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NSNARIUILATAINNIE DNA 1A InDel tNaldAALINDARRURIEW Lin5
MLNeURINU Sucrose invertase LUNELADLNA
The Development of InDel Marker for Selection of Lin5 Gene Associated with

Sucrose Invertase in Tomato
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fifimsuasseansmnzluield wasnafimdotann Suihiuasiaiu extracelular invertase ﬁLﬂ?}lﬂuﬁmmﬂu
nglag uaz Wynlna AdumumiAsedesiu Bnnrhmalunaszdems mwmsiansREteTesEu Lins an
FnBENIANALITEN nucleotide ANNIABINA 11 aMeiusg (4 iie) 6iwn Solanum pimpinellifolium: L3708, TOMACS4T';
S.lycopersicum:*'SD2’,SD3’,'O4’‘Cherry154’,'Cherry155','Cherry267’, ‘Tony’; S. lycopersicum var. cerasiforme:
‘WVa700' Az S. habrochaites: L06112 (C1) mmimﬂﬂ@ﬂm@mmﬁmﬁ 1@ 3 ﬂ@mm S. ,O/mp/ne///fo//um
S. /ycoperS/cum UaT S. habrochaites WASWLIFNLMLN Deletion A114214 15 ﬂL‘LI@ VILLmﬂm\‘mmL@m_lu exon 3 Vlmmiﬂ
utizdemeianenlfoenidh 2 NN PAINANEARATE S. lycopersicum WAz NGNEARA S. pimpinelifolium Togw
iz FemAaRNAEN (cherry tomato) thaz l§saRaNNAN S. pimpinellifolium WAYeNRERNITNAMNLANFNITINL
LTRILNITRIVANE DNA TR INDel3477913 uasri i Widmdenaneiud i St dameliilaonam
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Abstract

Fruit sweetness is a target for fresh tomato breeding. Lin5 gene has been found specifically
express in ovaries and developing fruits. This gene encodes for extracellular invertase that cleaves sucrose
molecules into glucose and fructose, therefore Lin5 gene was found to associate with sugar content in
fruit. The analysis of Lin5 nucleotide sequence data from 4 tomato species including 11 tomato varieties
i.e., Solanum pimpinellifolium: ‘L3708’, ‘TOMAC547’, S. lycopersicum: ‘SD2’, 'SD3’, ‘O4’, ‘Cherry154’,
‘Cherry155’, ‘Cherry267’, ‘Tony’, S. lycopersicum var. cerasiforme: ‘Wva700’ and S. habrochaites: L06112
(C1) were investigated for a phylogenetic construction and represent three groups of S. pimpinellifolium,
S. lycopersicum and S. habrochaites. We found a 15 bp deletion on an exon 3 this polymorphism can
clearly distinguish between two tomato allele groups of S. lycopersicum and S. pimpinellifolium allele, also
found as in cherry tomato group that might be inherited from S. pimpinellifolium allele. The InDel3477913
marker was developed to differentiate the S. lycopersicum allele from the S.pimpinellifolium allele and

might be used effectively in selection for improving the sweetness in tomato.
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szdeweidunilsluienitoniudsznunaan Tasanzuzdomise fadhiminuadenndn
10 Nf Q’U?Tmlﬁmmmu%uu%mmﬂfﬂﬁ'ﬁ@wﬁwmn wozidunzdemanasanay wiates a1anm
i llislnalfdwnaaiunald (yoyae wnwae, 2555) AN ANNINUAING AT aaRUEY Lins
A 3,846 FLUA uuTm‘EuTeﬁu@"ﬁ' 9 AnnsuansaanianzLdaniily LLazm@ﬁﬁﬂﬁqﬁwmL%’ﬁ@l'iwz@n
fiu Lin5 ulasaulu extracellular invertase Milany glasaiunglea uazvanina Aflunumideadestu
Bunnsnmalunauzidame (Fridman et al., 2000) lunz@amaRugiddanaauesiiu Lins i soluble
solid content lualée 20% Tnemudiuanseentaslundunen uazsuazeaunmesag e Lins i 1
11 4 84 299 tomato invertase family gene (Godt and Roitsch,1997) AINNTANEIUNANFLTY nucleotide
LAY CDNA 949513 4 i WUNEL Lind uae Lin7 SinnsdmGessemiuiy direct tandem repeat aguulaslulay
A7 9 duFLE Ling uaz Ling Sn1ednFasiaununieniuaguulasiulougi 10 Gedinisedunedsmunnises
tomato invertase family gene 5’51Lﬁm@1ﬂ segmental duplication A1nU29IW1 71 (Fridman and Zamir, 2003)
u@nmnﬁ Godt and Roitsch (1997) €4 l@An=1N13uan9aaNU8S tomato invertase family gene WU4NEw Lin7
fnsuanseenldiieslusuazesunasiagwindu drusudiu Ling wanseenlusn wazly daudiu Ling lainy
nsuaneanluivla uavduazaeunasing namsudeysanAuLaTeseu Lin5 m@e@’mﬁuﬁfmﬁ@mﬁﬁﬂqﬂ
Tutlszinalne mewﬁuﬁ:ﬂﬁ\iLﬂuaqzﬁwﬁryﬁi@mﬁmm:ﬁmm"’nmﬂqﬁumnﬁm (polymorphisms) 1inl1g
neRLAIRIRNE DNA (DNA marker) Lﬁ@ﬁﬂﬂ%’aﬂﬁmﬁ@ﬂmﬂﬁuiw'@-mi uazgneanluwauliulle
uguzdemaliiianumugeiu lueAnnisusunsaiufifunssuaunsimunaniugindne oz Ansaa
prudiaania ledpirenannistssidudnmousiilsng (phenotype) Tuflunaainnisuanteanaesalulnil
(genotype) WATHHANTLNLUIBNANINLIAREN (AFAAT WIAAT, 2548) zﬁ"ﬂwm:ﬁﬂmﬂgmwvlmﬁmw‘aslu
nadndenldigniesududn atsenduszezinaiu waldussud LN (NTATINsinERs, 2543)
nstlszgnidiatacuny DNA Audluiansdndenilulntinanss fanunsanmagauliynszaznisiaioy
Fulavesiis Aildaudandsznidainan anussu anFuNL AT LA TUNTWNzgN (63N AN, 2546 LAt
danad (WnYas, 2554) ATINLANANITBIAFL DNA WUL Insertion/Deletion (InDel) wunazaneilluaTuu
ﬁmwh“] ALNTIWL single nucleotide polymorphism (SNP) Win19a59a80 LAY HUANFNNTENINAERUTATE
Fuvtls InDel $il84nandnitesannaunasingi 5-50 AWA (Song et al., 2015) TpelLARaNnY DNA Tiin
InDel gl lunsdnmfuiugness Lm”mmmqmmmﬂmwmmm anN% (Montgomery et al., 2013)
‘LummwuimmLﬁwmﬂummﬂmmu L/nSSLumLf;m exon 3 lunzi@awme 11 aneiug MATRILAR BV
DNA dwtiudpidendadatesiiu Lins MiRtadasiuaanumau el 4o dndensusidiemeiidaumu
qesialdl

A8NN5ANEN
WUGNzITaWA
luduneuNNIIMAN A9 nucleotide 1848 Lins U exon 3 etz @emas Lo 11 aneug
(4 wilm) (Table 1) m‘vium’l,umawuﬁmumummmmmnmﬂwmwmwﬂﬂ (Brix > 6) Aa Cherry154 uaz
udemAnTsaTRenaee viseliuany (Brix 5-6) Ae SD3 lugaun smaAgaLLAIaLNE DNA 530 InDel 7
fimunaulEnageuAUL @ omARI NS MAFUT84 nucleotide 4n1at 7 aneug ldwn Wva700, SD2,
SD3, Cherry154, Cherry155, Cherry267 LazTony m%\mmzﬁ@uslumﬁamﬁgnmu (F JCH154x04 uazsating
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L%@Wuﬁqmwuu%mﬁmn@uﬂ“’a% uaTARIUNTENIASa (Tropical Vegetable Research Center (TVRC))
AU 9 ﬂﬂﬂﬁuflﬁLLﬁ LEOQO1, LE258, LE124, LE172, LE497, LE178, LE157, LE158 wazLEO16
N194NA DNA NzLADLNA

nsana DNA AnLlaednaIndanisaed Fulton et al. (1995) nasannmnzman lasunaanglsyanns
20-30 51 v ludeuldnannnanaesaunn 1.5 HaaaRT LWseN extraction buffer (DNA extraction buffer: 0.35
M sorbitol, 0.1 M tris-base, 5 mM EDTA, pH 7.5, Nuclei lysis buffer: 0.2 M tris, 0.05 M EDTA, 2 M NaC1, 2
% CTAB Way 5% Sarkosyl Tuapnsdau 2.5:2.5:1 Lavifu NaHSO, 0.3-0.5 ni?“milﬂ 100 dadanITastWines
pH 8.0) ldlunaensfaatne 200 Winsans ualuitauazidensmagdnunidniniauanagin waaLRs
extraction buffer 3 550 lulpsans wan i dlthinfienugdfl 65 asrnaiden waan 30-60 wf
ANEAFn chloroform - Isoamyl (24:1) 750 luTasans nanldidniu inltlusAesfiaanuEasen 12,000 sev
siowndl iluan 10 Wi gadauladruuuann 500 Tulrsans ldnaanlus 1Bis isopropanol A3 1 winga
udandnuaemun shldiuwiesdiaanuidasey 12,000 sausewf Wiwaan 10 wid mdaladuuuiie uaz
&9mznau DNA Fael 70% ethanol 1 UtluwesdiaanuiSasan 12,000 seusewnd ifliuaan 5 undi w ethanol
i tmrnay DNA lileylusiedt 65 asrimaies et 5-10 W7 aMntiuazanamzney DNA Tnsifi
TE buffer 15unas 50 ulnsans thltad 65 asAimaides 1szanns 30 un7l aunznes DNA azane tiusnm
81382818 DNA 7t 4 aanumaldes

Table 1 List of plant materials investigated for Lin5 gene sequence analysis.

Species Code name References

S. pimpinellifolium L3708, TOMAC547 Phetchaboon et al., 2007

S. lycopersicum var. cerasiforme Wva700 Phetchaboon et al., 2007

S. lycopersicum SD2, SD3 Tropical Vegetable Research Center (TVRC)
04 Chomdej et al., 2012

Cherry154 (CH154), World Vegetable Center (WorldVeg)
Cherry155 (CH155),
Cherry267 (CH267)

Tony Commercial variety

S. habrochaites L06112 (C1) Chomdej et al., 2012

nsaanuulnsinasasaungu exon3 19 8w Lin5

TunnIneaesildeanuuL e fanua 1 A selisunsu Primer3 (Untergasser et al., 2012) g
fanfuees nucleotide 1aenzidawme 3 aUTd tdwA S. pimpinellifolium (Elliott et al.,1993), S. lycopersicum
(Fridman et al., 2000) waz S. lycopersicum var. ‘Moneymaker’ (Proels et al., 2003) 'ﬂ’mﬁ’mﬁ"ﬂy}@ NCBI 1agl
AaNLTIIN conserved region VBSEU Lin5 Nﬂﬁumiﬂ@ﬂLLUUiWiLN@§ﬂ?@Uﬂqmuu exon 3 (Figure 1) Lﬁ‘ﬂ\‘imﬂ
v exon bﬂmmslmgﬁ'zgm WINAAMNUANFNNAIALEY nucleotide sendnguuzilama azininanisuila
39 amino acid Waell uazdenaliinisinauaes sucrose invertase 18Nz damALAazainsnaiy
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Exon: | Il I v VvV Vi

Lin5-2F >> << Lin5-2R

1 kb

4
2

Figure 1 The position of the Lin5-2F/R primer pairs, relative to the exons (grey boxes) and introns
(black line) of the Lin5 gene. This primer set was used to amplify exon 3 regions of the Lin5 gene

in different tomato species. F denotes the sense primer and R is the antisense primer.

nstiN3na DNA UFandy Lins uaznisiasaunananainilizen PCR
\BAATIZIINAIALTDY nucleotide

1 DNA #iarialfuninifunn DNA auu Lins vawmzdema 11 aeiug Ioeld DNA asw
windu 50-100 wnluniustelulasdng Wanmns 1 lulasdns dAmdudjisen PCR Ysunmesan 20 Tulnsdns
filsynaudag dH O 151,310 luTasdns, 10x Tag Polymerase buffer 15u1m3 2 lulasams, MgCl, A21H
adu 25 Taaluans Usuims 2 lulrsams, dNTP aonadindu 10 Radluans Bunms 2 lulasdms, forward
primer (Lin5-2F: 5-GGTCTCTCTCCATTGGATGC-3' (T 59.6 aaAEaded)) Anudndy 10 Tulasiuans
15ums 1 lulasdng, reverse primer (Lin5-2R: 5-GGTCAGCCCATCTAGGATCA-3' (T_60.0 a3 iTaldeA))
Audndu 10 TulasTuans Usunms 1 ”L:J‘Em@m WA 1 unit Tag DNA polymerase ﬂ?mm 1 134%5@91@ (NEW
ENGLAND BIOLABS, UK, UK) #4130 Thermal cycler Ima‘l‘mmmumm‘u pre-denature 71 94 a9pin
AT w13 W7 denature 94 aernmaFea Whinan 30 3unft annealing 7 55°C Lﬂumm 30 U9 uaY
extension 7 72 aeAnaLdes 1unan 90 3T 41w 34 sa1 LazANEE extension i 72 BeATALTEA
an 2 1% Sl 1 980 AFAAELIIUIATEINARARAINUFEN PCR F&&emaiia Gel electrophoresis
Inain914d 1% agarose gel fidfandne ethidium bromide WatLFELAULOL DNA NIM3511 1 Kb DNA ladder
(New England Biolabs, UK) fAsuazaianananainlfisen PCR mm%‘umummﬁmam PCR clean-up
reagent (Macherey-Nagel, Germany) LRt RAT L iIaNELIed nucleotide Taea Dideoxy chain
termination
NN5ILATITRHARIALLAY nucleotide

nanana1nNUHnsen PCR Faovunglfinddm 1% BASE dUssinAuniaduiiledinmeidnsuses
nucleotide AMNTTNARNFLTBY nucleotide szdemea 11 ANYWUE LAZANALIT8Y nucleotide TDINEITD
wAdfuB Ling, Lin7uay Ling Failu extracellular invertase Wa=aNd L84 nucleotide 94 S. tuberosum
uax Citrus sinensis %'uﬂuﬂ@ju vacuolar invertase Mg udaya NCBI inauiaeidnnguanaduiugng
AImuUIN"3 (phylogenetic tree) Aaalisunsa Molecular Evolutionary Genetics Analysis VERSION 6 (MEGA®G)
(Tamura et al., 2013) 1aeiAT Neighbor Joining method #1#A1 Bootstrap a71121 500 i
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NN5RANLLLILAAIMNNE DNA 4ia InDel

ANNNTAATHMANNUANANNAA LTS nucleotide TuLiFians exon 3 81 Lin5 1a9uzi@iama 11878
Wi wusumls InDel 2w1m 15 giua Tag insertion 15 fiua wuluwziliewa S. lycopersicum (SD2, SD3
war O4) WA S. lycopersicum var. cerasiforme (Wva700) LagWl deletion 15 @J'L'le Tunzdlamea L3708,
TOMAC547, Cherry154, Cherry155, Cherry267 way Tony Tneaniy L3708 uasTOMACS547 Wiunzidawme
S. pimpinellifolium Tifipaavaugeassaaavesiu Lin5 araaziiluuvasesiu Lins lunzdemeeinlgn
ag/luilaqiiu 1M Cherry154, Cherry155, Cherry267 uazAugnaAn Tony aslavnisaanuuuinfinasases
AU InDel faailisunsa Primer3 (Untergasser et al., 2012) LAY 158130 DNA H91 InDel3477913
Tnad9BeAumlesana19aINafL genomic DNA lugudeya 1w§Luﬂ§@ﬁﬂazﬂ@uﬁaﬂ primer forward;
5-TCCGAATAACAATTCAATTGATGGTTG-3 tkagprimer reverse; 5GAAAAGTTGAAACCTGTGATGCTGAGAT-3’
\flevinufTen POR §afta S. pimpineliifolium type aZluanAnLA 344 Giua uazfivunn 359 Fiua
W S. lycopersicum type (Figure 2)

S. lycopersicum type S. pimpinellifolium type heterozygous
359 bp e—

—
344 DD e —

AL " .
SER) A 1200 ¥
Tarhrrlouns T
MAAL LAZ LERL L}

v ::

.3" InDel 15 bp
"

ol \

Exon: | I 1 vV VvV VI

1 kb

Figure 2 Expected PCR product sizes in S. lycopersicum, S. pimpinellifolium and its F1 hybrid amplified
by InDel3477913 primer pair.

nsiNU3 NI DNA AagilA3asuang DNA InDel3477913

11 DNA fiaaldufinniunns DNA faumis InDel 15 guua nudiu Lins 1esuzidawma Taald
50-100 wiluniu DNA 15anms 1 lulasdns dwiudfisen PCR Winnmesan 20 Tulasams fidsznaudag
dH,0 1ffums 10.8 lulAsdns, 10x Taq Polymerase buffer iunas 2 lulasans, MgCl Audiudy
25 Radluans Usums 1.2 lulasans, dNTP maudadu 10 Aadluans Lsunms 2 ulasdns, forward primer
(5-TCCGAATAACAATTCAATTGATGGTTG-3") Annaidindu 10 Tulmasluand 15unms 1 lulasdms, reverse
primer (5-GAAAAGTTGAAACCTGTGATGCTGAGAT-3") Avnaidndu 10 Tulasiuans Usnnms 1 Tulnsams
Wae 1 unit Tag DNA polymerase 1Buns 1 lulasdms (New England Biolabs, UK) ﬁ’]L‘il”]Lﬂdiim Thermal
cycler Tntdgnungfidmiy pre-denature 7 94 seAniEaiTiud wiw 3 W7t denature 71 94 BeANTAITEA
lunan 30 Aunft annealing 7 52 asATaldsa AN 30 3T WaT extension i 72 asATALTHA
{Thiaan 30 3uNT 8119 34 500 LAZANNERE extension 71 72 aeAnTalTeE Wuaan 3 WiFl A ua 1 seu
WUNTUIALBINANARAINLUAFEN PCR fiaeinatla polyacrylamide gel electrophoresis (PAGE) Usznausag
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4.5% acrylamide gel 1 60 Taasf 1{l1aa11.50 - 2 dalue msraaauuny DNA fagdanisdauiu acrylamide
maaansTaaaslumm (Barril and Nates, 2012)

HANISANEILASIANTOL

AlwSiuaes Lin5-2F/R Anwnzsiatiu Lin5 Tuiisan exon 3 ananandifinL S0l DNA fumibeianana
veanzdemeléin 11 aneiug visanlduanisiinmzinndsuaes nucleotide B Lins Taswzdemann
aneug 18 unAinazi§angy (phylogenetic tree) wazuAtuvsaruLanstafialudaya
NIRAILLAT BN DNA
HaRsIARRUNSLANUZHNM DNA saglwsiuasnsaungu exon 3 fiu Lins anijiizen PCR

el nsiues Lins-2F/R fini5unns DNA agldaunndunatan 1397 AL (Figure 3) 1W§Lu®§°gmﬁ
ﬁmm%ﬁi@maﬂuﬁ]@umﬂ 'ﬁamﬂ%ﬁﬁu‘%@wﬁ’vﬁuﬁﬁ RO wazsiuladansildifudaulsznaniianuazans

qzin W38N PCR HiaL3un0u DNA Idetinailitlsz@ns

Lin5-2F/R

Figure 3 Identification of Lin5 PCR fragment amplified by the, Lin5-2F/R primers using genomic DNA
purified from tomato genotypes cherry154, cherry 155, cherry 267, SD2, SD3, Tony, 04, C1,
TOMAC547, Wva700 and L3708 respectively using 1% (w/v) agarose gel electrophoresis. Shown
are the PCR products M is 1 kb ladder marker (New England Biolabs, UK).

NFAANANNLLTANAAILTAYARIALLDI nucleotide LIFLI0L exon 3 URIEU Lin5

Lﬁﬂﬁﬁ@aﬂ@éﬂﬁmm nucleotide 13194 exon 3 fiu Lin5 Tesnz@amasaetnai 11 aneug $au
fUANFLU9 nucleotide NUBWMAURNE Lin6, Lin7 Waling Faiflu extracellular invertase 18NZITAINA
WAZANALURY nucleotide 184 S. tuberosum Wag Citrus sinensis %dLﬂuﬂ@:N vacuolar invertase N13LATIZY
AANFUALANAUTNIITIMUINTG (phylogenetic tree) TneldTisunsn Molecular Evolutionary Genetics
AnaIyS|s VERSION 6 (MEGA®G) (Tamura et al., 2013) Imeina Neighbor Joining method %1/ Bootstrap UL
500 slﬁ mmmmn@mmlﬁmmmm nucleotide T@QMQ@ﬂﬁQLL@”@’]ﬂﬁquﬁlﬂN@ Gﬂ\‘lLﬂuﬂu Lin5 WazLin7 T’JEIﬂ@N
meﬂu @’]ﬂiu&lu Lin6 wag Lin8 @mimﬂuﬂnﬂ@uum A1 S. tuberosum Wag Citrus smenS/s Lﬂuﬂ@?ﬂ/]
LLENBBRNN (Flgure 4) Zﬁfﬂﬂﬂ@'ﬂ\?ﬂﬁﬂi@ﬂqﬁ‘ﬁﬂﬁ’]ﬂqﬂqﬂuﬂmﬂ nucleotide Llaz cDNA "}.I’B\WN 4 Elu WU Lin5
WA Lin7 #nN9damidefanuiuy direct tandem repeat @ﬂuuTmTuTsﬁWi‘?{ 9 AANNNAREARITUIBIRNFL
°l|ﬂ\1 nucleotide @Q@ﬁﬂ@ﬂiﬂﬂ@&ll@ﬂ’)ﬂu @WW?'LIF;ILL Lin6 Wz Lin8 Nﬂ'ﬁ"‘ﬂﬂlﬁ‘ﬂ\‘i[ﬂqLLUUL@EQHH@EUHT@?TNIBI]N
ﬂ‘l/l 10 @\TLLﬂﬂ’ﬂ’ﬂﬂﬁJ’]Lﬂu@ﬂﬂ@N "Nllﬂ’]‘a"ﬂﬁ‘]_l’]?_l')']%lu'm']?ﬂﬂﬂ tomato invertase family gene ummmmﬂ
segmental duplication AMNUFINL T (Fridman and Zamir, 2003)
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NISAUNLEILUU InDel 15 ALUIA WRZHANITWAILILABIUNE DNA InDel3477913

WAIAINALATIZIANALII8Y nucleotide U Lin5 Ul exon 3 184NIlBmARNELNN 11 @1aWug wu
Fuia InDel 15 @A vide amino acid 5 6 T 10 e usldwuluanewug C1 fudlu S. habrochaites
AN rﬂdWmwﬂ’uﬁﬂ’]ﬁﬁﬁﬂwmﬁiﬂwﬂuuu heterozygous aflugieslfinaiiannslaauiiuludndusell 5 InDel
15 i enadanaielaseadelsiu uaznisuanseanaesiuld Wesann exon 3 Aerdmiulasvia
1114 substrate binding site LlaZ active site #1151 sucrose invertase (Fridman et al., 2000, Godt and Roitsch,
1997) Lfiﬂﬁ’]ﬁ‘i_l amino acid Lﬂ%‘lﬂuvl,ﬂa\imN@slﬁﬂ’mmm\‘i'afaﬂ"ﬂm sucrose invertase 1a9NLABNAWFAZ TR
TN A LAAINLANGNY InDel HAsauTalduanNSaanTEMINeNLIdma S.lycopersicum WAy
S. pimpineliifolium aananiule Tnasuma insertion 15 giua wulunzi@amaA

52 r—S.tubemsum
L— Citrussinensis } o)
ci S habrochaites type )
L3708 I
100
_{:cms«s
53 L
R __ S. pimpinellifolium type
A 81 L TOMACS547
CH155 )
—.I — a
CH267 _
LinSREFFIDMAN |
ope — S. lycopersicum
o4 _ .
- S. lycopersicum var
WVAT00 cerasiforme type
Lin7 =
g5 —Lin6 } b)
L Ling

Figure 4 Phylogenetic relationship based on the deduced DNA sequences of a) the Lin5 alleles identified
from four tomato species, b) that of the Lin7, Lin8 and Lin6 gene from S. lycopersicum and
c) the vacuolar invertase of S. tuberosum and Citrus sinensis which served as the out-groups.

The upper numbers are Bootstap supporting-values of 500 replications.

S. lycopersicum 16 SD2, SD3, 04 uay S. lycopersicum var. cerasiforme 1A Wva700 wasny
deletion 15 giua lwwzludasangy S. pimpineliifolium 1#un L3708, TOMAC547, Cherry154, Cherry155,
Cherry267 uay Tony 341N N0eNULLILAIEMENE DNA InDel3477913 AsauAwi InDel thy Wiesi
Ufjfi3en PCR dadangw S. pimpineliifolium azldnananiuin 344 giua uazdawin 359 iua ludads
ﬂzw S. lycopersicum ma‘mq@mmmmmmmmmmﬂﬂgmm PCR mﬂmmum polyacrylamide gel
electrophoresis (PAGE) TunuAtetasaLen e ldE Ay (Figure 5) LAilileaannunL DNA faunnsing
Aude 15 @L‘LI@ mmmmhmmuﬁ 2% agarose gel electrophoresis Tunnsdmaenunuliesnedylss@nsnin
doganAlddne wazsrazina iRy ANUANA1NTR9AALTR4 nucleotide LWL Insertion/Deletion W
ﬂizmﬁﬁq”l,ﬂ‘lu?'ﬁ‘iuuﬁmvhj AUNIINL single nucleotide polymorphism (SNP) WAN17A9A@8LANNLANFNN
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FENINAURUTHILAIUNUS InDel N1 IHand 1L HesaINIuIAGNTYL 5-50 ALUA LiWAEHTLLATEIMNIY DNA
45A InDel A1UFLINY genetic mapping Tudwany (Glycine max (L.) Merrill) (Song et al., 2015)

Commercial varieties TVRC germplasm Cultivar varieties
(_A_Y \ \
Y \
<
O
X
%
Lo
5 =« 0 % N~ ® N~ 0 © S x5
>0 5 B IR GREBEXT VoI
srodTodoowosIzIhanl
'_\“:/4444444445009(0(0
350 bp— w— .————v—- “::S- lycopersicum type
344 bp—> — - ———— S. pimpinellifolium type

Figure 5 An InDel3477913 marker genotyping on TVRC tomato germplasm and commercial cultivar
S. Fifteen base pair InDel were detectable and useful in identifying the S. pimpinellifolium and

S. lycopersicum allele types at 344 bp and 359 bp, respectively.

Heinz (ref) : TTTGGGGTTGGTCAAATGAATCCGATGTATTACCTGACGATGAAATTAAGAAAGGATGGGCTGGAATTC
SD2: TTTGGGGTTGGTCAAATGAATCCGATGTATTACCTGACGATGAAATTAAGAAAGGATGGGCTGGAATTC
Wva700: TTTGGGGTTGGTCAAATGAATCCGATGTATTACCTGACGATGAAATTAAGAAAGGATGGGCTGGAATTC
SD3: TTTGGGGTTGGTCAAATGAATCCGATGTATTACCTGACGATGAAATTAAGAAAGGATGGGCTGGAATTC
04: TTTGGGGTTGGTCAAATGAATCCGATGTATTACCTGACGATGAAATTAAGAAAGGATGGGCTGGAATTC
CH154: TTTGGGGTTGGTCAAATGAATCCGATG-========—————— AAATTAAGAAAGGATGGGCTGGAATTC
CH155: TTTGGGGTTGGTCAAATGAATCCGATG=============-= AAATTAAGAAAGGATGGGCTGGAATTC
CH267: TTTGGGGTTGGTCAAATGAATCCGATG=============-= AAATTAAGAAAGGATGGGCTGGAATTC
L3708: TTTGGGGTTGGTCAAATGAATCCGATG-=—======——=———— AAATTAAGAAAGGATGGGCTGGAATTC
TM547: TTTGGGGTTGGTCAAATGAATCCGATG-======———————-— AAATTAAGAAAGGATGGGCTGGAATTC
Tony: TTTGGGGTTGGTCAAATGAATCCGATG-========——=———— AAATTAAGAAAGGATGGGCTGGAATTC

Figure 6 Alignment of the InDel on exon 3 regions of the Lin5 gene sequence showing 15 bp InDel from
all tomato varieties, except S. habrochaites (C1). This InDel can differentiate the S. lycopersicum
type (SD2, SD3, 04 and Wva700) and the S. pimpinellifolium type (L3708, TOMAC547, Cherry154,
Cherry155, Cherry267 and Tony)
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Effects of PBZ and MPC for Control of Growth and Flowering of Potted Jerusalem

Artichoke(Helianthus tuberosus L.)
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Abstract

Jerusalem artichoke has potential to develop as flowering potted plants, since it was controlled
their height and canopy. The most commonly used to control plant size in potted plant was plant growth
retardant application. The study of its suitable concentration and application method for creating
the potted plant was conducted in two experiments. The first experiment was done by paclobutrazol (PBZ)
application, comprise with factor A (application methods): 1) media drenching, 2) foliar spraying and
3) tuber soaking, while factor B were 4 levels of PBZ concentrations (0, 50, 100 and 200 mg/L). The second
experiment was conducted by mepiquatchloride (MPC) application, with factor A (application method)

which similar to experiment 1 and Factor B were 4 levels of MPC concentrations (0, 250, 500 and

"ANUNATINTAIY AUTINEATANIARNT NMNANENFLURULAY 8,118 2.281A1 40002
24NUNITINT LS ADUSLNHATANARST NUNAINENRURULAY B.1HB 2. 38R 40002
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1,000 mg/L). Both experiments were conducted in 3x4 factorial in CRD, which start the application of
50 mL of PGRs 5 times at 4 weeks after transplanting without pinching. The results showed that both
mediadrenching and foliar spraying with 100 and 200 mg/L of PBZ application significantly reduced the
plant height, increased total leaf area and compactness index, but tuber normal plant, while both media
drenching and tuber soaking methods could decrease plant height better than spraying. Never the less,
it was found some interaction between MPC application and its concentration by MPC soaking with
1,000 mg/L gave the best result for suppress plant height, In this study, plant growth retardant application
could reduce only plant height, but did not promote flowering. This technique still not be used for potted

Jerusalem artichoke production produced potted plant

Keywords: Paclobutrazol, mepiquatchloride, Jerusalem artichoke, sunchoke, potted plant, shorted plant
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A: PBZ Drenching D: MPC Drenching
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Week after transplant: WAP
Figure 1 Plant height (cm) of Jerusalem artichoke which receives PBZ application 0, 50, 100 and 200 mg/L
(A-C) and MPC application 0, 250, 500 and 1000 mg/L (E-F) at each week after planting.
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Table1 Comparative plant height and total leaves area of Jerusalem artichoke which receive PBZ
application at 12 WAP.

Plant height (cm) Total leaves area (cm?)
PGRs
Application PBZ concentration (mg/L) (B) PBZ concentration (mg/L) (B)
(A) AVG AVG
0 50 100 200 0 50 100 200
D 62.14abc 61.10bcd 45.46e 35.18f 50.97 b 350.91bc389.54b423.05b 258.26¢ 355.44
FS 68.25a 56.56cd 46.90e 33.88f 51.40b 345 12bc378.570422.23b 258.26¢ 388.85
TS 60.75bcd 55.89cd  54.96d 65.80ab59.35a 262.30c 537.18a317.66bc 544.24a 415.35
AVG 63.71a 57.85b  49.10c 44.95d 319.44b 435.10a387.65a 404.00a
Method (A) * ns
Conc. (B) * *
AxB * *
% CV 13.30 17.03

* = different significant ns =non-significant, a, b, c, d, e, f, mean in the same column with different superscripts are

significantly different (p<0.05), conc.: concentration, D: drenching, FS: foliar spraying, TS: tuber soaking, AVG: average.

Normal plant PBZ 200 mg/L

Figure 2 Normal and treated 200 mg/L PBZ plant at vegetative stage (A), shorten internode length of 200
mg/L PBZ treated plant (B), Stem transverse section (40x) of normal plant (C) and 200 mg/L PBZ
treated plant (D) (The PBZ treated stem (D) is characterize by shorten of pit cell (P), compare to

the regular pit cell in normal stem (C). VB: vascular bundle cell and T: cortex cell).
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patiAnAunesindatuadnasusendnanunlusansenNgesiu 35n1slkans PBZ denasian
AHNETIRTATRUNAZIU Tnawudn n1guans PBZ nalu vinlinadisaiiAnaaunsiningangn douilads

v U 1 d‘ o v U = a o 1 a Yo a o o/
ANNHIENTUANT U9 AszAUAMNENDdUYed PBZ 100 LAy 200 Aaansufaans IaaiaAAnNnsinsaues
W1 494nd1N9INTBALAN uaTWLANBNATINIEMINRBENNT I uazANdNd Y Taedsnianu Naonududu
200 HadnFusaans HANAMNNZTIAZAZNEA 12.09 cm?cm (Table 2) 35n1969naa WA Ngsutiasnadn
PR P~ | aaa = Yo o o , PR

(Table 1) ufiRuNlusaNANINNTITEY °) (Table 1) AdenalidntA1AMNNEinTA gandinsssdsau 7
aulUsae (Table 2) WuAgaAUATANAINNNLTATRvassuNglnalians PBZ Ausuaasiiaw
(Banon et al., 2009) WAZANRTAN (NTYWA WHFNA uaztanun aunn, 2557) Adgnidulinsznns

§aEaLNIAANARAN

n171%a17 PBZ vauuUsngns wasnuans seasnnldununsduinnseennantadulni Asdu
¥oraz 33.34 uaz 20.84 MNANAL usiionsudiaugiaulgn luvinlinaaanaen (Table 2) dquilademanu
U v 1 1 o v v dl a a o 1 a o o oA v dl
Wnduue9ans PBZ wudn lugaesssumanududuin o - 50 Raaniuseans deasnnlinaeannanls tnsile
WNANENTL PBZ i 50 Raansufeans Seaaznisaannan aviinily 33.34 wsliainaauiduduidly
100-200 HaansuFaan? naunn iwnunzdulieannan (Table 2) lunsail a1awulllfidn nnslsians PBZ fa
5 AN dINARBNITTLARNMUIN1TAUNTY (vegetative growth) Asmn TEmaaniinisimundreanty (Figure
2) Assneenunislin PBZ udainlildnanuanaafiaiinnandias wu luaanilyuun (Jungklang et al., 2017)
ANITRY (MDY WANA uaziinn aunn, 2557) aeinalsfinu Hawkins et al. (2015) linnaasdanuuay
370 PBZ fum pink lady (Dissotis rotundifolia) waz Tibouchina hybrid (Tibouchina semidecandra)
WUIIN991A81 99 IHRTH YN 1T LN UIBIABNWIUNINNEINTRANLNN T

Table 2 Compactness index and percentage of flowering of Jerusalem artichoke which receive PBZ
application at 12 WAP.

Compactness index (cm’/cm) Percentage of Flowering
PGRs

Application PBZ concentration (mg/L) (B) AVG PBZ concentration (mg/L)) AVG

(A) 0 50 100 200 0 50 100 200
D 7.69 6.36 9.59 6.77 7.60b 25.00 41.67 NF NF 33.34
FS 5.06 6.58 9.23 12.09 8.24a 16.67  25.00 NF NF  20.84
TS 4.32 8.27 7.1 6.00 6.42c NF NF NF NF NF
AVG 569b 7.07ab 8.64a 8.29a 20.84 33.34 NF NF

Method (A)  *

Conc. (B) *
AxB *
% CV 18.37

* = different significant, a, b, ¢ mean in the same column with different superscripts are significantly different (p<0.05),

conc.: concentration, D: drenching, FS: foliar spraying, TS: tuber soaking, AVG: average, NF: non-flowering
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nsnaaasd 2 nsldasiuinranaaalss

ATNFIFY

nslans MPC wudn dadennslfansa 3 32 VN IANTH A NGB UUANANNTY 1A8N19910 uaY
n1sutans MPC dasanaangesuldandanianumisly (Figure 1 D, E, F) doutladaaainidudu wudd
N3l MPC uindiu 250 Hadnusiadng anunsnanaNgasiuuiunzulARAndNIsNdTALIAN uasNUBNENG
sanszwinaansuazanadinduguiu ledsnsutviniugluansazats MPC fipmaidindi 1,000 fadnsu
siadns faullgn anAugdldafige (Figure 1A, 3) wianiunismaaestas Al-khassawneh et al. (2005)
Wu31 N3l MPC Taanis9nm azidsz@nsaan Tunisnamangeaessulesa (rris nigricans Dinsm.)
Widas WEnda3msliansuuuau | delaeialuuda msldansazaeniaimulalungu triazol le3anisme

”ﬁﬂivaw%mwmmmﬂumi@aﬂqwémau@umﬁiaﬁm Andaansau | Feidiflesann ZQ’]i‘ﬂﬁ‘“’LﬂVl“ﬁﬂ"ﬂﬂﬁﬂ

Fumwsnldfndmidly (e nesdrln, 2537) anuanismeaes F5n1slians PBZ Tnanissinans Asli
alunIsanANgeuiunzduliang uay LN@ﬂQ’]NL‘HN‘HW&’]ﬁ‘LWNNWﬂ“ﬂu m’mm@mimmu@\mmuma
atinslsfinn Tunsisesnsld MPC ndumudn Anudaduesansiiiinduan 0-1,000 Aaaniusieans
isnlpnagaiiaanas Hesanitaiilsz@nanmnsgeda waznismeuausstasiiasie MPC fluansnaiy
uasflanBaufeussinaiinresarsuazanududuild vinlidedfainianeuauassieans PBZ Tasgn
anANERasnuaziulamndIa1s MPC

Huitlusan

daumslsfans MPC v 3 38019 wudh Tddenavinlsuilusadaaauansinadudeaiuiunisl
PBZ douiladtpnudiuduans MPC wudnfisziu 250 Aadninsedns ﬁﬂﬁuﬁumﬁuﬁﬁumumnﬁzgm WAy
nuBvENaTansziiniznslasuazauidindu Ae nmsugiiugluaisazane MPC fianuidiudu 1,000

o

HaaNFUFARg ﬁ‘ﬁuﬁlﬂmuﬁ@ﬂﬁ'@m 256.75 A3 TUELNAT (Table 3) 81wz MPC Tuszaumansidu
fuge Aqvsrzaemaiduinlaganauiasesly snnndInenazgunisnanyresisinauazs il wuRaaiy
Matsoukis ef al. (2004) Aisesdn n1slians MPC Tipmaidiudiugs 1,000 fadnFusiadns daalsiily
1R45UHNNT2 (Lantana camara L. subsp. camara) Huuiliinanas usilifinasanisainzesninanuazmi

U (Talia, 1985)

Table 3 Comparative plant height and total leaves area of Jerusalem artichoke which receive MPC
application at 12 WAP.

PGRs Plant height (cm) Total leaves area (cm?)
Application MPC concentration (mg/L) (B) AVG MPC concentration (mg/L) (B) AVG
A 0 250 500 1000 0 250 500 1000
D 62.14d 50.13h 53.33g 68.00c 58.40b 355.43cde 538.22bc 557.38b  484.07bcd 483.78
FS 68.25c 59.33e 72.33a 70.67b 67.65a 500.28bcd 369.88bcde 426.82bcde 396.69b 423.42

TS 60.75de 56.67f 58.00f 47.00i 55.60b  324.57de  794.53a  363.74cde  256.75e 434.90

AVG 63.71a 55.38b 61.22ab 61.89ab 393.43b 567.54a 449.31b 379.17b
Method (A) * ns
Conc. (B) * *

AxB * *

% CV 12.18 24.81

* = different significant ns =non-significant, a, b, ¢, d, f, g, h, i mean in the same column with different superscripts are

significantly different (P<0.05), conc.: concentration, D: drenching, FS: foliar spraying, TS: tuber soaking, AVG: average
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o o

ATUAIANNNZNATA

dvsuiadeianislians MPC wudn Samssaans w e saiiAnaunziningeiian douiade
AoddL99 MPC 159 4 s laiS umnsinafuynsadi winuavanasaussudndansWiuasaanudad Te
ANINUANT MPC Refv 250 uay 500 fiaaniuredns ndusin i ﬁﬁmﬁmmmﬂxﬁm“ngqﬁ@m (Table 4)

fasazn1saanAan

daunnsli MPC FauLiisnans wasiugns wudn fapainliiuiunsiudinnseanaanldiduiy ne
AN9NLANT MPC n1ealy Minliunumzsu A3asazniseansanlndlaseiunissngns (Table 4) auzinsud
Waiugnieulgn usiinlingldeanaen iMwheaiun1sut PBZ (Table 2) dquiladtmonuiduduanians MPC
wugn nsesuaNdnduaes MPC vinliRaeanaan (Figure 3) uazflawuansnasonszudng 3an1sliians
WLLWY LAZIRTisEEL 500 AU 1,000 HaANTUFADARNT wazannddunAn s lgsuans vl Seeanudn
nseanAanTeduiLALTY Saufuaniwennia Taadlefensenuenniaving tFununiseannanazantias
a4 LL@xmﬂmﬁ;mmﬁﬁmmzﬂmﬁmLﬁuimmqﬁﬂummﬁmwa anagdenarn limnanldfinnswmunsan

(Denoroy, 1996)

Table 4 Compactness index and percentage of flowering of Jerusalem artichoke which receive PBZ
application at 12 WAP.

