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W T3 AL © 3% 4w B 48 £ 32 & AL4F M - Biolog & % RIZX & 16S tDNA A 7] 5 #7 » 45 € i s 4w 1 & Pseudomonas
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% it (Solanum lycopersicum L.) By #ifi &}
(Solanaceae) #iiJ& (Solanum) » i B4 Ay E
HHEZ—  miEHESE - RITBREESR
B8 TEESEEH , (Council of Agricul-
ture 2013) » & & J* 2012 5 3% f 2 il 1 B 7
4,501 ha > BGAHIWEEL K 24,751 kg » 1%
EEETEL > HPLEEREERREEK -
2011 A 7 B 4% R B AT 3 5% 55 ot & 28 i AR A
H o PEBHEERTIREEEEEE W
HRAEREE - EREHHBEORRER - H
NESRE D H AR LIBE - RE R EEE kHEE
EERBG o MR EEREE - ERER T 4
REHAET » BERIHRHRZ A2
RELENRES - FERE NS 2 SER4E
B T RREME B UIOE
vkt o PRIEEHER AT RE B A B A S [ 2 W -

RT3 AR (al) THRBR A A RIR - AREHRE

FH B A A0 SRR & R T 2 i A 4 B P
= [H % » & 4% Ralstonia solanacearum 5| #2
2 & A (Hsu et al. 2002) » Pectobacterium
carotovorum subsp. carotovorum 5| Z 4
MEEEN R (Hseu et al. 2003) » Xanthomonas J&
Ji B (Xanthomonas perforans, Xanthomonas
vesicatoria, Xanthomonas euvesicatoria,
Xanthomonas gardneri) 5| %8 2 41 & M 5T B
3% (Lue et al. 2010) » DLk Pseudomonas &
JAE (Pseudomonas viridiflava, Pseudomonas
cichorii, Pseudomonas mediterranea, Pseudo-
monas corrugata) 5|#E 2 $EBHEIA (Alippi et
al. 2003; Aysan et al. 2004; Moura et al. 2005)
SCAH R PR IE B (Tsai e al. 2014) - HRATEE
L i 2 O] IR A% 3 i S B I A e R IR R
FhHEKER 2 HEMERE > AEMHE KRS
PEETE R - RIL - 5 fF B R s o i < i 2 338
JH ¢4H 4% > 2% Hseu et al. (2007) Jz Opina et
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al. (1997) Frif » DA —M 5[5 1T H i I8
978 B 75 i R A B 2 PCR BRI - &5 530
SR A L 0 g L i S BT A RN, 9 LA
A HE Ry HATAY I IR A T FT A R @

H Y BE IS A Rl R AR A R B 4R ~ 5%
REBESZEFHESRE  ERERF RS
B E R/ =P RSN N S P ]
~ 97 IR B R P e P B B R T T PR > B
DUt R K a2 -

MFE A

ERZIR

(1 0 S 7 5 s 78 3 7 T 8 40 0 L
G R M BB (L B R B bk
) ULV B I AL L 1% S B
(NaOCI) 3k 30 s (T EHH » FLL 3 28
BB o SRR AR KRS
DU AR - 21 0 IR B IV

& 1.

Fig. 1.
lapse in severe infected plant (B).
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DL 7 =0 7S NA (nutrient agar) (Difco
Laboratories; Becton, Dickinson and Company,
France) P& EEAR I » 18 26°CE RFEHTE 2-3
d- FFHERDE-FH%ER KA E TS
NA B APk - B 3 REAGEAE -
RIR S

AR TSRS LE 4%, 2
L tEY) - el E Yk =47 45-60 cm > fEiE
NEOBEELY 12 cm 2 &6k DUERLE - B
WA REARSG (EEF2 010 1) fE RN
B o 4B AR EE R B E B RS 2 B (4R R
Fs TPNO1 k2 TPNO2) Ko7 #E H AC R E I% (4R
5 TPNO3 k2 TPNO4) » & 5 3t 4 77 B PR /& fit
SR o R A R B
PREEE N NA B APl fE26CH& 1 d 2L
% » DURE KR ERE BEITR > WL
Syt # % (spectrophotometer, Bausch & Lomb,
Bridgewater, NT) g 4 5 807 R B S 2 UL

