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Pornpimon Chan-on 2008: Distribution, Source of Resistance and Biological Control of Erwinia
chrysanthemi pv. zeae Caused Stalk Rot of Hybrid Corn. Master of Science (Agriculture), Major Field:

Plant Pathology, Department of Plant Pathology. Thesis Advisor: Associate Professor Sutruedee

Prathuangwong, Ph.D. 120 pages.

Surveys were conducted during 2005-2006 to identify the distribution of bacterial stalk rot of com caused
by Erwinia chrysanthemi (Ech). All samples collected were tested positive for bacterial infection which
Kanchanaburi was the most prevalence, followed by Ratchaburi, Nakhonratchasima, Phetchabun, Saraburi, and
Lopburi with 40, 25, 20, 20, 15 and 10% disease incidence respectively. Three out of 85 Ech strains were most
virulent on sweet con cv. Insee2 and confirmed their typical species with 16S rDNA identification. The three
methods of inoculation technique were studies using pathogenic strain Ech11 (1x10° cfu/ml) and cv. Insee2
interaction with varying humidity, nitrogen fertilizer, and plant growth stage. Inoculation method of 14-day old stalk
plants with 48-h bacterial colony dipping tooth pick, predisposing by nitrogen fertilizer to soil (46-0-0) at 1g/3 kg plot
soil/ plant and the flooded seedling chamber covered with transparent plastic bag for 48 h before pathogen
inoculation, resulted in significantly higher level of disease severity (P<0.05), expressing rapid and faster rate of
disease development of visible symptoms initiated water-soaked, cell collapse and slimy rot lesions within 2 to 3-day
incubation. This improved method was used to evaluate the10 hybrid corn cultivars that could be identified their
resistant level into 3 groups including (I) high resistance cultivars, Pionior30A33, Pionior30Y87, KSC503, and Ban-
Souan which was lowest severity of water-soaked lesions at stalk and shoot in 6 days after inoculation (DAI), (1I)
moderate resistance cultivars, Sugar74, Sugar75, Hybrid3, and Hybrid10 with moderate severity of water-soaked spot
and stem rot in 3 DAI, and (III) susceptible cultivars, Pionior3012 and Insee2 with highest severity of soft rot at the
nodes, leaf collapse and rotten within 1-2 days after inoculation. A number of bacterial epiphytes and rhizospheres
obtained from healthy corn leaves and roots was evaluated for their antagonistic activity against Ech11 pathogen.
Five-out of 512 randomly selected strains were found to be antagonism in vitro as well as in greenhouse including
strains KCR20, KCL10, PCL17, LCR9, and KCR21 with their antibiosis and competition upon solid agar assay.
Significant difference in the reduction of stalk rot under field conditions of RCBD experiment was found which
KCR21 exhibited the most effective control by 75% disease reduction, whereas copper hydroxide decreased disease
incidence by 54%, followed by strains PCL17, KCR20, LCR9, and KCL10 by 71, 67, 56, and 46% respectively. The
most- two promising antagonist strains, PCL17 and KCR21 were identified as Bacilus subtilis and B. megateriun

respectively using biochemical standard method of 9" ed. Bergey’s Manual of Determinative Bacteriology.
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7.3 MINUUUNY (Aerial spray)

I ax ] zﬂy a ad (a 4 Y A A AAa o o
HJ“L!'J‘Eﬂ"liW‘lJL‘IfﬂﬂﬁHﬂﬁfJﬂ;]‘ﬂﬂEa\i‘Uu@lu‘WG}fLW@ﬂ'JUﬂiJISﬂ“I/ILﬂ@ﬂ‘UGl‘ULLﬁSﬁ'l
Y 1 A A £ A 1% F) a F 1 1 o < Yy
@]uﬁﬂulﬁu@ﬂu“ﬁﬂﬂ‘ﬂﬁ]’ﬂEJWanJﬂ'iSﬂTiLﬁU"Ill"ILﬂEJ'J"Uf‘NLLﬁgi‘NWfﬂ@i’)ﬂ?]"lllfﬂlﬁi]allﬂxiﬂ"lihlslf LYY

491 a A d Ay o’d‘ a a A 9 491
ﬂ’J"IiJﬁTﬂJ"Iiﬂﬂli’NL“lfﬂﬂau‘VIﬁEJ‘].];]‘]JﬂH‘VIﬁ]SH]iiyﬂiﬂll‘ﬂﬁi’)\i‘uuN?W%Iﬂﬂi%ﬂ?ﬂTi!LﬁgﬂDTN%u

