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ABSTRACT

Department of Agriculture use International Seed Testing Association rules
(ISTA). ISTA rules are updated every year by International Seed Testing Association
Board. The development of ISTA's seed quality testing methods includes a variety of
plants, food and cash crops. However, some testing methods do not cover cash
crops in Thailand. Some testing methods have been developed to monitor seed
quality more effectively. Research and development is necessary to achieve an
effective inspection methods. Therefore, Seed and Research Development Division
has established a research and development program for seed quality testing
methods. It has been operating 9 experiments since 2016 - 2019. Including
Chiangmai seed research and development center, Phitsanulok Seed and
development center and Chiang Mai Field Crops Research Center. The results

showed that seed quality testing methods were effective to assess the seed vigor in



mung bean, soybean, peanut and sweet corn. And the method for coffee
germination testing in the seed quality testing laboratory. As well as the PCR
multiplex technique and the rapid detection of Pospiviroid virus in plant seeds
imported and exported by molecular biology technology. It is a fast and accurate

method for the detection of pesticide residues in import and export.
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ABSTRACT

The development of method for soybean and mungbean seed quality
evaluation by electrical conductivity (EC) test was studied at the Phitsanulok Seed
Research and Development Center from 2016 to 2017. The completely randomized
design with 4 replicates was used for this experiment. Soybean and mungbean seeds
were divided into 3 groups by their vigor levels determined by germination after
accelerated aging (GAA) test that were 1. high vigor (HV) (GAA > 70%) 2. medium vigor
(MV) (GAA, 55 — 69%) and 3.low vigor (LV) (GAA < 559%). The negative correlation
between EC value and GAA was found in soybean seeds that showed highly
correlation coefficients (r) up to 0.7 for all 3 planting seasons. The same correlation
between EC value and GAA also revealed in mungbean seeds. Therefore, this
research suggests that the EC test is the useful method to evaluate the vigor of

soybean and mungbean seeds.
Keywords: Soybean seed, mungbean seed, germination, vigor, electrical conductivity
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NUYLR; U**Signiﬂcant difference at the 1% level of probability
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M1399 3 AINIBNNINTZIU (%G) ANUIBNAENEINITHTNE (BGAA) AN tuaninls
(%FT) waz A1n15ULWAN (EC, us cm™ ¢!) AiszAuAINuT 43983 (High vigor, HV) Unu

(
na13 (Medium vigor, MV) #1 (Low vigor, LV) vadiudnaiugdudeaiugdeun 72 fduien

AKAY 2559 Uazaaru 2560

FEAUAINUTIUTS ABNMINTINFBUAMAMN AUES 2559 aaRu 2560

HV G 91 94
GAA 88 85
FT 58 58

EC 32.76 28.44
MV G - 81
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EC - 38.39
LV G - 7
GAA - 48
FT - a0

EC - 41.85
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Study on Concentration and Duration of Immersion of Tetrazolium

Solutions for the Evaluation of the Viability of Peanut Seed
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Abstract

Tetrazolium test is a quick and effective in assessing the viability of the seeds.
The aim of this study was to determine the concentration and duration of the
infusion solution suitable for infusion solution, tetrazolium test to assess the viability
of seeds, peanuts. The experimental design was 4x3 factorial in completely
randomize design (CRD) with 4 replications with two factors, factor 1 levels of
concentration solution, tetrazolium solution 4 levels of concentration 1 0.50 0.10
and 0.05 percent and a factor of 2 duration of Immersion. tetrazolium solution
immersion 3 period is 4 5 and 6 hours at 35 ° C. The concentrations of tetrazolium
solution 1 percent in the immersion period of 4-6 hours at 35 ° C to assess the
viability of the seed germination of peanut close to the very highest standards. And
at concentrations of 0.5, 0.1 and 0.05 percent in the period to 6 hours of immersion
solutions by evaluating the viability of peanut seed germination close to the very
highest standards. Thus, if the concentration of tetrazolium solution immersion for 4
hours, 1 percent or 0.5 percent, immersion for 6 hours to assess the viability of
peanut seeds.
Key word : Tetrazolium test peanut seed
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ABSTRACT

A study to determine the temperature and the time for breaking the
dormancy of peanut seeds in two cultivars, Khon Kaen 84-7 and 6. The research was
conducted in Phitsanulok Seed Research and Development Center in dry season
2018-2019. Two temperature, 40 and 50 °C for 72 90,108,126,144, 168 hours were
tested in the completely randomized design with four replications. The results
showed that the germination percentages of peanut var. Khon Kaen 6 were 43-46
after seed processing, however the germination percentages were increased to 73-75
after breaking seed dormancy by incubated seed as 40°C for 108 hours. Moreover,
the germination percentage of peanut var. Khon Kaen 84-7 were 5-8 after seed
processing, however the germination percentages were increased to 74-76 after
breaking seed dormancy by incubated seed as 40°C for 168 hours. Consequently,
heat treatments breaking dormancy methods, seed incubated in 40°C for 108 and
168 hours, were found to break seed dormancy of peanut Khon Kaen 6 and Khon
Kaen 84-7 cultivar, respectively.

Keyword : Peanut Seed Dormancy
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Abstracts

The research was to study a method of seed vigor test in laboratory that
related to the field germination of four soybean varieties i.e. Chiang Mai 60, SJ 5,
Chiang Mai 1 and Chiang Mai 84-2, an experiment was conducted at Chiang Mai Field
Crops Research Center (CMFCRQ), 2018-2019. There were 8 methods i.e. 1) field test
2) germination test 3) accelerated aging test (AA-Test) 4) cool test 5) germination
index 6) conductivity test 7) tetrazolium-test (TZ-Test) and 8) seedling growth rate.
Four soybean seed from 0, 2, 4 and 6 months after storage in uncontrolled
temperature room was separately used in this study. The result found that
accelerated aging test gave the percentage of germination similar to field germination
test both in the in dry and rainy season. The germination test, cool test and
germination index were later. The correlation coefficient of field germination and
various methods showed that the methods for accelerated aging test, germination
test, cool test and germination index gave a positive correlation with the field
germination with 0.9481, 0.9209, 0.9199 and 0.8109 respectively. This indicates

showed a strong positive relationship between four vigor test and field germination.

Key words: field germination test, vigor test, soybean, vegetable soybean, seed storage
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Wiy Segaz 75 86 wAr 68 ANAGIU (Table 3)
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annlsgegn seadn liun FBveaeulaenisissenguarisnaaaunisentuanineinieiu
Wiy Seway 71 62 uag 58 AuaRU (Table 4)

N13L3QYLAULAVDIAUNAD

naasniulavesiunddaumassiiengiiuine 0 ieu wud fulinissenvesudn
fiuglade Winfu 40 dusle 7 Yu Shsnsiatauesiund winiu 0.045 n3usiesiu (Table 1)

nssgdvlnvesdiunddmaesiiengiiuine 2 1ou nuin fuilnnssenvesiudn
fuglade Winfu 38 duse 7 Yu Shsnsiatauesiund winiu 0.044 n3usiesu (Table 2)

msasnivlavesiunddumaessiiengiiuin 4 ifeu wui fulinissenvesudn
Wudlade Wity 34 dude 7 fu Sasnsiaiauesdiundt wiidu 0.049 niusedu (Table 3)

nsgiulnvesdiunddmassfiongiiuine 6 1ou wuin fuinnssenveudn
fusiade Winfu 31 dusle 7 Yu Snsimsieawesdiund winfu 0.057 niusiosu (Table 4)

aviinissenveundniudiiuisnsussiiiuanuudiswesudnaindnsusalunis
sonveaBniug lumdafiudausinindensenldiss (asdums, 2529) wlndundesdiileny

v A Ly s =

& o S A = a I3 = & aa
n1susnwIdui 2 uag 4 weu AARvin1ssenvouudniuggednaniduudniianiy
LU IIFINTNUERTINEDTIEAUTI W 6 LFieu
NIINAFBUNISTLAN

s = =3 v o A a A 1 1 o a [
N1INAFRUNNYIATVBNUAANUTI NGO 0 oy wud1 A1nsiliiade windu 80
lulasTwudrawufiung Anuudausaannisdeuindedluseauluseiuas (TZ-energy 1)
(Table 1)
=) = <@ o o = a & ! 1 o a [
NINAARUNITUATVBAUEAT UG DN 2 tHou wud1 NSl ede windu 102
lulastuuddowufiuns aruudasinnisdeuindegluszduuiunans (TZ-energy 2)
(Table 2)
=) = <@ o cw & P A 1 1 o a -
NINAFRUNITAATVBAUGATUTOMEDIN 4 tHou nud1 Amnstlniiaede wihiu 204
LlasTuudsowufiuns mnuwlassainnisdoudndegluszauUiunaishous (TZ-energy
2.5) (Table 3)
= = @ v s = a A J | o a [
NINAARUNITAATVBAUGATUTAIUEDIN 6 Lo nud1 Ansthlniiaede windu 229
LlasTuudsowufiuns anuudwssnnnmsdeuindeglussiuiiunanshousi (TZ-energy
2.5) (Table 4)
Arnstlniuansfanisidennunmusduaniug wanninsdeununmazande
AaauURlunIsNUANa15AN9 9 esannisid@enaninventisig 9 aeluged uanua
oA v a I3 X 4 A = Aaa a avyy i & Ao
polllaslunisdoufnduoaudn Weowenudwsuaziidinasindlauinninudaniainu
a1

I3 5 o A 4 3 & aa ° o A
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aaHu
AULUILTIVBINAA UG AT DY
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wanwugaundes wiriu Sesaz 88 Isnaasunissanluanineinimduliainiiusen
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IndlAssiumiusenluligean seswman laud Iinaaeulagnisiseerguaziinaaauninusen

WINAU 5088 98 83 way 87 muaisu (Table 5)
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ANULTIUS IR IEnTUGaMERsTINgNSAUINYT 2 Wou Wl Aawsenlulsves
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Wndd WAy Sesay 81 Asneasunissanluaninainiaduliaiaiueen

13 [y

ARG
IndlAssiumusenlulsgean soswmaun laun Fsvaasulagnisiseerguagisnaaeauninusen
Wiy Seeae 78 77 waz 91auansu (Table 6)
< 2 o s a A Y = ] '
ANULTITIRINEATUOMERTIoEN AU 4 o wud Awsenlulsves

& o e & oy aa ] v v )
LIAANUININADY bNINU ToYaY 64 '351/]@3@1]1@8ﬂ’]iLiﬂaqEﬂVﬂqﬂ’J’]mﬂ@ﬂiﬂaLﬂEJQﬂ'Uﬂ’J']lI
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1 =

sonlulsgegn setaun laun IFveaeunissenluanimeinialiuuasisnaaouniiuien
Wi Seeag 65 66 war 77 Auanu (Table 7)
< 2 o s a A Y = ] '
ANUKDULTIVBANEARUTAINFRIND1ENTAUTIY 6 LHou WU Ausenlulsves
waaiugiunaes wihiu Sesaz 55 Fneaaunuisnliainuieninaldesiumiusenty
15g9an so3awun loun Fnaaeulagnisisienguazisnageunissenluanineiniemiu
Wiy Seeag 56 54 war 620U AU (Table 8)
QUEEEAEINEYLRAT
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nsseyiiulavassiunaInamiesengiuine 0 Wew wudl Avlin1ssenveuin
Wugiade Wiy 41 dusie 7 Tu §n3n15iasuesduna Wity 0.035 niusesu (Table 5)
nswsgulavessiunddundesiiongiiuinm 2 Weu wul dudinissenvsiwan
Wugiade Wiy 36 dusie 7 Tu §nIN1IaSUeRuna1 Wity 0.045 niusiedu (Table 6)
nssyiulavesdunddumdssfiongiuine 4 weu wud dudinnsenvesudn
Wugiade Wity 34 dusie 7 Ju Snsin1siateyuesiunan wiriu 0.055 n3usenu (Table 7)
nswsgRulavesdunddundeiionanuing 6 weu wuin dutinnssenvadudn
Wugiade Wity 29 dusie 7 Ju dnsin1siateyvesnunan wiriu 0.081 niusiesu (Table 8)
NINAHIUNISTIAY
IS = [ v s A = A ! ! o =~ | v
N1SNAADUNITNANVBANEAR UG WG 0 thiou nudn Arnsdrlifiagde windu 89

lulasguudrawufimng Anuudausaannisdoudndedluseiuluseauas (TZ-energy 1)

(Table 5)
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MaveaeuN 1 TIATvosuaniugIImassd 2 Weou wud Amnisiliiiede windu 116
LulasTuuddowufiuns auudiwsaannisdoufndedluszduiUiunans (TZ-energy 2)
(Table 6)
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NMINAFUNNTAATVDLUAANUGANMEDW 4 W wud1 An1siibiifiede wiiu 232
lulasTuddewufiuns anuudusinnnisdoufndedlussiuUiunalsaeusi (TZ-energy
2.5) (Table 7)
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2.75) (Table 8)
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9 9

WugiFedlnd 60 uag @3 5 91 (Table 1-8) o INANvMzNITANLAvRIM IR HNANTL

1 £ Y o = ' [ 1Y < ::l' < = Y] =3
ﬂ?iEjﬂLLﬂ‘UENEjﬂiumuvl,iﬁ/\li@llﬂu FIYIMNADNITATIRUAIULNULNYD ﬂ’]iLﬂULﬂEJ’JI@EJVDlUﬁ]SLﬂ‘U

Aenfies 1-2 sau vinliwdanugnladssdunisgnuniianediu Yaan (2529) na1aliin

s = 4 v

Tneiilupuninudeiugarguaniissesgnuivieassive amuwlausaudaiuggadn mind

3 U q

a

lilsAuiAedsinseglunvaseziiansdenaniwegesings esanmsasunlames
Arwunargumniluuas ihliudedsnsnsldomsaraugs nssduliudafnninden
AN MeE1TING Belfuanmanisidennunimuazanuudausianas ludiuvearinisih
1W1N117ii’mléfqa§u LaEsEHU TZ-energy Tty Tngamzlugdndiiusnwndunaiuvly

NG

%4 = Q‘ %4 %
duuseansanaunus
Woyinn1sieseiadulseansandunusseuineniseentatulsiaznssuisnaasy

saa

7199 WuANFURUSTRIRILUsNSluduTuSBsuINuasduRuS ey duuszandandunusnd

a

ANlng 1 v3e -1 uanstansiianuduiusiuluseduas Arduusensanduiusidouind



50
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1 3n@n 5898907 WA IFNAgauaNIenNINIgIU TsVnaeun1TentuanIneInIsiu
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anuduiusvesiuuslusedugs S1uau 135 fe Bveaeuduiinissenvesuiiniiug wiriu
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0.8109 Tunns991u duUszandandunus Bauuesiiuusnssuisneg aenissenlatuls
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U1unand winiu -0.3737 (Table 9) A&uUUSEANSANFUNUSTANDLENG -1 Y150 1 LAAIDINS
a U % & [} 1 a0 v ¥ = a % %} 6 [ v

fanuduiusiuluseiuas winindiand1lng 0 wansdanisiianuduiusiulussdudes
vsokiiay e r seAUreIAINFuRUSag 581319 0.90-1.00 wansilauduiusiuly
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na19 0.30-0.50 dmnudunusiuluseaunn wag 0.00-0.30 danudunusiuluseausiuin

(Hinkle, 1998 914lag wianwal, 2537)

Table 1 The vigor of four soybean seed varieties after treated at 0 month at Chiang

Mai Field Crop Research Center in the dry season, 2018

Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (¢/plant) pS/cm/g.seed
CM60 97 98 84 86 44 0.030 71 1
SJ5 98 100 92 90 a7 0.027 64 1
CM84-2 88 98 86 82 36 0.062 95 1
M1 86 97 80 78 34 0.061 91 1
Average 92 98 86 84 40 0.045 80 1

*1 =TZ-energyl : Hight ; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low
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Table 2 The vigor of four soybean seed varieties after treated at 2 month at Chiang

Mai Field Crop Research Center in the dry season, 2018

Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (¢/plant) pS/cm/g.seed
CM60 90 92 82 80 a2 0.031 92 2
SJ5 96 98 90 86 a5 0.026 86 1
CMm84-2 84 90 76 69 32 0.059 125 2
CM1 87 92 75 72 32 0.061 104 2
Average 89 93 81 7 38 0.044 102 2

*1 =TZ-energyl : Hight ; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low

Table 3 The vigor of four soybean seed varieties after treated at 4 month at Chiang

Mai Field Crop Research Center in the dry season, 2018

Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (g/plant) pS/cm/g.seed
CM60 81 87 80 76 38 0.031 104 2
SJ5 88 90 91 80 a0 0.029 114 2
CcMm84-2 54 80 60 56 28 0.072 304 3
CM1 65 85 68 60 30 0.062 295 3
Average 72 86 75 68 34 0.049 204 2.5

* 1 = TZ-energyl : Hight ; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low

Table 4 The vigor of four soybean seed varieties after treated at 6 month at Chiang

Mai Field Crop Research Center in the dry season, 2018

Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (¢/plant) pS/cm/g.seed
CM60 69 72 68 62 36 0.035 125 2
SJ5 78 80 75 72 40 0.034 127 2
CM84-2 55 65 a9 48 22 0.079 346 3
CM1 68 68 55 50 26 0.079 317 3
Average 68 71 62 58 31 0.057 229 25

*1 =TZ-energyl : Hight ; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low
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Table 5 The vigor of four soybean seed varieties after treated at 0 month at Chiang

Mai Field Crop Research Center in the rainy season, 2018

Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (g/plant) pS/cm/g.seed
CM60 90 100 90 89 46 0.026 88 1
SJ5 92 100 84 95 48 0.024 72 1
CM84-2 84 94 78 80 34 0.044 104 1
CM1 86 98 80 82 37 0.048 91 1
Average 88 98 83 87 41 0.035 89 1
*1 =TZ-energyl : High; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low
Table 6 The vigor of four soybean seed varieties after treated at 2 month at Chiang
Mai Field Crop Research Center in the rainy season, 2018
Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (g/plant) uS/cm/g.seed
CM60 87 94 82 78 40 0.031 90 1
SJ5 88 96 80 81 43 0.049 82 1
CM84-2 72 85 68 75 30 0.056 160 2
M1 78 89 7 79 32 0.045 131 2
Average 81 91 7 78 36 0.045 116 2
*1 =TZ-energyl : High; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low
Table 7 The vigor of four soybean seed varieties after treated at 4 month at Chiang
Mai Field Crop Research Center in the rainy season, 2018
Field Germination AA- Cool Germination Seedling
Conductivity — TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (g/plant) pS/cm/g.seed
CM60 65 75 67 70 36 0.036 135 2
SJ5 74 86 78 72 40 0.031 122 2
CM84-2 50 72 52 55 29 0.081 337 3
M1 68 75 67 62 29 0.071 336 3
Average 64 7 66 65 34 0.055 232 25

*1 =TZ-energyl : High; 2 = TZ-energy?2 :

Medium ; 3 = TZ-energy3 : low
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Table 8 The vigor of four soybean seed varieties after treated at 6 month at Chiang

Mai Field Crop Research Center in the rainy season, 2018

Field Germination AA- Cool Germination Seedling Conductivity  TZ-Test*
Variety Test Test Test Test Index Growth Rate
(%) (%) (%) (%) Plants/7 days (g/plant) pS/cm/g.seed
CM60 57 67 55 58 32 0.038 152 3
SJ5 63 72 62 65 38 0.038 144 2
CMB84-2 45 55 ar 46 21 0.095 387 3
CM1 55 67 52 54 24 0.081 345 3
Average 55 65 54 56 29 0.063 257 2.75
*1 = TZ-energyl : High ; 2 = TZ-energy2 : Medium ; 3 = TZ-energy3 : low
Table 9 The correlation coefficient of field test and vigor tests in soybean seed after
testing at Chiang Mai Field Crop Research Center in the dry and rainy season,
2018
Field Germination AA- Cool Germination Seedling
Conductivity
Test Test Test Test Index growth rate
Germination Test 0.9209
AA-Test 0.9481 0.9266
Cool Test 0.9199 0.9254 0.94
Germination Index 0.8109 0.7577 0.8523 0.8773
Seedling growth rate -0.6832 -0.5966 -0.7512 -0.7669 -0.8699
Conductivity -0.8516 -0.7971 -0.8516 -0.8812 -0.8441 0.8465
TZ-Test -0.8469 -0.8378 -0.8237 -0.8852 -0.7939 0.6473 0.8218

agﬂwamﬁ%’au,az%’mauauuz (Conclusion and Suggestion)
= ! ad < £4 a va [
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Study on Suitable Concentration of Tetrazolium Solutions for Evaluation

Viability of Soybean Seed
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ABSTRACT

To determine suitable concentration of tetrazolium solution for viability of
soybean seed evaluation, a study was conducted at Phitsanulok Seed Research and
Development Center in dry and late rainy season 2017. Completely randomized
design with 4 replicate was used as an experimental design. Treatments consisted of
5 concentrations of TZ solutions i.e. 0.2, 0.4, 0.6, 0.8 and 1.0%. Results showed that
TZ solution at 0.2% concentration was the most suitable treatment viability of
soybean seed evaluation. The 0.2% concentration solution provide no significant
difference in the seed viability test compared to the 1.0% concentration but lower
cost of chemical used. Chemical cost of TZ solution used at 0.2% concentration was
35 baht/sample, lower than that of the 1.0% concentration for 175 baht/sample.