Compactness index (cm’/cm) Percentage of Flowering
PGRs
MP i L) (B MP i L
Application C concentration (mg/L) (B) VG C concentration (mg/L) AVG
(A) 0 250 500 1000 0 250 500 1000

D 6.20bc  11.05a 10.38a 6.81bc 8.61a 25.00 16.67 100.00 41.67 45.84
FS 9.13ab 5.71c 5.89c 5.49c 6.55b 16.67 16.67 100.00 41.67 43.75
TS 6.09bc  7.04bc 6.27bc 5.95c 6.34b NF NF NF NF NF
AVG 714 7.93 7.51 6.08 20.84 16.67 100.00 41.67

Method (A) *
Conc. (B) ns
AxB *

% CV 25.63

* = different significant, ns =non-significant, a, b, ¢ mean in the same column with different superscripts are significantly

different (P<0.05), conc. = concentration, D: drenching, FS: foliar spraying, TS: tuber soaking, AVG: average , NF:

non-flowering.
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Drenching Spraying Soaking

Stage: Il

Stage: Il "3

Figure 3 Plant characters of Jerusalem artichoke which receives PBZ application at 0, 50, 100 and
200 mg/L in by drenching, spraying and soaking techniques at stage |: vegetative, II: Flowering,

[Il: Dormancy.

Drenching Spraying Soaking

Stage: |

Stage: Il

Stage: Il

Figure 4 Plant characters of Jerusalem artichoke which receives MPC application at 0, 250, 500 and
1,000 mg/L in by drenching, spraying and soaking techniques at stage I: vegetative,

[I: Flowering, Ill: Dormancy.
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Antimicrobial Activity of Crude Extract from Rhizophora barks

a o ¢ d 1 2
NNETAY ‘ﬂ"l'ﬁ’ﬂu%u LRSWINGTTU RIZNUR

Thippayarat Chahomchuen'* and Pornpun Siramon?
unAnga

QVaEuTeadnaesansatavenuiiataldannildenlsitneme naseuszananinlunistuds
mim?‘zym@\‘iL%mﬂunz\jmmmfmtmleﬁ 5 1HAAD Epidermophyton floccuosum, Microsporum canis,
Microsporum gypseum, Trichophyton ruburm Wag Trichophyton mentagrophyte LL@”L%@ wUAREE 4 el
‘Wuﬁ An Escher/ch/a coli, M/crococcus spp., Staphylococcus aureus Way Stre,otococcus pneumonia r:m
ﬂ’wmmmuqmmumﬂmwum mvmumwmmu 10.0 ‘Nﬂ /R Zﬁ’]?@ﬂm‘wﬂWU@’]M’]?QEUE\‘IH’]?L@?M%@QL°]J’ﬂ
s laluszAy 50-80 % uay mmmﬂummimimmmwﬁ@ M.gypseum 1@@0@@ 7R904N1AR M.canis,
T. mentagrophyte, E. floccuosum uag T. rubrum AINANAL N@miwmmﬂ‘uqmﬁsluma‘ﬂumﬂ"ua‘mm‘umLﬁm
LL‘LIﬂ‘V]Lﬁ‘EWJEIfJﬁ Broth dilution method ‘W‘LI’J"I’&’]?'M]ﬂ'ﬂ?;l’mllﬂﬁ‘z@i’lﬁﬂﬁWIuﬂ’WiEI‘LI?;I\‘m’Wi‘L@iQ.J’]J@\TL°11‘ﬂLL‘LIﬂVlLiEI
unsuLanléd fA1 MIC agflugaeszvdng 5.0 fie 10.0 unJua. uslianansadudenssioresdeuuaii
E. coll liiszumnudiduiinaaen nansdnmifildnanmiumsitliisunandusfifeasunsvieduds

nswyresdeielsananuaziuaiiGenialanls
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Abstract

Antimicrobial activity of crude extract from the stem bark of Rhizophora spp. was tested against
five dermatophytes (Epidermophyton floccuosum, Microsporum canis, Microsporum gypseum,
Trichophyton ruburm and Trichophyton mentagrophyte) and four bacterial stains (Escherichia coli,
Micrococcus spp., Staphylococcus aureus and Streptococcus pneumonia). Crude extract at a
concentration of 10.0 mg/ml could inhibit the growth of tested dermatophytes in the range of 50-80 %
inhibition. It was showed the most effective against M. gypseum followed by M. canis, T. mentagrophyte,
E. floccuosum and T. rubrum, respectively. The antibacterial activities were conducted by broth dilution
method. Crude extract showed the good antibacterial activity against gram positive bacteria with the
minimum inhibitory concentration (MIC) ranged from 5.0 to 10.0 mg/mL. However, crude extract could not
inhibit the growth of E. coli at the tested concentration. These results have a potential for future development

of antimicrobial product to control and inhibit the growth of dermatophyte and pathogenic bacteria.

Keywords: Crude extract, antimicrobial activity, agricultural waste, rhizophora bark
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A1

ﬁn&lmmiﬁ”ﬂr&i@mé’hwga%w’mﬂwﬁu TraannzuuanGaunsuuanlungs Methicillin-Resistant
Staphylococcus aureus 78 MRSA Lﬂuﬁrymz‘hﬁfﬁﬁ@lﬁlﬁmqumﬁﬁw ANULATHINALATAHARENTT
mmimvmﬁqimﬂ (Woodford et al., 2009; O' Neil, 2016) LATBarelAuazILAT BaE0actlania iy
Streptococcus pneumonia mmmﬂfaiummimmmma’luuuumumumﬂ% (Hussey et al., 2017)
Escherichia coli n@lmnmimmLm@’lum\nmummi (Croxen et al., 2013) LL@Vﬂ@lmﬂmmi@ﬂLau‘wmum
AT muum@u‘lﬁmﬂmmmmmm@mmulmfa M/crococcus Sp. (Chuku et al., 2013) ufaﬂmﬂu ‘Eimmmm@mﬂ
dnigaw (Zoonotic diseases) JafiAaannnsiaTeuLATiEe uazides nwmw«mmwmmmu anmndau
Injiieanndndiasniuumasislsn nansinmaes Buma et al. (2006) lngvnisuanieunafiaandad
dganelutiu uazsedldvesdadiaes WUﬂ’]iﬂuLﬁﬂuﬂ’adL%@LLUﬂﬁﬁ“ﬂ S. aureus ¥ nfige Geloylan
ﬁm&@mﬁmﬁﬁﬁmmmmL%mmmﬁﬁﬂ Tmﬂmwgumwmim%umﬂmqrﬁ"umumaﬁuﬁ:mmL%@‘ﬁ'ﬁ@‘im
uazMIAe slaenUfjTaus u""i‘fama?ﬁmL%famfﬂ@mzﬁr"ifa‘vl,ﬁ'umma‘uLLi\wm‘EiMé’%ﬂmwﬁq lspRnRea TR
(Zoonotic fungl) mmmmmmmnmmmﬂm mmqmmm”mq@@m (Seyedmousaw et al., 2015) nanniilu
IsﬂmuuwmmmnLﬂnm‘q’luﬂammmmimVLWM (Dermatophyte) Lasnguilinutiesdl 3 ana laun
Trlchophyton Mlcrosporum Wae Epidermophyton “lumwmﬂmmﬁwmumwumumimﬂ’mmmim
Aavifeannidesifsduannndn 25% sesdszannsian(Haviickova et al., 2008) lne Kim et al. (2015) 181971
dnmssznaestsafiaviliannide ludszmanma a‘mmaﬂ 2006 m 2010 musluml,ﬂmmnmmmammm
m‘llmivxlwmnmﬁmeﬂ@‘immuuqmmu ufanmﬂummmm@mmmmum@mmh@ﬁﬂmmmw
(Kandeel et al., 2015) luilszewalnagilaalsaianilatlszunns 40% (aangilag 10,000 AR) mmmmm@mﬂ@u
wasuln Wyl (Ungpakorn, 2005) ‘ﬁﬂ34mﬂﬂia‘qwmmaia‘ﬂﬁquﬁﬂuﬂmmwwmmwudﬁ gilaalsaiouils
@’mLﬂjfﬂi’m@uLm@?Nﬂfﬂ”hf\lw“lu‘iﬂwmm@umnm Lmemimaﬂwmmqmmum (Muangkaew et al., 2017)
m@mnmmmuquwﬂqaLummnmﬁﬂmimmuuqmmmam wﬂwmmwuLmememmmiimmm
nsinedasldnauiuuaziianldanags muuﬁ@@uuma‘ﬂnmLw'ammﬂwuj wquﬁmulfn@@mwimm
msthansainaniisagulnsndaadunmadenvilihaula

wnduiuasnlszneudsdeulunquitueda dand ¥ ludausne vesiie fnuasuald Faiden win
wazly HnsthunuiiuanldlssTamdlugaaiunssuvanatlszinm 1y gaaiunssunanmiiy nathiiarinide
Pied1e1e wazeninuls muﬁqmﬂ%l,ﬂumiﬁugﬁmilﬂ?aﬂmﬁgauﬁﬁmjum"m"] Ifatinedlilsz@Ansnan
(Panizzi et al., 2002; Sung et al., 2012; Tomiyama et al., 2016, Salih et al., 2017) Lmuﬁuﬁ@ﬁmmnﬁﬁumﬁ
dndlunjazarnaindauzaandenst i Wanare Wyadusa udiarudesnsuniiuie Wlugpamne
AN Tutdszmailiinanniu LLﬁiLmuﬁuﬁHﬁu@gﬁaﬁmﬁwLiwmnﬁmﬂmm Faunsuamunuiuite 14l
gramnasnsinge ulszmalfiesandulsloniuazdunisansiuulunisuan Smanudilaentdinmie
TN (Rhizophora apiculata) HunuiluiBunnigatia 7-27% waziilsAnanwlunstiudadounniiGe uas
gaslin LLﬁiﬂ@ﬁNWi‘ﬂgUéT\iL%‘ﬂi"]mjmﬂ‘ﬂ{ﬁﬁimiwvﬁﬁ (Rajendra et al., 2016; Suraya et al., 2011;
Lim et al., 2006) J893189114994 Ismael and Ramadan (2013) waz Giovana et al. (2013) 318443 NU
fiuannulaanuesldanana (Quercus aegilop uax Stryphnodendron adstringens) ﬁqm’é‘lumaﬁug\i sy
naxaasunIn W adin Trichophyton metagrophytes, Microsporum canis wag Trichophyton rubrum 167
qj‘muﬁmﬂlmi BUNBTNNIN FIUTAANNIAIATNN Lﬂum‘muﬁ'mﬁmdwuiﬁimmm%ﬂummmu fnnsdhevan
pitfyaundunaniunnainiugiu uaziinisdusdaniaiiuaas Ingluusdazazinnistgninenimaunu
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dszanns 100,000 Fiwdl Inslgnaduudasialifsulnenisnwndiunaanisl Tuudazildniswndiuain
TTnennennnnda 30 iu (e Adwa, 2559) Fslugaarvnssunisuantiuldinenneil lwwnzdaunessisiu

L o oA ] ¥ o = o X LA A v a X o o 2 Ao
Lmuuw"l%”luﬂ’mmmuTmﬂmmmmm@ﬂLﬂ@@ﬂ”lumﬂ@u wudnRaenlEwasieanuqunnn setiuanuife
w«mmmﬂi mﬂLW@ﬁm:mnﬁi@@ﬂqmmqmmwmmmnmumumnmmﬂLﬂ@@ﬂ”lmimmwﬂ@ﬂ
’Luﬂivmﬂim L‘W’ai‘ﬁLﬂu@’]ﬁ‘ﬂ’]‘]_lﬂllﬂﬁ?ﬂ?;l‘]_l?;l\iﬂ’]ﬁ‘mi‘mﬂmx‘iL‘Tj’ﬂﬁ‘ﬂﬂ‘ﬂiﬁ‘ﬂm’lﬂuﬂuﬂﬂuLﬂ’ﬂi‘mﬂﬁﬂ‘ﬂ‘ﬂLL@‘“
FauuafiGanelsn muiudeuuaiBadeanslania

ABNSANEN

N1999U99N UazNISIAsaNAatd1sanananuanidaantdlnanig

ﬁfmwmmqur?Tf;faﬂ"NLﬂﬁ@ﬂ"lﬁ‘llmmﬁmmfmmmmﬁ@ﬁqmﬂm‘xmummamdm anALATENS
BUNAANNIY ANTAAYNTAIATIN snielufisalsflmnaduilsrann 10 Wefoud udaavinisunuazion
fretine Wiawaeyludas 240-420 pm dwitldlumsara andudsinnisaiafaetraddentiinenis
fsseylEmaAanises Hoong et al. (2009) WAZWINITEU Asvuus wasfinesml awandu (2558) Inavianig
AP sdaeATN AN TITuna 3 9ol Tnelddnsdanaessesnssamrinazateyindy 1:100
({iwﬁn/ﬂ?mm) wazld 50% aq. acetone uFn1azane (Neimsuwan et al., 2017) MN1TNAARL 3 i

ﬁﬁﬂfmm?ﬂuﬁfmﬂ"m'mmmwmmﬁwmuﬁw?ﬂ%‘lumammmquéﬁ’huﬁmm%w Tnesisen
sivaenaliiANdindimingL 80.0 un./aa. 14 DMSO (Dimethy sulfoxide) &1FLnnsiaaans uazinlflsAann
L%@ImmimmmuﬁqmmmuLmuiumuﬁﬁgwgummm 0.45 Tumsau (Merck, Germany)
L%'a'@a%wmﬂﬁ’lumswma'au

L%mﬁﬂ@juLﬂ@%ﬂﬁiﬁiﬂﬁﬁlﬁmm@ﬂu IHFuAINeATIZIAIN NIATTNAATIINYTLAZINEN

NRANAY Az ARIWNNEANERT NUNANENAINERANARS AUk 5 9lin l8wn Epidermophyton floccuosum,
Microsporum canis, Microsporum gypseum, Trichophyton ruburm Wag Trichophyton mentagrophyte
deuunTi3eldnaaeudiua 4 anaiug Tag 3 angiugainanituldeananmansuazmatulagum
Uszmelng (99.) loun wuARFewnsNaUAD Escherichia coli TISTR 073 WATWUANGBULATNUINAD
Micrococcus spp. TISTR 1404 way Staphylococcus aureus TISTR 746 WUATIFEUNINLAN Streptococcus
pneumonia ANANTUAUATILATRRNUNHLARNANNNTNEAT LATEARIINITHINEAT NUNANENRENEAIANART
mswmaaqu“ﬁ%umsm?mmmL%@ﬁﬂ'@‘lﬁsﬂnmn"lumjuLm'aé'm‘llm'lwﬁ (Dermatophytes)
WRIRTRNANEL

mma‘wm@uimﬂmmmqmmmuummi Sabouraud Dextrose Agar (SDA)(HlMed|a Indla)
Ungouugi 30 IANTATEE W 3-5 TU Immfammuummiﬂiymm ¥, 10diuiauevsaede el
wm@uqmmua;mwmmmmnmumu mmiwm@quﬂummummefm@umeaimimivwmfaqmamﬂﬂ
WUUAEAT Modified plate method (Castillo et al., 2010) LFATUNAIUBIMNTANMTLUNARELANTATANEINL
TABNFUANANTANANLILANNTNTY 80 NN ./UA. A9L181117 Potato Dextrose Agar (PDA) (HiMedia, India)
&P duaesansatavenui dnagan 3 sxAUAS 1.0, 5.0 Wz 10.0 UN./uA. nnsianzuguine 14
Cork borermmmﬁuﬂhﬂuﬁﬂmq 5 1y, TieiunnsginiTeudn L@%mummsﬁﬁmmﬁwmumwLiuiuﬁmj
a1y mmmmummﬂmmmu (dansarnuenunanes) mnuummemau@u‘iﬂ‘[mum@mmL@m%
Lmemsmmmummammm@ﬂmfmLmuwuummimmnwmuwLmviq umqummﬂ@mm@
mmuqu 30 BaALTALTed LLaMﬁﬂ’wa‘qmmmmumqwmmwmimiauLfnmmumumma‘ PDA fiflansain
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veupNdndusng nanag ynduiduwoan 8 41 Wraumauiugarsuani lidatsaianauey
NNmAaed 3 11 udarndeyait liunAuanmnidesiausnsdudenisiasnyaeaimas (Percent of inhibition)
FNANNIT

R1 — R2

wafidusnisedusa = —gp— x 100

e R1= Lﬁuﬂh@uﬁﬂmwmim‘lﬁ@ﬁé@mﬁL@?tyuummammuau

R2 = Lﬁum@iuﬁﬂmwmiﬁ‘ﬁaﬁémﬂﬁLf«ﬁtyuummsfqmwmmﬁﬁmmﬁmmummﬁu%’uﬁmj
msmmmuqm’éﬁwmsm’%mmmL%@LLUﬂﬁL?zlmﬂamsaﬁ'mumu

L@mmmmﬂmiﬂuummi Tryptone Soy Agar (TSA)(Difco, United States) ﬁu’amugﬁ
37 aAIATYA e 24 dalus arniduideanaiTeunpiidedag 0.85% NaCl Slﬁvl,mfﬂ@wumﬁmumﬂﬂu
McFarlan No.5 (LE‘N’]EL!L?J@W]’]HU 108 cfu/mi) 1 finun#eanedaneauig 1:200 finniamaganvnardidusy
mmmmmﬂmumﬂummummimmmmmfmmﬂwLimmmﬁ Broth dilution method Tannstlilnamns
Muller-Hinton broth (Merck, Germany) 431159 100 "Luiﬂmm‘lmﬂumgum 96 uQ¥ antiulilnansmaaey
paaidindiy 80.0 wn./ua. vl 96 well-plate saniiviss nANANIAdeLLa s At eTeltdniu et
Two-fold serial dilution lLlaunqugading Thilnansuaavgugainaiiall 100 lilasams Tunansazanaide
wuefiEeTieen13U5nns 100 ulasdns ldluusazngu Tnawquidianizennagsdeidluiapaununa
190 (Positive control) meqmmzﬁmmﬂﬁﬁﬂ wazlifansaipneuiusinnauauuasy (Negative control)
inlidugumnd 37 esdmaida Wunan 24 dali nsgunansfudenisisioyreadeuuaiidelaa i
an3azane resazurin ANNENAY 0.02% 151619 30 Tulmsdns adluusiazugy mmmmﬁl’uﬁuﬁﬁmmmma‘
affvenulunsdudenissioyreside (Minimum Inhibitory Concentration, MIC) Tmﬂﬁ\immmmmmwimu
nsulasuuasduesansazans resazurin mmmmmummmmmmﬂwmuwmmmﬂummmmﬂmiﬂ
‘wmau"lmmum (Minimum Bactericidal Concentration, MBC) ANNABNN984 Basri et al. (2005) Ta&11dn
ansazaneluvguillifinsadnzesiellnzidasluaims Muller-Hinton agar mesuAaAadudusga
flifnsssnyreaieuuafiBuuuauewnaaeadeiugn MBC nmmnaaes 3 91 9162 3 vas
nsaAsIzuTayA

%@uﬂ@ﬁié’ﬂ%\mumﬁwﬁmmzﬁmmLLﬂiﬂmuLmzLﬂ?muLﬁﬁ‘ummu,mnﬁwiwdwqﬁ%@ﬁﬂimﬁ%mi
Duncan’s multiple range test fiasfuANEasiu 95% (P<0.05)

= = d
NANISANELLAZIANTTU
= o ' o = . o o | P
annswTENFReteansatanenuaniaenlilinenns (Figure 1) Tnannsanmsetnasaedanis
andiunan 3 dalas Tnerld 50% aq. acetone lusiavinazany LL@‘V’L%ﬁmwmummﬁmﬂ'wﬁiﬂﬁfaﬁm”mﬂ
Winiu 1:100 (muuﬂ/ﬂ?mm ”me@mmmmﬂmumu (Flgure N winriu 23. 42+1.31% Lmuﬂuﬂ?mmm
winusradinegnefildlunnsadn mnuumm@mmmquﬁﬂumm@mmmmLﬂnmmwmmmmﬂmumw
arinlaannidaenldlnanng

1, miﬂummimmmmma‘lﬁmnmn‘Emwmm@uﬂivmwﬁmwiumiﬂummmimmmmmﬂumu
e lnliy 5 afin AsrduAnudiud 10.0 un/ua. mfmﬂmmmsnﬂummimmmmLfﬂmmmmm
50-80% mmlmu‘w 8 wasn1maand) (Figure 2) Imﬂ@’]i@ﬂmﬂﬂ’m@WN’]@DEIUENH’]?LW?ZQ‘H@\?L°]]@§"1
M. gypseum Vl,mm‘mgm SR9RINIAD M. canis, T. mentagrophyte, E. floccuosum Was T. rubrum ANANAL
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(Table 1) Min et al. (2008) mmmfjﬂﬁ@%ﬂzﬁﬁﬁty‘ﬁ'mr:mﬁi@ﬂixaw“ﬁm‘wiumiﬁm@q@%wwmmmﬁmﬁ@
arsunuiuiiduassisznaylumsaioveny Tmﬂﬂ?ﬁmmmmLmuﬁui%u%u@g'ﬁmﬁmLmzmummﬁm‘ﬁ'ﬂﬂm
NN9ania uﬂﬂmﬂﬁaqu‘ﬁ'mmmu‘lummﬁmm?ﬁﬁqﬁm'mzif]ﬁzy AINTIENIUNI3I9EI1B9 Rajendra et
al. (2016) ansataunuiuTiatnaniaenlitnanelne iumiueaiflugaminazane ﬁqw%ﬁlumiﬁué\u%@m
Aspergillus niger lA® wenanni Lim et al. (2006) waz Suraya et al. (2011) $IENIUINATANALNUIUAIN
ilAen 1 nenefiaiadasfarinazane 70% acetone Hils@nanmlunisdiudadeuuaiGauasiadlda
uiliiansnsndudedesiunguinesuinialiild nsdnsnluasilldinsatnarsatavenuandentst
tnan1elaeld 50% aq. acetone iusianazans wudngsatavenuRaield flssananmlunistiudades
ngumefanlalldd Asflannudullldfasimuarsadavaruainiddenidhanie anguaudans
BUNDENNIN AUIAAYNTAIATIN Widdnanmiduasiudensdelllueuan

2. Masusaidaus TG N@ﬂ’]ﬁ“Vlﬂ@ﬂuq%éﬂ’]i‘ﬁugﬂﬂ’ﬁm‘?‘mmﬂdL%@LLUﬂﬁG‘EI 4 mﬂﬁuﬁﬁmﬂmqu
LUATBEuNINLaNLazININaL Fafhudenelsauazionanslania AnHaANIIMAGELEYEAE Broth dilution
widansafavenyliianansadudaasinanemeunaiiGe £ col lAfimnudnduildnngen ustilssdnanm
”Lumiﬁuﬁz\imm?éiymmL%@Lmﬂﬁ@mmmmniﬁﬁ anunsnfusadeuuaTiae Micrococcus spp. 1551‘7{@@
Tl MIC Wwaz MBC Winfiu 5.0 uaz 10.0 4n./48. ANANRY @snsadudaiauuafiGe S. pneumonia uaY
S. aureus 1A MIC WinfLl 10.0 UN./48. UAENIARARNNNIDTNANEBaULIATIGE S. pneumonia 1# TaaifiAn
MBC Wi 10.0 un./ua. uslignunsnandauusiGe S. aureus t8RszauAnududuildnaaay (Table 2)
namsMARaLAenpdaTLNANsANENE lunedudedeuueiiBareasatawuiuanldentdinang
(Rhizophora apiculata) a0n31e47U41849 Lim et al. (2008) wuangnsdnaunuiuainidaentsinenied
dszAnBnwluniafudeeuuaiiGe Micrococous sp. WAy S. aureus WA IaadA1 MIC/MBC winfiuAe
6.25/12.5 mg/ml ﬁmmifafanqmmmmmnmLmuuum@mﬂ@mﬂum@miﬂﬂmqwﬂummummmmﬂmimm
ansannayulnsaaiin ‘VINE]‘VIﬁEI‘UENL‘H‘ﬂLL‘LIﬁVIL??;ILLﬂ?NUQﬂVmeﬂQ’WLLﬂ?N@U \asnnantRrenivaad
AT Geunsnuand e fuAen lifldauaes outer membrane mmnmmfﬂﬂqmmmmLﬁj@mummu
uazdanasaglinaetad vinliiAnnisduan waetad léidnenadn (Marino et al., 2001; Suraya et al., 2011).
u@ﬂmnmmuuum@ﬂﬂqmﬂumﬂ@iﬂmiﬁqme‘w RNA, DNA waznnsainalisiin danalsifannsduda
NN9IASTYIRSLLATIEE (Adnan et al., 2017)

Redondo et al. (2014) :1aanuuuantens sz lomivesunuiuiduansiasuaunsludndtnuas
mmmﬁu&mm‘%mmmL%@%%W”Lﬁ antimicrobial as growth promoting factors: AGP) ﬁ\ﬂﬁummﬁwmu
mmﬂ@@nimmm\mLﬂufaﬂm\‘u,mﬂumwmwwm Lwa’Lmqmumwmmmwrﬂuj LW@mmummmm@
wATGeauasiZam annsldanaaiuazenjious L‘w'ammﬂ@@mmmuuwmmmme'au

Figure 1 Rhizophora Barks and crude extract from Rhizophora Barks.
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Control Concentration of crude extract

without crude extract 1 mg/ml 5 mg/ml 10 mg/ml

E. floceuosum

T. rubrum

T. mentagrophyte |

M. gypseum

M. canis

Figure 2 Antifungal activity of crude extract against 5 dermatophytes: Epidermophyton floccuosum,

Trichophyton ruburm, Trichophyton mentagrophyte, Microsporum gypseum and Microsporum

canis by Modified agar plate method.

Table 1 Percentage inhibition of crude extract against Dermatophytes.

Percent of inhibition*

Crude extract (mg/ml) Dermatophytes
E. floccuosum T. rubrum T. mentagrophyte M. gypseum M. canis
0 0.0+0.0a 0.0+0.0a 0.0+0.0a 0.0+0.0a 0.0+0.0a
1 27.23.40+3.40a 41.92+23.10a nd 50.02+3.78b 10.78+2.13a
5 50.67+1.15b 48.10+1.92b  54.90+1.74b 67.34+1.81b  54.03+1.69b
10 58.46+1.33b 50.53+3.88c  64.71+2.80c 78.48+0.83c  69.56+2.54c

* Data from day 8 of experiment. Values are shown as mean = standard error nd: no detection of antifungal activity.

Mean in column followed by different letters (a-c) are statistically significant (P < 0.05) according to Duncan’s multiple

range test.
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Table 2 Minimal In hibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC) of crude

extract.
Bacteria types MIC (mg/ml) MBC (mg/ml)
Micrococcus spp. 5.0 10.0
S. aureus 10.0 na
S. pneumoniae 10.0 10.0
E. coli na na

Data from day 8 of experiment na: not active at concentration of 10.0 mg/ml

#gUnan1sAnNE
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Extraction of Phenolic Compounds from Waste Coconut Coir Dust

Using Ultrasound-Assisted Solvent Extraction
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Abstract

In the present study, phenolic compounds were extracted from waste coconut coir dust,
a by-product of coconut manufacturing process, for value-added. The objective of this research was
to determine the optimal extraction condition of total phenolic contents from coconut coir dust using
ultrasound-assisted solvent extraction. In the extraction, three main parameters: solvent types, extraction
temperature and extraction time were used to determine the optimal extraction condition of phenolic
compounds from the sample. It was found that the extraction of sample with 50% (v/v) ethanol at 30 °C for
120 minutes gave the highest crude extract yield (29.57% w/w on dry basis) and the highest total phenolic
content (951.33 ug GAE/g). The antioxidant activities of crude extract from the optimal extraction condition
was further investigated by comparing the two most common radical scavenging assays namely, the
1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS).
The results showed that the crude extract exhibited strong antioxidant activities with IC50 at 362.77ug/ml
by DPPH, and 11.96 pug/ml by ABTS methods, respectively.

Keywords: antioxidant activity, coconut coir dust, phenolic compounds, ultrasound-assisted solvent extraction
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Table 1 Total phenolic yield extracted from coconut coir dust by ultrasonic assisted in 3 extracted solvents.

Total phenolic contents

Solvent % Yield *'# (ug GAE /g) 2
70% (v/v) acetone 28.60+0.21a 865.82+1.71b
50% (v/v) ethanol 29.03+1.44a 902.34+5.99a
Distilled water 22.85+0.23b 748.97+9.75¢C

YValues are means of three replications + SD. Numbers followed by different alphabetical among each column are
significantly different (p < 0.05).

?Data were based on dry weight basis.
zﬁ;ﬂﬂizam%mwmmI;wa'h@zmaiuﬂwaﬁmmiﬂi:ﬂﬂu?\luﬂaﬂmnﬁq'aﬂwvlﬁﬁqﬁ A8 50% (V/V)
WNILeA > 70% (V/v) 8T inu > vndu
anupil uazszazaaimanzanlunisanamslsznaufuadnainsating
miﬁnmLﬁ'@qummﬁmexﬂmmﬁ'mmmﬂummﬁmﬁqaﬂw‘lﬁmﬁﬁqﬁmmmLfamua@mm
WnduFasaz 50 lag3unms (ﬁqﬁm:mﬂ‘ﬁ'mmmu) Wudﬂmmﬁmﬁq@fjmﬁ@qmmﬁ 30 A9ANLTALTEA
281980 120 W17 Lﬂuamqzmmﬁmﬁﬁﬂizﬁw%mwmnﬁqm fannaziiliAnananansaiaiesay 29.57
parimiInuT Lmeﬂ?mquaan%wumﬁmﬁmiﬁ@qﬁ'@mwiﬁ‘u 951.93 lulasninanyanensaunaanse
nFuTesTNITnAetnauie faudnsnaly Table 2

Table 2 Extraction yield and total phenolic contents of coconut coir dust from each extraction condition.

Extraction Temperature Extraction time Total phenolic contents

cc) (min) Yield (%77 (g GAE /g) *2
30 27.30+1.01d 879.82+8.37d
60 28.08+0.06cd 885.98+5.42d
30 120 29.57+0.02ab 951.93+2.56a
30 28.35+0.07bcd 885.28+4.69d
50 60 29.03+1.44abc 902.34+5.99¢
120 30.15+0.33a 937.11+£8.55b

YValues are means of three replication + SD. Numbers followed by different alphabetical among each column are significantly

different (p < 0.05).

ZData were based on dry weight basis.

quansdanweasssananialunisiluansanuayyadas:
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WAT A% ABTS wamnlu Table 3
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Table 3 Antioxidant activity (ICSO) by DPPH and ABTS assays of crude phenolic from coconut coir dust

and commercial antioxidant (BHT).

IC50 (ug/ml) IC50 (ug/ml)
Sample by DPPH assay” by ABTS assay”
Crude phenolic from coconut coir dust 362.77 11.96
Butylated hydroxytoluene (BHT) 180.32 215.45

YData were based on crude sample weight.

=
=<

f«nnN@mmmmuqmﬁmwm%mzﬁq 2 3% ‘wudﬁﬁq@ﬂ'wmmﬁmﬁqm%ﬁumiﬁm@%ﬁmz@;q
(IC, 3’% DPPH = 362.77 pg/ml Ua IC_ 3’% ABTS = 11.96 ug/ml ) uaziileuReudienlss@nanwlunisdnm
faum'ﬂmwnmmamqmmﬂmﬂumsmma‘m BHT‘wmflm@mqmmﬂmuﬂs“mﬁmwlumsmu@um@mw
Anin BHT ienageaulneds DPPH whidse@nEnngandn BHT slanpgetilngda ABTS Tatiiiasunan
m@mqmmnmﬂummnLﬂ@fanwwmquﬂ@”nﬂﬂﬂmmmin@umﬂ IAuA wnuiin Nanlouens Twanuea
(Israel et al., 2011) mmiLme@uumqnmqwﬂumamuﬂumﬂmv ‘Emﬂm@iﬂ'lumimmﬂ{]mmmfama
nAgeL (DPPH- uay ABTS') Aumnsnariy fwmN@I‘Mmeqwﬂuﬂwmu@um@m “Ruansneflidae
(Hagerman et al., 1998; Olajuyigbe and Afolayan, 2011)
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Abstract

The research was conducted on 146 RILs population, using a cross between ‘Nakhon Sawan?’
x '‘AGS129’ to estimate genetic variability, heritability and genetic advance for activity of lipoxygenase and
yield components traits in soybean. The 146 RILs and parents were planted in a randomized complete
block design (RCBD) with two replications. Data of agronomic traits were collected, such as days to
flowering, plant height, no. of seeds/pod, no. of pods/plant and no. of seeds/plant. The specific activity of
lipoxygenase was measured in soybean seeds using spectrophotometer at 234 nm. The results showed
that lipoxygenase activity trait has high genotypic coefficient of variation (GCV = 23.053%) and moderate
broad-sense heritability (Hb2 = 42.774%). These results indicated large genetic effects on the expression
of the trait. In addition, no. of seeds/plant and no. of pods/plant trait have high genotypic coefficient of

variation and high broad-sense heritability. Also, no. of seeds/plant trait has the highest genetic advance
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in percent of the mean (GAM = 123.359%). These results indicated that yield components traits were
controlled by additive gene effects. Our results may be useful in breeding programs for selection

lipoxygenase activity trait and yield components traits in soybean.
Keywords: broad-sense heritability, genetic advance, lipoxygenase activity, soybean, yield components

AN
AanTaLLa (ipoxygenase: LOX) Whuenlmiaistuluitaasdds sinudidilunsisanisaanelasi
Mﬂﬁﬁ‘?ma@ﬂ?ﬂLﬁummﬂmimﬁuiﬂéuﬁq (unsaturated fatty acid) 1y nsaaluLaiin (linolenic acid)
n3malaan (linoleic acid) WAZNTARZINTLANN (arachidonic acid) FunaliAananAoeiunasenlad
(peroxide) visalalasnasanlas (hydroperoxide) Faazanedase 1 Ig N ITUIUNN TN AR89 aanTiaL

'
o

wazlasfu v liAnansfidisaan (bitter substances) waransilaznaufignunsnszmeldamiailunauda
(beany flavors) Iu 55'\1L‘fluﬂtymz%ﬁﬁtylumzmummﬂagﬂﬁqmﬁmL‘wfmzﬁﬂﬁ@ﬁ‘[mmmzﬁuhimm“u
(Permyakova and Trufanov, 2010) LLﬁi@ﬁ'Ni@ﬁﬁLfauvlfmiﬁﬁfan%aLuaﬁmﬂumﬁmﬁamﬁmﬂ"&ﬁmmﬁuﬁuﬁ“
AUANH L AMUAIINILN 290N 189810 F104 T 03NN ATIMADIENA Y A1NNNTANEATEAULNLIGN
wWnaNuea (hexanal) %'\1Lﬂumamﬁmsﬁ'ﬁ'lﬁmmnﬁammmﬂsﬁﬁaw"ﬂﬂ%ma (lipoxygenase pathway) Han1R
IuﬂﬂimumiwimLmuTmmmL“ﬁm’] Asperg///us flavus (Doehlert et al., 1993) WAZANNNNTANENTR
Kondo et al. (1993) mwmﬂuL@ﬂwmmmmmmnumﬂmmmm’]%mqnﬁmmLﬂu"lfﬂmwaﬂammm
unnnay wananilluitgfingy N 1T 419 uAY NTEemA ANLIENIUNITANTLIRIAANITL IS
L@uisnmwmsmLummgﬂqn@nmﬂmmwmﬂmgwm@u | fagiduAeaiU (Ohta, et al, 1991; Kato et al.,
1992; Koch et al., 1992) ﬂ«nﬂﬁfymn’mﬁmﬂﬁuﬁﬂu@mmumimmmigﬂﬁq wiaesasaiusasuilailoymn
fananalaemsldanderlunsiugimsinnuaesedlnenitiua daansillddieusazialisum
mmamLﬁmgﬁw,vhffw,l,ﬁiﬁazﬁ'qm@ﬁi@miﬁﬂmummiﬂiﬁu?ﬁnﬁw (Macleod et al., 2009) ﬁaﬁuqmw&wﬁm
‘lumnﬁ"[mﬁmmﬁaﬂwﬁqﬁuﬁﬁfamiﬁuﬂﬁﬁuﬁ'ﬁqmﬁm‘tﬁﬂsmmnLfauvlfﬁﬁ'ﬁﬁﬂﬂ%aLum“lumﬁmﬁ@ﬁﬁ"l,ﬂ
”Lmﬂuwuﬁwmmmmluﬂmmm mmmmemﬂ?mmmu%u@W@ﬂmLu@mmmmim‘immﬂmfaﬁ
colorimetric method LLmﬁudm@’Lmﬂmmmmwmm@L@um‘immmwvmmimnLu@ Faiftarin Az
(Kumar et al., 2011) faanisiaddanunsntian 1 lunnstnBunoienlmAfendausessdndomaes
sewdnanszuaunnsliugaiuglugacusn o 18 mszentFlareamdniamassiniuiasdeaidinsaniite
unldilgneelugudaldl mimumaﬁn‘mwaqmi@wmwuﬁmm simple sequence repeat (SSR)
178 microsatellite muwuﬁﬂmﬂwmm@mimmLfau”Léﬁmwansﬂmum (Kim et al., 2004) LAFENUNNINUGN TN
sSR iuiFnnaesiiauefidanduinala iy 6 ALUA S funans I $1 wuldaluittua s dnd
(Rongwen et al., 1995) 'mmimWLumi‘].i\ﬂ_mnﬁﬂwmxm\imimwmﬁzﬁwﬁm 7 18 FaazifludssTamilunns
Usunlqeiugiamaes anmsneneuntiiléfins it mmneiugnsslunistuenie B nnewlod
aenTaaTogluAATIEe WU ASRMANETLENITN Sat_074 uaz Satt522 Hpanuduig i iunn
L@uisnﬂlipoxygenase 2 (Kim et al., 2004; Kumar et al., 2011) WAZANNNNIANEUR Reinprecht et al. (2005)
wmqmaﬂmﬂamwwuﬁmmam‘muﬂ?mmmﬂéﬁmweﬂﬂmLu@‘lul,ummiuﬂfﬂummmmmamqmﬂmm
AN LN TN AT I MuTednEL eIl sTNaLTAIHAHAR Aot muu‘lum‘vmumiﬂa‘uﬂﬁwuﬁ
ﬂfJL‘M@@\‘iLW@IMN?E‘N’]GAL@‘LA%N@W@WML‘LA’&[51'1[51’1&1ﬂ%’m[ﬁl@\‘mWﬁ“ﬂ@\‘iuﬂﬂiuﬂﬁ;\‘iwuquu@WLﬂuVI‘%ﬁ]’Nﬁﬂ‘H’]



NNIANTINHATNIZABNLNAN 229

dayaniefuiugnesnaesdnsuzananafoy wlullaqiiudeyaniediuiugnsnaesdnsueianssnaes
ulmlaRendauslumsadamdeesdszmnelne fadlaiieanasanisin 4 lunsAnaananwug
mm@m”l,m@ﬂwmﬂsmwmnw @ﬂmmwmm@msmmL@uisﬁmwmsmLum‘lum@mmmammmu@wmm
ummﬂmmu@ﬂﬂuwuﬁnﬁmm Aunnda mewLﬂu@ﬂwmmnnmummfmﬁwmﬂm%mm
(polygenic trait) mﬂ*nﬂivmmmmamm@miﬂ@nimmwmmaummnmqnmvim@wu,rﬂﬂmqnumu@ﬂ
ﬂuwuﬁmmqwuﬁmammﬂavmmuu I mmammLmﬂmmwuﬁmﬂuﬂ?vmu ANANSA MnANLLTUTIU
mnmummmmmnmuiﬂ@uummmmLLﬂ@ﬂmumqwuﬁmw muummLﬂummqmm”um@mmwuﬁmiu
(heritability) WazAIMNANIUTEINNINRLENIIN (genetic advance) el lunnssuenAnuEnndelunisin
L@@ﬂmmwuﬁ Immnwmmumamqwuﬁmmu@ ANANINTINIAUGNITNGY uanddNANUsUsIUTRS
Fwnueti l Lﬂumm@WﬂwuﬁmmmnmﬁmLm@@u mmm@ﬂﬂmmwummﬂmwLL@VNT@maﬂimu
AINANFAGY (Falconer and Mackay, 1996) muummnwﬂummwuamﬂs:mmLwammmmzmmw
fugnesuuazANAamimeRugnesusesdnymzianssueeullafandaualundadawies

wardnwouzesAlsznavuaesnanan iwanazin lldidudayalunisdiudgeiugiomaediddinam

q
1

A @ A @ o ¥ o A A a o o ala A
Lfauvlfnmwmfnmumimmmm Ineldszannedaimand RIL ‘V]Lﬂﬂ@’mW‘LAﬁ:W’ﬂLL@”WuﬁLLNWNWHﬁ’]uVﬁ\?W‘LAﬁﬂ??N

=

uanFnaiu e fawesiug unsaarsd 1 fafufamdedls ussiawesiug ‘AGS129 Falufmdesinan

©

A8N19ANHN

ﬂi:ﬁﬁniﬁQLﬂﬁﬂd Recombinant inbred lines (RIL)

ﬂ@ﬂi{"@mﬁaﬂum’quﬁaummmuﬁqLﬁfaumwwu W.A. 2560 ﬁLLﬂmwmmmﬁ%ﬂuﬁﬂamu
INHATNITHUAZNTN 81N AIUTANE e Tnemnununisneassuuuguluusananysal (randomized
complete block design, RCBD) S 2 7 quifivdaya 5 6 ‘Lumﬂmﬁwuﬁm@mmaﬂﬁ fafitlsznsda
Waed RIL mﬂm 6 (F ) AU 146 ﬁ’mwuﬁ s a5gtszanng RILT@EISL“ﬁQﬁMuQLN@mmmu (single seed descent
method; SSD) mmmﬂqmmwmqwu@ UATAL99A 1 AL WU AGS129

Lﬁuifagﬂﬁﬂwmxmqﬁﬂﬁ'ﬁaﬁ Tuaanman (days to flowering) ANEaTLTRRNASN (plant height)
AMUIULNAARDEN (No. of seeds/pod) aruaudnsamu (No. of pods/plant) LATANUIULNAAF B
(No. of seeds/plant)
nsdnnanssuaasaulmianandaualunantauand

QNLLNuﬂ’liVM@’NLLUUZ@QJM@@@ (completely randomized design; CRD) U4 %’1 WAZNINITANA
ulmlaRendaiuganudndamiaes Tnsunmdndowaeslfiduns ~0.1 nfu Wlulnsewmas udamy
Tndsunaamnimines aoududy 0.2 Wans Aes 6.8 15uns 5 Haaans arnvauinlddumieed
10,000 sau/u1% uan 15 wii ﬁ@mmﬁ 4 a9AIalded a13azanedaulanuuuAeasainues
wuladanendalgd (Kumar et al. 2017)

Tadnsniainlfisenveenls@iendawaulnnaunesmaiines Tnaldarsazaneiaulss
13ums 10 TulAsams wazldnsndluadnidududinm aududy 10 Jaaluand Usunms 10 ulnsdng
Wlnnauneamntines (0.2 wans, pH 6.8) U3ums 180 lulAsams LLﬁf;ﬁﬂﬂﬁTmﬁhﬂ'}i@mﬂ%uumﬁ
234 wilwwms yn 15 37 {uean 3 Wil (Sirikesorn et al., 2015) uazdntEunalilsfiugaeas Bradford
assay Tne1ld Bovine serum albumin (BSA) Lﬂumiﬁummﬂﬂu (Kruger, 2009) Imﬂ%m%‘lm microplate
reader fitfa SpectraMax® fu M3 thAfildunAuanman
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Ad (milli-unitymind % volume of reaction (mil)

Enzyme activity (Wimg) = -
£ (Mem™) x volume of crude enzyme (ml) x protein conc. (ma/ml)

Aansrnaasienladanmng (specific activity, U/mg) iwraudeuiuiFunndilsfiu Inaldaunnsmeil

Tnedi  AA
e

ANsganauLasiaulasly (milli-unitmin)

Molar extinction coefficient; 25,000 M 'cm™

NM53AsIziANLLSUSIY (analysis of variance; ANOVA) aasianssuaasanandaiualuiNanag
IAADILATANBUSNINT 15

AATziAuLIuUN19ans (analysis of variance) Tag 4 lisunsn SPSS version 20 (Levesque,
2007) (Table 1) wazalAsIzAiANaNFUNUS (correlation) AngiRa Pearson correlation TneldALaaeIa a0
g <) AN

Table 1 Analysis of variance (ANOVA) format of RIL population.