Aa g

Aa A & A o < 9}49} a =4 4 Aa 1
UYUNINY “]NlliTEN"ILlﬂ’NiJ?ﬂLﬁ%ﬂl@ﬁﬂ?iiﬂfl%’ﬂﬁ]auﬂﬁEJ‘].I;]‘]JﬂHﬂTJ‘]Jﬂ?JTﬁﬂTINTJTU@Q?J"Iﬂ
A

Q

'
v A

3 o W o LY { a g
WOHAUNIT 57]11VI\?ﬂ"Iiﬂ’J”]JﬂﬂJIiﬂﬁWﬂiUuﬁUﬂ\m’JlﬁﬁfN LlﬁgﬂllﬁaﬂﬂNﬂﬁﬂﬁﬁﬂ?iﬂﬁ@]tﬂﬂﬂﬁﬁ?

WONTE990N AADAIUANTHAAI  (Prathuangwong et al., 2005)



d aa
gunsamazizms

o \ o ' Yy Y d‘ S| o Y v A A
1. MIaIN MIUNIIZTUANAZIIVTINMIee AT I naruiitulsaddusihnuaise

< o 1 9 A o Y L 4 a gy
Lﬂﬂﬁ'T]_lﬁ’Jll@:]f‘J81\1@]1!61]TJI‘W@ﬂ?1uﬂllﬁﬂﬂ@1ﬂ’]§a1@]1JLu1 ﬂTﬂWH%Wa@]ﬂJ’]UIWﬂ

1
A o o

@ @ 4
nundAY eI Iamayanys UATIIFENT MFTYIB! 1Y ANl tazaizlyd lag
4 H

0 A Ao o & Ao, v & A o A
fSruanunaTIuunszaenlas melunundisievina 1 "li/‘wmn T@ﬂmmiquwu

~

o o [ { [
#13293 119U 10 99 auuuadunzueay dunaeimsauinnInannuimainiuaung
Tsadrduniwuaiise TaawSeuioueimsnugiosisdsvesaisszme (White, 1999)
= ~ @ a 1 dy A < @ [
nfSeumeuszaumsnanazanugunsvedlsalumlaslgnunasnuntazinudings
9 ~ o ' ' a A o = ] =
11 InarNunLaaseInsainanlaganaradnilsrnnweiailngs Weuteyasivaziden
Y 1o & o A a4 a A2 A o o v & g 91 Ao
laun sug o1y Twdeudlimy uazao iy ivedaiudoyanugiu muldmyuzatiniw

< A o 1Y 1 ) o o dy A aa o 1
WUINDINHIANTNUDIAIDYN ﬁ'ﬂ"i'ﬁ‘]J‘LHVl‘iJ!LEIﬂL‘]SfJLW@ﬂﬁ’)uﬂﬂﬁliﬁﬂ@]ﬂ‘lﬂ
v d X o vV v aAa Yy
2. ﬂ]i!!ﬁﬂ!la8’,fni‘53‘1J§'JNiﬂfﬂ/‘l‘in!§!‘15E]iﬂ!“r‘iQiﬁﬂﬁ1ﬂu!u1llﬂﬂﬂ!§ﬂﬂﬂli1/‘|ﬂ“r‘i'ﬂu
dy o ¥ 1 A A
2.1 MIUYNLY® E. chrysanthemi pv. zeae ﬁ%ﬁﬂiiﬂﬁ"l@]ulu”lllﬂﬂﬂﬁﬂ

o w 1 Yy 9 ~ A o ° 3’ I =
1118298198 U17 Tnar NUNLAAID1NT 157 NLanyazeIMIuNan i uilud
J Aa o ¥ A d an ] Y a 9 9 J A a
1A UTNAMAUNAVUITIVIWMNATMIT TUYD 1 1A NRIMNUUNANIFLDIA [@DNUT N
A a 1 YR~ 1 a 1 1 a A d ] [l a YA A
uranna Imuaatluneuusnasasasszriaus ity lsatuaiulna Taglsiian
di’ Y] Y g 1 a I A = 1 @ (] 9 1
Yaoaroda liitlunouving 5 uaas 15ANAY (forcept) AVNDUAIDENT TNAK MUY
P-4 A 4 A Aa Y q YA L ]
Tueaneaoa 95 lasiFud au lviwosingenig udr lsialasaderivoudn Tnarun
9 da' a dy A A ' o
12817 1% loop Yaoadeiaz uSaulo@o NUaAI0 115111 1M1 cross streak VUDIHIT
Y v 2
nutrient glucose agar (NGA) UniFofigauvnines 2-3 Tu auliyouuaiisensyuunivii
:JI 9 da’ ~ == d' [~ dy d' a
911113 11U 1d loop Uasarouns IaTatiuuanGenaainiusoaumg lsnnwigyuy
v Y
91413 NGA Taefianvug IaTatidumowm yu 111 veuiFou 11398 eu@esuueIvis