Keyword: Soybean Seed Tetrazolium Solution

U1 (Introduction)
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52i08U35n159398  (Research Methodology)
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Table 1. Viability of 10 seed lots of soybean with high vigour (accelerated aging test > 70%)
evaluated by different concentration of TZ solution at Phitsanulok Seed Testing
Laboratory

in dry season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No4 No.5 No.6 No7 No.8 No9 No.10

0.2% 93 89 95 85 98 94 95 96 98 90

0.4% 93 91 95 88 99 93 94 97 99 90

0.6% 91 91 94 87 99 95 94 95 97 89

0.8% 91 88 93 89 98 94 94 98 97 90

1.0% 91 91 94 89 98 96 93 97 97 89

F-test ns ns ns ns ns ns ns ns ns ns

CV (%) 1.2 2.1 3.1 2.8 1.5 2.8 3.0 2.0 1.7 2.0

Standard germination 91 92 90 90 95 99 95 89 95 83
test (%)

Germination after 76 72 73 70 78 78 78 83 84 80

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT
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Table 2. Viability of 10 seed lots of soybean with medium vigour (accelerated aging test 55 —
69%) evaluated by different concentration of TZ solution at Phitsanulok Seed Testing

Laboratory in dry season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No4 No5 No6 No7 No8 No.9 No.10

0.2% 89 82a  89ab 88 9%a 80 86 83 87 87

0.4% 89 81lab 85b 87 89b 81 83 82 82 87

0.6% 88 77b  86b 89 95a 83 85 84 85 86

0.8% 88 83a 89ab 88 94a 81 85 85 82 87

1.0% 88 81lab 91a 85 93ab 78 84 85 83 87

F-test ns * * ns * ns ns ns ns ns

CV (%) 2.1 2.7 2.6 2.3 2.6 2.8 3.9 3.3 3.0 2.2

Standard germination 89 83 93 77 85 80 83 85 78 84
test (%)

Germination after 68 60 64 59 56 59 62 57 60 63

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT
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Table 3. Viability of 10 seed lots of soybean with low vigour (accelerated aging test < 55%)
evaluated by different concentration of TZ solution at Phitsanulok Seed Testing

Laboratory in dry season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No.4 No5 No6 No.7 No8 No.9 No.10

0.2% 81 73a 73 74 85 79 77 83 84 82

0.4% 80 70ab 76 71 81 80 77 82 85 83

0.6% 82 68ab 77 73 83 80 76 84 79 81

0.8% 77 64b 76 75 85 81 76 84 84 82

1.0% 76 70ab 75 69 81 79 78 83 83 81

F-test ns * ns ns ns ns ns ns ns ns
CV (%) 3.5 4.0 3.9 3.9 3.3 3.2 1.4 3.7 4.1 3.4
Standard germination 86 75 77 79 87 79 76 79 85 76

test (%)

Germination after 44 31 42 41 46 40 41 47 33 43

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT
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Table 4. Viability of 10 seed lots of soybean with high vigour (accelerated aging test > 70%)
evaluated by different concentration of TZ solution at Phitsanulok Seed Testing

Laboratory in late rainy season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No4 No.5 No.6 No7 No8 No9 No.10

0.2% 95 90 91 91 92 98 96 92 93 93

0.4% 94 90 88 90 92 98 96 95 93 92

0.6% 94 88 91 89 92 96 93 94 93 93

0.8% 91 89 87 91 92 98 93 92 94 92

1.0% 88 86 89 89 95 96 93 91 93 89

F-test ns Ns ns ns ns ns ns ns ns ns

CV (%) 35 4.7 3.5 3.3 3.2 1.6 25 2.1 2.6 2.6

Standard germination 92 92 88 90 94 96 90 90 90 93
test (%)

Germination after 89 73 76 74 73 91 74 75 85 79

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT
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Table 5. Viability of 10 seed lots of soybean with medium vigour (accelerated aging test 55 —
69%) evaluated by different concentration of TZ solution at Phitsanulok Seed Testing

Laboratory in late rainy season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No4 No5 No6 No7 No8 No.9 No.10

0.2% 88 85ab 85 91 84 92 93 90 88 93

0.4% 90 89a 82 88 81 90 91 88 88 93

0.6% 89 83b 84 91 81 90 94 88 84 89

0.8% 87 82b 88 93 83 87 93 87 86 91

1.0% 88 84b 85 91 85 87 94 87 87 92

F-test ns * ns ns ns ns ns ns ns ns
CV (%) 34 3.2 4.1 2.8 3.3 34 2.6 4.0 3.3 3.3
Standard germination 91 90 91 91 80 87 88 86 84 84

test (%)

Germination after 56 58 58 60 67 66 62 58 68 63

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT
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Table 6. Viability of 10 seed lots of soybean with low vigour (accelerated aging test < 55%)
evaluated by different concentration of TZ solution at Phitsanulok Seed Testing

Laboratory in late rainy season 2017

Concentrations Viability (%)

tetrazolium solutions No.1 No.2 No.3 No4 No5 No6 No.7 No.8 No.9 No.10

0.2% 92 88 90a 80b 83 86 84 85ab 77 83ab
0.4% 89 87 88ab 78b 82 85 85 87a 76 80b
0.6% 88 85 87ab 83a 81 88 84 82b 77 81b
0.8% 90 87 90ab 80b 82 85 84 88a 77 83ab
1.0% 90 85 87b 80b 80 84 88 83b 75 88a
F-test ns ns * * ns ns ns * ns *
CV (%) 1.9 1.8 1.5 2.2 2.3 3.2 3.0 3.0 3.9 4.3
Standard germination 93 88 85 86 83 84 89 86 81 83
test (%)
Germination after 43 51 50 38 38 37 49 51 32 43

accelerated aging (%)

Mean in the same column, followed by a common letter are not significantly different at the 5%

level by DMRT

Figure1. Viability of soybean seed from tetrazolium test




65

s buad

Figure2. Non - viability of soybean seed from tetrazolium test

a@wamﬁ%’a uazdatauanue (Conclusion and Suggestion)
ansazany TZ (2,3,5-triphenyl tetrazolium chloride) fanududu 0.2% finy

Saa I3

winzaulunsUselivanuiddavesudaiuioivies lnsussuanuddinliuansneiu

frufisgauaududy 1.0% Nn5eAuAULTwsweRuaANUgILNEos LagaIu1saanal

A5 ATIMABLINEY 35UN/A19819 MN175 UIN/Fveng

nMsnaaasd 6 nismumaiesaimandidensitensasideudon Fusarium
sporotrichiodes, Fusarium moniliforme W&
Cephalosporium acremonium ﬁﬂ‘uLﬁaﬂmmﬁmﬁuﬁsﬁﬁﬂwmdﬂaaﬂ
Development of Multiplex Polymerase Chain Reaction Technique for
Detection of Fusarium sporotrichiodes, Fusarium moniliforme and

Cephalosporium acremonium Contaminated in Exported Maize Seeds

ya o

N8

Y
dnnsal WsauT Nipapon Punnara A LT el
ANEES TunanIAuY Papassomn Wattanakulpakin A yailan
guwn 91U Sumana Jumpa Ax.Besln
AnanyY dneaivade Supalak Sattayasamitsathit AL iyallan

#AUBY fhm@; Sanong Bougate mu.ﬁwaﬂaﬂ



66

UNANED

& . " , . .
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Abstract

Fusarium  moniliforme,  Cephalosporium — acremonium and  Fusarium
sporotrichiodes are economic important fungal pathogen of maize and other cereals
worldwide. Fusarium moniliforme produce mycotoxin which are a potential health
hazard for humans and animals that consume maize and maize products frequently.
Maize diseases directly affect the production of corn, potentially leading to great
economic losses. Therefore, many countries have quarantined maize seed that are
infected with specific fungal pathogens. Fusarium sporotrichiodes not found in
Thailand but we found Bipolaris maydis that is quarantined fungal pathogen.
Therefore, in this study the development of polymerase chain reaction (PCR)
detection methods to identify three quarantined fungal pathogen. The pathogen

specific primer sets Fum5-Fumé6, F-R and JB589-JB591 were tested for Fusarium -
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moniliforme, Cephalosporium acremonium and Bipolaris maydis, respectively. The
Fum5-Fumé primer set was designed from polyketide synthase gene region; the F-R
and JB589-JB591 were designed from 18S rRNA gene. The quarantine fungal pathogen
primer pairs were amplified to specific number of base pairs in each of the following
fungal pathogen: 180 bp (Cephalosporium acremonium), 425 bp (Fusarium
moniliforme) and 346 bp (Bipolaris maydis). The detection limit for multiplex pcr
primer sets was 1% of maize seed that are infected with specific fungal pathogens.
uni (Introduction)
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Az nuad wavlassaseiilvidudinaues (fruiting body) (Mathur and Kongsdal, 2003)
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1. MTWILIAELYBUALANYIANYUEN A UFIUING1VDUYD

UL% 8 51 Fusarium moniliforme, Bipolaris maydis W a % Cephalosporium
acremonium TiwenuaNwaaRugI1INe WAnwanvaENNduNgILINeIvenTe tneg
Y] Y] ] ¢ o Y ¢ Y v ca o o ]
anwazlduly sUswaves dnwaziugales aglandesqanssaiiinasuenesieg

= a o [l & a <

2. MTARLUALIULDIINAIDE VI TILALNITATIVEDUAMNINALIULD

MN13EaEUTe31lueIM1T Potato Dextrose Broth (PDB) M19auvi 28 8N

s o A & a < d' a aa

walpauan 5-7 Ju Weawesnasgynuiienaulelalunasannassauin 1.5 1adans
ansaulemeansazaty EDTA Auwsv 0.5 M wazualnilunsazidennislulnsiauman
wnadnsowelnenislyyaaind 593U DNeasy Plant Mini Kit (Qiagen) Wniioe195Lawe
NainlaNINTIEADUAMUVUVULAL AIINUTANTAELATOINUTUINAUWNVUATUTU
uoelnBlsIReil (nanodrop) NuUsunaasazaneoue 2 lulasans/fesny/ass Inevin
n13ianAIN1TaRAdUILas (Absorbance) NAIINEIIYIET 260 ULULUAT (A260) TaNUIY

a = Ao A LY a a £ a = )
ﬂ’ﬂllL“UNSUUSU@QWLQULQWUWIQQQ uﬂumm/lm‘[mam ﬁ?Uﬂ'ﬁ']iJUi?jV]ﬁ“UEN@LE)ULE]V]E’Iﬂ@IG‘I%Z@j

PNFAFIUNTOATULAIYBIAIBY1NANNYNIYIET 260 WILULLAT (A260) way 280 ULy
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WA (A280) %ﬂ%ﬂﬂﬁLﬁuL@ﬁﬂ’;WU%@Vl%ﬁjﬂ ARSHANNINUY 1.8 (A260/A280 = 1.8) 11nAN
Y] ~ a ! a a g Al P a a =~
dnajrunlninusy N1 1.8 WARIHNANANALOULEN ATNISULUBUINNIUSAY YSpa5LAdl
due twananfidueflauinsiadeumemaindaninslnidalasly Tuevnilsa 1 Weosdud
Tu 1X TBE buffer #1 80 Volt 1ut1a1 30 U1l foudmdutesiuddau SYBR safe 1ng
W3suLipuiunauidueu1nsgu (Molecular weight Marker) asiagaudiduanisliuas
ganshilaian Juiinuasmian1saenImeenIaatuiinn Ao uLe
3. nMsmduungnazasnwuulnsues
nsdudmuneniinnudmigdadosudazaneiug Weuuneenwuulnswes
o [ a' o a < d” . . .
AUTURNTIUIUALD ULV N1500NLUY primer TElUsWASH Primer3 1ag Primer
sequence Mignidenthunldwariilaniunisnsivaeuanudimzlagldlusunsy Blast ves

NCBI

4. msmansfivunzadlunsiivvenefiiuevendeudazviinlne3ingens

m383 PCR reaction mixture lngUSunisifiwmesanas il Ysuanududuaes
MeCl, Aansdudumes primer Usunasves Taq DNA polymerase antutildacluinias
Thermal cycler 5@@&4%@3‘3 nan warsuseulinaunusinvede
5. NMSNAFIUANUINNIZVBI WIS

1 A&

nsnaaeuANIIzvasingies 2 35 Ae Tdlnswes 1 A defdueRuLULaIN
& a Y} ¢ A g v a | ) v & Y]
Wanangvlanauiy warldlnsiwesnaumafduedukuy 1 380 SUAUNISERLuLeNaTn
d’lj a dl' a a A . e . . .
INNLYBINVUABUDAN 2 YUA A Fusarium moniliforme, Bipolaris maydis W& ¢
Cephalosporium acremonium AAUULINYIATIIAIUEN1IZTIALNZ L
6. NsNAEaUANULIVRIITNTBS
o 4‘4’ [ v € o a & 4’4’ &
hnsneaeuauhlunsesmwesusiazaeiug lneuifiduevedioniindns
AAUUNTU 100 ng, 10 ng, 5 ng, 2.5 ng, 100 pg, 50 pg tay 10 pg AAUULIVIATeS
ANUANITUNZEL
7. N3ATIAETIUAIAUYNADIVDIEAULUE
PhadueNNIuNMsInvsgluna s uUaonTIEe U UG o s R 0INT
8 nsunanzimunzaulunisiinvenefduevasiauiazslnlagIstianwandnaans
lagn15UTuAduTuYRY MgCl, AMILTUT YD primer un)i annealing,
extension time, U31104u89 Taq DNA polymerase wagdnuiusauntdlulfizen
¥ ad v a <2 ¢ o/ ] < v
9. nMIsnagauANUlIlazANgNAIvasIsiafwandidansludletiauuandiilnng
Pudnd 1 lnaundluneanasod 95 wWosdud u1u 5 U9l hazn NNl wi

PntusUstdntlnaudwiunis uluaisuviuaseales (spore suspension) U89LT9)
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Fusarium moniliforme, Bipolaris maydis Wag Cephalosporium acremonium fidaay
duturesusiazitle 2x10° adeddediadans Wunan 1 alus Weasunaniiudammnl il
whaunszaensessinidonslugungiivios nraaoulsyansnmmslgnideludadlna
IﬂsmwﬁmmﬁmﬁﬂqﬂL?gaLLé”Jé’wU’mﬁuﬁazmmNuuﬂizmw%yu (blotter method) ﬁagﬂu
MuAsITe 19 20 Wik Unligungives aelduas NUV Alvkanunan 12
FalusdeTundsanugnitonda 7 Yu vuufauiniagaiglindes stereo microscope
fndonudafiiaendzdutudaund Taelu 100 wislkiudadidade 0, 1, 2, 4, 6, 8,
10, 20, 40, 60, 80 waz 100 Wan ynsadadduenaziluinveediduelneldis
fafmdndfigorsluanngimngaunnaaeumeomaiadidninslnidalasly lusynilsa 1
Wosidudlu 1X TBE buffer 7 80 Volt 1lutan 30 urit douddidulededden SYBR safe
InatUSeufisuiuuaudidueninsg1u (Molecular weight Marker) asiadauftduenigls
uasgandilaileian Yufinsasonisiisamieiaiestuiinnndidue

[y

ST U manAw 2559 dudn fugney 2561 531 2 U

q

Ly

GEINT AugIdBwazianwiaiugivivalan

9 9

NaN15998 (Results) wazanusiena (Discussion)
1. ANWANINTUFIUINGIVBUTDI
‘3’{ . o e ¥ = L gj = ¥ 1 g.JI
o3 Fusarium moniliforme véuly finany dvrieuvuy AMugaUes Awmsasny
pguuuRgl Y dvneusunnuladifeidiuuaieales wuuusnisendt alastadineuivuin
gy 3Us11InTe TasuvrauSeinuane dniaiu 4-6 lwad wuuiasausenilulasiadineud
[ ' v a 3 v < v A 1o
yaangUIaaensEUen (clavate) 1 1-2 wad afaduduagseiulugnlgdiuiuiin
vuwsnaduloion dnvazwesifiesanuuuwiniug Wwelldnwasluduleduvnyales
< Y & % v ' Y N < =
yuadnasaluduasgiadegnlgnseaeduuRuLdn (0 1)
& . . I3 & A da o O A Y N
1831 Cephalosporium acremonium \Wugesiytianiindany luddduleddun
91AlAvNNVTeAMTRS ANwMEIWNITVRNTRRR NUYET 1587 (delicate) ARELEUNY (hair-
in appearance) lafiieiiwadifes 3UT (elliptical) nsegulvegilungy (irregular cluaters)
- o Y & - 2 o ¢ & Ao & % =~ ¢ <
Mareinuy anvazweTinTanvuuiniug welldnwasluduledvn avesuuiaidn
asrsdudndunentn (nmd 2)
\W931 Bipolaris maydis WedlaUaseilas Uareiseanu Wil hilum w@uledideanznen (nm

it 3)
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o Y] & . . 2 v v 9]
Andl 1 dnwasldes) Fusarium moniliforme UuludaRugtlnauazlAs @3NS