Source df Mean Square EMS
Block b-1

Genotype g-1 M2 Gez + ngz
Error (b-1)(g-1) M1 c?

e

ATUIUANTNLLI199UN9RUENIIN (genotypic variance; G %) AuLslsuaInduandas
(environmental variance; G:) wazAnuwlsUsanaesdneausilining (phenotypic variance; O ?)
[ P
e lfann19m9T

ANKLITLTIUNNeUENITN ng = (M1-M2)/b
AMNLLUTUTIUANNAILIAADN G: = M1
ANNL 3T TRId N TN sz = ng+ G’
Ine M = mean square

b = AU I UN1TNAAD

@’]ﬂﬁuﬁﬁﬁﬁﬂf;’mLLﬂi‘ﬂﬁ‘fJu‘ﬁlvlﬁﬁﬂﬂizLﬁuﬁﬁﬁuﬂﬁ‘zaﬂﬁrﬂ%mLL'lJ?‘lJ?’JuVI’NWuﬁm‘?N (genotypic
coefficient of variation ;GCV) LazANdNszAnaAuLLlslsauaesdnEus i ludng (phenotypic coefficient
of variation; PCV) #un Anenuzfanssnzeenlaianendaius Jueannan AMNEgIInIzeannan AMUIBLIER
ffln AUUinARY LATANUINAARBSY ANNABNTU84 Singh Waz Chaudhary (1979) Fagunasie s
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2
,/Gg

GCV =-—=—x 100

%‘x
N

PCV = TX 100

<

e X = AR UBIANHOUETAN TN

UszauAIBRTINUENTTHTULUININUATANNAIUUINNAUENSTH
ﬂi”mmm@mﬁwuﬁmmlmm%mw (broad-sense her|tab|||ty, H )LL@%ﬂQWNﬁ’WMﬁ’W’NWuﬁ;ﬂﬁN
(genetic advance in percentage of mean, GAM) Tmﬂmmmamu

H? = 092/ (csg2 + G:) (Fehr, 1987)

b

GAM = (GA /X ) 100 (Johnson et al.,1955)

Ima‘!_l‘ﬁl K = 2.063 (standardize selection differential at 5% selection intensity)
Hb2 = heritability in broad sense
Gp = phenotypic standard deviation
GA = genetic advance under selection; GA (%) = KHbZGp
X = grand mean of trait
NAN1SANHILAZIANTOL
ﬂ’\L‘Q@EILLﬂ”WﬂEI‘IIﬂQ“II@Nﬂ

mm@mmm@mm mummmummﬁm‘ummwm“mq ] fidnmludszansdawdes RIL
ﬁlmmngmmmvmwqwuqumiaQiim 1 (NS1) fiu Wug AGS129 uadail (Table 2 uazFigure 1)

snwniziansmreseulniafenianaunfanaeniugunigisd 1 Saaduminf 0.07 £0.01
units/mg protein Wiig AGS129 flAnledewintu 0.04 + 0.02 units/mg protein Wazlszang RIL flenede
Winfiu 0.10 + 0.03 umts/mg protein LL@”NW&'&IT@W@N@@H?”W’N 0.03 - 0. 16 units/mg protein LN@U_EI‘EI‘LI
FenpnuuansnesAeds wudAeATeslszang RIL ummnfmmm@mmwuﬁwaLmkuﬁummq
filudnfyn1aadi (P<0.05) mafidniadsvesdszains RIL qmmmmammwmmvuu wansliLiugnd
NN9LAA transgressive segregation

ansiziuenaan WIGUAIAIIA 1 fAadniNTy 38.30 £ 0.42 Su Wug AGS129 fAnadni
34.00 + 1.41 u uazilsz1ns RIL SAadewiafuminiy 37.29 + 1.25 du waziindeaesdoyang szndng
34.33 - 39.80 A aulauiflEuAuuansnesiadl nuddeanTeszang RIL agnguiAnaiy
ﬂ'wLaﬁ"m@ﬁqLuﬁmﬁuﬁumma@ﬁ1 ﬁﬁlqﬁmmﬁﬁ@mdwﬁuﬁmewm nenafliadAtynneana (P<0.05)

ANHOUZANGIVUTDBNALN WUFUATAITIA 1 flAaAniNTL 13.65 £ 1.77 leufiams Wug AGS129
A eIl 10.44 £ 2.03 wuRwAT uazilsznns RIL SAeARWINTL 14.63 + 2.96 uRunT uaziifde
20398ADLITNINN 7.60 - 24.75 [IUAINAT SenBeuifaupuunnsneesdieas hinuaauuwansneszg
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Anaatelszang RIL Auiugnanariugua

ansizauNAnseln WiguAsaIIsA 1 fAnadawiniy 2.08 + 0.02 wda/in Wug AGS129
fiAnadawinty 1.79 + 0.09 wis/iln uazszanns RIL feadamini 1.84 + 0.18 wia/in uasdifduaes
dayaatszndng 1.00 — 2.32 wdn/En dleiSeuifieunnuuansresAiede nudnAiadgselsyans
RIL agjnguiitaifusniadasesiamiesiug AGS129 GedAaduminiiusupsansss 1 aseflifadasmy
NANA (P<0.05)

Anwuraruulndesy Wuguasassm 1 fAnaAnwinty 12.14 + 7.48 dn/du Wug AGS129
fiAnaREwintL 7.20 + 0.28 fn/fu uaziszanns RIL SAneAEwinfL 16.83 + 6.41 dn/du uwazdindanesdays
BEIENINN 4.00 — 38.46 £In/Fiu FauRunifiauanuuansresdiads linupuuansisszinseiads
2841381109 RIL AuRugnauasiugus

Snenrduauniesiasiu Wufupsaonsd 1 SAafuwiniu 24.93 + 15.46 iwda/du Wuf AGS129
fiAafawint 12.90 + 0.14 wia/du wazilszanns RIL SAaAEwinfL 31.00 + 12.53 wis/du uaziidy
193903ARE72UINN 4.00 — 79.22 LWAA/HY Seufsuifausnuuansinesdiais liwuaauuansing
szwinAaaneszanng RIL AuRugHauaz UG

nMaAIIziANLL sl U eatAvestsraing RIL mnﬁﬂwmxﬁﬁﬂmnﬂﬁﬂwmx wudniseang
RIL faonuuansneiueeildadAnynieads (P<0.05) (Table 3) Lmmlﬁlﬁudﬂmzfmniju@uﬂmﬁﬁ
AYHLANFANNINAUGNITH TﬁﬂﬂmmLLmﬂﬁiN@fﬂﬂdWL‘ﬂuﬂi@Nﬂ’ﬂ’mmiﬁﬂ’mﬁuﬁqﬂiiu‘ﬂlLL[ﬂﬂ[ﬁi’Nﬁu"ﬂ'ﬂ\iW‘LAﬁW‘ﬂ
waziugial lnefidandeuguasanssd 1 dudandests idunusielsasindne daudaudeaiug AGS129
Fudamdesiinan wazaianuatunmn lunsduniuselsam T A1sangas (Chowdhury et al., 2002)
Table 2 Mean (X ), standard deviation (S.D.) and coefficient of variation (C V) of traits of the parents and

RIL population derived from the cross NS1 x AGS129.

parents RIL population
Trait
NS1 AGS129 Mean + S.D. Range C.V. (%)
Specific activity of LOX  0.07 + 0.01 0.04 £0.02 0.10 £ 0.03 0.03-0.16 26.76
Days to flowering 38.30 £ 0.42 34.00 + 1.41 37.29+1.25 34.33-39.80 3.35
Plant height 13.65+1.77 10.44 +2.03 14.63 +2.96 7.60-24.75 20.23
No. of seeds/pod 2.08 £0.02 1.79 £0.09 1.84 +£0.18 1.00 - 2.32 9.67
No. of pods/plant 12.14 £ 7.48 7.20£0.28 16.83 + 6.41 4.00 - 38.46 38.12

No. of seeds/plant 24931546 1290+0.14 31.00+12.53 4.00-79.22 40.43
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Table 3 Analysis of variance of RIL population derived from the cross NS1 x AGS129.
Degree of freedom Mean Square
Analysis of variance F Sig.

Block Genotype Error Block  Genotype  Error
Specific activity of LOX* - 145 435 - 0.00268 0.00067 3.990 0.000
Days to flowering 1 145 1214 23.774 13.860 5933 2.336 0.000
Plant height 1 145 1207 2219.405 77.588  16.353 4.745 0.000
No. of seeds/pod 1 145 1056 0.139 0.223 0.048 4.654 0.000
No. of pods/plant 1 145 1056 3186.120 356.042 75.873 4.693 0.000
No. of seeds/plant 1 145 1056 9283.233 1328.189 276.614 4.802 0.000

* Experimental design in CRD with 4 replications *a, b, c indicates mean of groups significant level of ANOVA at P < 0.05
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Figure 1 Distribution of specific activity of LOX, days to flowering, plant height, No. of seeds/pod, No. of

pods/plant and No. of seeds/plant of RIL population derived from the cross NS1 x AGS129.
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ﬁﬂwmzﬁﬁmﬁuﬂixaw'ﬁrﬂqmLLﬂiﬂmumqﬁuqﬂﬁu (GCV) uazArdNlsz@namnuulstsauaas
snwauzituln (Pov) e lusziigs uamsidnwnizfidneilanaunlnugdadudnensfihlazansnm
Tumstinldnidenanesiug Tasfidn GOV uaz POV fialusziugeazidwinfuvianinndn 20% szt
naNariAagszndng 10 - 20% LaLITAUANAE T ANTaENIVaRWNAL 10% ANSN&Y (Shivasubramanian
and Menon, 1973) AdRAsiugness (H ?) unsuandianulslusesdnEnissng I CIREENEC
andnauaniugnesuanvidetieandndswande Tanfien H’ fleglusrsugeazianinisitesnnnd 60%
aziutunansazilinagszndng 30 - 60% wazsrAudfariindenndiviewiafy 30% Aua1y
(Robinson et al., 1949) #9uAYNANINTINNUFNTTH (GAM) lunitauenislaniatlszaunnudiialy
nazuaumssmidanaeig Iefien GAM flagflussiugeaziimannndivdamini 20% szfuthunansasd
ANAETTNIN 10 — 20% Lmvi”ﬁuﬁiﬂﬂ”ﬁmﬁﬂﬂﬂdm%whﬁu 10% ANNANAL (Johnson et al., 1955)
Ma1lszanaue H * Waz GAM 189ANEUEs X fidnen lutlszannsdamans RIL wmf«nﬂﬂmmm”mﬂqwuﬁ
UATAITIA 1 (Ns1) fiu Wug AGS129 &uadail (Table 4)

fnunusianssureeulnanendawalundadamans ifn GOV Winfu 23.053% A1 PCV winfiu
35.249% H 2 Wi 42.774% uay GAM Wil 31.059% azwiulsidnansuzaenaiailian GCV uaz PCV a]
Imwmum uazilAn H * agluszdinunan Lmm‘l,umummﬂmmfafaﬂmm@ﬂwmvumum@mmnwuﬁmm
WnNndnFauandes (Falconer and Mackay, 1996) wananidnEueil GAM agTuseiugs uansliiiugn
TavnTnaeeduluLLan (additive gene) memmﬂmqmﬂ

ansnuzduaanman A1 GCV Wil 5.339% A PCV WiniL 8.437% H 2 winfiu 40.049% ua GAM
Winfu 6.961% azidiulfdnedn GOV uaz PCV @ﬂimﬂtusmm memmwuﬂiﬂmuwmmuu@mwmmm
LIARBNIINNIFINAE (Okoye et al., 2009) A9AAARINLNNUASU8Y Desissa (2017) mwmmmﬂwm:mq
FupeNUINLTY 50% T89dairans 16 anaiug ild GOV uaz PCV arlunnminiduiasiu uananifaziiiu
lednen H ? agfluszduthunataus GAM aglusziun fadunamnanesdiliznanaaspauulsnumis
Wu’qﬂﬁuﬁmuﬁuﬁwmL?{mﬁﬁmuaﬂmﬁamn%w%wmmﬁmmumn \ BNBNAVRITULLLLN (dominance)
meﬂﬁﬁ?ﬂqiwdwﬁu (epistasis) WuAu (aanenl INHRINTUT LazA 2558)

AnTANNGIInIzeENAaN HA1 GCV inril 37.831% A1 PCV Wil 46.857% H * Wini 65.184%
uaz GAM winfiul 62.919% aziiulddndnuniziliian Gev, Pov, H ? uaz GAM agluszsiuge uaasliifiud
Wugnesudananasedneuzinanunnitdunden waziivinarasdusuuuanduniendesdn g
mammzﬁmﬁmmﬁﬁmm Nagarajan et al. (2017) ﬁv‘inmiﬁﬂwﬂuﬂi“mmﬁqmﬁmﬁmmmﬁuﬁﬂﬁu%éuﬁ
4 (M ) wmmﬂmmmmwuﬁwmm ‘Co (Soy) 3’ Az ‘JS 335 wmmﬂwmvmmmmm GCV az PCV @ﬂ’l‘u
SLAUAIAD 36.11% UAY 37.14% AINAIAL yatiestlein H ? uaz GAM agfluszdugaituieniiu ldun 94.55%
UAY 72.34% ANNANAL

AnEuzaILNaasain A GCV Winil 16.104% A1 PCV Wil 20.032% H 2 winiu 64 626%
LAY GAM Winfitl 26.669% azifivlddndnsaisiliidn GOV uazen POV faﬁ‘lmvmuﬂquﬂmq yananniieailen
H? uazen GAM maimmumanmg Lmm‘l,umumwuﬁﬂﬁummwmmﬂmmmmaumamummmﬂ
IosdnEULil LavianENaTIesEULLLILIINIINE S T9genAdeeTLNnAfETeq Reni and Rao (2013) AANEA

PPy

TEMASIRUIY 45 Wilg PUF UGN IINUANFNATT PUINANHZANUIBNAAFBENTAY GCV uaz PCV

]
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agfluszduilunansie 15.50% uaz 18.57% muaiu uazilel H * waz GAM egfluseiugena 69.71%
WAY 26.66% ANNAAL

aneauraruauiindesis JAn GOV winfiu 70.344% A PCV winiu 87.340% H 2 Winfiu 64.867% WAz
GAM i 116.709% szl dindnuniziliidn GOV ua POV 497N Lmﬂumm’mﬂwmyummmrﬂmu
mqwuﬁﬂﬁwmLummﬂLﬂu@mmmmmmmmwwmammm ANTaNIRENHOIZE GAM aglusyiy
mLﬂumLumuqmﬂawﬁwmmmmmumﬂ fanenARBATLASITeY Aditya ef al. (2011) RANEN UGS
QUIU 31 Wug mmmwuﬁmammnmmu wudndnEnzaauiindeduludnenfiia Gov, Pov, H*
uay GAM agfluszAugautuienii mum\iLﬂu@nwm“wmmmuﬂﬂ’lﬁummmL@fanmawuﬁmaiﬂim

ANBULINUINLNAARBFY TA1 GCV Wil 73.976% AN PCV Wil 91.387% H 2 Winriu 65.527%
uaz GAM Wi 123 359% asifivldindnmnisiitien GOV uay POV ‘wfmmn Lmemmmmeumwwuﬁﬂﬁu
wmLummﬂfawﬁwmmmsmumummwmmu AN H  uaz GAM ‘VIZN Funaiiasunanannaasiiuu

o o

19N muummmmmmﬂimwmmmL@faﬂ@nwmvuslumvmuﬂﬁa‘ﬂmﬂmwuqLW@qumm@mui@mmﬂ@mu
mmmmm asannuiludnesiinaen H? uaz GAM @a‘lmmumeﬁwmmmmmrﬂL@@ﬂ"Lﬂ@ﬂqq
FnEnueinen H? gaLienetinaLhen (Johnson et al. 1955) lunamaaesildnuniziilidn Gov uay POV
ot lusziuga ”me Anwnuzianssuaegieulmianendaiua Anugs Auuiinsesiu waza uwuNAnsasy
Sneuzifan GOV uaz POV atlusziuthunansBednenizdumasiedn uasdnuniziifen GOV ua
PCV ﬂﬂlu?:ﬁuﬁlqﬁ@ﬁﬂwmxiu@@ﬂmﬂ zﬁ'quﬁﬂHMVﬁﬁﬁﬁ H ? agTuszAuge liun AnwuzAnugs auau
wanseiin SuauiinFedi Lavs UL AnRe Y AN TiTAN H @ﬂslmvmuﬂmﬂmq ”me AneUzAansIN
waaeulniatendaiug uazdueanaen mu@ﬂwquu@@ﬂm@ﬂLﬂu@ﬂﬁmm A1 GAM mmm TuanieAiAnEnLE
nAnFesuluanE AT GAM zgqmm Sadnwusisl GAM AIATANNNIONLNDAANBTUTA N WAL

Tldsugnlad avnnsalfulpiuglaanisdnaentdacinlilszAngnn

Table 4 Estimation of genotypic and phenotypic variance, broad-sense heritability and genetic advance

in the RIL population of soybean.

Characters O.gz GCV (%) sz PCV (%) Hb2 (%) GA GAM (%)

Specific activity of LOX  0.00050 23.053 0.00118  35.249 42.774 0.030 31.059

Days to flowering 3.963 5.339 9.896 8.437 40.049 2.595 6.961

Plant height 30.617 37.831 46.971 46.857 65.184 9.203 62.919
No. of seeds/pod 0.088 16.104 0.136 20.032 64.626 0.490 26.669
No. of pods/plant 140.085 70.344 215957  87.340 64.867 19.637  116.709

No. of seeds/plant 525.788 73.976  802.402 91.387 65.527 38.237 123.359
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AMNANNUSURIRNHUZ AN ] NANEN

AMNNITUATIEHANFNL 32 ANFANFNNUS (Correlation coefficients: 1) IBIANHOUEHINNANANHINLIN

'
a

anwuzianssuaaseulsdanandaualuuantamvdssdnnuduiusidauanad e ldad Ay danieada
(P<0.01) AuANEUzANUILENABRL LAZANHIIZANUILNAAF DG TseAUNARUTN9AN r = 0.340 LAy 0.312
ANNANSL BIWANFAIIAINNNIANILEY Reinprecht et al. (2005) N inuAMN&nNiuLsserdnalsunaenlasd
ac aa o a = P = ~ e o 6 el o
anenTawanuTuuuanas Wasanldnguilszanslunis@nsfiuansneiu uazdaldms lunisdnfsunn

a @ A d' ' o A v . o a @ aal Y ax
wultifanendauanuans1esiuanaae Iag Reinprecht et al. (2005) dadsunnueulaianendaiuafaeis
colorimetric method s lunnsAneATaliaendaanisinAnanssnaaeulmdami uwhet1elsfininain
ANNANNUETIALRINEALEHANAINAN (r~0.3) mnaziinisdiuilyaiugiamaeieanianssnteseulsdan
anfaanazlinIEnUAeNaNARBEMARINNTIN UANAINTTANLINANHELLATUIBNAAFRFAUE AN NENALS
pENNTIANATYEIN9ATA (P<0.01) Audneuzeasdlssnavvesnanasnanse léun Susanaen (r=0.283)
AYINGY (r = 0.409) AMuanuAnAsailn (r = 0.257) UATANEUEAUIBENFRFUTIUAAIANNANAUTGITIER
(r=0.969) AIUANHULDUNLAAIANNFNRUSTL TFIA AT ueanaan U 1uLENFARRAY (r= 0.270) WAL
AnwnuzANgaiuauIniindesu (r = 0.431) aziulddnansusinandesiunananfinatnl A uduiug
M aagnALANAILENaIUILNIN (polygenes) uANwzid A wdUdauLazas e fanTae dnanudusiug
TaLdumse (Ariyo, 1995)

=
dglnan1sAnm

Usza1nadinimand RIL ANNANARANTZUINNUTUATAN39A 1 (U WU AGS129 HAonuustlsaung
o = dl o U o o & 1 4 ‘ﬁl o a a @ aa
Augnasnsniiasnanazti il 14 lunisdfudgeiugseld s Tednwurianssnveseulaianandaiua
udnwendnisifia transgressive segregation HAnduilsyansmnnuuilsilsunisiugnasueslusziugs
wazdlAndnsiugnasnlunwandet luszdulunans uaasliidiudnannuulstsuninaauliiugnsnann
AIMNWUFNITHHINNINAWINAEN doudnszauaumansefiuiludnsuedANNEUTinnIaiugNITHgs
Ngn Aariuaneuzianssureenlsdatendausruiudnsozniaulalunsdiulgsiugaugivanwoe
AnuanAasafulunnNTN UNaNARI0d0 MRS TiIaesAnEUzAInatfaNisn g wn el
Tunnsdmaanivatliutlgaiugsield1s

a a
naRngsNUsEnA
TaFunnsatiuayuuiduann “puaanyuing 1 dnusdniuids” Tudainandy ainasnsal
NMNINERE

LANA19A9DY
998Nl INsATTIUY, witun Sy, An1Tn) vedssyu uavAitug n1ns. 2558. natiansiEnE e nAiRendes
AU HANARTIEMADS Glycine max (L) Merr. ltlsemalne. 1.38-48. T nsseagadanig 139 dauvie
p%eft 5. 25-27 Ravnan 2558, TsausafiAn g aae i a3 ease.
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NFIUUNTUALATNARALNISNBLTALDUTDTIANMALTARILATAIAULLNINUAILE AT
Identification and Pathogenicity Test of Fungi Causing Cassava Tuber

and Stem Rot Disease

wsi3al Bimniasnling’ mudand yaduns® 25sadla duny' uazaunwn auaindan’
Pornpawee Tiwatwaranikul', Phanuwat Moonjuntha’, Wanwilai Intanoo' and Jintana Unartgam'*
unAnga

TmﬁqLLL@:@‘iﬁumﬁﬂua‘hﬂwﬁqLﬂuimﬁ'z‘\?ﬁr-ﬁ“mﬁiﬂma‘ﬂ@ﬂﬁuzﬁﬁﬂwﬁwmﬂmwﬂ”lmﬂ Ananide
mmmmummum Toun Phytophthora palmivora, P. melonis, P. meadii, Pyth/um spp., Fusarium solani,
F. oxysporum waE Neoscytalidium hyalinum 'am\ﬂiﬂmm@u@mmnummmmmm”miﬂﬂimmmiim‘m
‘wmnﬂanmmy*’umﬂ:rzmﬂimmu@qmnmmmnmm\mimermmqum@mqmmmzuumﬂwmmLﬁu‘llm
e Lmzféﬁmmmnme‘ﬂqnﬁuzﬁﬁﬂwﬁa‘ﬁ'a‘?ﬁﬁtyslm"wimummm%m 3788 LATANUAZINENuENTe AL
A% Tissue transplanting method wa¥ Baiting technique ﬁnmﬁﬂwm:mqﬁmgmﬁwm NUINATHITNRLN
Fenldviovun 3 ana an 16 lalmian uaznaannisziaELTanale AR ITS DNA 1anen
ﬁﬂLLum’%@m Pythium spp. (P. acanthicum Wa< P. graminicola) L%m‘ﬁ F. solani LL@%L%@?W N. hyalinum Lﬁlfa
sdasa 3 mq@‘ﬁiﬂmmau‘liﬂﬁuﬁuﬁqﬂwﬁqﬁmqu 8 g W3 F. solani waz N. hyalinum ralsk
Fnlsauazsinlsiduiudnlsvdens luanefides Pythium spp. Ausnanaulinelfiialsn naildainns

ﬁm:mﬁlﬂuﬂiz‘tmﬂﬁi@ﬂwmmmumﬁmmﬁmLL@zm@ﬁuﬂﬁgqﬁuﬁ:ﬁmmuim

o o ' o

AmdAny: dudnleuds i asuin Neoscytalidium hyalinum, Fusarium solani, Pythium spp.

Abstract

In Thailand, cassava (Manihot esculenta Crantz) is considered as one of the most economically
important crops. Tuber and stem rots are caused by several fungal species such as Phyftophthora
palmivora, P. melonis, P. meadii, Pythium spp., Fusarium solani, F. oxysporum and Neoscytalidium
hyalinum. However, information on the biology and epidemiology of these fungal pathogens in production
areas is still limited. Therefore, this study was conducted to collect samples of soil, tuber rot and stem rot
of cassava from disease outbreaks in Nakhon Ratchasima, Rayong and Tak. Pathogen isolation from these
samples was carried out by the tissue transplanting method and baiting technique. The fungal isolates
were observed for morphological characteristics under a compound microscope. Three fungal genera,
Pythium, Fusarium and Neoscytalidium were identified based on morphology. Sixteen isolates were
identified as Pythium spp. (P. acanthicum and P. graminicola) F. solani and N. hyalinum based on ITS
rDNA sequence analysis. Moreover, the pathogenicity of these three fungal genera was tested on eight
cassava varieties. The results revealed that F. solani and N. hyalinum caused disease and cassava
mortality. While all Pythium spp. isolates were nonpathogenic.These results were usable for disease

management planning and disease resistant variety improvement.

Keyword: Cassava, Tuber rot, Stem rot, Neoscytalidium hyalinum, Fusarium solani, Pythium spp.
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ﬂuzﬁ’]ﬂwﬁqLﬂuﬁmmwgﬁ@ﬁmwmmﬁmuﬂqnﬁumnmexmuﬁi@amwuﬁqLLﬁqiﬁﬁLmﬂ%ﬂ@ﬁﬂu
nInamntiat mmimNamiﬁLLmuﬁﬁmqwu@mmugitﬁﬁ'ﬂ lugasszazion 20 TikusnmsnanTud s
Tutlszmalnenlasuuladllanmsgniie duimensdadidunlgniegrannasa deluilaqiiufinng
ldudndendaiuunaeingavlunisnanuileaiudnlzuds anues uazlulenanasin (ailn adagnanyail,
2557) Lf’immnmw34ﬁ@\imﬂmmmmﬁuzﬁwﬂwﬁmﬁu ﬁqﬁummmﬂgﬂﬁmﬁi@ﬁummm%\ﬂ danaliidinng
aranuazunssTUATesdea g lsrfindunnt Julsnudzvdeiidndnulszmdlng Tdun Tealulsl
(bacterial blight) TsauauunsATua (anthracnose) Tmln@mﬁ{iﬁm@ (brown leaf spot) T3aluqalud (blight
leaf spot) I3AFULAZINLLN (stem and root rot disease) (qnFan AT, 2558)

flaqriulsaviuazarsunihaisanudameliuinanandudlewdslnenss i Fadinanesudn
agilisniflusessndtinmauaznin Weaien fndatuiasinldfniedsmadauasiindumiiu Wi
uazdN ffingulaain loisuae ﬁﬁlqmmmm‘ﬁmﬁmmﬁﬁum lushadszmanasdszmalnetufinesen
L%mmuwﬂ,f?ummﬁm Tawn Phytophthora palmivora,P.melonis, P.crytogea, P.drechsleri,
P. erythoseptica, Pythium spp., F. solani, F. oxysporum wa< Neoscytalidium hyalinum (Charaensatapon
et al., 2014; Guo et al., 2012; Machado et al., 2014) @Ehx‘iii‘ﬁ[ﬁl’m“ﬁ@g@l,%@j"]@ﬁLM@IE@I%LLMdGﬂQﬂﬁu
z%wﬂwﬁwmﬂaxmﬂvlmﬂLL@:ﬂﬁid@IﬁLﬁmTiﬂm@aL%mﬁ\iﬁfag@ﬂwﬁﬁmﬁqﬁfﬂumiﬁnmﬂ%\iﬁﬁf;"mqﬂi:mﬁ
L‘W'ﬂf%’wLLuﬂﬁmeL%'ammmmisﬁﬁqLLaxzi"u[é’l’uui’mmﬁuﬁwﬂxﬁﬁﬂmmmﬂqﬂﬁﬁﬁﬁﬂﬂé’m AANIAUATITANN
Fandnszaes uazdandnnin IngeAudnsuen9dnigiuingt nisnazidasaduiicnalelnd way
nemeaaulan e lfidudeyadmiunimmeununisruauuastlesiuln vianeiudsaiugiiudnlsuds
FunulsAiouazasuLn

38n15ANEN

mausnuaziiduladaadaalsn

mmquﬁq@ﬂ'ﬁqimﬁqL‘Li”nLL@zzﬁﬂﬁut&iwmﬁuﬁﬂQﬂﬁuzﬁﬁﬂwﬁﬂu 3 unasign lAun a. upssadnn
(9. 1R9A9) 4. sree9 (AUTISunels 4. szue9) uaz A. AN (8. WasnIn) YauEnEesEaeAa Tissue
transplanting method (LUEYana ATN89AN, 2558) 114811119 Potato dextrose agar (PDA) Tmammuumﬂ“um
L wazdnduiidulse L‘flwnummm@ﬂ a3siag 10% Clorox mnuummmqmﬁmn@ummm@
LmemuwmuMLm\wmmvmwmmmmm@ ihiutudnlsademnaunemaiaeside PDA dwiunisuen
Lm@iwmnmulmﬁ Baiting technique (Watanabe et al., 2008) TaeninAuanie s unlfaziaanmldlua
L@FNL‘H@ wumﬂ@uu\mqm'amnuummm@@ Ch ﬂﬁuwmmﬁwmLm@fm@\ﬂumummm@ e 12 i
A shiuftnénaruiiauean snuslmmammmmwmﬂ TuRTREIUeT WA Thaediaiiill
ﬂuﬁfqmuqﬁﬁm nmeliuasanuaenangesisainid 12 dalas aduriuaudin 12 dalus uaan 37
Aasnasagnelindesqanssaduuuldua antuuenduledenlneduinauisindeacwuianii
819113 PDA ﬁﬁé@mm’}mg’ Turiaufagidouea (L) aaRauine s gradesuaouasy 100 Tulasans
tinlihndgunfautihasg water agar (WA) Usls 12-24 dali Rsthwndaiaradulanieléngesqansaad
17in Stereo uazénelaneduleniedldeauy 9133 PDA (\Weyawa AINesAn, 2558)
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vhdenildannnisuendanedale wuuntinlngenAednsuniednigingd dneuslaladl
uwazAnnelsindasqanssadnila compound fifndeeny 200 Wi uaz 400 wih Teenisvnalafening
mm%@u@"ﬂwm:m\iéﬁmgm%m"nmL%m%m'@mﬁm A wn oogonium, oospore, sporangium,
macroconidia, microconidia, conidia kag arthoconidia a“m:rm:mdﬁﬁﬁﬂwm:ﬁﬁLWﬁx“umLufimmmmmﬁm
Tuiindesyadnuouesine &miunissiuun
Auuntinrandasaranmsinszisisuiaaalalng

mauasauduleda

wiranalasiaauaes (spore suspension) mm%@mﬁ'm?cyuummi PDA Tneifinrinnduilsinge
5193 5 TGRS NAILILATUEIMNTIAENITE PaRantiamsuazaaaefuacuassldasliluemainag
potato dextrose broth (PDB) mua‘mﬂﬂummﬂmuw wdnin U n s nenatnflunan 10-12 4l
nseadule wasdraduladarinnduilein@etfunn 300 Taaans HnleTinsesldluusiunsznenses
Whatman No.1 1 Uil usiadineds freeze dry (lyophilization) Wunan 6-8 WJTJN waatdulaufeannun
Forlulasiauinan wdldaenaun 1.5 Taaans uazfuUliigdugnmnd 20 asrnoaidea

NSANAALAULE

vhidulefunuds 18 lunasnaunn 1.5 Tadans 15 0.5 N5 1Y extraction buffer (50 mM
Tris-HCI, 850 mM NaCl, 100 mM EDTA, 1% SDS) 500 lulpsans dufiguuundl 65 esasaiaa e
30 N7 ANy phenol 0.5 Y1 LA chloroform : isoamyl alcohol (IAA) (24:1) 0.5 i1 ﬁﬁmmumﬁ'mﬁ'
AYHI3Y 13,000 sauUsiawT s 10 wii gadawlasuuudineldanaan s s Rnase A (©2017 Thermo
Fisher Scientific, USA) tufiguunil 37 asraaifua unan 1 $alus wdaifin choloform : IAA Saedan
1191 LLé’wHumﬁ‘mﬁmmL% 13,000 sausiawy una 10 win gadauladuuuldanasnluduazima
ethanol 2 Wi udaLinlAfgaumnR 20 esrsaides Wunadszanns 30 whit At umsuwieaile
ANAZNaUALEUEAEAMML5Y 13,000 sausawlfl unan 10 Wi femenaumidulasa 70% ethanol 50-100
Tulnsans megumﬁ'mﬁmwﬁq 8,000 seUARWNT Llran 5 unil sindn 2 ase unzneuRiSueRiudouds
VL?’iﬁaqmmﬁ 20 vAnaidea azanaazneudtatnauilsine (Fauladaan Wadni aTaRgY, 2560)

nsmsIasaLAmMWLAzLSNMALE UL

vhAdueRainldunrinisnsmage ULy 1% agarose gel electrophoresis By 0.1% Gel star
(SMOBIO®, DS1000, Taiwan) 11 0.5% TBE buffer (89 mM Tris-borate, 2mM EDTA) uazldnszualnin 100
1905 Ine/l4 DNA Ladder 100s (SMOBIO®, DM2100, Taiwan) tflufiiuian1nsgnu (standard DNA) antiu
m’m&@uﬂ?mmmmmmwaLﬁuLﬂuuLﬂ?:m Dark Reader®, Transilluminator DR-45M, USA

NN5ILATIZRRIALTIAALA IMALSLATY internal transcribed spacer (ITS)

YA ue99E 0L RN BN T UgBIa0d ITS rDNA (ITS1-5.85-1TS2) Iaeildlnsinas 1TS1
(5-TCCGTAGGTGAACCTGCGG-3") wax ITS4 (5-TCCTCCGCTTATTGATATGC-3’) (White et al., 1990)
Infafaz 10 pmole Lmzﬁmummuﬁluj TunsvindjjiFenldun 10X Taq buffer, 2.6mM MgCl, 1 Unit Taq
DNA polymerase uaz 0.2 mM dNTP Tneindiisendl 95 esmaidea e 3 Wil 1 9au At
Uff3anduau 35 301 7 95 asAneaiFus et 30 Audt 7 55 asaneadus Wunan 1 wiituasd
72 asAaalded unan 1 mﬁmm@u@mﬁwﬁ' 72 aeAiraFea Whinan 10 wnit a1ntiurin PCR product
NMNNTATIRABLLU 1% agarose gel T 0.5% TBE buffer (89 mM Tris-borate, 2mM EDTA) uag linssua
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#1100 Thas Lﬂumm 30 117 Inesld DNA Ladder 100s (SMOBIO®, DM2100, Taiwan) {ufiduesnsgiu
e FleannnredudiuREue udatih PCR product 1Funms 20 lulasans delsEm Solgent Sequencing
Service, 1sEinANIA AnszisnduiioralelndredudiuiiSue

msamszinanalilsunsupaniainas

WRenifieudduiianalensaeadesifion ITS ﬁuﬁﬁﬁuLu@ﬁﬁﬁuﬁniﬂugﬂu%;ﬂa GenBank
(NCBI) nainsiEananduilanala g (alignment) luldsunsugananiiaomes MEGA7 anuiutindaya alignment
(M7:ClustaW Parameters) 8145149 Phylogenetic tree lngidngusingas Neighbor-joining MN1531ANEYR
AN bootstrap AaeTLlsunsNiALRi AW 1,000 4
nMenAgaunignalan

ﬂ@m‘d;‘ﬂ?’] 3 4na Im?;lLLHﬂﬁHﬂQﬂL%@ﬂuﬂzﬂﬂiﬂﬂﬂﬂd §un Fusarium sp., Pythium spp.uas
Neoscytalidium sp. SUBRUEAUANIZUAY 8 Wug 16l CMR25-105-47, CMR31-06-103, CM32-99-15,
SM937-8, R9, R5, R60 uaz 29-77-19 Aitlgnlugesn anm 15x30 i 81 1 LABU YNNIINIDIN 3 i1 Tneilda
Uafumuaesiiraududu 10° alesredadans memmiﬂuﬁuﬂ@unﬁ@mﬁL%mm’iq tuinuann 7 5u oy
TANUIINIeINafinlen (disease severity) aududlzndsiiany 3 theu M‘?Wﬁaﬂ@m%ﬂ 3 1A L
a‘"mlmwmum\wm‘lﬁmwme@@ﬂﬂu wiseenidli 3 sxél Ae sxdu 1 Arliugasenmisiian sedu 2 i
LAPSNNSREILAZS YA 3 Imne (Dianese et al., 1990) Lvamﬁmumﬁmum\mmimmme'a'aﬂwmmu
uiseenidlu 5 svdy A 3xdu 1 = lidugnsennis, sefl 2 = Faunatiesndn 25 wWefiufresiuiiandu,
3uf 3 = (AAuNA 25-50 WlefiFuiesiuiiandy, svfl 4 = AnuNs 50-75 wWefifufresiufisnduuas
326U 5 = AALNANANTN 75 wefdufuesiuian g (anBan A, 2558)

= a 4
NANITANILLASAIANFTEY

MFIUUNANHUEN WA UFIUINEN

W89 Fusarium spp. 2111 5 lalaan TduA RYGT, RYG2, RYG3, RYG4, TAK14 a1N 4.928184 LAY

~ P o o a X No a a o o a X A P
a.601n Muenldainansiy talatizeaseldnsizy@19ATn AnHenNdugIWInenTeTellensiag i
NAB49angsAINNnIAITNE 200 W1 UaT 400 Wi WUFN macroconidia HAnmr Aewdnedn 1A Tnadl 3-4
= ) . L Ao 9 LA = =

septa UM 27.7x4.0 luATal 91 microconidia N@ﬂﬂm:ﬂmﬂgﬂh 178 NITAIE N 0-1 septum NUUIA
8.0x5.0 luAsew imes19ia 5 lelman auunléiilu F. solani (Figure 1) T9a1nn3Ane1289 Zhang et al., (2014)
Nuanimes F. solani Anlspuiuivaesunsen ulszmeau uazlddnmaneuzduguingnzeates g
nsATRdaLiladmunLIn macroconidia Nanmouy Aaudnedy 1A Nauin 16.4-34.4x4.0-6.1 TuAseu dou
microconidia HanwuzAdnagila Juum 6.7-10.7x3.0-4.9 Tuaseu dmdudsemalnadeyaecima
F. solani Analfinalsaafutarsnuiiuududndsudsdslallsneanu Worapong (2002) 3784114910897
F. oxysporum M AAalsAT N ufenLdud e ras

{1831 Neoscytalidium spp. a7uau 8 lalman 1iun RYGS, RYG6, RYG7, TAK16, TAK17, TAK18,
TAK19, TAK20 A1n 4.328184 kaz 4. AN Auenldanndauaesansunasia Ialatlaeade s Aansoy Buusn

9 e & v A = X a Ao A o L. A Ao

Wuwleddraanties Weaduleienyuintudulaauuidu@sinisad1e arthoroconidia Ae Hansy
atlasraruiugnld J8dW conidia svevaautadinnlaliild uisaxnazinisaiianiiaiu e 2 ad
Tnetadnsanatsiu@unmna Wavinela nilsazvunuaziuilantu Jaunna 7.0x3.0 luaseu (Figurel) imasneia
8 lalman asanuunlddu@es N. hyalinum
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FaannnsAnenaes AMBAN ATilel (2558) fuaniesn Neoscytalidium sp. annlsmsulazsninmn
RPN EATISR u,zavvl,mmnm@ﬂwmvmmmﬁmwmmmlfﬁfam Immamwmaum@muwmw conidia 141
&0 Tdnmene 3 mad wadasenansiiddn Favine uvan Fadeuanidesudetinundesunennns PDA
a Aa o P ol | o o X PR X P | o
Hlalatidnn afadesBesionu uazldsesudndionaiiail Aa N. hyalinum armsaeslsasiuuazaniunm
SN TR AVIaN]

o o X a2 a o a ¥ o o o Ao = 1 ,

awivlaliianaeadesNivastauenanautTomuduiuddendslidnsoziuilewdas Pythium
spp. WHRANNUANGWNAWTIANNsauLiseanile 2 ngu Aa Pythium type 1 1 2 Talaian (RYGS waz NMR12)
waz Pythium type 2 § 1 lalian (RYG10) Was1viaaaanguil 1asoyifinanuanmsiaeiaa PDA nelu 3 4
Talatlaas Pythium type 1 anwouzlalatiginenli@anaadnanauils oogonium wilinaninuazaiapd ey
2UIATLDY oogonium 14.0x14.0 luAsaw sporangium 31s19ULIL subglobose @91 Pythium type 2 Anwoue
Talall 13219 W@uloy oogonium wilaFeuLazNaN AUAT8S cogonium 18.0x22.0 TuAseu sporangium g1l
$79UL irregular complexes (Figure 1) dAmiudsewmelng Hssanudasanaililuamneslsausdalad

- ¥ e “ Yy, X a4 4 e
nsseyaiinaedas adwlsfinulunisfneaisiiliuandesanatiaanaudousundulsagasastinll
Agarinisnaliiinlsanusiuiudnlzndssiall uaznisiimmziasuiianalelndinessyatinaasida

Bandyopadhyay et al., 2006 nanadnlsasnuinilulsanddnyigaluunda usdeyavaslsadad
HeaRaznatnnereaziduaredlsanineadesiulsasmnuinuazninszanasia agnslstnnululsemananing
‘TN Pythium spp., Fusarium spp., Nectria mauritiicola, Lasiodiplodia theobromae Was Neofusicoccum
mangiferae {pnudnwusiulsasnuidudndenda

Table1 Fungal collection, fungi isolation of diseased cassava tissue and soil from cassava field.

