa (retail cut
percentage) LLazﬁw%ud’suLﬁamﬁwaﬂmmLwiaxﬂejmmﬁﬂwﬁmswﬁmaﬁmqmmmﬁy@ leun ArANase
1umié:mfwamfa (water holding capacity; WHQ), Ausadnruile (shear force value) wariiasnzsing
Frulil eduid (texture profile analysis; TPA) szUszifiunanaein3 o9 Texture analyzer, Stable Micro
System, TA-XTPlus, UK (Jaturasitha et al., 2008; Filho et al., 2017; Gallegos et al., 2019; Khenjan et al.,
2022; Weimer et al., 2022)

lAyadl 2 sggifiuiegnsvesvamnnuinalddiuiensiatugaunid Tnsmaiiudegfaulas
91035115989 Khenjan et al. (2022); Erener et. al. (2011) lunsiasigiaviiveavadluld@diuluuSunu 1
n¥u neae U833 Spread plate technique YN139533UUIAWNTY Lactic acid bacteria, £scherichia coli
(E. coli), Enterococcus way total bacteria #3n15a1anuaiiaonsaLaninazlde1ms MRS agar, £scherichia
coli 141915 MacConkey agar, Enterococcus 1981915 Slanetz and Bartley medium way total bacteria
149113 Plate count agar (PCA) Unfigauvind 37 °C 1fuiran 48 F2lus 9ndussratusiuauleladuy
osiasde (Log CFU/n3Y)

nsAasvidaya

%aagaﬁiéfmﬂwamiwaaqﬂmﬁmiwﬁmmwiﬂmu (analysis of variance) WUUMNALAE (one-
way ANOVA) #uLNUNII1Aa89kuy completely randomized design (CRD) waztU3 g uliauniniu
wANEseIRRAsf13s Duncan’s new multiple range test fisgduauioiu 95% Tagld R statistical
software version 1.3.1056 (R Studio, 2020)
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Han1AnYILaIRITal

HAANTION NN SHAALAZ AR ULNUTILFTY

wansTalusunsunsaiunsndundgsuuarlnfusaulutd udeaussaninnisudauas
NanBULMLTILFSY (Table 1) wuth mslfasafulunsnassiudszosuaniilieng 7 - 21 Fu dwaliliide
1uﬂ&juﬁ 2-4 ﬁﬂ"]La?{8Namuﬁ;’mﬁﬂﬁLﬁuﬁﬁummd’mdumuquﬁmmLLmﬂ&h&ﬁuaﬂﬂﬁﬁﬁaﬁﬁﬁgﬁamﬁaﬁa
(P<0.01) wiiszminera3eng 22 - 42 ulrlunquatuauiidmiindafdisdulaiunndratungs VM (P>0.05)
ogslsfinn Wefinnsmmarunszisduganiamnaes wuin Aadstvindiiut uvesnaud 2 - 4 7ildsu
Tsunsumnatuduiidiededminfidutunnnhnguitlildfuasiaiy (nguaiuey) Ssdarmunnsaty
agnafifeddryBaneadn (P<0.01) denadeiun1sdnuvad Ali et al. (2020) finwudn nsiasunsadurSsT
fiuszneude nsnlasia nsnuaaiia 1stlefda uaznsndeianauluidudssalilndedidmrn sy
wnndnguitlalldFuansiata Phoprasit et al. (2014) wui1 nisldasasunsnduviddauiulmiunalu
Aallsiiuliderausony 1 - a2 Yutu dwalildidefthuindrgniineg dwiinfifiutu uasdmsmsaiauiuls
geninguamuaNegsiifodfyBmneada (P<0.01) faoadesnnanautiffveshmiuwaznindunie
Taghmiusaszneulusmelmiuiivarnvatevia 1éun Tanfiu A, D, E, K, C, B Aiduasomnsidudu
annsagaduiuinudléadnlilaonss Feansormamaiilaiudiensruiuninanueddy (metabolism)
gadlAtie (Sadarman et al, 2021) waznsiasulnfiuslsiulidoaunsafiniming wandnvouie
wazaaiulsnwnansemis wazausaansnsn1smievadlnle (Kamalzadeh et al., 2009; Rahman et al,,
2012; Islam & Nishibori, 2017) Ma et al. (2021) 9169103 Iriifofldsumsiaiunsnduvideuyiina 3,000
1n./NN.4a% 6,000 1n./nn.01Ns Tikasnsniaiasyiln uasimdnaninediony 42 fuganinduiilallésy
n15Lasu (P<0.01) AadsvesuFunaesiinuuas FCR naann1snaesuasngs VO Aninguaiuntuas
N VM (P<0.01) ilpsnannamaniifidvesnsndunididaasunisifiudssavsmmnisgosemsuazns
w3gyAulavedln (Ackgdz et al, 2011; Khan & Igbal, 2016; Hamid et al., 2018; Bouassi et al.,, 2021) 1ng
Juldléan nalneengrivesnsadunssifuiianuiendesivan pH luemsuazan pH vesszuumadiu
pmInevdsniidemnaidiun uasdsdaasunisldussleninnomadntu (Kim et al, 2015) 1o
Irsrevinaanviiusednsnnnands (Performance index; Pl index) #aaaAnIsNAaaInu3n ﬂdmﬁLﬂ%Mﬂﬁi
sl dumnnguiian P ganiingumunuoehaiiioddnyBeneain (P<0.01) aeandosiu Sadarman et
al. (2021) fisreawd msldamsiadulmiusaluddishly Plindex vedliiorfisdy nadhsnissendin
voslinguilldsumsiasusiuunldusannissentinganinnguniuny (P>0.05) aonadosriu Phoprasit et al.
(2014) 57897 ﬂma%fbmﬁuLLaﬂamﬁuimﬁUﬂimﬁuw%‘iﬁmaé’mwmimEJ“uaﬂfiu’faG‘f'md’mejqum
(P>0.05) et onaiflasnann Lamfulinanisnevaussniduiu Wuasiueyyadasy dedumsdniay
UsseNmsesdy uaztymaunmeaslidefidssmeldannearuaioanneuiou duwalisnsms
590T3nge (Kim et al, 2021) Snitansndunidifuasiidaaiunsinuresszuugdduiu Undesssuy
mafuemsUsuaunagdunsdluszuumafiuemsuasieduasuguninln (Mustafa et al. 2021; Pham
et al., 2020) ﬂa;uﬁﬁﬂ'ma%uhmﬁuimLLazﬂméuw?éiqﬂuﬂfﬁuiﬂdmamwu donsuslaainnaile
Wisuiisuiunguaiuau (P>0.05) Fsaenndaaiun13s1ea1utes Phoprasit et al. (2014) finwuin ngulndi
IFsunsiesulnnfurndina 1 nduah 1 803 weengulaildsunisasulimiu 1 nfuah 1 8y sy
MaasuNIABUNISTINURIIN 1 ua /1 1 ﬁmiﬁmaﬂ%mmmsﬁ'mﬁﬂﬁﬁmmLmﬂ@hqﬁumjummm (P>0.05)
oglsfinuliinansstuiunismaaesues Arce-Menocal et al. (2020) fis1smuin TAfld§unsiasunse
SuUNIFTUSI 0.3 uazl 8n3/1n 1,000875 dawalviuSunanmsusinathaufudy 2.23 way 2.42%
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uaeu WeSeuisunulantdlasunsiasunsndunse (P<0.05) wabuaaie? Al et al. (2020) wu3i A1s
asunsadunIdsinluthavdwalinisusinainnuveslianas waagralsAmulidwansenuseussansain
ANSHANAIUDY

Table 1 Productive performance of broilers on supplemented with various mixed additive in

drinking water.

ltems T1(CO) T2(0A) T3(VM) T4(VO) SEM  P-value

Initial weight (g/bird) 202.31 200.86 202.18 20220  0.479 0.717
Final weight (g/ bird) 2816.53° 2889.38°° 2869.28° 2904.02° 9.801 0.000
Weight gain; WG (g/bird)

7 - 21 days of age 728.14°  759.58°  761.12°  768.83° 4688 0.001

22 - 42 days of age 1886.08°  1928.93° 1905.97%° 1932.98°  6.355 0.011

7-42 days of age 2614.22°  2688.52° 2667.10° 2701.82° 9.885 0.000
Feed in take; FI (¢/bird)

7 - 21 days of age 899.83 877.36 901.88  890.12  5.305 0.370

22 - 42 days of age 3163.28° 310053 3177.61° 3059.65° 18.473  0.062

7-42 days of age 4063.12°  3977.90°° 4079.50° 3949.77*° 20.184  0.037
Feed conversion ratio; FCR

7 - 21 days of age 1.23° 1.15° 1.18° 116> 0.010  0.005

22 - 42 days of age 1.68° 1.61%° 1.67™ 1.58°  0.013 0.017

7-42 days of age 1.55° 1.47° 1.52° 1.46°  0.010 0.003
Water consumption (L/bird)

7 - 21 days of age 1.86 1.82 1.89 1.88 0.012  0.195

22 - 42 days of age 6.41 6.42 6.43 6.36 0.016 0.577

7-42 days of age 8.27 8.24 8.32 8.25 0.020  0.516
Survival rate; SR (%)

7 - 21 days of age 96.25 98.75 100.00  100.00  0.721 0.217

22 - 42 days of age 86.66 95.00 95.00 9500 1547  0.132

7-42 days of age 90.50 96.50 97.00 97.00 1062  0.061
Production index; PI” 390.55°  448.96°  433.32°  459.19°  8.36 0.004

b ¢indicated the difference within a row was significant (P<0.01)

Final BW;(kg) X SR;(%)] X 100
Y Production index (PI) = { [Fina 8 6)] }

[Feeding period (42day of age) X FCR]

HARUAUY WA IMITINAUY AT SIERuLARdLY Table 2 w31 nnaudauLAnaeiuegslad
doddymaada (P>0.05) dntinidleduaansmnassedliiielunguilfansiaduluiduddunnndings
AN (P<0.01) fetfuidlonslafidinutwhudisaalansuas 36 v Tedmalildsunanouunugan
nguAIuAY (P<0.05) Faliinalulufimmadeafufununnassves slam & Nishibori (2017) fiwuin ngula
\flovug Cobb-500 Aldsumsiaiulamiiusiy waenguilldsumaadunsndunissmiulmiunu dudeny
1 - 35 Ju daalsilefunailsannsunelid@inmnnninguniun wazilolnseinamlsuaziedidusia
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flsnnmangladfininavandunuaems Aansiady uazAgnldlunimeaaeseded wud ngu vo
waz OA lasunarilsuazivesidudmlssonisamuuinniinguaiuay (P<0.05) @onAdedfusIBIUYeN
Ndelekwute et al,, (2015) finui1 maiasunsaduvddluthaulildidedus Abor acres aunseiiveny 56 Tu
dswalildsumarilsnnmaglddefTinunninguiilildiaiunsndunds (P<0.05) uenaini Ozsvari et
al. (2017) Sswuin matadulnnfunasuiswlunsidssdmalilidefsnsnismes fhwinddindeush
a9 Fovillssumanouunuinlsgeninnguitlsllaldansiasy

Table 2 Cost benefits of broiler on supplemented with various mixed additive in drinking water.
Items T1(CO) T2(0CA) T3(VM) T4(VO) SEM P-value
Selling prices of final weight (36 101.39%  104.01°  103.29°  104.54° 0.352  0.000
THB/kg)

Feed cost per gain; FCG" 63.95° 6261  64.21° 62.18" 0316  0.037
(THB/kg/bird)

Cost of feed additives; CFD 0.00° 1.33¢ 0.84° 1.17° 0133 0.000
(THB/bird)

Total FCG and CFD (THB/bird) 63.95 63.94 65.05 6336 0275 0.171
Returns from investment; 19.43° 2207  20.23% 23.18° 0494  0.011
RFI%(THB/bird)

Returns on investment; ROI” (%) 30.39  34.53°  31.13°  36.65° 0.893  0.022
YFCG = (FCR x WG x Feed cost)
ZReturns from investment (RFI) = [Selling prices of live chicken - (Total FCG and CFD + Price of live chick; 18 THB/chick)]
3Returns of investment; ROI (%) = [(RFI/ Total FCG and CFD) x 100]
ab.¢d indicated the difference within a row was significant (P<0.05).

HaRUANUATYINLATAMA LS

audnuarsinvedliiieannismeassuaniialy Table 3 wud nduildannasailnduuaznsn
suvddluihfufinauTunaesifuden Sudmen uazetorzaelu 1dud du vila fu nssiwizud way
Sldunnsnatunguauauegdlifidodfgmeada (P>0.05) aenndesiu Adil et al, (2010) fisrga1udn 1
deildsumaiaiunsndunidluemslinaosidusenn Au du wla liusnesfunduanugu (P>0.05)
Phoprasit et al. (2014) wuih Iiilefilesunsiadulmiiusauuasnsndunsdsaluhanlina esiusienn
wardudrumnlaiuandrstunduniuay (P>0.05) uslunisvaasnssinuin nu OA wag VO fiesifus
hwindhasnnniingduaaunu (P<0.05) wuienifu Ndelekwute et al., (2019) ldmenuin Tadlalldsuans
idunsnduvss fwesidusiuinihudesninauiiadunsnduvidluons dsudeinduetearlussuy
QRduiu (lymphoid organ) dsefenzifoiniuadesisdigunmuedldld wasiminvesiufifingud
Anuduius fuAanssunsnevaussvesgiduiufisgiamunluidufidulnsled (T-lymphocytes) Aald
(Martinez et al, 2021) U210l Lohaka et al,, (2005) Tidoyadn Ansiasunsadunililaideanansa
daaiunisihauvesifienlua lurleamn (hexose monophosphate pathway) fiduifisunisvsuiieu
vaniauiunieluien (circulating antibody) ansnsanseduliinisduaseiansgiiduiudnvatevia
19U Interleukin-2, CD4, CD8, natural killer (NK) cells, TCR-Il lymphocytes wag B cells T#in1s
PAUAUDIRDLOURMLIUIINATBUDN (exogenous antigen) ﬁLsﬁ’ngi'Nmaié'asmmﬁa (Khan & Igbal, 2016)
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Table 3 Carcass traits and retail cuts of broiler on supplemented with various mixed additive in

drinking water.

ltems T1(CO) T2(0OA) T3 (VM) T4 (VO) SEM P-value
Live weight (¢/head) 2531.68  2569.16  2579.16  2557.50  21.334 0.899
Dressing (g 100g™ BW) 76.06 77.18 76.69 76.90 0330  0.714
Retail meat cuts (g 100g™ BW)
Wing 9.46 9.72 9.54 9.80 0.090 0.571
Drumstick 13.56 13.34 13.80 13.25 0.123 0.424
Thigh 17.17 16.39 17.31 17.10 0.258 0.638
Pectoralis major 29.64 30.30 29.82 29.72 0.341 0.925
Pectoralis minor 5.56 5.57 5.53 5.58 0.079 0.998
Neck and head 5.46 5.48 5.28 5.25 0.156 0.946
Feet and shank 3.55 3.44 3.49 3.59 0.055 0.798
Liver 1.83 1.88 177 1.81 0.032 0.709
Spleen 0.12° 0.25° 1.99% 0.21° 0.017  0.039
Heart 0.49 0.43 0.44 0.47 0.011 0.173
Gizzard and proventriculus 2.32 2.09 2.26 2.10 0.054 0.366
Intestine 3.04 2.58 2.76 2.92 0.072 0.121
Skeleton bone 22.23 24.37 23.45 23.44 0.502 0.560
PHas min. 6.47 6.45 6.48 6.42 0.016  0.683
PHag e 6.03 6.11 6.12 6.09 0025  0.651
Water Holding Capacity; WHC (%)
Drip loss (DL) 491 4.42 4.60 4.95 0.208 0.795
Grilling loss (GL) 25.78 22.79 2541 22.96 0.655 0.233
Thawing loss (TL) 3.30 3.69 3.81 3.32 0.281 0.903
Boiling loss (BL) 17.40 16.81 16.16 17.03 0.298 0.540
Total loss” 20.71 20.50 19.97 20.36 0.407 0.942

@ bindicated the difference within a row was significant (P<0.05)
YThawing loss and Boiling loss.

nsfnwmaduamnmiovedliannismaass wuih pH udsih envesiduinisgapdeiilums
usnw nisazaneiuds warainmsvsznevewnsvemnngumeaesldfiauuananeiunsadia (P>0.05)
wansnalufieniadiedtu Neuyen & Kim (2020) fiwuin nsiasunsndunseisesu 0.25, 0.5, 0.75 uaz 1
n¥u/nn.01ms Ifuae pH dnwagdvonds anuanunsalunisduimendeliunnsisannguaua
(P>0.05) Fslinansadnuiu Phoprasit et al. (2014) fiwuin msaSulmfiusay warlmnduswsusiuns
unsadursliitulridodusiony 1 - 42 Yu dwalgndeilufvinuininguilaildfumaity Vel
pralesnnszeznamsdalusunsunisldaaasyhonfiuny uasnsadunislulid elunamasosedsild
sppaIdu (01 7 - 35 Tu) wiinsshiilednwamnmennileny 42 fuSeiliuinaveansadundd way
Lanfufisenengldsuiinsavadludodousinuaniiosas Tedmaliamnmidondusinliuandsiungs
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AUAN drunansisziileduda (TPA) Aussdneuile Arruuds Aanuansadanguveile veq
ynngulainnuwaneaiun1eeds (P>0.05) (wandlu Table 3 & 4)

Table 4 Meat quality of broilers on supplemented with various mixed additive in drinking water.

Items T1(CO) T2(0A) T3(VM) T4 (VO) SEM  P-value
Textural profile analysis test
WB Shear force (g) 2693.49 2526.43 2688.53 2536.48 103.02 0.909
Hardness (g) 7711.98 5376.94 7198.85 6104.60 462.51 0.283
Springiness (ratio) 0.42 0.38 0.40 0.39 0.008 0.525
Cohesiveness (ratio) 0.31 0.33 0.32 0.30 0.009 0.736
Gumminess (g) 2409.73 1778.37 2329.77 1791.60 152.437 0.307
Chewiness (g mm) 978.07 655.58 961.86 678.92 71.352 0.214

naUsungauvsdluldny

lidelasuanasuluhiuivinauuaiiFouanin (Lactic acid bacteria) Tuldfugsniings
AIUAY (P<0.01) @BARRBIAUNTINBIUTDI Nosrati et al. (2017) Ainudn ladildsunsiadulamiiug (0.1
n¥u/ans) wazlnfldunaiaiunsndunie butyric acd (5 39/an9) dewalifiuiunauuaiiTouaninngy
Lactobacilli fUFuasgeninnguiilildfuasiaiu (P<0.05) nsuvafiouanindnindugdunislusluledn
(probiotic) luszuumadueims Fadugaunidifinuddysonsiannglifuiutarduaduguninuedla
(Fajardo et al., 2012) wauSu1al Total bacteria Wag Enz‘erococcus1um’1m®aam%‘§1ﬂLLmﬂﬁfNﬁ"Uﬂzjm
AuA (P>0.05) ustegndlsfinunauiinadunidd £ collunguilldansiaiunsadunidluthiuiiswiutios
ndnguaruay (P<0.01) Wualulufimmaieaty Hassan et al. (2010) fiwudn nisiasunsadundslilade
U310 0.06 wag 0.1 Wosldud dawaliuTuna £ colludldanasniinguitldenufTaug Enramycin 0.02
Wesidus wazngueaunu (P<0.01) wazn 13@N®1Vas Nosrati et al. (2017) §a51891u31 nsiadulinidug
wasasunsAdunad butyric acid ludhaulavildusmawuaiite £ ol vinadldidndudansiisiuiy
founinguenuau (P<0.05) Meiidasunnmaiiuuiuunsaduvadliiulady fusslevideussansnm
MsWanLayaTIand uILLUATERelIA (pathogenic bacteria) (Khan & Igbal, 2016)

Table 5 Caecal bacteria counts of broiler on supplemented with various mixed additive in drinking

Water.
ltems T1(CO) T2(0CA) T3(VM) T4(VO) SEM P-value
Caecal microbiota type
Lactic acid bacteria (Log CFU/g) 8.42° 8.83" 8.82° 8.96°  0.064  0.001
Escherichia coli(Log CFU/g) 6.66" 6.19° 6.31° 6.07° 0.073  0.009
Enterococcus (Log CFU/g) a.77 4.50 4.52 4.56 0.119  0.878
Total Bacteria (Log CFU/¢) 9.47 9.27 9.23 9.29 0.046 0305

2 Pindicated the difference within a row was significant (P<0.01).
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=
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msdrsadBinaasandslulasyusuaauslasiludevnawauunly
(Litopenaeus vannamei) mnﬂmﬂaﬂwuvmsﬂmwumuﬂi
Surveillance of Nitrofuran Metabolite Residue in
Pacific White Shrimp (Litopenaeus vannamei) at Local Market in Bangkok

iy wiNyadial ey Junlseiass! Tasen iafiyad! uay ofes e 3Tt
Nutchamon Wangwibulkit!, Aphacha Jindaprasert?, Soraya Kerdpiboon? and Adison Swetwiwathana!”

unAnge

nsfnykarATITATIEiUsIaE sandAslulasusunualarlufawriauunly ( (Litopenaeus
vannamei) naanaatuiufingarmauas S1uau 5 wis Tasdsauasiudiegiadaunvuatmdn
9.20+0.79 §is 31.00+0.67 n3u thimegruimziivinalulasyusulugyvesumuelariviin 3-amino-2-
oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone (AMOZ), 1-aminohydantoin (AHD)
WAy semicarbazide (SEM) #3838 LC-MS/MS Han1sitasiginuansiulasiusuunivelaianizyin SEM
USinausening 0.104-0.160 lulasn3usienlaniu rrduussavsanduiuduesvunadsuniuliunn SEM 3
dunsemaau (r = 0.6867) Tnefuualumuansandns SEM Tufsumauslugjtosnindsmuuaidn dedy
vadarnaunsoldfuisddinlunsidentedaniiiensuilnafifinnuvae adeanarsmndg Tulasy
wsumsuslalaeidentamifiiiiunlngeziinasnssanasanidlulasyusumausla unndds
YIIVUIAAN
Adaey: Tulasusunivelast feuawiuuly nsamnumiuas

Abstract

The study aimed to analyze nitrofuran metabolite residues in Pacific white shrimp
(Litopenaeus vannamei) from the 5 local markets in Bangkok. The samples weighing from 9.20+0.79
to 31.00+0.67 g were analyzed for nitrofuran metabolites: 3-amino-2-oxazolidinone (AOZ), 3-amino-5-
morpholinomethyl-2-oxazolidinone (AMOZ), 1-aminohydantoin (AHD) and semicarbazide (SEM) by
using LC-MS/MS technique. The results showed that only SEM in the range 0.104-0.160 ug/kg was
found. The correlation coefficient between weight and SEM showed the negative linearity (r = -0.6867).
It was found that there were less SEM residues in large shrimps than small shrimps. Therefore, the
size of white shrimp can be used as an index for purchasing shrimp that are safe for consumers.