HHRIE AR W1 - (A) BEEAHAR IS OIRE - (B) RERS 2R H2E 0L -

Symptoms of pith necrosis of tomato in the field. The pith of stem shows brown discoloration (A) and col-
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fd (A600) £50.3 (10" cfu mL™") {F Ry P -
PR ERESE 17 10° ofu mL™ JEE Z 41HE
RO RAE I EEHED - Z1& UG 2 TN Z i
R NFLELR B RS - DU R DA B f B /K
TR R ¥HIRAH - IR TEMRE LIRSS (RIR
48 h > Z1&FREBBLE - R ELE 26C4E
RAGEIZE - & | HEERERE 3R AR
BB » 2SI Z R EEE A
G B - MRS S BR B A
Biolog Identification System & EHHER

DL Biolog i fE %4t ¥ b ft 4 (it 55 #k e
T153H > e E RIS & Y 5.7% BUG™ Agar
(Biolog Universal Growth Agar, Biolog Inc.,
Hayward, CA) 5 &A% 16-24 h» EE H|
4 hz & A BUG™ Agar 16-24 h» 2 12 L GN/
GP-IF %% % (0.4% NaCl; 0.03% pluronic
F-86; 0.01% gellan gum) i &l B & 0% > 3l A
& 590 nm & fE & (Turbidimeter, Biolog
Inc.) » FRAEEAHE P RBE S 52% T (Turbid-
ity) o PR %S 2 Biolog GN2 [ &
(Biolog Inc. Hayward, CA) th » £ 7 $# &
150 uL I MIF R - R FER B i 30CE i
FERTE 16-24 h» Z®DOLERENE - fTe &
2L Biolog GN & lE (Biolog 6.01 fif) EE¥f
J3ifr o DA E xR A
FIEBEEERITRIE

o 4 ok ik B ik AR B A (LR M Y I E 4
H > 2% Schaad er al. (2001) fidmZ 2 "HHY)
e A o E BB tE L T N AR AR
E - BIEA EW K E (Gram reaction) ~ #f
&AM T (AL © O/F test) »
1 King’s B £28& & FE A S LB ZAHE -
T 45 58 BB (erystal violet pectate) 1% & A
OHE SRBTfEEETT ~ 1£ YDC (yeast extract-
dextrose-CaCO;) £ A FIPH ~ &% RIS
3TCTZAERRES ~ REEE (levan) AYARK -
FALEEER (oxidase test) HIE - &2 ZHE M
a1 (potato soft rot) ~ ¥F % B — /K (arginine
dihydrolase) JJI7E ~ FAE &M FE (tobacoo
hypersensitivity reaction) JH[E! ~ BHFE (gelatin)
& B BE 3 M € > DL K ¥ mannitol ~ cellobi-
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ose ~ sorbitol ~ trehalose ~ sucrose * meso-tar-
trate ~ D(-)-tartrate ~ D-arabinose ~ D-aspartate
FIAEST » DA e el B ik o St fir -
EBfkD FiEE

BEHL RS A oy 2 TPNO2 R 76 38 B 4y
HEZ TPNO3 E ik - M NA BT BAEERR 2
& Wang et al. (1993) Z i 5 J7 75008 R (& 24
RIEITIZIEZEAL « DUBE S 8o I 4libig 2
% 0 WA 20 pL Z fRE /KR 80% - F 0
A 20 uL 2 0.4 N NaOH E G A £ EFE 10
min ° 1A 1 M Tris-HCI 40 pL )& &9 51% o
H{ 20 pL DA B /KRR RE 10 SUME Ry BiAl - 2 1%
LLZH TS 16S tDNA 7 3 FH 5| % £8-27/r1510
(Lipson & Schmidt 2004) #1758 & 2 Hi§HE X
& (polymerase chain reaction; PCR) » PCR 1§
TE1% 2 DNA EYILL 1.4% agarose #7178 7k 77
M HEEZGEELTENZ DNA R E - fiisZ
PCR E ) DL TOPO TA cloning kit (Invitrogen
Corporation, Carlsbad, CA) #:T DNA | B
VA > PTie 2 BETH R ARSI TE R T HUE S 0 AR DA
PCR R &k o i e B A A 15 2 7 B Ry THAE
f[E1% » ZHPMEVRHCAR/AE (Mission
Biotech, Taipei, Taiwan) #E{TEFF& > BHHE{T
DNA FpHILE# -
| RRSZ I TRIE