Isolate No. Fungal pathogen Locality =~ Tuber  Soil Stem Accession number*
RYG1 F. solani Rt v LC332026
RYG2 F. solani seun v LC332025
RYG3 F. solani Ll v LC332023
RYG4 F. solani eEm v LC332024
TAK14 F. solani AN v LC335885
RYG5 N. hyalium Rt v LC332033
RYG6 N. hyalium am v LC332031
RYG7 N. hyalium EE v LC332032
TAK16 N. hyalium pan v LC335886
TAK17 N. hyalium pan v LC335887
TAK18 N. hyalium AN v LC335888
TAK19 N. hyalium pan v LC335889
TAK20 N. hyalium FIn v LC355890
RYG8 Pythium spp. Rt v LC332027
RYG10 Pythium spp. eum v LC332031
NMR12 Pythium spp. upss RN v LC332028

*Accession number of fungal nucleotide sequence in Genbank database.
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Figure 1 Morphology of colony and conidia of F. solani (A, B), N. hyalinum (C, D) and Pythium type 1
E, F) and Pythium type 2 (G, H).

msaAseanuilanalalnaviian ITS rDNA

et AL Euev09 0N RN N g U0 ITS rONA TneldIwsiues ITST uay 1TS4
WU Pythium spp. a2 nau farnmresTudauRiduetszann 800 G Lﬁ@ﬁﬁﬂg@ﬁwﬁmm
U1ALATEH TR AL T TN Pythium ang1udeya NGB léuwn P.graminicola (AY598625
LAy KU569294), P acanthicum (KU209726 ilay KU208874) ILlay Lﬂ@ﬁ‘ﬁ Phytophthora crytogea (KP288372
LAz KP288378) Fes Pythium spp. wilelgiiu 2 ngu Ae ﬂmm 1 ‘]J?“’ﬂ@‘].l@’:l?_l ToTaian RYG10 dedafly
ﬂ@mmmrmwmm P. graminicola (AY598625 hay KU569294) sﬁ\‘i Pythium ﬂmm 1 mnwmvmmmﬁmqwm
WU Pythium type 1 mmngmn 2 dsznaudae lalman RYGS uaz NMR12 m@mﬂumgmmmnummﬁ
P. acanthicum (KU209726 uay KU208874) X Pythium ﬂ@'uﬁﬁﬁnwmzmqﬁmﬁm%mLLU‘U
Pythium type 2 TﬁmLwimxﬂ@juﬁmmwL%ﬁu‘lumﬁﬂﬂ@ju 100% (Figure 2) FmFUNS LN TN eI
P. graminicola Auenlganlsasnuinresdilizan Tae Pornsuriya (2008) Annsatmsnzsfansuilanalelng
1531904 ITS rDNA e/l 1531900 ITST uaz ITS2 &4 Matsumoto et al., (1999) Hnnsnzianduianaleng
131904 ITS rDNA #2838 Maximum parsimony T1l3un3sa heuristic search algorithm PAUP 3.1.1 @ bootstrap
1,000 %’1 WU P. graminicola TP uwilauiyu P. arrhenomanes 4 94%

fvsusFuTaAlelnf0ad09n Fusarium spp. (RYG1, RYG2, RYG3, RYG4 uaz TAK14)
faunmdudautszanns 600 GBI TheiAiassiisaniuides F. solani (EU982942, KP784419, DQO94641),
F. oxysporum (GQ922565 LL@“’ GQ922563) way Cy//ndroc/ad/um quinqueseptatum (JQ34729O
uay JQ347291) #e37 Fusarium w5 leTnian @m@ﬂun@mmmnummﬂ F. solani Inalnannadesiulunis
AmNgHN 100% (Figure 3) fmFnNImMeEnuITiaTesTe Fusarium spp. uenlgannlsaniaeaiudnemds
lusnedszina laun usd@a Tna Vilas Boas et al., (2016) fRamzdasudiaadlelinduiian ITS rDNA
Wi.l'hL%'ﬂi’]@’]LﬂﬂMﬁﬂﬁ'ﬂ Fusarium spp. WATA1ALIBIAINIAD Lasiodiplodia, Neocytalidium
WA Diaporthe/Phomopsis complex, Phytophthora Wae Corallomycetella Ay L%'aiﬂum@ Fusarium spp.
‘1‘7{LﬂummsﬂmmﬂLuﬁLLﬁqﬁua?qﬂzwﬁqﬁuaﬁuﬁ?ﬂLm\ng'm”l,é’ 6 nqu Tnelalaiandoulunjdnaglungues
{3931 F. solani (FSSC) uazdnnguaa F. oxysporum (FOSC) 1mal F. solani Lﬂuﬁmﬁmmmﬁwud%ﬂumma
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% '
o A =

MU THARTUA Uz nas u@nmnluﬂﬁ:mﬂmﬁ@LLz’l’qﬁﬂimeﬁluﬂ]ﬁwud’]L%mwﬁmﬂizmm I
Tadudle Bwde vade WAGe uar UnTefeddl Wudy edrelsfiany lundduesng wudnides
F.oxysporum Lflul,%@mmwﬁﬂmmiim‘fmLﬂﬂﬁuzﬁﬁﬂwﬁqLmzﬁﬂﬁﬁmmmL%ﬂmﬂ'ﬁﬁmumnﬁummam
dsulssnd neddlaifiseaisryden Fusarum lussiualddiiuamnuedlsnnnuianiuazdiu
1 AnsaNALAIETiaan SN aiaTes e Fusarium 81T F. solani Tnadnwauen19dniguine
UAZNIFIAINTHAIALLLALTIIOL ITS rDNA

@es N. hyalinum Saunedugaus3ian TS DNA Uszanmn 550 ALLA Sledinmeisaniuigen
N.hyalinum (KX098314 wWay AT211564), N. novaehollandiae (MF511047 Was EF585540)
Wae Lasidiodiplodia pseudotheobromae (KJ607141 waz KF369264) L%@‘i’] Neoscytalidium 1;1{1 8 lalian
(RYGS5, RYG6, RYG7, TAK16, TAK17, TAK18, TAK19 uaz TAK20 ) %ﬁmmﬂumjmﬁmﬁuﬁuﬁmq
N. hyalinum (KX098314 WAy KT211564) ﬁhmmw,%@ﬁulumﬁmn@:u 70% (Figure 4) aann13ANETNAN
AAAAABINTLNNIANET8Y gnEan Aalled (2558) annnA s NN ug RS U3 ITS rDNA
Katlnfies ITS1/1TS4 faunnvesuauiiduerszann 550 fiua wazsuunlfidudanm N. hyalinum
aNNA3ANEaeY Vilas Boas et al., (2016) lduenidesaineinissnuiifniauua 15 ”L@‘Esm@mﬁ@"m@fﬂu
Botrospaeriaceae 9 lalaianuanidungu Lasiodiplodia theobromae uaz 6 lalaanuaniiungu
Neoscytalidium hyalinum ﬁﬁl\‘lﬁﬁuﬁﬁlﬁm’mﬁ Bahia Maranhao Paraiba llaz Tocantins

Pythium acanthicum KU209726
99
sg | | P. acanthicum KU208874
100 [L NMR12

L RYGS8

RYG10

‘ Pythium graminicola AY598625
100‘

P. graminicola KU569294

Phytophthora cryptogea KP288378

-

100 |_ P. cryptogea KP288372

—
0.01

Figure 2 The neighbor-joining tree based on rDNA-ITS nucleotide sequence of Pythium spp. comparing
with those of Phythopthora cryptogea from NCBI databases via MEGA program 7.0
(bootstrap 1000 replicates).
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Fusarium solani KP784419
RYG1
RYG2
50
RYG4

66 | F. solani DQ094641

100 ’V
L F. solani EU982942
RYG3

Fusarium oxysporum GQ922565

TAK14

100] F, oxysporum GQ922563

Cylindrocladium quinqueseptatum JQ347291

—
¢ quinqueseptatum JQ347290

Figure 3 The neighbor-joining tree based on rDNA-ITS nucleotide sequence of Fusarium solani
comparing with those of F. oxysporum and Cylindrocladium quinqueseptatum from NCBI

databases via MEGA program 7.0 (bootstrap 1000 replicates).

Neoscytalidium hyalinum KT211564
RYG5
RYG6
| TAK16
811 TAK17
TAK18
TAK19
TAK20
N. hyalinum KX098314
RYG7

Neoscytalidium novaehollandiae MF511047
941 N. novaehollandiae EF585540

| Lasiodiplodia pseudotheobromae KJ607141
1001 L. pseudotheobromae KF369264

0.01

Figure 4 The neighbor-joining tree based on rDNA-ITS nucleotide sequence of Neoscytalidium hyalinum
comparing with those of N. novaehollandiae and Lasiodiplodia pseudotheobromae from NCBI

databases via MEGA program 7.0 (bootstrap 1000 replicates).
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nMenAgauniTnalan

anniaaaulsauududlendsdaiuau 8 Wug Fauidasnia 3 ana laun Fusarium sp.
Neoscytalidium sp. Wax Pythium spp. Wu31 1Aan191893ARABUNAUTWAUEuaY 3 Wug Ae
Cl\/|32 99-15 LAy CMR25-105-47 Lﬁ@ﬂ@m%@ﬁam%@m F. solani (Figure 5) Waz Cl\/|32 99 15 az R9 Lil‘l'ﬂ
ﬂ@ﬂm@ N. hyalinum meummwmmnﬂ@ﬂm@im 7 A aniasaAL e Tuis Laummumﬂumumﬂ
memmmfmm@‘um@m@mﬂmmmuwuﬁ wudn Ansuzmeueniaenii@suazdiuiiefioneuild
vnanaliinaumsin snuhilEtane dumelusnsidsliae (Figure 6) mumummiuummmmmm
mmﬂ 3 ey wmwuuumﬂmmiuummmmﬂﬂmmwiummiﬁm memuuumﬂmmwmemm@m
LEINIZB1LE1MNT PDA WU 138 F. solani Uaz . hyalinum meﬂmmmmum@uﬂum@umfm &UFunng
Usniulzauulumesiudlzudone 3 ﬁuﬁ'lﬁmim 21n190g IszAL 3 Ae Fiusne dounistsziiulsnuurion
Fud1ends CM32-99-15 uay CMR25-105-47 Lﬁ'@ﬂ@m‘%@ F. solani Waz N. hyalinum 81n138¢3E61 3 WU
ansuariiung 25-75 Wefidudasiuiiandu duiug R9 Lﬁ@ﬂgm,%@ﬁqm%@m N. hyalinum 81013852 AL
2 uanseNILasusationnd 25 Wefidudresiuiiandu z%mi"umiﬂ@m,%@ﬁfmé@ﬂ Pythium spp.5fiu
fudlendslaifipnuialnfuarliinalsn dwmaoiunsssdsauaw TatiZas Pythium spp. ynlalaanls
Lmﬂmmnmumm@Lﬂummﬁmiﬂumﬂm%Lﬂummm‘imLu@qmnmmmum Pythium spp. \uwanifin
waze1Auat lumy (soil borne) mumwmmmmgifammﬂmil,ﬂqunLLBﬁﬂTWVLW‘VI (saprophyte)
(7 \nAD, 2549)

Figure 5 Symptoms of cassava at 7 days after inoculation with F. solani, A: Leaves wilting and sudden

death B: Brown in central tissue C: Bloated at stem base and brown bruising D: Control
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Figure 6 Symptoms of cassava at 7 days after inoculation with N. hyalinum, A: Leave wilting and sudden

death B: Brown and dark in central tissue C: Rotted root and not germination D: Control

dgUnanisdAn
AnnNLENFeEnaTasa e tsuANLsuAaT AR NIl AT LA SR LAYANALENNTD
fiqLLum'%@mmmrfﬁTwu ald 3 ana Iun Pythium spp., Neoscytalidium hyalinum Wag Fusarium solani mel
a1AudnEznedugukasFauiaudduaduiionale indeehi@uieuiians ITS rDNA n1Inaasy
nsrialspuaznsdsaiiulsnludiediu wudn @es F. solani uaz N. hyalinum duanmnueslsaniuiuas
wihdnaesiudniends lunnisiige Pythium spp. fnenannaulyl duawnlsaiauazansun
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Enzymes Production by Plant Pathogenic Fungi Causing Foliar Disease on Ornamental plants
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pectinase Usziliulag hydrolysis capacity (HC) value Feldanndndaues hydrolysis zone WAZLAUHY
Audnanslalatl luanuzil chitinase dsziduarnauaduduaudnanelau@sinsuuenus colloidal chitin
AINHANNTNARD wudﬂé@mmzﬁ@unn%‘ﬂmw (©n¥ Co 211-1) @1xnsaa¥na cellulase IEluszaumn Fofl
A1 HC value tiaandn 1.00 z%w%‘u pectinase wunsaaeulmflglusyduan fidn HC value Haandn 1.00
Imﬂi@‘gsﬁm ) ﬂ@mmm@m Colletotrichum spp. 19 VL@TSIJL@‘VI Bipolaris sp (Bi 21-2) wa Nigrospora
sp. (Ni 12-4) m”l,uwummml,@uisnmmmq AZNIINA/AL chitinase Wm’]L"ﬁ’ﬂm Colletotrichum spp.
ynlalaan (andu Co 211-1) uaz Alternaria spp. a1uau 2 lalaian aunsnadeuladlfsyaiulunans
InuEiEasn Cuvularia spp. a1uu 4 lalaan waz Bipolaris sp. (Bi 21-2) wuianssunisairaenladlusysu
i uazlelaiandnn liwuRanssunssfraieuled ohitinase aniinmegeuemugnanenlunsin A
12Al8A3 detached-leaf test HANNINARBITINGNINT9Ew waagu e F03maaay (@ﬂﬂﬁ‘ﬁmﬁﬂ‘ﬁlﬁi’mﬁu)

melusnadeaiuildnanwlunsaiaeulnTdesaanamiaadie llunnseiu

AdA: neairaeulmsl necrothophic fungi ldfdszdiu

Abstract

The research was carried out to investigate the ability of plant pathogenic fungi causing foliar
diseases in producing cell wall degrading enzymes of plant (cellulase, pectinase) and Fungi (chitinase)
on solid media. The tested pathogens (32 isolates) were isolated from diseased leaves of 13 Family of
ornamental plants in the area of King Mongkut’s Institute of Technology Ladkrabang, Bangkok. Activities
of cellulase and pectinase enzymes were determined by hydrolysis capacity (HC) value which was
the ratio of the hydrolysis zone and colony diameter. For chititnase, its activity was categorized based on
relative increase in diameter as well as intensity of purple color on colloidal chitin medium. Results revealed
that all tested fungal isolates (except Co 211-1) showed low potential to produce cellulase with HC value
of less than 1.00. Regard to pectinase production, presence of activity with low HC value (<1.00) was
detected in all tested fungal isolates except for all 19 isolates of Colletotrichum spp., Bipolaris sp.

(Bi 21-2) and Nigrospora sp. (Ni 12-4). For chitinolytic enzyme, all tested isolates of Colletotrichum spp.

'anuzmalulaginnsinems Zﬁmﬁumﬂ‘iuiﬂﬁmmﬂumﬁﬂL%ﬂ@mmmimmﬂizﬁ\i LIRANANTEIIN NIUNWENIUAT 10520
*Corresponding author, Email: suriyasitsom@gmail.com
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(except Co 211-1) and all 2 tested Alternaria spp. presented moderate activity whereas all 4 tested
Curvularia spp. and Bipolaris sp. (Bi 21-2) showed low activity and the rest showed absent activity.
Furthermore, pathogenicity test was conducted in vitro using detached-leaf inoculation. Conclusively,
fungal isolates (from different host plants) within the same genera revealed the same potential to produce

cell wall degrading enzymes.

Keyword: enzymes production, necrotrophic fungi, ornamental plants

UNU

TsrnealditlszAu (Ornamental plant diseases) NlawBN1AN necrotrophic fungi utloydn Aty
TunsmnzdgnldiszavnsiuGeumnzdn uasiunlgn denaliifeseinanngadayaAmiaeassgna uazls
Wunsesnisaasnann Ingmesamelsannwudaulun] Aa 1891 Colletotrichum spp. WAy Alternaria spp.
Teiassinaadnazidninanaluseslfidsedu vinliiAnans necrosis 1w Tsauauunsatua Tulud luqn
(Dicklow, 2013; Pegg et al., 2016; Coates et al., 2016) lun1aidinaieaesiosamslsafmiu wanann
avaielngaaf1asing o ieuwnsintiedeitude wendaiasivuaseulodtesmiuaadig (cell wall
degrading enzymes) iialiillailaiaiianis@eanaans wazdoalinisdninaeaiaauguusasnay &
wulodiegnateaila 1 cellulase uaz pectinase (Dean and Timberlake, 1989; Fernando et al., 2001;
Lorena et al., 2007; Anand et al., 2008; Hubballi et al., 2011) a8niaglanin1331e91191 Tutqaanannalsaiu
~ 1 P o ol a o = ' | X
Waande iwasamelspiaaraiugnsulssazinsaiaeulailuBuamuinndufuaswinaasdasans
Wugnnalsaldguuss AniuBuianisaireulodfiinainamenazisuaniaanuguusslunisialinialse
o A v ! o rdl 4 .’,’/ a % " < | o=l a d‘ d‘ 1 d‘
fudlaanduiu wanannewlminananna 2 1Hauda chitinase Adluienlmi@nefianiianunaula diasann
wuladfainanannsndesaaaniinaduentes |y dlaednfudamesna¥ie chitinase sinasnulungy
deaUfjiing (Agrawal and Kotasthane, 2012) uaranaazanunsaimugenaiveulaifmnais e

a o = v P X P o v PPN a Py o \
s{ilnle TunnsAnwnisaFraeulairesdesanvnlsaia lussauiaslfiRnng Suaeddsosiy
AInagaL e TALTaMAaT LaztinliAimsnsviBunainnsadiaenla 8n3antlaAe NNmARaLNITA5N
. 4 X o od o oamd e as Y . X

wilsduueunnaeadauds daduidndne avaen Annlmauanainsalunsadraenlbdaesdas

~ X A e o R | e oA Y e oaAa X
anvnlsafirld ludessiu aninanannanzgidsasanladn ansnizeInis necrosis NARNEIUARATULY
Tldfsyausatiniuusag TuNaasdinenii mesaivnlsnsinainaslansnensairveulodunnseiu
YEGIRY @qmmmﬂmmimwL@uienmmmmﬁmmm‘tamhﬂ@u necrotrophic fungi Anenannldilszdulu
@muummiui@mquaummlmﬂmwmimmmvmuummmmmmm LATNARALANNANN1TD N9
Tpgaaidamtuanldiulfilssdunedimaatuangas

ABNSANEN
ﬁy’ammmq‘ismmﬂumaﬂﬁﬂixﬁu
ma‘mm%m‘ﬁmm&ﬂmLmzma‘ﬁﬂmﬁﬂwmzﬁmgm‘%mm TnenAusnatinglureslsilezsu (Table 1)
FUAAIBNNNTUNARNE (necrosis) 1w 1uqn (leaf spot: S) uazlulnduauunsalua (anthracnose leaf blight:
AB) meluiFmanniumalulatinszaauindd1aunmsaIaAngziia NFmMHWEINIUAS sFANNsLEN a7
awinlanlag 1435 Tissue transplanting method fvm”l,é’t,%@u?zgm%rm“q@ﬁﬂﬁuﬁqm?ﬁﬂmﬁmﬂmzmaﬁm;w;mﬁwm
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°1lmmfai7'v1 LLﬂﬂim Tneida mrﬂmilﬂim a @ﬂwm”mmiﬂiauuu@ﬁmi potato dextrose agar (PDA) LAZANSDLE TUA
739 veadiile uaz conidia Y9905 HBTNNITASIULINITDI7
m'a‘wmaumwmmsn’lumsmwLau"lsnwumL%@s']mmq‘[sﬂww"lu

Aanssnveaeulssd cellulase: nagaulne Plate assay method ‘J_Iu'mmil,gml,%@ carboxy methyl
cellulose medium (CMC medium) smﬂimfrmmﬂ NaNO 2 nfu, MgSO 7H 0 0.5 N5y, K HPO 1 n5u, KCI
0.5 Ny, CMC 2 n3y, peptone 0.2 ﬂiN hay agar 17 n5u Fl,umﬂzm 1 8m9 (Kasana et al., 2008) WNRAIUIT
AeaTeisen|¥asanumay e mnuummmummmmm@um@muumma PDA 8¢ 5 qu Imfﬂfn cork
borer TAEUENUAUEINAT9 0.5 4. Ansiranaealalaliiie LaZNNNINNA NN LAEN T TR
1Asananadnasiu mmmumhmmﬁmﬂammmﬂu negative control wazld standard enzyme i positive
control 1147 25 asAma@aa Whanan 5 51 arntiuamagaunisaieslsd cellulase 1eRa lodine
plate assay (Kasana et al., 2008) saein1swmansazans lalami 10 ua. adluanuasiaeadanagayithioan
5 17 udamansavanelaleduann TngansazanslaloAuasiaa R UL TIALIToIRN L1310 At ElaT]
cellulose a¢l denalivimiulnula (clear zone) 1319047 cellulose Qm%’aﬂ@mmﬂﬂm”q Tunnualnedn
mmmLﬁumu@uﬁﬂmwm‘iﬂ‘ﬂ@ﬁl,%@mmemmLﬁuﬂﬁu@uﬁﬂmwmu?‘mm%ﬁu‘m {feA1uanim Hydrolysis
capacity (HC) value (Taechapoempol et al., 2011) uazanszAun1sai1aiewlasd

Wurnuaueinarestsinnlauls

HC value = , - -
Wurugueinauesialatiaes

Yy o o X
Tnelofszsiusiell - A8 A1 HC value Wiy 0 : ldwunisairaeilasd

+ A8 AN HC value <1.00 : wunisaiaeulasidas

o A8 A1 HC value 1.01-2.00 : wun13a3aeulaidnunana
e A8 AN HC value 2.01-3.00 : Wun19a51aeulasiunn
e+t d'

A A1 HC value >3.01 Al ; wunsairaieulasiunign

Aanssuveaeulmd pectinase: nagaulng Plate assay method uu‘mm@tﬁmé‘ﬂ Czapek agar
Eﬁ\‘lﬂi”ﬂ’ﬂ‘]_lm':lf;l NaNO 2 Niu, K HPO 1 N3y, I\/IgSO *7H O 0.5 N34, KCI 0.5 n§u, 1% ZnSO 1ua., 0.5%
CuSO 14A., sucrose 30 N3, agar 20 N3u WAL pectin 10 n3u Slumﬂ@u 1 @9 (Priya and Sashl 2014)
Imﬁm’]ﬂ’ﬁ%m@’mLLNVM?Q@@@Uﬂ@ﬂﬁNL@uhN pectinase L%uLﬁEQﬂUﬂ’]?‘Vlm@@U ﬂ‘ﬂﬂﬁ‘i‘N“ﬂ@\‘IL‘ﬂu%N cellulase

Aanssnaaaeulasd chitinase: nagaving Plate assay method ‘]_qumu’]il,gmt%ﬂ colloidal chitin
medium mﬂa‘vﬂ@uma MgSO,-7H 0 0.3 nfu, (NH ) SO, 3 nfu, KH PO, 2 N5, citric acid monohydrate 1 N34,
agar 17 N34, tween 80 200 1NTﬂi@M? colloidal chitin 4.5 NN Waz bromocresol purple 0.15 N5y eLumﬂmL
1 8m9 (Agrawal and Kotasthane, 2012) uazifuen pH winfu 4.7 mmmmuhmiﬂ@mm@m Trichoderma
Sp. ulu positive control LummnLfﬁfa‘mm\‘m@m"lmmwmummmmmwL@u"lﬁﬁu chitinase 'l#fluasineg
(Agrawal and Kotasthane, 2012) 1umimmmumimwLﬂu”l,snuumzmuimﬁﬁnmmL&“umu@ummwm%ﬁu
Axing %\1 LﬁﬁvmnmiLﬂ&‘lﬂuammmmﬂgmL%@ ImEIa11"9 colloidal chitin medium ﬁm@u bromocresol purple
Lﬁ@ﬂ@ﬂl,%@mﬁm?wmuhﬁ chitinase aslil laulmifienannazliledas chitin 1w N-acetyl glucosamine
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= o X ° o X X = \ = ° vl a oA a
5]]\‘1Z\ﬁi‘ﬂ\‘lﬂ@ﬂ’lu’ﬂzmqiﬂﬂﬁﬁ’]ﬂ@ﬂ\iL‘H@Lﬂ@ﬂuLﬂuﬂ’]\‘i JJN@%ﬂiﬁ@ﬂ]ﬂﬂﬂqﬂqﬁ‘Lﬂ@ﬂu’ﬂﬁﬂ@Lﬂ@‘ﬂ\‘}l,ﬂu@ll’]\']
(Agrawal and Kotasthane, 2012)

o

Toefldecsugen — Ao dudugudnalou@ie o ou; ldifansaiaeuld

+  Ae Wudwguinaelouding 0.1-2 ax.; insa¥reulsiiles

++ Ao wguinanliudaeg 2.1-4 gu.; Ansafraeulasiliunans

a

+++ A WU uAuTnalmuAsng 4.1-6 au.; AnnsaFseulmiunn

=

I ¥ 1 Ly a d?{ IS ¥ .
++++ Ao i uguinaaliudaeg 6.1 9. 1ull; Annsaienladuinign

NNINAFALANNEINITLUNITADLULAALSA (Pathogenicity test)

fnmmagaumnuaansalunisieliifinlsareadeusiaylelniandaeds Detached leaf test
TnenuuasunuNTagey 1 THafesA (Table 3) ﬁlwﬁuimﬂL‘gml,%ﬂmmmq‘imLL&i@ﬂ@IﬂﬁL@wuummi
PDA {uaan 5 51 udald cork borer auadusALENAN 0.5 B, lWIzLFTRIaLTeslATAT wazéneidu
fjw,%@mmmaim aneuulufts 41uau 3 10 (37) Tuas 4 M INUNUNIINARBILLL completely randomized
design (CRD) &uiutmmauanldainis PDA mnﬁuﬂﬂuﬁmﬁﬂqm‘%ﬂuﬁa (inoculated leaves) 1141
mmw%‘u (moist chamber) TpruIALEWENUARETNATBuNALT WA 7 Tu meﬂamﬁm:ﬁmmuuﬁqﬁ
0 ="lifnleA; 1= UNATWIA 0.1-0.4 ;2 = LEATINA 0.41-0.8 TH.; 3 = UWNATUNA 0.81-1.2 Tal.; 4 = UHATLNANINAT
1.21 7. Aruannilesidusinnsiialem (Disease incidence; DI) wazAuanilasidusinanguLsaaaslsn
(Disease severity; DS) ANgA?

uuluNugnsa1nislsa
DI = - x 100
auuluianne

¥ (@uauluiuanaainislem x sesuainnslem)
DS = > x 100
(AMuanluianNg x 3ALINI9494M)

NAN1SANHILAZAANTO

\Hasauualsamluradldnanliiilszay

anmafusetsanisTsanisluredliiledu sauan 31 afiafts aan 13 2ad uinsuenides
anvpuazdasuun wudn Wesfiuanldiaaaildiuau 32 lelnian Tneldanndnunizennislulvel
wauunsalua 21 lalaan wazainisluan 11 lelaan z%Wﬁuﬂ@ummﬂuiﬁnmmmmmiumLmniéﬁ@m
Colletotrichum spp. 17 lalgian (mﬂﬁmﬂﬁ Agavaceae, Araceae, Arecaceae, Bromeliaceae,
Combretaceae, Liliaceae, Olandraceae WAz Palmae), @831 Curvularia spp. 2 laltan (aniaaed
Aspleniaceae WAL Heliconiaceae), LL@ZL%@?W Nigrospora spp. 2 laldan (@ﬁﬂﬁmx‘i A Araceae Waz Palmae)
dounguanisluqn wenl§id03n Alternaria spp. 2 lalman (anfimaad Agavaceae uaz Nymphaeaceas),
L%'ﬂ?’] Bipolaris sp. 1 lalgian(annieaed Cannaceae), L%@‘i’] Colletotrichum spp. 2 lalaian
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(anNTMA Araceae WAy Orchidaceae ), L%ﬂi’l Curvularia spp. 2 lalaian (aniaeA Arecaceae WAy
Costaceae), L%@i’\ Helminthosporium sp. 1 lalaian (aniga9d Paimae), L%‘ﬂm Pestalotia sp. 1 lalian
(mﬂﬁmx‘iﬁAspleniaceae) LLML%@?’] Unknown 2 lalman (mﬂﬁm\iﬁAgavaceae Ay Palmae) (Table 1)
HaganAdaiUNNITEIUA Rt (Dicklow, 2013; Pegg et al., 2016; Coates et al., 2016) ﬁi:ud%%mﬁ
Colletotrichum spp. Waz Alternaria spp. Lﬂm%ﬂmﬁlwuL°ﬁ'1v‘hmﬂﬁfﬁiﬁm@ﬂvlﬁﬂi:ﬁumﬂﬁa;m FalulsaGou
waﬁ’um:ﬁuﬁﬂzﬂn Tnedneosrennislsainudaulny Ao Tealuludueuunsatua LL@xTiﬂiu‘-gmﬁﬁﬁmﬁ@
yenaniifiatineaululssmalngdn @es Colletotrichum spp. WAz Curvularia spp. Lﬂul,%mwmmﬁﬂm
’nmﬁfﬁmzqmﬂﬁu (Kittimorakul et al., 2013; Sunpapao et al., 2014)
miwmaumwmmiﬂumm‘?ﬂqLau"lsmhlmL%@i’]mmq‘isﬂmﬂu
aMnn1INAgaLANaINnTalunnsasaeulasd cellulase, pectinase Way chitinase 404383 TIuen
Tsnman 32 lelnian Uuevnsaaadend Lﬁﬂéﬂ@ﬂﬂﬂ?ﬂﬁ@@ﬁ (5 f?uﬁﬁqma‘ﬂ@m%@) WULN N1TNAADL
Aanssuieulad cellulase iasinaseuynlelnanasnsnairaeulnifana s Tnglelnian Co 2111 a¥ns
Flusziutunans § HC value 1nnndn 1.01 uaglalmanau 4 a¥watluszdusi fld HC value desndn 1
#1150 standard enzyme (positive control) §A1 HC value 11nn431 3.00 (Table 2, Figure 1) d1u5un1smaday
Aansruieulny pectinase wudnTidesuiies 11 lelnanfiaiievlndl Tng Alternaria spp., Bipolaris sp.,
Curvularia spp., Helminthosporium sp., Nigrospora sp.laz Unknown ﬁmm’i’%‘ll,ﬂuvlfﬁﬂ@gﬂui:ﬁuﬁ’] A
HC value faandn 1 luaned standard enzyme (positive control) §A1 HC value 81nN31 3.00
(Table 2, Figure 1) mmmﬂamﬂ‘m’mmuﬁmﬂauu (Fernando et al., 2001; Lorena et al., 2007;
Anand et al., 2008; Hubballi et al., 2011) Nszy3n mmﬂmmmimwm 16un Atternaria spp. (awinlsaluqn
Fiela LaYWIn), Colletotrichum spp. (mma‘ﬂsmmmmmhmmmm, WINUWAZENNIT1) dnunsnadraielad
cellulase uaz pectinase I Fueulmlianaaazinlinadinanefedaaquussnniu Tngldmanuan
fj'u,%mwmmmiﬁ?ﬂﬁmmmﬁuﬁ’ﬁdﬂiimmm (virulent strain) Wﬁmfm%‘ﬁaLfﬂuvlfﬁﬂlmnr;*mﬁ’m'%mmwﬁuﬁﬁ
nalsalaiguusa (avirulent strain) nénafe ludnanafiGunielse lmfa'mmmmewmmﬂwuﬁmﬂ@‘lﬁimmmmu
m?mﬁ\iL‘auVLGnuLﬂmﬁmmmmnmmmmwmLﬂmmmmm‘imwmmﬂwuﬁﬂmmmLL@V%@mmmemmu
T Tuanssi mmwmawuﬂqumwm psssaeulnlifiduies 7 atinalafinn annisAneesAnr IS
afsitlainuntsa¥raieulad pectinase 18412837 Colletotrichum spp. v;ﬂifa‘l}ﬂL@w?ﬁgmuummﬂwﬁq uoan
5 1 FIUANFANIANNNNIINENTAY l ﬁazudﬁ {031 Colletotrichum lindemuthianum MagadaeamIma
92 %-esterified pectin (Lorena et al., 2007) waz C. capsici ﬁLgﬁ\‘iﬁ?\hﬂﬂ’]mﬁ‘mm Czapek-Dox Had 1 %
pectm (Anand et al., 2008) mm‘mmw pectinase I duatneg Tmﬂwuﬂ?mmmmmLfau”Leﬁumwm
N3zaizioan 10 Qu‘wmm?ﬂ@ﬂm@ muuwamﬂimﬁ mmmLm@mL‘ﬂuﬂ%ﬂmmﬁm‘lummm@muﬁmm
nnsa¥raeulml pectinase uaziaanfimanzauassaziily 10 4 LANITNAGBILUEN VNSRBI T R UG
48] LﬁmmﬂL%fai'ﬁmﬂﬁqvl,ﬂﬁﬂ%m?tyLﬁmml,ww:l,gmL%famﬂslul,qmvl,zitﬁu 7 Ju AsdanaliTunn
nsadaeulad pectinase €4 ldldnian \u#831 Colletotrichum spp. nni@hmmﬁﬁﬁmmmu F9a1niingn
wmaiailuianmaseuidesiuresdenanvnlsaiiald



NTATNBATNIZAANNAN

255

Table 1 Isolates of necrotrophic fungi on ornamental plants.
Leaf symp- Fungal identification Leaf symp- Fungal identification
Family Plant Y Family Plant ;
tom” (Isolate) tom” (Isolate)
Dracaena reflexa Alternaria sp. Pestalotia sp.
S S
N (Al 21-1) Asolent Aspleni . (Pe 21-3)
spleniaceae splenium nidus
Dracaena fragrans (L.) Colletotrichum sp. plen! prenium nigu Curvularia sp.
AB AB
(Co 11-4) (Cu 22-1)
Agavaceae Cordyline fruticosa Colletotrichum sp. Colletotrichum sp.
AB Bromeliaceae Aechmea fasciata AB
(Co 12-2) (Co 113-1)
Dracaena dermensis Unknown Bipolaris sp.
S Cannaceae Canna indica L. S
(Un 21-1) (Bi 21-1)
. Colletotrichum sp. o Colletotrichum sp.
Philodendron spp. AB Combretaceae  Terminalia catappa AB
(Co 13-1) (Co 214-4)
Colletotrichum sp. Curvularia sp.
Philodendron spp. (Sunlight) AB Costaceae Costus speciosus S
(Ca 14-1). (Cu 13-1)
Colletotrichum sp. Curvularia sp.
Philodendron spp. (Xanadu) AB Heliconiaceae Heliconia spp. AB
(Co 15-1). (Cu 14-1)
Colletotrichum sp. Chlorophytum Colletotrichum sp.
Aglaonema modestum AB Liliaceae AB
(Co 16-1) comosum (Co 115-1)
Colletotrichum sp. Alternaria sp.
Dieffenbachia spp. AB Nymphaeaceae Nymphaea spp S
(Co 17-2) (Al 12-1)
Araceae Colletotrichum sp. Colletotrichum sp.
Dieffenbachia picta AB Olandraceae Nephrolepis exaltata AB
(Co 28-2) (Co 117-2)
Colletotrichum sp. Dendrobium sp. Colletotrichum sp.
Aglaonema Modestum AB Orchidaceae ) S
(Co19-1), ‘sonia’ (Co 216-1)
Colletotrichum sp. Colletotrichum sp.
Scindapsus sp. S Rhapis excelsa AB
(Ca210-1) (Co118:1).
Colletotrichum sp. Colletotrichum sp.
Anthurium andraeanum AB Areca vestiaria AB
(Ca21t-1) (Ca119:3).
o Nigrospora sp. ) Helminthosporium sp.
Homalomena wallisii AB Dypsis lutescens S
(Ni 11-1) Palmae (He 21-4)
Colletotrichum sp. Nigrospora sp.
Ravenea rivularis AB Cyrtostachys renda AB
(Co 112-3) (Ni 12-4)
Arecaceae "
Curvularia sp. Unknown
Elaeis guineensis S Wodyetia bifurcate S
(Cu 21-1) (Un 22-1)

Leaf symptom S = leaf spot; AB = anthracnose leaf blight

dwsunmaaauianssuaulasl chitinase ﬁﬁl\ﬂﬂa‘uﬁu@fmmmmLﬁuﬂhu@uﬁﬂmmmmﬂ?ﬁuﬁmm
@ﬂmi‘LgmL%@ (Lﬂuamx‘i) WL L%m‘ﬁ Trichoderma sp. (positive control) ﬁ‘ﬂmm“ﬂ@ﬂs}]ugmx‘iLﬁmmmﬁzé‘ﬂ
Tunsiidenangafininaseudailvainunisairaeulnd chitnase WWlussindunans Tdud e
Colletotrichum spp. (81 Co 221-1 Faakalaluszaumn) uazides Alternaria spp. ynlalman daunveslo
1009 2.1-4 . douivaasiuiu 4 lelnan liwuniraiaeulmigangiaas Eun Helminthosoorium sp.
(He 21-4), Nigrospora spp. (Ni 11-1 waz Ni 12-4), Pestalotia sp. (Pe 21-3) hag L%ﬂﬁ"\ Unknown
(Table 2, Figure 1) ANNIMAaedARl HuTiinaulansnags ﬁwudﬁé@mmmhmﬁm 8w Colletotrichum
spp. WA Alternaria spp. @xnsnasaienlmsd chitinase 161 ¥ y ﬁmia%\iL@uisnﬂﬁ\mfdmﬁﬂ%wuquﬂumju
m@aéﬂmﬂ‘ﬁﬁm:? Trichoderma spp. (Agrawal and Kotasthane, 2012) Lmeju"ﬂ@\‘lL%@iﬂﬁiﬂhﬂu@ﬂmmmi@ﬂ
i non-pathogenic Pythium spp. (Talubnak et al,, 2015) atinglsfima annnisdneieulmifanaiadnadu wed
azanunsatdeslalsianiu 1 WAns lunadludemnuUfinds
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= P o @ YA o qo G a o a X = o
annsAnngaunsai e lniluassil inliinulsuifuiviia Ae iesana (genus) Whenam
faudazuanlaunannldlseausneainiu (Ansleloan) Adamaianeaienisadaenlsd (cellulase, pectinase
WA chitinase) MBI

Table 2 Production of cellulase, pectinase and chitinase by necrotrophic fungi on solid media.