Keywords: nitrofuran metabolite, Pacific white shrimp, Litopenaeus vannamei, Bangkok
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AL

Aavmauwauunly (Litopenaeus vannamei) videlasitaluidenduin “favn” WWudaiifiddey m
\swgiavesUsemelng esniduduidseenuazaianeldyadgsliiulszima 1l 2563 Tsununis
d9m0n 114,398.93 fu yaA1 34,096.17 A1UUI™ Ay 76.53% way 76.68% ¥99USU0 LAY AAINIS
dsondmgiavanun naiadseaniidndny Tiun ansgeiuinn 35.41% Guu 22.25% Fu 13.54% invald
5.42% uazUspinadue 23.38% lnsnanandsunannisidssuuimulud 2563 dnandn 245,644.08 fu
(Department of Fisheries [DoF], 2021; Sritrakul & Lungkapon, 2021) ﬁyuﬁLé‘ymfﬁ:wnmadwa@uﬁyuﬁ
TndiAeansammamuas 1wy finazidans aymsusns unsUgy uazagmsanas Wunsassdwniuuy
fimnlneudestuuumuiuiy uazdintsdanissruumaidesdid (DoF, 2021) wifidadevaneusznsiiiu
anveyliAndymseninenndes wu Asfuie ewnsfudonnde aunimiilimnzausofafidedy
U naonunTsiUdsuutas vesggniarilviisdeune uasiinlsadieq Insiangnmsfadouuaiieds
wnwnsnsunUamlaenis Tdenufuaue 1wu amoxicillin, ampicillin, ceftriaxone, ciprofloxacin, colistin wag
oxytetracycline i afinsldusunaimnnyilfiinnisi oen (Wiriyaakaradecha et al,, 2020) §eilnnstien
UFTug Tungululaswususnlduitgmviliinsmsanuarsandsludmdansdu dsansngululasyusu
\Juansnousids (carcinogen) uagansnenaneiug (mutagen) Uszinalnglfifinnousufugngui
ponanneldoumsue i @ usudnd Wiaudidt wasdundnoinsdnd i G 1unay
Tulasyusuluomsdninnsianiutseniansznirsaisisady aduil 151 uenaindannnglsy
ansgolsng u,a35mﬂma‘uﬁsLmﬂlﬁaaﬂﬂg‘wmsJﬁmi%snﬂﬁ%umfjuluIm@LLiﬂJI’LJ@Wﬁé’@iﬁL?T&JQ ilon1s
uslnAvauyed (Fernando et al.,, 2017)

lulnswusu (nitrofurans) usUiTusdanseiignilunissndeuueiifelflumssne ua
doafulsafadelunaimzidssdnfiuasuadnd sanguil 18ud furazolidone (FZD) furaltadone (FTD)
nitrofurantoin (NFT) kag nitrofurazone (NFZ) uaunisiusueddaludnd asideudu aswmuelasidu
e elusiulduunaisdani sldaunsonsaaeusinguilusUansunivelayt fud 3-amino-2-
oxazolidinone (AOZ) 3-amino-5-morpholinomethyl-2-oxazolidinone (AMOZ) 1-aminohydantoin (AHD)
uay semicarbazide (SEM) awandu (Figure 1) matinsiesilulnsyusuanivelan luiednidaeds L
MS/MS (Liquid Chromatography-Mass Spectrometer/Mass Spectrometer) Wudgnsfiteuldiilesnnnd
ﬂ’JWiJLLJJuETWLLazLﬁENMSJQQ (Chu & Lopez, 2005; Chumanee et al., 2009; An et al., 2012; Elizabeta et al.,
2012; Payanan & Kaewklapanyacharoen, 2015; Veach et al., 2015; Fernando et al., 2017) Tagyinnsann
fegs Wiusgvsuarldanmizues LC uanssfundnnisadnfoaaneiiuszvedlulnsyususmuslayifiduiy
sy (protein-bound metabolites) Ieglugudasenlsnsa (hydrolysis) Lﬂﬁauiuimwwummuaiaﬁ
(total nitrofuran metabolites: free and proein-bound metabolites) L‘ﬁlumiaqﬁuﬁ‘mm nitrophenyl (NP)
TaavUfA5e1aunus (derivatisation) iy 2-nitrobenzaldehyde (2-NBA) Us'u pH w10 unans
(neutralisation) @n alenans (liquid-liquid extraction) A 18 ethyl acetate 1l uw sua 1azarelu
fhazanthluienyiviinauazsiaasmeeios LC-MS/MS
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Nitrofurazone Hydrolysed marker residue Derivative for LC-MS/MS
Furazolidone 3-amino-oxazolidinone (AOZ) NPAOZ
@ & o
D ~ Q\,\A
/ L (W

3-amino-5-morpholino-methyl-2-
Furaltadone NPAMOZ
oxazolidinone (AMOZ)

»OVJ\ S A v m @\‘“‘\)—Lm

A —/
Nitrofurantoin 1-aminchydantoin (AHD) NPAHD

M@vdk( & QJV)L

° o

Nitrofurazone semicarbazide (SEM) NPSEM

O o QEVHJL%

Figure 1 Structures of nitrofurans, theirmarker metabolitesand nitrophenyl derivatives.
" dalUasan Points et al. (2015)

v
§ o aa

Hagtunandntsndeoninmsdanislilfnnsgiunsufoimamamizsidssdn i (Good
Aquaculture Practice, GAP) waza1msgusinsus (Code of Conduct, CoC) vt alotlinandnsu1d 714
AunmuazdiauUasnfeaunaspuiitmualaenssuIunsHanivasasoserdranuaziuslan lnslame
m'ﬂsu”sml,t,a arsiadlusena19n19m118 b9 waznisnsraaovatsanad1slud udn
o ibmdamstu (DoF, 2021) elildunmsgiunisdsoonmuanudesnisvesssmadiute nandnds
muuﬂwmmmsmsﬂuﬁiwmmmﬁmamﬂmﬂWﬁ;fEmstﬁﬂ,mmmimaaaammmwmuumimmmsn
UfTuzandndlundndusidn i daruduiufofusuamiudaonsovomansusidnii esmnuisads
Tumsfifinisdssdauuiauninsldejinefoutdymilsaiiinnnuuedioudliamsas nuds
1l duundle inumsnsdsdndudesduienoumnusrilierafiansandie nenujTusuazdaawndn
lailfnnsgudweenililiaunsosmheduduidoonts danfu lunsinwealifagusvasdiiiodng
Famanmananlufiufingunwe uazihuanaienesivioa s1fiugulpmusuiinnddude:
yurneneg Tnediasgsilulasmusulusuvesunivelaidieiai os LC-MS/MS wazideyauniiasies
dudsyAvBanduiusvesimindsnnn futiinamsandrs lulasusudoduuumdunsldouadan
Hudaiflunadentofaniidmhelunaaanlsiianulaonseanarsmndslulpsyusuanuelas

ABnsfn
1. m3drsauaziiuilegefiarnawaunla
ﬁ'ﬁmLLast‘iuéTaaa'Nﬁwnmﬂmmmaﬂiuﬁuﬁﬂ;ﬂmwmmum A, B, C, Duaz E sunafiud ves
nsawne aglnddmiafifinsidsefann wu fufl A eglnddminaziBansuazaymsunmsiui D eglnd
ﬁmimumﬂgmLLazawimmLLaxﬁuﬁ E aglnddminaynsusinis (Figure 2) lagn15d157a uazasuniy
uwasfisnvesnandndsnfitandmiigludafouunsau-fluia 2565 wiagiuiiAugiogne dmdn
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9.20+0.79 14 31.00+0.67 N3y 41w 4 feee 3 91 g vtdnAuwug Jufindeya
WAZUMASTINIYBINNUT?

Pathum Thani

; 4 Chachoengsao
Nakhon Pathom S0 AR N AN

B

Figure 2 The sampling areas: A, B, C, D and E of local market in Bangkok.

2.msdwszivsnnalulasusumnivelaiandelufeuauauunly

wiueeetnlnednehanuazeindeiszun Yendenthdmeadedsliiiosndt 300
n3u tndulidudodertuioniodunanomns wsfuinwmeslududulaguugilignii -18
osrniwaldua neunTisesidedisnazaefigamgiivies uazvinnsiinsizsinnely 24 $lu

WS uuaITazaly 50 mM 2-nitrobenzaldehyde (2-NBA), 0.1 M di-potassium hydrogen
orthophosphate, 0.5 mM ammonium acetate (CH;COONH,), mobile phase A (ammonium
acetate:methanol 8 M 514 11 4:1), methanol:deionized water & #51& 71 1:1 tha s mobile phase B
(methanol)

W3EUA1TALAI8UINIFIY stock standard solution AOZ, AMOZ, AHD wag SEM Anuaudy 1,000
lulasnsunedaddns, working mixed standard solution AOZ ag AMOZ Autudu 1 lulasnsuse
Ta3ams AHD way SEM anutudy 1 lulasnsusediadans wag AOZ, AMOZ, AHD, SEM @n3litudy 10 wn
Tunsusieliadans

W3BufiaE19mAaBY total residue FefavE 137 uALED 1.000£0.020 n$u Talunasawaiadine
1ndenviin polypropylene wu1a 50 3addns LA deionized water 4 fiaddns wiu 1 M hydrochloric acid
500 lulas@ns Lin 50 mM 2-NBA 150 lulasdns uasansuinsgiu working mixed internal standard 10 w1
Tunusefiaddns 100 lulasdns dilutunaudrfuseindesiufodne udaniluualu water bath aaugy
g vl 37:2 ssmneaidoa 1Tuna 16:2 ¥alus ndennduAnaisazats 0.1 M di-potassium
hydrogenphosphate 5 fiad@ns waza15azay 1 M sodium hydroxide 400 lulasans wauliidriunaey
w3 panAna s ATz 30 3uT TRen pH Aaensyawia pH Tl pH Usvanas 7 * Wi ethyl acetate
U310 5 188803 waznduansavaleiiesns lunaealuundieiestsdiquszana 1 widl drlvnies
ANALNEUMBLASB UM BeTiAIE 2,000 souseuTiunan 15 uiidneduaisazans ethyl acetate aslu
MADANIAABY VLA 20x150 HadnsndinturiduneudilagSuinaisarany ethyl acetate a1y * 8n
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as thansazane Tussmeliwiangliufalulanauiigumgll 5045 ssmwaifea Wnasavaenanszning
methanol:deionized water Tusmsndau 1:1 $1uw 400 lulasdns ludeene Akunis seweuiaudanily
el fusenIsmanarsiafivansavaresegaly microcentrifuge tube w1 0.5 Jadans
Pl smnagnaudiewe’ sunisafiamsiseu 8,500 seusewiiiduian 10 wift wdnhansazans
Fro8190n58388 nylon fitter vua 0.2 Tulasiuns aslu vial n59¥adeLa3es LC-MS/MS @n1azin3as
HPLC (column:atlantis C18, 5 lulasiuns, 2.1 x 150 Aadwuns, flow rate:0.20 HadanSAOUIT run time: 16
U7 inject volume:20 lulasdns solvent temperature 30 o4ALEaLT 8@ mobile phase A:ammonium
acetate 50 mM, mobile phase B:methanol)

N13ATVANANAINNITNAGDU: LATBUAIBET reagent blank Ingivasanaiafiniundelviin
polypropylene au1a 50 dadans Inuldldfegamageou ﬁﬂ‘u%lmwﬁmu%’jumaumimaauiugﬂ total
residue

3w fortified sample titem %recovery Famiinogaiiuauda 1.000£0.020 ndu lalunaen
wanaRndwndeawuin 50 $adans Sauau 3 aendetviaenil 2 war 3 Jin working mixed standard
solution AOZ, AMOZ 6 unlunsusedaddns way AHD, SEM 20 unlunsusedaddns 50 lulasans aslu
waeana1afndaiiegsariiaududu A0Z, AMOZ 0.3 unlunsusedadans wazanandudu AHD, SEM
1.00 ng/ml 1@y deionized water 4 daddns LA 1 M hydrochloric acid 500 Tulasans LA 2-NBA 150
lulps@ns a15u193571 working mixed internal standard 10 wilunsusiasiadans 100 lulasdns wazviily
nanlidfusiewdes homogenizer
ilUAasesimutunounismagoulugy total residue

W3suiegmageug (duplicate) Tngldnannn fortified sample 1nFuaniAn %RPD (Relative
percent difference)

WLLasaYa1NIATIL Lo calibration curve Tugu total residue m?aumsazmammgmﬁy’q
4 wilafieududu 0.0, 0.1, 0.25, 0.50, 1.0 uaz 2.0 wilundusefiadans IneThun working mixed standard
solution AOZ, AMOZ, AHD, SEM 10 unlunsusafiaddans 97uau 0, 10, 25, 50, 100 uaz 200 lulasdns
AINAIAU LAY deionized water 4 §addns LAY 1 M hydrochloric acid 9113 500 lulasans L@y O-NBA
T1uau 150 lulasdnsuagi@u working mixed internal standard 10 unlunsusedaddans 91u2u 100
lulashng thlunaulaglfirdongninluiinmsinusunounismaaeulusy total residue

Fumeunshnsziaaenses LC/MS/MS 51 The Waters 2695 Separations Module N15na#eu
AUEINITVBITEUU (system suitability) laevinn1saa working standard solutions 0.0, 0.10, 0.25, 0.50,
1.00 war 2.00 wilundusefiadans mnaudududoslumuinegieas 1 ase iileade catibration
standard curvellaz@n reagent blank V]ﬂﬂ%y’d Na9INEAIN calibration curve lagan reagent blank siodiioy
N1 LOD vNn1sanasaraiuiiog19uazfA19813 QC Lagan working standard solutions 0.0, 0.10, 0.25,
0.50, 1.00 wa 2.00 wilunfusefiadans Snass anarududutioslununnegnias 1 At Ssn1seuau
Aanmnsageuliiluluanunueian r>0.995 A %recovery aglugia 50-120% A
%RPD<10%
3.m5Aszidaya

ihdeyatmindsrnanaainaniudinganme fuuiuaasmndrdlulnsyusummuelad i
Aips1zin1ad RAmduysEans anduiusuuuiiiesdu (Pearson correlation coefficients) WiLdunwanIg
dmumslirefanfuiadivlunsdendeduniivaeadoanmanndng
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Nan1sAnYILaIRNTal

1. uadranssiuiiegndauniuiuuluaneainaaiuiinganmamiuas

wan1sdTLazLufiegatsunanaarnanluiiufingunwamuas A, B, C, D uag E 49 DoF
(2021) 1e91uitlud w.a. 2563 SrTnasiBanadnandndn 23,830 du (ndiuil A) Sminagnsanass
wanAnfse 11,724 du (Indiiuil D) werdminaunsusnistinandngsn 8,690 du (ndiuil £) awwiuld
itufisouuTunganme Snandadarmuiinasnniiddusmitedunds aarmnateds wasursdiuddly
Smhedmananluiiuiingunmafleglndwsulasnssmaninmdinanasifuiegisdmmiuineg
vwafiunndnafulasdiweindaus 9.00+0.67 f9 31.0040.67 nfu (Table 1) wuinfawn fandmiely
pananiiufl B, C uar E Sufenanaaiananidiuluiiui A fufotsnmnanvhdudes uasiiud D $u

[

FowmnIIsuiaes wazaa1nnandds nnsdsasudmuingiegesuadn sSudedawniain
iundmhelusiinadesuwaslvinaliidenteliunn diugisedesniisuavuinlvg Sutefwian
aaananannTvtgluUTnasnuaivuaalidengeunndt win1ssugenivnd nNeaInnalaty

Tanunsansuuvasiisnfindueuld Weswnidunssivsuwandnanrisuisuinansiiud

2. uamanzivsinalulasyusuunvalaandisludeviowauuly

ezl wazUSualulasnusuaavelaianAidduianninieds LCMS/MS lagdasien
a15.un1uslavivila 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone
(AMOZ), 1-aminohydantoin (AHD) was semicarbazide (SEM) #a81a3 8931A518% LC-MS/MS 4240715
Aaseid 0.0-2.0 lulasndusodlaniu nsmuauamnmnismaaeuduluauinme Tnsdadudseans
anduIuS (correlation coefficient) Wuldunsailan r =0.9992-0.9999 (Figure 3) A1ausiugilA %recovery
- 93.89-116.88% 1 %RPD = 0.5-4.0 MnHanTIAsesilulnsyusumnuslast andnalusegiafauniiidu
wanaananiuiingarwa laiwululasyususnivelas AOZ, AMOZ uag AHD usinulugy SEM Usua
0.104-0.160 Tulasnsusedlandy (Table 1, Figure 4) aflUsunausninnnd ifvuamudsenadtingu
AMIZNTIUNNTOMNTHarenTinvualidusunaans SEM deenia 1.0 Tulasnsusiedlansy (Food and Drug
Administration, 2006)

Table 1 The results of nitrofuran metabolites (ug/kg) in each sampling areas.

Sampling areas Shrimp weight (g) Sources SEM (ug/kg)
A Shrimp farm ND
28.10+0.74 Shrimp farm ND
21.00+0.82 Shrimp farm ND
15.70+0.67 Shrimp farm 0.104+0.003
9.20+0.79
B Central market ND
30.80+0.63 Central market ND
27.80+0.79 Central market ND
19.90+0.88 Central market 0.159+0.009
9.60+0.52
@ Central market ND

31.00+0.67 Central market ND
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27.40+0.52 Central market ND
19.60+1.26 Central market 0.157+0.006

9.80+0.63
D Shrimp farm 0.113+0.100
30.5040.71 Shrimp farm 0.142+0.006
20.00+0.82 Central market 0.117+0.004
12.70+0.82 Central market 0.160+0.004
9.40+0.52
E Central market ND
30.60+0.84 Central market ND
22.20+0.79 Central market ND
17.10+0.88 Central market 0.104+0.004
9.00+0.67
Remark: ND = Not detected, N = 3 samples.
oo cosfiont 12054950, 120986184
Reepanse e el G Rt v+ (19 Cone 6 )
Cune e Linat o1 Incuge, waghing.ul A bane hona
. L us
) 050
B S T P P P e S P PP ol

Figure 3 Linear regression curve of the SEM standard.
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Figure 4 Chromatograms of SEM in shrimp.

3. AT duussAns anduwus vasvunadmdndswrauauuiluduusuimasandnclulas
Wusuwanuala
KaMIIATERdUss A andiiudvesimiingewduuTinalulnsyusuanivelad SEM wutd
A1 1 = -0.6878 HAuduiusiadunsmsauegrsliteddny (P<0.05) lnafswmvuinlg Fisdhminunwu
lulnsyusummuslavianésdosniifauadnidimindos (Figure 5) uagna n1snsradinszsilulasy
wsuavalanianddlufenuindiuuna SEM aglugis 0.104-0.160 lulasniusieflansy (Table 1)

0.180
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$ S0

0.140 .
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0.100 S
y = -0.0054x + 0.1465

R? = 0.473

0.080

SEM (ug/kg)

0.060 r=-0.6878
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0.000
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

weight (g)

Figure 5 The correlation coefficient between weight (g) and SEM (ug/kg) in shrimp.

ihfoyatwiindsafemaain Table 1 indnutisfenuuinmag lasuwadudntn fewaun
1&n 9-15 N3 YUIANANS 16-23 N3N wavauIalug 24-32 n3u AwaUasiFudianiiny Tulaswusume
vslavimuinfarnvuadnasenululasyusumenuslad 100 wWesiud Tuvasd fewwianans wagauia
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Table 2 Percentage of SEM found Shrimp.
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Development of Creative Products for Strengthening the Community Economy
through Products from Vetiver Grass Mixed Reed Fiber

in Udon Thani Province
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Abstract
The purposes of this research were to 1) study the local wisdom of Khon Sai community in
the production of reed products and exploring the capacity of production vetiver grass in Udon
Thani province, 2) study for developing creative products made from vetiver grass leaves together
with reeds, used of appropriate local natural dyes for manufacturing products in accordance with
the market supply, and 3) assess the opinions on designed and developed products made of reed
and vetiver grass leaves that can be used as a lesson learned for build a strong community in the

future. The methodology of this study was a qualitative research method that consists of 4 steps: 1)
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collecting original local wisdom data by in-depth interviews and focus group discussions of 10
representatives from a community enterprise group, and by interviews of 30 consumers, 2) using the
collected data to design and create a prototype, 3) evaluating products prototype by 2 experts and
assessing the satisfaction on the prototype by 8 consumers 4) summarizing data analysis and
synthesis. The results of this study found that there is the weaving of reed mats according to the local
original wisdom in Khon Sai community. The most purchasing handicraft product by consumers was
the mats (66.67 per cent) with the aim of utilizing in their families. The preferable product color of
consumers was natural dyes. The researcher developed a handicraft products made from vetiver grass
together with reeds, dyeing the natural color from vetiver roots and leaves. In this regard, it was used
natural dyed reed and vetiver for weaving mats, and it was applied for designing and processing into
2 handbags prior to assessing such product by experts and consumers. According to evaluation, it was
found that the product was beautiful, value-added, and applicable, resulting in a variety of products
in the market and also reflects that reed and vetiver grass can be applied for maximum benefit and
value addition creation in a concrete manner.

Keywords: creative products, strengthening the economy of community, products from vetiver grass
mixed with reed fibers
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Figure 1 This research conceptual framework.
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Figure 2 Map showing research areas and vetiver grass growing areas close to Ban Konsai

Source: Adapt from Information Center, Land Development Department (2020).
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Table 1 Consumer opinions on this products from reed fiber.