A tﬂy Y] = A 9 1 2K o
potato dextrose agar (PDA) (UBIFDD1Y 3-6 I1U wianvae InTatind1elva1y 3931 cross

g = o Q1 ia & 4 A = g
streak YUDINT NGA 5190 2-3 A3 (sub culture) fl]LlLL‘LlGlﬁ]’ﬂvliliJﬂﬁ‘]Julﬂﬂuﬁ]"lﬂl“b'@’f)u PN
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2 v [
WouTansN 14 1unaoAe1M151989 NGA 11019 24 32113 asiu TnTatiaae mineral oil f

q
Y

A
g [l g a3 Qc‘ 4 1
Haaireud deovasaie lilinuluguvgidr 10 oswadea e ldlumsnadouas i)

wvAa I ay o 9 ] A A
2.2 ﬂTi‘Vlﬂﬁ@ﬂﬂmﬁuﬂﬁﬂﬁﬂul%@ﬁuﬂﬂIiﬂﬁW]um1LL‘]J€°‘I‘VIL'§EJ

2.2.1 MInaaURATeMUAUBIDIIURIUNAY (hypersensitivity response: HR)

vuluggy

a . dil AA Aa 9 o dil o ¥ ]
1383 suspension VOUFBUUATNToNTLU I TwFoa g Tsnd1duniy
dy Yy ) ] dy A
Tawiaee11191M131187 nutrient glucose broth (NGB) 11301g 24 52 104 1Az UNF0 VAT O
' ~ o vy g’ o & ' dy Y 4 P
WE1 120 50U/ UTUANUYUABIINAUTINNUFOA8IATO spectrophotometer 1H1AY
1 1 v
optical density (0.D.) (1 0.2 NANWENIAAYN 600 W1 THAT (10° cfu/ml) 11nTu1¥nszuen
= a < q 13 A a aa P dy . da’ =
Aagmaaanvinaan lae bildiiufae (1-2 Tadans) Nlasasoaa suspension YoUFON
A
waen1szunm 1 daddas laveweimsaeenudidadngitioluvesduegu (Vicotina
v A
tabacum) ©18 45 T 061991 9 Vsl lueguazlianyuzguii vasnmiulszaa 30
~ ] ] a Aaaa 1 = Y] Y I dy
i luguagnduganning asnvgifnsemeudustediaudsunay Tasauilurodure
A a I i o q ¥ I o ol a A
Tsnnw9ziNAINMIMeUDULaa (necrotic) Ui Tuegu Ml uumadimasouusnun

a A o o A . A
oo luszezina 24-48 43149 HAIAA suspension 1¥OEUNA 137 (Schaad, 1988)
[ Y Aa Y 9
2.2.2 msnaasuaNua s lumsne lvnalsauududii Inavnu

) dy A AA Y I dy ~ 9 ~
WirenuanFentuu Wuihuved g lsafiuenainden 2.1 1Imaaol
] Y a o dy ==t 1 v dy A
anuamnsalumaneliinalsa TastiuFouuanFoudaz oW g ReaUL01H15 NGA 0
Q'J g @ A 1 [ Qy
01g 24-48 31 Tua udilgniFoasuududn Inarnnuiugouns 2 o1y 30 u Taeld ldauilu
491 =1 S A Qy Y o Y 9J 1Y A A
Yaoarouns In latuuanGoaune 1savn Iaegnsana1aud) InanNuszAUMIDAY 3
a a S o {
uAes uazllatnunadenadu Jeamvijiter al., 2005) HUSAEIAUTII Inanu 130
Y '
anmguvgll 28-30 esrwadea uazlianuiugeanaenu 48 41 Tue Funaoinisuaz
v X A g = & Yy 9 . .
Hunnnalod1 InarNUIEAI©113 13ATLENFEINAUD1 THAN Y (reisolation) M11gn
dy Y 9 ] . . as a o s
IV UAUI Inar1ugaTn (reinoculation) MWATNINGIU 13V Koch (Koch’s