Strain Cellulase” Pectinase” Chitinase”
Control negative - - -
positive ++++ +4+++ ++++
Alternaria spp. Al 21-1 + ++
Al 12-1 + ++
Bipolaris sp. Bi.21-1 + - +
Colletotrichum spp. Co 114 + - ++
Co 12-2 + - ++
Co 131 + - ++
Co 141 + - ++
Co 151 + - ++
Co 16-1 + - ++
Co 17-2 + - ++
Co 28-2 + - ++
Co 19-1 + - ++
Co 210-1 + - ++
Co 211-1 ++ - +
Co 112-3 + - ++
Co 113-1 + - ++
Co 214-4 + - ++
Co 115-1 + - ++
Co 216-1 + - ++
Co 117-2 + - ++
Co 118-1 + - ++
Co 119-3 + - ++
Cu 21-1 + + +
Cu 221 + + +
Cu 13-1 + + +
Cu 14-1 + + +
Helminthosporium He 21-4 + + -
Sp.
Nigrospora spp. Ni 11-1 + + -
Ni 12-4 + -
Pestalotia sp. Pe 21-3 + + -
Unknown un 21-1 + + +
Un 22-1 + + +

V. 4, ++, +++, ++++ represent enzyme production frome absence to high regarding HC value.

. 4, ++, +++, ++++ represent enzyme production frome absence to high categorized based on relative increase in

diameter as well as intensity of purple color on colloidal chitin medium.
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Isolate Cellulase Pectinase Chitinase Isolate Cellulase Pectinase Chitinase
negative O Co 113-1 6:
positive @ Co 214-4 ‘

N P

Al 21-1 ) Co 115-1 ‘

. : _4

Al 12-1 O Co 216-1 Q
Bi 21-2 ‘ Co 117-2
Co11-4 »‘Q Co 118-1

y

Co 12-2 '.1 Co 119-3
Co 131 . Cu 21-1
Co 1441 . Cu 22-1
Co 15-1 O Cu 1341
Co 16-1 ‘j Cu 14-1
Co 17-2 He 21-4
Co 28-2 Ni 11-1
Co 19-1 ° Ni 12-4
Co 210-1 O Pe 21-3
Co 211-1 O Un 21-1
Co 112-3 Un 22-1 )

Figure 1 The hydrolyzed zone of cellulolytic, pectinolytic as well as purple color zone of chitinolytic enzymes

by necrotrophic fungi on medium supplemented with CMC, pectin and colloidal chitin, respectively.
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NINAFALANNEINITO L UNTTND LULAALSA (Pathogenicity test)

arnnnaaaLANg s lun e liiAnlsraeadesuanld Saueu 32 lalaan 1neda
Detached leaf test Wud1 Tun1nean L’%@iqmmmﬂunﬂiﬂhm anidu Co 11-4 waz Un 21-1 gnnsanaliiia
PEY T GTIRRE fYEe! Tmﬂﬂ@:uLLinLﬂuﬁmﬁﬁmmuﬁuﬁmmﬁmﬁu (original host) 113 7 29ANT (Lﬁm@’mlu
R LLﬂm%@mmmraTimiéi wiers 1 Talaan) Taun ‘83 Colletotrichum spp. 6 lalgan (Co 113-1,
Co 115-1, Co 117-2, Co 214-4 waz Co216-1), Curvularia sp. (Cu 14-1) waz Alternaria sp. (Al 12-1) L&@ng
wasiiusiniaiinlsa (DI) 1Hgeds 100 wlefidus uaziiaauguussaasisnagludag 13.8-50.2 lafifus wsidl
deslelmanien ie Co214-4 Tnanuefifusiniainlan 66 wafdus uaziaauguusaeslsn 13 iwefidus
Faaziiiulddnden Colletotrichum spp. anunsanaliAnlsadulilssdufinasenldvaratiia (Table 3)
waz INALALNALN193189114284 Dicklow (2013) ‘ﬁlﬂm')dﬁ L%@?’W Colletotrichum spp. Wae Alternaria spp.
HuidesawnlsaidnAnyredlinentitlsysu esnidessinaniifivendandne dsamsodninang1s
penldilsziuldunansaiia dwsunguiaes dudeniiuenldunanlilsziunanaeiausier iRy
namagaUAsdastinsiuuaiiunluusazadiie Weldiduianagey wudn lunamean dasmn
lalmanimeaenluusazasdie anunsoneliiinlsaduiiaiuniy (given host) Teguuss Tnadilasidusinng
Anlan (DI) geita 100 iwlafifusd Fesihaig 2sfile Araceae TidAm13u (Ag. modestum) \ufimagey
WL L%m‘ﬁ Colletotrichum spp. 9 laTsian (Co19-1, Co13-1, Co14-1, Co 15-1, Co 16-1, Co 17-2, Co 28-2,
Co 210-1 uaz Co 211-1) uax Nigrospora sp. (Ni 11-1) anxnsnnaliiinlsaliigens 100 wlefidust (DN) waz
fannguusalsneglugos 16-45 wefidus fiftes Co211-1 winths Ainelfiialsn (DI) 50 weafidud drusulu
ﬁm\m’%‘uj ansnaaadilullluiamadieniu Sifeslued Paimae AEnunnuag (Cy. renda) lunNsnagay
whﬁuﬁlL%fammmmunﬂ%‘imam leun Colletotrichum spp. (Co 118-1uaz Co 119-3), Nigrospora sp.
(Ni 12-4) uaz Helminthosporium sp. (He 21-4) rialiifialsalsiies 66 nlefidus uazdaauguussanadlsn
13.19-32.81 e sidus (Table 3) @’mmmsmm@m@uﬁuﬁdﬁL%@m‘ﬁ'Lmﬂmmﬂ"l,ﬁﬂa‘xﬁuﬁiﬂwﬁmﬁuuﬁi@gh
aARmFaafuduu i uiazidiiareliflssduaaaulutedidaa il I fid uigendafiutaia
(original host) 'I§ Fsazifivldannidas Colletotrichum spp. ﬁmﬂmmﬁﬂlﬁﬁm‘iiﬂiﬁqm,l,mﬁmwgul,m
g04T2pld uAnFAN9TY 39104 1ANTUN791897UT99 Kumara and Rawal (2004) ﬁié’s:m’q 3a
C. gloeosporioides Tusnldanuzazne awnsanelsafufizeduiu 7 Wdvaeain du ndae Nz
adu uaziuAinle Tnued Phoulivong et al. (2012) 371819714491 a3 Colletotrichum spp. fenannwan
nzazne &u auy uazazaing annnsonalsadnunaendelfiduiu
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Table 3 Pathogenicity test of necrotrophic fungi causing foliar disease on ornamental plants.

Tested plant Isolate of DI" DS” Tested plant Isolate of DI DS
(Family) necrotrophic %) %) (Family) necrotrophic %) %)
fungi fungi
Group I: tested on original host Group IlI: tested on given host
Ae. fasciata Control op” Ob Co. fruticosa Control Oc Oc
(Bromeliaceae) Co 113-1 100a 50.21a (Agavaceae) Co12-2 100a 32.81a
Te. catappa Control Ob 0b Al 21-1 66.67b 16.56b
(Combretaceae) Co 214-4 66.67a 13.85a Co11-4 Oc Oc
Heliconia spp. Control Ob 0Ob Un 21-1 Oc Oc
(Heliconiaceae) Cu 14-1 100a 77.08a El. guineensis Control Ob Ob
Ch. comosum Control Ob (0]¢) (Arecaceae) Cu 21-1 100a 42.81a
(Liliaceae) Co 115-1 100a 37.6a Co 112-3 100a 44.69a
Nymphaea spp Control Ob 0b Ag. modestum Control Oc od
(Nymphaeaceae) Al 12-1 100a 100a (Araceae) Co 19-1 100a 24.48bc
Dendrobium sp. Control Ob 0Ob Co 13-1 100a 451a
(Orchidaceae) Co 216-1 100a 47 .5a Co 14-1 100a 23.65bc
Ne. exaltata Control Ob Ob Co 15-1 100a 24.48bc
(Olandraceae) Co 117-2 100a 17.81a Co 16-1 100a 22.5bc
Co 17-2 100a 18.23bc
Co 28-2 100a 21.56bc
Co 210-1 100a 29.27b
Co 211-1 50b 7.5d
Ni 11-1 100a 16.25bc
As. nidus Control Ob Oc
(Aspleniaceae) Cu 22-1 100a 20b
Pe 21-3 100a 31.15a
Co. speciosus Control Ob Oc
(Costaceae) Cu 13-1 100a 52.19a
Bi 21-2 100a 38.13b
Cy. renda Control Ob Ob
(Plamae) Ni 12-4 66.67b 21.88a

Co 118-1 66.67b 32.81a
Co 119-3 66.67b 13.85ab
He 21-4 66.67b 32.19a
Un 22-1 Ob Ob

DI = Disease incidence, “DS = Disease severity
*Values are means of five replicates. Values in each column with in each plant family followed by the same letter are not

significantly different according to Duncan’s Multiple Range Test (DMRT) (P> 0.05).
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Effects of BA and NAA on Growth and Development of Musa sapientum (ABB group)

cv ‘Kluai Hin’ in vitro and Effects of Substrate on Growth in vivo
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3 atin lHun Wnues nane uasneNanganzni1g dnsden 1.1 nzilgnifluszezioan 4 &anit wuan
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Abstract

The effects of BA (6-benzyladenine) and NAA (1-Naphthaleneacetic acid) on growth and
development of Musa sapientum (ABB group) cv ‘Kluai Hin’ in vitro and effects of substrate on growth in
vivo were studied. The purposes were studied sterilization method, cultured medium on shoot formation,
root formation and substrate media. The experimental design was Completely Randomized Design (CRD).
From the method of treating shoot tips with 3 solutions of sodium hypochlorite was cultured for 4 weeks
found that sterilization with 5% (v/v) of sodium hypochlorite for 10 minutes had the highest survival rate as
100.00£0.00% (p>0.05). After plants were grow up in vitro for 1 month, plants were induced shoot formation

by culturing in solid MS media with BA at 6 different concentrations: 0, 1, 2, 3, 4, 5 and 6 mg/L for 20 weeks.

‘anatenivarans anzmatulagnisinemsuazmatulatigraiungsy swanendusaiuasysnl e.8es 2. weeysni67000
* Corresponding author, Email: indom4@hotmail.com



NNIANTINHATNIZABNLNAN 263

The results showed that MS medium supplemented with BA 1 mg/L gave the highest shoot formation,
root formation and number of leaves were 41.67+4.17 (p<0.05), 16.67+4.17 (p>0.05), and 1.33+0.17
(p<0.05) percentage, respectively. For root induction in the 6 months of banana was used NAA at 4 different
concentrations: 0, 0.5, 1 and 2 mg/L for 4 weeks. It was found that MS medium supplemented with NAA
at 1 mg/L gave the highest root formation was 71.43+18.44 percentage (p>0.05). For transplanting
in natural conditions, three different substrate cultures were used: peat moss, sand and sand mixed with
coconut flake at 1: 1 ratio for 4 weeks. The peat moss content gave the highest survival rate was
83.33 + 16.67 percentage (p>0.05).

Keywords : Musa sapientum (ABB group) cv ‘Kluai Hin’, Plant tissue culture, Plant Growth Regulators
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e 30 nfuFeans FaNAUNITANAIIATLANNITIAIEYLALIRA BA (6-benzyladenine) fiaduAudnd
2 HaANFNsRAnT AN 0.1 1Wafidus (wiv) uaznedu 0.8 wlafidus (whv) Uuaiaauidunga-ae windu
5.6-5.8 waugmﬁ'a‘mmﬁ 25:2 aepniaifua Aradunas 1,000 §nd uszazinan 16 daluededy
Lﬁ@ﬁwumﬂuﬁuﬁmugid mu,mumimmmmeg’mmmaﬁ (completely randomized design : CRD)
uazAmmaaedd 3 %’1"] a2 10 Tu ufinilefifuinmsesenian uisannisensinderdluszazionn 4 filanif
ﬁnmam'a‘mmsﬁmmvawi@msl,ﬁml@md’m%’uné”mﬁﬂuamwﬂaam%@

ﬂﬂmmmfmmimmmvmum@mﬂnmmammﬂfamﬂumnmwummuﬂ@uﬂmwu‘l,ummwﬂmmm@
ANNNTNAADT 1 21 1 1R me,@muummmmammuﬂm MS Fisinmna 30 mm@@m FauLA1TAILAN
n1LastyLsiule BA (6-benzyladenine) Fsvuanududuunnaneiu 6 s2du f9 0, 1,2, 3, 4 uay 5 Taan3u
FRART 8IUNTAAULIAINAATANESEIN 0.1 wWefidus (wiv) uwazkedu 0.8 wWaefidus (wiv) diudiaaudy
N3A-ANS LINAL 5.6-5.8 LWW:L%HQ%MM@ 2542 eALTAEEE ANIdNLAY 1,000 and uszaziian
16 Faluasiadis TNUNUNNINARBIULILGNANY Il (CRD) usasRannaadl 3 %ﬂ A% 10 31 nziaeaily
sraznan 20 dUand Tuinwefidudniafineen nininsn wazaiuauly
Anmgasamnsiimansandamaiasindusundasivluanmwilaande

ﬁnmzﬂmmmﬁmmmwi@mﬁnﬂﬂﬁlﬁm’mm@\mé’fmﬁu hduseundasivluanwiaanide
fnz@eauuemadauas MS ﬁLﬁumimuQmm@?mLﬁuIm BA faziupnuidindu 5 SadnTusiedns
1) 6 LAY LWﬁxLémuuzﬁm‘ﬂmwﬁmLLﬂm MS fintinmna 30 niusedns FaufuanTALANNNTLATI AL
NAA (1-Naphthaleneacetic acid) Fresumnududuuanaeti 4 sedu dad 0, 0.5, 1 LAY 2 HAANTNADART
BINIARLUAWNGATANKITNU 0.1 wWefidus (wiv) uazuedu 0.8 wWafidus (wh) diuAiauidunsa-eng
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Winriu 5.6-5.8 LWW:L‘gﬂaﬁ‘qmmﬁ 2542 asrnmaiiea paudiuuas 1,000 and duszazinan 16 Galussiaty
TNUHUNNINARIULUENANY 70 (CRD) uiavAmaansd 3 6%’1"] a2 10 %u LWﬁngmLﬂmm 4 a9 1Tuiin
wefidusinisiiasn
Anmdanlgniuanzanvainadeiuluanwessuani

‘Fﬁnmé’@mﬂ@n‘ﬁmmwzﬁmmnﬁwﬁuiu@mwmmmﬁ ﬁwﬁwﬂ"ﬂuﬂﬁfaﬂﬁuﬁL@?m@uimmmzﬂ
mﬂmiwmmw 3 mwmm‘fl,u 12wy 7 Lﬂfau‘Lu@mwﬂ@ﬂmmfamﬂimmwamuﬂwmLL@ Aty 1o
mamqmmummmmmwm ﬂmmhmm@ﬂu@ﬂ Flunan 3 5u antuhdundaaiiveanainaan
mqmmmu‘wmmmummmn@@nimmm'ﬂmmvmm vldutluansazaneilasiuda Wuaan 10 wifl
mmu@faﬂﬂwmmﬂ@ﬂmmwLmﬂmqnu 3 aila Ui 1) Avued 2) nene uay 3) naresaNiuENz N9
ﬂmmmu 1:1 wmum@mmmmm mﬂuuuumﬂmwm@mrﬂmL@m uaeangetlgningedniings
L‘Wfammmmmu Lﬂumm 1 dland 'lummj 39U ummnumuﬂmmnm INNUNUNINARBILLL CRD
uinzRanaandd 3 sm az 10 fiu Tuiniesiduinissantan nneudsannistineignidunan 4 danid
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ﬁﬁmﬂ@‘ﬁ‘iﬁm%Lmﬁ:ﬁmmuﬂiﬂmmaﬁ Analysis of variance (ANOVA) lTg gl ANNWANGNg
ﬂ@ﬂﬁ’]LfagﬂTmﬁ% Duncan’ s New Multiple Range Test (DMRT) ﬁiwﬁ”umwm%ﬁu 95 LiaFidus
Tneldlsunsndnidagy

NANISANHILAZIANTOL

naaaPdanmsnansindafiuanssiusailasifuinssaniinuanaseivluanmnilaanida

LaNNIMAREIRNNIanaTagiuans e nteendaeiivluanniaon@aRuansnaf InIAe
Wusreznan 4 dlasf wuan ma?%l@mn"]L%@nﬂmm?ﬁiu'ﬁm*mLLmnrfiNﬁuﬂﬂ'Nﬁﬁmiﬁﬁcymmﬁﬁ (0p>0.05)
winaenginige 337 1 Uszneudasansazanetndenlallrae s 5 wesidud w10 wid Suua e ffud
mﬁ@m%%mnggmmﬁu 100.00+0.00 ila5idus (p>0.05) Tuanisiinsansinga 357 2 Uszneudnsaisazans
T latlaaels 1 wefidus Wi 10 wnft winf 93.33+6.67 Wlesifiud waznnavanainide 337 3 szney
saednsararelmpeslalinaelsd 1 wefidusd duszazinan 10w wavansazana e lallnanlsd Aans
W 0.5 wafidus (vv) iWlussazingn 5w ﬁLﬂ@isﬁuﬁmﬁ@m%ﬁmi’l@ﬂﬁzgmwhﬁu 86.67+3.33 Lafidus
(Table 1, Figure 1)Lfi@\‘mﬂmiﬂuﬁj@uémﬁm"}ﬁ

Table1 Effect of sterilization method on survival rate of Musa sapientum in vitro cultured for 4 weeks.

Sterilization method Survival rate (%)
1 week 2 weeks 3 weeks 4 weeks
5% (v/v) sodium hypochlorite for 10 min 100.00+0.00 100.00+0.00 100.00+£0.00 100.00+0.00
1% (v/v) sodium hypochlorite for 10 min 96.67+3.33 96.67+3.33 93.33+6.67 93.33+6.67

1% (v/v) sodium hypochlorite for 10 min and 100.00+0.00 96.67+3.33  93.33+3.33 86.67+3.33
0.5% (v/v) sodium hypochlorite for 5 min
F-test NS NS NS NS

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed

as meantstandard deviation (SD), n=3. NS= non-significant.
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Figure 1 shoot Survival of Musa sapientum were cultured on for 4 weeks.

HATaIANTAALANNISIATLALTe BA fiszAuanadutuiuandeiusailasifuinisiinaan
wafifudnaingn wazswawlurasnarsivluannlaanda

wasifuAnisiiaaantasnaoe i

HANTINARBNANTAILANNNTLATEYAL TR BAVia‘zﬁummL%uﬁﬁuﬁmnrimﬁwﬁi@mm?cy wulpueendae
fluanmilaenide misdsaiussazinan 20 @A wudn Mamnzasitefie B nnlanstestendas
FUTTRELUR1T MS Vlﬂﬂ?ﬁ‘ﬂﬁ% NulefidusnnafeaanuansisiuedreliiadAnyn1ealia (0<0.05) an
MsnpaeenLdn elEe Baslaneenteandae iU siaeNTLemn MS 1A BA Aaadiudi 1 fiadnsu
siodns Hulefidusinnafinsengegawiniy 41.67+4.17 wadifus TuanisisyAuanudndy 3.00 Saaniu
FRABS mﬂm‘mummﬁmmmmmmw 16.67+4.17 Wasidusl (Table 2 wae Figure 2)

wefidusnisifinsnassnanefin

HANINARBIANIAYLANNIATLAL TR BAﬁ@VﬁummLiu%’u‘ﬁu,ﬁmﬁhqﬁummm’q’qﬂﬁu‘m@mwﬂ@@m
Feifhuszezinan 20 dlansf wudn naAnsnIeandaeiiuiinngiaeluemnsuda MS iu BA YNN9INTD
1umeﬂuLLmnm\mu@mwuﬁmmmmmam (p>0.05) Tnaiifeifiataaeenuesndasiuilmsiaasunamsg
MS Filfin BA Aodadi 0 uay 1 Tadnsusedns Huualiunaifinsngegawiniy 16.67+4.17 iwafidus
Tanefiszduanududui 5 Taanuseans winku 12.50+12.50 wefifus uazsssuanududaud 2, 3 uaz
4 aanFuFans ﬁLﬂ@ﬁ%uﬁnwLﬁmmﬁ@ﬁﬁzﬁmwhﬁu 4.17+4.17 wasifus (Table 2 uag Figure 2)

UK lLTBINAITAU

NANINARBIANIAILANNRASYALTR BA Tazduannaduduiiuandrsiugesndasiivluanin
Uaeaigeiluszazinan 20 dUaef wudn fugeuseandaefiufinzag unenng Ms NNNITaRaRA UL
uanFANsiueeNeliad1AUN19adA (p<0.05) AINNITNARBINLIAN ﬁuﬁ@ummnﬁqmﬁuﬁLWW:Lgmuummi
MS fiduarsaaupuninissaiuls BA pouidudu 5 fadnfuredns ddrurulusedugegairiafy
2.17+0.67 e fifus luansfissfuanududi 0, 1, 4 uay 2 HaAnsuseans dauaulusaduwindy
1.83+0.73, 1.33+0.17, 1.33+0.17 Uaz 1.17+0.60 tafldus AuafL uwazanududu 3 Aadansusaans
ﬁfﬁﬁmu‘luméfuﬁ@ﬂﬁzgm Winriu 0.17+0.17 Lafifus (Table 2 uag Figure 2)
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Table 2 Effects of BA on percentage of shoot formation, root formation, and number of leaves of Musa

sapientum (ABB group) cv ‘Kluai Hin’ in vitro after cultured for 20 weeks.

Concentration (mg/L) Shoot formation (%) Root formation (%) Number of leaves
0 33.33+8.33% 16.67+4.17 1.83+0.73"
1 41.67+4.17° 16.67+4.17 1.334¢0.17%
2 33.33+4.17%° 417+4.17 1.17+0.60%
3 16.67+4.17° 417+4.17 0.17+0.17°
4 37.50+0.00° 4174417 1.3320.17%
5 37.50+7.22° 12.50+12.50 2.17+0.67°
F-test * NS *

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed

as meantstandard deviation (SD), n=3. NS= non-significant, * = p<0.05

A B C D E F

Figure 2 Shoot formation of Musa. sapientum (ABB group) cv ‘Kluai Hin’ in vitro after cultured on MS

medium supplemented with different concentrations of BA for 20 weeks. A) 0 mg/L BA, B)
1 mg/L BA, C) 2 mg/L BA, D) 3mg/L BA, E) 4 mg/L BA, and F) 5 mg/L BA.

HaTRIENsAILANMTIRsLALTA NAA RszAuAnududunuanseiudanistninisiAnsInaas
naasdulugnnlaanida

NATBINNTNAREIANIAILANNNTASY AL NAA Risziupaudiuduunnsnefusesndaniuluanim
Uaenite mnzasailuszazioan 4 &ulasf wudn mstninsiissnaesndsfiuuuening MS i NAA
luszeizionn 1-3 dilasd slummimﬁiuummLLmnm\mu@mquuﬁmﬂmmmam (p>0.05) AINN1INARE
W Fugeundaeiufinnsideunenns MS i NAA anadiudi 1 Sadniusiedns fuwsliumsifasn
gegnluszeazinan 2 uax 3 §anyl Winfu 28.57+18.44 way 42.86+20.20 wWafidus muandy luansd
nMamziaeedugeundaeiufinsideaunems MS ynnssuasiuszuziaan 4 Al Hulafidusinisia
SNUANANNTUAENINTEAATYMNEDH (p<0.05) ANNIINAABINLLN Fugeundasiufinzideunetms
MS Tifin NAA paadiud 1 faansusiadans fulefifudnisiinangegawindy 71.43+18.44 wafidust
Tugnizfissiunudindu 2 faansusiedns Whdeffuinafnnndeafigawinty 14.20414.29 wlefifus
(Table 3 wa¥ Figure 3)
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Table 3 Effect of different NAA concentration on percentage of root formation of Musa sapientum

(ABB group) cv ‘Kluai Hin’ in vitro after cultured for 4 weeks.

Concentration Percentage of root formation (%)
(mg/L) 1 week 2 weeks 3 weeks 4 weeks
0 0.0040.00 28.57+18.44 28.57+£18.44 28.57+18.44%°
0.50 14.29+14.29 14.29+14.29 14.29+14.29 28.57+18.44%
1 0.00+0.00 28.57+18.44 42.86+20.20 71.43+18.44°
2 0.00+0.00 0.00+0.00 0.00+0.00 14.29+14.29°
F-test NS NS NS *

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed

as meanzstandard deviation (SD), n=3. NS= non-significant, * = p<0.05

Figure 3 Root formation of Musa sapientum (ABB group) cv ‘Kluai Hin’ in vitro after cultured on MS medium
supplemented with different concentrations of NAA for 4 weeks. A) 0.00 mg/L NAA, B) 0.50 mg/L
NAA, C) 1.00 mg/L NAA, and D) 2.00 mg/L NAA.

narasianlaniiuansmeiusailedfifuinissandinuasndoaivlugnwassuia
m@m‘mmmmfmQﬂ@ﬂﬁuﬁmﬁmﬁuﬁi@Lﬂfai%uﬁmﬁfam%mmﬂﬁfmﬁumq 7 1hou ﬁﬂ@ﬂiumnﬂw
Uagnide wnzignidussazioan 4 dlmand wudn nasdhadgnsiudeundtaiiuadludanignluszazioan
1-2 §anak Tuynnesnds ianuuansnsiueenalisdAtymiealia (p>0.05) AINNINARBINLIN Flaew
ﬂﬁqmﬁu‘ﬁ'LWﬂxﬂ@Jﬂ@ﬂuﬁmﬂqﬂﬁmm Huwtefiduinissentingegalusvazian 1 uaz 2 &l winiu
100.00+100.00 il 5 lunnuzfidugaundaeiiun wnzilgnasiudanianynnessdfiilusrazioan 3-4 dlanit
fulefidudinssendinuaneiue el d A neanic (0<0.05) ANNNINARBINLIAN Fuseundaeiuiinng
Ugnasluianilgniinues dulefifusinnssesdingsgalusrezian 3 uay 4 &ilanf viniv 83.33+16.67 e fidus
Tuansinmeidefifuinieresdindngei 0.00£0.00 iwlafidus (Table 4 uaz Figure 4)
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Table 4 Effect of different substrate media on percentage of survival of Musa sapientum (ABB group)

cv ‘Kluai Hin’ in vivo after cultured for 4 weeks.

Percentage of survival (%)

Media

1 week 2 weeks 3 weeks 4 weeks
Peat moss 100.00+0.00 100.00+£0.00 83.33+16.67° 83.33+16.67°
Sand 100.00+0.00 83.33+£16.67 33.33+16.67° 0.00+0.00°

Sand + coconut coir dust (1:1) 100.00£0.00 83.33%£16.67 50.00+0.00%° 50.00+0.00°
F-test NS NS * *

Means within the same column followed by the same letters are not significantly different at p<0.05. Each value is expressed

as meanzstandard deviation (SD), n=3. NS= non-significant, * = p<0.05

)
B

Figure 4 Musa sapientum (ABB group) cv ‘Kluai Hin’ survival were cultured in vivo on different substrate

mediaafter cultured for 4 weeks. A) Peat moss, B) Sand, and C) Sand + coconut coir dust (1:1).

Figure 4 Musa sapientum (ABB group) cv ‘Kluai Hin" were cultured on peat moss for 3-4 months.
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msulasunilasannnean Anundanss waznisiasqLiulnaassunantnnanan
(Lactuca sativa L. ) uaan1swaninaanugsannunasvassa
Change of Germination, Vigour and Seedling Growth of Lettuce (Lactuca sativa L. )

After Seed Pelleting with Phosphorus

Answar n1elan’ wazyd A3

Jakkrapong Kangsopa' and Boonmee Siri'
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mu‘f‘a@“ﬂﬁlﬁ@f’]’umﬁmﬂmmmmaw'amw‘aﬁ*mﬁ'mmmuﬁﬁm“umiw'aﬂéquﬁuLuﬁmﬁuﬁ:ﬁﬂmmmu N3
noaasiiveslfimnismaluladindaiug lenuifdgsanmudaiug anzinemeaans saanande
vauuniu Inenhdmiuginniavenswaniagld caloium sulfate 250 n¥u luiagwansauriu NaH PO,H O
mmmmnm\mu 3 796U AR 0.2, 0.4 uaz 0.6 N 1 Carboxyimethyl cellulose (CMC) Lﬂmmﬂ?vmu 0.3%
Toathwiln sawdaiuginniavex 10 nu mnuumfmmmmmwLmmwuﬁwﬂu@mwumﬂgummmm
anmiEeunnags wudntswenimdaugiinniavendaniu NaH PO, H O nndns laifinansznusienanien
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ANANATY: 51ABNMNINT ADINIWINAATUS N1IUNTEALAIUNNINAANUE NNFLARDLINANRE

Abstract

Lettuce seeds are flat in shape and small in size with small amounts of stored food reserves.
Especially, seed pelleting with plant nutrient is method for enhancing germination uniformity and seedling
vigour. This research was conducted to find ratio of phosphorus appropriate for seed pelleting with lettuce
seeds. The experiment was conducted at Seed Quality Testing Laboratory, Seed Processing Plant,
Faculty of Agriculture, Khon Kaen University. Calcium sulfate was used as filler material at 250 g pelleted
seeds with NaH2P04H2O three different rates, 0.2, 0.4 and 0.6 g. Carboxylmethyl cellulose (CMC) was used
as binder with concentration of 0.3% by weight per 10 g. lettuce seed weight. Then the seeds quality was
examined both in the laboratory and greenhouse conditions and found that the pelleted seed with
NaH2P04HZO at all rates did not affect the germination. Seed pelleting with NaHZPO4H2O 0.4and 06 g
and after accelerate aging of such seeds resulted in increasing seedling growth in terms shoot length,

root length, fresh weight and dry weight better than other methods.

Keywords: Plant nutrient, seed quality, seed enhancement, seed coating
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Figure 1 Germination percentage and speed of germination of pelleted lettuce seeds tested under
laboratory (a,b) and greenhouse condition; (c,d), control (T1); pelleted seed (T2); pelleted seeds
mixed with NaH PO H O rate 0.2 g., 0.4 g., 0.6 g./10 g.seeds (T3, T4, T5) respectively.
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ADLAYINENGIIN WLIINITNITNTNENINARTINTL (P) NndnsvinliFundrdnnianenilaanuesinuanngn
@mmuﬂmﬁmmqmmmaL‘]_I"“mumﬂununﬁmﬂuimwmmewuﬁ LL@”ﬂWiW@ﬂLN@@LWE\‘I'ﬂﬂNLmEIfJ
(Figure 2A) mﬂuumqqmumwummmmunm WLFNNIWANIEASINTL (P) M1 0.6 N3 (T5) Hrinmmin
an LL@uu’muﬂLL%ﬂl@\‘imuﬂﬂﬁGWI’M] waziimnauanseiluneadadionBoieuiu nesialldnenmdn
Wug mnuumfmmum?mmLm‘uimmmuﬂmlmmwmummmwmﬁ ﬂ’]i‘WﬂﬂLN@m‘fJNﬂU (P) 8731 0.6
N3 (T5) flaAadiAaNgasiung mwmmﬂa 40.29 Radwns antiuh ludeminwuan Swinandu uasimin
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Table 1. Shoot length, root length, seedling fresh weight and seedling dry weight of lettuce seeds tested

under laboratory and greenhouse conditions after pelleting process.

Laboratory condition Greenhouse condition

Treatment" Shoot length Root length Seedling fresh  Seedling  Shoot length Shoot fresh  Shoot dry

(mm) (mm) weight (g)  dry weight (g) (mm) weight (g) weight (g)

T, 3141b”7 8487b 0.2813 b 0.0135¢c 27.59d 0.3321d 0.0198c

T 31.74b 93.09b 0.2855 b 0.0169 b 32.33¢c 0.5096¢c  0.0277 b

T, 3259ab  105.52a 0.2882 b 0.0201 a 3480bc 0.5880b 0.0289b

T, 3297ab  103.67a 0.2912 b 0.0209 a 36.77b 0.6663a 0.0319Db

T, 3427 a 104.91 a 0.3809 a 0.0212a 40.29 a 0.7182a 0.0360 a
F-test - . . . sk . .

**: significantly different at P<0.01.
Control (T1); pelleted seed (T2); pelleted seeds mixed with NaH PO H Orate 0.2g.,0.4g.,0.69./10 g.seeds (T3, T4, T5)
respectively.

“Means within a column followed by the same letter are not significantly different at pS0.01 by DMRT
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(ROS) (Niu et al., 2013)u'aﬂmﬂﬁﬂ”wﬁqﬂzﬁﬁmwﬂﬁmﬂmmm@mm[ﬁﬂwmeL%ﬂﬂ%ﬂaumﬁl,ﬂuﬂiﬂmﬁ
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ansansEnLmAaanirlEsy lulnsauanniAlyl (Scott, 1998 Schachtman et al. 1998: Uchida, 2000:
McCauley et al., 2009; Thavarajah et al., 2010)
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FUN&N pearl millet 16 slaxn Zelonka et al. (2005) $1e9 W3 INNTARBLINARALNSALSINAL s1nWaanasal
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SHOOT LENGTH (mm)

ROOT LENGTH (mm)

(A) (B)
Figure 2 Effect of seed pelleting mixed NaHzPOAHZO on seedling growth tested under laboratory

(A) and greenhouse (B) conditions: Control (T1); pelleted seed (T2); pelleted seeds mixed with
NaH PO H Orate 0.2g., 049,06 g./10 g.seeds (T3, T4, T5) respectively.
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Figure 3 Effect of accelerate ageing on germination percentage and speed of germination of lettuce seeds
tested under laboratory (a,b) and greenhouse condition; (c,d), control (T1); pelleted seed
(T2); pelleted seeds mixed with NaHZPO4H20 rate 0.2 g., 0.4 g., 0.6 g./10 g.seeds (T3, T4, T5)

respectively.
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Table 2. Shoot length, root length, seedling fresh weight and seedling dry weight of lettuce tested under

laboratory and greenhouse conditions after pelleting process and accelerated aging.

Treatment” Laboratory condition Greenhouse condition

Shoot length Root length  Seedling Seedling Shoot length Shoot fresh  Shoot dry

(mm) (mm) fresh weight dry weight (mm) weight (g) weight (g)
(@) (@
T 27.25b 80.16 d 0.1830c  0.0118d 19.82¢ 0.1576 ¢ 0.0109b
T, 29.70 b 88.24 ¢ 0.2517b  0.0153c  2197b 0.1564c  0.0116b
T 31.56 a 93.61c 0.2583b 0.0175b  23.25ab 0.1784b  0.0125a
T, 32.36 a 109.57a 0.2833a 0.0197a 24.26a 0.1816b  0.0129 a
T, 3244 a 101.756b  0.2755a 0.0193a 23.74ab 0.2011a 0.0131a
F-test - o o o - . .
CV (%) 2.78 3.95 2.21 4.90 5.52 3.51 7.82

**: significantly different at P<0.01.
"Control (T1); pelleted seed (T2); pelleted seeds mixed with NaHZPOA.HZO rate 0.2 g, 0.4 g, 0.6 g./10 g seeds (T3, T4, T5)

respectively.
“Means within a column followed by the same letter are not significantly different at p<0.01 by DMRT.
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Utilization of Wastewater and Filter Cake from Sugarcane Factory for Corn Cultivation
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Abstract

This research aims to apply the waste from the sugar factory to the benefits of agriculture by using
wastewater from the 1%, 2" and 3" facultative ponds (FP) of stabilization pond treatment system and filter
cake (FC) including using pig manure (PM) instead of chemical fertilizer for Hi-brix 3 sweet corn cultivation.
The nineteen experimental treatments were designed by completely randomized design (CRD) at rates of
CF from 25 to 0 kg/Rai and in different FP wastewater. The results revealed that the same FP wastewater
at rate of 20 kg of CF/rai gave the best productivity. Moreover, the analytical results of soil after planting
showed that pH, organic matter, total-nitrogen, of all treatments which using FC and PM were higher than
the control treatment which only used CF 25 kg/Rai. Thus, FC and PM were soil amendments and reduced
the soil degradation. Therefore, the FP wastewater could be used replace natural water and FC and PM

could be used replace CF in corn cultivation.

Keywords: wastewater of facultative pond, filter cake, pig manure, corn
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Figure 1 Stabilization pond wastewater treatment system.
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Table 1 Some properties of soil before planting.

property Value
1. pH 7.50
2. EC (dS/m) 4.00
3. OM (Y%ow/w) 1.80
4. TN (%w/w) 0.043
5. Available P (mg/kg) 48.35
6. Exchangeable K (mg/kg) 32.97

ANLANINANIBININALNDUNNDNTDIUASYAANST

MnRznewSiansas HEnHEn e TueETA1E HanlAITaNTEN SATieanIn AN et
nianses wudnnnazneuvdiansasliAnamilunge — Anawindu 6.7 ANt AN 1.25 waETusans
Banniduradgigei 42.03 %laauan anadlulasiawiommn 213 % lasune uaziBunnmeavesad
dudszTamd 2.52 Radndw/alaniu zﬁ'f;mﬂ@zgmt,ﬂuﬂﬂﬁ@ﬂﬂﬁwﬁ\ﬂﬁﬁnwmzaﬁﬁm@ %qﬁﬁ?mmmﬂmmiﬁ'
anfusanisasAuinaasive TmﬁLawwzmjwéqmrﬁﬂuimmu (muﬁwmﬁ'ﬁu, 2549) {HAdLATIZUNLIN
yagnadannaiungn - A 5.8 Amsin i 2.30 WATwuRiues Tanduieingiigeis 35.21 %
TaeanaBunaddulnsauianun 2.69 % nguaa uaztFunnmaaneiafiiulsslamd .45 aansumlaniu
pauanslu Table 2

Table 2 Some properties chemical of filter cake and pig manure.

Value
property
filter cake pig manure
1. pH 6.70 5.80
2. EC (dS/m) 1.25 2.30
3. OM (%w/w) 42.03 35.21
4. TN (%w/w) 2.13 2.69

5. Available P (mg/kg) 2.52 8.45
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auipmaaivasifishanldnaaag

ANNNIA NI HMARBIUAAIAT Table 3 WL ThaNNUMAds TN LAY NN sz LT
lutaWadafin Ua 1, 2 uaz 3 §A1 BOD winfiu <2.00, 22.00, 13.00 Uaz 7.75 NaaNSN/ART AMNAFL COD
Winril 15.20, 289.00, 213.00 WA 190.00 HAANTN/AMT ATNAIAL tFunaslulnsiausianan windu 0.63, 6.20,
6.71, LAz 9.07 AAANTN/AMT ANAIAL uazwLdn BN magnleat s aiianwinfy 0.17, 1.59, 1.36 lay
170 fadnsu/ans musFuaaFunadulnsauiamauazBunumesnefavaiuaniuiantietinadiad
In&IAeaa 3 Ue wasdAannnintnfiinannunsssssumAsaialdintinanntetintaualdnaunin
AnuMgNasTIT e anduaaUlunTTa wasldinRe AR Tam

Table 3 Some properties chemical of watering.

Value
property

Natural water FP 1 FP 2 FP 3
1. BOD (mg/l) <2.00 22.00 13.00 7.75
2. COD (mg/l) 15.20 289.00 213.00 190.00
3. Total Nitrogen (mg/l) 0.63 6.20 6.71 9.07
4. Total Phosphorous (mg/l) 0.17 1.59 1.36 1.70
NANARARITINA

FeAnmnananvesdnalng nadeudaedinieadn Tnuld Ftest Tng tladeriainde FP1, FP2,
uwaz FP 3 wudn Bsnnsmananuazanininaasdnalng dusnsneiuatnalitadArymnisats wazidladnm
fladeiepiilugnafiuansneiu wudn dasdand 20 Alansu/ls Wuumananselsunniign uazlivan
finarfunsldsment]eiedl 25 Alaniu/ls etnadtdndnyneadn luaneiisnaiaed 1510 5 Atansu/ls uay
TiWilenadl denasieunmmananiiuanseiusdnadidtd foyneadn wednmannmassintvg wud
Sonijaadiisineiu ldenasiennmpaeainednaildtdn Aymneada lusnsfinunaduinuguinaies
iindalwe wuda dnanilead 20 Alaniu/ls Wanadudiuguinaagegaestnaliedn Aty seaasunae a0
{Jaipdl 25 waz 15 Alania/ls wenanniidanudn lussilaind 20 Alanin/l3 W unuminsiewn uaz 41w
wnosinflingegn weilsisnaiunislddnsniendl 25 Alaniu/ls eeneliadnAtynieada Asuansli Table 4
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Table 4 Effect of various proportion of fertilizer and different source of used watering on productivity.