Product reviews and suggestions Average (E) Meaning
1. Patterns variety 4.13 Good
2. Colors should emphasize use 4.37 Excellent

natural colors

3. Strength and durability 3.77 Good
4. To be more unigue in the local area 4.27 Excellent
5. Cheaper price 3.8 Good
6. Product types to be more diverse 4.47 Excellent
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Figure 3 The pattern of the woven mats mixed with reeds and vetivers fiber.
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st @enaunn W danuaisany mstdies nauiniiiesTagetlunsedt seidusowaanstusas
JulymdrdguesinnssidTansssuwd Wusu (Table 2)

Table 2 Consumer opinions on creative products, mixed woven from vetiver fiber

reeds fiber bags.

Product reviews Content

1.Beauty of bags It is beautiful and the color match very well between natural color.

reed and reed fiber color dyeing from root vetiver.

2. Bags Shape It is beautiful, modern, and can add values from this shape.

3. Prouducts Good for use, wide and large, can be used very well

utilization

4. Bag sewing It had good sewing, neat, but there are some parts, especially the corners

that need to be careful, are not complete.

5. Suggestions 1. Should use only one type of raw material such as using only vetiver.
from Consumers 2. Should have anti-fungal agents that may be caused by moisture from
air.

3. Should use genuine leather for add value and make look expensive
product.
Should make many styles and variety of products.

Should use variety of colours in prouducts.
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Genetic Purity Test of Thai Hom Mali Rice Using SSR Molecular Markers
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Frmeunzdlnoduinilisunseensulusuaunminduinsdundiflonvemaialan n1sildn
wugsu 9 Vuludrmenugdiduligmadalssmaniaivilfnunmvesinvesssalneanas ile¥nwany
feuvestnillpeiitmnefinaiauu ddnupsgududinunsuazomauisnaldimuninnsgudiivey
uzdlngdesiitrvennzalnglitosnin 02% lunisteiuldunsgni fnmsl#ismsnssaounsvaeuuu
yostrmaeBudliausansanuinduldiogiauiug ogslsfnuileldiBnimsa DNA vesinaldiums
figaiudrhannsansaaountsUasuduesdnld dafuuddeilimadadentnamwes SR S 5 ¢
1#ur RM213, RM336, RM337, RM474 waz BV21014 deannsaldlunisnsisnrmuianimatugnisaimes
frveunrdlng uenaniléwanniBnisain DNA vesudadnetnsiefeasazans NaOH anududu 0.1
a3 lunaealulasidudihinesaien nan1snageunufuwedaunmaiiesedmiunsiiasizinig
38 PCR wonaniifinisAnwuuaietnefivanyan TlunsduamaudaUuiisssuenimdesiu 95%
fndhdny: drameunalne nisuasuuu Twswed SSR avasaeumLUTaVENSLsNTTY WinUy

Abstract

Thai Hom Mali Rice (THMR) is recognized for its premium quality in the global market. One of
the significant problems of a decrease in the quality of THMR is an admixture of other rice varieties.
To maintain the popularity of such rice by targeting the upper market, The Nation Bureau of
Agricultural Commodity and Food Standards issued Thai Hom Mali Rice standards stating that must
be Thai Hom Mali Rice not less than 92%. Several methods have been employed to enforce this
standard and showed less possibility of detecting adulterants. However, DNA-based methods have
been proven to purge the adulteration problem. This research reports that 5 SSR primers, RM213,
RM336, RM337, RM474, and BV210145, were selected for genetic purity test in THMR. In addition, a
simplified rice grain DNA extraction protocol by 0.1M NaOH solution in a single microcentrifuge tube.
It was found that there was good DNA that was enough PCR analysis. Furthermore, the appropriate
sample size for mixing seeds detection was evaluated at a confidence interval level of 95 percent.

Keywords: Thai Hom Mali Rice, adulteration, SSR primers, genetic purity test, mixed seed
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msafienswenuiinantu iz liuddundadnazanely NaoH safuddosuiuany
Hunsa-adlsfiadunans udwnuiinuasaranefiduefivnzanlunsviiisen PCR Tnsthansazaned
Wueflarinldanvasaiiddriugideatudiuon 2 wie Tuiuiazen PCR felnses RM213 dauuszney
Y9UfAsen PCR viaufediuisnisunedu uAUSUUSINAsansaraneEue s dunsifiudsus 0.2, 0.4,
0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 waz 2.0 llasans nelusunsumsvieuweaaies PCR darenufindran
190U mﬂfumiaaaauwamamawﬁﬁ%m PCR TRgMSLONUUINYBIAOUEUY agarose gel AMULTLTU 3%
FondemsazaneMiueiliuavvesmandnuiiten PCR ufigaiiethlulilunimmeaessioly

vuIAFIaEne (sample size)fifinanannugniaslunisasiasouaruuiguivosiugdng

NaN1IMTIREEUALIUIETEvesiugdnanslaedomneluiana SSR Idnmsieneifiegs
4471529 (Submitted sample) TngAduAaTRLAA DY (error) 1'7fLﬁﬂﬁguawﬁmqummnmumsuaaﬁaasmm%
nradesiiuluvianisiiaszsizuuvuresuaviidueluiosujofinisiiaanunainiadon faiuisld
ﬁwmiﬁﬂmL‘%@qmuWQmaaﬂﬂiduﬁaaﬂwa (Sample size) AiflwEaUusziUfg o fudeiinisuuudadid
ftusuazdruuusnanaiuadly Taeifisnsdedl
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YuIAvaIMIFufeEsiitiuAaduszaudng

wissndEsuguIRenuEd 105 AunmAnfilay gy 1 Alandi 319w 5 99 vimsudstniudas
neoenulasnisfaiwiinlile 8% (8 n¥u) 20% (20 n¥u) 30% (30 N34) 40% (40 N3w) WAy 50% (50 n3w)
pudy Mntuiaiiudedniidesnunlugendisienendyduiiodusunuresnguiniuu Adfuds
afnudldndudluvutudnurluguiuillduensenut vhmsduiiogsdnadas 2 n¥u (100+2 wén)
uay 4 n3u (20042 Win) Nndnuazgunasetuiuusiaimiidihsivuaduiifugs nnaddity
winafalivinnsmudaiiduoonin nduadlulugainauiu (sampling with replacement) udangniadinou
nsduafesely Tnedaudazguiinisdusiuiu 100 ads edumdadiidiasiivuady maduiogausias
afsl433 Quartering method desimuUasnann ISO/FDIS 6498:1998 waz Apanich (2004) Sufinnanisifu
wiandradudihwesmsuulutnusazgeannisguadedn 2 ndi (1002 win) uaz 4 Afi (2002 i)
uwamawuuwﬂlmmiwmmammﬁmimnaamwaiimmwammmaa mmmwmwummmu ANga-6in
uazATIIANLdesiu 95% wavaliAensdaiuu One Sample t-test finandesiu 95%

HaN1SANYILAZIANTAl
nsfaienlwswesiialdnsaseuarmiquivasiugdng
wanmsdadoninaiweslun1siiufiten PR dwmfunsiasoumiuuiqrisvesiusind i 15
s Tneldinseamneluanavin SSR $11u 60 4 wuirawnsadnidenlwsiwesls 5 giiussansamlunis
LLEmmmLmﬂ@mmaﬂﬁuﬁfﬂnﬂ;ﬂﬁiﬁm RM213, RM336, RM337, RM474 wag BV210145 aneuludvadinsiuas
il wamdlu Table 1 Tnefilnswesynianssouiseanidu 2 nau Ao nquil 1 Inswesliuoufdueviosada
fiduendnualanzvesiugied

Table 1 The sequences of SSR primers were selected for adulteration detection in Thai Hom Mali

Rice.
N Forward primer sequence Reverse primer sequence Repeat Tm
ame
(5'-3" (5'-3" motif o)
RM336 CTTACAGAGAAACGGCATCG GCTGGTTTGTTTCAGGTTCG (CTMN18 55
(CTT)4-19-
RM337 GTAGGAAAGGAAGGGCAGAG CGATAGATAGCTAGATGTGGCC (T8 55
RM213 ATCTGTTTGCAGGGGACAAG AGGTCTAGACGATGTCGTGA cnir 55
RMd74  TACACGAGGGAGTACTCGAATG  CATGGAGGTATAGAAGAGCATTG (AT)13 55
Bv210145* CTCTCAGGAGCTCGGATTGT CTCTGCAGCCTCAGTGATCC - 55
*STS primer.

Twswes RM 213 TWdadadiduendnualvestfusuninenusd 105 uay nu 15 Faflawn 165 4

wa ausaldInwuntiiuguIInenusd 105 wag N 15 ananiugau o lun1sveaeidnilda aamﬂfdﬂa

a

153-155 ﬂL‘Uﬁ dusulnsiues BV210145 1maaaamLUuLaﬂaﬂwmmawn‘wuﬁﬂwmu 1 NdaaavuIn 486 ﬂ

bud ﬁ]dﬂﬁu’]iﬂft‘mWSLmaimUﬂﬁﬁ’ﬂﬁLLUﬂ"UW’]ﬂV}Nﬁ’]u 1 aaamnmawuqau i maaaasumm 528 ALUALAZAN

U

ndada 479 guaniludadaendnvalvestiaiug nv 47 16 daulwswes RMa74 Widadanduendnual
Y9919 Ug N 43 Fadvwn 260 giua luvaennugdndy q Wdadasuin 222 235 uay 272 Al
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anunsaldlwswesiueniiug nv 43 senaindiugdu 9 I uazdmuindadavuin 235 giuadudadaien

Snwalldawunt1y nv 85 e wandlu Table 2

Table 2 Specific SSR allele size or variety-specific allele size (in parentheses) of three primers for

discrimination of 15 rice varieties.

Primer/allele size (base pair)

Varieties

RM213

BvV210145

RM474

153

155

165

479 486 528

222 235 260 272

Multiplex
banding

pattern

KDML105 -
RD15 -
PTT1 -
RD41 -
RD43 +
RD47 -
RD49 +
RD79 -
RD85 -
RD87 -
PSL2 +
PSL80 +

Jek Chuey

Gahb Khiaw

Jek Chuey

Gahb Maong

Hompong -

+

+ -

1

[EN

o O W N W o AW DN

Note: + refer to present allele; -

dwiulnsweslunguil 2 1 Junquusdlnswesideddswuiuiweiivssansnnlunig Suuniu

417619 9 eonaniula wandlu Table 3
nslalnsiues RM 336 371U RM 337 fianunsaseniugd1391inenugd 105 99n91n9191Wug

refer to absent allele.

s

9

]

Unusnll 1 wasriugou 9 16 wildanunsaueniugdnine 43 Iadewngduuureaaufidueresdn ny 43

Tngldlnsiues RM 336 uay RM 337 ivuindada 148 uag 450 guua muadu Swmsaiudniugueumis
sanudalaiiulnsides RM 474 Bnwilse Tsauiumniena Multiplex PCR 993 3 Insiuessiuiy &

wavihlst Multiplex banding pattern 983iugiIu13neNued105 way nul5 duaufiduevun 148 209 uay

222 gwud (pattern 1) Unus1ill Juaufduievun 170 450 uaz 222 Auud (pattern 2) nu41 fuaufiduwe
YA 170 209 wag 222 AvUd (pattern 3) nu43 duaufduiovun 148 450 uay 260 Fiud (pattern 4) uax

au 9 wansnaiuanunsaldlunisnsavaeuduuniugld wandlu Figure 1 uag Table 3
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Table 3 Discrimination of rice varieties using combination of primers RM 336, RM 337 and RM 474 to

generate multiplex banding pattern of specific varieties.

Primer/allele sizes(bp)

Multiplex
Variety RM336 RM337 RM474 banding
148 170 211 172 209 450 222 235 260 272 Pattern

KDML105 + - - - + - + - . - 1
RD15 + - - - + - + . : : 1
PTT 1 - + - - - + + - - - 2
RD41 - + - - + - + - - - 3
RD43 + - - - - + - - + - [
RD47 - - + - + - + - : - 5
RD49 - - + - - + + . - - 6
RD79 - - + - - + + - - - 6
RD85 - - + - B + ) + 3 B 7
RD87 - - + + - - + . - - 8
PSL2 - - + - - n + . . B 6
PSL80 + - - - + - - - - + 9
Jek Chuey - + - - + - + - - _ 3
Gahb Khiaw

Jek Chuey - + - - + - + - - _ 3
Gahb Maong

Hompong + - - - - + - - - + 10

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

500 bp wp-

300 bp ==

100 bp =

Figure 1 Banding pattern of multiplex PCR for discrimination of 15 rice varieties using primer RM 336,
RM 337 and RM 474, separated on 3% agarose gel
M = ExcelBand 100 bp DNA Ladder; Lane 1: KDML105 Lane 2: RD15 Lane 3: PTT1 Lane 4:
RD41 Lane 5: RD43 Lane 6: RD47 Lane 7: RD49 Lane 8: RD79 Lane 9: RD85 Lane 10: RD87
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Lane 11: PSL2 Lane 12: PSL80 Lane 13: Jek Chuey Gahb Khiaw Lane 14: Jek Chuey Gahb
Maong Lane 15: Hompong 11.

o814l5finu Apanich & Urairong (2004) 18 51891unisdaidenlnsimes il ensiaaousiug i1
Unusdl 1 duludmumaenugd 105 wutilwsiue$ SSR Alvmnuuansnswesdiois 2 wusienanide RM17
RM157 RM168 RM202 RM213 uag RM247 foun Chamarerk et al. (2016) iﬁiwmulﬁ%"ammﬂmaqa SSR
‘ﬁ'mmmﬁhLLuﬂstTnﬁuﬁ:mmaﬂma 105 Unusd 1 wazdeum 1 adglnsiues RM21, RM20A, RM20B,
RM209, RM3, GT11, RM232 WAz RM235 Chamarerk et al. (2011) lévhnsnsiaaeummniansvesiiegi
Pavennrdlnenneaiafuinuasidduasisusgussnvuiu lagldlnsiwes 4 4 Ao RM149, RM3, QT11
Was BADHX7-8 uenantiu Vejchasarn et al. (2019) léduny afiud (SNP) 3 shumils Aiflanusumizannse
Tguundravenszdlng (vrinenued 105 wazny 15) fudriiuguyusiill gnssay3l deumt dradmen
awssauy3 fwaylan 2 uazfivalan3 senanduls udidlesannsumsdnlafinisiusestiuglmivn 3-4 9
vilvidesinisdmdenminswesidusyavsnmeaeunquituslualifisidy
navasNsanandUad1EsEesME e S azaneludng (Alkaline Lysis)
nsafnfduevesiiugiferiularasiugiudiuiu 2 wia lunasadeaiu wuidesddioa
F29u3n 30 Wi ilels NaOH Aadudu 0.1 Tuans aansutsiogsanysal s 2 win yhlHlFUTInd
Buousaziegrslisnaiuinn anduia TE buffer oH 2 USinauvindu NaOH fivinaslusiasfunisusu
pH vesansavansfidue dsnuadlfidrfuudnenuiiasavars i fdnuaety wiln dyu ifeuluiy
wigaglfdnladuuuiadudgniluniiinuasasaefduefvanyalunmsiniizen PCR felns
e RM 213 UFASE1 PCR viamua 10 llasans wuindduediatnusuinsiaus 0.4-1.8 lulasans Tiuau
vosdSuefiiunandn PCR Faau daniduied 0.2 uay 2 lulasAng Wuovvessandn PCR 919 130719
iloananansazane 0.2 lulasang o1adivsinuAduedesly lifsmedmiunsiudiafiduelas
PCR dhunsld Mduesous 2 lulasans enaflansduduiisen PCR wn Seliwouveswandn PCR 219 Tae
agU Mdueiiadnlfuesiug vnnenuzd 105 Unusnil 1 wagny 43 lrinaaenndeslumadieatu
dvduvaendifiin 2 wasimesiugiu ieiunisadafidue egnmadudniluuiite) PCR
Felnswesiidadonly 5 ¢ nuhaunsanmafiduevesdnii 2 s lnelFuoufiunndediuld
fovesnsafniiduednaslngitavaelu NaOH fe fduneufitiewiios 2-3 duneu Tuaonien
Tnglideadsuvasn laifiasdunsne swfeiveads (waste) mnmsatntesannideiisuiuidatauuu
CTAB (Tamari et al., 2013) Fafidumeunisadn 10-12 funou Feuddsunasanarsass fnsldansiiiy
dunsglaun Chloroform wagwesdeainnisadaduin TdnaadauiuuasdunuioniIeLnIndIAlY ui
Aaunmvasiiulefianalagds CTAB fanuuianinididuednarsfiatnlneifazarslu NaOH 1N
wennunuimsatasuensias 2 windevasavnliaunsoanusinanlutunouse 9 ld 50%
Tnsfinnaeunugniesudidsnaia Cobelli et al. (2016 ) liuSsuifisuiBatafiduenindnasiudaien
335 0 1) Proteinase K Wag 2X CTAB 2) msafnfidulameinieslesnlui® viandoudols (Maxwell
16, USA) way 3) msaamduelngldiniosiosnlusf® (Xiril 100, Switzerland) wuinnsaianisuesledsn
Hedasdrludfduarasmnuarmandaunnn uidaildiegs
YUIAFIa81e (Sample size) Aifinadaanumunzaslunisiiaszinnuuignsvesiugdn
msduieg1edn 2 n¥u (10022 1) fszdumstu 8% $1uau 100 A%t wudilunsmeaen one
sample t-test A1 p-value 1 0.036 Fstfondn 0.05 uansiAaAswAnTUINATELLE 8.59 uangnaa N
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Snnufivuatiuaieiie 8% eehedifddymeada fissiunisun 20% wudn pvalue fdn 0.326 Fannnd
0.05 uansiAedsannsdusdnUuld 19.61 Auaiivuadluaie 20% Liflanuuandnafuneada elvina
WuReafufiufinisun 40 uaz 50% dwiunansguiiesna 4 3 (2002 wéa) $1uau 100 p%s nudiding
Uu 8 way 20% TA1 p-value 0.018 uaz 0.000 MUy FeliAtiosnin 0.05 uaneyiAwAswEaUuTiTUls
16.81 (8.40%) uay 41.67 (20.83%) UANANIRINATIULTIT 8 uag 20% Audduosafituddaymneada us
N3z 30, 40 way 50% wuiAfivuasluduAiguiiulalifanuunnisiuneada wansly Table 4

Table 4 The Mean, standard deviation (SD) and confidence interval (Cl) of observed (counted) no. of

adulterant rice with total sample sizes 100 and 200 grains.

Sample  Expected of Observed  Min-Max no.  95% Confidence One sample t-test

size adulteration (counted) of interval

_ t-value p-value

(no.) (%) no. (x +SD)  adulteration (Cn

100 8 859277 3-16 8.04-9.13 212 0.036
100 20 19.61+394 8-34 18.82-20.39 -0.98 0.326
100 30 32.77+5.38 15-48 31.70-33.83 5.14 0.000
100 40 40.77+4.43 30-55 39.89-41.64 1.73 0.086
100 50 49.73+4.22 42-68 48.89-50.56 -0.640 0.524
200 8 16.81+3.35 8-28 16.14-17.47 241 0.018
200 20 41.67+4.46 25-53 40.78-42.55 374 0.000
200 30 5997577 45-78 58.82-61.11 -0.052 0.959
200 40 80.21+5.21 66-95 79.17-81.24 0.403 0.688
200 50 98.99+6.97 72-114 97.60-100.37 -1.447 0.151

wannsnaaesiasUldan nsdiddnuusiuudes 4 Tenafinanisduagldaniidsauuain
arunduastudeutnann uaznsduasldeiigniestuiiinsuusiadlefisssumsuuiias samdssanisdu
Freg199m 100 WA200 1wdn T19u ansnsonTanusdauilivadenndoatuy axdumuindiesadmiuay
asvdmegesnisdu 100 wan lumajifnmsesaieszifiduededogsdisadeudisgs nasniu
Tnauazussnun defumsduasamdadndum 100 wia wedldaunsaseusuld aonadestudeya
Y84 International Seed Testing Association (1996) uaz Miles (1963) @3U3191UIMITFIUATNAGBUAIINE
Finvosudaniug (Viability Test) fioalivuinvediiogns (sample size) 400 widn Feaziinnuuaiug drmuur
UfuRdmiunsnsnadeuwaniudlnenisuenidueviselusiumanseualnin (electrophoresis) wuz il
THuuavesiiegne 100 win esniBnsiddunugs
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ayunansAnen

Mnnunaassiannsndaieninawesula SSR Anzaudmivldnmadeunnuuiqnivosius
#1lé 5 4 Ao RM312, RM336, RM337, RM474, uaz BV210145 Tasiilwsiues RM213, BV20145 uag RM474
\Dulwswefdumgiliueadaendnualdmivlinmatnuneenugd 105 Unusnil 1 uag na 43 suddy
dallnsiues RM336, RM337 uay RMA74 1ulwsesideddsiniuieaglisuiuuveiay DNA vosusiaz
fugenafuainsolFsuunitugdnld vonandudsldmaiianisatn DNA :ndmansedunaiilasians
wiallansafafiduevesinasniouiu 2 whsluvaeadeiiu iisendnsuuszanalunsasnaenau
namnsaaisity wasiegaldfimsfnuiinsgiuinvesiaegie (sample size) fivmnzaulunisnsa
Ansginniansvesiuiinlaglivuindesna 100 win

AnAnssuUsENA
YoUBUAN U3EMH11 841 S (anendl 00001) Tlatfuayusulssanamesmiddedosd vevounm
sA.As. W3Aln Azfigwim fideivgfunmsnaununsaasuasiinsizidoyavestanisaas e
anauuusneg daelusunsudnsagy SPSS nadnasmansinuns augAsmansaRamnssuLasinalulag
anfumaluladnszaoundnitnumsaianszds wazaawaL 19383 AUTnwiduaifnisnt sinuns
naATIMIAYRs AR UEnvnuiunsldaafdniiinmeitoyauasrmaudlunuided
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NAYRINANEN LT URBN1IAN8VDIA9929T17 (Sitophilus oryzae) Tuszezianude
Effects of Cold Plasma on Mortality of Adult of Rice Weevil
(Sitophilus oryzae)

gnns woryFuns! fuwnsal wany! Ismed AsEnanm? way nenfing grSiave!
Supaphorn Morncharn!, Tinnakorn Lamchoo!, Jirapong Sornsakdanuphap? and Eak-artit Ritdachyeng!”