. ) § 4 Y I ¥ { a 3 o Y ad
postulation) 1o 1411 streak VUDIMIT NGA 17 Id1F0U5 0T 1N UTNBIATAN o
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° o Y o 09/' v A o Y Aa d"
dmsulsimanaassluduneuns i uaziensanuauisalumsiildinalsnve uie

~q ¥ =< 9 o A Yy 9 I~ 1 o
nlgaasansnaass 1aesimsdgnirenudund Inannuiluszezodnaiuano
2.2.3 minadouszanimnlunsnaa extracellular enzyme

9
NAFoULsTANTAMNMINEA cellulases LA pectinase VoBLVARGathing
dy dy ] 491 A A < ~ a 9
Tﬂﬂlﬁﬂﬁl%@iuﬂTﬁﬁ NGB U UUATOUVIINAINLTITOD 200 rpm NYUNHUYOI U 24 -48
: v 4 o 4 d « . 2o d
%7139 ANALNOULEAEAA ANBIA5 091 UK I 8,000 rpm WM 15 Wi thuauthlan1a 1y
aaa 3 d a A . IS o
ﬂﬂﬁﬂﬂﬂaﬂﬁﬂ’lﬂlﬂﬂlﬂuqsﬁﬂlmﬁ%“]fu@ﬂu@’lﬂ’lﬁﬂﬂﬁ@ﬂﬂ@ ©1%113 PDA medium (0.1 lﬂ@il“]ﬂ!@]
S 3 4
carboxymethyl cellulose sodium phosphate pH 7.0 it 0.8 nlosiFua agarose) L0¥®IMIT pectinase
. /3 . . /3 < .
medium (1 Wosrua polygalacturonic acid (PGA) 1 wosua yeast extract, 50 pM CaCl,, Tris-
J I 4 o w Aaaa d v 0 4
HCI pH 8.5 1182 0.8 1Jo315UA agarose gel) A9y asavaeulfnsenveaen ladnaaiue 48
) 4 a A aa dy
“H’JIZN IﬂﬂﬂTﬁﬂﬂﬁ@ULfJHVlcﬁN cellulases I corgo red “lJ'iiﬂill 10 Uaaaang aﬂumummimm
A Ay a 2 o 2 A Ayyve 1w
L‘]ff]‘ﬂ\ill")”l«lWU 20 WIN LAUN corgo red NI INUUIN 1 M NaCl aﬂummamwa ‘leivl']fffﬂﬂzllﬁ?

4 v 4
moen NNIUgaNazMIAalYATNNaTY

= U v a a A = = ‘&’ o
3. MIANHIAVANVANIAUFIUINGY AT INEN !!ﬂg‘li'J!ﬂﬂJ‘U1Qﬂ§$ﬂ1ﬁﬂlﬂﬁl‘”®ﬁ1!1’iﬁﬂ§ﬂﬁ1

Y | A A U o
AUINUANIGBIAZMITATIUN
3.1 Manaapugaauia lumsaadunsy

Y

UnFeuuaiGeaung IsAumAdoUUNIUPE N Adeesazatoa s luad
= 4 Lo~ 4 [ =1 4
wou'laasonlaa 3 losidud (3% KOH) Iagmivieaaisazareaa Iuaadey laason laq 3

P-4 S ] g A A <

nosidud asuunszand laanazeia 14 loop uazi¥onuaiiisoaua lsnUUe IS NGA
A ) Y Y o Y o A o A A 9 aaa A a d? 1
1019 24-48 1 Tua mulditdundrdunannunilavessaduuaiie drlgnserinainla
=\ A 13 A A 19 A 1 Q) A A & J
TanunianaainduuuanGeunsuuin uammtlauaasdiutunuaiiGounsuay Fuilu
Y o w dy = A A A [ 9 = 4 . .
anvauzdingueasouuaiiGeaua lsaiy tazdudunalaomsdoudivad (Gram’s stain
reaction) AMUATN15U04 Schaad (1988) A1eMsaTINdOUAMANTANIAATUUUINTN TABA1

o ° 1 4 S 3 4 1 4 1 J °
nszand laa 1dazein 1 lquueanseed 95 wlesisua uazrumlad lwmesinyeuazinate

o H D] A A L ' P

A510 Tl 91mIu 1Y loop ez InlafliReIveausonInszae (smear) adurunszIna lasn

[ [ dy 9 = 4 a9 1 3 3
mumiau”lwmwaum 9]'5\1L“])’ﬁaLLUﬂﬂLiﬂﬂ?ﬂﬂTiaulﬂﬁ’J]lWWN ) 1-2 A3 NNUUNYA