Ear without Ear No. of  No. of
Ear fresh wt. Yield Earlength
Treatment husk fresh ] diameter kernels kernels
(g/ear) (kg/rai) (cm)
wt.(g/ear) (cm) perrow perear
Watering
1. Natural water 489.60 379.50 417792 2210 6.15 43.00 22.00
2.FP 1 470.94 372.91 4,031.43 21.60 7.05 40.00 19.00
3.FP2 479.30 386.78  4,090.03 22.00 6.05 4258  20.33
3.FP3 473.82 381.24  4,043.24 22.05 6.01 41.00 19.33
Fertilizer
1. CF 25 kg/rai 494.20° 385.00" 421717 2215  6.13° 43.67° 22.00°

N

. CF 20 kg/rai + FC + PM 499.27° 390.67° 426041 22.20 6.27%  46.00° 21.30°

w

. CF 15 kg/rai + FC + PM 484.20¢ 371.00°  4,131.84 21.72 6.10°  40.00° 18.67°

IN

.CF 10 kg/rai + FC + PM  471.80° 380.48%® 4,026.03 21.67 6.00°  40.00° 18.67°
5.CF 5 kg/rai+ FC+PM  458.83° 378.37°°  3,940.98 21.68 5.97°  39.30° 18.67°

6. CF Okg/rai + FC + PM 439.80° 376.33" 3,752.96" 21.87 5.70°  38.17° 18.00°

F-test

Watering ns ns ns ns ns ns ns
Fertilizer * ns * ns * * *
CV (%) 5.0 3.0 45.0 2.0 3.0 8.0 9.0

** significant at 0.05 significant level; ns non-significant

The same letter in the same column are not significantly different by LSD at 0.05 significant level

nsdsulgenmnInmu

ANNTIATITTAUNINALARULYN UATUAILQN UaAIAS Table 5 WU flagetinanniie FP1, FP2,
uaz FP 3 Tddsuasenisufudennnmaasiuesnaditeddymieada uandlednuiasurloniilugnemi
wAnsinaiunudn nsandnsnislddaaiyndnsdon ansnsodiudgsnninaesiuls fean ey
NIRANNTEIAY  ANI9N TN Lmzuaﬂmﬂﬁmm‘lﬁﬂ?mm@uw’?ﬁmq Banadlulnsawioma B
Tl - ulnsiau Wsduetaldeddyneada ﬁqﬁumm?\m%’m‘ﬂwmmm‘tmmmmﬂ%ﬂmﬂﬁLmzﬁﬁ'qu
ﬁuﬂa%uﬁﬁ%mw:mmmmmmmL?Qlﬂuimmmﬁu AaanauTaeliULNaNiRnIanen wIaEiIn e
AU (a11lg fiul, 2549) doutBunumagnaesaniulslamupuiii Funousnag Lﬁmmnﬁm‘mmﬁmmmm
pwnaiemsiRLuazaieanan W lunssuaunimedtiinguaznsazandainnziludausing l
19391910 wazd1lnaseinissinemnslulnsiau Weanass LL@&IWLW]@L%NGL‘LALI?mmﬁqa muﬁwﬁlu I
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FasnisluFunnilduninauegfuaugananysniaessausan (Annarsdnipagn liun, 2542) 419tna
paantsnaaneFalutaassus Busaniafiasnisgegaauieszazdnatnaun (smuns fows, 2539) anaily
awip I Bunauneanaianidulselomilunuanaa

Table 5 Some chemical properties of soil after planting.

Parameters
Treatment pH EC oM N NH4—N NO3—N (mg/ Avai.P
(ds/m)  (%w/iw)  (%w/w)  (mg/kg) kg) (mg/kg)
Watering
1. Natural water 7.90 2.80 1.89 0.05 1.31 28.32 42.33
2.FP 1 8.18 2.45 2.63 0.20 0.51 35.81 27.69
3.FP2 8.22 2.38 2.67 0.21 0.53 36.46 27.87
3.FP3 8.22 2.28 2.66 0.20 0.44 36.22 28.38
Fertilizer
1. CF 25 kg/Rai 8.13* 2.73¢ 1.91° 0.06° 1.23° 27.84° 40.79'

2.CF20kg/Rai + FC +PM 823"  2.53° 2.33° 0.12° 0.89¢ 29.51° 35.03°
3.CF 15kg/Rai + FC+PM  8.00°  2.43° 2.65° 0.16° 0.47° 32.24° 31.65°

4.CF10kg/Rai + FC+PM 827 2.37™ 2.76° 0.26° 0.25" 35.47° 27.85°
5.CF 5 kg/Rai + FC + PM 8.40° 2.23° 2.94° 0.28° 0.11% 42.74° 21.24°

6. CF 0kg/Rai +FC + PM 8.20°  1.93° 3.33 0.33' 0.02° 49.18' 11.32°

F-test

Watering ns ns ns ns ns ns ns

Fertilizer . wx . . o ok .

CV (%) 2.0 12.0 18.0 50.0 92.0 22.0 36.0

** significant at 0.05 significant level; ns non-significant

The same letter in the same column are not significantly different by LSD at 0.05 significant level
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Effect of Combined Application of Chemical Fertilizer and Silicon on Yield

and Yield Components of Sugarcane
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Abstract

This study was to investigate the effect of combined application of chemical fertilizer and silicon
onyield and yield components of sugarcane var. Lampang. Experimental design was randomized complete
block (RCBD) consisted of 9 treatments. The study revealed that the application of 110% of chemical
fertilizer based on soil chemical analysis in combination with 40 kg/rai of Si gave the highest fresh yields,
stalk heights, stalk diameters, weight/stalk, number of internode/stalk, CCS, sugar yields and concentrations
of N, P, Kin stalk which was not different from the application of 110% of chemical fertilizer based on soil
chemical analysis in combination with 30 or 20 kg/rai of Si. Furthermore, the application of 110% of chemical
fertilizer based on soil chemical analysis in combination with 40 kg/rai of Si gave the highest concentration
of Si in stalk, followed by that the application of chemical fertilizer based on soil chemical analysis in
combination with 40 kg/rai of Si and the application of 110% of chemical fertilizer based on soil chemical
analysis in combination with 30 kg/rai of Si which was not different from the application of chemical fertilizer

based on soil chemical analysis in combination with 30 kg/rai of Si.

Keywords: fertilizer, silicon, sugarcane
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Table 1 Chemical and physical properties of initial soil.

Properties Results Rating
pH (1:1) 7.15 neutral
ECe (dS/m) 1.40 non-saline
Organic matter (%)Y 1.51 moderately
Available P (mg/kg)? 81.83 very high
Exchangeable K (mg/kg)” 67.73 moderately
Exchangeable Ca (mg/kg)” 2,005 high
Exchangeable Mg (mg/kg)? 138.88 high
Exchangeable Na (mg/kg) 26.21 -
Extractable Si (mg/kg) 10.35 low
Texture” sandy loam -
Note ¥ = walkley and Black method (Walkley and Black, 1934) ? = Bray Il method (Bray and Kurtz, 1945)

¥ = Extracted with NH OAc pH 7.0 (Pratt, 1965) ¢ = Pipette method (mmwmﬂmmﬁmﬂgﬁ%m 2558)

nsldilaiadl leun ﬂmmu‘imﬁﬂwﬁ@ R (21 %N) mﬂm@mﬂmw'amm (42%P O,) wasTwungde
Aaalsdt (60 %K 0) uiivld 2 ﬂi\‘i'”] azeredmeluusazANTUNARY Tig 2 uaz 4 Lm@wmﬂ@ﬂ [ELRET
wmmw 2.6 g 12,3 uaz 6 NN.N, P O_ uaz K O sald mudidu (nasAmnaInuAe, 2548) dausini
ypagafl 6-0 ld§n 13.2, 3.3 uax 6.6 nn., N P O, uaz K O sials PNATGTL (meu 10 wefidusiuaden
RIGERE N mmumﬂmﬂﬁmm@u(mesnﬂmmﬂm Ca Si0) uilvld 2 m\m azaresmluusiazifLMAae
(N@Nﬂ@ﬂLﬁ@’]LL@‘”I@ﬁ‘QNiﬂﬂ‘UﬂﬂLmJ) 197 2 uay 4 meawmﬂ@ﬂ Tneilddmsn 20, 30 uay 40 Alandusialslu
FrFumaaesii 3 fu 7 ffunaaest 4 U 8 wazAnFunaaesii 57U 9 ANANGL

mmﬁui@aﬂammamLmzmﬁrﬂizn@ummﬁmmmﬁmﬁlmﬁ 12 ihaundstlgn Tiun nandnsials aauau
ansials AuE19a uRuAuTNatsan Swiinsedn a1uauildeasied A1 CCS uaHARAATNANG LBNAN

¥
N a

i faLﬂm%ﬂ?mmﬁﬂﬁ;mma‘ﬁmmﬂuﬁ@u@"ﬁ T pondndurassnlulnsau neareda uaztnunades
A ldeFune A TeiATe SRRty uavasiny QUNFIATTY4 (2542) warAMdduaeIs s TR AN
35994 Nayer et al. (1975) Immﬁmj@r;mNamLmzmﬁﬂﬁ?zﬂﬂuNamﬁmﬁiﬁmnmmmmﬁwﬁmm:ﬁmm
wdstsaun19ans (analysis of variance) oA F-test niauanBauifieanuuansnsesdaanlaeld
Duncan’s multiple range test (DMRT)
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Table 2 Detail of treatments.

Treatments Describes Symbols Quantity of major elements
(ng-PZO5-KZO per rai)
T1 no chemical fertilizer control 0-0-0
T the application of chemical fertilizer based on 12-3-6
2 DOA_100%
soil chemical analysis
T the application of chemical fertilizer based on Si 12-3-6
3 DOA_100% 20
soil chemical analysis in combination with 20
kg/rai of Si
T the application of chemical fertilizer based on IF Si 12-3-6
4 DOA_100% 30
soil chemical analysis in combination with 30
kg/rai of Si
T the application of chemical fertilizer based on IF Si 12-3-6
5 DOA_100% 40
soil chemical analysis in combination with 40
kg/rai of Si
T the application of 110% of chemical fertilizer 13.2-3.3-6.6
6 DOA_110%
based on soil chemical analysis
T the application of 110% of chemical Si 13.2-3.3-6.6
7 DOA_110% 20
fertilizer based on soil chemical analysis in
combination with 20 kg/rai of Si
T the application of 110% of chemical i 13.2-3.3-6.6
8 DOA_110% 30
fertilizer based on soil chemical analysis in
combination with 30 kg/rai of Si
T the application of 110% of chemical i 13.2-3.3-6.6
9 DOA_110% 40

fertilizer based on soil chemical analysis in

combination with 40 kg/rai of Si
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Table 3 Yields, number of stalks/rai, stalk heights and stalk diameters of sugarcane at 12 MAP.

yields numbers of stalk stalk heights stalk diameters
Treatments (ton/rai) (stalk/rai) (cm) (cm)
T, = control 13.63%" 10,021°" 268.37' 2.51°Y
T =IF 18.42° 10,351° 285.29° 2.87¢
2 DOA_100%
T =IF +Si 19.48° 10,645° 290.36% 2.93%
3 DOA_100% 20
T=IF + S 20.23% 9,156° 297.51° 3.05%°
4 DOA_100% 30
T =IF +Sj 20.56°¢ 9,182° 301.53% 3.08%
5 DOA_100% 40
T=IF 19.64° 9,013° 295.30% 3.01%
6 DOA_110%
T =IF +Si 21.87%° 9,594°¢ 305.42° 3.11%
7 DOA_110% 20
T =IF + S 22.34% 9,588¢ 308.55% 3.15°
8 DOA_110% 30
T =IF + Si 22.69° 9,658"° 313.61° 3.17°
9 DOA_110% 40
F_test *% *% *% *%
CV (%) 15.72 15.22 13.18 12.27

Y mean within the same column followed by the same letter indicated no statistical difference by DMRT.

* indicated significant difference at P< 0.05 ** indicated significant difference at P< 0.01

A1 commercial cane sugar (CCS) LAZHANARLNANG

nsldiewnfietnanan e lddniudaneudnasiie AnaliA CCS uaznananimazesdes

' 1 '
a v a

Nezazifiuinen uanssiuatldedAtyBanieadia (Table 4) nanada nslddaadiinau 10 % 2896

Tpzihusaniueianaudng 40 ﬁ‘E@ﬂi”wffavl,é(lFDo +Si,) HnaliA1 CCS 1a9danuInfgn

oy A_110%
(11.83 wafiius) Tluansneiunisldioiniiinau 10 % vesAamsziausniuladaaaudng 30 flaniy

]

lﬂlﬂvl,i"(lFDOA ot S waznsldtjondiinay 10 % sa9Adsziausnladanaudng 20 Nlansusials
(F ., 0.* Si) wanani nsldilendiiadn 10 % vasAdinssiaudnniutlefanaudng 40 Alaniu
lﬂ'@llﬁ"(lFDOA ot S flaflnalinananinaanesdasniniga (2.68 siw/ls) liunnsnaiunisldilenilinaau

10 % IRIANTLATITAUTINALL aTAAAUERTY 30 ﬁT@ﬂ%Fum'ﬂVLi'(IFDO + Si_) anuEAAFuAILAN

o . A_110% 30)
IS ! a o = o @ & o ] ° o
(control) inaliiFn CCS waznananiinIaresdesipangn (8.49 wWefidus uaz 1.16 /15 mmas)
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Table 4 Weight/stalk, number of internode/stalk, CCS and sugar yield of sugarcane at 12 MAP.

Weight/stalk number of CCS Sugar yields
Treatments (kg) internode/stalk (%) (ton/rai)
T, = control 1.36%Y 24.59°Y 8.49%Y 1.16"Y
T =IF 1.78° 28.53° 10.10° 1.86°
2 DOA_100%
T=IF +Si 1.83° 28.76° 10.21° 1.99%
3 DOA_100% 20
T =IF + S 2.21% 30.62° 10.78™ 2.18°
4 DOA_100% 30
T=IF + Si 2.24% 30.83° 10.81 2.22°
5 DOA_100% 40
T =IF 2.18° 30.51° 10.65™ 2.09%
6 DOA_110%
T=IF + Si 2.28% 31.11° 11.36% 2.48°
7 DOA_110% 20
T =IF + S 2.33%® 31.26° 11.60° 2.59%
8 DOA_110% 30
T =IF + S 2.35° 31.43° 11.83° 2.68°
9 DOA_110% 40
F_test * % *% *% *%
CV (%) 13.87 13.31 13.88 12.02

Y mean within the same column followed by the same letter indicated no statistical difference by DMRT.

** indicated significant difference at P< 0.01

A NdnduBessIne I aranluieuaaasdas
nslddeiaiacnanen vieldsauiuiareudngsine iualiraudnduresss uinsau eanlada
wunaiden uasdanauiazanluvauairesdeanscazsiuifie uanAiuad it d Ay damnneaia (Table

5)nmfm@mﬂzﬁﬂmﬂmwmu10%mﬂwmLﬂmvumummuﬂmamu@mm40ﬂiaﬂmm%IF oot Siyg)

m@l‘wmmmeummmmiuimmu Naanaia LLNUI‘WLL‘VI@LsﬁﬂN%@”@Niu%ﬂuﬂ’]‘ﬂﬂ\i@ﬂﬁﬂﬁﬂ%@ﬂ (O 250, 0.085

+
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]

o
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20 nTamm@”Li IF om0t Siag) LL@vmﬂmﬂmmwmmo % WBIANILATIEIAL UF on 1r0ss) dounisldieadl

meu 10 % ﬂm\imqmevumummuﬂm@m@u@mﬁ 40 ﬂIZ\]ﬂﬁ‘NWﬂVL? |F 0% SI ﬁN@IﬁﬁQ’WNL‘ﬁNiu

ﬂm\‘im&]fn@ﬂ@ummuiumummm@ﬂﬂmnmm (2.28 mg/kg) TRNANNN An mﬂaﬂmﬂumumqmmm

yianiutladanaudng 40 Alansusals( IF_ +Si ) memﬂdﬂmﬂm‘wmu 10 % URIANTLATIEWAL

9 A_100%
o

SN TAREUERIT 3Oﬁian§miﬂvlé(lFDom +Si_ Gn\'i”lsit,mn&mﬁumi‘lzdﬂﬁLﬂﬁmumﬁmm”ﬁﬁuéwﬁu

)

1eTanaudng 30 Alansumals( IF +Si,) ANNANAL mmvwmmmmu (control) HNalFANNENdL
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Table 5 Concentrations of plant nutrients and Si in stalk of sugarcane at 12 MAP.

Treatments Total N (%) Total P (%) Total K (%) Total Si (mg/kg)
T, = control 0.091%Y 0.042%Y 0.357°Y 0.53"
T=IF 0.218° 0.062° 0.424° 0.77°
2 DOA_100%
T =IF +Si 0.226" 0.066™ 0.430% 1.36°
3 DOA_100% 20
T =IF +Si 0.227" 0.068° 0.432% 1.63°
4 DOA_100% 30
T=IF + S 0.230° 0.071° 0.435" 2.14°
5 DOA_100% 40
T =IF 0.241? 0.079° 0.443%° 0.83°
6 DOA_110%
T=IF + Si 0.242° 0.080° 0.448% 1.42°
7 DOA_110% 20
T=IF + Si 0.246° 0.083° 0.451° 1.68°
8 DOA_110% 30
T =IF +Si 0.250° 0.085° 0.455° 2.08°
9 DOA_110% 40
F_test * % * % *% **
CV (%) 12.69 13.72 12.73 13.98

¥ mean within the same column followed by the same letter indicated no statistical difference by DMRT.

** indicated significant difference at P< 0.01
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A Study of Soils with Redoximorphic Features in Lowland-Upland Transition Zone of

Khorat Basin
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Abstract
A study of soils with redoximorphic features in lowland-upland transition zone of Khorat Basin
was carried out on six representative areas for their morphology, physicochemical properties,
micromorphological and mineralogical characteristics to assess fertility level, fertility capability soil
classification and land suitability for economic crops. Results revealed that Khorat Basin has undulating
surface on an elevation range of 100-200 m MSL. All soils are highly developed having low fertility. They
developed on wash over residuum from sandstone, wash, alluvium, alluvium over residuum. Pedon 1 does

not have redoximorphic features. Pedons 2 and 3 show the features at a depth of 90 and 72 cm,

'NARTUERANEN ATINERT IMANENARINERATANART LIRARANT NFUNN 10900
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respectively. Pedons 4-6 show redoximorphic features starting from the soil surface. The soils are
Kandiustults, Kandiustalfs, Plinthaquults, Plinthaqualfs and Endoaqualfs. Bulk density of the soils ranges
from moderately low to moderately high (1.34-1.71 Mg m™), field capacity at 41-72% by weight., permanent
wilting point at 40-61% by weight moisture content, available water capacity 3-10% by weight.
The soils pH are extremely acid to neutral (pH 4.04-6.76) and they have very low to moderately low
organic matter (0.67-13.46 g kg), very low total nitrogen (0-0.49 g kg'), very low to high available
phosphorus (0.70-32.67 mg kg™), very low available potassium (2.36-28.45 mg kg™'), moderately low to
moderate cation exchange capacity (1-11 cmol kg™), very low to low total extractable bases (0.14-6.72
cmol kg™), very low to moderate extractable acidity (0.25-4.99 cmol kg') and low to high base saturation
percentages (4-97 %). In clay fraction, all soils have mixed mineralogy. Micromorphologically, the features
indicative of redoximorphic feature are intrusive and impregnative in Pedons 2-6. The soils fertility
capability units include Ldakme, SLdakme, Lgakme, Lgkme. Pedons 1-2 are not suitable (N) for paddy
rice but marginally to moderately suitable (S3-sn to S2-sn) for growing upland crops and para rubber.
Pedons 3-6 that have aquic condition which are marginally to moderately suitable (S3-sn to S2-sn)

for paddy rice.

Keyword: Ultisols, Alfisols, Fertility capability classification, Soil suitability, Land use
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Figure 1 The soil profiles and present land uses of the studied sites.

Table 1 Environmental setting of the studied sites.

Pedon Ap Depth Soil Horizon Slope Geography Physiography Parent material
(cm)  (cm) (%)
Pedon 1 30 200 Ap-Bt 5 Undulating Residual hill Residuum derived
from sandstone
Pedon2 20 200+ Ap-Bt 2-3  Undulating Lower part of Local wash
residual hill

Pedon 3 20 200+ Ap-Bt-Btg 0-1  Rearly flat Low terrace Alluvium
Pedon 4 15 180 Apg-Btg-Bvg 1 Nearly flat  Low terrace Alluvium

Pedon 5 15 100+ Apg- Btg-2Btg-2Bvg 1 Nearly flat  Low terrace Alluvium over
residuum derived
from sedimentary

rock
Pedon 6 12 175+ Apg-Btg 1 Nearly flat  Low terrace Alluvium

aa aja L4
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Figure 2 Depth function diagram of (a) sand (b) silt and (c) clay content within soils profiles.
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Figure 3 Depth function of (a) field capacity (b) permanent wilting point and (c) available water capacity

within soils profiles.
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TaannfeiuMaunlana lidesiu douluiineu 2, 5 uaz 6 AUNERIY FouazANBNFAILAZININ
Faraz 35 (Figure 4(b)) uansinnisgzazaadalaiiniinlivasonlszquaniiduswazanes ludundisn
Au e IiaudWaunsegflussduilunans Wesandiwanaawasaguin (Buol et al., 2011)
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Figure 4 Depth function diagrams of some chemical properties for each soil (a) CEC by NHAOAC (cmol
kg") (b) Base saturation (%).

ANBULNNAAFUFIUINE

Audoulunyilasaiaiuluueyninazidendensaneyn Ay (Pellicular grain structure) LAy
TAsaa¥ auLLAatstAammL (subangular blocky structure) nusavemdTvAneanladid Tl unanluses
uAn (runniquartz) uazluaau 6 azwudesineaualve) (vughs) uaznuddaulnnidndauaeseyniaveny
genineumAazian aniuiineud 6 ndndoureseynirazidangenineunnavey (Bullock et al., 1985)

Fnenusiuansdeanwiaand lufiaew 1 wm’mmanmﬂﬁlauﬁmmﬁﬂu%uﬁu@mLﬁmmﬂwmgm
UsrAunathuvans Wuitneu 2 uay 3 wusassaanisdarinludunuane daufiaeu 4-6 wodausdumuLadlyl 7
NMTIARELYBMANaaN LIRANNIITe9914 (intrusive) (Figure 5(a)) wuluiaeay 4 u Btg2 WAaw 5 u 2Btg2
nazlufinou 6 u Btg1-Btg4 AUN198z4NULLL hypocoating (Figure 5(b)) %'w:wu‘lunﬂ%uﬁuﬁﬁmmmu
WL intrusive TIRNNTUEN/avaNIMEN LA AEeL N Tianan lodlua iy (impregnative) (Figure 5(c)) aithy
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o :dl i’/ a = o i’/ a = £ AdJ o .&’ L%
@ﬂwmxwmexwuslunﬂwmwumw ABU 3-6 LAZHINL IUTUALLUIBINABU 4-6 A2E TIAN U HAZAINA b
dgf dgf a ¥ al @ al .

WawuLTutwAesuama (Figure 5(d))

Figure 5 Micromorphological features in plane light in Pedon 5 of 2Btg2.

ANHULITILSINENURIAY

asflsznau@susTunguaynipauafumen 1eaiinew 1-4 wudnfusisiu kaolinite Ainaw 5-6
W kaolinite seiutunansuaylaifusisiu wiaiu - 1 us smectite nuiRenidntesuinew 2-4 uaswuszay
1 una1eluineu 5-6 w3 quartz wuluiaeu 2-6 Tudsunnutiesetiagunn

NTALLNAY

Wm‘ﬂu‘ﬁl 1 Fine-loamy, mixed, isohyperthermic Typic Kandiustult

Wmu‘ﬁl 2 Fine-loamy, mixed, isohyperthermic Typic Kandiustalf

Wmuﬁl 3 Fine-loamy, mixed, isohyperthermic Aquic Kandiustult

Wm@u‘ﬁl 4 Coarse-loamy, mixed , subactive, isohyperthermic Kanhaplic Plinthaquult
Wmu‘ﬁl 5 Coarse-loamy, mixed, semiactive, isohyperthermic Typic Plinthaqualf

NABUT 6 Fine, mixed, semiactive, isohyperthermic Typic Endoaqualf

ANAANANLTUUDIAY
natsziiuanugananysnizen Ingldnan1smsziiuniaei (nesdnmmanu, 2523) wudnau
doulugylanugananysnlin sndulufuuuaesiinewn 2, 3 uay 6 WNTudANgANANYIDILUNAT
dll o dl 3| & 1 o a v QI o Y -:4' AZ’, a
asanaunaeaneanafanilulssTamige saniufdsunndesaznistnmamasiuangs lusnendusuly
Anauaw 7 AAnnaiinn
RUUNANIIOULANNYANANYIDIVBIAU (Sanchez et al., 2003) nAaUaritlaAuat lunguausu
Y a o P A X a \ | a N & a o X
(L) snduiuduunresiney 3 NEuanuat lunguauny (S) Tnaniney 1-3 HuAULINEIEUALANTY
. Ay o o A a a ) d' d' 2 I a a o
WU ustic (d) laaidaaninae mummmﬂunm (a) unad@ennuaniaswld (k) AFuendunas (m) A
f««]LL@nLﬂ@fJume”L@@@uLmvmmmmnmim ) #in Uszifinanssouranugananysnllifan Wmm 2 LATAY
Fugnaresfinen 3 1y Ldakme doududunuaasfinen 3 iy SLdakme Rinaw 4-6 flszuaunaa@udluu
aquic (g) muuuumfamuﬂqhﬂ@‘mumu L) Inefidaanfinme TWLLV]@LGHEINV]LL@ﬂLﬂﬂEIuVLﬁ (K) ANFLRNBUYITE
(m) A wg uanilasuueelaeauuazAwanainls (e) A1 Aulannuiungg (a) awwnsnlsudiuanssnue
Angananysallfiiu Lgakme snuiinan 5 Ussiliuduanssnuranugananysalliiily Lgkme
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AnsUsTifiuAu N TaNTe9TIAY zﬁmi?uﬂgﬂﬁmmwﬂﬁ@ (ﬂ@\m\umumi‘lﬁﬁﬁu, 2542) (Table 2)
Wurt 49 STudnzuds Sesuazananan wudnieeu 1-2 livsnzanlunsdgninamaziinsssunariiia
Al widimoumsnzanlunistgniudnlengs das uay a1awisn ‘Emﬂmﬂu%umfmmmmmﬁm’i@m (S3)
gnduluinei 2 fa”@ﬂﬁmmmmmmg%%umwmmmuﬂmﬂmq (S2) Nmaw 3-6 annsntlgndnglé Tne
NABU 3, 4 AT 6 'mﬂu%ummmmﬁﬂﬁ@ﬂ (S3) NAaU 5 ag’lu%ummmuﬂmnma (S2) wtlad WNIzaNLgn
ot Tudlendauareanang iesdaadasninlufesnisdein sanuduafioningu feanumanautes
Fulutupnnunananias (S3) azndasninluies piusclamivaeannanns LL@ZﬁWﬁ]‘ﬂ’m%‘ﬁl
AmAule Lﬁuﬁmﬁ’ummmmmmmau%umuﬂmq (S2) Lﬁml,u;i%ummmmmuﬂmnmq (S2) aziAnu
mmmﬂumiﬂ@unﬁm&u I wnndnduANLNzaNEnTias (S3)

Table 2 Soil suitability classification for Economic plan.

Pedon Rice Sugarcane Cassava Rubber
Pedon 1 N S3-sn S3-sn S3-sn
Pedon 2 N S3-sn S2-sn S3-sn
Pedon 3 S3-sn N N N
Pedon 4 S3-sn N N N
Pedon 5 S2-sn N N N
Pedon 6 S3-sn N N N

Remark: S2 = Moderately suitable, S3 = Marginally suitable, N = Not suitable, s = nutrient availability, n = nutrient retention.

=
dglnansAnm
= o = s a . = 4 2 = S = v Tuw o

AnMeANEANHUEIReNTIesAU axnLdn luinewd 4 Tfineun 6 insdgndraiiuléitnngdnwoss
a - o a a ~ A aa \ o = - Y o a oo =
Inand saudRanuadlil lulnaud 1 finslgnanewis Tnwuaneugaendnialuniisinauininisdne
Tuinaui 2 An19lgniiudnizuds nudneugIaendn 72 WuRWAT douinaun 3 wuAnmuETaand 7
90 uRLAg luinausinaaiinislgndng aziulddnusnamiinisdnea 6 Arauiidansuiaand Minn
X Ao o oo a o a yala o @ X A a A vy
Tuiduiusiuanngllssmauazaneuziden1dnnu Amaduineamnsluiuiidendgniieldmuizas
AUANIWANTUIBINUATL MnusAsnaisRnA sz Tagiaees1gemnesig o Ae Aty
dselomiassnaranan smuliieduvizedng uasiffunmusisgaiwsidniuld deldun Anuquaniaeu

LA laaRULATANLANATA LS TR N NARNINTBIABLALANNNAILARIBIAL
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LANA19D19DY

nesauALNT TR, 2542 gfﬁ@mﬂjmﬁu@mmwﬁ'ﬁuﬁvwé’uﬁmmr@ﬁ@. FarnSefl 3. naiEUNTIAY NeznernmAT
UATAUNIDL, NTINNCL.

NasdNIIaRl. 2523, @7’5/’@’57LLunmmLm/’immm\iﬁﬁuﬁwﬁ‘”uﬁmﬂmjﬁq ﬂiuﬁwm‘ﬁlaum:wm\iLﬂﬂmmmmuﬂmi NP 76 U,

nesdnmmaRu. 2531, uauiiaainteeiSa u1msdan 1:100,000. neWELTIAW NITNIINEATUAZAMNSDL, NN,

ARNANsNAITI gANen. 2548. ﬂjﬁ?wmfrmﬁu. ATNWNANNINFUNHATAIANT, NTINNA. 547 .

Bu @uddusunl, 2548, msdasaaiu. Rkl 2. dvinfisiumninende insasAnans, NN, 733 U.

Soyd qvtsznng, Bu @udhusunl ways o uaz Afan susAnd. 2555 glleUfuRnisssdlineuilee,
Rsvipda 2, MARTUAANEN AINEAT IMTANENGRINHATANART, NFANN.
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ANBUSTIN AMNINIUD UazAMNNINalazagusing
nasaidalAuwAgLarTATTUNILAUNAL T
Carcass Characteristics, Meat Quality and Consumer Satisfaction of Feedlot Dairy

and Kamphaeng Saen Steers

Asilgn MyauiaEa’ Quned Yoyuay' anad Aulseing aunia inanssa’ uasgses az1uun’
Kongpatom Karnjanasirm', Phoompong Boonsaen', Anchalee Khongpradit', Chonnapat Hattakum® and Suriya Sawanon'?*
UNARER

= Ao o = o X = ¥ a Ao
nsAnwddnnszasAiienBoumaudneuzan Annnite wazauianelaesduslnanise
WalaungnuasiuglaalmingdewiuialaiunauanmAgnen Samuaaiugas 15 64 (398 30 69) InnIs

X Y LA > - © = Ny v - > N e o
e uANEaIMINaNATUAIWNNea st (14 wWefiduillssin) uazisiudnTnavzenaiundesuinidu
unasredaseuludadon 80 sia 20 wlefifudinguiia aunsyiladauanysalifiniiuaziuiwings
1nn91 600 ilanin IngldnmeaaupainuansiieaesAeaessndwlagesaaiugAoeas T-test NsANE
anwnzanwudndefidusangu wafidusanifu uasiuindsniledunanaeslaniunwsnaniaiieds
wnnaTaunaday uilanuwsnauiiulasidusiiala 1o dan waznszmnzis@doutiaandnlausinag
(P<0.05) TunnuenlaunmagyuiiFunladuumsnlundsitladuuanuinnda (P<0.05) uazdlAnisgayide
wntinlusendanistlys uasdiAussdneuiiateandinlaniunauan (P<0.01) ainnismagatianienala
194 L3lnanudnlwtleandusinadoulunfianuianelaiuialaunmagyu (62.12 %) Nanndiala
Aunanau (37.88 %) dauiiladnedizinaiaanuienaladuileTausnwaday (59.51 %) winndiala

NWNSUAY (40.49 %)

AdAny : Tauunes] Tanuneuau Anunangin Arunwile Aauianalazesdiislng

Abstract

This study was conducted aiming to compare the carcass characteristics, meat quality and
consumers’ satisfaction on meat from fattening crossbred Holstein-Friesian and Kamphaeng Saen steers.
Thirty steers (15 Holstein and 15 Kamphaeng Saen) were fed with TMR (14% protein concentrate and
maize or Napier grass silage was the source of roughage at the ratio of 80:20 % DM) until the finishing
weight over 600 kg. Differences in the mean between groups were analyzed by the T-test. Dressing
percentage, cold carcass yield (%) and loin eye area of Kamphaeng Saen steers were higher than that of
dairy steers (P<0.01), but lower in heart, kidney, lung and stomach percentage (P<0.05). Dairy steers had
significantly higher in marbling score (P<0.05) and lower in cooking loss and shear force than Kamphaeng
Saen (p<0.01). On the consumer satisfaction survey, the majority of consumers were satisfied with the
fresh meat from dairy steers (62.12%) rather than Kamphaeng Saen (37.88%). On the grilled meat, the

consumers also preferred the dairy steers (59.51%) rather than Kamphaeng Saen (40.49%).

Keywords: dairy steers, Kamphaeng Saen steers, carcass characteristic, meat quality, consumer satisfaction
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Y . vl - o 2 IR
aniiesefna1aung wazuaaulinguugil 2 - 4 esAtadaa Wunan 24 dalue udorilddeumin
MEVAINFRUINE NUNAATa9NMINIAIINNaALENH wazAaiafidusinsgmetinsendng
AN7ALFNN MNNATURY Barton-Gade et al. (1993)

4. madpulafifusgodeunszudnannsilg (cooking loss) ldFnatinandniiaduuan (100 n3w)
ANTINTNFRRANNUTZNM 2.5 UM AU 2 3w Tl desinninignieaudoussq lugananasin
wiantangeuuugoyayinie e ldliinnldlunisdudn lddudadussediaile aanduduilalivinlign
Tnanislianfeusdaelatuiungi 15 wii uszinnisdngamninialulaelduiamannldingumng e
al Y o dy £% 5 = a d‘ = k2 1 : =3 3 nl/ %’ o z:ll
@auanldiuiide Inese et uunilanansyl 72 assnaaiioa udataeansldlmduuazinnisdainming
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gnFiesdna3y namuassrasdmnfigymelyl wazAunnulefifudnisgoyidauisendninistlys nuas
294 Barton-Gade et al. (1993)

5. NM3IRAUSIFALULUS (shear force) Imﬂmm@mLu@muu@ﬂwmummmmmmmmmmq
UgantnesalFldaunm 1x1 msaauiung 41w 5 34 wdaildfaAussiaiuifedaaeiemaden
@mmu‘ummﬂﬂ@ (Instron Universal Testing Machine)

c oA ow oo X o c oA ow e X do o

6. NMedniunUiinsiatiadu (Ioin eye area) dnunuiisatladuseninedlasei 12-13 Fnaanwesla
Tneldfudulaaanans a1ntiuniIn1saanaeLuNIzATEANA1E AU 3 11 wazin ldnNuR AoelATas LI-3100
CArea Meter (LI-3100, Li-COR Biosciences, Lincoln, NE, USA) A11A5984 Cacere et al. (2014)

7. mMadnAr i l2TuAumMAT (fat thickness) Tnszuinedlasedt 12-13 2091 n3ne1qnd % 89
Amenandnailadu NNNIzgnduna wazsamniuAadunenaaslasiu (dyde ansinen, 2547)

8. MsipmzinAadulte wazBinadlatusasiluile (total fat) #ed3 proximate analysis
(AOAC, 1990)
nsisziliuanuianalarasgusing

U e 1 1 o 1 ldl = :// -;1/ A v v o dlﬂ./ @ =
nausaaeEe nguAtatenldlunisAneaisil e Jduniulseniuemsniuuinin (@110
LNU2U WazAuneaw) TudsamsunnAanieu 19iuanAn WA, 2560

nsesaNsaadne Blalaunmaday uaviidalaniunauan a1g 30 Wwew Mg gl 4

= [ o = s o ¥ dgl o v a o =
aspmaLded Wunan 14 34 uasfitBunalatuuwnsnluianduiledunenndipasiu (insa 2) Tnani9wi
ansiaataienimagaul 2 g1uuy Ae

1) nmamagauanisnalaluglasaiiasn tagldiiaain 3 dau Aa Suana (rib eye) Tuwie
(chuck eye) uaz vilaelasavdlase (cap rib) v‘hmiﬁu%mﬁ@Lﬁmﬁulmﬂl,mummi@ﬁum 2.5 NARLAST
neuuanafiguugi 4-8 esAaidea taelildsrydndwileaninaeiugla (e A uazile B)
wazlgdnanFulszniuamsludig aaueu 660 Au Wudilszifiuanuianalauazinnisideniuiieslas
raungaliusing

= ¥ a Ao &, o & . = & o !

2) nsnagauauiinalaaasfusinandsaiiens Inelasldilaann 4 dou Ae Wevialng
(chuck sholder) 3uanel (rib eye) luwne (chuck eye) uaziilatnAsauduuen (ibeye cap) nnsviuduiie
weafiuluguuunisalasuun 2.5 Radwens udaillengldgnnesyinns udarh W 1%gusTna Aauau 699
A EMARBLIAYINYN NAY 34T AAINTNDN A AuAnuzaelledudalany/nau uaraune lalagsn
seaiilala Inenfusinaliauisniudlddnduiiatnsaniaanaiugle (e A uazila B)

< v 3 ~ G| A A Y a o DYy o
msinudaya inniseenuuuaaundiaiiuasasiialunisdunenlfising fvua igndnuniu
dsemuemsniwlifuialalugiitlean wazitlatng anduinnisnsanuuugaunisauiddaniniuali
Tnedeyansnnianalazesdiding uaiuninsgiudoautlsziiuaineudssensdniuuuuees Likert scale
question (31Tas 1NAR, 2538) wsiarAnudAnauliiaaninanuaAiEnIeINTLssiuAI sxAU
= ¥ Al o = o o = o = o =
1= Wanalatleege sziu 2 = Wanalatias 52y 3 = Wanala svAU 4 = fewalanin uag 526U 5 = Wanala
N NNgA
NMsAATIZRIaNANINAD A
a 'Y & o | ! o

NSAATISUANHUTIINUASAMNINLLD TINNIMAdaLANLANEsEnd N lpgasaneiuglne
nsufFaLisuAaLsaeda T- test

nsaAsziANafwalaraguilnm indeyaanuuuaeuniuiléainnisdszduaanuisnela
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a9fuslng wrnfeas wazAnade Tnarauftonelaldlunisuladniadssesns LUUAINNIATFIU
daullsziudnaia 5 szdy LL@"’SLﬂJﬂ’]ﬁ‘LL‘LI\i‘T]’]\‘m’]ﬁ‘LLﬂ@N@ﬁl’mw@ﬂ"ﬂ@dﬂ’]i‘LLUQQHM?ﬂﬂﬂ“ﬁu Imﬂhmmmmu
Fnurnange udavnsdaeduauiiAne AuAnAavinsTesusazTasRwingL 0.8 ansnsauLivtad e Ae
Anpzuea 1T 4.21-5.00 wunaie fanelasnniign 3.41-4.20 vangia Aanelasnn 2.61-3.40 maneis
flanela 1.81-2.60 vaneia fewelattes uaz 1.00-1.80 waneil fanalatiesiign

=9 = 4
NANISANRILLASAIANTEY
AansUETIINLA (carcass characteristics)
=® = o o d‘ o o v d’

annsAneuBaumaudneuzanlauugnuantaalmiEdeu dulanunaunagneuiagy
F% dld % & @ = v % A £% = I o [~ 1
AERNMNIHNANATLAIUNNAMNITW (14 Wafidusllsf) uardsudiainavzauniuudlasndniduinaans
awnaenyludngdou 80 sia 20 wefidusiinguiis aunsiisladauanysnlifnfiuaziiminsananndy 600
Alaniu wudrlefifusianguuazanifuaelanunuauiANWInAL 60.84+1.20 uaz 58.85+1.22 itlafidus
ANAIAU NINNINTAUNWAR TR ANWINAL 56.44+1.93 Uay 54.1241.52 e fdusmuafu (Table 1) Wagann
Tanunsuawiiulallangnimunuasliulpiufauie 1idananenuzasinisliilens Ae Tassinglugjuay
A o Iy X A - X | P o v, A -
Railandnaitlananysnd dilfunnuilasnn uaznunuseanmuandanluilecng1éa (g5az azauwif, 2556)
Asdanalidnwuzidefidudanguuarainiduaaslaiounauan Harsnnndalaun (Tunun doagod
LAz, 2540) wi lunnapsaiudnndndauaasadanznnelu ww vala tn S den nezimnzmsin+nssmay
K9P NIUNNZANFLNAL WaEnIsNIZUT mmmﬂ?‘mm"lmuummm@mfafaﬂmﬂsnfm v Tt le lastulu
S RNUGY ”quwmﬂmxuumqLmummimmimuu LWﬂQLNﬂLVIHUﬂU%WMuﬂ Fafi&ndauiunnninlAfunauaw
WasanlaungnilfulgsiuguialiasnsonuamsldlulBuinminuazaisnsatiasetmsllldlung
Wi Tunanantiiudl4a "Lu”l,mvmu"mmwmammu‘ﬂmLu'a CRIEND R I TP RPte P TS
mﬂslum@mmLﬂmmmummmqmﬁmwmmmm“l,ummﬂﬂLu@
an’lwm'a (meat quality)

ANAHLTIUNTA-ANY (pH) 2edLTnnna NHaduuen nudnfinan 1 dalnanneudsanndndnig @An
pH 1aalavieansanaiug liuansneiu usdiianasinull 24 49709 waz 7 5w wudnlafunwsuauwagiian pH
5.59+0.07 Waz5.47+0.10 AINAIAL ANd1 AN pH BesTAuNWAL (5.730.13 uaz 5.68+0.21 MINATALY)
(Table 2) tuwansifiulunisdandnlaniunauauiinnsazasaaslinalaulundnuiianinndttausmag

o4 vol - - 4 v & o
wanglurnuznunanlalinguugi 0-4 ssaaaidsa lnalanunazanlilundulieazifinnssununisaans
Tnalauuaslduanandunsauanin dilefinnrazanredlnalaauliuinazinisnannsaianfinaanun
NNUazin i AN pH aRRA1a9 (AN13Rd LAsegna uazay iy lannaimuiia, 2548)

AnditalaluglAnmnuadisaadiide L* (ightness) wudien L* aadilalavisaesanaiuguansinaii
e lufddnAtynieata usAn@iidalugll a* (redness) uwaz b* (yellowness) WudntausWALH AN a* LAz b*
tlagndntaniunauau (Table 2) iasannlanunwsuawiluiafidiulgiuguanainiafuganlsad anseeu
2984 Chambaz et al. (2003) wudnitlalauganlaad Aifunduninndilaaneiugou uaznna luduaziisns

& Ao o a Py o g9 A ql' @ o o o= o, X o Ao A |
wiannaunueendaulsauazinlfileasududuas saiuradullddnde ianuneuaun A duwaaunnngn
X X ° R = \ A A A P o so
Walaununannialanunanaut g TulFumnnnnnan luaenandwana (b*) azNANFNAUsALAT pH
WaAn pH anasazin T ille A waen1nau (Page et al., 2001)
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Table 1 Carcass characteristics and composition of crossbred Holstein and Kamphaeng Saen steers.