v

UNANED

mmm«;m%’qﬁﬁqﬁi’mﬂs yaarLil oA nwINavBINaIaN i uReN1SAIEveIR 19933977 (Sitophilus
oryzae) seudANTy lngaauNUN1TIAABILUY factorial in Completely randomized design (CRD) i 2
Yadude sreaviraazsraznatlunisiinataundu lneluusas nSawudazlduuassiuiu 30 @3 nSawud
ay 3 91 JufinnanisaeveiianadnaendenléSunataun nanisveasmuiwananduiinadons
muAufsstluszegiuinte lasdmaliAndnnnsmefisnnnigamuauessiiduddny (P < 0.05)
HansRapsnUIEiess s liddnasldsunananulaenssissaying 4 wuwes [Hunan 30, 60,
90 way 120 3ufl uagsrerying 8 wuRiuns Wunan 120 Fudidu HlfAenisnsvesaensdngdigaie
100 Wosidus vauziivdnlinaraubuiussniludnas fssezvn 4 wuiuns Wuoan 30, 60,
90 way 120 FUNU WUSHIINIIANEVDIAIIT1RA BIVAAU 10.043.33, 8.8941.92, 11.1141.92 way
17.78+5.09 Wosifus uaziiszosnig 8 .wufuns WusRTINITAN8U8IRI9919 1A BNy 1.1141.92,
5.86+1.92 waz 6.67+0.00 Wesidudmendainiilasunataundudunan 60, 90 waz 120 Jurfinudisu
uaﬂmﬂumwummﬁmaﬂuaqmqmwnmeumaivavnmmﬂwwmamwummu Tumsnauiunisaeves
Fransdnanandessoyiisssninaidniaruwanfiuiy 9nnsisuiisusiavesineildlunisuan
wanaudu 2 win Toun 015neu war Bifey nunsmentendsanlsSunatauuiindnanfeidey
ganifingensneu
AdAgY: 72992399717 wanaudu onsneu Bilden n1sene

Abstract

The objective was to study the effects of cold plasma on mortality of adult of S. oryzae. The
treatments were arranged in a factorial in completely randomized design (CRD) with 2 factors as
distance between the nozzle of discharge plasma and the insects, and exposure time. For each
treatment, 30 adult insects were used and 3 replicas were performed. The mortality rates were
collected after exposure to the plasma. The results showed that cold plasma affected this insect in
the adult stage by way of the existence of mortality in experimental groups which showed significantly
higher rates (P < 0.05) when compared with control group. After the treatment of the cold plasma
directly to the insects with rice grains at a distance of 4 cm for 30, 60, 90 and 120 second and at 8
cm distance for 120 second, the results showed the highest mortality rate with 100%. Whereas, after
the treatment of cold plasma directly to insects with rice grains at a distance of 4 cm for 30, 60, 90
and 120 second, the mortality found 10.00+3.33, 8.89+1.92, 11.11+1.92 and 17.78+5.09%. At a
distance of 8 cm, the mortality was found at 1.11+1.92, 5.86+1.92 and 6.67+0.00% after exposed to

1’&'1‘1]’1'3‘11’1L‘VlﬂIuIaEPU’Jﬂ’]WVI’NEmﬁ’W%ﬂiiﬂJLﬂ‘HGl’i UINEEUULD UNS-LRAUNSERESA ©.509N319 2.UNS 54140
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cold plasma for 60, 90 and 120 second, respectively. Moreover, the results indicated that the mortality
rates increased when exposed to longer time. However, mortality rates decreased when the distance
between the nozzle of discharge plasma and the insects was no longer. Regarding the comparison of
argon/helium-generated cold plasma, the higher mortality rate after the exposure to the plasma was
observed in helium plasma than argon plasma.

Keywords: rice weevil, cold plasma, argon, helium, mortality
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@814 218 (Visarathanonth et al., 2005)

19039977 (rice weevil) Fdeveneansin Sitophilus oryzae L. Inaglued Curculionidae dusiu
Coleoptera uusasdnglsafuimuanaludnasuasdnden Ineidiuiomadioozsuny dusdatli
Duguarnslaluwdadn 3-5 ves lasiindudsouniedmvueu Maan 3-5 Tu drdeurziniuuazaen
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fu dnduiufufoeonuanudndn Feilviedadravdniuaeemudemeimuninuas Ui ns
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Ay Ueariu wagidnuuasdnglsuiu ddetunansds wu nsshwinnuazeinvesdnuaglsaiu nsld
amviotanaanuda n1smnuiemssuanAuTuvesim i mndmiiarutugsasdmaliuuasding
Tsafuasgydvlaldinedu SufewhnsanauduvenudadldmdeUssana 14 wWesidus (Division of
Rice Research and Development, 2016) n1stdnngasueulaeanlen LLazﬁW%luIMiLﬂuLﬁaﬂauqm LAY
Mdouuas wiasiduiden Ae nisldasiadl Wy asweaiiu waziwdaluslus lunissunandn iesann
anunsadanisunasdnglsaiulditazann 4 (Rajendran, 2001; Collin et al,, 2005; Ukeh et al., 2012; Singh
& Sharma, 2015) wain1sldansiadl dvaidevalsusznis iy mqmmﬂma A LLAEs19AUATUN UGS
asafl werdafnmsvudeuasiadlunandavnensinues uazdunndousie

wanaw fe Aefiinnsunndadulessu deasiAntuluiesujuinisfidigumgfigs wataun
Usgnausedidnmseu lessu wazeymavesingludndiuiiliussqansiluguiviedfedanusfunans
sl drunanaunduiy Aefnwfignuensieaumsdnggs u amnufuusseIn i wilgumgiives
wanau7 eenuyinAugamnfies (Laroussi, 2002) uanand gedidnennlunis¥nw U¥uugemsaLiiu
AuAMDNIEATLS udnainnatyiulnuarsnsinison sufeidndesuisiinfifaunfuidaiug
ioifinusyAnsawliunandadoudnisndn mafuinuvmanannevdminduies audanssuddly
Swnhelude shlvldvanamfst winiuuazamnw aanisszuiaveadenuarlsaiinfuidoniiay
Vil adaaunwimied dymandemmunvesnisdseen viilinand il guanwazdeenlinsmm
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nsmuRuuiasingudmanssialdun idslriaonliiiia (western flower thrips) (Donohue et al,, 2006)
ngﬂéauma‘u (green peach aphids) (Bures et al., 2005) Adenansiu (Indian meal moth) (Abd El-Aziz
et al,, 2014) wazuanuis (confused flour beetle) (Sutar et al., 2021) Sayed et al. (2021) ¥in15@nE"
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granaries) ueat1UARN (Rhizopertha dominica) Wazueautls (Tribolium castaneum) Tianumisdnglu
msasrawananiu 3 sEeu Ae 150, 200 wag 250 Taad MuuaszezaInsinatauLiuuu 1-25 wi
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Figure 1 Diagram shown atmospheric pressure cold plasma device (a) exposes directly to insects in

container without rice (b) and with rice (c).
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Iisunanaundu ddeyailfundnamsnsnmmenisuiisuivyanuaudaduuassses s ioi
Tailasunanaundu
NMSNAHBUNAVBINAEN LT UABN1IANEYBIR99eT12 U285 (with rice)
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Wutefimneienuly 0, 24 way 48 Falusnendsanmslinanauduy ﬁﬁa;&aﬁiﬁmﬁﬁmmmé’mmﬁ
merSsuiisuiuyamunsdadunassyesdusiuionllddunanauidu
nsnedeunavasrdavesiieiildlunisadrananaundurenuas
MMnsnaasaduieliunsnaaesiresiulaldiglunisasramataundu 2 vila loua Arwersneu
wazfedidsuronisanevesssnetnlussesddutefldidnas wasludnans fiss vzving waziiand
winzay ihdeyadlfunduamdnsnisme wWisuisuiuyamuauileniuly o, 24 uay 48 F2lus
Mendndilasunanaundu
nsRssideya
3Lﬂiwﬁ°ﬁa;ﬂaLﬁamaaummLmﬂshamqaﬁﬁimﬂ% F-test uaziUSouiisuanuunnsuesanady
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Nan1sAnEILazITal

navDINAAN L UAEN1IANBYR IR 9T lifidaEns

PMNNINAFRUNAVRINANEL LT URBNTANEVRIR 191l Us L MALTy nudnanauduiinade
nsnevesisnsdinluszegduinte TnsdwmaliAnsnnameiunnitgeaugalunnniasndede
Todfayn19add (P < 0.05) Tnedlelimanauifuiuunasiissozsing 4 wufiwns a1 30, 60, 90 wag 120
T nUIendsIInnIaaes 24 43l THASRsINITAEYDLALTIAY 100.00£0.00 WasLdus N
dranan Weldnanaunfuiuuuasiissezing 8 wumuns Aaan 30, 60, 90 uay 120 Juft wuinnnendsan
N3R89 24 T9Tue THA18RIIN1TA VB ILUANYI U 83.33+0.00, 96.67+0.00, 97.78+1.92 wag
100.00+0.00 Wasidus mudsu Wielinaraufusuuuasfissozing 12 wufiwas a1 30, 60, 90 way
120 317 wumendiainnimeass 24 $alus TAensInIanevesuNauiify 23.330.00, 32.22+0.19,
33.33x0.00 kag 40.00+0.00 Wasidud aud1du (Table 1) ﬁy’aﬁmﬂm'iLﬁUNam‘imamﬁﬁzmwm 24 ey
48 Fluanendsnsliwanasduilinasnsinisaeiliunnanaiu

Table 1 Direct effect of areon-generated cold plasma on morality of adult Sitophilus oryzae without

rice.
Distance Mortality rate (%) +£S.D. after indicated exposure time (sec)
(cm) 30 60 90 120
4 100.00+0.00 g 100.00+0.00 ¢ 100.00+0.00 g 100.00+0.00 ¢
8 83.33+0.00 e 96.67+0.00 f 97.78+1.92 fg 100.00+0.00 ¢
12 23.33+0.00 b 32.22+0.19 ¢ 33.33+0.00 ¢ 40.00+0.00 d
Control 0+0.00 a 0+0.00 a 0+0.00 a 0+0.00 a

Means followed the same letter are not significantly different at £ > 0.05 by LSD.

NavRINAEN T URDNTIMNBVDIA999 T Tud 28NS

PNNINABBINUI Naguduiinanan1saevesssnediluszoedndude Insdwaliiinng
mefsnnigemuasluuasiudodsddodfaymnaada (P < 0.05) Tnewlelvimanauifudumsnaing
Tusveziufiute fiszezrng 4 wuRns Wuszezian 30, 60, 90 way 120 Uil nudn Aendsannsii
WAAUILTU TONTINITNEVDIR29929T 17T UTzoEAA UTe 10.0+3.33, 8.89+1.92, 11.11+1.92 was
17.78+5.09 Wastdus audsu dioldnanaunduiussssdnlussesdufuiofissosring 8 wuiwns Hu
SEEEIa7 30, 60, 90 war 120 FUNT WUI NeRSRINATIENAIENLEY LRRTRIINTTANEVBIR999T 1 T
szevdudnTy 0£0.00, 1.1141.92, 5.86+1.92 way 6.67+0.00 WUasidudmuaisu ielrwaraunfutugis
nelussesduduieiiszozring 12 wuiwes Wusvezian 30, 60, 90 uaz 120 3undl wuinAEUdIRIN
mslimananfu lHsnsnnsmsvesiiansdinlussosduiaiominfu 040.00 Wedldudianun (Table 2)
WinnsiiunanIsaaesitaan 24 uas 48 Falusnendenislinanauduulinasasinisneils
LRAAINAY

Table 2 Direct Effect of argon-generated cold plasma on morality of adult Sitophilus oryzae with rice.

Distance Mortality rate (%) +S.D. after indicated exposure time (sec)
(cm) 30 60 90 120
4 10.0+3.33 ¢ 8.89+1.92 ¢ 11.11£1.92 ¢ 17.78+5.09 d
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8 0+0.00 a 1.11+1.92 ab 5.86+1.92 abc 6.67+0.00 bc
12 0+0.00 a 0+0.00 a 0+0.00 a 0+0.00 a
Control 0+0.00 a 0+0.00 a 0+0.00 a 0+0.00 a

Means followed the same letter are not significantly different at P > 0.05 by LSD.

PNMIRaRIRavesNaaLLiuRansmeveIR st lusT s AN Te wulwanaududawaly
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granaries), 1anU1Ua9n (Rhizopertha dominica) wazuenauts (Tribolium castaneum) wuinneliiia
Sasnsmevestant 3 winlusrezdduteuiu definsaniiledovesszernmmsliwarauniuse
Frendnnuisssznaiinadenisne lnedledfiuszeziatlunslinaanidunusnsnisnevesiiams
F1finTy (Figure 2 (a)) Feaenndaaiu Sayed et al. (2021) AhAsAnwIUsEaNEAWveINAN@A DL EN
wila (Tribolium castaneum) wuiwanauiinasion1smevesweauilufintudleiuszoziainisldnanau
wuitu Fauandiiiulddleunaddfunanszmuanoyyadassnnaauiudussozinauiutu avdee
fensmefifitanniy Wednwszezvhasswiraeriniusmnsdnmuininadesasinsmevedag
199 Tnedasnismevesiandnazananiiesseyissminafudntussnudinty (Figure 2 (b))
wansliiuinnislinanauibuiissoglndfuunasardmwaliuadldSunansenulnonsaainoyyadassi
Aatuldanin veilidedewuadudiudBsenanaunidu avdwmaliinsasnsmeiianasesrminlu
yviaiiudisleisuiumsssauBausasiliidnienaraundulasnssdadamundullfimsiiinuzvuey
funasiuagiliAansuatmanauibudewamasnaununginssunsnauvivesuadduduiied wie
wanaudu msdnwadsideindunisinelududulussduiesdfifinisviidy uasfuindumsdnuna
vemanaudusemsmevesiisndfundusnlulsamdlvewarlan iWeduussdnsamveananauifu
femsmdnssnstniy Suduiissded nuniiuiudelade wavannefimanzaududu q wu Sua
Wudnvemanain Shsnistnavestine andildlunislsmanaun LLaxgiJLLUUﬁJaam%uzﬁi%’Uﬁﬁ;LL@Jaaﬁm%’u
nsnaass Ludu amaz‘ﬁmmzauma’wﬁ%qﬂﬁﬂﬂLﬂusﬁayjaiumiaanLLUULﬁaa%’Nm%"aa Jewanaundu
aunuulunsmannsssdnsiely
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Figure 2 Relationship between exposure time (a)/distance (b) and mortality rate after insects exposed

to cold plasma.
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navasriavasinefildlunisadrananaundusouuas
derFeuiisuviavesiedililunisuannananidu 2 via liun e1ineunazdiden lunismunu
Fraet1afiszezing 8 Wwuiuns Uy 30 3und wud anendsannislinanaudulaenss Tedasanis
mevosnsnstlussesiufiuTeRanintu 76.67+3.33 uaz 82.22+1.92 wWasidus audisu dmsunis
neaesiiinsdudnaclunauiuuias udszaudeienanaun iszesng 4 wuimns win 120 3undl wue
ShsnseeasiaendlussesiuiuTendswindu 11.1141.92 uag 15.56+1.92 wWedidus audisu
(Table 3) Inefinnuuansnsegsiifod ey (P<0.05) Welfisuiuyarunu Feaenndosiunuideves Sayed
et al (2021) in1sAnuUssavEnmussnatausenIsaneveatenwils (Tribolium castaneum) Taefinns
TfwendneunasBidulunsdaunsizsinataun nnsAneauanuAeBdedliUsEansawininAne
ansnowguiy Jaworek et al. (1996) Tonansliifurmmarauiindnldaindideuansaasundaddaseedig
maedivesingfifiensueuussdusznoy 1wu wedwes uavansussnoumanlelasensuou nalndenanni
o199zt uldfiunuduveiudidveuas lefsenunuinudsmedifad uuuaissznoy
lelasasuau dulatuiifussdusznevvesdumfifaiiviedusnaneuuas eraviliAnnmenmagade
wazlAnnsmeluuadly (Chapman, 1998) uenanilgmuimnanaininasessuuuszam uazndnile
Uszamvasuuas TasagiianisnssduliiAnnismevausseseteavaesszuuiogsraiiies (hyper
excitability) dsnaliiAndnsnunueddy uaznsgdeunluusaaiugedu wilddmadsuuw
1lasansuauluduaimia (Donohue et al, 2006) nanaududsneliiAnnansiadoneendadu (oxidative
damage) Tuszy vé'fwuawumﬁLgaﬂawaﬁuﬁuLﬁa (Abd ELAzZiz et al., 2014) aghdlsfinuvfinvesfineiilily
nnsadrananaufusy danasrioUIunnveseyyadasy (free radicals) Iuiﬂmiaamﬂﬂm,l,im (reactive

U
v v
o o

oxygen species) mﬂﬂamaaaaaﬂmmﬂmmu JedwaliAnnsmevesuuasiiuansaiu wiadl Wuegiu
‘U‘uiﬂLLﬁSiSEJSﬂ’IiLﬁ]‘iEQ‘UEJJLL@JadWU’]SJWl@ﬁEJUWJEJ (Kwon et al,, 2019; Sayed et al,, 2021)

Table 3 Mortality percentage of Sitophilus oryzae caused by argon/helium-generated cold plasma.

Gas type Mortality rate (%) (without rice)  Mortality rate (%) (with rice)
Argon 76.67+£3.33 b 11.11£192 b
Helium 82.22+1.92 b 15.56+1.92 ¢
Control 0+0.00 a 0+0.00 a

Means followed the same letter are not significantly different at P > 0.05 by LSD.

ayunanIsAnen

Tnmsveassasiuliudessnnildidnaslssunaaudulaensedissozig ¢ wufiuns
unan 30, 60, 90 way 120 FuTt uazsrezing 8 wuRwes Wunan 120 Juniitu MliAnnsaneveds
atngeiiga AeviliAnnisne 100 wWesidud vusfidevdsesansdiludnas udliwaraundud
sporine 4 wuRmes Wunan 30, 60, 90 wag 120 Junditu v‘iﬂﬁéﬁmaeﬁnlﬁmmsmaﬁqqﬁqmLszj'uﬁ”u WAL
ASRIINISANETeILNafitesndn e 10.0, 8.89, 11.11 way 17.78 wWesidusnuasu YonandSmuINnIg
meveidnansinty Wessernainslrmarauduiiuay Tumendufunsaevesdnndnanauile
svezvhesywinsdnuaruiaafiaty anmsiieufisurinvesineildlunisnaawanaudy 2 via léun
913neu wagdidey numsmenendsnlaunanasniuiinananinedidengeninfeesneu
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AUNAINUAYVDIANNINIUALABUAMN WU TULUANE1ENEN TNIAUATATTIINIIY
Algae Diversity as Water Quality Indicator in the Main Water Sources,

Nakhon Si Thammarat
oumnn Jsenedl gn1af T1mgnst uag AseAius Taviadsened?
Manthaka Weeraphong®’, Supawadee Ramasoot! and Damrongphun Jaihowweerapong?

UNANED

ﬁﬂmmflwmﬂwmasuaamm'wu%nmLmdufwmsmé’ﬂ FINTAUATATSIINIIY T1UIU 8 90
maummmaqmmwaﬂ 8 gune len ARBINAY ©. yienan withurnwids e.Uurnmils paesini o.a1uan
paetnnle o. Y969 ARBIVILN B.13109 wilvans e, elng) ARBAATSY B.50uNYad uax ﬂaaauaﬂm
. NVUAT WUamsY 35 ana 60 wila Tu 4 Adu Inenuanaludidu Chrysophyta (58%) 11nilan sesasn
Chlorophyta (23%) Euglenophyta 13% taz Cyanophyta (6%) Awilanumainada (H’) se1#ae 0.57-2.21
mvmaaﬁamwwuwmmmumama laun Navicula spp., Chlorella spp., Euglena spp uag Pinnularia
spp. ’-\ﬂﬂmﬂﬂlmwﬁ’mﬁﬂaLﬂuL‘Uum%uUWﬂmﬂﬂ‘WU’]LLU’U AARL-CMU Score Wupassinmnles e. Yjeas e
mﬁuﬂmmwmmammﬂu 5 ﬁ]mﬂuammwmmuﬂmd agluszAuansomsUILNane (mesotrophic) lagnu
Fragilaria spp., Navicula spp. wag Pinnularia spp. Wuananan diunasinais 8.v1A1a7, AaeIusniil
0. WIS, wthvans a.vjlug) uazeaonanse o doufiyad fendaiinuniminadowintu 6.75, 7.25, 7 way
5.8 auddy Saduauaniiuiunansdlald eglussduaisemisuiunatafisgs (mesotrophic to
eutrophic) 1w Wu Rhizosolenia setigera, Euglena spp., Chlorella spp., Navicula spp., Synedra spp.,
Scenedesmus spp., Oscillatoria spp., Gomphonemo spp., Surirella spp., Pinnularia PP, Fragilaria spp.
uaz Phacus sp. \uanavan LLavLmaqmwmmmwlm ¥un Arewvid o.amuan whianf e.urnwis
WAZAADIVIIULW B.48109 ummuﬂmmwmmammﬂu 7.67, 8.67 LAY 8.5 AMUAIAU BEILAUAITOINITE
(eutrophic) Tnawu Anabaena sp., Cruciginella sp., Hantzsch/o sp., Euglena sp.2., Trachelomonas sp.
wag Scenedesmus spp. Luananan mimmaammmwmmamamw wazmaail Tunsiuiiangaumad
sewing 27.9-31.2 “9, anulusauasweainsywing 0.20-1.5 wns, Aveniiidnuaedusld Juidntoyauied
thanananied, anuidunsadusneszaning 7.00- 8.14, msazarseendiauluthsening 1.89.4 fadnsu/
ans uazUinaeendiauiqdunidlilumsdosaasasdunidsening 0.2-7 fadnfu/ans
Fdndny: MuildTn amsne wnashanevdn Swdaunsessssuse

Abstract
The diversity of algae in the 8 main water sources in Nakhon Si Thammarat including rivers,
canals, and water falls was studied in eight districts: Klongcry in Tha Sala District, Pak Panang River in
Pak Panang District, Klong Thadee in Lanska District, Klong Yong waterfall in Thungsong District, Klong
Tha Pae in Maung District. Loung River in Thung Yai District, Klong Saothong in Ronpibul District and
Klong Nok Tha in Phrom Khiri District. The results showed that a total of 35 genera belonging to 60

species of four divisions were found. The genera were mostly found in Division Chrysophyta (58%),
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followed by Chlorophyta (23%), Euglenophyta (13%), and Cyanophyta (6%). The diversity index (H")
ranged between 0.57 and 2.21. The dominant genera in all samples were Navicula spp., Chlorella
spp., Euglena spp. and Pinnularia spp. Regarding the use of the dominant algal genera as indicators
of water quality by AARL-CMU Score, it was found that the water quality index in Klong Yong waterfall,
Thungsong District was 5 that means moderate status with medium nutrients (mesotrophic). The
dominant genera were Fragilaria spp., Navicula spp. and Pinnularia spp. The water quality indexes in
Klongcry, ThaSala District; Klong Nok Tha, Phrom Khiri District; Loung River, ThungYai District; and Klong
Saothong, Ronpibul District were 6.75, 7.25, 7 and 5.8, respectively in average water scores that mean
moderate to polluted status with medium to high nutrients (mesotrophic to eutrophic). The dominant
genera were Rhizosolenia setigera, Euglena spp., Chlorella spp. Navicula spp., Synedra spp.,
Scenedesmus spp., Oscillatoria spp., Gomphonema spp., Surirella spp., Pinnularia spp., Fragilaria spp.
and Phacus sp. Also, poor water quality (the high nutrient levels) showed in Klong Thadee, Lanska
District; Pak Panang River, Pak Panang District; and Klong Klong Tha Pae, Maung District with the average
water quality indexes of 7.67, 8.67 and 8.5, respectively. The dominant genera were Anabaena sp.,
Cruciginella sp., Hantzschia sp., Euglena sp.2., Trachelomonas sp. and Scenedesmus spp. Moreover,
the physical and chemical characteristics of water quality as a whole included the temperature ranging
between 27.9-31.2 °C, the transparency of the water ranging from 0.20 to 1.5 meters, color of the
water starting from clear, slightly opaque dark brown to black, a pH between 7.00- 8.14, the dissolved
oxygen (DO) between 1.8 to 9.4 mg/L, and microbes using oxygen to decompose organic materials
(BOD) was between 0.2 to 7.0 mg/L.