SEHY TPNO2 4 57 B b+ HE 17 SEPHIRL 2
e o L ZEEITE S A S 10 fE T & 2R
BIEAPLA R #EIUIREZE (streptomycin +
tetracycline » 10.0% SP » Bih% BIEESE » &
S/NE]) ~ I ZE (streptomycin > 12.5% SL >
A R IREE > BFIAE]) - ZHEE (kau-
gamycin » 2.0% WP » p§in BE A - AL
T &S S04 (copper hydrox-
ide » 53.8% WG @& BwE » BEHF
AED) %S A (5 (copper oxychloride
70.0% WP > g4 B b A FY > FUAE)
= JUHi 1% 4l (tribasic copper sulfate > 27.12%
SC EmBHRRIR BEHEHZATE ) &
$F § JHEE T 2 $F §5 Y 8 (mancozeb 0 80.0%
WP gt RELEAE-45 » BENE])  JBEH
g (5 2 (thiophanate methyl + strepto-
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mycin »68.8% WP » @i B e - KRBT
5 5 # (kasugamycin + copper oxychloride »
81.3% WP » gt Rl E - HRIET) K
oA g ZER 2 BUZEAREE (oxolinic acid » 20.0%
WP BmE &R 68ELAH) - fteldE
Bl e 278 — R R A (8 P R 3R B B e s A 3
B4y 40 ~ 200 K2 1,000 mg L™ -

Mk 0775 DU Ak Bl #8 50Uk (paper disc
diffusion method) (Adaskaveg & Hine 1985) >
SRR B 10 FREE R/ A FRIE
B2 - DA B R R R
FE4Y R 10° cfu mL™" > HY 0.1 mL 4HE R0
A 6 mL ZKHEIHE (Water agar) FUR &4
FGHEN NA BB E - ROWERAR
[ L A BE ) &% 0.14 mL i A EH R 13 mm 2
JE 4K [B] #% (Whatman International Ltd.) 1 >
B s 2 RABER I C &R EadEKE
FEZ NA B3 BLPAR b o 3G DA AR 7K 2 8
ARERE HYIRA > BRE 3 EE - 2B HS
FRE YRR - CEAE 26C T ERAER &
48 h 1% » MRIMHIEIAR /N - DOHIE S5 -

2.
B ER N NFI
Fig. 2.
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TR

AR AR

4 B it 50 Pk TPNOT B TPNO2 (57 B
H B &%) K TPNO3 B TPNO4 (7 it 5 G 3
W) DU RE R E R RN AL EE
HITERREEED 3 wk 1% - i REHE Z ZEERAE DI HIZE -
IR BB DAL AR 2 TS CIRER B > WS
TR BRI (18 2) - FraaBi & A iefE &
HETE PR A R 418 > 2-3 mo (R RGP HH =
ARG iR Ege  BHMERT R - 5
PEREAE PRSP BT Z SRR AE SR - T T
AR o %4545 Biolog 5 iE %4 Bl 4 BE A
LR &l SR S R R R A B R A ) > R
e B K 2 SRR PR A R LR -

FEELRIE

#E5UE F TPNOIL ~ TPNO2 ~ TPNO3 Kz TPN
04 > AHARMHAESSR 4 WEHE R HE
B B2 1% (Gram negative) » LS AETT A A
HEEAE NA BB > E% ket B8
£ King’s B G E LR E ¢ &N YDC