[tem Crossbred Holstein Kamphaeng Saen P-value
Slaughter weight (kg) 613.73+ 16.21 607.71+ 18.16 0.641
Hot carcass weight (kg) 347.65+ 14.41 369.76+ 14.60 0.001
Dressing percentage (%) 56.44+1.93 60.84+1.20 0.001
Cold carcass weight (kg) 332.15+£12.27 357.63£17.90 0.001
Cold carcass yield (%) 54.12+1.52 58.85+1.22 0.001
Fat trimming (%) 8.35+1.52 7.42+1.94 0.078
KPH fat (%) 2.91+0.56 2.48+0.56 0.026
Heart (%) 0.36+0.04 0.32+0.03 0.001
Liver (%) 1.21+£0.10 1.18+0.11 0.219
Kidney (%) 0.19+0.03 0.16+0.02 0.001
Spleen (%) 0.19+0.03 0.22+0.02 0.001
Lung (%) 0.83+0.09 0.72+0.09 0.001
Rumen + Reticulum (%) 1.67+0.26 1.33+0.15 0.001
Omasum (%) 0.41£0.12 0.31£0.06 0.001
Abomasum (%) 0.38+0.12 0.30+0.06 0.011
Intestine (%) 1.96+0.43 1.85+0.30 0.216

AN@NNsn U g unaasialasaesansiuinud e fidusinnsgoyi@auisendnenisiiuinm
ppaitlalavivassanawug luansnaiy winwudulefiiuinisgadetinsendnanispsaiiialaniiunanans
ANWINAL 39.53+1.03 1nndilalauy 35.77+1.80 (Table 2) WiasannaAn pH 2e9iAnnumaudunanasinli
a = o ! A o A X L . ' A o 5 o g A °
nanMsagAtuszudnaltlsAuiullsiu (protein-protein interaction) inndnTdsmuriuii v lsitlalanunuay
dl o [J U £% = al QOI v 1 U d’l dl Y a o
Warninigninanissuazinisgoy@ain luanegnanuausinndntaun daualiitlengnudalanwue
AaudNaude wita wazenaliiflundeuiemeuiuiielaun (BuEL Wuan, 2549)

Ausadmeinuianudiialaun AeAnusasntinuiilanindniielannunana (Table 2) uanaliifiugn
walaundaouynnnndialaiugiounauan luansnBiunaladuumen (Mansaainsaaaienn) waznig
a - - 1 o o Y X 1 o \ 4 =2 o 6w X
AaszimaainudteTaunmadi laduacanlunduiilannnintaTanuneuay dounileasinliiile
Taundaouuninnditaniunauau wesaniidalandlasduunsnunnazin aussdneudeandilanilla
Suunsnifes (Gregory et al., 1994) wananniameandsumnilieaazinanansnizaedulanduiiiaves
Tarunwsuaudaneneveny (Ing)) ndntlalaun Wasantanunsuauiianaiden tailacdanga 50 wlafidus
Tuanenlaunniaeslulssmalne lulaqriudanaidenlaiesFeutioandt 25 wlefidus

X4 e . X o e A A e o X L Y

nunuhanueduuanwudntafunananinuiisnieduuanlunndnTauswagyuilszann 20
m3.19. (Table 2) Fafludnwuzfaavzadadianesnistilaunmaguaesyuasin liinuiuazFunnuile
duuanidnndnlaiiunsuau setiunisilaumaduniaesguiiaamihaduialansansidaanazin il
asuuLazduRn (a16in) anflusttsiaziaesgulalifuininsaninndi 600 Alaniu nautdnsinive
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Tlsnunuiismiladunmunzsanistinldgeesuuuazdusmn

AnuNanalazasguslnanisaiialanan

annsnagaslsziduanuianelaasizinanidseiiiaan Auan 3 Fudau (rib eye, luwae(chuck

& o _ Y A T & . 4
eye) wazillarhasaudlnss(cap rib) Tuimauanlud dreeile naureaile aeladuunsniideng uaz
pEnalalngsan A1uau 660 AL AuandluTable 3 nudnduslnadaulnniaauianalaluiiusine fu

& v CH o . a & d 4 daye o

Walauswagguunnndnitlataiunanan waziile Wignasauidenitlenseungaiialiminnaulllgsanms
MunLdEmaseLidenidelauwAgLuaIuIn 410 9e viseAndu 62.12 iwefidus luansiideniiala
AUWILAW 1191 250 318 visaAnLT 37.88 iafidus tiuuansindisinallagileansiaaanvisenasay

a Y a X o . X o \ = X v
neayn (naw) guilnazeuilelaunmeguinnduiialanuneuan ampdiuniiaunannidelauunAgyus
Paunulasiuunsnizeanslasiupndilalaniiunwsuan (Table 2) Mlddusinadndulamenitianianeladu
wnsnsnndiieniane luuunsntias

Table 2 Meat quality characteristics of crossbred Holstein and Kamphaeng Saen steers.

Traits Crossbred Holstein Kamphaeng Saen P-value
pH
Th 6.37+0.20 6.31+0.18 0.136
24h 5.73+0.13 5.59+0.07 0.001
7d 5.68+0.21 5.47+0.10 0.001
Meat colour
Lightness (L*) 43.01+4.37 44.51+4.93 0.199
Redness (a*) 14.50£2.10 19.7243.65 0.001
Yelloness (b*) 14.56+2.40 18.23+3.34 0.001
Drip loss (%) 2.87+2.33 2.24+0.46 0.159
Thawing l0ss (%) 1.86+0.91 1.07+0.25 0.002
Cooking loss (%) 35.77+£1.80 39.53+1.03 0.001
Shear force (N) 37.62+15.26 55.72+19.01 0.004
Shear force (kg) 3.84+1.56 5.69+1.94 0.004
Marbling score 1.80+0.68 1.29+£0.47 0.025
Loin eye area cm? 83.83+8.86 103.04+8.47 0.003
Meat composition
Moisture (%) 63.32+3.84 70.57+2.08 0.001
Fat (%DM) 26.92+7.16 14.57+5.89 0.001
Fat (%Fresh) 9.85+3.73 4.37+2.02 0.001
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AMNNanalarasguslnanisaiialalgegn (Lﬁmi'm)
mnm@‘wmm@uﬂi%uumwuw\‘iwﬂwmmuﬂmmmLuﬂiﬂmqmmu@ 4°numu evialva ety
ane ifeluwng LL@WLumJﬂmeu@mu Tnemnstssifiupnaiionelaludiueniuu nau semi Ao
21 4 mm@m:rmmmu@ﬂummummm/ﬂ@u wazanianalalagsn deuansluTable 4 wudnfuslnadou
Iﬂtyﬁmmwwmmumumﬂ Faltatg Vl\i@’mLu‘ﬂIﬁuNL‘WﬂQﬂuLL@yLu‘ﬂIﬂﬂﬁLLWQLL@%LWWQN@QI%%@U
= oA S o o ow o dasa a4 X o
“Nawalann” vizetiA s I89AzwLWeE] lWTa4 3.40-4.00 usatinglsfinnuiia igssiliuaanitiaiutlseniy
udngaunInige wudnguszidwasnilalaunwAgeing aauau 416 918 videAaLiu 59.51 wefidus Tuan
dl A dgl o o A a 3| & @ o QI/ Y @ U Y a ‘ﬂl % d’l
naenwalaniunwauan aauau 283 91e wisaAmilu 40.49 wafidus dunansliviuindusinalalimiuie
e (szamdndanian au ayn) seuilelaummaguinnduilialani unenan amAgIuntaIAnLie
TausmadguiliBunnslaiuunsnannndnTaniunauay (Table 2) uazdiztnandnaniuilszniuemsniu
e A X o o oy G = @ v o , & Say o ¥ a PRy
ansaasarnsadasatielaiie a1ie (Fruwdnd) Wwdundmnhatiatandladuunsngs guslnandnan
o ddia o sda a0 X day o o
Futlsgmuemaniidaiuinfienusinadieniladuunangeg nauudn

Table 3 Consumer satisfaction on fresh meat from crossbred Holstein and Kamphaeng Saen steers.

Fresh meat e Customer
Freshness Colour Odour Marbling Overall satisfaction (%)°
Rib eye (n=442)
A 4.04 3.95 3.68 3.53 3.76 176 (39.82)
B 4.10 4.06 3.71 3.79 3.89 266 (60.18)
Chuck eye (n=173)
A 3.92 3.75 3.69 3.84 3.87 66 (38.15)
B 4.24 4.17 3.74 3.78 414 107 (61.85)
Ribeye cap (n=45)
A 3.91 4.04 3.76 3.33 3.78 8(17.78)
B 4.11 4.15 3.83 4.20 4.13 37 (82.22)

Noted A = Kamphaeng Saen steers, B = Crossbred Holstein steers
* Satisfaction score (1-5) : 1 = Highly unsatisfactory , 2 = Unsatisfactory , 3 = Neutral
4 = Satisfactory, 5 = Highly satisfactory

® Number of customer pick on that item (%)
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Table 4 Consumer satisfaction on cooked (grilled) meat from crossbred Holstein and Kamphaeng Saen steers.

ltem?
Cooked Customer
meat Tenderness  Odour  Taste Juiciness Colour Texture Overall (%)
satisfaction
Chuck shoulder (n=198)
A 3.54 3.49 3.56 3.40 3.58 3.42 3.53 95 (47.98)
B 3.55 3.51 3.53 3.52 3.62 3.49 3.57 103 (52.02)
Rib eye (n=277)
A 3.66 3.66 3.71 3.59 3.64 3.67 3.73 99 (35.74)
B 3.83 3.75 3.82 3.83 3.86 3.83 3.90 178 (64.2)
Chuck eye (n=178)
A 3.66 3.63 3.75 3.68 3.80 3.63 3.72 76 (42.70)
B 3.70 3.63 3.75 3.67 3.78 3.66 3.71 102 (57.30)
Ribeye cap (n=46)
A 3.48 3.63 3.76 3.54 3.59 3.54 3.70 13 (28.26)
B 3.85 3.93 3.85 3.98 3.98 4.00 4.00 33 (71.74)

UNELURA = Kamphaeng Saen steers, B = Crossbred Holstein steers
* Satisfaction score (1-5) : 1 = Highly unsatisfactory , 2 = Unsatisfactory , 3 = Neutral
4 = Satisfactory , 5 = Highly satisfactory

° Number of customer pick on that item (%)
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Effect of Time Insertion Periods Control Internal Drug Release Device on Progesterone

Estradiol Level Estrus and Pregnancy Rate in Beef Cattle
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Abstract
The objective of this study to compare the effect of time insertion with control internal drug release
device on progesterone <P4) level, estradiol (E2) level, estrus and pregnancy rates in beef cattle.
Forty-seven beef cows not showing estrus after 60 days after birth were used in this study. Two groups
cows were inserted CIDR on day 0, and then removed on day 7 (n=27) or day 14 (n=20) followed by
PGan injection. Cows were artificial inseminated (Al) at 55 hours after CIDR removal with injection of

Gonadotropin releasing hormone. Blood samples were taken to determine concentrations of P4 and E2 on
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the day of insert, removal CIDR and Al. The pregnancy diagnosis was performed on days 45 and 90 after
Al. Data were analyzed by R-program with two-independent sample t-test at 95% confidence interval
(P = 0.05). The P4 level on the day of insertion removal and Al were not significantly different of
Co-Synch+CIDR 7 days group (16.41+£1.05, 17.00+1.60 and 13.12+1.09 ng/ml, respectively) vs
Co-Synch+CIDR 14 days group (13.68+0.95, 16.93+1.19 and 16.41+1.61 ng/ml, respectively, P > 0.05).
Similarly, E2 level on the day of insertion remove and Al had no difference between 7 days group (7.38+2.16,
6.48+2.04 and 8.70+2.08 ng/ml, respectively) vs (13.68+0.95, 16.93+1.19 and 16.41+1.61 ng/ml,
respectively). Estrus rate of Co-Synch+CIDR 7 days group was higher than 96.29% (26/27) vs
Co-Synch+CIDR 14 days 85% (17/20) (P > 0.05). The pregnancy rate on Co-Synch+CIDR 7 days group
being 40.74% (11/27) was higher value than in Co-Synch+CIDR 14 days groups (25%, 5/20). In conclusion,
synchronization protocols using Co-Synch+CIDR 7 vs 14 days were not significantly different of P4 and E2
levels. Pregnancy rate of Co-Synch+CIDR 7 days group have better potential than Co-Synch+CIDR 14

days group. Co-Synch+CIDR can be applied to solve the problem of anestrous cows after calving.

Keyword: CIDR, Progesterone, Estrogen, Estrus, Pregnancy
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Figure. 1. The experimental protocol for estrus synchronization of beef cattle. CIDR: controlled internal drug
release device; GnRh: gonadotropin-releasing hormone; PGF2a : prostaglandin an and TAI : timed

artificial insemination
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Figure 2. Progesterone (PA) concentrations (ng/ml from Co-Synch+CIDR for 7 or 14 day at the time
insertion and removal CIDR and timed artificial insemination (Al) in beef cattle. There were no

significant differences between groups (P >0.05).
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Figure 3. Estradiol (E2) concentrations (ng/ml) of Co-Synch+CIDR 7 or 14 days at insert and remove CIDR
and timed artificial insemination (Al) in beef cattle. There were no significant differences between
groups (P >0.05).



NNIANTINHATNIZABNLNAN 329

nsuaaensiudaiunasnainaasluu € 55'\‘1mﬁuuﬁ%ﬁmﬁmﬁmm@?mLﬁu‘imm‘wlma
\An uaziianiannla dsnaliinisdfauiaessogen LL@zmﬁéé’I\‘iﬁTﬁimqn (Roberto et al., 2015) %um"llm@'m
Co-Synch+CIDR 7 714 ﬁﬁmfmfmﬂuﬁm_gq (96.29 %) meﬁﬂ’]ﬁ‘é{/ﬂﬁmﬂﬁﬂﬂ’]immmﬂ%:/\‘iLL?ﬂWi’]ﬁ/‘]_l 40.7% (11/27)
gandngs Co-Synch+CIDR 14 Fu Auansannnaiiludaninn (85%) Lasidmannasaiia 25.0% (5/20) »n
wilanalaifaazuanenniafudaluges 18-22 Sundannsnan fansauansly Table 1 3annswiearinis
L‘fluéﬁ“mﬁﬂﬂfm‘l,ﬁt,m:rmﬂﬂﬁgﬂiﬂLﬁ@@“ﬂmmmLﬁﬂmq‘lﬁiﬂz%m?"u*mﬂﬁmwms@émimuﬁiﬂm UAZABAAAEY
AUINENTLT89 WENANG BURLAT uATANLL (2560) 'ﬁlﬂ@mdﬂLﬂwmmﬁmﬁmu%mamgnimLﬁ@@mmwé’w%%
nsnaNien Seanudnusilad liduansennisiiudnansnsoldee sTuumiaisndasudla iy luuslalg
(Pursley et al.,1995) aginalaimuN1suaNAANTIAdeaAn 88N LW ALURENINGINTE N1TIANITAIUBINNT
LA WAZ4ININTRIHNTA ‘mnmm@mﬁmﬁmmmﬂ'wﬁ%mm‘lﬁmﬁﬂﬁmqmugmiﬁuﬁj,ﬁu%u

Table 1. Estrus and pregnancy rates after removal of CIDR between 7 and 14 days Co-Synch+CIDR

treatments.
Treatment Show estrus after Cow pregnant Cow pregnant Cow pregnant after
removal of CIDR, % after 1Al % after 2 and Al, % >2" Al %
7-day Co-synch + 96.30 (26/27) 40.74 (11/27) 48.15 (13/27) 11.10 (3/27)
CIDR (n=27)
14-day Co-synch + 85.00 (17/20) 25.00 (5/20) 55.00 (11/20) 20.00 (4/20)
CIDR (n=20)

There were no significant differences between groups (P >0.05).
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Figure 4. Show E2 level on insertion, removal and Al day.
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Figure 5. Show P4 level on insertion, removal and Al day.
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nsmanazTisnzaniagld Central Composite Design (CCD) Wivan1sSHAR
wAls¥iuaaAANEds Rhodotorula rubra MJU18 LUt TWALLILINSUENWA
Optimization Using Central Composite Design (CCD) for the Carotenoid Production from
Rhodotorula rubra MJU18 on Corn Dust by Solid State Fermentation

algns Aaundane™ afish (@as@und’ uazduaild yoia'
Nuttaporn Chanchay'* Apiradee Siangsuepchart' and Sunsanee Boonkerd'
UnARta

naAnInIINanwAlsuasfangast Rhodotorula rubra MJU18 LueludnaTnauuiunismsinuiy
lunkeilidnguszasdifenanualsfivedandas R, rubra MIU18 uududnainaiteiasinliduuvas
ualsTueesluanmedng Tnefemsdndihutiadaddny lunsnandns e lildnassy Bulaiin uenanan
it Sniedadunisandsinnmeadeannianens uazanloyuINaNEMINeINIAAINNG L
fratwareainsmansandan laadnasEnduildlunsviin Ae Aanadu 50 wafiius grunngi 30 asAnmadua
AnALETUNIA-AN S F AT 7 nalaaiuuvas ANSLILR 0.1 N3y (UFnmssiaiunmng) Inelduean s udamn
Fuunaclulasiaui 0.01 i (Bumssaiunn) wazldansainanndamiiluiladadadiunisasoauin
710.01 nfu (SwmssieLunms) wudnnssdoiiuln LLmi_I?mmmIiﬁu@ﬂﬁqqqmiu%qimﬁl 96 289N1IUNN
TnefhBunnusadviniu 18.79 niunsududnalng uazBunnuelsiueadiviniu 22.60 lulasnusiensuri
D GEI RTINS wazaNNsANENANIaET Iz auen sl wasnsuanuelsfiuess taanns
RANULILINIMAABLULL Central Composite Design (CCD) Wudnannaziwianzau e A1pauiuns-sg
wiriu 5.5 finglaaiuunasanfueufitiunm 15 nfusenlanin Suentufondamnduwaslulnsaud
1Fu1mu 2 nfusanlania ﬁmmﬁmmnﬁmﬁtﬂuﬁ@%ﬂmL@?unﬁiL@?mLﬁuimﬁﬁ?uﬁm 2 nfusanlaniu uay
Qmmﬁ'ﬁ' 30 asAaadua Tnadniadulawingy 58.32 ndw/niududnning uaziBunnualsiueadiviniy
61.12 lulasnsusianiutinuiingduinnlnauds detu feamnsatindudnnlnaiivinsauiudadas
R.rubra MIU18 Wi dusmgauewnsdnilalnanse Sednfudesdnulusziugamnssy iewlunsan

floywmenaiu uazaansafingarresdananinnumsldandas

AdnAt: ualafiuaa s Rhodotorula rubra MJU18 t{ud1qlnm Central Composite Design (CCD)

Abstract

The study on the production of carotenoid from Rhodotorula rubra MJU18 yeast in dry fermented
corn dust was aimed to produce carotenoid from R. rubra MJU18 yeast in corn dust. Carotenoids in
animal feed is not only an important factor in the production of animals to get good growth and increased
productivity, it also reduces the amount of agricultural waste air pollution from burn corn dust of farmers.
The initial conditions used for fermentation were 50 percent humidity, 30 °C, pH 7, glucose as a carbon
source at 0.1 grams (volume/volume) using ammonium sulphate as a nitrogen source at 0.01g.
(volume/volume) and yeast extract was used as a growth promoter at 0.01 g. (volume/volume). The maximum

carotenoid content in 96 hours of fermentation was 18.79 g/g corn dust. And the carotenoids content was

"gan173mmalulagonin unanendaudid-ung aNNsHAIR 2.5890919 .uNg 54140
*Corresponding author, Email: nuttapornchanchay@gmail.com
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22.60 pg/g dry weight corn dust. From study of the optimal conditions for growth and carotene production
by Central Composite Design (CCD), it was found that the optimum pH value was 5.5., glucose was
the carbon source at 15 g/kg., ammonium sulphate was a nitrogen source at 2 g/kg., Yeast extract was
a growth promoter at 2 g/kg. And temperature at 30 °C with a growth of 58.32 g/g corn dust. The amount
of carotenoid was 61.12 ug/g dry weight corn dust, so it can be used to ferment corn dust with
R. rubra MJU18 yeast. However, it is necessary to study at the industrial level, to reduce the haze and to

increase the value of agricultural waste.

Keywords: carotenoid, Rhodotorula rubra MJU18, corn dust, Central Composite Design (CCD)
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st nsldudnaInananualsiueasildangast R. rubra MJU18 Tlifluanmsdadlaenseanungn
antlymaasanldanalusueninmgelsd anunsaiispua intuinisesuineing uazanilymuaiemia
aniAannsn luddudiatweaasineasnsanaog Wuanuilenivdenaaanisniziaesdnsninemnsng
AvsTiuNn ldlannntu wazdadunnsinenvesdenienisinensun M idulssTaml winnsean walsnuess
Uuarduag fuadeanuaunin a9linIn1seanuuLNImMAaedAIE3s central composite design ; CCD
dl [~ dl o all % [ o [~ dlal a a
Fefluniseanuuuiamnsaszyiladenldluntmeseslivatsilads uardadunisasnuuunidsz@ninn
uazt@eneanAae (Vazquez, 2001)

mafne luafatisaiunislddudnatnalinadsclonfinalfiiuansenvsdmiuinestias R. rubra
MJU18 i unisunaninenmnnzas lunsae et 46 lunisaania 9fiue s s Aasniseeniuun1Inaasdsios
3% CCD uaziiver llgnisimungseivgmanvnssnsialy

atlnsaluazdgnig
maLasaNdagiad R, rubra MJU18
WwiatLTeEAs R, rubra MJU18 nnviesljifinag avanendeulld-und wlunssiesi Ineiinag
Aesaslugrsemnanmsguialszneydan haanglag 10 i (NH,),80, 11 KH PO, 2nix MgSO,.7TH O
1 nf Yeast extract 1 niu 1iu pH 9eve il 5.5 m”Lﬂmmfammuﬂu 121 aruaaius Ao
15 dausiamaaii uaan 15 17 waztiwnideside R, ubra MIU18 iflaan 48 Fala
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NMSANENSZEZIIAINIFIATYURIEAA R. rubra MJU18

Anmnszazinaninsiniuinvesdedasd R. rubra MJU18 vuudalng Fansuiinizadast
R. rubra MJU18 Lur{udnalneg TneTlwnite 10° ad Usanms 1 Aadans wazldluamnaudnalng 10 ni
AgN I (mm%u 50 wlafidust ; udnalne 10 niu i 30 Lanamn9) ﬂm?{@muqﬁ 30 a9ANLTALTSE
uiaan 110 g iLFaeEmN 7 0, 24, 48, 72, 96 uaz 110 %Tm A Armzinnasniaulalos
msmmwuﬂmmrzlumfﬁwmmnfawm UATUA9aINNNIULN wammunmmmmm@imLmu‘Em WAZTATITT
Usrnosunlsfiuee fFnaulnerinnaia Foss et al. (1984) nAaes 34 wazidanITEzNA AR ATNIANE
sinludeailefifufandull vanzansiensuanualsfiuess
msAnmANNTuRMINzaNfansIasyIasBas R, ubra MIU18 uududialng

miﬁnwuﬂ@ﬁs}?um’mm%uﬁmmmm'@mim?zymm%m’ R.rubra MJU18 uuut19ing
Tmlﬁmm%ummﬂ]qu*ﬂ’ﬁqiwoﬂ@:uﬁuwhﬁu 40, 45, 50, 55 uaz 60 iwWefiiud wovludaliefimanzauan
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nglaa uaz glasa FBunms 0.1 nin desludlsiimnzanainde 2. uandefidudanaduiimanzas
anda 3. Lﬁuﬁmﬂ'wﬁ@iﬂ%Lmﬁ:ﬁmﬂﬂ?@Lﬁuim‘ﬁmmﬁqﬁmﬁﬂmmQuﬁw‘lﬁwm%\id@uuﬁﬂ WATUAYANN
n1gudn Lﬁ'@m‘ﬁwﬁﬂmmLeﬁm‘?{m?avuﬁuim LagataT sl innualsfiue e Gudulnaiin1uis
Foss et al. (1984) FannImeaes 3 91 LLazLﬁﬂanmmﬁmuﬁﬁ%mL‘W'mﬁﬁm@ﬁnm&i@luﬁ'mﬂ?mmmm
lulnsaufivanzansenisuanualsfives faasdias R. rubra MIU18
msAnmunaslulnsiaulvanzansansiasyaastias R, ubra MIU18 uugudnalne

nsAnsuvadlulnsauiivanzaneesdan R. rubra MIU18 uuudnatng Taeneuifiaussming
wenluflosdamn uar uenluflounaelss Alsunns 0.01 nfi iedludaliiimmnzanannde 2. wesidus
ANNTUT s zaNaInde 3. uazursANTUaLT Mz aNande 4. LﬁuﬁfmmLﬁ@"[ﬂﬁl,mmzﬁﬂwm?m&nﬁu‘lﬁm
‘Emﬂmﬁaﬁwﬁﬂ&nmﬂuéﬁm‘iwmﬁqﬁ@wﬁﬂ meﬁ\wmmwﬁﬂ Lﬁ@ﬁﬂﬁﬁﬂﬁﬂﬂﬂdL%@ﬁﬁL“G‘ELILE‘LIIM uAY
AinmsiBinnuunliiues AEnfulneinnAE Foss e al. (1984) Guinnmmaaes 3 41 uazidenunasiulasiay
fiafgaiernsinmseludesuvaiiasefidudumassyioinfivansaudensdaunlifives fesian
R. rubra MJU18
msAnsunasiladeidaaiunisasyiiulainanzansanisiasyaasdad R. rubra MJU18
vududnalng

nsAneniiadeidaaiuniaaioiulaf vanzantesdias R. rubra MIU18 uurludnalng Tnau ey
Fenszmdng ansainandast uay wiia fidiunm 0.01 ndy iedludaluefimsnzanannde 2. wesidus
psIRnarande 3. wasnnsueuimnzanainde 4. uazuvadulnsaufimangasainde 5. i
ﬁq@ﬂ'wL‘ﬁ'@"l,ﬂ%Lmﬂ:ﬁﬂW?Lfﬁcylﬁﬂfﬂmimﬂmﬁ\iﬁmﬁnmm@wfmiwm%@ﬁ@wﬁﬂ wazvdeannIalh iemn
dhwinaead CRIGH]Y LaAA e R oAl AGLEUIALTNANNAT Foss ef al, (1984) Fainnns
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Anmanazimanzaslunisiasuiula waznisaanualsiivass Tagaanuuunisnasasuuy
Central Composite Design (CCD)

ﬁﬂmmqu‘ﬁ'mmmﬂumm’%aglﬁuim WAZNNTHARLALININRAANTAR R. rubra MJU18 L1
dudnalng Tneldlsunsunenfiames experimental design 1afu 6.0.2 lunnreanuuLNImAREILLL
central composite design (CCD) WAZHNAURHANNINARRIAILID response surface methodology (RSM)
IneiA mauduea (response : Y) TawA i ad (Naiatyiiulen) ; Y1 uaziBunnuualaiuass ; Y2 fade
fiauls8adsy (Factor of independent variable : A, B, C, D and E) léiA A1 uilinsa-png (pH) wiaapnfuan
(carbon source) unaslulngiai (nitrogen source) tladadadiunisiaacyiula (growth factor) WATRRUNNN
(Temperature) IngAnuntladesiaullsdase 5 svau lown Usnnnuumnasanfueu Usunasumaslulngsian dsuno
unaaansdagIunsaseyuln ANunge-rne wazguugi (Table 1) KeenuuLnTnaaeTaR 47 10
NINAREBY (TANTNARBIAT 3 i’gm) Lﬁﬂﬁﬁﬁﬁﬁﬁﬂﬂ@ﬂL"H'Z\Jﬁﬁvﬁfy@uiﬁl LaAAnev B e lsfiues Gy
IPENNMINAD Foss et al. (1984) waziinlinageunistiugunan19ans

Table 1 Factors of food sources, pH and temperature.

-0 -1 0 +1 +0OL
C-source (g/l) ; C 3.1 10 15 20 26.9
N-source (g/l) ; N 0.81 1.5 2 2.5 3.19
Growth factor (g/l) ; GF 0.81 1.5 2 2.5 3.19
pH 4.31 5.0 55 6.0 6.69
Temperature ; T 22.86 27 30 33 37.14

HANISANHILAZIANTOL
msfnmszaznamsiasudularaadadian R, rubra MIU18 uududiolng
annsAnElaeinnIudn R. rubra MJU18 uniudnatna luan 110 dalug finnsifuseding
YN 410, 24, 48, 72, 96 uaz 110 F2lus udavinsdiameiniaaiyfuls ussFunualafiuoss

Table 2 Study on growth and carotenoid content of R. rubra MJU18 yeast on corn dust.

Time Cell dry weight Carotenoid
(h) (g/g corn dust) (ug/g dry weight corn dust)
0 0.00£0.00f 2.46+0.20f
24 0.57+0.01e 3.21+£0.01e
48 1.23+£0.02¢c 5.52+0.01c
72 2.52+0.01b 5.84+0.00b
96 3.02+0.01a 7.01+0.00a
110 1.10+0.01d 4.54+0.00d

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.
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mnmiﬁnmiwmmmm?tylﬁu‘l‘mmL%@ﬁmﬁ/?. rubra MJU18 uutudnalng (Table 2) wudi
svezaan 96 Falu Badtipuansnesy AL inldgenian Tnafdnminmadivingu 3.02 nfwniu dudnalna
uazFunnuualsiueaivingy 7.01 hfl?mﬂ%mmn%uﬁmﬁﬂr:!uim‘iwmm}”i\i 3090911 A0 Fala 72 ua 48 1
Swinigadivingu 2,52 uaz 1.23 nFw/nFududnaing aaua 1A uazlsunuualsiuesfivindy 5.84 uay 5.52
hfl?mﬂ%mmn?"uﬁmﬁﬂr:!u%fﬁwmu}”ia ANNAIAL %x‘iﬁﬂmmuﬂﬂﬁﬂdﬁu@ﬂﬁdﬁﬁﬂﬁﬂﬁm%%@ﬁa feaenndes
ALNN1I98T89 DlgNT  Aunfane LATTI0)UNA §21(2554) ANIRNENANIT RV LaNsenTHEALATST
ueuflazA NI U Ii LY AR RS BB AR R, rubra WUAN sravhanTdedamToALTn 147 Ae
96 Fal TraaunsnuanuAlsNuesfgeqavintu 95.586 nlpsnsumeniuriminimadui uazsneannms
Anm1es nigns dunfany wavduaild Youiia (2559) Wm'wmilﬁmﬁmmﬂuﬂw’ﬁmiwmﬁ 48 Faluaiignanis
Lf-ﬁﬁymemmmmﬁmLm‘iiﬁu@ﬂﬁzg\azgmmazLﬁmmmnﬁ%ﬁmmﬂ@hL@mﬁu
msAnwiladifuianuduiivansansanisiadyaaiadias R. ubra MIJU18 vududnalng

mﬂmiﬁﬂﬂ:rﬂ”lé’lﬁmqqu%uiu@u%’ﬁqiwm?@ﬂm 40,45, 50, 55 uaz 60 Saesinnagdludaliaiivmns
ananda 1. udainniseazinisesduls waslfunnualsueas

Table 3 Effect of moisture content and carotenoid content of R. rubra MJU18 yeast on corn dust.

Moisture Cell dry weight Carotenoid
(%) (g/g corn dust) (ug/g dry weight corn dust)
40 0.71+0.01e 3.55+0.00e
45 0.93+0.00d 3.97+0.00d
50 2.84+0.00a 6.57+0.00a
55 2.31+£0.01b 5.67+0.00b
60 1.97+0.00c 4.52+0.01c

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.

ANNIIANHFRYATANNTUNMN TN N9ty IaLTetas R. rubra MJU18 uuudnalng
(Table 3) wusnilasifudaanuauniesas 50 Basianuannsawsoyiulaligaga naluminaadiviadu
2.84 nfw/nududnaing waziFunnuelsiueafivindy 6.57 lulasniusdeninwinduitalnaudis sasas
W1 Ae AvNTUNFREAT 55 uaz Farar 60 Huwinuadvingy 2.31 uaz1.97 niwniududnatne aanansy
waziBunauualsiueadyingy 5.67 uax 4.52 lulasniustaniutmindudaTnauia puand Seiiannuunn
Aaruat it dAyn19ain Jeaenndasiuudaases adatul laaunuaduduazanie (2548) Ainnng
“ o4 . . s & N o . o d
AnwnIsiaesEast R. glutinis DM28 uuindquuuniswinuiaienanualsnueadinaiinissnianiny

'
a (%

ANTUGENEY 49.6 Wafius wudnisasgyuazlininuualsiueasiiEuiugegalaadlSunoaag

54.0 Hadninsaninidng uazuelsfiveafilinn 1.65 lulasninsaningidng

msAnwunasAfuauuanzantaTadian R ubra MIU18 uugudiolng
annsAnelfuBauiiaundsnfueussuinanglag way glase ffunns 0.1 nfuseas
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Judnnlna 1 ndu Inavinniapeludaluaiunizanainnimasesda 1. uaziesaranuduinmunza
AMNNNIMAREITa 2. LdanIn1saAsziniaeatyiiuln uaziBunnualaiuas s

Table 4 Effect of suitable carbon sources and carotenoid content of R. rubra MJU18 yeast on corn dust.

Carbon source Cell dry weight Carotenoid
(0.1 g/g corn dust) (g/g corn dust) (ug/g dry weight corn dust)
Glucose 8.96+£0.018a 13.00+0.013a
Sucrose 5.43+0.003b 9.19+0.005b

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.

anmsAnEusAfUeWRvsNza sesdedian R, rubra MJU18 uuudnalng (Table 4) wuan
leldnglaaifuuvasanfuen fastaauansnsnioiulaldge Tnafdminuaduindy 8.96 niuniy
dudnalne uaziBunaualsnuas Avinfiu 131uimin§uﬁi@ﬂ’a‘”uﬁwﬁm!u%fﬂwmuﬁq Tmﬂﬁﬁm@ﬁﬁwﬁnmaﬁ
Wien 5.43 nindududnning uaziBunnualsnuesfivingu 9.19 hfllmni”usi@n%‘“uﬁmﬁmﬂu%’m‘iwmu}”ﬁ\‘i
%qﬁmmLLmnﬁiNﬁu@ﬂNﬁﬁﬂéﬁﬁiyalqmmaﬁ (p<0.05) FaganndaiLNLAteaTes qus guidas (2552)
TdinsAnsnisiastyasiias R. rubra slummﬂgﬂu%@@mmmyu Aa linglaailuunasafueu
s 10 nFusiedns Tidsnnunlsfivensiviniu 0.0685 lulasninseniiniuinimadus
msAnmunaslulnsiauiivansansanisiadyraadadias R, ubra MIU18 Luduttalng

annsAn i Beudeuwadlulasaussriuesluilidama unzuentuiilounae s idsunm
0.01 nfuseamsudnaing 1 niu Tneinnsdasudalnefimngauannimaaesde 1. Seuazaudi
wnzduanmMmaaeste 2. waswissanfuauiilfannimeassda 3. udaiannsieesiaasydule
waziFunniualsivens

Table 5 Effect of suitable nitrogen sources and carotenoid content of R. rubra MJU18 yeast on corn dust.

Nitrogen source Cell dry weight Carotenoid
(0.01 g/g corn dust) (g/g corn dust) (ug/g dry weight corn dust)
Ammonium sulphate 13.75+0.002a 17.40+0.077a
Ammonium chloride 10.76+0.004b 14.44+0.003b

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.

annsAneuvasulnsauivisnzanaesdatias R. rubra MJU18 uuudnalng (Table 5) wudn

A 1% ' =~ o A oal a a % ~ o s 1 o
Waldunaslulnsauiunenluilondas dasiananisamsyduinlige Inaduiminmadiviady
13.75 nfn/niududnalng uaziBunnualsnuesdivingu 17.40 lulasniusieninnvsindudnatnausis Ined
wanluteannas lasRiminadiies 10.75 nfunindudiaine uazfunnualsfiuesfiviniu14.44 lulasniu
sianFuumingudatnaui fellanuusansnsiuatieililtidAtytianieatis (0<0.05) TaanAREINLNWIAY
284 Chanchay (2013) finnnadnenaniazimunzanlunnaasoaed R. ubra tne luanluflaudammiiu
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wiatlulnsian snldideansnsnndnunlsiuensléunnmnnt 3039 lulasnsuseniirimiinuis
msAnmiladeduaiunsiasyiuiafianzanraadadan R rubra MJU18 uududialne

anmsAnen FBeufeuiadedasunmassoinlnssming ansaaandas uaziyia fsuo
0.01 nfusiaamsudning 1 niy Tevmsiaedludalusiinzananmmeassde 1. fesazaasiy
fnzanannimaaesde 2. uwasnniueudildannimeassde 3. uazuvadhiasauiildannnimaaes
48 4. udan1samaziniaesyFule uaziBunnualaiuas s

Table 6 Effect of appropriate growth promoters and carotenoid content of R. rubra MJU18 on corn dust.

Cell dry weight Carotenoid
Growth promoters source .
(g/g corn dust) (ug/g dry weight corn dust)
Yeast extract 18.79+0.016a 22.601£0.005a
Peptone 16.24+0.043b 20.09+0.004b

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.

mnm@ﬁﬂmﬁ@@“ﬂmLzﬁumm?cyLﬁu‘ﬂmﬁmmmmmé@ﬁmﬁ R. rubra MJU18 uuludnalna
(Table 6) WuAN Lﬁ'@”l,%l,mmﬂwm\iLzﬁumm‘%a&lLﬁu‘ﬂmﬂummﬁmmn%ﬁ R. rubra MJU18 §A2N413H19D
wanyiutaliga Tnfdnwinaadivinu 18.79 ndw/niududinlng uaziBunnualsiveasdivindy 22.60
1uiﬂ?ﬂi“m'@ﬂi“mﬁmﬁm!u%ﬁwmLLﬁ\i el taufiiwminisadifie 16.24 nF/niududnaing uavifFnnmn
walsiuasAiviniy 20.09 Tu‘imni?mi@ﬂi“uﬁwﬁnt!u%ﬁwmLLﬁa feflauuansinafuatheilitedfoyion
TR SeanAAEBITLNUAREIR Y Chanchay (2013) ﬁﬁmiﬁﬂmmmquﬁ'mmmuiumm?a&mm R. rubra
tneldnglaaiduwnasanfuen wentufandammduwmasiulngay uazarsainaindafiduunasiladeds
iEnnssyin T lfideaunsonanualsiuesflE s amnng 30.39 Tulnsniusensiniminuss

nsAnsansimanzanlunisiasiuls waznsuanuAlsiiuags IAgaanuuLNISNARAILLIL
Central Composite Design (CCD)

mﬂmiﬁnmaquﬁ'mmmuhmmﬁm@uim uaznsuanLAlsNueaRandas R. rubra MJU18
vugui1ing Inen1998NULULNIIARBILLL central composite design (CCD) AiAr st uinLTas
(naasoyiAns) uwaziBunniualsnueas Taafitlade 5 Tads Tdun Araonuilunaa-Ang (pH) uwasAnfuau
(carbon source) wnadlulngiai (nitrogen source) tladadadiunisasnyiula (growth factor) UATREUNNN
(temperature) l@uass Table 7
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Table 7 The optimal condition for carotenoid production and dry weight by R. rubra MJU18 using CCD.