Keywords: indicator, algae, the main water sources, Nakhon Si Thammarat
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Figure 1 Main water sources study stations; (a) Klongcry (Tha Sala District), (b) Klong Thadee (Lanska
District), (c) Klong Nok Tha (Phrom Khiri District), (d) Pak Panang River (Pak Panang District),
(e) Klong Tha Pae (Maung District), (f) Klong Yong water fall (Thungsong District), (¢) Loung
river (Thung Yai District), and (h) Klong Saothong (Ronpibul District).
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Table 1 Score of water quality depended on nutrient concentrations (trophic level) (Peerapornpisal

(2006).
Range of score water quality depended on nutrient concentrations Water quality status
1.0-2.0 Oligotrophic (low nutrient concentrations) good
2.1-35 Oligo-mesotrophic (low to medium nutrient concentrations good to moderate
3.6-5.5 Mesotrophic (medium nutrient concentrations) moderate
5.6-7.5 Meso-eutrophic (medium to high nutrient concentrations) moderate to polluted
7.6-9.0 Eutrophic (high nutrient concentrations) polluted

9.1-10.0 Hypereutrophic (too high nutrient concentrations) most polluted
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Table 2 Score of dominant genera depended on nutrient concentrations (Peerapornpisal, 2006).

Genus Scoring by nutrient Genus Scoring by nutrient

concentrations concentrations

Actinastrum 5 Cymbella 5
Acanthoceras Dictyosphaerium 7
Achnanthes Dimorphococcus 7
Amphora Dinobryon 1
Anabaena Elakatothrix 3
Ankistrodesmus Encyonema 6
Aphanocapsa Epithemia 6
Aphanothece Euastrum 3
Aulacoseira Eudorina 6
Bacillaria Euglena 10
Botryococcus Eunotia

Centritractus Fragilaria

Ceratium Golenkinia

Chlamydomonas Gomphonema

Chlorella Gonium

Chroococcus Gymnodinium

Closterium Gyrosigma

Cocconeis Hantzschia

Coelastrum Isthmochloron

Cosmarium Kirchneriella

Crucigenia Melosiera

Crucigeniella Merismopedia

Cryptomonas
Cyclotella
Cylindrospermopsis
Monoraphidium
Navicula
Nephrocytium
Nitzschia
Oocystis
Oscillatoria
Pandorina
Pediastrum
Peridiniopsis
Peridinium

Phacus

o o0 OO0 N 00 0O O O L1 NN NN 0O NN NN Ny 0N AR AN V0NN 0O O OY

Micractinium
Micrasterias
Microcystis
Rhizosolenia
Rhodomonas
Rhopalodia
Scenedesmus
Spirulina
Staurastrum
Staurodesmus
Stauroneis
Strombomonas
Surirella

Synedra
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Genus Scoring by nutrient Genus Scoring by nutrient
concentrations concentrations
Phormidium 9 Synura 8
Pinnularia 5 Tetraedron
Planktolyngbya 7 Trachelomonas 8
Pseudanabaena 7 Volvox 6
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Figure 2 Division percentages of algae genera found in study areas.
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Figure 3 Monthly algae genera (Summer: February-March; Rainy: June-July).
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Figure 4 Dominant genera found all study stations (a) Chlorella (b) Euglena (c) Pinnularia (d) Navicula.
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W15 8.3eunyad lnedidaunuanavesamsieadneadaiuliun Oscillatoria sp. wag Surirella spp. gy
ATLULATNTEAUENTOIMSInaglu 5.6-7.5 Fatiednlusedu Meso-eutrophic ansemnsununansiivas uans
fenaunmiuunanadielid wazngui 3 fe unauhifaunmitlid laun gauiud 2 aaewid o.a1uan 90
2 o ' Y o o 2 ] = = ' ' Yoo
Wil 4 wldninnds e wasgaiiui 5 raewinun a.dles Tneflanaamsiewu tun Euglena sp.2,
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AN LA wuunasineuiivwiasyindidnuiuunn (Waiyaka & Buddee, 2022)

daunisamadeuama MBI Larmaed Tunwsamesundninde guvndegsruing
27.9+0.04-31.2+0.03 94A0aLT8d, A1ALTUSIUaaITIAI5E1I1e 0.1820.02-1.5+0.02 1wnT, Snwaed
yowhiidnumraaud la qudndessufidiinaadifieh, aranmdunsaidusisegsening 6.99:0.03-
8.07+0.07, Ansazatsoendiauluun (DO) SA15emI19 1.8£0.02-9.4+0.07 fadnfu/Ans wazUum
oondlauiigdunislilunisdesaansansdun3s (BOD) agjsening 0.2£0.02-7+0.04 fladniu/ans (Table 4)
warannislamianarusunezLuu e UaT91MT itodnsedugun i lurd sanevdn
FIMTAUATATTITUINY S?faaamﬂé’aaﬁ'wi’lmwia%aauvﬂmmwﬁwmamﬁmw wagmaadl Fadudisaniiegly
sy uTeafifamnwdlassialuasiia DO Uszun 5-8 fadniusiodns dmduen BOD thildiaan g
arsfienlef laifu 6 fadnsusiodns dradlefgunnuansinidunumn wdsahiiddSlefgendn 100
fiadnsudednsazdmduihuiviotids Tasiamgar DO sndn 3 fafin$u/ans uaz BOD thildanning
Asiadled LAy 6 dadnsusedns (Pollution Control Department, 2018) Fslupaninans o.d1an,
ARDIVINA 8.81uAN1, uiithunnids 0.y uazenoaviun flesiiuans ﬂmmwﬁwmﬂmqﬁahja N
nslfamseanarudusddin de1 DO s wnsgwily Feflesswing 1.8-3.4 Tadniu/Ans uay
BOD 1fiundnunsgiu (\Au 6 Sadn3usiedns) ey 3 wnas Ao Aaeavind o.amuan withiannil e.unwids
waz s o.dles dadnduinanmlad dafu mnnsldamedustsitinnunmi Ineld3538ms
U5 UMW TUUY AARL-CMU Score dampdasiuainisnstasounmnmuindesiy Sadunistudu
anuvanintug uazannsolfamieduiisdamnmeld

Table 3 Score of dominant algae genera and water quality depended on nutrient concentrations.

Stations Scoring by Range  Water quality by nutrient Water
nutrient of concentrations quality
concentrations score status
Klongcry (Tha Sala 6.75 5.6-7.5 Meso-eutrophic moderate to
District) polluted
Klong Thadee (Lanska 7.67 7.6-9.0 Eutrophic polluted
District)
Klong Nok Tha 7.25 5.6-7.5 Meso-eutrophic moderate to
(Phrom Khiri District) polluted
Pak Panang River (Pak 8.67 7.6-9.0 Eutrophic polluted
Panang District)
Klong Tha Pae (Maung 8.5 7.6-9.0 Eutrophic polluted
District)
Klong Yong water fall 5 3.6-55 Mesotrophic moderate
(Thungsong District)
Loung river (Thung 7 5.6-7.5 Meso-eutrophic moderate to
Yai District) polluted
Klong Saothong 5.8 5.6-7.5 Meso-eutrophic moderate to
(Ronpibul District) polluted

Note: Algae and water quality scoring by AARL-CMU Score (Peerapornpisal, 2006).
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Table 4 Means of physical and chemical water quality measurement of each study areas.

Station Physical and chemical water quality parameters
Temperature Transparency Water pH DO BOD
(O (m) colour (mg/L)  (mg/L)
/Turbidity
Klongcry (Tha 29.8+0.01 0.18+0.02 Light green  8.07+0.07 3.4+0.08 4.3+0.03
Sala District) & turbid
Klong Thadee 28.7+£0.02 0.29+0.01 Clear 7.30+0.02 7.8+£0.01 0.3+£0.01
(Lanska District)
Klong Nok Tha 27.9+0.04 1+0.04 Clear 7.31+0.04 9.4+0.07 0.4+0.00
(Phrom Khiri
District)
Pak Panang 28.8+0.02 1.5+0.02 Dark brown-  8.02+0.05 1.8+0.02 6.5+0.04
River (Pak black &
Panang District) turbid
Klong Tha pae 29.2+0.03 0.30+0.03 Dark brown-  7.19+0.03 2.6+£0.06  7+0.04
(Maung District) black &
turbid

Klong Yong 29.7+£0.03 0.70+0.01 Lisht green  7.00+0.06 6.8+0.02 0.2+0.02
water fall
(Thungsong
District)
Loung river 28+0.03 0.50+0.02 Clear 7.81+0.04 6.4+0.08 0.3+£0.03
(Thung Yai
District)
Klong Saothong 31.2+0.03 0.50+0.01 Clear 6.99+0.03 6.0+0.12 1.8+0.01
(Ronpibul
District)

Note: DO: Dissolved Oxygen, BOD: Biological Oxygen Demand.

a3Unan1sAnYn

nslamsedudsddiaauamiluuiaiaendn 2.unsaisssusy Taeld3335msUsaiiiv
AMNIMIILUY AARL-CMU Score danndasfuAIn1snstadounainntiiosiu lnganunainuaises
A8 NUAMSIY 35 ana 60 ¥lla Tu 4 AU e Chrysophyta (58%), Chlorophyta (23%), Euglenophyta
(13%) wag Cyanophyta (6%) fidndwimnumannaiin (H') sewine 0.57-2.21 awswanawiuiinunnyauiv
A0813 laun Navicula spp., Chlorella spp., Euglena spp. wae Pinnularia spp. kas31nn15ldanaves
amsedusuiaTe mmmuﬁmmmwﬁﬂﬁtﬂu 3 NguAe Lmdﬂﬁwﬁﬁﬂmmwﬁwmuﬂma (mesotrophic)
1#un Aaesiimnles 0.vjss mmmaqmmﬂmmwmmuﬂmmﬂm (mesotrophic to eutrophic) lmm
ARBINANY 8.9NANA7, AaBILDNY B.WLAT, uiwans 8 9dlug) uaznanaanss o Jeufiyad way umast
fifiannnitlaid (eutrophic) 1fun Ao o.a1uani, wiihinwds o Uanwils wagaaasviiun a.dleg
aonndesurnIsnsRdaUAmA T ITINMEA ™ wazniaall Taswudafed DO fisindnnasgiuiily Ae
fiAsewing 1.8-3.4 fiadnsu/dns uaza BOD LAuNIwInsgIu (i 6 fadnsudedng) dmduamuninlid
oy msfnwaunanvansvesamsefinnuisitedaonsstuaniuasi Tnsund shanmihi
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NavaINTazaNYauaNllendawadanisasyAulauazn1ssennevasgnUatnnLantng
The Effect of Ammonia Accumulation on Growth and Survival of African Catfish
Fingerlings

@3175 Wl uay 910 1Mad edums?
Sarawut Yeneng ' and Arpapong Changjan?

unfnge

msfinwilfigaussasdifiefnunmsiatguiuinuazsnsnissenmevesgnuaigiennifieyuna
meldannzmuaumaazauvomesliofisziunududuinety wasfnumsdsuwasguniniaon
FWBYUIA MURUNINARBILUUENRABA (Completery Ramdomized Design ; CRD) Usenausie 4 danans
7 ay 4 91 Ao lwAsudieth (neuaw) Wasudieth 50 Wesidud Weuesladeavay 12, 4-5 way 25-26
findn3u/ans mudiu gnuamasesilongdusu 15 Ju dwdniFuduiads 042 £0.03 n¥u ANuBEURY
\le 3.85:0.11 wufiuns eyuiadisoimadindnsaguiifiusiu 35 Weddusd WHAuaudy Juay 3 s
nasoslufmanafingti 50 Ans ldgnuandsas 50 ¢ Tiaan 31 Yu nanmeaesmuin mawdsusethiidag
weulaile 1-2 wag 4-5 fadnsusiodng dwalignuanssydulaiiian gsningnniuny (P<0.05) wazgnuad
sonmBguimNAmMaaes (P<0.05) Wlawdsumethiitiuenlude 1-2 Sadntusodns anmeilih 15 dns
sonandngnuan 1 i1 Anudunsa-Ang 7.03-7.87 quugiith 28.24-30.03 ssaigaidea aruniusng 76.67-
193.75 fadniudedng sondiauazaeti 0-4.85 Tadniudedng WazAMYY 0-51.70 Wuily
Adndgy: weulully MsLasydule N13seeme gnuainnuenng

Abstract

The purpose of this study was to investigate the effects of ammonia concentration with
various levels on the growth and survival rate of African catfish fingerlings and the change of water
quality throughout the nursing periods. The experiment was Completely Randomized Design (CRD) 4
treatments each having 4 replications. Treatment 1 did not perform the water exchange and in
treatment 2-4, 50 percent of water were exchanged when accumulated ammonia was 1-2, 4-5 and 25-
26 mg/L, respectively. The experimental animals aged 15 days. The average initial weight were
0.42+0.03 g. and 3.85+0.11 cm., respectively. The fingerlings were fed floating pellets with 35 percent
protein levels. Feeding was done 3 times a days. Nursing was conducted in a plastic tanks containing
50 liters freshwater with 50 fishs per tank. The duration of the experiment was 31 days. The results
found that the water exchange at the ammonia levels of 1-2 and 4-5 mg/L, affected the highest
growth of the fingerlings and higher than the control. (P<0.05) Water exchange when ammonia 1-2
mg/L, the survival of fingerlings was higher than that in all experiments. (P<0.05) This condition also
used 15 liters of water per fish, pH between 7.03-7.87, temperature between 28.24-30.03 °C, alkalinity
between 76.67-193.75 mg/L, dissolved oxygen 0-4.85 mg/L and turbidity between 0-51.70 NTU.

Keywords : Ammonia, growth, survival, African catfish fingerlings
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mﬂuamamlm‘umamm $91AMULUTUTIULUUNIGLAET (One Way Analysis of Vanance ANOVA)

LﬂiaumaummLmﬂmwmmLaaaﬁvmwawmaaaLﬂuiwﬂ B msnaaeummussiitud Rados
fign (Least Significant Difference ; LSD) fiszfunrandesiu 95 wosius

Nan1sANEILaEIANTA
nssyAulaLazNsIaAneYasgnUan

mseyuiagnUmgnuerinneliannzmunumsazanuenlidofissfunnududusiaiu Tnens
Wasudeth 50 wWesidust \unan 31 fu dleduganimaaes wud1 nsmuaunsavauveselislasms
Wasudeunfidruenludle 12 uay 4-5 fadnfusiodng dwmaliimingafinsvosgnuaiidigian
(16.43+1.52 n¥u uag 17.48+0.95 n3) degeninrauenlanily 25-26 dadniusiefing (15.00£0.58 N3u) Uagyn
uAal (12.27+0.55 n$1) eehallifed iy (p<.05) Msmunuueslaioaraslnonsiudsudietfituenluie
12, 4-5 uaz 2526 fadnsusedns dwalidnsnmnasayiulnndsdetu 0.52+0.05, 0.55+ 0.03 way 0.47+
0.02 nFusiaiu muddu fiAgandnaniunu (0.38+0.02 niuseiu) ediliuddiy (p<.05) NMsruRLMSaya
wesluiielnsnsudsunieiiivaseslude 1-2 Sadniuredng dwalisnssenmevesgnuangaiian (96.50
+1.91%) qijamwﬁ'u 7 eghailtfoddty (p<.05) Mmamuauuenlndoavauiissiuandudusing o sae3ui
1-16 GuaqmsaiguﬂalaidamaiﬁﬂfmﬁﬂazauﬂuaﬂqmeLmei’meu (p>.05) windsnTuii 16 vesmsoyuaidiugy
10 anniimunuuesludefissduamududus (1-2 uar 4-5 me/L) dmaliminazaumosgnuanfirnganiy
YneuANet1illedAey (p<.05) (Table 1) (Figure 1)
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LLanT,:uLﬁaaxLﬂﬁaugﬂiﬂLﬁulum'%ﬂ Lm'Lﬁaﬂizmumsﬁq@Lﬁammama"LULﬁawWﬂ?ﬁsﬁ’umaamummﬁuiﬂ W
slsemddurowuenlinfouaslulnsigauauduamnuensmevosan (Svobodova et al, 2005) Foya
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1Nty aenrdostuTBnuLes Lemarie et al. (2008) Menudtaudufivvosenluiodmanofatonig
Awandon 1wy gamnd anudunin-ma uazeenBiouazansth aonadesfusnenuas Wajsbrol et al. (1991)
seruiuoiludefaruduiivdedridufivtuilosondiauazansunanas Wosenfinuaranetiosnit 85
Wosiius vesedud viliuaingnauns faralldeusuluienniu deandesiusenuues Boyd (1982)
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Tomasso et al. (1980) 181uA1A T ufivvaswenluieluguunnda fiviilsigndan Channel Catfish



86 SESNYATNSYIBUNET 2566 : 41 (1) : 81 - 91

(Ictalurus punctatus) ¥unm 7-13 Lwudims e 50 Wesldud a1 24 $2lus Arandunse-ana 7, 8 uaz 9
(Qmmﬁﬁw 21-25 oC wazAuNIEAIei 40 mg/L) Ao 263.6, 38.8 uaw 4.5 un/Ans AUAWU AoAAdDIty
189183 Sheehan & Lewis (1986) nevuaaanduiiwdeunduanuesludieviawesludeunaslsd lne
wansrratutuiuivegluguliunndiivinliignuan Channel Catfish (ictalurus punctatus) ¥ 16 N
me 50 iesidust A 24 Falus Fenmndunsa-sne 7.2 was ganginh 21 esewade) Ao 1.04 un/Ans
KanInAaenSas i maAsudiet 50 Wesidus Weneuluilveglurag 1-2 uaz 4-5 fadnSusiodns
\Wuanngiignuanaiauivlngsan aenadesiudouuriies Okomoda et al. (2016) fiugiiinmseyuiagn
vamiiail mawdsudieiogatios yntu 4 fu Smimantmnaesedsls@lifiuinsuuuumsianinig
wnzavtgliannsalininenshiidodnsialiiAaUsslonifuagean wosmmzaulunisiliusuld
dmsvoyunagnuaniailuannefifiiidin vietimiiuds uastaanUsinaniidsfiasgua e

Table 1 Growth parameters of African Catfish Fingerlings by nursing under condition controlled

accumulated ammonia at different levels for 31 days.

Different levels of ammonia

parameters
Control WCA 1-2 mg/L WCA 4-5 mg/L WCA 25-26 mg/L
Initial wt. (g/fish) 0.40+0.08° 0.41+0.01° 0.45+0.06 ° 0.38+0.07°
Final wt. (g/fish) 12.27+0.55° 16.43+1.52 17.48+0.95 © 15.00+0.58 °
Weigth gain (g/fish) 11.86+0.57° 16.02+1.52 " 17.03+0.89 © 14.62+0.56°
ADG (g/fish/day) 0.38+0.02° 0.52+0.05 0.55+ 0.03° 0.47+0.02°
Initial length (cm/fish) ~ 3.73+0.14°° 3.84+0.08% 3.91+0.19° 3.67+0.16°
Final length (cm/fish) ~ 11.53+0.47° 12.99+0.61 ° 12.84+0.25 ° 12.51+0.65 °
length gain (cm) 7.80+0.53° 9.15+0.56 ° 8.94+ 0.42° 8.84+0.56°
ADG (cm/fish/day) 0.26+0.02° 0.30+0.19° 0.29+0.01° 0.29+0.02°
Survival rate (%) 87.5+3.79° 96.5+1.91° 90.0+1.63° 87.0+3.46°

Note: Value are mean. Mean values followed by the different letter in row were significantly different at 95% by

LSD test.