Tulasladlie

Al 2 dhwaziResn Cephalosporium acremonium VWMAATUSTINALAEIATIE51S

9

Tadie
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a o & . . . & o sy o A a
AN 3 d@nwaBleIT Bipolaris maydis uwdnugT N InakazlAsEsalailfe

2. MSATEURLIUDIINAIDEIHALNITATIVEDUAMATWALIULD
[ a & dsll . . . . o

IINN1TANAALDULDYDILY B I Bipolaris maydis, Fusarium moniliforme,
Cephalosporium acremonium, Aspergillus niger, Aspergillus flavus lag Penicillium sp.
meyaaind sy wuimiduelinnuuigvdgelinmiiu 1.8 (A260/A280 = 1.8) lneide
Fusarium moniliforme §USNNuALOULOAU 19.8 ng/ul auE Mo Cephalosporium

. PN a o =% a g Y & & a - Y

acremonium HUSIURBULEYINAY 23.5 ng/ul FehueNlanTdetetivsunalndlAes

Yo A

fu uwinBuetiatnldddusmaliinidemntunsuatalilatinsldlulnsiumen enaes
yhlinsgesnineadoslsiauysal udegidlsfmuimamdueils aunsalulddely
Funpunsifiniunameiidensaeld

3. msmdudmanguazeanuuulnsiues

mﬂmimguLﬂmmﬂﬁﬁﬂ’muﬁi”nwwsﬁim%’aiﬂ Fusarium moniliforme, Bipolaris
maydis wag Cephalosporium acremonium wiovueenwuulnsues Tneldluswnsy
Primer3 Imm‘%@ Fusarium moniliforme laguituinede polyketide synthase, gaoB wag
U310l internal transcribed spacer (ITS) region wa e LG?}IE] Bipolaris maydis W8 ¢ L%E]
Cephalosporium acremonium WEuthmunefie 185 rRNA dmsuiillifiusiuiufibuie
dolu drduiuavedlnswesildusazsdnuansddlunisned 1 Geslladefidosridedslunis
gonuuulnswesiieldlunsiaumedaiafimdndfigdes Woud auenvednswes 34
Tnelumsazegludae 18-22 wa Agaumaiinisnasy (Tm) veslnswesnisazdirilsl
uanssfusndinilesandeddvinugnionluniendureusazdlnsiues mseglugie 55°C-
60°C AULANAIIVBIAT Tm Vedusazlnsmeoslianisiiu 3°-5° C anudnnizveslnsimes

Wudsddandesiansanlumseenuuulnsuesreaiduivavesusnandinane esnly
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mswseudafinandeziiosduseneuiitinnisudsduiudulivarsusiueglunasadeniu

wazladugavinefevaniienisiinlnswesiawes Ao nswesiian1sduiuiedauise

asvaeuldluvasiiviiniseanuuy Fddunsvidammdnddlnswesiivaslunanendad

TomaiuvensvunndueNllsnngle

= sag v a L aa & ] a
AN 1 1‘W§LN@?WI%LWNU?N’]W%U@LEJUL@Lﬂ’WT@J’]EJSLUL%aﬁrlLLG]aSEUu@

\Wosuthmune avuthadlelnavesinswes guilnang PUATUR
(5—3) 1OuLe
wWhnune(bp)
Fusarium Fum1F: GAG GCC CGA GCG AGC ACT GG polyketide 1456
moniliforme FumdR: CCA GCC GCG GAA ATT AGG GAT synthase
GTG
Fum5F: GTC CTA CGC GAT ACA TCC CAC polyketide 419
CAC AAT synthase
Fum6R: GAT CAA GCT CGG GGC CGT CGT
TCA TAG
Fum5F: GTC CTA CGC GAT ACA TCC CAC polyketide 534
CAC AAT synthase
FumdR: CCA GCC GCG GAA ATT AGG GAT
GTG
Fum1F: CGA GGC CCG AGC GAG CAC TGG polyketide 1340
Fum6R: GAT CAA GCT CGG GGC CGT CGT synthase
TCA TAG
FUM1F: CCATCACAGTGGGACACAGT polyketide 183
FUM1R: CGTATCGTCAGCATGATGTAGC synthase
ITS F: AACTCCCAAACCCCTGTGAACATA, internal transcribed | 431
ITS R: TTTAACGGCGTGGCCGC spacer (ITS) region
FV-F2: CACTGGTGGTAACGATGCG 2aoB 370
FV-R: CACCCTGAGTGCCCTTGGTG
Fusarium Fspor F1: CGCACAACGCAAACTCATC tri5 gene 641
sporotrichiodes | LanspoR1: TACAAGAAGACGTGGCGATAT
Cephalosporium | nu-SSU-F: AAGGCATGGAATAATAATAGGA 18S rRNA gene 285

acremonium

nu-SSU-R: TTGCAAT GCCT ATCC CCAGGA
ARS-F: TCCTCCTAAACCTCATGCATTT
ARS-R: ACGCAAAAACAGCCAAAGAC
pyrd-F: TCTTTGAGGACCGCAAGTTT
pyrd-R: GTCCTCGTCATCATCGTCCT

IPS-F: GGTCGCTCTTCTGATTTTCG




75

IPS-R: GTTCACCGCGTAAAAGAAGC
cds-F: GCTTTTGCTGATGCCTTAAAA
cds-R: GCACTTCATCCTGCAAGTAAAA
185-F: GGAACCCCATACCCTTCACT
185-R: GGCGGTCCTATAAACCAACA
5.85-F: AGCGTCATTTCAACCCTCAG
5.85-R: CCTACCTGATCCGAGGTCAA
pks1-F: CCGATACTTTCTGCCAGCTC
pks1-R: GAGGCCTGCTTATTCACAGC

F: CTAGGCTCTCCAACCCATTG

R: AGCCAAGAGATCCGTTGTTG

FMR 8303-F: CCTGTCTGAGCGTCATTTCA
FMR 8303-R: CAGCGGGTATTCCTACCTGA

Bipolaris maydiis

JB589F: CCT TTT TTT TAT GCA GTT GCA
JB591R: CTC CTG ATA CAG AGT GCA AAA

18S rRNA gene

346

JB589F: CCT TTT TTT TAT GCA GTT GCA
JB596R: GAG GTC AAA AGT TAA AAA TCG
TAA

18S rRNA gene

397

JB58TF: CAG TTG CAA TCA GCG TCA GTA
JB596R: GAG GTC AAA AGT TAA AAA TCG
TAA

18S rRNA gene

331

JB587F: CAG TTG CAA TCA GCG TCA GTA
JB591R: CTC CTG ATA CAG AGT GCA AAA

18S rRNA gene

333

4. mMswan1zimanzaulunisiiuvenefd ueva e

NSz ivnzadlunsiineeefiowevestes vy 6 aeiug lneviinis

naaoulnssosimun 24 ¢ Ingldihen PCR master mix (One PCR) 8%e Genedirect® Tng

a s H A a a & o &
ll@\TﬂﬂigﬂEJUSU@\TU']EJ']VIImUﬂqﬁLWNGUEﬂEJ@LEJULEJGUEJQLGUEJ@\TU

PCR reaction mixture

Ysurmsisiy (lulasansg)

Template DNA 0.5
Forward Primer 0.5
Reverse Primer 0.5
Master Mix (One PCR)

Distilled Water Up to 25

Total reaction volume 25
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[

LAZANILUINTINUHAZTE1NTONT Aall

PCR Steps gaunll 1281

Initial denature 93°C o 7 U9l
Denaturation 903°C 30 3und

35 58U Annealing 60°C 1 Ul

Extention 72°C 3 U1

Final extension 72°C 7 und

nunlnswesnldlunisiiuvenefduersslie Fusarium moniliforme, Bipolaris

maydis, Cephalosporium acremonium, Aspergillus niger, Aspergillus flavus I a ¢
. v a & Aa ! ) 9 v a &

Penicillium sp. Ty uleNALLANA19IY kazuslnswesilaudduleonananau
wazdinsiinluswes lawes asudwandumsed 2 Weswnnsiiwvensiowsldanioe
Wenfunauadsenaslimunzauseunsginsiuesuazedalsiaulutunouilazviinis
[V | & al a a & . .- . . .
AntdenlnsiuesiaNsaliueefeueYeUTe Fusarium moniliforme, Bipolaris maydis,
Cephalosporium acremonium luaneiderfuiiieunludtuneunisvndafimandfidens
LaraunsaAnliendlnsiues Fums-Fumé dmsulie Fusarium moniliforme @lwsies
JB589-JB591 @ FU L¥ @ Bipolaris maydis Wav @ lwsiues F-R Cephalosporium

acremonium a9 AYTUIANTIAMULANFA1INUY

a a aa & . .
M990 2 ﬂﬂiﬂ@ﬁ@UlWiLM@ﬂUﬂ?iLW@WEJ']EJ@LE)‘LJLE)?J@\?LSUEJ Fusarium mon/ly(orme,
Bipolaris maydis, Cephalosporium acremonium, Aspergillus niger, Aspergillus flavus

Uag Penicillium sp.

Primer/Fungi  Fusarium Bipolari Cephalosporiu  Aspergillu Aspergillu  Penicilliu

moniliform s m s niger s flavus m sp.

e maydis acremonium
Fum 1-4 3 = = = = =
Fum 5-6 3 = = = = =
Fum 5-4 W = = = = =
Fum 1-6 3 = = = = =
FUM1 o . : . 5 5
ITS F-R 3 + + = = =
FV F2-R A = = A = =

Fverti-FR 4 = = A = =
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53-6FR 3 + + 3 3 3
Acr_str_AcS35 = = + = = =
1-

Acr_str AcS39
1

LrDNAF63-LR3 - - 3 + -
Cep F1-R2 4 = + + - -
Cep F3-R4 3 - + 3 + -
Cep F5-Ré6 3 - + - - -

185 4 + + A + +

FR - - + - - -
FHK i = + - - -
5.85 3 - + - - -
IPS - - + - - -
JB589-591 - + - - - -
JB589-596 = + = = = =
JB587-596 - + - - - -
ITS1-4 + + + + + +

+ = Winvenemduels

- = lylaansauiinvenebuele

5. NSNAFBUANUINIZVDIINSINDS

mﬂlmmaﬁﬁgﬂﬁ@Lﬁaﬂlé’mﬂ%y’umawfmﬁu JehuvegeuauIIIWIzIRlnsILeS
Tnenpaeufulnaues 1 ¢ nawesuay 2 ¢ warlnawosuay 3 ¢ fufiduevendon 1
aneiug uwasfiduovesdormay 3 mewudiflegamudunie Tagldannenmsfuvensiiby
wndlouu nuilnsies Fums-6 aunsevinvesvuiniiduielaniside Fusarium
moniliforme Lﬁaiuﬂﬁﬁ%mﬁ%m%ﬁiwsma% 1, 2 uae 3 ¢ nelivuafduewiniu 425 bp
Wuieatulnsues JB589-591 aunsaiuvensvuiniiuleveade Bipolaris maydis M
it Lﬁ@luﬂﬁﬁ%awﬂ%aﬁﬁﬁIWiLuaﬁ 1, 2 waz 3 ¢ lnglivuinfduiewiniu 346 bp dau
Twsiues FR IﬁLmuaLSuLa%’mﬁ]uﬁqmﬁw%’mﬁ?ﬁya Cephalosporium acremonium Taglyuun

Mduewiiu 180 bp (nwil 4)



78

Fusarium moniliforme Cephalosporium acremonium

e§*"’qx

Iy
QQ‘X\ \%c,‘b

Bipolaris maydis F. moniliforme + C. acremonium

+ B. maydis

=] a & & . .. . .
NINN 4 LAUALBULBYDILYD Fusarium moniliforme, Cephalosporium acremonium,

Bipolaris maydis wagoraumnI 3 anefiugsenudmigvestnsiues

6. MsNAaaUAMULIVBIITNTBS
‘3" . .. o a &
nnsnagauANllun1IR S99 Fusarium moniliforme TagtinAlouleues
Wos N U893 AMUTNTUAISS 9nUUTLYI RGN SAUEA 1S TN ZEL WU
Insiwes Fums-6 danuaiusalunisnsiadelalussauimanuesUsunanienanududus
WU 39.06 pg Fadslruaudueiinnudalau uAllefldulpanasuds 19.53 pg WU

waudduefiusnglianudeuaiusuauiduevesinswesiiudaauduanslunini 5
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=5ng; lane 5 = 2.5 ng; lane 6 = 1.25 ng; lane 7 = 625 pg; lane 8 = 312.5 pg; lane 9 =
156.25 pg; lane 10 = 78.125 pg; lane 11 = 39.06 pg; lane 12 = 19.53 pg

7. NM1IATIVERUANNYNABIVBIAIAULUE

N13953980UAINYNABIVDIAIAULUE B uefiniunsiinvenedglng
wed Fum 14 TUnmiaduiua wuilaaumileusuidesn Fusarium moniliforme (syn.
Gibberella moniliformis) f1 99% waglumsnsiaaeuaugniosesdFuIUATIHLNSLRY
vgedaglnsiued Fum 56 lUniarduiuanudn faaumilouduidest Fusarium
moniliforme (syn. Gibberella moniliformis) £ 99% N13ATIVABUAIUYNABIVDIAWULUE
nnstiiidueiinunisiiiveersdelnsues FR lUnaduanuinduides
Cephalosporium acremonium (syn. Acremonium strictum) drulwsiues JB 589-591 1y

WaauLUa WulAuliauiuLes Bipolaris maydis §3 99% wuLREIi

Gibberella moniliformis polyketide synthase (PKS11) gene, partial cds

Sequence ID: AY495601.11 ength: 8298Number of Matches: 1

Related Information

Range 1: 3760 to 4754GenBankGraphicsNext MatchPrevious Match

Score Expect Identities Gaps Strand
1757 bits(951) 0.0 982/995(99%) 10/995(1%) Plus/Plus
Query 4 GTGCTTGTCG--ATTGGCCCTCACAGCGCATTATCTGGACCACTCCGTCAAATCTTCAAG 61

[ETEEEEE TR EEEEEEEEEEEEEEEEEEEE e
Sbjct 3760 GTGTTTGTCGAAATTGGCCCTCACAGCGCATTATCTGGACCACTCCGTCAAATCTTCAAG 3819

Query 62 GCTCATGGCAGGGGTAAAGAAGCCTATGTCTCAGCTATGATTCGTGGCGAAGACTGCACT 121

sy
Sbjct 3820 GCTCATGGCAGGGGTAAAGAAGCCTATGTCTCAGCTATGATTCGTGGCGAAGACTGCACT 3879

Query 122 GAGTCGTTGCTCAAGCTTGCTGGTGAGCTATTCTGCCATGGGACATCACTCCAGTTGTCA 181

CLLEEEEREEEEEEEEEE P EEEEEEEEEEE R EEEEEETEE PR EEEEEE e
Sbjct 3880 GAGTCGTTGCTCAAGCTTGCTGGTGAGCTATTCTGCCATGGGACATCACTCCAGTTGTCA 3939


https://www.ncbi.nlm.nih.gov/nucleotide/AY495601?report=genbank&log$=nuclalign&blast_rank=2&RID=AR4M5EZ7014
https://www.ncbi.nlm.nih.gov/nucleotide/AY495601?report=genbank&log$=nuclalign&blast_rank=2&RID=AR4M5EZ7014&from=3760&to=4754
https://www.ncbi.nlm.nih.gov/nuccore/AY495601?report=graph&rid=AR4M5EZ7014%5bAY495601%5d&tracks=%5bkey:sequence_track,name:Sequence,display_name:Sequence,id:STD1,category:Sequence,annots:Sequence,ShowLabel:true%5d%5bkey:gene_model_track,CDSProductFeats:false%5d%5bkey:alignment_track,name:other%20alignments,annots:NG%20Alignments|Refseq%20Alignments|Gnomon%20Alignments|Unnamed,shown:false%5d&v=3711:4803&appname=ncbiblast&link_loc=fromHSP

Query 182

Sbijct 3940

Query 242

Sbijct 4000

Query 302

Sbijct 4060

Query 362

Sbijct 4120

Query 422

Sbijct 4180

Query 482

Sbict 4240

Query 542

Sbict 4300

Query 602

Sbict 4360

Query 662

Shict 4420

Query 722

Sbijct 4480

80

AATGTCACTGCCGACGGTGATGTTGTAGTCGACTTGCCCCCTTATCCATGGAACCATGAC 241

i
AATGTCACTGCCGACGGTGATGTTGTAGTCGACTTGCCCCCTTATCCATGGAACCATGAC 3999

CGAGAATATTGGTCTGAGAGCCGAGTCAGCAAGGATTGGAGATTCCGCAAATTCCCCAAC 301

i
CGAGAATATTGGTCTGAGAGCCGAGTCAGCAAGGATTGGAGATTCCGCAAATTCCCCAAC 4059

CATGAGCTCCTTGGCTCACGAACCCTTGAAAGCAGCAGTCTACAACCTGAGTGGCGCAAT 361

s
CATGAGCTCCTTGGCTCACGAACCCTTGAAAGCAGCAGTCTACAACCTGAGTGGCGCAAT 4119

TTGATCAGGCTTGATGGGATTCCGTGGCTCCGAGATCACCAGGTCCTCAATGACGTTGTC 421

i
TTGATCAGGCTTGATGGGATTCCGTGGCTCCGAGATCACCAGGTCCTCAATGACGTTGTC 4179

TTTCCTTGCGCGGGCTACCTAGCGATGGCGGTGGAAGCGGTCCGACAGGTAGCTGGCACA 481

i
TTTCCTTGCGCGGGCTACCTAGCGATGGCGGTGGAAGCGGTCCGACAGGTAGCTGGCACA 4239

TCTGAAATAGGAGGCTTCACTCTGAAAAGTGTTGTCGTCCAGTCTGCTCTGGTTCTGACC 541

CLEEEEEEEEEEEEEEEEEEEEEEEEEEE T PP PP EEEEEEEEE e
TCTGAAATAGGAGGCTTCACTCTGAAAAGTGTTGTCGTCCAGTCTGCTCTGGTTCTGACC 4299

GAATCGAAACCGGTGGAAGTACTTACAAGTCTAAGACCAGTTAGGTTAACCAACACTCTG 601

e
GAATCGAAACCGGTGGAAGTACTTACAAGTCTAAGACCAGTCAGGTTAACCAACACTCTG 4359

GACTCGGCTTGGTGGGAATTCTCCATCGTAGCACACAATGGCACCAGCTGGATCAAGCAC 661

S
GACTCGGCTTGGTGGGAATTCTCCATCGTAGCACACAATGGCACCAGCTGGATCAAGCAC 4419

TGCGAGGGACAGGTCAGGCCAGGCCAGGATGCTCATCAGAAAACGGCCGTCTTGCCGCAA 721

i
TGCGAGGGACAGGTCAGGCCAGGCCAGGATGCTCATCAGAAAACGGCCGTCTTGCCGCAA 4479

AGCGAGCCCATCAGCCAACACTACCCCCGCCTCGTGGACAATTTGTATCCTGAGCTTCTG 781

i
AGCGAGCCCATCAGCCAACACTACCCCCGCCTCGTGGACAATTTGTATCCTGAGCTTCTG 4539
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Query 782 AGAATCGGCTTACGATATGGGCCCTCTTTCCGTGGTCTGGACAATGTCTCGTGTGTGCCA 841

i
Sbjct 4540 AGAATCGGCTTACGATATGGGCCCTCTTTCCGTGGTCTGGACAATGTCTCGTGTGTGCCA 4599

Query 842 AATGGCAAGAAGGCCGCCGCAATGCTACGCGAAACAACAGTATCTGAGTCGTCCTACGCG 901

s
Sbjct 4600 AATGGCAAGAAGGCCGCCGCAATGCTACGCGAAACAACAGTATCTGAGTCGTCCTACGCG 4659

Query 902 ATACATCCCACCACA-TCGAC-ACTGC-TC-AGCTG--TTTCCCTGCTAGCTGCGACG-A 954

e i
Sbjct 4660 ATACATCCCACCACAATCGACCACTGCCTCCAGCTGTTTTTCCCTGCTAGCTGCGACGGA 4719

Query 955 GCA-TCTACAGAGTCGAGAAGCTGTGCGTTCCCAC 988

R
Sbjct 4720 GCATTCTACAGAGCCGAGAAGCTGTGCGTTCCCAC 4754

Acremonium strictum 18S rRNA gene (partial), ITS1, 5.8S rRNA gene, ITS2 and 26S

rRNA gene (partial), clone (53)33

Sequence ID: AM161135.1Length: 537Number of Matches: 1

Related Information

Range 1: 73 to 347GenBankGraphicsNext MatchPrevious Match

Score Expect Identities Gaps Strand

497 bits(269) 6e-137 274/276(99%) 2/276(0%) Plus/Plus

Query 1 AGCGCGCGGTGCCTCCGGGCTCCGGGCGTCCGCCGGGGACAACCAAACCCTGATTTTATC 60
CCECEEEEEEE P E TP TR PP PP TR EETE LT

Sbjct 73 AGCGCGCGGTGCCTCCGGGCTCCGGGCGTCCGCCGGGGACAACCAAACCCTGATTTTATC 132

Query 61 GTGTATCTCTGAGGGGCGAAAGCCCGAAAACAAAATAAATCAAAACTTTCAACAACGGAT 120

CLEEEEEEEEEEEEEEEEEEEEEEEEEEE T PP PP EEEEEEEEE e
Sbjct 133 GTGTATCTCTGAGGGGCGAAAGCCCGAAAACAAAATAAATCAAAACTTTCAACAACGGAT 192