Carbon Carotenoid Cell dry weight
pH Nitrogen source Growth promoter ~ Temp.
Treat. source (ug/g dry weight (g/g corn dust)
(A) (C) source (D) (E

(B) corn dust) (Y1) (Y1)
1 5 10 1.5 1.5 27 48.84 43.24
2 6 10 1.5 1.5 27 57.83 53.16
3 5 20 1.5 1.5 27 41.76 37.32
4 6 20 1.5 1.5 27 31.77 28.76
5 5 10 2.5 1.5 27 18.28 15.13
6 6 10 25 1.5 27 30.03 26.45
7 5 20 25 1.5 27 29.03 25.68
8 6 20 2.5 1.5 27 22.40 19.36
9 5 10 1.5 25 27 41.54 38.25
10 6 10 1.5 2.5 27 32.29 30.51
1M 5 20 1.5 2.5 27 51.43 57.23
12 6 20 1.5 25 27 40.28 36.72
13 5 10 2.5 2.5 27 48.07 44.16
14 6 10 2.5 2.5 27 29.15 26.48
15 5 20 25 25 27 43.73 40.08
16 6 20 2.5 2.5 27 32.91 29.30
17 5 10 1.5 1.5 33 24.90 22.18
18 6 10 1.5 1.5 33 22.83 18.90
19 5 20 1.5 1.5 33 26.43 23.55
20 6 20 1.5 1.5 33 18.03 14.02
21 5 10 25 1.5 33 30.13 26.87
22 6 10 25 1.5 33 29.99 26.68
23 5 20 25 1.5 33 25.15 22.10
24 6 20 25 1.5 33 34.72 31.89
25 5 10 1.5 25 33 30.51 27.66
26 6 10 1.5 25 33 23.29 20.44
27 5 20 1.5 25 33 51.38 47.16
28 6 20 1.5 2.5 33 28.14 25.57
29 5 10 25 25 33 31.09 26.42
30 6 10 2.5 2.5 33 29.43 25.19
31 5 20 2.5 2.5 33 32.42 28.11
32 6 20 25 25 33 32.16 29.50
33 4.3 15 2 2 30 46.55 42.34
34 6.69 15 2 2 30 19.31 15.82
35 55 3.1 2 2 30 14.75 11.40
36 5.5 26.9 2 2 30 1417 11.79
37 55 15 0.81 2 30 14.56 12.12
38 55 15 0.81 2 30 16.51 13.79
39 55 15 2 0.81 30 21.31 17.06
40 55 15 2 0.81 30 28.83 25.23
41 55 15 2 2 22.86 23.52 20.38
42 55 15 2 2 37.14 49.19 46.29
43 55 15 2 2 30 59.59 56.88
44 55 15 2 2 30 60.15 56.37
45 55 15 2 2 30 62.53 59.22
46 55 15 2 2 30 59.47 57.09
47 5.5 15 2 2 30 59.21 57.42
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faduiiluasenisuanualaviuessd 1aud Araanuiiunge-sng (A), uwssansueu (B) waslulnsiau
(C) fladedaiaznnisiasayiAnin (D) uazgami (E) uansialuannig Y1

ﬁ@ﬁﬂﬁﬁm@ﬁiﬂmﬁﬁmlﬁuim Toun Aauilunsa-ne (A), wiaspnfuay (B) wiadluingsiay
(C) fladadaidsnunisiasoyiuln (D) uazgouui (E) Lamdasluanng Y2

Final Equation in Terms of Coded Factors :

Y1 = 62.12-3.33A+0.28B-1.57C+2.39D-1.56E-4.36A%-7.63B°-7.44C*-5.75D%-3.75E"-
1.33AB+1.41AC-2.68AD+0.39AE-0.026BC+2.52BD+1.22BE+1.02CD+3.49CE+0.21DE ; R’= 0.7689

Y2 = 58.32-3.33A+0.59B-1.78C+2.70D-1.71E-4.55A*~7 .64B°~7.40C°~5.95D°~3.79E*~
1.56AB+1.71AC- 2.77AD+0.58AE-0.23BC+2.64BD+0.95BE+0.40CD+3.62CE-0.31DE ; R® = 0.7780
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AYATUT 50 wefidust Mnglaaiduunasanfueuiitiun 0.1 niu Wuenlufondamaiduumadluingay
Fanns 0.01 niu LL@zﬁmmﬁmmn%ﬁﬂmmzﬁaﬂ@ﬁﬂmL@?mﬂ’m@?mlﬁuimﬁﬂ?mm 0.01 nfuraaIuNg
dudhalng 1 nin i lideRinawsoyipulafigeiian Tnaftiannualsiuend wiu 22.60 llasniuseni
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N1INARDLILLL central composite design (CCD) WlidN Lﬁfﬂsl%mﬂmLﬂumeﬂﬁuauﬁﬂ?ﬁmm 15 NTNAD
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ang AALTUNIA-ANg WL 5.5 uazg ML 30 a9Ama A Fagnann L@?@Lﬁuim%qqﬁ@m Hifsunou
walsiuaeAvingy 61.12 ”Lsﬂlmni”ur&i@n%u{iwﬁﬂﬂuﬁmiwmuﬁq warLFunnmaamnny 58.32 niu/niueu
LIV

AINNIINARBLLLL central composite design (CCD) alFaunsiuansdetladeiinasansuan
ualshiuaad (Y1) Anasanisasodnin (Y2)

Y1 = 62.12-3.33A+0.28B-1.57C+2.39D-1.56E-4.36A°-7.63B*-7.44C*-5.75D°-3.75E*
1.33AB+1.41AC-2.68AD+0.39AE-0.026BC+2.52BD+1.22BE+1.02CD+3.49CE+0.21DE ; R’= 0.7689

Y2 = 58.32-3.33A+0.59B-1.78C+2.70D-1.71E-4.55A"-7.64B*~7.40C*~5.95D*~3.79E"~
1.56AB+1.71AC- 2.77AD+0.58AE-0.23BC+2.64BD+0.95BE+0.40CD+3.62CE-0.31DE ; R* = 0.7780
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The Model of Sufficiency Economy Base Practicing on Thailand’s Role-model Farmer
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Abstract

The research sought to examine the model of sufficiency economy base practicing on Thailand’s
role-model farmer. A total of 76 farmers who got the Thai national outstanding farmer award from Ministry
of Agriculture and Cooperatives between years 2013 -2017 served as the respondents of the study. The
structured interview was conducted among respondents for data gathering and complemented by secondary
data. Data was analyzed using descriptive statistical tools such as percentages, frequency, means, and
contentanalysis. The results of research showed that the overall level of sufficiency economy base practicing
adopted by the role-model farmers found that they were in highest level (x = 4.23). The model of sufficiency
economy had 2 parts 5 components (3 principles 2 conditions). Two conditions of person were adopted
by role-model farmers in highest level (x = 4.25), which included knowledge (x = 4.29) and ethics and
virtues (x = 4.21). The three principles of sufficiency economy base also were adopted by role-model
farmers in highest level (x = 4.21), which include reasonableness (x = 4.33), self-immunity (x = 4.24), and
moderation (x = 4.07) respectively. It can be seen that the role-model farmers pay more attention to

conditions of person than principles of sufficiency economy base.

Keywords: role-model farmer, sufficiency economy
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Table 1 Personal characteristics’ profile of the role-model famers.
(N=76)
Personal Characteristics Number %
Gender
Male 60 78.9
Female 16 211
Age (years old)
15-46 19 25.0
47-52 20 26.3
53-60 18 237
61-80 19 25.0
Min =15, Max =80, X =52.42
Educational level
Elementary school 16 211
Secondary school 6 79
High school 21 276
Vocational/technical school 4 53
Undergraduate school 20 26.3
Graduate school 9 118
Number of household member (person/household)
<2 11 14.5
8 42 55.3
4 14 18.4
Min =1, Max =6, = 3.29
Member of Agricultural Learning Center
Yes 66 86.8
No 10 13.2

tadaNugIumMuLATHENA

insmInIFuLLLdulugJszazinainisiinanasuinems e 26.39 T Agldainnianisinems

WA 8,705,590.83 U/ Turnsziisnganslunianisinemseasd 1,619,842.11 Uil n13nensesNAL

nmAnaineasedt 62.40 13 Tediulunjiduiavaasmues Musauluaiaizean wae 1.95 AT way

WIINBANNNANITNEAT WAL 1.64 AWASIEaL Falanaly Table 2
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Table2 Economic characteristics’ profile of the role-model famers.

(N=76)
Economic Characteristics Number %
Years of agricultural work engagement (years)
5-10 7 9.2
11-20 6 7.9
21-30 36 47.4
31-38 27 35.5
Min = 5, Max = 38, x =26.39
Agricultural Income (Baht/year)
0 - 280,000 19 25.0
280,001 — 440,000 19 25.0
440,001 - 2,240,000 19 25.0
2,240,001 - 204,000,000 19 25.0
Min = 0, Max = 204,000,000, x = 8,705,590.83
Agricultural expenditures (Baht/year)
0 - 65,000 21 27.6
65,001 — 120,000 17 224
120,001 - 300,000 22 28.9
300,001 - 35,000,000 16 21.1
Min = 0, Max = 35,000,000, x =1,619,482.11
Agricultural land owner (Rai)
0.00 - 20.00 19 25
20.01 -39.00 19 25
39.01-65.00 19 25
65.01 — 442.00 19 25
Min = 0.00, Max = 442.00, X = 62.40
Agricultural household Labor (person)
None 5 6.6
1 4 5.3
2 62 81.6
3-5 5 6.6
Min=0, Max=5,x =1.95
Agricultural hiring labor (person)
0-1 37 48.7
2-15 39 51.3

Min =0, Max =15, x=1.64
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Table 3 Information channels of role-model farmer.

Information Channel
Time/week Minute/time

Printed media 1.29 36.38
Activity media 1.15 49.93
Personal media 1.15 59.61
Social media 2.75 86.51
Public media 4.16 94.93
Average 2.10 65.47
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Table 4 Sufficiency economy practicing level of role-model farmer.

Sufficiency Economy X Practicing level

Principles

1. Moderation 4.07 High
1) Always do saving 4.14 High
2) Identify of necessity and needs 414 High
3) Happiness and satisfy in agriculture 4.1 High
4) Proud of being farmer 4.00 High
5) Prevent shortage, excess as necessary 3.97 High

2. Reasonableness 4.33 Highest
1) Systematic and comprehensive thinking 4.37 Highest
2) Confidence in goal achievement from credible information 4.29 Highest

3. Self-immunity 4.24 Highest
1) Record the data and information 4.37 Highest
2) Use information to solve problems and develop work 4.32 Highest
3) Production planning to meet market demand 414 High
4) Standardize production: GAP, GMP, Organics, etc. 411 High

Conditions

4. Knowledge 4.29 Highest
1) Thorough know and understand in implementation 4.43 Highest
2) Ability of resource management 4.41 Highest
3) Develop to be an entrepreneur 4.32 Highest
4) Use of academic knowledge in accordance with the state of reality 4.30 Highest
5) Innovative technology management. 4.29 Highest
6) Confidence in implementations 4.28 Highest
7) Zero waste management 3.97 High
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Table 4 (Continued)

Sufficiency Economy

Practicing level

I

5. Ethics and virtues 4.21 Highest
1) Faith in religion 4.43 Highest
2) Expert, consultant and learning centre to the other farmers 4.29 Highest
3) Responsibility in role and duty 4.26 Highest
4) Green economy production 417 High
5) Continuously participate in the community and society activities 4.05 High
6) Intend to work on duty to be achievement 4.11 High
7) Having be patient and indefatigable the obstacles 414 High

agUnan1sAnLn
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Table 5 Overall sufficiency economy practices level of role-model farmer.

Sufficient Economy X Level of practicing
Principles of Sufficiency Economy 4.21 Highest

1. Moderation 4.07 High

2. Reasonableness 4.33 Highest

3. Self-immunity 4.24 Highest
Condition of Person 4.25 Highest

4. Knowledge 4.29 Highest

5.Ethics and virtues 4.21 Highest
Average 4.23 Highest
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Figure 1 The model of sufficiency economy base practicing on Thailand’s role-model farmer.
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Abstract
The objective of the research was to study an indigenous knowledge of local medicinal plant
utilization for native chicken production in Surin province in order to exchange mutual experience and
participatory solving problems. One hundred samples including folk doctors, well-informed person, users
or person who experienced in medicinal plants used for native chicken production were used in this study.
In addition, the results showed that indigenous knowledge of medicinal plants used in Surin province
comprised of 199 recipes. The recipe based on symptom were separated into 4 groups including 1) food

and growth stimulating were 48 recipes (bracer, bruising, internal parasites), 2) disease prevention and
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treatment were 75 recipes (flatulence, diarrhea, external parasites, eye parasites, wound healing, dermatitis,
scabies and ringworm, and poisonous animals), 3) strengthen immune system were 33 recipes
(tonic element, flu, and wipe and clean the chicken) and 4) 43 recipes of single medicinal plant. Medicinal
plants were identified as 45 families and 84 species. The results from knowledge exchanging of medicinal
plants utilization showed that farmers knew them from 1) ancestral-knowledge transfer 2) books, textbooks,
documents and informative media and 3) experience-based learning. The problems observed on medicinal
plants utilization for native chicken were some plants indicated as rare plants, associated with time-consumed
collecting and treating, complicated producing, incorrect-way uses, used the medicinal plants does not
match with a disease of native chicken, difficult to produce and store. In order to deal with these problems,
it was recommended to deliberating, motivating for medicinal plants use continuously, supporting for
growing medicinal plants for their own consumption, explaining and word of mouth about medicinal plant
properties on native chicken production, a study from well-informed person and follow, promoting and

publicizing of medicinal plant information.

Keywords: folk doctor, medicinal plant, native chicken, community economics, indigenous knowledge
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Table 1 The recipe based on symptom, medicinal plants utilization indegeneous used in Surin province.

The recipe based Medicinal plants utilization recipes
on symptom (Common name Thai)

1) food and growth stimulating 48
1 recipes for Boesenbergia rotunda (L.) Mansf., Kaempferia parviflora Wall. ex Baker, 26

bracer

Chloranthus erectus (Buch.-Ham.) Verdc, Allium sativum L., Musa sapientum
L., Ocimum gratissimum L., Ocimum tenuiflorum L., Curcuma longa L.,
Alpinia galanga (L.) Willd., Piper chaba Hunt., Cymbopogon citratus

Stapf., Heterostemma wallichii Wight, Cucumis sativus L., Tinospora

crispa (L.)Miers exHook.f. & Thomson, Centella asiatica (L.) Urb., Crinum
asiaticum L., Mimusops elengi L., Zingiber montanum (J.Koenig) Link ex

A. Dietr., Andrographis paniculata (Burm.f.) Wall.ex Nees, Citrus hystrix

DC., Lycopersicon esculentum Mill., Curcuma xanthorrhiza Roxb., Acacia
concinna (Willd.) DC, Panax ginseng C.A.Mey., Imperata cylindrica (L.)

P.Beauv., Biophytum sensitivum (L.) DC., Allium ascalonicum L.

2

recipe for

bruising

Boesenbergia rotunda (L.) Mansf., Allium sativum L., Alpinia galanga (L.)
Willd., Curcuma longa L., Curcuma longa L., Oryza sativa, Cymbopogon
citratus Stapf., Solena amplexicaulis (Lam.) Gandhi., Tinospora crispa (L.)
Miers exHook.f. & Thomson, Centella asiatica (L.) Urb., Cleome viscosa L.,
Crinum asiaticum L., Piper betle L., Zingiber montanum (J.Koenig) Link ex
A. Dietr., Andrographis paniculata (Burm.f.) Wall.ex Nees, Citrus hystrix
DC., Tamarindus indica L., Lycopersicon esculentum Mill., Carica papaya
L., Antiaris toxicaria Lesch. Asparagus racemosus Willd., Panax ginseng

C.A.Mey., Imperata cylindrica (L.) P.Beauv., Allium ascalonicum L.

14

3

recipes

Allium sativum L., Tinospora crispa (L.)Miers exHook.f. & Thomson, Zingiber

for internal montanum (J.Koenig) Link ex A. Dietr., Tamarindus indica L., Areca catechu

parasites

L. Allium ascalonicum L.
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Table 1 The recipe based on symptom, medicinal plants utilization indegeneous used in Surin province.

(continued)

The recipe based

on symptom

Medicinal plants utilization recipes

(Common name Thai)

2) disease prevention and treatment

1

recipes for

flatulence

Ocimum tenuiflorum L., Boesenbergia rotunda (L.) Mansf., Allium 14
sativum L., Musa sapientum L., Curcuma longa L., Alpinia galanga

(L.) Willd., Cymbopogon citratus Stapf., Cucumis sativus L., Citrullus

lanatus (Thunb.) Matsum.&Nakai., Tinospora crispa (L.) Miers exHook. f.

& Thomson, Polygonum odoratum Lour., Cathormion umbellatum (Vahl)
Kosterm., Phyllanthus emblica L., Lycopersicon esculentum Mill.,

Carica papaya L., Aloe vera (L.) Burm.f., Areca catechu L., Allium

ascalonicum L.

recipes for

diarrhea

Boesenbergia rotunda (L.) Mansf., Musa sapientum L., Musa sapientum 4
L., Curcuma longa L., Alpinia galanga (L.) Willd., Solena amplexicaulis

(Lam.) Gandhi., Tinospora crispa (L.) Miers exHook.f. & Thomson, Psidium
guajava L., Andrographis paniculata (Burm.f.) Wall.ex Nees, Schleichera
oleosa (Lour.) Oken., Garcinia mangostana L., Morinda citrifolia L., Allium

ascalonicum L.

recipes for
external

parasites

Ocimum tenuiflorum L., Curcuma longa L., Lepisanthes rubiginosa (Roxb.) 15
Leenh., Cymbopogon nardus Rendle., Annona squamose L., Zingiber
montanum (J.Koenig) Link ex A. Dietr., Citrus hystrix DC., Nicotiana

tabacum L., Azadirachta indica A.Juss.var. indica, Chromolaena odorata

(L.) R.M.King & H.Rob.,

recipes for

Allium sativum L., Solena amplexicaulis (Lam.) Gandhi., Annona 14

eye parasites squamose L., Tinospora crispa (L.) Miers exHook.f. & Thomson, Piper

nigrum L., Diospyros mollis Griff., Ficus chartacea Well. ex king var.
torulose Wall., Citrus aurantifolia (Christm.) Swingle., Carica papaya L.,

Nicotiana tabacum L., Areca catechu L.

recipes
for wound

healing

Curcuma longa L., Punica granatum L. var. granatum , Psidium guajava 12
L. Piper betle L., Zingiber montanum (J.Koenig) Link ex A. Dietr.,

Tamarindus indica L., Lycopersicon esculentum Mill. Momordica

charantia L., Aloe vera (L.) Burm.f., Jatropha curcas L., Chromolaena

odorata (L.) R.M.King & H.Rob., Inula polygonata DC.




362 AN TNEATNIZAANNAN

Table 1 The recipe based on symptom, medicinal plants utilization indegeneous used in Surin province.

(continued)

The recipe based Medicinal plants utilization recipes
on symptom (Common name Thai)
6 recipes for Allium sativum L., Musa sapientum L., Curcuma longa L., Alpinia 1

dermatitis, galanga (L.) Willd., Senna alata (L.) Roxb., Cymbopogon citratus Stapf.,

scabies and  Cucumis sativus L., Annona squamose L., Psidium guajava L., Zingiber

ring worm montanum (J.Koenig) Link ex A. Dietr., Tamarindus indica L., Citrus
aurantifolia (Christm.) Swingle., Cocos nucifera L. var. nucifera., Nicotiana

tabacum L., Allium ascalonicum L.

7 recipes for Ocimum tenuiflorum L., Alpinia galanga (L.) Willd., loomoea aquatica 5
poisonous Forssk., Citrus aurantifolia (Christm.) Swingle., Cocos nucifera L. var.
animals nucifera., Nicotiana tabacum L., Crotalaria, Aloe vera (L.) Burm.f.,

Barleria lupulina Lindl.

3) strengthen immune system 33
1 recipes Kaempferia parviflora Wall. ex Baker, Allium sativum L., Musa 11
for tonic sapientum L., Curcuma longa L., Zingiber officinale Roscoe.,
element Cymbopogon citratus Stapf., Solena amplexicaulis (Lam.) Gandhi.,

Cucumis sativus L., Citrullus lanatus (Thunb.) Matsum.&Nakai.,
Cryptolepis buchanani Roem.&Schult., Tinospora crispa (L.) Miers
exHook.f. & Thomson, Centella asiatica (L.) Urb., Crinum asiaticum L.,
Cocos nucifera L. var. nucifera., Acorus calamus L., Acacia concinna
(Willd.) DC., Allium ascalonicum L.

2 recipes for Ocimum tenuiflorum L., Cymbopogon citratus Stapf., Tinospora 6
flu crispa (L.) Miers exHook.f. & Thomson, Piper nigrum L., Andrographis
paniculata (Burm.f.) Wall.ex Nees, Antiaris toxicaria Lesch., Allium

ascalonicum L.

3 recipes for Allium sativum L., Curcuma longa L., Alpinia galanga (L.) Willd., 16
wipe and Cymbopogon citratus Stapf., Tinospora crispa (L.)Miers exHook.f. &
clean the Thomson, Psidium guajava L., Polygonum odoratum Lour., Crinum
chicken asiaticum L., Zingiber montanum (J.Koenig) Link ex A. Dietr.,

Andrographis paniculata (Burm.f.) Wall.ex Nees, Citrus hystrix DC.,
Tamarindus indica L., Zingiber ottensii Valeton, Acacia concinna
(Willd.) DC., Biophytum sensitivum (L.) DC., Inula polygonata DC.,

Allium ascalonicum L., Cyperus rotumdus L., Saccharum officinarum L.
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Table 1 The recipe based on symptom, medicinal plants utilization indegeneous used in Surin province.

(continued)
The recipe based Medicinal plants utilization recipes
on symptom (Common name Thai)
4) single Leucaena leucocephala (Lam.) de Wit, Allium sativum L., Musa 43
medicinal plant sapientum L., Ocimum tenuiflorum L., Curcuma longa L., Alpinia

galanga (L.) Willd., Glycosmis pentaphylla (Retz.) DC., Schleichera
oleosa (Lour.) Oken., Cymbopogon citratus Stapf., Cymbopogon
nardus Rendle., Solena amplexicaulis (Lam.) Gandhi., Cucumis
sativus L., Cryptolepis buchanani Roem.&Schult., Tinospora

crispa (L.)Miers exHook.f. & Thomson, Centella asiatica (L.) Urb.,
Amaranthus Tricolor L., Ipomoea aquatica Forssk., Pogonatherum
Paniceum (Lamk) Hack, Psidium guajava L., Polygonum odoratum
Lour., Andrographis paniculata (Burm.f.) Wall.ex Nees, Tamarindus
indica L., Ficus chartacea Well. ex king var. torulose Wall., Citrus
aurantifolia (Christm.) Swingle., Carica papaya L, Nicotiana tabacum
L., Crotalaria, Phyllanthus amarus Schumach. & Thonn., Curcuma
xanthorrhiza Roxb., Acorus calamus L., Aloe vera (L.) Burm.f,,
Azadirachta indica A.Juss.var. indica, Chromolaena odorata (L.)
R.M.King & H.Rob. Dioscorea bulbifera L., Barleria lupulina Lindl.,
Bauhinia strychnifolia Craib, Areca catechu L., Allium ascalonicum L.,

Acanthus ebracteatus Vahl

total 199
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Figure 1 Diversity of medicinal plants utilization for native chicken identified were families.
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Figure 2 Local medicinal plants utilization for native chicken production in Surin province.



366 NIANTNHATNIZADNINGT

n
(Garcinia mangostana L)

NINTIANY NTUWTIMAL nizhiu 3 1s?, uzymun
(Ocimum gratissimum L.) (Ocimum tenuiflorum L) (Leucaena leucocephala (Lam.) de Wit) (Cathormion umbellatum (Vahl) Kosterm.)

duay
¥ (Acacia concinna (Willd.) DC.)

néaenini
|| Musa sapientum L.)

@
uefilugs
(Biophytum sensitivim (L) DC.)
TR
CEGGK
UL NG
O

$wden » Anunsd

(Onyza sativa) 4} (Polygonum odoratum Lour.)

Figure 2 Local medicinal plants utilization for native chicken production in Surin province (continued).
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Figure 2 Local medicinal plants utilization for native chicken production in Surin province (continued).
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Opinions Toward Debt of Farmers in Srimongkon Sub-district,

Saiyok District, Kanchanaburi Province
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Abstract

The objectives of this research were to study 1) demographic factors, 2) economic factors,
3) media exposure toward agricultural information, 4) opinions toward debt of farmers and, 5) to find the
relationships between demographic factors, economic factors, media exposure toward agricultural
information factors and the opinions toward debt of farmers in Srimongkol Sub-district, Saiyok District,
Kanchanaburi Province. Samples consisted of 297 farmers. Data were collected using questionnaires.
Statistical analyses were frequency, percentage, mean, standard deviation, minimum, maximum and
Chi-square. According to the research, the results showed those farmers were female with an average
age of 51.08 years old, married, member of the household were 3 persons, primary school education,

experience in farming average of 19.79 years, the main activity in agricultural was cassava planting,
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the average farming area 24.31 rai. The average agricultural income was 93,841.41 baht/year, the average
expense in agricultural 53,912.56 baht/year, the average debt of farmers 83,564.31 baht/year. They got
information about agriculture from people media from community leaders, mass media from television,
activities media from meeting and almost of farmers never got information from online media. The Opinions
toward the debt of farmers in Srimongkol Sub-district the average total was at a high level. The testing of
hypotheses indicated these are economic factors and media exposure toward agricultural information.
There were relationships with the opinions of farmers toward the debt of farmers planting at 0.05 and 0.01

level of significance.

Keywords: Opinion, Debt, Farmers, Media exposure, Kanchanaburi Province
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Table 1 Number and percentage of farmers Classified by personal factors of farmers.

Demographic factors Number (person) Percentage

Member of the household

1 -2 persons 50 16.8
3 -4 persons 164 55.2
5 persons or more 83 27.9
Mean = 3.87 persons S.D.=1.61 Min = 1 persons Max = 1 persons

Main activities in agricultural

Cassava 168 56.6
Sugar-cane 52 17.5
Rice and other crops such as 77 25.9

bergamot, lemongrass, etc.
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NHRININITAUANNAAWIUS N T nIRUIaNERINIAUWlELNenensleset Tuss AU unans
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Table 2 Average percentage (), standard deviation (SD), and opinion level on debt burden of Srimongkol
Sub-district Farmers Information on professional knowledge / skills. Adaptability Management

Capability Economic structure and cultural structure and politics.

Opinions toward debt of farmers in Srimongkol X S.D. Level of opinion
Sub-district

1. Knowledge/skills in career 3.71 0.67 High

1.1 Lack of knowledge of the area and climate in crop 3.73 0.94 High

cultivation has a bearing on debt.

1.2 Lack of information and lack of agricultural training has 3.63 0.90 High
a bearing on debt. As they do not know the technique to
make more productivity.

1.3 Lack of agricultural knowledge and experience has a 3.79 0.93 High
bearing on debt.

1.4 Lack of knowledge on the technology that will be used 3.64 0.92 High
to increase productivity has a bearing on debt.

1.5 Lack of understanding of new techniques such as cost 3.78 0.93 High
reduction. Increasing yield To develop agriculture has

a bearing on debt.

2. Adaptability 3.41 0.66 Moderate

2.1 Technological advances like mobile phones, internet 2.78 1.10 Moderate

are essential to everyday life. And affect the debt.

2.2 Lack of knowledge of production technology. Impact on 3.23 1.06 Moderate
debt

2.3 Plant diseases and insect pests have a bearing on debt. 4.16 0.92 High

2.4 The purchase of agricultural machinery affects the debt. 3.46 0.996 High

3. Management capability 3.76 0.63 High

3.1 The lack of advance planning has a bearing on debt. 3.77 0.90 High

3.2 The lack of accounting for income - expenditure has 3.48 0.96 High

a bearing on debt.
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Table 2 (Continued)

Opinions toward debt of farmers in Srimongkol X S.D. Level of opinion
Sub-district
3.3 The lack of savings affects the debt. 3.74 0.97 High
3.4 Monoculture can affect the debt. 3.72 0.91 High
3.5 Growing crops without regard to market demand has 4.07 0.81 High
a bearing on debt.
4. Economic structure 413 0.57 High
4.1 Lack of knowledge of the source of capital has 3.59 0.94 High
a bearing on debt.
4.2 The purchase of extravagance affects the debt. 3.98 1.04 High
4.3 Lower yields But the cost of production increased. 4.56 0.71 Most
Affecting Debt
4.4 The higher the household’s expenditure, the higher 4.32 0.85 Most
the debt.
4.5 Higher prices on the market. Affecting Debt 4.20 0.83 Most
5. Social and cultural structure 3.34 0.64 Moderate
5.1 Using machines instead of labor, people cause liabilities. 3.03 0.97 Moderate
5.2 Gambling Affects Debt 3.71 1.00 High
5.3 Migrants work in the city, resulting in lack of agricultural 2.97 0.97 Moderate
workers in the area. Farmers produce less agricultural
products. Affecting Debt
5.4 Households with children and the elderly who 3.32 1.03 Moderate
can not earn money. Affecting Debt
5.5 Number of household members studying Affecting Debt 3.65 1.10 High
6. Political policy 3.37 0.70 Moderate
6.1 Getting a little government compensation affects the 3.26 1.06 Moderate
funding for agriculture.
6.2 Political policies such as village funds Affecting Debt 3.15 .95 Moderate
6.3 Easy access to finance has a bearing on debt. 3.54 1.08 High
6.4 Discontinuity in policy affects liability. 3.39 1.03 Moderate
6.5 Urgent policy lack of in-depth analysis. Affecting Debt 3.57 1.08 High
Total 3.62 0.44 High
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Factors Affecting to Practice on Standard of Good Agricultural Practice (GAP) for Rice

Farmers in Nakhon Pathom Province
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Abstract

This research was to investigate 1) demographic of rice farmers in Nakhon Pathom province
2) trustable to media exposure 3) technology for rice cultivation 4) perception and practice to standard
of GAP 5) factor affecting to perception and practice on standard of GAP for rice farmers in Nakhon
Pathom province. Population were rice farmers in Nakhon Pathom Province, the sample were 397 No. of
rice farmers, selected by using simple random sampling technique. Collected data by using
construct-questionnaire, analyzed data by using frequency, percentage, mean, standard deviation and
testing with multiple regression. The results reveal that 1) most of rice farmers were male, 39-50 years old
at the average, planted area were more than 33 rai, gained incomes at 7,401-7,600 baht/rai 2) trustable
to media exposure at high level were social media, personal media, activity media and at less level

were printed media 3) technology for rice cultivation were loamy soil, irrigated water, cultivars were
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namely DOR 51, DOR 57 or DOR 47 and cultivation technique by sowing 4) perception and practice on
standard of GAP by the average were at the whole level and always level by sequence 5) factors affecting to
perception were irrigation source, timing of cultivation, trustable to personal media and social media; factors

affecting to practice were irrigation source, trustable to activity media and personal media and soil texture.

Keyword: Rice, Good Agriculture Practice (GAP), Nakhon Pathom Province
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Table 1 Detail of variables using in multiple regression equation.

Variables Detail H
Sex (X1) Male = 1, Female =0 +/0
Age (X2) Years -
Experiences (X3) Years -
Income / Planted area (X4) Baht/rai +

Planted area (X5) Rai +
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Table 1 Continued.

Variables Detail HO
Printed media (X6) More trustable = 1, Less trustable = 0 +
Activity media (X7) More trustable = 1, Less trustable = 0 +
Personal media (X8) More trustable = 1, Less trustable = 0 +
Social media (X9) More trustable = 1, Less trustable = 0 +
Soil texture (X10) Loamy = 1, Other =0 +
Irrigation source (X11) Irrigated water = 1, No irrigation = 0 +
Timing of cultivation (X12) Off-season = 1, In-season = 0 +/0
Cultivars (X13) DOR 47 =1, Other =0 +
Cultivation technique (X14) Sowing = 1, Other =0 +/0
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Table 2 Factors of rice farmers demographic in Nakhon Pathom province.

Factors Frequency Percent
Sex
Male 304 76.6
Female 93 23.4
Age
Less than 39 years 116 29.2
39-50 years 143 36.0
More than 50 years 138 34.8
Mean = 45.22 years, S.D. =9.18 years, Max = 68 years, Min = 29 years
Experienced
Less than 6 years 150 37.8
6-8 years 137 34.5
More than 8 years 110 27.7
Mean = 6.87 years, S.D. = 3.01 years, Max = 19 years, Min = 1 years
Planted area
Less than 18 rai 126 31.7
18-33 rai 135 34.0
More than 33 rai 136 34.3
Mean = 27.95 rai, S.D. =16.36 rai, Max =90 rai, Min =7 rai
Income / planted area
0-7,400 baht/rai/year 114 28.7
7,401-7,600 baht/rai/year 148 37.3
More than 7,601 baht/rai/year 135 34.0

Mean = 7,842.25 baht/rai/lyear, S.D. = 1,690.19 baht/rai/lyear, Max = 20,205.88 baht/rai/year,

Min = 716.66 baht/rai/year
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Table 3 Factors of trustable to media exposure of rice farmers in Nakhon Pathom province.

Type of media Kind of media Frequency*(%)  Trustable S.D. Level
Social media Community cable 337 (84.9) 0.67 0.471 More trustable
Twitter 108 (27.2)
Facebook 51 (12.8)
Community radio 22 (5.5)
Line 3(0.8)
Personal media  Gov. officer 349 (87.9) 0.63 0.483 More trustable
Chemical seller 232 (58.4)
Local scholar 12 (3.0)
Neighbor 0 (0.0)
Activity media  Learning plot 313(78.8) 0.63 0.482 More trustable
Demonstrated plot 107 (27.0)
Contest 6 (1.5)
Exhibition 6 (1.5)
Printed media  Newspaper 397 (100.0) 0.47 0.499 Less trustable
Agro-journal 158 (39.8)
Leaflet 3(0.8)

*more than 1 choice
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Table 4 Factors of cultivation technology of rice farmers in Nakhon Pathom province.

Cultivation technology Frequency Percent
soil texture
Loamy 331 83.4
Other (sandy, clay) 66 16.6
Irrigation source
Irrigated water 300 75.6
No irrigation 97 24.4

Timing of cultivation

Off-season (November - April) 355 89.4
In-season (May — October) 42 10.6
Rice cultivar

DOR 47 183 46.1
Other (DOR 51, DOR 57) 214 53.9

Cultivation techniques
Sowing 326 821

Other (transplant, throwing) 71 17.9
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Table 5 Perception and practice on standard of good agricultural practice (GAP) for rice farmers in Nakhon

Pathom province.

Good agricultural practice (GAP) Perception Practice
X (SD) X (S.D.)

1. Source of water. 1.18 (0.226) 1.14 (0.313)

(Partial) (Sometimes)

2. Planted area. 1.48 (0.430) 1.43 (0.438)
(The whole) (Always)

3. Harmful of agro-materials. 1.68 (0.392) 1.65 (0.425)
(The whole) (Always)

4. Quality management in production process before harvesting. 1.62 (0.337) 1.52 (0.398)
(The whole) (Always)

5. Harvesting and post-harvesting practice. 1.26 (0.242) 1.19 (0.320)

(Partial) (Sometimes)

6. Keep and transports in field and storage. 1.58 (0.408) 1.48 (0.462)
(The whole) (Always)

7. Personal sanitary 1.66 (0.436) 1.62 (0.450)
(The whole) (Always)

8. Data record and follow-up. 1.61 (0.352) 1.51(0.479)
(The whole) (Always)

Total 1.49 (0.202) 1.42 (0.257)
(The whole) (Always)
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Abstract
The objectives of this research were: 1) to study personal factors, economic factors, information
exposure and basic knowledge on rice production specifications according to organic rice standards.
2) the opinions of farmers on rice production according to organic rice standards. 3) comparison of
farmers’ opinions on rice production according to organic rice standards based on personal factors,
economic factors and information exposure 4) the relationship between the basic knowledge on rice
production specifications according to organic rice standards and the opinions of farmers on rice

production according to organic rice standard. The samples used in the study were 139 farmers who
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produce rice according to organic rice standards. The data were collected by interviews. Statistics used
for data analysis were frequency, percentage, mean, standard deviation,t-test, F-test and Pearson’s
product moment correlation coefficients. The research found that most of the farmers were females, with
an average age of 50.28 years. The average experience was 4.53 years. The average area was 9.48 rai.
The average labor was 2.65 people. The average income was 38,219 baht. The average expenditure was
6,346.76 baht. Exposure of community leaders, training and television were at high levels. Basic knowledge
on rice production specifications according to organic rice standards for overall had the average at high
levels. The overall opinion of Farmers had an average at high levels. The results of the hypothesis testing
showed that the farmers had personal factors, economic factors, information exposure differently
the opinions of farmers on rice production according to organic rice standards were not different had
a significance level of 0.05. Basic knowledge of rice production specifications according to organic rice
standards was not correlated with farmers’ opinion on rice production according to organic rice standards

had a significant level of 0.05.
Keywords: opinion, rice production, organic rice Standards, Huai Thap Than District, Srisaket Province
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Table 1 Number and percent Level of information exposure.

Information exposure Number Percent

Media People

Neighbors 13 9.4

Ufficiale / Accademico 32 23.0

Community leaders 94 67.6
Media Activity

Training 120 86.3

Demo Plot / Study visit 19 13.7
Mass Media

Radio 26 18.7

Television 113 81.3
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Table 2 Number and percent Level of basic knowledge on rice production specifications according to

organic rice standards.

Basic knowledge on rice production specifications according to organic
) Number  Percent
rice standards

Level high (16.68 - 25.00 score) 124 89.2

Level moderate (8.34 - 16.67 score) 15 10.8

Mean = 21.90 S.D.= 3.43 Minimum = 11 Maximum = 25

ANNAALTIUTRINHATNTAAMTUARTIIMNANATFINTNIBUNTE
ANARLILIedNERINsAaNINARd1IRNNIRsgIudNBunEd nudn luneaniiaa N AR T
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Table 3 Opinions of farmers on rice production according to organic rice standards.

Opinions of farmers on rice production according to organic rice standards X S.D. Level
Area selection and planting preparation 437 047 High
Planting methods 429 051 High
Soil and fertilizer management 420 037 High
Water management and maintenance 429 0.56 High
Harvesting and postharvest management and maintenance 4.41 0.51 High
Records and data storage 3.93 052  High
Total averages 425 0.31 High
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Table 4 Comparison between the averages of personal factors and opinions of famers on rice

production according to organic rice standards.

Personal Area Planting Soil and fertilizer Water Harvesting Records  Total
factors  selection and methods management managementand Postharvest and data

planting maintenance  management and storage
preparation maintenance
Gender 1 .728ns -1.41 4ns 0.226nS 1 .569nS 1 .778nS 0.71 7ns 1 .262HS
Age 0.291 " 0.365”5 0.486nS 0.790nS 0.404nS 0.378nS 0.073HS
Education 0.043% 1.1 19ns 1 .938nS 2.656ns 0.740ns 3.452k 3.035ns
Experience 0.069”S 0.191”S 0.151nS 1.214nS 0.585nS 0.774nS 0.254HS

ns. = Non - significant at level of 0.05 *Significant at level of 0.05
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Table 5 Comparison between the averages of economic factors and opinions of famers on rice

production according to organic rice standards.

Economic Area Planting Soil and Water Harvesting Records  Total
factors selection methods fertilizer management Postharvest and data
and planting management and management and  storage
preparation maintenance maintenance
area 2.1 98ns 0.209nS O.373ns O.426ns 0.71 8ns 0.430ns 0.024nS
ns ns ns ns ns ns ns
Labor 1.176 1.479 0.758 0.776 1.775 0.198 0542
ns ns ns ns ns ns ns
Income 0.996 1.357 0.206 0.144 1.455 0.574 0891

5

Expenditure 2.281 2.367 1.180 2.146 2.952 0.070 2.382

ns. = Non — significant at level of 0.05
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Table 6 Comparison between the average of information exposure and opinions of farmers on rice

production according to organic rice standards.

Information Area Planting Soil and Water harvesting Recording  Total
exposure selectionand  method fertilizer management  Postharvest and
planting prepa- management and handling archiving
ration maintenance and storage
Media People 2.649 2.542 1.143 0.258 0.465 1.496 1.057
Media Activity 2.939 0.482 0.852 0.474 1.334 -0.402 1.439
Mass Media 0.216 0.648 0.716 -1.150 -1.977 -1.702 0.986

ns. = Non — significant at level of 0.05**Significant at level of 0.01

miﬁnmmwﬁuﬁuﬁ'@mdmmmivﬁymﬁuﬁmﬁuiﬂﬁwmmimamﬁmmummﬁmﬁm%uﬁﬁ
AuAuAndinaesnEmsnssenisnandinumnsgudnagunEd wodd m’mé‘uﬁmG’Tuﬁ'mﬁu%ﬁ’mummi
randamunmsgudnaursgliianduiusiuannAndinsssnemsnssenisuandanutinsgiudan
Bunae (‘ﬁlizﬁuﬁmﬁwﬁmmmaﬁ 0.05) Aawanalis Table 7 ilafianaiflusednu @gﬂiﬁé\”@‘ﬁ

Table 7 The correlation coefficient (r) and p-value between an average score on basic knowledge on
rice production specifications according to organic rice standards as related to the opinions of

farmers on rice production according to organic rice standards.

Introduction to the terms

rice production specifications o Correlation
. o Farmers’ opinions o p-value
according to organic rice coefficient (r)
standards
Area selection and planting ns
) 0.096 0.260
preparation
Planting method -0.071 0.403
Soil and fertilizer management 0.052 0.546
Water management and -
. 0.233 0.006
maintenance
harvesting Postharvest ns
0.109 0.203
handling and storage
Recording and archiving 0.176 0.039
Total 0.165 0.052

ns. = Non - significant at level of 0.05 *Significant at level of 0.05 **Significant at level of 0.01
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