B A\ LR BRI B 1R 2FAREL - (A) T4LE) HAOHEE 3 wk RIS EREAYREL 5 (B) BE

Symptom appearance of the tomato inoculated with the isolated bacteria. (A) ‘Hong Fan’ cultivar showed

pith necrosis symptom in 3 weeks after inoculation; (B) Close-up of the pith necrosis symptom.
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BEANEEEEREY  BERNERERE
(crystal violet pectate; CVP) FEAE IS T Bk [
fa o NEHRAEERTEEE (levan) » KREE1L
fi§ (oxidase) ; N E i & Fe — /Kf#EEG (arginine
dihydrolase) - & #1811 5 $2 Z4H M o] (&
WG TR EEREER A EE BRI
[ FE (tobacoo hypersensitivity) o [E4p » B /&
{E B HHRE (gelatin) » & 37C T RN A& & - A F]
] mannitol ~ sorbitol »~ meso-tartrate ~ D(-)-
tartrate » “NBE FI| FH cellobiose ~ trehalose ~
sucrose ~ D-arabinose & D-aspartate » 172 1

TR o
Biolog system $&EFESR
B E Ik TPNO1-04 #£ 4 £ > Ll Biolog

F 1. FHESYEIRNE Z AT -
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Identification System 434 4 B IEES 95 @R =
HEFAEE - ke &R Biolog GN
EkHE (Biolog 6.01 i) EL¥f » &R BN &t
B PRE E N P viridiflava (syringae) > FH L
{BEIRFE A 0.768 ~ 0.879 ~ 0.787 }% 0.907 -
DS E o

HEHL ) B B B % 2 At 5L PR TPNO2
B FE 3 5 2 ft 5t B R TPNO3 » DL4H B 16S
rDNA 8 FH 5] + %} £8-27/r1510 #E 77 PCR ¥
i - 35 a] B H— 47 1500-bp 2 DNA J B -
[t DNA | R & BT R 1% > BRI B P
%I TPNO2 (NCBI Accession KM357829) K

TPNO03 (NCBI Accession KM357829) 4% NCBI
(National Center for Biotechnology Informa-

Table 1. Physiological and biochemical analysis on tomato pith necrosis pathogen.

Character Strain from tomato Pseudomonas viridiflava Pseudomonas syringae”
Gram reaction Gy G(-) G(-)
O/F test 0 0 0
Fluorescent pigment on KB + + +
Levan - - +
Oxidase — - _
Pectolytic activity + + _
Arginine dihydrolase - - _
Tobacco hypersensitivity reaction + + +
Gelatin hydrolysis + +
Colonies yellow on YDC - - _
Colonies mucoid on YDC at 30°C - - —
Growth at 37°C - - _
Utilization of:
Mannitol + + \Y4
Cellobiose - - _
Sorbitol + + i
Trehalose - - _
Sucrose - - +

Meso-tartrate
D(-)-tartrate
D-arabinose -

D-aspartate _

“ Data are from Schaad ez al. (2001).

* G (-), Gram negative; O, oxidative; F, fermentation; +, postive; —, negative; V, 21-79% postive.
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tion) %& [N &R EE > AL > LB 45 IR 2 fit
A B PR 19 B Pseudomonas viridiflava strain
RM207.1a Jz KNOX249.1b (NCBI Accession
Number:AY604845.1 5z AY604848.1) 7 16S

rDNA FEFIHH[E R 99% L L -
| R RITE

DUBAREI R IEH0E - 1Y NA RS EE L W
5E 7 fti BE I B PR TPNO2 ¥ K B 2 5148 K [
AR 2 B2 M - 10 FE T B BT 3 A R
f 53 LT 40 ~ 200 ~ 1,000 mg L™ F > I E
PR R IR o A R S
FE 8 40 mg L™ > BUR bRER BIEE 4 S0 - 40
BB 1R 5.37 mm BRI RO S AT B
200 mg L' @& B BRR MRS - fEIUBERE
TR E AP > 7% 8.83-2.80 mm ; JEFE
1,000 mg L™ 0% » L0 B 4001 ool Bl = i ot e g 4 2
3 BERRARE - SEVUBEEE REEE 0 F
£ 1.87-10.20 mm - H @ 7 & G875 F1 45 52 15 fill
Z - SRHEEE - BB - mEEELE - |
GBS~ = TTHRRE IR R SR 00w o AR
BRI B S 5 R SR EE T Y NA B
Ik 2 14 B (EA0RBIE4R 2 K/ 4
F2FT ¢