Query 121 CTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAG 180

i
Sbjct 193 CTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAG 252

Query 181 AATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCGGCACTCCGGCGGGCA 240

i
Sbjct 253 AATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCGGCACTCCGGCGGGCA 312

Query 241 TGCCTGTCCGAGCGTCATTTCAACCCCTCAGG-CCC 275

CLECETTEEEEEEEEREEEE TEEEE T
Sbjct 313 TGCCTGTCCGAGCGTCATTTCAACCC-TCAGGGCCC 347


https://www.ncbi.nlm.nih.gov/nucleotide/AM161135?report=genbank&log$=nuclalign&blast_rank=52&RID=ARBBKA1G014
https://www.ncbi.nlm.nih.gov/nucleotide/AM161135?report=genbank&log$=nuclalign&blast_rank=52&RID=ARBBKA1G014&from=73&to=347
https://www.ncbi.nlm.nih.gov/nuccore/AM161135?report=graph&rid=ARBBKA1G014%5bAM161135%5d&tracks=%5bkey:sequence_track,name:Sequence,display_name:Sequence,id:STD1,category:Sequence,annots:Sequence,ShowLabel:true%5d%5bkey:gene_model_track,CDSProductFeats:false%5d%5bkey:alignment_track,name:other%20alignments,annots:NG%20Alignments|Refseq%20Alignments|Gnomon%20Alignments|Unnamed,shown:false%5d&v=60:360&appname=ncbiblast&link_loc=fromHSP
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Bipolaris maydis MWIT1 genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA,
partial and complete sequence

Sequence ID: LC326252.1Length: 560Number of Matches: 1
Range 1: 171 to 470GenBankGraphicsNext MatchPrevious Match

Score Expect Identities Gaps Strand

547 bits(296) 7e-152 299/300(99%) 1/300(0%) Plus/Plus

Query 1 TGT-ATTATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAG 59

Ry
Sbjct 171 TGTAATTATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAG 230

Query 60 CGAAATGCGATACGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA 119

CCEECEEEEEEEEEEEEEREEEEET R LR PR R EEEEE P EEET P PR
Sbjct 231 CGAAATGCGATACGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA 290

Query 120 CATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAG 179

CCEECEEEEEEEEEEEEEREEEEET R LR PR R EEEEE P EEET P PR
Sbjct 291 CATTGCGCCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAG 350

Query 180 CTTTGCTTGGTGTTGGGCGTTTTTGTCTCCCTCTTTGCTGGGAGACTCGCCTTAAAACGA 239

i
Sbjct 351 CTTTGCTTGGTGTTGGGCGTTTTTGTCTCCCTCTTTGCTGGGAGACTCGCCTTAAAACGA 410

Query 240 TTGGCAGCCGGCCTACTGGTTTCGGAGCGCAGCACATATTTTGCACTCTGTATCAGGAGA 299

i
Sbjct 411 TTGGCAGCCGGCCTACTGGTTTCGGAGCGCAGCACATATTTTGCACTCTGTATCAGGAGA 470

8 nsvanziimunzaulunmsiuvenefiduevatansazylinlaeiSdafwandidons
wadadadmandidorsilumaiafsaivasanmadaiidersiugiulaevitliaunse

a aa Y 3 v Y] aaa a Y] ¢
bNNVYIEVRAY S @L@‘ULEJL{]']VTM']EJ@'J81W5L3J@iﬁa’]EJ@Wi@ﬂJﬂuhluﬂﬂﬂﬁquL@Enﬂu 1‘W3LMEJ§LLG]@8

[

Adeseonwuuliiaiduiitadlolndliudan (Complementary) fuuaglinandnain

UAsenfigesnivuinnueILaneeiu lieliaunsonsalnseinandnva1uulagis
agarose gel electrophoresis 1§ @atpdrAydmsuwmaiadafindndiidons Ao AosuSumi
anenamnsvesUfiseniidens Iraunsaminvenaynagioueidmune lauseansnmg

windleuiudaivindudoddnvesnaiial Wesnivangesiussnaululfiseiidensnd

AMuAIREY Tnslanizag9BanuNTuLLN D@y (393, 2536)


https://www.ncbi.nlm.nih.gov/nucleotide/LC326252.1?report=genbank&log$=nuclalign&blast_rank=1&RID=6S4BDMCY014
https://www.ncbi.nlm.nih.gov/nucleotide/LC326252.1?report=genbank&log$=nuclalign&blast_rank=1&RID=6S4BDMCY014&from=171&to=470
https://www.ncbi.nlm.nih.gov/nuccore/LC326252.1?report=graph&rid=6S4BDMCY014%5bLC326252.1%5d&tracks=%5bkey:sequence_track,name:Sequence,display_name:Sequence,id:STD1,category:Sequence,annots:Sequence,ShowLabel:true%5d%5bkey:gene_model_track,CDSProductFeats:false%5d%5bkey:alignment_track,name:other%20alignments,annots:NG%20Alignments|Refseq%20Alignments|Gnomon%20Alignments|Unnamed,shown:false%5d&v=157:484&appname=ncbiblast&link_loc=fromHSP
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NAsMIEneuInadlunsiizvenefdueveslias Fusarium moniliforme,
Cephalosporium acremonium wag Bipolaris maydis Wu31n15L U8 W@e15 MultiMax
PCR Solution g1unsatiinaenegdduieveadaunavaiinlaedSdafinandidenslagly

Ufn3enlinanusenaunadl

PCR reaction mixture U3urnsivin (lulasdng)
Template DNA 1

Primer mix (final conc. 3uM each) 2

2X Master/MultiMax PCR Solution 10

Distilled Water Up to 20

Total reaction volume 20

L4

wazivunanIzressiuiiselafmandigesasll

PCR Steps RRIVHET 181

Initial denature 95°C o 5 U1
Denaturation i 95C | 20 Aund

35 59U Annealing 60°C 1 U7

Extention i 72°C i 1 w9

Final extension 72°C 5 undi

ad v a <

9. minadaualazANgndaveisianmandigensludiagawbatialng
Tunmsdnwealestafindndfidenstudeuldtu PCR yaifien osinlnsues
uiazAfosnsgungfivazsrernatlumsvasuiunndeiudadudssndulunisdnue
gungiuaziianfiunzay annsiiuiadalnafiunisindedifinmdaunduluans
wrnasvaUsivetes Fusarium moniliforme, Bipolaris maydis Wwag Cephalosporium
acremonium wazdmdsnudafiindeuvzUuiuwdnung Tngly 100 wialkdwdaian
Foluseausneg fu vhnsadamduesanilufiuveeiduelnenadeulnswessidnden
IHuaviisuidlouiutamndndfigorsluanneiimuzay nuilussduiiadadnlnednde
nnsziu WinuAdueitaaudleldlnswes Fums-6 (lane 1, 2, 3 waz 7) lasfivuia
425 bp vauedlnsined FR (lane 2, 4, 5 uag 7) Sauia 180 bp drulnswes
JB589-JB591 IﬁLLauaLé‘uLaﬁﬁau%"mmaﬁqﬂ (lane 3, 5, 6 wag 7) laegdvuln 346

bp FedeslimandlnaNfnde 20 wanreluanUnf 80 wanduluTeazuansuau
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[

AauLalate anuasanaltkansliiiuliiniiuliveslnsiuesie 3 Anaasuly
Frod19uant1lnnasetiseaulitvindy fedesineasuiiutaziSoulisunany

iﬁ‘miéﬁ’uﬁmuﬂdwzuﬂadwaﬁléfaﬂﬁm

wiadrilvaiiAnde 1 widadewdnund 99 widn windlnaitinide 2 winsowdaund 98 wida

Markcr 1 7 Marker 1

1.000 bp

500 bp

1,000 bp

500 bp

100 bp
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awil 6 wavesmsnageuatlazanugniesesingued 1, 2 uas 3 dlusiegiaudn
FlnadiRndenau 3 maﬁuﬁ: Ao Fusarium moniliforme, Cephalosporium acremonium
wag Bipolaris maydis Tusgaua199 AU Lane 1 = Insiues Fums-6; lane 2 = Insiuos
Fum5-6 + FR; lane 3 = Iwswa3 Fum5-6 + JB589-591; lane 4 = lwsiues FR; lane 5 =
Iwswes FR + JB589-591; lane 6 = lwswuas JB589-591; lane 7 = lwsiuas Fum5-6 + FR +
JB589-591

a3Unan15398 wazdatauatue (Conclusion and Suggestion)

1. W% ® 51 Fusarium moniliforme, Bipolaris maydis W@ ¥ Cephalosporium

=

. < & v a o o a < L o o
acremonium Wugasianmglsaludilnandidgyninasegia Jaduwedniulunaieg
Uszme winsasaaeuidenivuidsuuuwdaiugiionisidnazdsoanagldisnismaly
ABINIZUUNTEABTULATAaNYMENFuIWINe1vaLlenaldauduIyveud MU

M3 DU

[% (%
6 a £y IS

2. Tumsasivgevan masumianudaziiweognatovianadolulsaiv wu

9

Aspergillus niger, Aspersillus flavus Uag Penicillium sp. 9150 Lﬁfgléfﬂ@ﬁ? WASARNN

(]
8 & & o § v & o v v ¥ a Ve Aad A
AN ENBUVINVAUR Vl’ﬂﬁﬂrﬁmﬁﬁﬁ]ﬁ@UL%@ﬁ’]LﬂﬂIiﬂmqiﬂﬁl’]ﬂ LLaSQJIE]ﬂ']ﬁN@Wﬁ’IWVL@"\Nﬂ'Jill’Jﬁ‘ﬂ

[y

aunsanTvdauldTnsarwiugwazilszsuaulndenis

A o a & eaa ca o & v & o v @ o ey
3. L‘Vlﬂ‘L!ﬂlla(ﬂL‘Wﬁﬂ"?J‘W‘UEJ’]iVl‘Wwuqﬂuﬁﬂﬂﬂiﬂiﬁmi?f\]LGUEJﬂﬂﬂ‘LJ'VN 3 ﬂ’]EJ‘W‘Llﬁq IWLLﬂ
Fusarium moniliforme, Cephalosporium acremonium Wa¥ Bipolaris maydis I@SG{;@IW‘J

]
ca v A

wesidadenldfitanusimesedens 3 aneWug Av Fums-Fumé, F-R kag JB589-JB591
mua1au laglnsiues Fum5-Fumé gneaniuuaInuInmeu polyketide synthase d@dulng
5183 F-R uay JB589-JB59188nuuUuaINUsaal 185 RNA gene Inswodildraden 3 ae
Wug mmsaLﬁwusm&suumﬁﬁmuww°1|,wwsuaql,wiawjwmmam%a 180 bp
(Cephalosporium acremonium), 425 bp (Fusarium moniliforme) wag 346 bp (Bipolaris
maydis)

a. \flethlunadeunnulinazanugnievesisiafmandfigenslusogauda
frlnanuiasnsoansldlussduiiudadnlnafaidosian 1%

5. FFilgnusahluldlunmsasenidelsalunsdiidrinavuilousedelsadngg
snmetiiesaintnsiwesdgililunisdnyiafiiiufisemevausdasianisfudelsa

o X

Wanue waldnevauesiuialsadu Wu Aspersillus niger, Aspergillus flavus Uag

Penicillium sp.
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6. wiingalsAnudidasiinsiwmadeiluneasuludiogietnlnnasadseuiieunu

Tildiuegmlufenisimzuunseawiiudnrateasag ielidiulainmalelaunsansia

Y 1 Y a = 1 o A VY & d' [ [y 1
G]’J@EJ'NIG]QN LL@%&Jﬂ’NNLLNuEﬂQQ L‘WE]I‘VIL‘IJ‘UV]?JE)NﬁUIUi%@Uﬁ’maG]@IU

n15NAaRLl 7 M3nTIRdeuLde Pospiviroid Tudaiugiiviiensidi-dsweansiamada
M9TIlaana

Detection of Pospiviroid in Seed for Import-Export by Molecular

Technique
ya o
(98
U
Andny dneaiivade Supalak Sattayasamitsathit A divadlan
ANEAS TunanIAY Papassorn Wattanakulpakin Ay Wwadlan
i nesAs Kantima Thongsri A3 wadlan
UnAne

woanhsesaludeannalsaiiuniarudidyniuasvgialunaiayszng datuds
) & o o oado w ] < v ¢ 1 aa aa o o & v
Juweriniundidglunisdieenudaiugsenitaseina 1anmslunisnsiaitdadedndudes
IS a a IS b 1 ] (% 6’5 a v dyd o = ¥ a
fUszansamuazianugnaesidiugigs Aslunuidelidvihnisd@nwnisidmadalnls
Fimudanenunldnsiaasutalisen lngedunanni1sued synthesis sequencing Lag
N1375993U PPi Nivgaeenunluvaeiinnseuiun1s polymerization inallatidin1simun
UsganSnmlagiiguiuisnaaeuuinsgiuaiemaia real time RT-PCR (TagMan) lagnns
lfvayatiansaumaLaztoyadlunangiudeyasuinsiugnssuieiuneaniuulngues
‘:ll ] ° aaa = a ! ¢ a ° ]
LazanEmIgaNnan1svinufATe lnlsTauGs nudtluswes PPVL danudiwizse
Walisesn 8 ¥iia tawn Potato spindle tuber viroid, Tomato chlorotic dwarf viroid,
Mexican papita viroid, Tomato planta macho viroid, Chrysanthemum stunt viroid,
Citrus exocortis viroid, Tomato apical stunt viroid Wag Iresine viroid FelrvurnTunLeuy

=

1@ 197 eiua vauzdilnsiwes PPV2 danudnizneiielisess Columnea latent viroid §

v A

YRTURLIUE 194 g WetluBnszilnlsdinuddiaiduiindlolndunnsdiaiud

ANNTIzLRarTiinvelisesd Ay Fuduitnisnsiaaeuninimsiuasininugneeg

Y

d' o <3 v & A U o =] o U
L%NW%&&JWQ%UW@Jﬂ‘ﬂUﬂWﬁ@?%7\]1’33@EJGﬂULlI@@WUﬁqLWE)ﬂ']ii‘UiENﬂ?iﬂﬁ@ﬂﬁ@gW%ﬁ?%i‘Uﬂ’]i

Y91-d998n

o

AdAey: weaiilisesn InlsTaude waniug
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Abstract

Pospiviroid can cause disease of considerable economic importance many
countries. Therefore, it is an internationally important quarantine pest. Developing an
efficient and accurate diagnostic method, it is necessary. In the study of the use of
pyrosequencing technique for detection of viroid, it can be used quickly and high
reliability. Pyrosequencing is a technique for DNA sequencing based on the
bioluminescence analysis of pyrophosphate. This method improves test efficiencies
compared to the standard test methods of real time RT-PCR (TagMan). Bioinforrnatics
and genome data bases from GenBank were used to design primer and optimized
condition for pyrosequencing. It was found that the PPV1 is a specific primers for 8
Pospiviroid detection such as Potato spindle tuber viroid, Tomato chlorotic dwarf
viroid, Mexican papita viroid, Tomato planta macho viroid, Chrysanthemum stunt
viroid, Citrus exocortis viroid, Tomato apical stunt viroid and Iresine viroid whereas
primer PPV2 is a specific primer for detection of Columnea latent viroid to yield a
cDNA fragment about 197 and 194 base pairs, respectively. When analyzed,
pyrosequencing gave different nucleotide sequences with specificity of each type of
Viroid. Therefore, it is a fast and highly accurate detection method. Suitable for use
in the detection of viroid in seeds for certification of pest-free for import-export seed.
Key words; Pospiviroid, pyrosequencing, seed

uni (Introduction)

§

Uszwalneiinisdeeantazd it nudanusidusuiuuinlaganiziuandn dan1s

]

v v a

deeanludssemalunavglsuiinmsimuadasiivindunateyiia lnganziielisesd

& 2 & A Aa 3 1 s & a aa
GZIQLTJULGU@ﬁr]LWGﬂiﬂWGUWMGUU’]WLaﬂ IllLaqaﬂigﬂ@U@nﬂ@qiLQUL@’NLLW?U@WSL@UQWN@’N@JUW?