ADG= Average daily growth (g/fish/day (cm/fish/day), wt.= weight.
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Figure 1 The change in cumulative weigth (g/fish) of African Catfish Fingerlings by nursing under

condition controlled accumulated ammonia at different levels for 31 days.
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Figure 2 The changes in water quality parameters under condition controlled ammonia at different

levels for 31 days. (A) pH, (B) Temperature, (C) Alkalinity, (D) Dissoved oxygen, (E)
Turbidity, (F) Ammonia.
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Rice Variety in Low Fertility Sandy Soil

5t Auiag! unana wiauae! Junana Weu! S3gns gun1? uag g5 nneu*
Woranan Khonkhoei!, Nopamas Namdang!, Chantamart Chueakaew!, Theerayut Toojinda? and Sureeporn
Katengam?*

unAnga
el ingusrasdiiiofnuidnsnavessnsdelnunaiondoninadgivln wawdn uay
psfUsznaunandnvasimemuluiufidunseiifinnugauauysaid MaununsmeaesuuvUSendy
auysal $1uau 3 4 5 s¥uneaes Ysznaude Jelnunaidon $0sn 0, 6, 12, 18 waw 24 Alandu K0 sl
Tuusiazinsuneaeddadelulnsaunasroanosa 8031 12 waz 8 Alansu N uaz P,0s siols auddu Tnawus
Tatle 3 s adausnidiednafieny 15 Tundsiing 40 wWeddusvessnievimun afeil 2 1680 40 wWedidud
dodneglussasunnne warldtoadsdl 3 8n 20 wWedidud Wodieglussesdaion wanisfnwiwuii e
Tnuvadeslusns 18 Alandu K0 dsls fnavinlanueisa Siuumdnsesas uaztmin 1,000 wén
vestvennIugsgauazuaniaaaifegiiteddyaindfunaassdu (p<0.05) uidelnunaidesly
Snarfisnatulidinavhliaugs Suaudusions S1uusasiens dwiinduuis Weddududaedidusd
WA wagnanAnvoItIMeITULANA T INNERR uiTuuluidasdeTnunadoui 18 Alanu K,0
sols Winandnvastivienniugean (927.56 Alansusiels)
Adfey: 91 Jelnunaldeon Aunsie nandn aadUsenoUNanan

Abstract

The objective of this research was to study the effect of potassium (K) fertilizer rate on growth,
yield and yield components of HomWarin rice variety grown in low fertile sandy soils. The experiment
was laid out in randomized complete block design (RCBD) with three replications and five rate of K
treatments comprising 0, 6, 12, 18 and 24 kg K,O per rai. Each treatment was applied with nitrogen
and phosphorus fertilizers at 12 (N) and 8 (P,0s) kg per rai, respectively. Split fertilizers were
established in three application timings. The first application was applied 15 days after transplanting
with 40 percent of total fertilizer established in treatments. The second and third applications were
applied at tillering (40%) and booting stages (20%), respectively. The results revealed that the
potassium application at the rate of 18 kg K,O per rai significantly caused the longest panicle length,
number of seeds per panicle and the 1,000 grain weight of HomWarin rice variety (p<0.05). Different
rates of the potassium application displayed no significant effects on height, number of tillers per

culm, number of panicles per culm, shoot dry weight, filled grain percentage, unfilled grain percentage
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Zgudiiugimnssuuasinalulagdrinmusisnd (lulewe) dninauianniveimansuasmaluladuiend (@me.)
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and grain yield. Nevertheless, potassium fertilizer at 18 kg K,O per rai tended to produce the highest
grain yield of HomWarin (927.56 kg per rai).

Keyword: rice, potassium fertilizer, sandy soil, yield, yield components

A1

AnugauaNysnivesduiinaronisigivinuaznandnvestruduagreun Tasfudiugndn
dulvguossamelngogluniany usenideunie Ussana 37.79 §wild Andufesar 61.76 vesituiiugn
Frtanun fugdnisnudeugnidudnlidediuas wu 411vmeenugd 105 nv15 way nv6 s
finandnndeuszanm 352 Alansusels Faininniadu q vesUsema Tuasfinamilelinandnnisnsls
563 Alansu nAnane 618 Alandu uaznneld 488 Alan3u (Office of Agricultural Economics, 2021) &afu
dunnsinduiunnesienugauauysaii TUsnuduieingeasiiie 0.72 Wesidud fsglulasiau (N)
Woawoda (P) uaglnwunaideu (K) ¢ lnslaniesinlnunadeon (47 ppm) wandnsnduluniady 9 7
I‘WLwlaLGTIEJaﬂmJ%mmUWﬂaNaJQG (84-215 ppm) (Land Development Department, 2015; Songmuang &
Seetanun, 2000)

AunsefiszAvsnmmsguiidanuannsolunsgedusnensldtes wasullanmdunse
lnunaldeugnezararsuargadsluaniuldde nunadendadusunaldfismedenisiasaivlaway
ahnandndn Tsdsnalinandntiluniangfusenideaniedningiinindu

Tnunaden () Wusgensvdnddaiitniinnudesnmslutinamnlndifssiululnsauilen
TWllumsisaiulnuazadrmandn nunadouiiniiiddalunsedeuitouduazina a3
raslsilad vraon1sgnun vibindasadudss JunumddglunisWaunuda elidnddiuudn
SIUUNE AR A 0929 TSR NaKER LLaxﬂmmwwawﬁmﬂ“wﬁyu (Osotsapa, 2015; Dobermann &
Fairhurst, 2000; Rémheld & Kirkby, 2010) walnunaifeulifinananisuanne lnunai@eudaiuvinla
NTLUIUNITAN ﬂiuﬁusﬁnamgssﬁ%u Fludndiownelng ddng Fudrudusdidy aansadmmlsa
wazuuasldft (Dobermann & Fairhurst, 2000; Osotsapa, 2015;) Tuussalesmarmavandelnunalde
finwddguinsesasmnantslulasiou msladelwumadeuamsafinnandndnld 3-20 Wedidud 1ile
Wisuwsuiunisladelulasinuwasneanaaiiosednaied (Zhang et al, 2010) waznslddalnunade
ﬁﬂﬁsﬁnﬁwawﬁmLuﬁmazﬁmﬂ’ﬂLLﬁQWNLﬁuﬁuLﬁam%‘wLﬁwﬁum'ﬂﬂdﬂdwLmalfﬁ&m (Saeyang et al,
2021) ﬁgaﬁt,ﬁ'aamﬂamwv’ﬁ"uﬁﬂaﬂﬂﬁﬂﬂumﬂmﬁuaamﬁmmﬁadauimﬂLﬁuﬁumwEJﬁﬂﬁﬁmmmsmmﬁm
nunaden (Foiphikun, 2005) fmiiugnimuinfiennisuaszunsu msusnneanas ludu ieaus saedn
KON YA Wazunvessdnanas (Techapinyawat, 2005) dswalitiinandns dedunsgndlu
wiunnededudurgdeddlelnuadeuniuieaueiiiolifismefuaudesnisvestn uinsviunly
manzTussndoaniedadinsladelnumadoslugnsifisn Department of Agriculture (2000) léuuriinis
Tadofimnzanmaasughafielildilsgeandmivin Inemlvluunfunseuuzihlildelnunadoy
S5 3-6 Alanu K,0 sols Feereazdliifiomasensiaiaiulnuarly nandndaluuniuiiaaude
gauaLysalim

uenaneLgANaNYIaiveAuLEl siuginAdulladed dlunsifiunands Frivesnsududing

7

(YY) 2 o a

WBNAMAINGA INaNERE: MUY NULMINTUNTY LWAATNAUNBNLAEAMAINNITYIRUARIL1IUT7
AonNzd 105 (Katengam et al., 2011) GﬁnmmﬁuLﬂuﬁﬂqﬁuﬁ’lmﬁﬁmiwwmwuﬁ

]
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dielimngautuiuiiugninendeiruluniang Susenideanie oglsfmuiiuiiugnindu
Tngluniang Tusendsundadufunsied fusmalnwnadousi wazd i nssreaunisfineinis
novaussestvenustsinunadenluiiuiiugniuniunneiifarugnuanysalin iollduanan
LATNANDULMUYNALATYEAYg9ER FetunuifedTaifnguarasdifednudnstelnunadouiiina
wanzaudensiaTyiAule esdusznounanAnLazandnvesimemuluRuneTifinTmgaLaLyTaiii
Fetoyaiildannimeassiandulsslonisonisianissanisnmadeuiivansadluiiuiiugndlag
ordeiehluiuiifunsefiieugauauysalisioly

A5n1sAnE

F0UTLAZNNTINUNLANTNARDS

ANLUNTNAGDS 1 WUAINARDUANT1Y ANTNYATANENT UNINYIFBRUATIVET I19UKUNIT
NAABILULUAeNAuaNYyTal (Randomized complete block design) $1uau 3 1 Tasfisnaelnunade
aaelsd 5 fMunnass Uszneusetslnunaden 8ms1 0, 6, 12, 18 waz 24 Alanu K,0 sels Faluusay
msuneaedladelulasiauiasrleanasa dnsn 12 war 8 Alandu N uay PO fals mua1du

nsugndnauaznisguasnen

aflumsugndrvesnsuluiuamaaetgasvuin 15 Ams1auns 31U 15 uuas lag3Bnnstne
Idszagugn 25x25 wudwns waglddunaieny 1 e Tulsazuuasgesugnd1n 913 10 Uo7 ULolae 18
fu (Ugn 1 fusedv) Auilivgninidugeiuiesidn elidnvasiufunseifaiueauaysali ldde
lulasiau gns 46-0-0 Yovleanesa gas 18-46-0 wazdlelnunaden gns 0-0-60 muiidvunluusiazssu
npaes Tnoudild 3 ads laeadusnidetniiony 15 Fundsing s1unm 40 wWesidudvesdanieamun
pdsdl 2 1alJedn 40 Wosidus ilednegluszerunnne uazedsd 3 laledn 20 Wosidud Wedmegluseey
Favfos JelulnsiauuazoaedansldndoututeTnunadeon uarlatedunidsada @UsinadunisTagnu
wnsguleduns) nfeunsladaniindil 1 §n 300 Alansusels ddntaiio Snuniludadifssdy 5-
10 wufuns naenggniaUgn

nsiufednehy

Aufegsfunaunazudanisaassiisefuanudn 0-30 wufwnas lnsduifuiegisiulundas
wasgesmusiunaass S1uau 15 90 thaumnasiuiduisy seufuinunssunssuuin 2 faduns didu
TUSarnanuidunsa-sne Shsrduduah 1:1 Ineldiados pH meter Anszivsinameanladaiiiulszlowd
Tneadaseunen Bray | LLasﬁ’mﬂ'm’ﬁamﬂﬁmmqé”mLﬂ%‘aa Spectrophotometer Lag3LATIERUT U
Tnunadoufiuandsuls Tngld 1N NHOAC (pH 7) Wutherain uaySarndaeweies Flame photometer
WAL TOUNIUAZUNTIVWIA 0.5 Tadwns dwmsuimsenusunadunisingludu ¢1e38 Walkley and Black
Siasrgivsualulasiauavun 1asis Kjeldahl method (Ta-oun, 2005; Office of Science for Land
Development, 2005)

nsiiudeyassdusznaunandauasnandndn
guiiudaeg19t1luiun 2 msnauns (31uau 32 du) i evufinteyassAlsznounanin
WAZHANFNT1IMUNIATFIUYBINTUN15UN Rice Department (2007) Usgnausiy AEe S1uIuAusans
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FIUIUTEDND ANMLENITI SINUNEARDT Wesidudiudas Weosidudugaau 1wl 1,000 WwEn
thwinguuks (eulsiuisiedeuauiouiignmgd 80 ssmuwaidua 48 dalus) uaskandndi
nseseideya

deyassAusenaunanfnuazkandniluTasenauulsUTIuNeEdi (Analysis of Variance)
\WisuiflsuAadsdieds Duncan's multiple range test (DMRT) wardiasizsianduusseninmandnuas
D9AUTENOUNANANTIIA875 Pearson moment correlation Im&iﬁﬂmmuﬁ’n%%gﬂ STAR-statistical tool for

agricultural research version 2.0.1

Nan1sANYILazINTl

aaautAnIativazUunasnemsiufunaun1saaes

fuuamnassgning Anzinwasmans wnivendoguasivsnil Wuaduienida Jeldnvasidy
AUNTIY W G RE g ANANY T m‘mbﬂ (Ta-oun, 2005; Office of Science for Land Development, 2005)
fufATeAudunsndn (pH=523) TUsinuduniednglusedudunn (038 Wesdusd) uagdsnlulnsiau
famun (0.019 1wWesidusd) woarlesaiuvsslond (9.59 fadnsudedlani) uasUsialnunadoud
wanuasulel (9.39 fadnsusenlansy) Tusgfudnann (Table 1)

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

experiment.
Chemical properties and nutrient contents in soil
Treatments Available P Exchangeable
pH OM (%) N (%)
(mg/kg) K (mg/kg)
Soil before the
] 5.23 0.38 0.019 9.59 9.39
experiment
Soil after the experiment
T1 (Ky) 5.75° 0.41 0.017 8.88 8.66
T2 (Kg) 5.79° 0.52 0.019 9.94 7.84
T3 (Kyp) 5.73 0.54 0.020 9.99 8.52
T4 (Kig) 6.16° 0.45 0.018 10.15 8.28
T5 (Kypa) 5.79° 0.47 0.018 7.88 8.52
F-test " * ns ns ns ns
CV (%) 222 33.97 32.56 28.61 8.35

Note: ¥* Significant difference at the 0.05 probability level; ns: not significant difference; means with different lowercase
superscript letters within a column indicate a significant difference according to Duncan’s multiple range test at
P<0.05.
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aauUAnativazUsnnnenemsluRuRaINImaaes

Han1sAne wudn mslddelnunadendns 0, 6, 12, 18 uag 24 Alansu KO sials laiflnavil
YsunaBuniedng lulnsiau weaneda wavlnuvadodlufundsgnuandisiu uinislddelnuwnadeusns
18 Alan3u K,0 siols dsnaliuiien pH geflan wiidy 6.16 Faunnssiunisilillates uagldadelusng s,
12, uag 24 Alansu K,0 seals egrsdtdudrAneads (p<0.05) Tiioreezdunaunananuldaiaueves
Hrog19iu nefundsugnilan pH sewing 5.73-5.79 Failszdununsa-raiunansiansnseu fusuna
suniuingeyluszdusidssuin d5ime mislulasiau weanesa uazlnunaidouoyluszdu
Annan TnefiAnszning 0.41-0.54, Wesldud, 0.017-0.020 wWesldud, 7.88-10.15 fladnfusenlaniu uaz
7.84-8.66 findnFuraflanyu audidu §sUsddniinaedildgndndiluldlunisasguivinaulsl
widosmomnannénandeluiu feilinsgiusvamanosiiviiusnomslussiusuarliifissesdoninu
Feansvestn (Table 1) Aufifinrmmnzansonsissqpivlnvesinmsivinadunieiaguinnii 2.25
wWoesidwd Tulasiaulufuainndi 0.113 Wesidud Husunaveanesauasinuadeuninnii 45 fadniuse
Alandu waz 120 dadnTumailaniy muanau (Department of Agriculture, 2000)

svwavaselnunaFouiilinessdusznaunanandivenssu

Framenn3u iludriugusuussiuglnilinandngamngduiuilugndendeinulunie
nriueanideanile (Katengam et al, 2011) nsladdelnunaldoudnsunne1aiu 0, 6, 12, 18 uay 24
Alandu K,0 sels Suavilimuensiasinuudaseswestnmeniuwanasiueg1edidedAgynis
afid (p<0.05) Inenslavelnunadoniisnm 18 Alandu K0 siols dswalitvennFuiianuenads
(29.62 LwuAlums) wazdurumanresInadugean (189.42 wanresis) unnsnsnnmsliladelnumaien
waglddelnunaoniisng 6 Alaniu K,0 sels Tauensaade 27.93 uay 28.02 iwufiuas uazdnou
WEARETINRAY 162.71 uaE 161.56 WAARBTIS AUEIU a&J'leﬁm'mmﬁa’ﬂ&ﬂmma@aﬂuﬁmw 0,6, 12,
18 way 24 Alansu KO sials Lufinaviiliaiiugs Suiudusiens wagd1uiusiamenavesd1iveniniy
wANA9N19EDRA (Table 2)

Table 2 Effect of potassium fertilizer on growth and yield components of HomWarin rice variety.

Treatments Height No. of No. of Panicle length No. of
(cm) tillers/culm panicles/cul (cm) spikelets/panicle
m

T1 (Kp) 115.27 11.55 11.50 2793 °¢ 162.71 ¢

T2 (K) 118.58 11.97 11.89 28.02 ¢ 161.56 ©

T3 (Ky) 122.52 12.24 12.21 29.20 ® 178.00 °

T4 (Kig) 122.24 11.98 11.88 29.62° 189.42 @

T5 (Kya) 121.75 12.40 12.31 29.08 ° 170.67 &
F-test” ns ns ns * *

CV (%) 5.13 7.16 7.38 0.85 3.36

Note: /* Significant difference at the 0.05 probability level, ns: not significant difference; means with different lowercase
superscript letters within a column indicate a significant difference according to Duncan’s multiple range test at
P<0.05.
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Table 3 Effect of potassium fertilizer on yield components and yield of HomWarin rice variety.

Treatments Filled Unfilled 1,000 Grain Yield Straw dry HI
grain (%) grain (%) weight (g) (kg/rai)  weight (kg/rai)

T1 (Ko) 95.38 4.29 2574 ° 849.16 1333.66 0.39
T2 (Kg) 95.49 451 25.67° 881.28 1381.95 0.39
T3 (Kyp) 94.50 5.50 27.27° 909.86 1379.73 0.40
T4 (Kyg) 94.94 5.06 27.80° 927.56 1273.63 0.42
T5 (Kyq) 96.07 3.93 27.62° 901.83 1272.71 0.41
F-test” ns ns * ns ns ns
CV (%) 1.43 29.93 1.40 10.72 11.58 4.30

Note: * Significant difference at the 0.05 probability level, ns: not significant difference; means with different
lowercase superscript letters within a column indicate a significant difference according to Duncan’s multiple range
test at P<0.05.

suwavaselnunaeuiiiinenanandimensniu

nsladelnumadeslusnsiiiunnsiieiu 0, 6, 12, 18 waz 24 Alandu K,0 sisls laifiuavilyinandn
vosimeinGuanastumeadn winvuultiiidetinslateinunmadnndudrivemnduiinuliuly
wandnifindu Tnglinandnuiniian vty 92756 Alansusels Wedinisldtelnunadon Snsn18 Aland
K,O sols mﬂﬁ?ut.ﬁaﬁmﬂdﬂsﬂmmaﬁaummsﬁu 9m31 24 Alansu K0 fels 11aveninsuaslinandnanas
dunvasitlillatsnunadon aglinandntesiian ity 849.16 Alandudels nsldadelnunadesiisns
18 Alanu K,0 sels dswalidnimesnisuiiiinin 1,000 win windtga wiiu 27.80 nfu vlaiuandredu
yaadftundasildsudelnunadon Sns1 12 uae 24 Alanu K0 deld Aduuin 1,000 wia Wity
27.27 uay 27.62 N3N MUAFU WATAmLANANIMI9EaR (p<0.05) Auuvasililésutsnumadeuazidas
ﬁiﬁﬂa‘lmmaw’ﬁw 951 6 Mlansu K,0 sals Aflmdn 1,000 Wan 1Wee 2574 uag 25.67 3 MU
sanlelnunadeniunnsdifinavilfiosidududafuasidnduunnsisiu (Table 3)

dnswavaslalnunadeuifdonanyiinuiendntravieuaisu

Han1snaass wudn nsladelnunadeulugnsianeiu 0, 6, 12, 18 uay 24 Alansu K,0
aols lddnavibidedinuineivesdnamennsuuand1aiuneads winuwwalduindneuniuildsule
Tnunaidey 8031 18 Alansu K0 sels Idtinuiieranitdnilasulelnuadenludnsdu 4 lnafen
sediiuiies wihiu 42 Wesidus sevan fe Jelwunaidey 8031 24 waz 12 Alandu K0 sials il
Wued WA 41 uag 40 Wosidud audau ddudnameudnsuditdsuleludns 6 uaz 0 Alansu K,0
S N = L woa ¢ 2 ¢ °o o
siols denduidiiufeviniu fe 39 wWesidud auddu (Table 3)
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ANTUNUSIZNINIHNANANLAZDIAUTZNIUNANAAVDITI1INBNINIUY

NIIATIERANTUNUSTLUININANAALATDIAUTZNOUNANANVOITIINOUINTY WUT NandAdl
AnduUNUSAIUINAUAIINGY (r=0.79) FIIUAUABND (r=0.73) FIUIUTNABND (r=0.70) waztminduan
(r=0.69) agsfltfudf B aneadn (p<0.01) wardanduiusiwintuesdududad (1=0.62) wazimiin
AULLIS (r=0.56) e9litiud1An9aa (p<0.05)

AugallanduiusiBauiniuiudusiens (r=0.63) 31uuTeNG (r=0.60) AINULIITHN (r=0.59)
Y 1,000 LWAR (r=0.55) waztmiinduan (r=0.56) pgildpd1AYNINEnA (p<0.05) IuIUAURDNDI]
avduTLSIBIUInAUS IwIUTIeRene (r=0.99) huinduan (r=0.64) sgnsiifudAaBanneada (p<0.01) uay
Wesiududnn (r=0.52) sghailteddaymeadn (p<0.05) Sunusierenailanduiudidauansuiminduan
(r=0.64) aefitfudAnyBeneadia (p<0.01)

a'aummmaiaaﬁamé’mﬁuélﬁﬁmﬂﬁ’m‘hu’sumﬁmasw (r=0. 88) i 1,000 WA (r=0.90) BEs

HudAgyd
dfayBavnsadil (p<0.01) (Table 4)

pid )}

yBan 19 (p<0.01) Srausdadesieflanduiudiuantuinin 1,000 wina (r=0.706) agnad

mﬁ

Table 4 Correlation between yield and yield components of HomWarin rice variety.

Parameters [11 [2 [3] [4] [5] [6] [7] [8] [9] [10] [11]

1. GY 1 079 073 070 047 037" 062 060 044 069  056*
2. H 1 063 060 059 044® 032° 028° 055 056 049"
3.TC 1 099" 030 002ns 052 -050° 038" 064 047"
4. PC 1 028° -001™ 048° 046 037" 064 047"
5.PL 1 087 007 012° 090  006® -009®
6. SP 1 012° 015 0707 -004® 007
7. FG 1 097" 001™ 049° 0317
8. UG 1 005® -046® 035"
9. 1,000 GW 1 011" 001™
10. FW 1 076
11. DW 1

Note: GY= Grain yield, H= Height (cm.), TC= Number of tillers per culm, PC= Number of panicles per culm, PL=

Panicle length (cm.), SP= Number of spikelet per panicles, FG= Filled grain (%), UG= Unfilled grain (%), 1,000

GW= 1,000 Grain weight, FW= Fresh weight, DW= Dry weight.