BT HesE H 3

ENE

2011 FE1F B 4% i BT 3k 5 2 i B B (&
FMBFIOER R A REIE > EEHINREARES
TR - SN EREERE > HWBRE
22 E R 2 ik o L 25 250 I 1 7 i
PR > ARSI - ZWIE
MR M R S B IR M B R
7 YDC (yeast extract-dextrose-CaCO,) F
B WEIFEG FEEMR BEE
King’s B “FAREG G EATLER 5 12 3TCRE
% o 35 SL 5 4 CE %f Schaad er al. (2001) F
MCE R R Z M & Y Pseudomonas J& -
LA Biolog #i /& & HIEt 4 A E Mk - &R F
Pseudomonas viridiflava (syringae) 1L\ & 1F
0768-0.907 [t » B RIIEE 1] 8E B Pseudo-
monas viridiflava 3, Pseudomonas syringae °
ik Schaad % 7 B i E &K} > bt 2 A B
A A A B AR LR I A& 5y > L E—2
At E R 2 A A LR - BBRWET
{6 #2 Z #KJE (potato rot) » HIRE /7y #EAE T
(pectolytic activity) » A £ R EE (levan) »
A F| A D (-)-tartrate Z R4 > i B8 P viridi-
flava #HEMEEL P. syringae A [E (M015% 1) »
It % & 9 P. viridiflava % F2 3T < BE 4P > Lel-

2. (EEEREAREREEEEEEE Mk TPNO2 2 A= RHANFIRER -

Table 2. Growth inhibition of Pseudomonas viridiflava TPNO2 by various agrochemicals in different concentra-

tions.

Inhibition zone (mm in diam.)

Chemical 40 mg L' 200 mg L 1,000 mg L
Oxolinic (20% WP) 5.37+0.30a 8.83+0.18a 10.20+0.23 a
Streptomycin + Tetracycline (10% SP) 0b 2.80£0.06b 583+£0.03b
Streptomycin (12.5% SL) 0b Oc 1.87+0.18 ¢
Thiophanate methyl + Streptomycin (68.8% WP) 0b Oc 0d
Kasugamycin (2.0% WP) 0b Oc 0d
Kasugamycin + Copper oxychloride (81.3% WP) 0b Oc 0d
Copper hydroxide (77.0% WP) 0b Oc 0d
Copper oxychloride (85.0% WP) 0b Oc 0d
Tribasic copper sulfate (27.12% SC) 0b Oc 0d
Mancozeb (80.0% WP) 0b Oc 0d
LSD 0.08 0.17 0.27

“Mean =+ standard error (n = 3). Means within each column followed by the same letter are not significantly different at 5% level by

LSD test.



At BE S A

liot et al. (1966) L LOPAT (Levan-Oxidase-
Potato rot-Arginine dihydrolase-Tobacco hy-
persensitivity) JHIE ;% > & Pseudomonas & 4f
B & 5y Fy 5 BF 0 P.osyringae 57 & 1N 5 1 B
P. viridiflava FREINEE 2 BF > HARWIFEAT 77 0
Z RGN R SRR AR AL
(oxidase) ; A KR BIEET  FTEABRAME
K f#EE (arginine dihydrolase) ; H] 5 FAEL
EEAE B EUME K E (tobacco hypersensitivity) Ay
Btk (1R 1) > JREER P o0 B < 9 R 41 B B P,
viridiflava BYFFVERHIE - TS LOPAT 25 2 Bf »
¥ P. syringae ~[A] (LOPAT 55 1 £f) = 1£ 597
TH#EE b i BtalE k2 16S rDNA Fp 51l
P. viridiflava 8 L& 2 99% DL | o AL > %5
& Pl E RS B E B P.oviridiflava - 157
e R G U AR R S
it ERCREIEE R SRR - ][]
Jy HAHENRE - SERRFE IOERN > MR E R

P. viridiflava T F#IEE)Z - A%
Mo W fEE LY Wi (tomato) (Ali-
ppi et al. 2003) ~ 75 (alfalfa) (Heydari et al.
2014) ~ ¥ (pea) (Martin-Sanz ef al. 2010) ~
HH I\ (melon) (Aysan et al. 2003) ~#4 5 (apple)
(Alimi e al. 2011) ~ ZE &) (basil) (Végh et
al. 2012) ~ % & (radish) (Shakya & Vinther
1989) ~ EE (lettuce) (Ibrahim & Molan 2009)
% RN E AR A EEHEMNRE > 1B
P.viridiflava B HEGE 2 H R 8 -