(%
¥ v v =

239-401 f1palelng Aluundvuinidnveshisessazluilusauverusaiuidldaiuise

9

A529@0UNIUNANANIIR LTSS (Verhoeven et al., 2004) wazliseaniudaiuiulay

euleivesiiveds lasesdaruisauusldidu 2 undiad 1un Avsunviroidae uae
Pospiviroidae (Flores et al., 2000) 3favos Pospiviroid 1unisfifisrururiaveudol
iaﬂﬁmmﬁqm @A Potato spindle tuber viroid (PSTVd), Tomato chlorotic dwarf viroid
(TCDVd), Tomato apical stunt viroid (TASVd), Citrus exocortis viroid (CEVd),
Chrysanthemum stunt viroid (CSVd), Columnea latent viroid (CLVd), Mexican papita
viroid (MPVd), Tomato plancha macho viroid (TPMVd), Pepper chat fruit viroid
(PCFVA), Iresine viroid (Irvd) ilesannidenduilifudoannalsafidrdguesinnansvia

WU uzlawma vnlvinandnanadna 49 wWasidus Wertialiivaduindg wu uzilaind,
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TUHSS, unanan, wWin, usdeviinmng o waglduseau Bnvedeanunsaanenenlsaiiuniaian
wugld wenvnfiszwealvedinsindiudaiugusemaiieldviiudluvssna uazndn

< v 6 P

wanuggnuauiienisdseenlulsuanun Isihlidelisesddenaiiilonafiadiuiiu

v s ~

< o [ 1 o a ¥ LYY 1Al
wannuguzWamAdIwaznsseuInaNnudengluysemalnela Jagdudmuingls
s a oo = Yoo o o & ¢ o &

sounnuatgyianviiadsvgliunie fellymddgylunisamageuelisess Aowde
Ldanunsauenuignsuazidesuuemisdunsizila 3sn15lmallan19n13nsIa 1w
Biological indexing wsonstdianaaeu Faduisnsisuusndildluanunsiaidadelsaiiand

& & & aa A m o v ° 1% ] Yy o A
anvnanelisesn WWuisnsnirewsliaunsaldnsindwunlanseung uvisnuateded
druesisnisiae Aesldiunageunatss vinlunisnsiaasvviauenielisous el
WMUEANFINSUN1TATIF g 19U HUNN WesanAedldiuilsaSeuniniasdulUdes
L5augs wannidafuiailunisseliisnageulanseINIsAse 2 817nd Iuimany
Wou uredalsnanisnistliauisadunldiulisesauiseiinle wu CCCvd wag CTivd
= = PN ax & a ' v Yy A & Ao Y]
\WesnlifiNgnegeuimingay uagdsn1sugnivelliaugenn dedldinTasiloniluseiuge
lunsugnive sautlassezianlidananse1nisenviuiaiuiunit 4 ¥ malalnlsdiaiugs
Dumsiamulaeodendnn1sues synthesis sequencing Wazn13m3I99U PPi vigaoanu
TurugtinnszuIun1T polymerization N15vineIutuedani1syinauasaeuled 4 ¥din
meiufe klenow fragment yutiiseasddue oulusl ATP sulfurylase yiwinasu
PPi MAndulmlu ATP Feazifundsnuliduieulasl luciferase 198U oxyluciferin @
anunsaikaseanule tneuasiinduazgnasiadumedugesveindes CCD wananildad
wulwil apyrase vimdlun1sfida dNTPs uag ATP Aivaawmaeeglussuu (Gruber et al,,
2002; Nordstrom et al., 2000) F9l95282L381N15HTIVABUMILD 2 T A9UUNITNRIUIITAS

& .. v a ¢ 1 & v a 1% a
P3IREBULE Pospiviroid Tinsaupguynalinvethisesnnguil lngldmealianieudiluana
TUFIINI50A599 Pospiviroid wieufuldnanevfindeminudiAgidusgrduiiodunld
nsrvdeuRnmuaniugiid wsedwanlusrsUseimawazinauaunsalun1sudadu

wszavyhlilszmagaiienuediuluszuunsnivaey uenaNinsdalainienisavin

1%
Y

TiudazUszinanmuanuduinsgiuduaneastuuniielddudefndunianisdn fel

naauIdetannsathundisandynivantiule warduduisnstdesiumsunsseuinveaie

lsadngiyinfuniiussansnineeiguii
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52108UIN15938  (Research Methodology)

aunsead

1. Pospiviroid positive sequence

2. Two set of PyroMark Assay (PPV1 and PPV2)

3. RNA extraction kit (MACHEREY-NAGEL)

4. PyroMark OneStep RT-PCR Kit (200) cat no. 978803

5. PyroMark Q48 Advanced Reagents (4 x 48) cat no. 974002

6. PyroMark Q48 Magnetic Beads (300) cat no. 974203

7. PyroMark Q48 Absorber Strips (100)

8. PyroMark Q48 Discs (50)

9. Nano drop

10. PyroMark Q48 Autopre
F’/N15NAaBg
1. mawsaduasiziidelisesdiielfidudinaiuamBeuan (positive control)

FuaseRiudrue1siduovenis Pospiviroid 9 ¥l 1éuA Potato spindle tuber
viroid, Tomato chlorotic dwarf viroid, Mexican papita viroid, Tomato planta macho
viroid, Chrysanthemum stunt viroid, Citrus exocortis viroid, Tomato apical stunt viroid,
Iresine viroid Wag Columnea latent viroid Lﬁ@iﬁ“fﬁluﬁﬁmuqm%mﬂ (positive control)
2. Msvanuuulnsiasiawag

genuuUlnswestiieldnsiaaouits Pospiviroid nsauteyadisuiiandlelnaves
o pospiviroid 11s 9 ¥ila ilethlvssnuuulnswedlaeldlsunsuneuimesiiondu
waveslnsiies
3, A5A57NTBIT08AAIE3T pyrosequencing

Feaslnswedvldeududu 10 lulasiuans terfiduedildunioansdwls
Usinas 2 unlundu/lulasans wieatinen PyroMark OneStep RT-PCR reagent, Coralload
Concentrate, primer solutions waz 25 mM MeCl, Tneutlutiuds fmuausuinsinenly

n1sviufisesadl
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aaAUsENaY U31ms/reaction AU TUEATINY
(lulasdng)
QIAGEN OneStep RT-PCR Buffer, 5.0 1X
5x*
dNTP Mix 1.0 1X
CoralLoad Concentrate, 10x 2.5
QIAGEN OneStep RT-PCR Enzyme 1.0

Mix

10 uM Forward primer

10 uM Reverse primer (biotin
label)

0.625%/1.25%
0.625%/1.25**

0.25 uUM/0.5 M
0.25 UM/0.5 M

RNase free water 4.25/3.0
RNA template (2 ng/ul) 10.0 20 ng/rxn
Final volume 25.0

*PPV2 primer/**PPV1 primer

HUWUnga Master mix nauliidniunazgaldvnasniidensiiy template

DNA (< 500  ng/reaction) Tuunaznasnii@eis (20 ng extracted RNA 10ul (2ng/ul)) &
TWswnsums  euveseses thermal cycler Tnefvunanizsad
Reverse transcription 30 min 50°C Hold
Initial PCR activation step | 15 min 95°C Hold
3-step cycling
Denaturation 30s 94°C 45 cycles
Annealing 30s 62°C
Extension 30s 72°C
Final extension 10min 72°C Hold

Umaenfidei1iluiaIes thermal cycler wazisuduvinu)isen U1 PCR

product lUAS19@0UNAAI88ENLIARAADUILATIZNAIY Pyrosequencing antuth PCR
product Usu1ms 10 ul luAAs1g9iaae Pyrosequencing Pospiviroid analysis sequence
nannadaldunsinUsunudie3s RT-PCR u1uda 20 lulasdnsuan fu streptavidin
SepharoseTM beads 200 lulasndu wae PyroMarkTM binding buffer 3 lulasans gail
QMM iIvias 10 W17l ol streptavidin Fuffuans DNA Leviads mmif/u’[,a'@j sequencing
primers Wudu 100 fiadluan$ finausu annealing buffer U3uns 40 lilasdns edudu

DNA @1eiied naus luniarsuiualaeldiinen PyroMark Q48 Advanced Reagent
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(Qiagen, Hilden, Germany) vié'\‘lﬁ]’lmi'u LY enzyme substrate Wag nucleotides (A, C, G,
and T) a3y cartridee USunaumunisauanainlusunsy etidnadensiad vz
Useanas 1-2 F3las erudduivadamndlovd
4. msm'saL%alfasaﬂﬁ’l,uLuﬁmﬁ'us:ﬁné’w%% pyrosequencing
NITATLUADES
nsanaeuidelsesdiinnufudaiuginelumadalnlstimuienuiuSealnifigens
(AEnsunsgiu) lnsaunsamdaiudinuesuidvilazdeeen liun wiafudusidoma
$19U 50 feganasndn 50 feghe Fuudafivudaziiogns (3,000 S8 20,000 W) tng
wuadu 3 feensges Meg1eay 1000 Wan %38 50 Aapg19e8 Alpg1say 400 Wan Las
uraviesdesluuamelulnsumailulnssundedns aulalunsaziden
nsafnefidulanyaaind1393Uvaau3em MACHEREY-NAGEL Tnefidunaudsil
fenegafiunazidenldvasn 1.5 ua. Wutwmles PFL 500 lulasdns adluvaen
waziiatlsles PFR 10-50 lalasang wasiliiddusiudl vuiigamadl 56 ssrmwaidea Iy
nan 5 i ludumissheanuiss 14,000 x ¢ Wunan 1 ufinsessegnslneay
ABdUL NucleoSpin RNA Plant Filter Column lunaanifiusinede aedulaaindrsiu Tdas
Tupeduyl thludumisaiieainunds 14,000 x ¢ Wunan 1 uift Yuan1iznisduvesens

Wulelnetiiudnwes PFB 500 pl adludiulailaanduneud 2 waznaulidniulagldtiun

'
a

Uufigaumgivies Wunan 5 wiil aauaedutl NucleoSpin RNA Plant Column Tunaeniiu
ﬁaaéwaamﬁaﬂaﬁié’mﬂﬁi‘?umauﬁ 3 Y3105 650 lulasans ldaslumeduiinludumiosie
A5 14,000 x g tWutian 30 Fundl wmeulafinunreduilurassiudognedwaziin
anufuaednisnads Qﬂdauiaﬁmﬁaiﬁaa"tuﬂaé’uﬁuazﬁﬂﬂ‘fjum'ﬁw’hstm,%ﬁ 14,000 x g
Huran 30 Junit mdwlafiiunedutiasvaonfiuseteie thuasafiusegieduluun
aufunoduliy Aanasviliuiausiy siica membrane &nfedt 1 Tnadudvimled PRI
500 lulpsdns aslumeduyl iiluduwieseninund 14,000 x ¢ \WHuan 1 udt wmalad
NumadudLazaoaLRUIg e Uinaeniuiietssulmlinaiuaeduiiiiy dransedi
2 Tnenfiudnimes PFW2 500 Tulasans adlupeduld drludumiesdnennumsa 14,000 x ¢
Hunan 1 it wanlafinuneduillunaonfiusetsisuasihunauiuaeduidnass &1
aded 3 Tnedutlmies PFW2 500 pl aslupodunidily driluiumiosiermuda 14,000 x ¢
Hunan 1 wimdwlafiiunedutitasuaonfiusnednaia szensiduossnainaedu &
aeduilunaonrunsinduunn 1.5 ua. Wutnfiusidain RNase 50 Talasans aslunedul
Undigamniivies Wunan 1 undt thluduwmdssionanud 14,000 x g Wunan 1wt 1iv

f = =~ £ 1
asazagensiouaieltadeunaly
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5. NSRSV EITBUAALNANA LN STLAIUR
o w I & @ d‘ [ ¥ a Y a v a o o
11i70819975 0 weNanalauianaliaUsua 2 wnlunsu/lulasanswaziinluii
Uiseanutuneulute 7.2.3
- ALATEDIUT

Y

SLIAMALIUNIT UMSUAY...2561.. UNauan.... 2562...

q

anunviin1snaaes AugIdouasimuuiniugivfivalan

Nan13398 (Results) wazafusiema (Discussion)

1. mawisadialasesiielfiludaauaudsuan (positive control)

Hosnidehsesflunguneailisesdvansviadshifivsmilulsamalnedaily
nsmsaaeudesindndniudedifauamdindedumsussfunadld Welsosdly
3fa Pospiviroid Sidlunvwndnuunn 356-375 Sandlelng feafusiannsadunsizdlein
Nuslneneailisesdivhnsdueseiiivunuazdduiandlelndiunndetu (Table 1)
2. nMsvenuuulnsasismiz

mnmsithasuiardlelndues Pospiviroid v 9 wila ldur Potato spindle tuber
viroid, Tomato chlorotic dwarf viroid, Mexican papita viroid, Tomato planta macho
viroid, Chrysanthemum stunt viroid, Citrus exocortis viroid, Tomato apical stunt
viroid, Iresine viroid way Columnea latent viroid Iugmﬁi’f@;ﬁaﬁuqﬂﬁm GeneBank ¥94
L%@ﬁﬁﬂ@dﬂﬂ’lEJLaﬂJAccession no. GU911350.1, NC_003637.1, NC 001558.1, EU879922.1,
KF683201.1, ABO06737.1, AB054599.1, KF484878.1 thae NC 003538.1 a1 a1AU NN
Feudssdmsunisesnuuulnswesiieldlunisasisaeudiemnaiia pyrosequencing 3
Wunisiesigiaiauiandlelnsuwuulugd (Fisure 1) Tnaldlusunsy PyroMark® Assay
Design SW 2.0 Tunisesnuuukaziinisiansandaioninsiuesingdmualviusunm GC oy

[y

F¥NI9 30-80% wag A1 Tm 60 aeAwaldoa wudnlalnsiues 2 4a fe PPV 1 da16u
T1adleolndveq Forward A ® TCAGGGATCCCCGGGGAA UL @ ¥ reverse f
TCCAGTTGTCTCCACCGGGTAGT wasln st osarmsun1sn @ iarudede
CCCGGGGAAACCTGGA Tnenisesnuuuldinangsuiindlelnsveaidelasess 8 wialdud
Potato spindle tuber viroid, Tomato chlorotic dwarf viroid, Mexican papita viroid,
Tomato planta macho viroid, Chrysanthemum stunt viroid, Citrus exocortis viroid,
Tomato apical stunt viroid Wa¥ Iresine viroid lasflauiadduterdvuneindy 197 bp
drulwswes PPV2 tunanaduiandlolnaeenielisess Columnea latent viroid i

asulimdalalnauee Forward A ® AGCCCCGGGGCAACTCAG Wha e reverse A
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AGCAACTCGGTGATGCCAC waglnsimasdnsunsiiaindsiie CCCGGGGCAACTCAG Tng
fyupsdwaidwnewintu 194 bp (Table 2)
3. n3nsrandelsedaaeis pyrosequencing

detdeneaiilisessis 9 wlnfiduemeildifelfidusessmuaudeuanty
anamemadalnlstinuddagldlnswesfioenuuuldfe PPV1-SP uaz PPV1-SP uawiinig
Aanandaglulefu nan133As1e electrophorograms wuitlignsuiianalelndfideny
uwansnafumuetinueaide (Figure 2) Ine Potato spindle tuber viroid Signsuianalolng
0] GCGAACTGGCAACAAGGACGGTGGGGAGTGCCCAGCGGCC; Tomato chlorotic dwarf
viroid figauihadlelvade

GCGAACTGGCAAAAGGCGGCAGGGAGCTTGTGGAAGGCGAAACAGGA;

Mexican papita viroid fianauilndlelnese

GCGAACTGGCAAAGGAGTCGCGGCTGGGGAGTCTCCTCAGACAGGA; Tomato
planta viroid ~ fiaauilnalelnefe GCGAACTGGCGAAGGAGTCGCGGCTGGGGAGTCT;
Chrysanthemum stunt viroid Sidsuiiimalelnafe
GGAAGTCCGACGAGATCGCGGTTGGGGCTTA; Citrus exocortis viroid fansutiindlelng fe
GGAAGTCGAGGTCGGGGGGGTACAGCTGCTTC; Tomato apical stunt viroid Januiaea
lolnafie GGAAGTCGAGGTCGGGGGCTTCGGACTACT; lresine viroid viroid fanautinngle
Inepfa GCGAACTCGGCAAGGAGGCCTGGCGGTAGGTGCGC way Columnea latent viroid
fiansuihadlelnafie ACCGAGCGGGGTCTCGTGGTCGAGGGCGTTGCCCTGTT
wlﬁﬁﬂlwii%Lmu%aﬁm%’umiﬁmﬂ%’mmL%@ﬁﬂaﬂmgﬂﬁaqgﬂLﬁaqmﬂﬁma synthesis
sequencing kazN15M3I9U PPi ﬁwqmaaﬂmlummzﬁLﬁmﬂﬁzmums polymerization N3
vhautuedemsiauveaeulsi 4 wiadeiuie klenow fragment viwmihiineanefisy
1o woulwsd ATP sulfurylase vimiiditUasy PPi fAnduliilu ATP aazifundeavliiv
woulesl Wciferase 18w oxyluciferin Fvanansalfuasoonuld Insuasiiinduazgn

nsIaTuMeLfuwesveInass CCD wonaniifailioulusl apyrase yintilunsidadNTPs

v
a a

wag ATP ivaaviaesglusyuy inallalidaugnasawiudiniriBnisnsiaaey adgmaila
aa s QIJ dl a aa e ¥ o % ¥ a A s a L dl
#3013 iesnmaiiafidersidedninnivaulivesi@ens uaziilentan1sdua
Anatnveslnsiwessenitansiiuvenevuinfduedie1asasiilidgnisduiuegicll
o = Y a a . = s . <
Fnziinaliiinnaldauan (false positives) #3oNaLTIau (false negatives) 9
Aanainlanaznisiinvesvunfduenlidunizla nsuseiuainugnfeavesisnisiag
NUI891UIINANUTEWA 1Y OIE wag China entry-exit inspection kag quarantine
s ¥ a

industry standards $1891uHaRARRGRSAEARlinTaRuTiandlelvalaue pgalsinu

seezhalumaaauiliedlelnddludeddafieuulaeiilued Ussana 15-20 Ju



94

HILAS I STAIUTIEIU1T0ANTEEL A AUALNEBLA 3-4 FIUBINTULUNITIATIZY B9

s o =t

Uninduismsiddissuiandlelndiisunnzdwzdvanmudewesnsifanaduini
Aanann (false positives) wadalnlstiandadnisldedraunsuanedomniausingily
nsnsaadeuazannsaldnsaludelsndifyg varevin wu Tada (De Battisti et al.,
2013; Gharizadeh et al., 2005)
4. mimamﬁa‘lfasaaﬂ“lul,mﬁﬂﬁus:ﬁnﬁ'aﬁ%' pyrosequencing

Mnmsdudaiugnin undowme $1uau 100 freg1e amadelisessi 9 wia
Tnglnsiesfieanuuuld 2 g Ao PPV waz PPV2 Tngfvuaanigiivanzay wuiifedng
widastugiingts 100 deglifinisfnidelsesdddinuuaufiBueifatunasndofiousu

FBN1311M3§ 1 Realtime PCR (Tagman) filinuiaiguiu luvaesfidiegnsnivaudauan
(positive control) fluaufauweindu (Figure 3) Aiuenvagulainudaiuddndalifinnshie
Welsessusognlsinudadedinmsduasiamaniugiunniy