19
. Yo a dy ' 2 P4 a9 Y g; ' Y
crystal violet Gl?i‘ﬂﬁ‘iJﬁL’JﬂlifJfJ smear (Y0 ‘]JafJEWNUl’J 1 W aeenaletitlal neanuaie

Y Y
1 a a 4
myazare loToau Uaoenald 1 u1A marsazarelo Teduniudrdreoonaieoanaaoa 95
PR a A y  J " o QY Y v . a
losiFud w10 Ju1A audrerindlar $uliuie veaaua1ees safranin-o WU 30 U
3’ 1 [ o 1 L4 o o
aneenaeindar duliud i lidesgaieldndesganssminuulduasisidaens 1,000
1 =3 Aa A [ 1 ~ [ 4 I A A
i TuiinkamsaadunsudnvagglsiuazmsiGesiiveusad InemmilunuaiiGounsy
' J a2 a A . ] a
AVIZNUIUFAAVDIUATNIS HNATDUVISAATUAIUD safranin-o UADUTULVANIS BLATULIN

Y
4 a o A .
FAAUOULANIS INATOUITAATUUIUVDY crystal violet
wvAa = =}
3.2 Minadouguauian Atz

Y
AMSVANHULNNTUANUOUTD E. chrysanthemi pv. zeae 8@ 15AS AU

= Y di’ o th
mJfmLiﬂﬁ]ﬂway’awugmmﬂmﬂ Bergey’s Manual of Determinative Bacteriology, 9 ed.

Y 2 H v
Taei@eausoUne1113 NGA 71919 24-48 41 Tus hunmadouaaantianeduailums
a aaa 1 9 J 9 a . . d' d'
Lﬂﬂﬂ;]ﬂiﬁﬂ@nﬁ 9 hlﬂl!,ﬂ M3 l¥andau oxygen relationship ANuEso lumMsinaeun
motility 19 d0UI9a1A Y gelatin hydrolysis N173 Lﬁﬂﬂf] 1381 catalase production levan formation

4

starch hydrolysis growth on potato citrate utilization oxidase test lipolytic activity 3 MNY

Y
ﬂmﬁwﬁﬁﬂﬁ‘ﬁ”lﬂ;]ﬂifﬂﬂiﬂﬁﬂﬁ?ﬁﬁ%ﬂﬂ@ﬁ i A9 cellobiose glucose mannitol sorbitol LA

dulsitol (Gerhardt, 1981) MuATMIAIa0 Wil
3.2.1 oxygen relationship

Y v v
1 UF001Y 24-48 B2 119 1191 stab inoculate TUOIMITHAOUINAIN 45 D98
= o dy A Y dy [ ] 9y a d'
aFe 1T 1 Haoa 1oy Uasa IHIFeHTUNUDIMIT08 IHinAWBI0 1IN 1D
) oA a g < [ Y dy a a Yy Y T
oIS uInhvgargieuiiumal 1-3 Tu aurenIymmizivi junaad iy
9 A Ay < 9 a a 9 < .
aerobe a”lm'immﬂuﬁaamﬂumﬂ anaerobe amlmumﬂmwmmmﬂmmaamﬂu facultative

9 a ya 3 9 v 3 . a1qe
anaerobe uazmmmﬂﬁmmmimmgaﬂuaﬂ%mﬂu microaerophillic
3.2.2 gelatin hydrolysis

F4 v F4
W U001g 24-48 42 119 11911 stab inoculate 1HOTIFOAL 1 HaoA

= )=} 9 < A A (= da' ) ] dy ~ a 9
control t1/Fauiney 1 vaea Tﬂaummmmmmaﬂ"luwna UINAANATDIVITINYU YU B
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3 o 0 0 1 g; < A 9a = Y o
Wuran 2-3 u mmmafﬂwaT%m"hJu%“luuumwsamfm 4 DNAUBALLBYE LAITUNANTT