* Significant difference at the 0.05 probability level, ** significant difference at the 0.01 probability level, ns: not
significant difference.

nNansAnulunudTed wui nslddelnunai@ondns 0, 6, 12, 18 uaz 24 Alandu K0 sels
fnavilsufisefunarUsinadunis nggeiu indunaidonnannisladedunas sns 300 Alantuse
13 msrzmisladedunidestiofivanugauauysallussozenyilfauiinsmenimuosiuity ulifiuash
Trusmnalulasiau woavea warlnunaiBeslufuvdagnastu Faudinisladelulasnau oavea was
IWLLVIﬁLéEEJiJLﬁIMLL@'ﬁgﬂim'MWHWBﬁlﬁ]%LM?E]VTWiﬁﬂ’J’]&JQ@mamyjiaj‘llaﬂﬁmﬁ'wﬁ’u (Land Development
Department, 2017; Songmuang & Seetanun, 2000) sﬁ’nmmﬁuﬁiﬁé’uﬂEJT,WLmnal,%aﬂué’mwﬁqﬁuﬁma

yhlsiauenye Suuudasess wasdwiin 1,000 wie nniuazuanseiuand ey
Aalesulelnuadouetaiifoddymieada (p<0.05) aenndeafunanisAnyives Siimoon et al. (2014)
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way Sitthaphanit et al. (2018) ﬁwudwé’mwﬂEJT,‘WLmalfi’auﬁmﬂ@iwﬁuﬁmaﬁﬂﬁﬂfmﬁﬂ 1,000 wWan way
naranT1Iuanansuegnditfoddmedda (p<0.05) Teiilunaiisunanlnunaeuiviiiadayluns
waeudneutauaziiana (Promnart, 2001) deilduddalunsiiiunanandn Treiiusiuiuuda s1ua
WAARRET LIS WATAMAINNANEGR (Osotsapa, 2015; Rémheld & Kirkby, 2010) uazale
diuiediiudiudad wiudwiin 1,000 win egrlsfmumnuamsinuaded wut msladelnunaiBenlad
NAFBN1SLANNBYBIINI Fedenndaaun1551891uYB Dobermann & Fairhurst, (2000) Tnunadeandusg
osndnfiddnildunglifmadyiulauasiau Snvaunavoseuluiuazauauusiusig o Tuwad
i (Marschner, 1995) nsldtelnumadouanunsaifiunanand 12l 3-20 Wesidust WewSeuiisudunsld
Yelulnsiaunazoanesafisaogrufen (Zhang et al, 2010) $19fldsudelnunaidouazarunsagald
TnunaeulaludSunaiifiuunniy ﬁaa’qwaiﬁ%nﬁmsm‘%zylﬁ‘uimLL@zIﬁNﬂN%@Luﬁﬂqq%u (Osotsapa, 2015;
Yoshida, 1981; Mengel, 2006) waglwunaiondfldrutioifiunszuiunmsmelovesiuiiy §1135gald579
onsldifiutu (Zain & lsmail, 2016) agdlsfiay Adnunadeudusmomnsddyionsfiunanand 1y
winsladelnunadenlunndrudeduasunsadgivlaazaiimandndn desddsiavinveate
TnunaBeuilddeaus (Saeyang et al, 2021) nanisAnwndsil wuhnstalelnunadeudn 18 Alansu
K0 sials finaviilidnvenan3udaue1isng S1uuuansesie uazrandngidn denndosiun1sdny
Usgansnmnislddslnunadeniioiivnandnuazaunminlufuiidaugauauysaliives Hartati &
Purnomo (2018) finuindnselnunadeniiunnsieiu 16un 0, 8, 16 uaz 24 Alansu K,0 siols finavinly
ANEY TR URBND Yhuidn 1,000 wén waznanandy unnsafuednditudfamedn (p<0.05) lne
Jolnunaioniisns 16 Alan3u K0 sels Winandnd1ngsan 1,300 Alan3usiels Fawmans@nuaenndesiu
$1897184 Islam & Muttaleb (2016) #i@nwilut12 Boro #ug BRRI dnan29 vesUszimatsnaline uay
Kunathai et al. (1997) Anwiluihoiug nv23 Genuimslatelnumadon §7h51 16 Alandu K,0 sels dawa
vil¥i912 Wug BRRI dnan29 wag nu23 Winandngsnindnibilddelnumadon wufstuiunsfnuues
Saeyang et al. (2021) finuinsladelmunaiBoavhlitniugdoum 1 Tuandafuudewsouiisuty
nshiladelnunagey

nsfnwadstinuinisladelnunadeulusamiwanietu lifinavinlvianugs Swausisdens
hwinguuks Wesiduduiad Wesidusiudedu uasnandnuesinnmein iduuandisiu (Table 2) sy
nallosnanmugaNaNysaivesiu AuudameasadugnAuiesidadadufunseluiusudaidedinlu
nslduselond iesnfufiaruannsalunisduiuazsigermslam sinomsviedsigadeliuns
sedrauarivatwosniladine (Land Development Department, 2017) uasAundameassdeinanudunsa
Uhunansfisnsngeunans fiuunadunieingoglusefumisiunn fismemslulasiou weawosa uay
Tnunaideueglussdufidannisuiu feisdhiuiivinasgemslifismeronnudesnisvesdin fadu
nsudslaelnuadeudiovinlitnannsaoluliiennasyivlnldegeiussavsam uazansn
Wunananilie aenndesiuanuideres Mahfuza et al. (2010) Fesrssmuimsuudladelnumadonsng
10.56 Alansusals $1uau 3 At neafausnlandsting adafl 2 lussozunnne uas adadl 3 luszardnds
fos Wy Swavinlidaiug BRI1 uar Nazersail Wnandnuinninsladeafufomsing waranuide
99 Manzoor et al. (2008) nuinsuusladeTnunaidonsam 9.92 Alansusiols S1uu 2 ads (adsa 50
Wosidus) Tasldadausnidedneny 25 Yundsdnd uadldadedl 2 ednileny 45 Sundstind fuavinlvi
druanifienuemssaniign (28 wufiuns) Suuiudndessgean (103.80 wia) twin 1,000 wdn
a9qn (20.91 n3u) waglsinandndnnuiaufigean 530 Alansudeld anwanisAnwadsd wudn nsldde
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Tnunadon a5 18 Alandu K0 sels Ineuvdld 3 afs adwsnldngdatindndng adsit 2 Tusvevduanne
wazadaaaielusyeriniaios Suavilitnimeuiulienuemssmnniign Wiy 29.62 iwufiumns S
WHARBI983dR Wiy 189.42 Lwan wazmiin 1,000 Wwanuniign Wity 27.80 nfu 91nesdUszneU
wanAmvE HamaliiveuFuld sl Inumaden Snsn 18 Alansu K0 dels Suultulvnanangan
Wiy 927.56 Alansusals

ayunansAnen
Tnunadendusinemsiifiunumlunisimuiudadn Taenuin nslddelnunadeusns 18
Alansu K0 dals vilddaiusmeniudinnueniss Suruudaress waztwiin 1,000 wén gean
uansaans3uBusenaiiduddymada uazdnulilinandngaan

nnAnssNUsEAA
miAdeildunsatuayunuidenniasinsaisdyaind wandninalu (Young Scientist and
Technologist Program: YSTP) drinsuiaiuningimaniuazmeluladuiend (amv.) Ssouliun wiean
251U Auiag dnAnwianuiviels anginwasmand @yamulavil SCA-CO-2563-12273-TH) uavAme
NEATANERS UNTINENdegUaTIYENT

LONE1591999

Department of Agriculture. (2000). Rice Knowledge Bank. Fertilizer Recommendations in Paddy and Winter Cereal
Crops. Retrieved from: http://www. ricethailand.go.th/Rkb/manual/index. php.htm. (in Thai).

Dobermann, A. & Fairhurst, T. H. (2000). Rice nutrient disorders & nutrient management. England: Oxford Graphic
Printers.

Foiphikun, W. (2005). Plant Nutrients and Soil Fertility. Technique and use of soil-fertilizer-water. Surin: Faculty of
Science and Technology, Surindra Rajabhat University. (in Thai).

Hartati, S. & Purnomo, D. (2018). Effectiveness and efficiency of potassium fertilizer application to increase the
production and quality of rice in Entisols. Earth and Environmental Science. 142, 1-8.

Islam, A. & Muttaleb, A. (2016). Effect of potassium fertilization on yield and potassium nutrition of Boro rice in a
wetland ecosystem of Bangladesh. Archives of Agronomy and Soil Science. 62(11), 1530-1540. doi:
10.1080/03650340.2016.1157259

Kate-ngam, S., Riabroy, K., Toojinda, T., & Kotchasatit, U. (2011). Conversion of wide adapted rice cultivar IR57514 into
Jasmine-like cooking quality through marker assisted backcrossing. In: BIT's 2" World DNA and Genome
Day-2011, Reopen Bio-Gateway in Green Economy. (pp. 286). China: Dalian World EXPO Center.

Kunathai, H., Wattanapayapku, S., Pattayarak, T., & Prasittikhet, J. (1997). The use of different rates of potassium
fertilizers in combination with organic fertilizers affecting rice yield and potassium content in rice grains
Nakhon Ratchasima Province. In: Research report on soil fertility and fertilizer for rice and winter cereals.
Year 1988-1992. (pp. 224-241). Soil fertility and winter grain fertilizer research group, Soil Division, Soil Science
Division Department of Agriculture, Bangkok. (in Thai).

Land Development Department. (2015). State of Soil and Land Resources of Thailand. Retrieved from:
https.//www.ldd.go.th/www/files/80750.pdf. (in Thai).

Land Development Department. (2017). Characteristics and properties of soil series in the Northeast (Roi Et soil

series). Retrieved from: http://www.ldd.go.th/thaisoils museum/ pf desc/northeast/Re.htm. (in Thai).
Mahfuza, S., Islam, M., Aktar, S., Amin, M., & Islam, M. (2010). Influence of Split Application of Potassium on Yield and
Yield Contributing Characters of rice cultivars- BR11 and Nizersail. The Agriculturists. 6(1), 84-89.


https://www.ldd.go.th/www/files/80750.pdf
http://www.ldd.go.th/thaisoils%20museum/%20pf_desc/northeast/Re.htm

King Mongkut’s Agr. J. 2023 : 41 (1) : 92 - 101 101

Manzoor, Z., Awan, T. H., Ahmad, M., Akhter, M., & Faiz, F. A. (2008). Effect of split application of potash on the yield
and yield related traits of Basmati rice. Animal and Plant Sciences. 18(4), 119-124.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. Academic Press San Diego, CA.

Mengel, K. (2006). Potassium. In: Barker, A. V., and Pilbeam, D. J., Handbook of Plant Nutrition. (pp. 91-120). Boca
Raton: CRC Press.

Office of Agricultural Economics. (2021). Agricultural Production Data. Retrieved from: https://www.oae.go.th/view/1
Joyansuanduannuns/TH-TH. (in Thai).

Office of Science for Land Development. (2005). Soil sample analysis guide, water, fertilizer, plants, soil amendment
and analysis to verify product standards. 2" ed. Bangkok: Land Development Department Ministry of
Agriculture and Cooperatives. (in Thai).

Osotsapa, Y. (2015). Nutrient requirements of rice. In: Soil Nutrients and Fertilizers for Rice, Yongyut Osotsapa, (pp.
218-345). Bangkok: Soil and Fertilizer Society of Thailand. (in Thai).

Promnart, P. (2001). The different viewpoint of fertilizer usage for rice production. Thai Agricultural Research Journal.
19(3), 236-245. (in Thai).

Rice Department. (2007). Native rice genetics of ethnic groups under the Royal Initiative Project. Rice Department,
Ministry of Agriculture and Cooperatives. Bangkok. (in Thai).

Romheld, V. & Kirkby, E. A. (2010). Research on potassium in agriculture: Needs and prospects. Plant and Soil. 335,
155-180.

Saeyang, A., Yamuangmorn, S., & Prom-u-Thai, C. (2021). Effects of potassium fertilizer source on grain yield and yield
components of Chai Nat 1 grown under flooded and non-flooded conditions. Khon Kaen Agriculture
Journal. 49(1), 1-11. (in Thai).

Sirimoon, P., Sitthaphanit, S., Srimongkol, P., & Kanket, W. (2014). Effect of potassium fertilizer on yield and nutrient
uptake of rice in saline soil. Agricultural Science Journal. 45(2)(Suppl), 637-640. (in Thai).

Sitthaphanit, S., Srimongkol, P., Kanket, W., & Sirimoon, P. (2018). Effect of potassium fertilizer on vyield and vyield
components of glutinous rice under saline soil condition. Khon Kaen Agriculture Journal. 46(4), 739-748.
(in Thai).

Songmuang, P. & Seetanun, W. (2000). Water resources and soil problems in the Northeast. In Fertilizer Application
Technology in Rice Fields. Rice Research Institute, Department of Agriculture, Bangkok. (in Thai).

Ta-oun, M. (2005). Techniques and analyzes in soil, plants, water and fertilizer laboratories. Food and Agriculture
Organization (FAO) Cooperation Project, Department of Land Resources and Environment Faculty of
Agriculture Khon Kaen University. (in Thai).

Techapinyawat, S. (2005). Plant Physiology. Bangkok: Kasetsart University. (in Thai).

Yoshida, S. & Cock, J. H. (1981). Fundamentals of Rice Crop Science. International Rice Research Institute, Los Banos,
Philippines.

Zain, N. A. M. & Ismail, M. R. (2016). Effects of potassium rates and types on growth, leaf gas exchange and biochemical
changes in rice (Oryza sativa) planted under cyclic water stress. Agriculture Water Management. 164, 83-
90.

Zhang, H., Xu, M., Shi, X,, Li, Z,, Huang, Q., & Wang, X. (2010). Rice yield, potassium uptake and apparent balance under
long-term fertilization in rice-based cropping systems in southern China. Nutrient Cycling Agroecosystem.
88, 341-349.

JUSUUNAI (Received date) : 16 d.A. 65
Juunlyummau (Revised date) : 8 n.A. 65
TURBUSUUNAIIW (Accepted date) : 4 8.7, 65


https://www.oae.go.th/view/1/%E0%B8%82%E0%B9%89%E0%B8%AD%E0%B8%A1%E0%B8%B9%E0%B8%A5%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%AA%E0%B8%B4%E0%B8%99%E0%B8%84%E0%B9%89%E0%B8%B2%E0%B9%80%E0%B8%81%E0%B8%A9%E0%B8%95%E0%B8%A3/TH-TH
https://www.oae.go.th/view/1/%E0%B8%82%E0%B9%89%E0%B8%AD%E0%B8%A1%E0%B8%B9%E0%B8%A5%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%AA%E0%B8%B4%E0%B8%99%E0%B8%84%E0%B9%89%E0%B8%B2%E0%B9%80%E0%B8%81%E0%B8%A9%E0%B8%95%E0%B8%A3/TH-TH

King Mongkut’s Agr. J. 2023 : 41 (1) : 102 - 111 MIATNEATNITZIDUNAT 2566 : 41 (1) : 102 - 111

navasunaslulasiaufenandnuazaInusenaun1es3aaiivas Spirulina (Arthrospira)
platensis
The Effect of Nitrogen Sources on the Productivity and Biochemical Composition
of Spirulina (Arthrospira) platensis

ASAN Hesiuuns wa gisnl Sesauysall
Janethida Kiatmontri'* and Suneerat Ruangsomboon?

unAnga

nsUssfiuuasiulanauiinsadlunamizides S platensis iotanUszgndldlilduandn
Funawayssnngdeigvisiueyuedasyasiu Tnswnzdes S. platensis AldSuunadulnaiauiuandedu 6
susuy Quieuluase, Inunadeulunse, wenludoudauls, gi3e, weludeulunsawazuonlaniey
Aaalsd) Inennganismaaetlasulsunalulasiauindu Ae 0.4 nsululasiausdedng nan1sfinwimuin
s. platensis Tlésulndenlunsaduwadlulasiauinandnduma (0.24 + 0.01 nSusedns) TUshu (68.10 +
2.92 Wesidus) Inlaloendu (198.74 + 11.11 fadniusioniu) Twlad3sTugeiian (155.46 « 9.81 fiadniuse
n3u) wasdualsiiuees 0.0011 + 0.00 fadniusieniy Jaualsiiuses Inlalveduarlnledissuusining
fifiqrslunsdueuyadass vaedl . platensis Aldulnumadeslunsnilluiugaiigawintu 36,65 + 1.78
Wedldud wagnuin S. platensis Aldsuuenludenlunsaiinsaluusidadifisslovifoglungulowin-6
gefiam Ao Gamma-Linolenic acid (GLA) fif1 22,08 Wodidus 91nnsfnwiafsiuandiiiuinladeon
Tunseduuvaslulpsiuiimnzausensimnziaes S. platensis iesanvildamsneiidana Wsfiuuay
#13AUOULADATEEN
Adfiny: alugdun uvaslulasiau nandndana Inlalveiiy luladsssu

Abstract

Assessed an appropriate nitrogen source for S. platensis culture to achieve higher biomass
yields and pigments. Cultivated S. platensis in six different nitrogen sources (sodium nitrate, potassium
nitrate, ammonium sulfate, urea, ammonium nitrate, and ammonium chloride). All experiments
received the same concentration of nitrogen, 0.4 g nitrogen per liter. The results showed that
S. platensis cultivated under sodium nitrate as a nitrogen source had the highest biomass yield (0.24
+ 0.01 ¢/\), protein (68.10 + 2.92 percent), phycocyanin (198.74 + 11.11 mg/g), and phycoerythrin
(155.46 + 9.81 mg/g). Carotenoids were also high, 0.0011 + 0.00 mg/g which carotenoids, phycocyanin
and phycoerythrin are important pigments with antioxidant activity. While S. platensis fed potassium
nitrate had the highest lipid profile, 35.32 + 7.50 percent, S. platensis treated with ammonium nitrate
were high in omega-6 beneficial fatty acids. The highest was Gamma-linolenic acid (GLA) at 22.08
percent. This study demonstrates that sodium nitrate is an ideal nitrogen source for S. platensis.

Keywords: Spirulina, nitrogen source, biomass production, phycocyanin, phycoerythrin
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Al

Spirulina (Arthrospira) platensis asﬂuﬂfjuamiwﬁﬁmuﬂuﬁw FuvoleeluwuaiiSefiarunsn
assonsanslulainsn WUsiu uazluduld lae S. platensis lignindngnainegeninsuingUszasd
nsldusslovdiivainvate Liesanesdusznauiigauldaslusiu 50-70% nsnegdludniu ldun
Aspartate Lay Glutamate duidugruvilsvesemnsiivsslomidequan nsnlusfulsidus Tnsanznsa
1‘Uﬂuﬂﬁjﬂamﬁﬁ—3 waz 6 WU Alpha-linolenic acid (ALA), Eicosapentaenoic acid (EPA), Docosahexaenoic
acid (DHA), Linoleic acid (LA) kag Gamma linolenic acid (GLA) Taglaluin-3 fdutediueyyadasy an
AORAWDIER MUANANMLEen daudndusenisasiwasdounsugad ludiuvedlewin-6 fdugaeri
Tifnifaiqunmd awdresiadddinidu (asany $12) ssaing Idur aaslsiiad ualsfiussd uas
IWladalusiu (nlalesndunarlnladisiu) Feliqnidueyyadastuasdunisdniauuazilnaiiuead
Uszneuseansuszneuitusdniifinmuaniidueyyadasy Tustlevilusulavundy Ssdoahamsiovi
fluldlugpamnssnoims indesdens Wiludnauemsuarddon \ufusinisdanm Seuhumauly
wAnfuilasuemaiftoifiuguamsarunisluigud omsdnd uenanianslulawmsmuagluiuain
amseannsaasududemadanmld (Ruangsomboon, 2020)

MnAaanTAves S. platensis AlsFunssouiuan FAO Fsfinmsndmduovnsileidu wieemns
w¥auluguomnsdmiviinduoinia deguemslnguinisiigs fdudelfsedundsnuiindy delu
nsUanUdosndsnuuazuyudannsagosInduranlsdladieiiesan s platensis Lifinfsvadiidu
\waglad 8sAng NASA Fsduasuliiduomsurislanounan duduuvamdsnuiiazminuazsinigluns
uilna wenanildadidiudislunsmuamihminuasdmivinimieantdsniedeudosnisormsil
nisrugs Tagszmrineeniidinisdenfoyyadaseiind uun dauomnsiungaudmivinfmie.du
onsfilllusiutazansiuoyyadaszge dosdglimdsnulssingy dmu s. platensis ansnsaluoms
funmnganlifudnfmld 1 esnliusmalsiuldgeuasfansiivasidnouyadaseld Tnods
ladalusiu Aaelsiad ualsiiuoes niud Fanfiud Walussduasfione Wudu uennidsidiuge
TunmsusudgesruugiiduiutazanmnudssesnsiinuziSalédnse (Sudhakar & Premalatha, 2012)

mMaweidss S, platensis ielwldnandnluunasnuasdaanmassmuanudoninilly
Usrlowddnaunaindadertsnioninuazied 1wy sanermnsflivangay uas gungdl Ay pH
mivoulaeenles 1wy Fetladeiidmarouiinnlusiuinniign Aelulnsiau (Costa et al, 2001) Ing
lulpsiauduasusznevveansnoriilunarTusiu Jadumsemmsndnvesamieiivihiiviglunsdunsizi
uas adassedagquaznszdunsinnureseulsl Jagtuiinisdnviesnsldlulanauluomamizdes
amseidlugiuuudunidlulnsausas ofiunidlulasiauedteoides iy nan exdilu lunse lulasduay
gi30 (Shanti et al, 2018) Tnsgunuulmngauazdmaliansiodnaadauivlaldd sufsanunsouiy
wandn Tsiunaessntngfidoansfiudu o luldlumasdromsndsnuiifaarmidauinisgs

mslduiln vieunaslulasiauiiuandnstunuindmalifinssydvlauazesdusznaunsdued
Y933 18uanA9T L laslun1sfne1ves Costa et al. (2001) s1eudnsldladonlumsmduwnas
lulssiaulunsinizides s, platensis Wikandndauna Tsfunaeaelsiiadgadefiouiugde esnwad
ansagatuszAeNd1endn sefunsAnYIes Soletto et al. (2005) fisrsnuingBeviilyt S. platensis i
Snsnsasivlaiiiniuesludeuraslsdwaruenlufondamn Jauandiifiuiuwadulnsauiivanyay
fu S, platensis Gunanssfiiluausefishsaneiug (strain) fu FeduiolildvandnTauavosaminegs
faplunameidos Ssesmsuuvadlpaauivasausomeiusamitedun
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ANSANYIASINE
3