Table 1 Synthesis of viroid sequence

Viroid Size GC% Sequence
species

Potato spindle 309 bp 58.77 AAAAGAAAAAAGAAGGCGGCTCGGAGGAGCGCTTCAGGGATCCCCGGGGAAACCTGGAGCGA

tuber viroid % ACTGGCAACAAGGACGGTGGGGAGTGCCCAGCGGCCGACAGGAGTAATTCCCGCCGAAACAG
GGTTTTCACCCTTCCTTTCTTCGGGTGCCTTCCTCGCGCCCGCAGGACCACCCCTCGLCCCCCT
TTGCGCTGTCGCTTCGGATACTACCCGGTGGAAACAACTGAAGCTCCCGAGAACCGCTTTTTC
TCTATCTTACTTGCTTCGGGGCGAGGGTGTTTAGCCCTTGGAACCGCAGTTGGTTCCT

Tomato 360 bp 57.35 CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCTCCTGTGCAGAAAAGAAAAAAGAT

chlorotic dwarf % AGGCGGCTCGGAGGAGCGCTTCAGGGATCCCCGGGGAAACCTGGAGCGAACTGGCAAAAGGC

viroid GGCAGGGAGCTTGTGGAAGGCGAAACAGGAGTAATCCCGCGTAGAAACAGGGTTTTCACCCT
TCCTTTCTTCTGCGGTTTCCTTCCTTTGCGCGCCACTCGACCCCTCGCCCCCTTGCGLTGTCG
CTTCGGCAACTACCCGGTGGATACAACTGAAGCTCCCGAGAACCGCTTTTTCTCTATCTTGCT
GCTACCGGGGCGAGGGTGTTTAGCCCTTGGAACCGCAGTTGGTTCCT

Mexican papita 360 bp 58.78 CGGGATCTTTTCCTTGTGGTTCCTGTGGTTCACACCTGACCTCCAGCCCAGGAAAGAAAAAAG

viroid % AAAGGCGGCTCGGAGGAGCGCTTCAGGGATCCCCGGGGAAACCTGGAGCGAACTGGCAAAGG
AGTCGCGGCTGGGGAGTCTCCTCAGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACCCT
TCCTTTCTTCGGGTTTCCTTCCTCTGTGGTCGACACCCTCGCCCGCCTCTCTGCGCTGTCGCT
TCGGATACTACCCGGTGGAAACAACTGAAGCTCCCGAGAACCGCTTTTTCTCTATCTTGCTGG
CGCAGGGGCGAGGGTGGAAAGCCCTGGAACCCGCTGGATGGGTCCCT

Tomato planta 360 bp 57.55 CGGGATCTTTTCCTTGTGGTTCCTGTGGTACACACCTGACCTCCTGACCAGAAAAGAAAAAAG

macho viroid % AATTGCGGCCAAAGGAGCGCTTCAGGGATCCCCGGGGAAACCTGGAGCGAACTGGCGAAGGA
GTCGCGGCTGGGGAGTCTCCCAGACAGGAGTAATCCCCGCTGAAACAGTTTTCACCCTTCCTT
TCTTCGGGTTTCCTTCCTCTGCGGTCGACACCCTCGCCCGCTTCTCTTGCGCTGTCGCTTCGG
AGACTACCCGGTGGAAACAACTGAAGCTCCCAAGCGCCGCTTTTTCTCTATCTTGCTGGCTCC




95

GGGGCGAGGGTGGAAAACCCTGGAACCCTTCGAAAAGGGTCCCT

Chrysanthemu

m stunt viroid

354 bp

54.13

%

CGGGACTTACTTGTGGTTCCTGTGGTGCACTCCTGACCCTGCTGCTTTACAAGAAAAAGAAAT
GAGGCGAAGAAGTCCTTCAGGGATCCCCGGGGAAACCTGGAGGAAGTCCGACGAGATCGCGG
TTGGGGCTTAGGACCCCACTCCTGCGAGACAGGAGTAATCCTAAACAGGGTTTTCACCCTTCC
TTTAGTTTCCTTCCTCTCCTGGAGAGGTCTTCTGCCCTAGCCCGGTCTTCGAAGCTTCCTTTG
GCTACTACCCGGTGGAAACAACTGAAGCTTCAACGCCTTTTTTTCCAATCTTCTTTAGCACCG
GGCTAGGGAGTAAGCCCGTGGAACCTTAGTTTTGTTCCCT

Citrus exocortis

viroid

373 bp

59.24

%

CGGGATCTTTCTTGAGGTTCCTGTGGTGCTCACCTGACCCTGCAGGCAGAAAAAGAAAAAAAG
AGGCGGCGGGGGAAGAAGTCCTTCAGGGATCCCCGGGGAAACCTGGAGGAAGTCGAGGTCGG
GGGGGTACAGCTGCTTCGGTCGCCGCGGATCACTGGCGTCCAGCGGAGAAACAGGAGCTCGT
CTCCTTCCTTTCGCTGCTGGCTCCACATCCGATCGTCGCTGAAGCGCCACGCCCCCTCGLLCG
GAGCTTCTCTCTGGCTACTACCCGGTGGAAACAACTGAAGCTTCAACCCCAAACCGCTTTTCT

TATATCTTCACTGCTCTCCGGGCGAGGGTGAAAGCCCTCGGAACCCTAGATTGGGTCCCT

Tomato apical

stunt viroid

364 bp

57.09

%

CGGGAACTTTCTTGAGGTTCCTGTGGTGCTCACCTGACCCTGCAGGCATCAAGAAAAAAGAAT
GGCGCGGAGGAGAAGAAGTCCTTCAGGGATCCCCGGGGAAACCTGGAGGAAGTCGAGGTCGG
GGGCTTCGGACTACTCCTTCGTGAGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACCCTT
CCTTTCTTCGGGTTTCCTTCCTCTCGCCTGGAGAGGTCTTCGGCCCTCGCCCGGAGCTTCTCT
CTGGAGACTACCCGGTGGAAACAACTGAAGCTTCAACCCTCTCGCGCTTTTTCTCTA

TCTTTGTTGCTCTCCGGGCGAGGGTGAAAGCCCGTGGAACCCTGGAAGGAGTCCCT

Iresine viroid

370 bp

60.4%

TGTGGTTCCAATGGTTGCACCCCTGACCTGCAATGCAAAAAGAAAAAAGATGGGGCGGCGGC
AACAACGCTTCAGGGATCCCCGGGGAAACCTGGAGCGAACTCGGCAAGGAGGCCTGGCGGTA
GGTGCGCGGAGTCGACCGCGTAAAGACCGGAGAACTCCACGCGGCGGAAGAAACAGGAGCTC
GTCTCCTTCCTTTCTGCGCCCGCAGGACTCACTCGGCAGCGGCGTCTTCTCCGCACCCTCGCC
CGCTTCCGCGCTGGTCGCTCTGGCTACTACCCGGTGGATACAACTGTAGCTTGAAGCC

CGCCCGCCC CTTCTATCTTCTGCTGCGCGGCGAGGGTGGGCTTCTAAAGGAAACCCT

Columnea

latent viroid

369 bp

57.92
%

CGGAACTAAACTCGTGGTTCCTGTGGTACACACCTGACCCTGCAGCCATGCAAAAGAAAAAAG
AACGGGAGGGAGAGCGCAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAGCGGGG
TCTCGTGGTCAGGGCGTTGCCCTGTTCAGACAGGAGTAATCCCAGCTGAAACAGGGTTTTCAC
CCTTCCTTTCTTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAACCTCTTGACCAGC
GCAGGTGCTGACGCGACCGGTGGCATCACCGAGTTGCTCGAGCCTCAACCTCCTTTTT
CTCTATCTTAGCTTGGTCTCCGGGCGAGGGTGTTTAGCCCTTGGAACCGCAGTAGGTTCCT




Table 2 Sequences of primer used for pospiviroid detection
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Target Primer sequence Length | Tm | % GC | Product
(bp) size
Assayl PPV1-FP: TCAGGGATCCCCGGGGAA 19 78.0 | 63.2 197
(PPV1¥)
C=T/A biotin PPV1-RPB: 23 75.1 56.5
TCCAGTTGTCTCCACCGGGTAGT
PPV1-SP: CCCGGGGAAACCTGGA 16 65.0 68.8
Assay2 PPV2-FP: AGCCCCGGGGCAACTCAG 18 770 | 722 194
(PPV2%)
Biotin PPV2-RPB: 19 71.3 57.9
AGCAACTCGGTGATGCCAC
PPV2-SP: CCCGGGGCAACTCAG 15 619 | 733

PPV1*: detection strain GU911350.1, NC_003637.1, NC 001558.1, EU879922.1,
KF683201.1, AB006737.1, AB054599.1, KF484878.1
PPV2**: detection strain NC_003538.1




97

9 strains multiple alignment

GUELLI3E0.L e 0
HC 003538.1 --CEGAACTARACTCGTEETICCTETGETACACACCTGACCCTGCAGCCATGCARRAGAD 58
HC 003637.1 CGEGATCTITICCTIGIGGTICCTETGET TCACACCTGACCTCCAGCOCAGGRALGRAAR - 59
NC 001558.1 CGBGATCTTTICCTTIGIGGTICCTETGETACACACCTGACCTCCTGACCAGARALGRAR - 59
EUBT7S922.1 0
KF683201.1 57
ABO0ET37.1 0
AB054589.1 --CEGGATCTITCTIGAGETICCTETGET GO TCACCTGACCCTGCAGGCAGARAARGARD 58
KF484876.1 --CEGGAACTTITCTIGAGETICCTETGETGCTCACCTGACCCTGCAGGCATCARGARRRD 58
GUELL350.L  mmmmmmmmmmmm e 30
HC 003538.1 TCABBRGOCCCGEGECAACTCAGHCEE 118 _ _
HC 003837.1 CAGGGATOCCCGGGGAARNCCTGGLENEE 113
HC 001558.1 113
i a1
KFE33201.1 112
BBOOET3T.L  mmmmmmmmmmmmmmm o 38
LB054589.1 114
KF484878.1 LGLATGECGCEGA- 114
* FHE FHRENENFR rEE T E L
GUS11350.1 LCTCGGECALGEAGECCTGECEETAGGTECGCGEARTCGACCECGTARAGACCEEAGRACT =l
HC 003538.1 GCEGEETCTCETEETICEAGGECETTRC-~-CCT——— == == = GTTCRGACAGGL 160
HC 003837.1 LCTGECALLGEAGTCGLGECIBEGEAGTC-TCC-—————m - mm == === TCRGACAGGA 156
HC_001558.1 LCTGECELLGEAGTCGCGECTGEGEAGT T~ m—— == CAGACLGGR 152
EUB78922.1 ACTGGECARCARGEACGETIGEEEAGTBCCCAGCIG-—————mm—mm === GCCGACAGGR 84
KEFE33201.1 ACTGGECARARGGCGECAGEEAGITIGTREARG G-~~~ m—m— === CGRALCRGGA 155
ABO0ET37.1 GTCCGACGAGATCGCGETIGEGECTTAGGACCC-———————— =~ —= === CACTCCTGCGAG 83
LB054589.1 GTCGAGEICEEGEEEGTACAGCTGCITCEEICG-—————m - mm == = CCGCGEATCACT 15¢
KF484878.1 GTCERGEICEEGEECTTCEEACTACTCCTITCGT-——————— = —m = ==~ GAGACAGEAGTL 158
GUS11350.1 CCLACGCEECEERAG GG TBB BB -TTTCTGTCECCCGECAGGACTCACT 150
HC 003538.1 —GTAATCCCAGCTGARRCACEETT T TCACCCT TEC TR TR T T ————— GGITICCTICCT 214
HC 003637.1 GTRAA-TCCCCGCTGARACAGEETTITCACCCTTCCTTTCTT G ————— GEITICCTI--- 207
NC 001558.1 GTAA-TCCCOGCTE -GGITICCTI--— 205
EUB75922.1 GTRATTC-COGCCE -GGIGICCTI--— 135
KF683201.1 GTAATCCCGCGTAGRARCAGEETTITCACCCTITCCITICITC T —-——- GCEETTTCC--- 207
ABO0ET37.1 ACAGGAGTAATCCT TTT--——— CCTTCC-————- 132
AB054589.1 GGCGTCCAGLEGAR COMCGTETB BB TTTCECT--—-~GCTGECTCCACR 214
KF484878.1 -——-LTCCOCECTE -——-BEBCGGGTITCC 205
wEF A F R ER * *F
GUS11350.1 CGECAGCEGIETCTICICCECACCCTCRCOCGCTICCGCGCTEETCGCTCTGECTACTAL 210
HC 003538.1 CTE---CTTCAGCEEOCICE0COGEARCCTCTTGAC-—-CAGCECAGRT GO TEACGOGAD 268
HC 003837.1 -CC---TCTGIGEICG-ACACCCTCGCCCBCCTCTC-TRORCIGTCECTICGEATACTAC 261
HC 001558.1 -CC---TCTGCGETCG-ACACCCTCGCCCBCTICTCTTROGCIGTCECTICGEAGACTAC 260
EUB75922.1 -CC---TCGCECOCECAGEACCACCCCTCGCCCCCTTTEOGCTGTCECTTCGEATACTAC 191
KFE33201.1 -TT---CCTTTGCGCGOCACTCGACCCCICECCCCCTTEOGCTGTCECT TCGECARCTAC 283
ABO0ET37.1 TCT---CCTEEAGAGGTCTTCTECCCTAGCCOGGTCTTCGARGCT TCCTTTGECTACTAC 188
AB054589.1 TCC---GATCETCAC TEAAGCGOCACGLCCCCTCECCCEEAGCTTICTCTCTGECTACTAC 271
KF484878.1 TC---CICTCGCCTGEAGAGGICTICGECCCTCECCCEGAGCTTCTCTCTGEAGACTAC 262
w w E
GUS11350.1 CCEGTGEATACAACTGIAGCTTEARGCCCGCCCGCCCTTITITTICTICTATC--TICTGCTS 268
HC 003538.1
HC 003837.1
HC 001558.1 CCEGTGEARACAACTGAAGCTCOCAAGCECCGE———TTITICTCTATCTIT--GCTGECTE 315
EU878922.1 CCEGIGEARACAACTGAAGCTCCCGAGAACCGC——~TTITICTCTATCTT--ACTTGCTT 246
EF683201.1 318
ABO0ET37.1 240
LB054589.1 CCEGTGEARACAACT GAAGCT TCARCCCCARRCCGECTTITCTIATATCTT--CACTGCTC 3ze
KF484878.1 CCEGTGEARACAACTGARGCT TCARCCCTCTCGCECTTITICTCTATCTIT--TGTTECTC 320
W * ¥ x ¥ rER x
GUS11350.1 CECGECEAGEETEEEC I TCTARAGGARACCCT-——————— 300
HC 003538.1 CCEGECEAGEETEIITAGCCCTIGEARCCGCAGTAGETTICCT-——— 370
HC 003837.1 AGGGECERGEGTEERARAGCCCTGERARCCCGCTGGEATGEETCCCT- 360
HC 001558.1 CGEGGCEAGGETEEAARACCCTEGAACCCITCGRAARAGEGETCCCT 380
EUBT79922.1 CEEGGCEAGGETEITIAGCCCTIGEARCCGCAGTTGETTICCT-—— 288
EF683201.1 CEEGECEAGEETEIITAGCCCTIGEARCCGCAGTIGETTICCT-——— 380
ABOOET3T.1 ACCGGGECTAGGGAGTARGCCCGTIGGEARCCTTAGTITIGITCCCT- ZE4
AB054599.1 TCCEEECEAGGETGARAGCCCTCGGARCCCTAGATTGEETCCCT - 373
EF484878.1 TCCGEECGAGEGTGAARGCCCGTIGEARCCCTIGERAAGEAGTCCCT- 364
® W ® W L *

Figure 1 The alignment of accession numbers of viroid species exhibiting sequence

identity Potato spindle tuber viroid (Accession: EU879922.1), Tomato chlorotic dwarf
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viroid (Accession: KF683201.1), Mexican papita viroid (Accession: NC_003637.1),
Tomato planta macho viroid (Accession: NC_001558.1), Chrysanthemum stunt viroid
(Accession: AB006737), Citrus exocortis viroid (Accession: AB054599.1), Tomato apical
stunt viroid (Accession: KF484878.1), Iresine viroid (Accession: GU911350.1), Columnea

latent viroid (Accession: NC_003538.1)
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_ PPVISI | PPVL-S2

ul i ' | H'l L | i lll TR

| nh

---------
---------

Basecalled Sequence: GCGAACTGGC AACAAGGACG Basecalled Sequence: GCGAACTGGC AAAGGGCAGG
GTGGGGAGTG CCCAGCGGCC GAGGCTGGTT GGATGGGCAG GAAGCAA

£ -

| PPV1-53 J PPv1-54

LA 1 lll I

: il H |.m|.,ll _|I IAAMITHAN

Basecalled Sequence: GCGAACTGGC AAGIGIAGTCGC Basecalled Sequence: GCGAACTGGC GAAGGAGTCG

GGCTGGGGGA GGGTCTTCCT T,

-

o

- N

-

LR

| LLUILL T 0 L
Basecalled Sequence: GGAAGTCCGA CGAGATCGCG Basecalled Sequence: GGAAGTCGAG GTCGGGRGGG[G]
GTTGGGGCTTA TACAGCTGCT TC

PPV1-S7 PPV1-58
-
Basecalled Sequence: GGAAGTCGAG GTCGGGGGCT Basecalled Sequence: GCGAACTCGG CAAGGAGGCC

TCGGACTACT TGGCGGTAGG TGCGC
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PPV1-PoolS1-59

[ "l
astTs

Basecalled Sequence: GGCGAAACTIT] GIGICCAGGAAG GIGIATGCGGEG CTGIGICGGGCA GRIGICTGCTC

e aTscaTeTaAY AT ST a
n > ”n . o

PPV2-59

T RTTRRRRVAN N

Basecalled Sequence: ACCGAGCGGG GTCTCGTGGT CAGGGCGTTG CCCTGTT

PPV2-Pool 51-9

AT TIRR VLN 1N

THC 4 CeaTECaTECATS

n

Basecalled Sequence: ACCGAGCGGG GTCTCGTGGT CAGGGCGTTG CCCTGTT

Figure 2 Pyrosequencing signal of Pospiviroid: Potato spindle tuber viroid (S1),
Tomato chlorotic dwarf viroid (S2), Mexican papita viroid (S3), Tomato planta
macho viroid (S4), Chrysanthemum stunt viroid (S5), Citrus exocortis viroid
(S6),Tomato apical stunt viroid (ST), Iresine viroid (S8) wag Columnea latent

viroid (59)
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Figure 3 Image of the gels for PCR amplification
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aqﬂwamﬁ%’a uazdatauanus (Conclusion and Suggestion)

MnnsRAILISNSATI9EeuITe Pospiviroid Taseuaguynuiinvathisessldun
Potato spindle tuber viroid, Tomato chlorotic dwarf viroid, Mexican papita viroid,
Tomato planta macho viroid, Chrysanthemum stunt viroid, Citrus exocortis viroid,
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Adfey - wWianud  3Fn1sasiedeuRunMNEATUG
ABSTRACT