U

' . & aa A ' . FJ & o FY . [ v
g8 gelatin (FOLUUANITINTINITDIDYTAY gelatin 'lﬂuuﬂmﬂw gelatin uli]!ﬁl\iﬁ')‘ﬁﬁ\‘]ﬂ?ﬂ

o [ [ Y 1 .
i llugdudunadnbuez31s19ues gelatin
3.2.3 catalase production

£ o a & 0 " A
LGH@@”IEJ 24-48 6]531“\1 streak YUDIH1T1D83 NGA 190902 1 ‘Viﬁ@ﬂu”lhlﬂ‘llll‘ﬂ

a ~ < o ° Ad A gy a v
Qm‘ﬂﬂ“ll 27 DALY L‘]J‘L!L’Jm 24-48 “]f')IlN u’lﬁaﬂﬂﬂ'lﬂ'ﬁVlLaEJQLGIfi’]Vl'JiJ1L@3Jﬂ'JEJ 3

I3 o Y Y Y v
Lﬂ@ilcﬁuﬁ H2 0211’71/]’3%@1??'15!1,6’Jﬁ\‘llﬂ@]ﬂWiﬁ'iNW@\i@1ﬂ1ﬁﬂ\iﬁ'llﬂ'li

H,0, — » H,0+ 0, (#p01me)

a

y & 9 g ¢ a 4 4
amfaﬁimau"lqm catalase %8!ﬂ@7‘l@\‘101ﬂ1ﬁﬂluﬂw’3
3.2.4 levan formation

< g’ ) -
Lﬂuﬂ'ﬁﬂﬂﬁﬂﬂﬂ'ﬁi%}u'wna sucrose Iﬂﬂﬂ'lﬁu'l!%@jfl streak YHUDIN1T NGA

a =

z;‘ dy oA o @ ~ [V~ @ £y
1u%1utamwe UUNYUWHY 27 DIFHAUT Y ﬂ@EJmeﬂaﬂymﬂﬂiaunmmﬂunm 53U N

dy 9 £ dy = s A ay

DT NAT evan (poly-fructose) U Ua15 extracellular appsule vou¥o Inlalvziliongu
9 1 4 a A A A [y a A A Y =\ =\

URIFUINAN 3-5 UAANAT LUONUDIY 2 U LA 5-7 UAALNAT 1UDD1g 3 U TﬂTﬁuﬂ5Nﬂ’JTM

gy

3.2.5 starch hydrolysis

'
@

<
UgniFeo1g 24-48 2119 AU starch agar 1Y streak 1T dUATIVUO NS

U

ke

o [ 4 { a I M 3 ) .
Llé}’Ju"lllﬂ‘lJiJLsd]fﬂﬁ@mﬂﬂﬂJﬁ}ﬂﬂlﬂu!l]'fﬂ 24-48 ¥ 19 MnduihaIsnagey Gram’ lodine L‘i/l(lﬁ}

Q Y

1 Y [ a a9y a a d’d dy a 1 1 dy
mnmmﬂumu UalaUnNanNIsNA e ﬂ'l!ﬂ@“lﬁl')mclﬁ ] IOUITDINULTDLITYDYLAAIIUYD

Y E4
annsadesutlsld d1hidooutlaluemssginlgasndule ToAwiudmihtulniuiaiu



21
3.2.6 growth on potato

Y J 9 Y v v E4 k4
o101y 24-48 $21u9 ThidesuuFuiudssauiogluaudsudo 1l
] a g <3| Y o a o v v dy a Y o Y =
Unlugumgineuilunal 3-4 u avsdunamsiyuuiudis Do yuuiudilaved

U

a A g A Qy o A o o
ﬂTﬁH]'iiUusUi’)\‘]LL‘]JﬂTILSfJL‘iJ‘L!LlIi’JﬂLlelﬁnu’JLliJ”lﬂ‘]JuW'JllLWJiQ
3.2.7 citrate utilization

Y U 1
1 1F001Y 24-48 52 119 U1 streak AIUUDINIFIDN citrate agar 111 11 iud
Ay I o Y o = a A 4 Y . 3
gamgiveuilunal 1-7 Ju uardunamanlasudvese s wonamsnld citrate 11