FHEQ /M SCRR BT A > Pseudomonas J& 2 25 1
5 R (P. cichorii ~ P. corrugata ~ P. viridi-
flava ~ P. fluorescens . P. mediterranea) 1]
i Bk 3% i & 1% JH (stem necrosis) 88 ¥ JH
(pith necrosis) (Alippi et al. 2003; Aysan et
al. 2004; Moura et al. 2005) » H 7R B 5 P
viridiflava o 78 A FH [ 2 i 75 1 B 425 et 5l B
Z bR B BE B H 2 R R > BB AP SRR
A [E (Saygili et al. 2004) > AL LE T
2 BT REIEYE R (pith necrosis) °

KA RS R T HE
/MG RO - RBLR B R FTRE
LHEMRETIHE O ARSERG, - 5558 BIIMA
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FeiEt  RIWE I B E S MEREE - ©
I ~ fE T (Yildiz ef al. 2004) FEEE (Mariano &
McCarter 1993) » (K204 FET EEES T
HEHE - BEREONEE - RIFERE
PR~ BEIEIR RN AEA - TN R
=R

TEEERIP 6 b o 172 P 228 o] #3152 09
AU B A= R BV ZER > DU 2k HH R B & B0 1 OF
F#2E o AR > 250 10 g | DL
BRI HI4H B 4 & Z AR S E oK (P <
0.05) » HLAZRMEER 2 HITIRE R R 2 - #
BEEXR L » A& s SR E S S L
=TT I 80 R 16 1 R A (B S EE A I P A
3FERESEEANIGENAER - HIEER
FH A 3 8 U it 52 F v 2 B ik > AR R (e FH
2% 0 2 Sl S SR I AR S 0t ) > DA (i &
RERYEEAE -

5| FA SZRK
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Occurrence of Pith Necrosis of Tomato Caused by
Pseudomonas viridiflava in Taiwan

Chia-Hsin Tsai', Pao-Jen Ann’, Yun-Sheng Lu', Mei-De Chen’, Shu-Ling Hwang’, and
Ting-Hsuan Hung*’

Abstract

Tsai, C. H., P. J. Ann, Y. S. Lu, M. D. Chen, S. L. Hwang, and T. H. Hung. 2016.
Occurrence of pith necrosis of tomato caused by Pseudomonas viridiflava in Taiwan. J.
Taiwan Agric. Res. 65(3):269-277.

In 2011 some infected tomato plants were noticed in several fields of Nantou and Hualien
Counties. Dark brown blotch was observed in the surface of stem. Internally, pith and vascular tissues
showed brown discoloration and necrosis symptom. The pathogenicity of the bacteria isolated from
necrotic stem tissues was verified by Koch’s postulates. The pathogen was further identified as Pseu-
domonas viridiflava based on physiological and chemical tests, Biolog identification, and 16S rDNA
sequence analysis. This is the first report of pith necrosis of tomato caused by P. viridiflava in Taiwan.

On screening the agrochemicals, oxolinic acid was the most efficient to inhibit the pathogen growth.

Key words: Tomato, Pith necrosis, Pseudomonas viridiflava, Agrochemical screening.

277

Received: September 2, 2014; Accepted: October 13, 2015.
" Corresponding author, e-mail: thhung@ntu.edu.tw

! Assistant Research Fellows, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
* Former Research Fellow and Director, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.

3 Assistants, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
* Professor, Department of Plant Pathology and Microbiology, National Taiwan University, Taipei, Taiwan, ROC.



	臺灣農業研究65(3) 全文(清)_部分51
	臺灣農業研究65(3) 全文(清)_部分52
	臺灣農業研究65(3) 全文(清)_部分53
	臺灣農業研究65(3) 全文(清)_部分54
	臺灣農業研究65(3) 全文(清)_部分55
	臺灣農業研究65(3) 全文(清)_部分56
	臺灣農業研究65(3) 全文(清)_部分57
	臺灣農業研究65(3) 全文(清)_部分58
	臺灣農業研究65(3) 全文(清)_部分59