A study of the present work was to evaluate the optimum temperature and
soaking times for estimating germination testing methods in laboratory of Arabica
coffee seeds in two cultivars, Chiangmai 80 and H528/46. The research was
conducted in Phitsanulok Seed Research and Development Center in 2018-2019. Two
temperature soaking, 30 and 20 - 30 °C for 0, 12, 24, 48 and 72 hours were tested in
the factorial in CRD with four replications. The results showed that the removal of
the embryos before germination test had highest germination percentages than other
treatments in two temperature tested of Chiangmai 80 cultivar. The germination
percentages was 84-86 when placed in the temperature conditions of 30 °C
(germination rate at 37 days) and 90-94 when placed in the temperature conditions
of 20-30 °C (germination rate at 49 days). The speed of germinations when placed in
the temperature conditions of 30 °C (3:18 to 3:49) faster than placed in the
temperature conditions of 20-30 °C that have speed of 2.63 - 2.73. Arabica coffee
var.H528/46 germination percentages showed the same results as Chiangmai 80
cultivar. The germination percentages was 81-92 when placed in the temperature
conditions of 30 °C (germination rate at 37 days) and 84-93 when placed in the
temperature conditions of 20-30 °C (germination rate at 49 days). The speed of
germinations when placed in the temperature conditions of 30 °C (2.18 to 3.82)
faster than placed in the temperature conditions of 20-30 °C that have speed of 2.39
- 2.60. Thus, the good methods for coffee seed quality testing in laboratory is
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removed of the embryos before germination test and place in the temperature
conditions of 30 °C for 37 days.
Keyword : Coffee Seed Seed Testing
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Nan15998 (Results) nazadusiewa (Discussion)
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M157199 1 Asen (%) veawdaugniurlansdiiugidednl 80 Mw3euudaiugnou
WNEAINIBN 6 T5N15 wazaamilunIsizAeen 2 aumnd
o iesUURn1snsavdeuamn NEATUgAUEITe waz TR LAATUS Y

iwaglan U 2561

gaungilunisimizaiusen

FBMsmSeUAAnaUNIEAINLIEN (M
P — MEANY
(P) 300C" 20-30
Oc1/

1. ladugth? 33b B 70b A 51b
2. ugth 12 Falue? 12¢ B a0d A 26¢
3. uith 24 Falue? 33b A 27d A 30c
4. uth 48 Falue? 280 A a1cd A 34c
5. wajth 72 Falug 7 25bc B 54c A 39bc
6. aenifeviuiudneen? 8da A 90a A 87a
T -MEAN¥ 36B 53A 44
F-test (T) *x
F-test (P) *x
F-test (TxP) *x
CV (%) 20.81

** significant at p < 0.01
YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)
Z In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
winewe : Fnnsaenideriudnoeninzaueniigamail 30 °C Ustiliuanausendl 37 fu drunssuisaug Usuidu

AMN9BNT 49 Ju
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i < & o & AY o & | P &
M1919N 2 ﬂ'ﬁllLi’ﬂﬂﬂ'ﬁﬂaﬂsﬂaﬂLllﬁﬂWHﬁqﬂ']LLWEﬂﬁTUﬂ']W‘L!ﬁqLGUENIVTZJ 80 NLAFYULUAANU

2N o,

AouMEALIBN 6 18N wArgUYIlUNITINIZANION 2 Baunil
ol iesUfURn1snsavaeuamnnaATUgAUEITe ez iR AR TS IY
fiwaglan U 2561

gaumnalunisimnzAugen
35N1SPSUULLAANDUINIZAIILGDN

(T) P _ MEANl/
(P)
300CY 20-30 °C

1. lalugti? 0.87b B 1580 A 1.22b
2. udth 12 $alue? 0.26c B 0.86cd A 0.56¢
3, uafth 24 $alue? 0.85b A 057d A 0.71c
4. udvh 48 Falue? 0.64b A 0.87cd A 0.75¢
5. udth 72 $alus 2 0.59bc B 1.15¢ A 0.87¢
6. aonLderfudnoen? 3.48a A 2.73a B 3.10a
T -MEANY 11A 1.29A 1.20
F-test (T) *x

F-test (P) *x

F-test (TxP) *x

CV (%) 17.99

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

7 In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
wnewe : Fnnsaenideriudnseninzauseniigamail 30 °C Ustiiuanasendl 37 fu drmnssuisaug Usuidu

AMN9BNT 49 Ju
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M157199 3 ALsen (%) veawdsugniurlansdiiugidedn 80 Mw3euudaiugnou
WNEAI1NIDN 6 TBN15 Uazaamilunisinizaueen 2 aumgd
ol iesUfURn1snsavaeuamnnaATUgAUEITe ez iR AR TS IY

waylan U 2562

gaungilunisimizainusen

FBMsmSeUAAnaUNIEAINLIEN (M
P — MEANY
(P) 300C" 20-30
Ocl/

1.l a8b B 780 A 63b
2. ugth 12 Falue? 41bc B 53¢ A a7c
3. uith 24 Falue? 20d A 29de A 25de
4. uth 48 Falue? 18d A 23e A 20e
5. wajth 72 Falug 7 33c A 35d A 34d
6. aonLdeviudnoon? 86a A 94a A 90a
T -MEAN¥ 41B 52A 46
F-test (T) *x
F-test (P) *
F-test (TxP) *
CV (%) 15.38

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

Z In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
wnewe : Fnnsaenideriundnseninzauseniigamail 30 °C Usuiuanausendl 37 fu drunssuisaug Usudu

ANNeBNT 49 Ju
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2N o,
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fwalan U 2562

gaumgilunisimnzAusen
35N IULAANDUNIZAILGDN

) P _ MEANY
(P)
300CY 20-30 °CY¥
1. ladumi? 1.00b B 1.63b A 131b
2. with 12 Falue? 0.90bc A 1.10c A 1.00c
3. Wt 26 Falue? 041d A 06ld A 05lde
4. wjth 48 Falue? 0.38d A 0.48d A 0.43e
5. wth 72 Falua 7 0.71c A 0.73d A 0.72d
6. aonLderfudnoen? 3.19a A 2.63a B 291a
T -MEAN? 1.10 1.20 1.15
F-test (T) ns
F-test (P) **
F-test (TxP) *x
Vv (%) 15.27

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

7 In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
winewe : Fnnsaenideriundnseninzauseniigamail 30 °C Usuiiuanasendl 37 fu drunssuisaug Usuidu

ANNeBNT 49 Ju
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M157199 5 Ausen (%) veawdaugniunlansdiniug H528/46 Mw3euudaiugnou
WNEAI1NIDN 6 TBN15 Uazaamilunisinizaueen 2 aumgd
o iesUURn1snsIvdeuAmn NNGATUgAN T Lar TR LLART LS Y

iwaglan U 2561

gaungilunisimizaiusen

FBMsmSeUAAnaUNIEAINLIEN (M
P — MEANY
(P) 300C" 20-30
Oc1/

1.l 21cd B 67b A a4b
2. ugth 12 Falue? od B 34c A 21c
3. uith 24 Falue? 28bc A 12d A 20c
4. with 48 Falue? a4b A 22¢d B 33bc
5. wajth 72 Falug 7 24cd A 28cd A 26¢
6. aenifeviuiudneen? 92a A 93a A 93a
T -MEAN¥ 36A 43A 39
F-test (T) *
F-test (P) *
F-test (TxP) *
CV (%) 28.89

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

Z In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
winewe : Fnnsaenideriudnoeninzaueniigamail 30 °C Ustiliuanausendl 37 fu drunssuisaug Usuidu

ANNeBNT 49 Ju
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v

a

AouIZAUIEN 6 8N15 Uavguunillun1snigANeen 2 gy

ol iosUfURn1snsvdeugunmNaaTugAudITe ez iR LA TG

9

fwadlan U 2561

gaunilunsinIzANgen
NPT UULAANDUINIZAIILIDN

(M) P _ MEANY
(P)
300CY 20-30 °CY

1.l 0.53c B 141b A 0.97b
2. ugth 12 Falue? 0.20c B 0.74c A 0.47b
3. uith 24 Falue? 0.69c A 0.26c A 0.47b
4. uth 48 Falue? 1.15b A 0.49¢ B 0.82b
5. wajth 72 Falug 7 0.56c A 0.60c A 0.58b
6. aenifeviuiudneen? 3.82a A 2.60a B 321a
T -MEAN¥ 1.16 1.02 1.09
F-test (T) ns

F-test (P) *x

F-test (TxP) *x

v (%) 28.42

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

Z In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
winewe : Fnnsaenideriudnoeninzaueniigamail 30 °C Ustiliuanausendl 37 fu drunssuisaug Usuidu

ANNeBNT 49 Ju
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M157199 7 Ausen (%) veawdaiugniunlansdiniug H528/46 Mw3euudniugnou
WNEAINEN 6 T5N15 kavaunilun1swIgANeen 2 gaungl
o osUfURn1InsvdeugunNAATUgAUEIT ez TR LA TG

waylan U 2562

gaunilunsinizANgen

NS UULAANDUINIZAIILIDN (M
P — MEANY
() 300CY 20-30
ocl/
1. Tl 28b B 50b A 39b
2. udth 12 $alue? 12¢ A 16c A 14c
3. uath 24 $alue? 13¢ A 20c A 17¢
4. e 48 Flae? 11c B 25¢ A 18¢
5. Wi 72 Halag ¥ 18c A 15¢ A 17¢
6. aonLderfudnoen? 8la A 8da A 83a
T -MEAN? 27A 35A 31
F-test (T) **
F-test (P) i
£ 3

F-test (TxP)

CV (%) 20.73

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple
Range test (p < 0.05)

7 In a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
vnewe : Tnsaenideriundnoeninausenitgumail 30 °C Ussiliuausenil 37 fu  drunssuiEiug sedu

ANIDNT 49 Ju
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[y

>Na,

6 A
WY

35N IULAANDUNIZAILGDN

gaungilunisimizausen

P - MEANY
(P)
300CY 20-30 °oCY

1. lalugti? 0.59b B 1.04b A 0.82b
2. udth 12 $alue? 0.27¢c A 0.34c A 0.30c
3, uafth 24 $alue? 0.29¢ A 0.41c A 0.35¢
4. udvh 48 Falue? 0.22¢ B 053¢ A 0.37¢
5. udth 72 $alus 2 0.40bc A 0.32¢ A 0.36¢
6. aonLderfudnoen? 2.90a A 239 B 2.64a
T MEAN? 0.78 0.84 0.81
F-test (T) ns

F-test (P) **

F-test (TxP) i

CV (%) 18.00

** significant at p < 0.01

YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple

Range test (p < 0.05)

ZIn a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)

e : Fn1saenideviumdnseninzanuendigamall 30 °C Uszliupuseni 37 fu dwnssudioue Ussdu

ANNeBNT 49 Ju
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d5Unan135998 wagdatauawus (Conclusion and Suggestion)
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The Efficiency of Seed Quality Testing Methods on Sweet Corn Seed

Storability Evaluation
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AUALLTT Tl A2N9DNANBNAINITSINY NMIUNITIN wazAINnluanInls wu
AaruduiusuuUBInGslenroudsgaisanatug (0.7513 < r » 0.9828) dmsudinis
11"111/\11711LLazﬂ%mmﬁwmaﬁasmSlﬁl,ﬁmmméfmﬁuﬁl%qauﬁ’umﬁmaﬂuasmmLLsﬁQLm?}'uq
Tagan r lnseildrouiiaulsunudsenatinaainanuuandwesiug 3¥n1snsaaey
sananndslisuzidmsunisnsieasuanundussduwdaiugdinlnamiiu Fatfunng
M39988UANLTILTILABNITLII0T8 N15UNITIN wazAuentuannlsTaduisnis
pyvaeum LI auLazLughdmiumdaRuginTnamy

[y [y

AdIRey - WETUGINIIAMIY NMIATINEABUANATLLAATG

ABSTRACT
Seed quality testing method is an important tool for seed storability and vigor
determination. This research purposed to study the advantage seed quality testing

methods to evaluate seed storage and vigor of three varieties sweet corn seeds. The

aging conditions; 41 and 43°C and incubation times for 72, 84 and 96 h were studied

to obtain the suitable conditions for seed vigor and shelf life examination. The

research found that the aging condition at 41°C for 96 h could categorize seed vigor
levels among three varieties and evaluate storability of sweet corn seeds. Thereafter,
three varieties of sweet corn seeds were packed in polyethylene bag and kept for 10
months at ambient temperature. The qualities of sweet corn seeds were observed
every month. The experiment showed that the vigor of three varieties sweet corn
seeds decreased with the increased storage time. The storability of var. SK and PF
were 7 months, but only 4 months storage found in SW variety. Moreover, the
analysis of correlation coefficients (r) between germination and vigor including
germination after accelerated aging, radicle emergence, and field emergence
exhibited the highly positive correlation for all varieties (0.7513 < r > 0.9828). The
electrical conductivity and soluble sugar content showed the negative correlation
with the germination and vigor. However, these correlations were varied among three
varieties, depended on its varieties. Then, these two methods do not recommend for
vigor test in sweet corn seeds. Our research suggests that germination after
accelerated aging, radicle emergence, and field emergence tests are applicable
methods and introduce for vigor test of sweet corn seeds.

Keyword: Sweet corn seeds Seed quality test
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N1 (Introduction)
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A8n1515981¢ (Hampton and Tekrony, 1995; 9510580 uay guiunn, 2547) wWasidud
A5BNa510 (ISTA, 2016) n1snaaauluanineainieLiu (AOSA, 1983) wag AIN15UN

Il (Hampton and Tekrony, 1995; 9510308 Wag aliun, 2547) dm5UTsn1si3eene

% s

wudaNnuduiusiunissenluaninls (Hampton and Tekrony, 1995; 2510580 Wag
giunn, 2547) wazegn1siusnwIvedudniugilneaiIu (Hampton and Tekrony,
1995; yydl wag Inda, 2551) wazdndnd (AOSA, 1983, Hampton and Tekrony,
1995) upnaninuAAEFUTuSTEnIeA MR uasenluanmlsluwde
WugUIlnenIu (351058l wag aliuni, 2547) wagnungdu (Szemruch et al. 2015)

Tud 2007 Zhao wagmaly WU volatile aldehyde way dehydrogenase activity

v 6

AMUEFNHUSAUAULDILTDINEATUTT1IINA super sweet uay sugar-enhanced
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sweet corn ANNAIRU 3051 (2544) WUIINITL90YT 41 Uag 42 BaALTalBd W

q

96 U3 wag 43 Wy 72 FIlue ausaUssidiuaun muAAT STl NAnIIUIAY



119

[%
Ly LY

$nwldun 4 ifeu mnaAteinunasiuldiniBnsnvaouan i awugius
w185 wazdsnisiseeg udsnieudmnsulssidiuargnisiiusnyiudanug usegals
<@ 1 a 13 v Y 1 [y

AnuN19Lseg sInaUTEliuRavedudniui i lnavldaUseaa 10-11 Ty
JmsiinsAnwnazAniianisnisnsivasuaunmileiuludagiuiny seendldlunis

Usziliuongnisiiudnewdniug lnedenadsaiatslunisidenisnisasiaaau fe

[

ANLNRET gndeae 39AL57 Usenda wazdasndy Amunuidelifdiinguszasdiiie

a

Anw1isnisasrvasununniduszansamlunisussfiuanuainsalunisi usnw

(% s

<
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4 a wva @ o 61
Vel URnsnsIadeunmun nLaaiugdely

32 08U5N15938  (Research Methodology)
aanldlunisneaas
<@ v §Y v 6 a v ¢ v 6
1. LN@@WHQGU’]'JIW@WNU 3 W3 ATUIVINTITIAYAT 2 WUg baLNYY 1 U3
2. @15.adl laun anthrone, glucose standard, electrical conductivity standard

[y

3. gUNTAIEMSUNAADUAIINDNLA AT IVDANAATUG

WUULAZTIIN1IMARBY
MLANUNITNAABIUU  Completely Randomized Design (CRD ) 9143U 6
n33138 4 91 Téun
1. msiseengiigamadl 41 ssrnwadea Lan 72 9l
154399787 ’qmmﬁ 41 arniwaiea a1 84 Tl
M3issoefigumadl 41 esmiwaldea nan 96 1l
m‘slﬁ'qmqﬁqmw 43 pamwaldua an 72 il

M3isaegigamgdl 43 ssrwaioa 1ian 84 Tk

A

M3isaeeionmgll 43 ssmwaidoa Lan 96 Falus
Faufiunu/sunaunisie

o [ v &Y Y v 6 ' a )
1. mmaﬂwuﬁqmﬂwmmmm 3 WUT WLNIYN E]ELWTQQJ 41 way 43 2IANYALY

q q
¥

S3ETII8T 72, 84 Az 96 Talus ATALdLImMSSosay 98+2 91udU 4 68"16‘] az 100 LWan A
3503 ArMuun mﬂuumLmamwuﬂﬂMiaaaaUﬂmﬂﬂw il Auy A1U9BNUINTTIU
Wodudnisunasn svesnanadslunisen anusenluaninls anisiilad wasuSuno

Wnnafara1ela audsnsdufindeya (U 3)
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2. thudaiugdnlnaniuiis 3 Wug wiivinufiguvgivesdunan 12 ey
vipaunsziadeuninen lasusseieginalensau iedldlunisd) $1ua 150 niu
§iD93 NIVARDIRILIY 4 91 ATvdsUAuANTRsLAaTuSTInAnaL Tneviinsiiudin
wa T Ay AseninpsgIu Malsseny Wesidudnisunssin sseznanadeluns
son anusenluannls aninilwil wazdFuahmaiiozaisld anuisnstuiindeya
(f0 3) yn 1 ey duusidioudl 0 Badoudl 6 vasnfvinwmieaununegns iy
(ANseNANT 65% mudernrunves wszswiydRusiy 2518)

3. Mstuiindeya

o I3

3.1 AuA (moisture test, MC) ﬂ’wL@JﬁmwuﬁjﬁwﬂwwmummazLﬁaﬂe’hmﬂ%wm
Fovmin 45405 nfusiotn sudiedouanieuiigungld 130 ssawaidea ssoziaan 4
Hlus i luAulgaamduuseun 30 i Aumtaiindmely enunaduiosas
(ISTA, 2016)

3.2 A1U90NUINTFIU (standard germination, G) YA sIsLuanlaedsnisinig
s¥WI1ansaY (between paper) $1uau 100 Wwinres Auliluiesmennutengmumngl
@au 20-30 peFLwaLdyd ‘Usmﬁumwmaﬂﬁ'mq 7 U (ISTA, 2016)

3.3 A1U9BNNNYNAINT5L3981Y (Germination after accelerated aging, GAA) 11
winlUissengTigumgdl 41 esmwaidea svoginan 72 Halus anududuivdiosas 98+2
Huran 96 Falus (Hampton and Tekrony, 1995) 37u21 100 Luﬁﬂﬁiaﬁ?}gﬁ dlonsurimun
YudalUinzALena L3N SNAGEUAINNONNINTFIU