3 a = = P A g’ a
carbon source NI QYlasuFD T U
3.2.8 oxidase test

< a . ~ Y a)ay o & '
Wumsnagounnan cytochrome oxidase UBILLUANLITY Gl“]fulilﬂﬁJWulN%ﬂ

o 9

- { 44 4 /2 o
l%ﬂllﬁgl%@ﬁlaﬂQUu@'lﬁ'ﬁ NGA QUUﬂ§$ﬂ1Bﬂ5@QWﬂu@]?ﬂ?ﬂﬁ'lﬁﬂﬂﬁ@ﬂ 1 L‘lJE]iLG]SL!Gl tetra

methyl-p-phenylenediamine dihydrochloride #9nAMINATUUNTEAIBATEI D1vn TUTH

a d? A 9 a a 1 A A = 9 I c'dy
Lﬂﬂ‘l]‘l!‘ﬁﬁﬂi%’mﬂuﬂﬁlﬂﬂﬁuTﬂﬂ’ﬂ 1 4N amw'lwmiﬁimaullwu

3.2.9 lipolytic activity

Y J
o A o

< o J
UUBDDY 24-48 6])':]111\1 1 streak lﬂuté}u@iquu@']ﬂ']iﬂ']ﬂ%’] 3-4 L%ﬂ/ﬁnu

o

i liuiguiigil 27 esrnwaiod

3 dy A 1 [ 1 ~ = ~ o v J 491
naimMInagounuauIlang 9 awnanimsnfeumeunanumeiugie

<3| [T = A9 Yo J . . .
E. chrysanthemi 3937 iludeiiugilsouiiou Id5ua10011n5124910 Shizuoka University

{y o W g ¥ v Y 0
Uszmagiu hdoyan ldnnmsnadeu lnlssuiisunudeyamsswunuuniise Bergey’s

v
A A

[ @ 14 wva
Manual of Determinative Bacteriology, 9" ed. tlazfintaonaiewuguuaiizeniauaniianig

q

- Aa = aA Y o A A W 1Y 1
ATTINNDSHTAUANNAOANADINY E. chrysanthemi pv. zeae ma”lﬂauauwa“lmmuqma”lﬂ
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[ a a9 A a ad Ao a
3.3 MIVUUATHALUANITIAIN TNV TUUADUBNIUNIZIIZVIUT IV Pel

Y
gene VDO E. chrysanthemi pv. zeae Tae73s polymerase chain reaction (PCR)

'
A

Y
WnFenuafifeusgninnageuanuannsalumsne liinalsa uasinaeu
Y Jo v ag = ag dy dy
A lnswessumz Tasmsananduouuaiiizen 13T Chen and Kuo (1993) Tagidsaieo lu
v E4 v
91413 NGA au ldTaTatiReudn@eanuysualue 1113 Luria-Bertani broth (LB)

a =

9 1 v
U513 5 Tadans UuFoDUATOUVE 120/U17 NYuKal 28-30 ovrIaaIFod UIU 24
v =2 o v a g 1 di} L ' . .
¥ 1ug verhnanaaoue lasudauseimesluemislanaoa microcentrifuge tube YA 1.5
A aa = 9 < =~ =\ 1 Qy a
1AaaAT MYUIMNILIAIBAINEI 8,000 50U/47 1Tunar 1 wiil memmsauuungliidy
o~ 4

lysis buffer (40 mM Tris-acetate pH 7.8 20 mM sodium acetate ] mM EDTA 1 1/os1%uA SDS)

a a [} Jd a a a Y]
51105 200 TuTnsans wauduad iy 5 M NaCL US11a3 66 lulasans werulidniuudd
o A 9 < ~ ~ :’ 1 1
i llesanaznoudienuia 10,000 seuandt iunar 10 wii gaiihlaldvasalvi

z % =\ 9 a [ 2’ Y o a <;

Nnuana11sAueenale chloroform Usuaswnuiirla mauwnu lasnisnanainu o

Y o A 9 < =~ A A Y 3 3
udah ldvyuniesdaenunsa 10,000 seuani Wunat 5 wid e ldveunaniunendy

Y Y Y

niniu garh laduuuldvasalvi JadSuasanadiale chloroform : isoamyl alcohol

o ' o ° { ] I
@a51au 24 : 1) way1diniu uani ldwyumiesdronusa 10,000 sou/aund Hunal s

14
= ]

1 1 Y] a a 1 [ a [ 3’
win aatih ladinuulavaealniialsuasiau isopropanol NusduUs et lanaw