@

ngUsvasdiiofnwinavasurasiulasiauiiunnsisiudanisiasyiivlanay

3
aaAUsENOUNNTUALIYes S. platensis aneug KMITL

BnsAnen

msmmgﬂaamiw Spirulina platensis

wlsuade S. platensis aeitug KMITL fwnzidswuulaendslufesufoinisdeemsgns
Zarrouk’s medium (Zarrouk, 1966) audngszazdarsmaiaiguladiud anduhluduindedngy
naaoamnzidsdusmstuuusunadulnsiou Tasnausunisnaassiuy CRD wseoniiu 6 yanisviaaed
Fifiumsnaans 4 81 lumaimzidssamanedisemsgns Zarouk’s medium Aiusulitundsiulasiaud
wANe13i L Usenoualelnunaidenluinsn (KNOy), wonlulendainn ((NH,),SO,), 8158 (CHyN,O;,),
wonluifleulunsn (NH,NO,), wosluilloupaslss (NH,CY uazlaifsuluinsn (NaNO,) (yaaiuax) Usunm
2.9,1.9,0.86, 1.14, 1.5 uaz 2.5 nusiadns anua1du (Weuwhiululasiaw 0.4 niusedng ynyan1snaaed)
Tngfuninnsmanimdnvesavsaosnelagliviinamesiulasauaingns Zamouk’s medium 1du
it ingissaviredune 14 Ju luanadufoun 1 dns Tiuadnevaenvigoeisaeusifissduany
\uas 5600 &nd (inasavigesisaiwusidiu 2 vaem) 1Wuan 12 $alus fin 12 Hlusietu gumniil 25
+ 1 ssmwadoa Tinesenaielidimsmyuilsuvesamsesoiesnasaiian nsiAuteyaiian
09.00 u. N 2 ¥u uardugANITVIRAes

NMSUUTINNANTISNAADY

'3tmw3ﬁﬁmﬁfﬂuﬁﬂﬂaauﬁqquﬁ 105 psAwaLdea 24 93U (Ruangsomboon, 2020) 34A314
TUsAusE33 Lowry’s method vnnsgesuazinliAnddie Folin-Ciocalteau waginArganduuasil 750
WluLums (Lowry et al, 1951) Ansizvivsunaumslulawmsameds Phenol Sulphuric acid method Taenng
g8nIY H,S0, LLazi’m’]anﬁmLmﬁ 485 unluluns (Becker, 1994) Ainsizsinaslsilaalaaninmigiuniuea
uazInAiganAuLATTl 655 unluwms (Becker, 1994) Aiaseiunlsiiussdlnsainsoesdlaunas farganau
waadi 480 wiluuns (Becker, 1994) insrzsillaloenfiulnvaindoneamadnnesuariiliugifu 24
Flas nduinAganduuasii 545 way 620 uiluwnsmuiBves Becker (1994) wawidloAugnnismaassi
myeszrUsinaluiulavainnisaaslsvesuumiuea (Bligh & Dyer, 1959) wagliasginsaladulagnis
Anshee19ieLA3as GC (Gas Chromatography) (Ruangsomboon, 2020)

AN5IAIITAY YA

v
v = aa vy a

ﬁwagamﬂmamiﬂﬂmiﬂﬁﬂmmLLaﬁmiwﬁmmwﬂ@fwmaaammm% ANOVA : One way
(Turkey’s (HSD)) wagnaeidoyailSeuiisuaadeiseAuaudesiu 95% melusunsu SPSS

Nan1sAneILazIvNsal
1. Lmeia‘lu‘[mwuﬁLmnsiwﬁ'uﬁian'ﬁw“izy@u‘[mmmm’w Spirulina platensis
MIZIEEa S, platensis Tnoumashulasiauiiuananeiu 6 sUuuu lawn nunadeulunse,
wasludendaule, o3y, wenludeuluwmsn, wenludouraslsduazlufonlunse Wudwﬁguqmmimawqm
msnaassiildsuladoulunsmduumadulasiuinandndnnagsiian fo 0.24 + 0.01 nfusiedns (Figure
1) Tnefinnaunnsnsegadldoddymeadatuyanismaassildsuuenludenlumsauazwonludeoudauia



King Mongkut’s Agr. J. 2023 : 41 (1) : 102 - 111 105

desmnunadlulasiaufidnstudutadefidmaly S, platensis SnsasaiuTauansneiu Tne Costa et al.
(2001) nerineadameATrunniRuansonadulunsauasenludouloveuldnniifeendanaly
S. platensis gadusnosuenluiouvuniiiniansveassdu duganmsnaaesiliteludondaming
avdudud 0.01 M el Bufivsie S. platensis 39l S, platensis fin1siasaiuladilid aenndes
AumsAnwives Chasoy et al. (2022) wuinlwideslumsaduunashlasiuiiduaiunisasyiulaiaign
Wity 0.80 n¥usledns lutudl 16 vesnameiies dwmalidulsdlunsnsnnaauldosadud v
wesluiflondamslisnsnisaigdvlnitlifidosnin s. platensis .Wwiydulaldluaniizidusine pH og
Tu?23 9 - 11 (EL-Sheekh et al., 2021) vauzfionlufondamnaninsaunndfi pH 5 - 6 (Mirhosseini et al.,
2021b) ieuenlundsnogluanmeidudmevli dufiviowaduazsudueuladlunsndsninadvimend
gndunesludennieldlunszuaunisumivedda
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o CH,N,O,, 4 NH,NO, & NH,CL

Figure 1 Biomass of S. platensis cultivated under different nitrogen sources. Different small letters on

the lines indicate a significant difference (p<0.05). Error bars represent + S.D. of four replicates.

2. LmeieluimsmuﬁLmnﬁifmﬁ'wiaﬁaﬂ%mq%mami"m Spirulina platensis
2.1 analsiaduazualsiivasa
fiduaansnaassgnniaaaosiiliuesludeondamniviiunaolsfiadgeiian Ao 4.58  0.48
fadnsunansuainsie (Figure 2A) Lmsﬁmmu,(msi'mﬁ’uashaﬁﬁsﬁwﬁ@maaﬁﬁﬁ’wmmamaaaﬁiﬁgL'%EJLLas
wouluflounanlss lunsalessuinuanansalunsazanglaei pH 9.5 - 10 (Mirhosseini et al., 2021a)
S. platensis ﬁqmmmam%ulé’asjwimL%‘qa'amaiﬁﬁﬂ%mmwaaiﬁ\laﬁﬁﬁ?u (Uddin et al,, 2020) sinafiy
n13Anw1ves Danesi et al. (2011) nuirganismeaesililnumadeslumsnilrnaslsiiadas 12.30 fadn3u
sonuileifisuiugnnismnassiligSeynseduamnududy 10.00 - 11.70 fadniuseniu
yansnaassiliuenludoudamafusinaualsfiuosdgaiianlutud 10 uaziidugavoinis
WNEEBT A 0.0049 + 0.00 fadndusensy uaz 0.0015 + 0.00 dadn3usonsy MUY (Figure 2B) &
Amnuuanssiueg e tuddgmeaifsuganisaaesililnunadosluns giFouazuenluiounaslsd
doameasyiulalaldfdwaldaminefiannunionuarazauualsiiuessfuiuietestuvad
dewanmluanzuindendilivanzay aonadeaiun1s@nuives Santos et al. (2019) Fs@nwrguiuy
lulnsiouiwanzawsio S. platensis wuigamsnaassiisialulasiauliuinaualsiuessganignniuny
Tnefidwiiiu 3.6 uaz 2.5 fadnsusensy audwiv sUuvululasauiilivinzasss S. platensis ¥inls
NTEUUMTAMUeATuIUAsULUAY dawaliieoululliaugatu sufsdmwalidnsndnuelsiusedanas dau
n15ANw1YB3 Ajayan et al. (2012) wuirgamisnmassiligiSoduuvadulasauiiviinuuelsiussdgaile
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\iufuganisvaaesililnuvadonlunse 3.12 + 0.01 wag 290 + 0.01 fadnfudeniy awddu 1ng
welsiiussdfignslunisiueyyadass aunsadusendiauluanafisuazeyuaivedoondalusisniouyud
Iiog1efiused@nanin wagnuindanuanansasiueyyadassganivsinaiiuea vsenalwesdanaisania
wagannsaiiunsnevaussvesniinuiulas Uostulsariag 1wy uzise 33 S platensis fiudualsiiugs
wnniuasends 10 wih Wunildluansifivssansamlunsdoyyadasqe (Asghar et al, 2016) g
sonsliidudunalulsiuunideiomnisansiuoyuadaszgs

15 A 0.0060 B
z b4 ©0.0050 | .
£ ® g o
— 10 | = 0.0040 |
= 3 - 3
= n = 0.0030
e 5 g o ¢
S5 b g s b . So00020 | % é @
ab <C a
6 A é ol %b O - % A 2 -
- - " E 0.0010 m é & A 2 Eb
0 w ! 0.0000 ! ! :
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o CH,N,O, ¢ 4 NH,NO, o NH,CL o CH,NL,O, ¢ A NH,NO, A NH,CL

Figure 2 Chlorophyll (A) and Carotenoid (B) content of S. platensis cultivated under different nitrogen
sources. Different small letters on the lines indicate a significant difference (p<0.05). Error bars

represent + S.D. of four replicates.

2.2 Tnlalgerfiuuazlnladissu

FloAuganisnnaes S. platensis HldsulsRoslumsaduinallalesiiugediaaviniu 19874 +
11.11 fadnfusoniuaimsie (Figure 3A) lnofianuuandrsiuegsfidodfyfuynnimaassdu diu
Mirhosseini et al. (2021a) AnwuUsuifisuunashulasiauiiuanensfiusie Arthrospira maxima WuinganTs
naaeanlilefoulumsaiuiualnlalvordugeiigawindu 0074 fadniusiodng vuefiganisnaassitly
wonluflondaundwaliusunalnlalyeduanasegesing laglnlalseduazuusiunuunadlulasiau
%4 5. platensis finnuanunsalunafvazansinomisuazaisloudusglalwlalosdunielianngd
winzan (Ajayan et al, 2012) elnladalusiududilanavssanlusiu Inedlulasaududulszney
(Ruangsomboon, 2020)

fauganisvanomuiganaveaesililedoulunsniviinalnledisugsiiafie 155.46 + 9.81
fiadinTuslanuamine (Figure 3) Tnedmnuunnisiuseaditodfyiuyanisvaasiduy Weauvuuy
yoImMazAss viomaiydulavesamieAideunuhdugduardmaliamedunnesingusaing
Tladalsiu Anlalsendunazlnlndsssw) Avmindilunisuuazifiudy (Ajayan et al, 2012) Tag
ssnfaglungulnladalsAudqnslunisduoyyedass uniduiuuasimiilunisundousadann
mnue3saiiinanUiizeneendindu dalnlaleeduiinruannsalunsiunsdniavvensad ansn
mMineuyadaselansendauazeyyadaszoondiauld 91nn15Anw1ve Hirata et al. (2000) 518973
InlladalusAuiigvdlunisiueyyadassIndiAssiu o-tocopherol uay caffeic acid Tl siueyyadass
AFlunmeaeuisiouiiou Tnsliladalusiuannsadudanmaifneondinduldodsifusydnsam anua
msanwadsinanslimaunausoliludodlussnduuaddulnsaulunsmzdes s. platensis wiold
Wuingavlunsudnomsndenudifiansinueyyadasygsdmiuindwn (Usiuud)
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Figure 3 Phycocyanin (A) and Phycoerythrin (B) content of S. platensis cultivated under different
nitrogen sources. Different small letters on the lines indicate a significant difference (p<0.05). Error

bars represent + S.D. of four replicates.

3. navasumadiulasauiiuansnsiuselusiu mdlulawse wazluiuvesawine Spirulina platensis
3.1 WWshunazaisiulanse

FloAugnmsnanea S. platensis Aldsulmdsulunsmfuumadulasauiinandnlusiugaiian fo
68.10 + 2.92 % slavwiina w1 (Figure 4A) Inefiauumnsnsfuogaiifoddymaadasugnnismaaasd
Tilnunadonlunsn gide uenludoulunsm uasuenluifounaslse lagllasauduiadofidsmasiosina
TUsAunazdunumlunsduasigsinsnosilugadudinusznevvedusiu S. platensis o19gadslefen
Tunsai et luTdlunsesyiulnuasdunseilusiuldhouazlodenlumsaiidiugaslunisvauves
Wuleaisenuma (Costa et al,, 2018) %"aamimﬁlﬂmmefﬁﬁuﬁmmﬁaﬂmﬂﬁuLﬁaumﬂm'wﬁmﬁuﬂ
(Ruangsomboon, 2020) Tudiuvesn1sdne1ves Madkour et al. (2012) vn1siundsunasliulasiau loodl
Toidoalunsn wenludenlumsnuazgSonuinlodealunsalivualusiugeigad eiuiuuvas
Tulnsiaudu Ao 52.62 % lnelusiuduunamdsnuiianmnsaiisusiansTulamss 5u 1 n3u Tindsanu
TagUszana 4 Alaunaed warlusiuvimhilunsdenusunaziaduaiisdwiidnusevesinanie iesin
Tusfulusrmefimsgesamouazaiislmiognaen seneuywdisiosnisnsnoziluiioldlunswdnlusiu
nsuslaalusAuaniis vioamissuadnifunisunsaugunisldfundauanlafuduiuin
Hedniuardildfunsneriiluiisndusosnainiedndae dainfudenisiusiu 1.7 ndusetminga 1
Alansu maiasulsiuiiossnsitusresinimanniseenidime wiesunennanmemiesd sy
Teimnyan uenanilusausdininilunisuanasueuiven wsaniduiulusanig (Anonymous, 2020)
M54 S. platensis ﬁﬁiﬂiauqmaﬂﬂﬂiaum%ﬁaLfJumaLﬁaﬂﬁmmmm

amine S. platensis ldsuTnunadoulunsnivunumilulanngeiigaiiuganisnaans fo

q

P

16.26 + 1.87 % (Figure 4B) @ sflaruumnsinsfuagrefifodrdyniadffl siisuduyanismaassiili
worlundlslumsn noanslulawsmazdunliianaudlessornmniamedsafutuduiudiuuimalusiv
wuigansnaaesiililnunadoulunseiiviinannslulawmsauaglutiuge vagilsiudiam wWeswnsg
omnsenslidiiivane S. platensis Swad1eensUsenoumsueuTun ey Fwsvlfeadinisavauuloas
lsfunnnninund Tagsinafunis@inunves Madkour et al. (2012) Weifunysunadlulasiousewindefon
Tunsn uesludeslunsauazyiSenuinganismaassiliwouludeilunseiiuinuaslulamsngniiym

msneaesduluynszAuaudutululasiauwiiiu 16.30 - 24.50 % FalalndlAssiunansfinwil
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Figure 4 Protein content (A) and Carbohydrate content (B) of S. platensis cultivated under different
nitrogen sources. Different small letters on the lines indicate a significant difference (p<0.05). Error

bars represent + S.D. of four replicates.

3.2 lugiu

nnsensnuilefenlunse nunadeslunse wenlideudamn gise wenludoulunsauay
wesluifleunaslsdliuinalvduvindu 25.39 + 0.84, 34.65 + 1.78, 26.30 + 1.71, 26.22 + 1.27, 22.95 +
0.55 uay 27.47 + 0.93 % mudsu lasgansnaassiililnunadeslunseiviuailviugaian Tnefia
uansafuesdidedAgmsadidunnganisnaaes Ssduitusiunavestusiusazaslulansn ielusiud
Asazasualyt S. platensis fUsuadlulawsawaglutuiviy Wemnunaslulasuifsimemslal
\eane wieluanizdildmnrausonsesyiivinvesansne amsednazazaudfinluanioviani
(Ruangsomboon, 2020) ¥z fin1s@nw1ves Madkour et al. (2012) wuinganisnaaesiilvgiFoiduunas
Tulpsiaufivinailviugeiigasleiisuiuyansnanesdu fe 15.39 + 1.31 %

A57197 1 (Table 1) wansmsiSouifsuunaslulasiouinzaudensndnatstluanausazvin
Wisuifleutumsinuniifisenunout wuhalustuseslufilunsinweddfiinganinmaaesdug Tu
druvesanslulansanuinfalndidesiunisaasiues Madkour et al. (2012) vauzfinandndaua
aelsilad ualsiiueesuaslnlaleeiuiadiniinmsmaassdun

Table 1 Comparison of biomass and biochemical composition of S. platensis (A. platensis) and

A. maxima cultivated under different nitrogen sources.

Maximum Productivity References
Biomass (g/0) 0.24 + 0.01 and 0.24 £ 0.01  This study
(NaNO; and KNO,)
0.80 (NaNO,) Chasoy et al. (2022)
Chlorophyll (mg/g) 4.58 + 0.48 ((NH,),SO,) This study
12.30 (KNO5) Danesi et al. (2011)
Carotenoid (mg/g) 0.0015 =+ 0.00 ((NH,),SO,) This study

2.5 (NaNO,) Santos et al. (2019)
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Table 1 (continued)

109

Maximum Productivity

References

3.12 £ 0.01 (Urea)
2.90 + 0.01 (KNOs)

Ajayan et al. (2012)
Ajayan et al. (2012)

Phycocyanin (mg/ml) 47.93 + 1.64 (NaNO5) This study
A. maxima - 74 (NaNO,) Mirhosseini et al. (2021)

Phycoerythrin (mg/ml) 37.44 + 1.40 (NaNO5) This study
Protein (%) 68.10 + 2.92 (NaNO5) This study

52.62 (NaNO,) Madkour et al. (2012)
Carbohydrate (%) 16.26 + 1.87 (KNO,) This study

16.30 (NH,NO,) Madkour et al. (2012)
Lipid (%) 34.65 + 1.78 (KNO,) This study

15.39 + 1.31 (Urea) Madkour et al. (2012)

4. navasumasiulasuiivansnsiusevfiansaluduvasamsie Spirulina platensis

NNMsAnwImuI S, platensis Al 3uunashulasiaunnsuuuuiinsalesiu C16:0 iWussduszneu
vén TnediAneglutag 24.08 - 74.64 % (Table 2) nsnlusiudus (Saturated fatty acid) fifeglutag 48.90 -
81.71 % lnsAsngauazgsaanulu S platensis #ldSuuesludonlumsauaslofonlumsnduuvas
Tulasiau audsu drunsalasiulududa (Unsaturated fatty acid) fiAegluyae 18.29 - 51.10 % lag
wiadunsalusulisudadaufien (Monounsaturated fatty acid) egluzaa 1.16 - 13.67 % uagnsalusiulsl
SusuTedau (Polyunsaturated fatty acid) 15.13 - 37.43 % Imaﬂimlmﬁwﬁmﬁwwmﬁqﬂu S. platensis
A C16:0 w30 Palmitic acid wazwuinyanisnaaesitlivenludoslumsaiiuiununsalufulddudii
Uselomiriosnsmeuyudgaiign demuinduviadieglunduleluin-6 geiiga Ae C18:2n6¢ v3e Linoleic acid
(LA) Uz C18:3n6 %38 y-linolenic acid (GLA) f1An 3.42 uag 22.09 % AuaIRy vz AiyganIsnaaeadiln
woluiondainiinsalusfurda C18:1n9¢ w3 Oleic acid gefian Ao 2.46 % uavyansnaaeslilufey
Tumsanunsalusfuriin C18:3n3 v3e Linolenic acid geiign dsoglungulolui-3 Ae 2.22 %

Table 2 Fatty acid profiles (% of dry weight basis) of S. platensis cultivated under different nitrogen
Sources (data shown only C16-C18).

Fatty acid NaNO,  KNO,  (NHp),50,  CH,N,0,,  NHNO,  NH,Cl
C16:0 72.35 37.77 74.64 40.05 24.08 39.48
C18:1n9t 0.06 0.00 0.07 0.24 0.01 0.00
C18:1n9c 2.10 0.93 2.46 0.87 1.69 1.07
C18:2n6¢ 2.58 2.14 2.42 1.53 3.42 2.06
C18:3n3 2.22 0.00 1.78 0.00 1.33 0.00
C18:3n6 1.05 19.34 6.57 19.46 22.09 19.47
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Table 2 (continued)

Fatty acid NaNO, KNO,  (NHp),S0,  CH,N,0,,  NH,NO,  NH,Cl
SFA 81.71 73.06 79.83 74.81 48.90 74.11
UFA 18.29 26.94 20.17 25.19 51.10 25.89
MUFA 3.16 3.36 3.51 3.66 13.67 1.16

PUFA 15.13 23.58 16.66 21.53 37.43 24.74

SFA-Saturated fatty acid, UFA-Unsaturated fatty acid, MUFA-Monounsaturated fatty acid, PUFA-Polyunsaturated fatty
acid, TFA-Total fatty acid.

ayunansinen
wiashulpsiuivanzaudnsunsmizidesamine S, platensis aesitug KMITL Aelsfeslunsn
\esnlinandniaana Tusau IWIﬂlsdmﬁuLLa31WIQ§%G§U§Qﬁ@ﬂ Taaflawinniu 0.24 + 0.01 NSusadns,
68.10 + 2.92 Wasiiud, 198.74 = 11.11 fadnTusensy, 155.46 = 9.81 adnTudensu uaz 68.10 + 2.92
Wosidud audidu 7 elafenlumsaliualsiiuesdgaduidioadu 00011 + 0.00 fadnsusioniu 3
wAlsiuoed Tnlaloeniuuaynladsudunatngiiddyifgnslunisiuouusdassq Sumnzaluns
T duimgfunanlusiuuifemsilequainsenyud

nnAnssUUIEAA
nsfnwiilasunsatuayunuideainiasinsidelssiihuindeng uazainaseunin
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