3.4 1Wesduin15unesnn (radical emergence percentage, RE) wamﬁfﬂﬁuﬁ
41lnALUU between paper §7UU 25 WanRBIIY 31UIU 8 Fufefiegie drluiiulily
Houmgiguund 2041 asmuwadoa \Huna 66 Halue15 unit vdaniutuenzsde
Adeuemsnuszana 2 fadns Mecusaduiosas (STA, 2016)

v

3.5 avusanluaninls (field emergence, FE) dnudanugtnalnaninuludgnlu

]

[

wasUgndruau 100 wdasiedn udUssdiuaruseniiony 14 u vdagn

3.6 A5l (electrical conductivity, EC)

W3BULIAATIUI 4 Gé?'m av 50 win nstuiinduinudelussasd ameaiindu
U3ums 250 fiaddns lavinguaasjauin 500 fadans vulifonmall 20 ssmiwaidea 1y
nan 24 Falus Aouranld anduiisdaiusiedonlildlurngusugivssguindu
gauvindl 20 esraldoa undewanug deliudaaur Yaddaensearurlesd vl
gl 20 osrnwaldea easu 24 Falus irdegraunTadnsinlndindeinges
conductivity meter (ISTA, 2016) WAIUWIAIUIU A9EAT

amsthlai (us eme?) = Ansthlad (s cm™) / dndnidne (n$a)
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3.7 Usnahmaiiazaneld (soluble sugar content, SS)

thansararsainnisiaainisinlniweswdaziieg s mageuUsunatiniai
avangld m1u3Bves Zhao et al. (2007) Uilnansaranednuiu 1 Saddns aslunaoannass
iy anthrone S1uau 5 fadans werlidniy vishedluduludnfondunan 10
Wit wE BNy thansaranefildlutasonissaalastnlniinesiniuen Ay 620
wiluiwas dansganduuasdldufsusunsminglaauassiu esmuuuimnaninad
azangle sneunaluming fadnsusetiveinuds (n$)

4. Aiaseviendulsyansandusiug (correlation coefficient: r) YINANITNARBILN
ﬁ’]é’mﬂizawéawﬁmﬁuéizwjNm’lmaﬂmwé’qmitﬁ'qmqﬁuammwé’wwiwG] Tuseninens

Nushwveaudaiugialnausazaneiug

LIAAZENTUN

(%
a

Busiu 1 nanaa 2560 Fuga 30 AU 2562

q

Audidewasianwdaiugivivalan sualmes dunelmes fminfivalan
NAN13338 (Results) wazafiusnena (Discussion)
& ¥ [ v &Y & [ [ ! v ¢
AMNMUBIR YD AAN LT INAI WA NT U NaUNSIAUTIBINU I UG SW

AT WU 12.7% Tuvaed PF uag SK danudulseanas 10% adusaniiug PR de1

INAAYINAU 98% T99a911AD SK 1Az SW WU 97 wag 94 ANEISU ANNLTLIITRlae

9

AINNIBNANNAINITLITDIE NITUNITIN wazAsanluanmls wudmiug SK iy 95

fEaN] )}

79 WAy 97% WuF PF LMIU 96 89 wag 95% dau SW fAwwinfiu 85 93 way 92%

o > d‘
AuaIny (M195199 1)

A19197 1 ANFU (MC) A1398n (G) NSNS (RE) tazanusanluaninls (FE) uaaiuan

% v s 1 =3

WgUINANIU 3 g eunAuTnY

]

Varieties MC (%) G (%) GAA (%) RE (%) FE (%)
SK 10.0 97 95 79 97
PF 10.2 98 96 89 95

SW 12.7 94 85 93 92
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@159 2 AUTU (MC) Aa9en (G) N15unesn (RE) Arnnsiiladih (EC) anwsenluanin

15 (FE) waz Ysunanhanaiiazaneld (SS) vesuaniuddalnamnu 3 #Wug Akunissieny

Tuan1zeinge
Varieties Aging conditions MC G RE FE EC SS
Temperature (°C Time (h) (%) (%) (%) (%) (uscm’g™h) (e
glucose/s)
SK 41 72 12.0a 95a T1la 97a 61.200bc 111.62a
84 12.0a 92a 65ab  89ab 56.975c 58.31b
96 11.8a 86b 67ab  82bc  67.525ab 63.05b
43 72 11.6b 94a 56bc  90ab  65.500ab 106.04a
84 11.7b 94a 53¢ 92a  67.275ab 68.07b
96 11.6b 87b 53¢ 78¢ 68.850a 61.83b
F-test > > *x > * ns
C.Vv. 0.796 2418 12.040 6.147 8.091 20.697
PF a1 72 11.4d  97ab 86 98a 58.950 72.14ab
84 11.6c  95abc 85 93bc 67.075 57.2d4abc
96 11.7ab  91d 92 82d 65.850 49.27c
43 72 11.7ab  98a 88 96ab 61.825 76.22a
84 11.8a  93bcd 90 93c 60.925 50.93abc
96 11.8a  93bcd 91 91c 54.425 37.79c
F-test xx xx ns xx ns *
CV. 0.784 2216 5259 2.578 10.898 24.761
SW 41 72 10.7d  86ab 91a 87bc 61.300 78.85
84 11.0d 81c 90a 82d 61.600 78.56
96 10.7d 80c 88a 80d 60.325 73.84
43 72 10.9¢ 90a 88a 93a 56.800 75.37
84 11.2b 88a 88a 88b 51.775 72.07
96 11.5a  83bc 7db  83cd 63.275 84.90
F-test ** ** ** ** ns ns
CV. 0.589 3571 4.099 3.399 9.968 24.217

newey; Tuwnderiuaedennuiesnysmiiouduliwandeiuegeldddyniatanseiuanuiediu 95% lngTs

DMRT
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M13197 3 BvSnaveteumniuarsreziallunisseegluanitzasgonnuiy (MC) Ay

390 (G) N3N N (RE) Arnsuladin (EC) anusenluaninls (FE) uwag YSunuinaiad

[

avaaldl (SS) vonudniuginlnevany 3 Wug
Varieties Aging conditions MC G RE FE EC SS
%) %) (% (%) (uscm’g?) s
glucose/q)
SK  Temperature (°C) a1 11.96a 91.1 6752 892 8.92a 77.65
43 11.63b 915 540b 86.4 8.23b 78.65
Time (h) 72 11.8 94.6a 632 93.4a 8.37b 108.83a
84 118  928a 60.0 90.0a 8.11b 63.19b
96 11.7 86.5b 59.0 80.0b 9.24a 62.44b
F-test Temperature x* ns x* ns * ns
Time ns xx ns xx * xx
Temp. x Time ns ns ns ns ns ns
PF Temperature (°C) a1 11570 942 875 909 8.81 59.55
43 11.76a 94,6 895 93.3a 8.12 54.98
Time (h) 72 11.5¢  97.0a 870 97.1a 8.19 74.18a
84 11.7b 94.1b 873 929b 8.32 54.08b
96 11.8a 920b 913 86.3c 8.89 43.53b
F-test Temperature xx ns ns * ns ns
Time *x *x ns *x ns *ox
Temp. x Time ns ns ns xx ns ns
SW  Temperature (°C) a1 10.70  822b 89.3a 825b 13.50a 77.76
43 11.2a 87.3a 83.2b 87.8a 12.65b 77.45
Time (h) 72 10.8c  88.1a 89.3a 89.5a 12.98 74.61
84 11.0b 84.4b 888a 84.6b 12.50 75.31
96 11.1c  81.5b 80.8b 81.3c 13.75 82.88
F-test Temperature x* ** x* x* ns ns
Time *x *ox *x *ox ns ns

Temp. x Time

*%

ns

*%

ns

ns

ns

inewe; Tuwnideriuaiedennuiesnysmiloutulivanseiuegaldudfynadnnssduanudodu 95% lng s

DMRT
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AENFINTTLEMAATUTTIINANIILNS 3 Wug Noungd 41 way 43 a3mn

waldea [Wuan 72 84 waz 96 Falus wud whaiudlauduedlugig 10.7-12.0% n1s

a

Sso1efigungigetunazszernarumduivualiliudaiusininamiuiaueniey
AULTINTIANAT 2INNITIATIL NN NETANUTIBVENATD 1M TNAZTZELLIAINTINI
01y (@il 41 uay 43 esrwaidea szugnan 72 - 96 H2lug) livilinnusen nisuns
510 easentuaniwls Anisildh uazuinabnafiazanelfunnseiuluiug sk dau
Tuiug PF nuanuuanasegiiduddguasnnueniuaninlsifissedufes agalsinny
Wug SW masuaaqquﬁLLazszazL’;aﬂ,umﬁlﬁ'qmE;a'amasiamm%uazmumwm woilaliing
sionrmsen Armsanluanmls Al westiinashmatiozaneld (e 2 uas
3) waziilofinnsaundvinavessrarnamuszznai 72 uag 84 ludlinanimaaey
A7"98N N3UNesIN wazaantuannlslndifeafuisauiug uifinan 96 42lus &
il deiusianuudusianasegsdifoddnyfanuiug fafuerandnldin
an1znsiseegigungdl 41 uag 43 ssmwalea szeziaan 72 - 84 dalua leiwanis
naaoulndiAssunsfiszazing 96 $alus vilinaunmsdaiuganaslneianzanusenias
arusantuaniwls dsduninssorsfiguugd 41 sseuwadioa svazinat 96 dalus Jaudy
anmgfimngauuinniiannedu esinaiunsousnanuudeusdld Snadlounly
finsanswiuanusenuazanueniuanmliseninansiiuinu (n59d 4) nuiianu
sonmevdnsisionefigumgll 41 esrmwaldea syoziaan 96 $alus TanlndiAsadiuam
sonuazasenluanilsveadniiuginlnananuiug sk wag PF MiAunwidunan 6
Foufiguugiivies (115137 2 3 uay 4) luvaeiiug SW Feilanuudsuswinninfugdug
ANLsENAENAIN TSIy Tignmgll 41 ssmiwaiBea szaziian 96 s IndlAssiuaany
senuazamenluanwlsiiAvinuiduna 3 iWeuflgamgiivios (31afl 2 3 waz 4)
Mntusiiumafuinviadaiuidnlnanuieiugiasussglugdndionsau
Ausnuilgamgiivionduna 10 ifeu (Ausenimidaifios 1-23%) nuteuduresudn
ginlnavunaiugaoudnansd (nsedl 4) egrdlsfiou sw uualdueudugania
§5uq dufuaruseniidanasmussaznanaiuinuiiauiug Tnewus sw detes

Ly

W
TgauazanassIniiniiugdus ludoun 10 Tnefianusenmdsafios 19% Tuvaziiug Sk
waz SW iA31198n 20 Uag 23% M1uanu (FUN la wagans19il 4) wenanilnudniug Sk
@ [ 1% = PN a v 14 a1 [
wag PF anunsaivsnulauiu 7 iheuiloamgiviesaenndesaiusenluaninlsianviniy
68 uay 66% luiiug SK uaz PF mud iy dstuwdniiug SK uaz PF anunsaiusnwlauiu
7 hu o9 ndinaiANueenuINNINNNLIATFIUA NN YT AT LS Y 2518 Avkl
AN 60% dau SW anunsaiusnwiiieldiluwiniuslaiies 4 wauluaningmungivies

Tpgfaimiuaennny 63% way AnUsanbuanInlswingu 71% (SUN la, 1d wage157199 4)
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Uszquazansazangsiee gonuUBNWAIINTY AnsilnfiwarUSinashaafiavanele

FuNLAURNANULTISITIANST (JUT 1a-1f uarm3197 4)

€ 1w a

WD WATIEIAFUUTLANTANFUNUS (1) WUAIAINUFUNUSHTIUINTENINAINUIDN LAY

1

AT TUA AUIENATBUEINITIIE N15UNeTIN kazausentuannls Inewug
SKflAn r = 0.9255% 0.7953**, 0.9679** @1Ua1AU ANAINNFUNUTIENINAIINIDN
ANNEINITLI@IYAUNITUNIIINKATAIIBNTUEN ISR r = 0.9195%* uay 0.8870%
drumanudusiusseninanisunssiniuanusenluanimlsian r = 0.7529% uananinu
AIAMUENRUSIAaUTEnI AT AN A UAIINEN ANENNTEUAINITLIOTEY NT1THIY
510 wagausantuan1nls lnedan r = -0.8657**, -0.8902**, -0.8732** Llag -0.8751**
AEIRU (115197 5) dmfuiug PF nuAanuduiudidsuanszninemnaeniuaiiuden
AYVRINITHILIY NTUNITIN wazaasanluaninls Ineden r = 0.9512*% 0.8119* uag
0.8741%** @ Ua1AU ﬁﬂ‘mzq‘wuﬁhmmﬁuﬁuéiwdwﬂ’mmaﬂmwé’qmiLi'qmqﬁ’ummmim
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IrfuAINIen AINNIBNAIENEINITILIY N1TUENITIN kazAsaniuanInls laudad
r = -0.6883**, -0.6175"*, 0.5336** Wa -0.5056** AudIfU (115197 5) Tuitug SW wue
AMUFUNUSITIVINTENINAIUDNAUAIIUIDNNIENFINITIIBNY NITUVIIITIN WALAIILGDN
Tuananls Tmedian r = 0.9828*%, 0.8115%*, 0.9489** MUAIAU LATNUAIAIIUAUNUS
FENINAMUDNNIBNRINITIDIEAUNTUNITINLazARBnluanInls r = 0.8324% uag
0.9372* @IUAIANUFUNUSTENININIsUnesInduausenluaninlsiian r = 0.7513*
yonanimuamudutuiiBsauseniemmstilnii A uanusen ALsenaengInIsiss

918 N1341937N wazARsenluanInls loadldn r = -0.6922%%, -0.6613**, -0.5915% uag -

0.6613** AU (115197 5)
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A13199 4 AUTU (MO) A11198N (G) AUIBNAENEINITLIIBNY (AA) N15WNITIN (RE)

v '
2 o ] v

ausanluanils (FE) Arnisilni (EQ) wazUSuauniaiiazanals (SS) veaudnnug

Fralwaviiny 3 g Tuszwinenisiiusnuiigamgiiiendunan 10 Weu

Y

Varieties Storage time MC G AA RE FE EC SS
(Month) (%) (%) (%) (%) (%) (us/cm g) (ug glucose/g)
SK 0 10.0a 97a 95a 79a 91a 13.66f 129.32cd
1 10.1a 96a 86b 80a 90a 11.40ef 156.82¢
2 10.3a 95a 88b 57b 89a 11.33ef 123.29d
3 10.6a 96a 87b 55b 92a 12.94e 149.18cd
4 10.6a 93a 70c 35¢ 88a 15.02d 167.74bcd
5 10.6a 92a 59d 29¢ 88a 15.46d 164.91bcd
6 10.2a 86b 62d 29¢ 73b 17.95c 149.63cd
7 10.0a 65c¢ 22e 3d 68b 18.33c 197.95abc
8 10.0a 60d 2le 7d 53c 21.16b 220.07ab
9 9.5b 36e 5f 0d 38d 18.69c 247.18a
10 9.6b 20f 1f od 10e 25.73a 247.50a
F-test > * * > " " >
CVv. 0.712 4.284 8.803 14.142 6.851 7.013 24.022
PF 0 10.2ab 98a 96a 89a 95ab 12.19cd 105.82abc
1 10.3ab 96a 90ab 89a 9dab 12.28cd 118.64d
2 10.7a 95a 91ab 83a 94dbcd 11.54d 108.09abc
3 10.7a 96a 92ab 71b 97a 13.49cd 133.57ab
4 10.9a 95a 86bc 41c 90abc  12.54cd 132.55ab
5 10.8a 85b 83c 39c 81cd 13.45cd 109.43abc
6 10.5ab 83b 80c 16d 86bcd 12.02cd 102.66abc
7 10.2ab Tdc 55d 14d 66e 12.89cd 93.20c
8 10.0ab 49d 59d le 76d 15.50ab 100.38bc
9 10.1ab 3%e 29%e Oe ae6f 14.09bc 137.98a
10 9.5b 23f 10f Oe 39f 16.45a 102.27abc
F-test *% *% *% > *x *x *x
CV. 0.756 4.611 6.604 12.888  8.669 9.557 21.099
SW 0 12.7a 943 85a 93a 92a 10.73d 153.70e
1 10.7b 89ab 70bc 84db 86ab 13.90d 155.57f
2 12.4a 85bc 73b 62cC 79bc 16.56¢d 167.50bcd
3 12.2a 80c 67c 13d 89ab 18.71c 130.70de
4 12.1a 63d 47d 13d T1lc 18.32c 136.71cde
5 11.7ab 38e 29%e Oe 25d 17.96c 136.97cde
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6 11.3ab 30f 11f Oe 26d 17.99c 131.23de
7 10.8b 12¢ 4g Oe 32d 19.22c 169.02bc
8 10.0bc 7g Og Oe Te 26.70b 199.60b
9 10.0bc 2h Og Oe de 19.33c 187.34b
10 9.2c 1h Og Oe Oe 30.48a 290.13a
F-test o *x *x o o o o
CV. 0.833 8.801 8.999 12.469 16.415 11.241 15.304

o

= o o v o - R v | AW o W aad 4 o ax
VG, GLLILL‘L«I’JL(ﬂEJ’JﬂUﬂWLﬂaEJVIGHEJ@’JEJ@ﬂHiWﬁJBUﬂuVLQJLLG]ﬂE]Nﬂua'&ﬂﬂllu&]ﬁ’]ﬂiy‘l/lwﬁﬂﬁWﬁ%ﬂUﬂT]iJL‘UBlIU 95% lne3d

DMRT

A15197 5 AduUseansandunus (Correlation coefficients, r) s1i19AU98n (G) AL

IBNNIBNAINITTIDNE (GAA) 11549370 (RE) Amsantuaninls (FE) Anasudalnila (EC)

wazUSuiainmanazatels (SS) vauuannusdng

samgiivienduian 10 WHeu

]

ey 3 Wug serdnenisiiudnend

Varieties Parameters

Correlation coefficients (r)

G GAA RE FE EC SS
SK G 1.0000 0.9255** 0.7953**  0.9679** -0.8657** -0.6526**
GAA 1.0000  0.9195** 0.8870** -0.8902** -0.6526**
RE 1.0000  0.7529**  -0.8732** -0.7329**
FE 1.0000  -0.8751** -0.6139**
EC 1.0000 0.6625**
SS 1.0000
PF G 1.0000 0.9512** 0.8119** 0.8741** -0.6883**  -0.1668
GAA 1.0000  0.7929** 0.9189** -0.6175**  -0.1569
RE 1.0000  0.7378** -0.5336**  -0.2864
FE 1.0000  -0.5456**  -0.2148
EC 1.0000 0.1416
SS 1.0000
SW G 1.0000 0.9828** 0.8115** 0.9489** -0.6922** -0.6508**
GAA 1.0000  0.8324** 0.9372** -0.6613** -0.5791**
RE 1.0000  0.7513**  -0.5915**  -0.5529**
FE 1.0000  -0.6613** -0.6500**
EC 1.0000 0.7365**
SS 1.0000

NHIYLNAG); *, unnsnafueEiituddymeatianisesuanudetiu 99% uag 95% AIUAIAU
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