U

o < 3 < { <
TRt uIRUAzNOUAD UD ANAZNOUAIDUD TABNTHLINILIRIBAITI 12,000 50U/

A g a9y aa U I 4 < A a
i Wunat 5 wii dAnazneuddueale 70 Weosikud uoansaoa UYsuias 500 lulnsans
o = Y < A = a g Y Y o
i lngyuiesdienus 12,000 sev/and iunat 5 uii anagnoudueInu 1
o s o a
asRaaUANNTIMZIZIvesdwthvine dde Inswesheenuuumnsumzmzasuina
v dy A A Yy A a Y Aaaa
pel gene VONTWWUTIFOUUANLIIY E.chrysanthemi LLﬁ’JLW?J‘]JSlﬂmWJEJ‘]JgﬂiEﬂ polymerase
chain reaction (PCR) #57960U PCR product (158U ununan1snaaotvosneyseimne
k4 EJ
[ 4
mMsaneasaii 19 Inswes Ech pel F:5"GAT CAG AAA GCC CGC AGC CAG AT 3’ 11ag Ech
4 Y
pel R:5°CTG TGG CCG ATC AGG ATG GTT TTG TCG TGC’ (Matsumoto, 2003) nadl lns
saq ¥ & a . ' & g a A o
wosnlHiunsa conserve region Tudruwes pel gene FUVUUTNUNTANUTUNIZIIZ
J = di’ - A 1 . oa.;l dy a ad Aq ¥
ADMIANYINTIAOUFOUUANGOUNINAVIUNGN E. chrysanthemi NAHUUTiaduen 1%
5inassamlumsinlgiTer pCR whd 50 lulasaas Tunaoavine 0.2 Taddas Tag
aan Y adg dy Ay v v v
UnTelsenoua1eR LYo AR NABINITATIVARUNNEIBWUE 100 W1 TUATY HAWAD 1X
4 4 @ o a
PCR buffer ANTP o1 lo3] Tag polymerase uag lnswes navas ity Tﬂﬁmmuﬂqmwgu

Yt o oo o A
llagna'lshfii]ﬂ'lﬁﬁ\‘]lﬂi'lgﬁﬂleu&]ﬂqu
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annl (") A

ad ] A g P . =

1. HENTYADULDLNLUVULTVAU (initial denaturing) 94 5 UM

< [ A

2. LENEYAD UBLULUY (denaturing) 94 453
ad A Y o Ty ad 1 . a =
3. mammsumuwﬂ VAL UID UL (anneahng) 55 30 UM

1] =] 1 a g A 9 . ~

4. gUNTIZHAIDUIDNDAINADULDITUAU (extension) 72 14U

[ I 9 . =

5. AUATIZHADUBIDUGANIY (final extension) 72 5UM

o aaa 09/’ ~ I Aaaa [} 09.: aaa ~
Wlgasetuneun 2-4 Wuilgasegnleianua 30 500 ngalnie 4 eeem
~ a s ad A A a o A g AN Y aaa s A
IsaTed a3 InzHvINaRRweNTI Tashawen lannignasegn Te Tndwe
9 ana d A S 3 4 y I
(58 WWENVUIAA8ITOLIAN 1A T INTTAUU 0.8 110315 UA agarose gel 1A UBINATIIUULIA
| o ~ = ] o 1 9 . . A

1 kb iludmfSouiion asvdeunkuaalaeiilidoignield UV transilluminators in 1

gAY 312 w1 Tumas wieuiimstunnaw

= a ad A o ¥V v A A v A v JY
4. msﬂnmmﬂumﬁmiﬂgm‘mmmqiiﬂammmsmﬂmﬁmmzmﬁﬂmaanwuqmu‘nm

15
o A @ @ 4 dy
4.1 ﬂ1§ﬂﬂlﬁ@ﬂ@]jllﬂuﬁ'lﬂwu‘ﬁ‘mf@ﬁ']lﬂﬂijﬂ

o dy ==t A o a ax Y
WurenuANFea g lsnnkunmInaaauazMIBuUNsIaaNIsM ludo 3
= = A W % 1 Y a 9 ) dy 1
yulseumegudussauaNuaInso lumsne lvna Isauut Inannu laguuysunas
o ¢ A Y < A A . g v
Uiy aeelue111s NGB 11101y 24 $2 119 (NBIAT 8 suspension VOUFO A UWA 13AAIY
Y v 1 Y ] ]
Wnauileainye UYsuamnnuauming 0.2 0.D. ANUE1INAYN 600 U1 THILAT AI81ATD4
Y
spectrophotometer (mmwﬁ’n%’ummﬁaﬂizmm 108cfu/ml) nagauANNE o luNs
Y
1 a o Ia 1Y )
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Ech55 + - + - - ++ ++
Ech60 + - + - - ++ ++
Ech67 + - + - - ++ ++
Ech71 + - + - - ++ ++
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