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54 ¥ (Ralstonia solanacearum) 518 Z m A E AR LA TR B HBIE MR EZ — - $HE
HREAR SR T EAARRE S RS EHRAE 20CATACR L ERRMLE - K 548 LB S = A3
A8 B AR (R3BV2) 09 AN IR B TR TREF EHY > ERAE - AR PFHE 2013 F
11 AZ2014 3 AWM 64 ERBAELABRELEREELEARIERESL 0-32% i lm/REy 0 &
RELERHRE > LF 64.7% X 2tk s % A AZ EHk > AL FZANBZEHh BT ERHRBER =
ANAZARLEENAETSEBHEZ T 2EKk - b FALRERE TS S A 3 4 R solanacearum
AL AR AMER Z B R N 2R - SR T A 24CA28C 344 4LR HHk (RS1102 ~ RS1118 & RS1125)
R BA RIFHIRE S 0 BAETR 20 d BB L (disease severity) A7 77-100% © 1274 20°CHF - RS1125
(B ZAR) B BN E kX LmRM - @ RSIS (F = AALA) Bl & Bk 10 M A 4 L7 E Ak s =
Fh o BE20dBERERFH EZRBELS0-100% > FHRBLELHEAEERBEZRIEFZI— HK
AFFRAM 104 R F 2 B E 54 () [P86 (L RA8,) ~ POO("K & 7))~ POl (A& 2 3%,) ~ P92 ("&F 1k
# )~ P95 (‘pike’) » P117 (‘Chipeta’ » "5t 3,)  P120 ("& B 1 3%,) » P89~ 16-13 A T3] ¢t # % — A LA =
HAR AT 24T ARG EE FAE R B B o B RET 0 SAEMARE RERE XA 0 2k
BFRRZI (BER) 2R SAE - B35 d K BAEMBRES 10-100% L PR T3 AR Em R -
B ERRABRERT i BRELPDEFHAEREZRZZ— 68 FTAZIAFRAE A EKRT > 1A
B AR AR E KRS BR I ATRELRSG  AFBRREX -

RAsER © FAWE ~ AR R ~ GURREM:

HARBRA ARG - NGBS RN - £
FREHRE - RBRZ T 2012 F4EHF
&} (http://agrstat.coa.gov.tw/sdweb/public/
book/Book.aspx) HH 1 » FERISEE BN A

AIS
B2 (Solanum tuberosum L. » L4 po-

tato) RyfufthifE | FAEEAEY) > FRER M

FMILE R T —7 - Bt BIREANEE
EAVEN - EEHE - WYHEREERSTES
HEHFHEES  ”hIUEEHEN TR
REHRETREFEY L — - BBRBRTLHE

2FH A DR B Hop
IE MR TR A » HRS R BB -
BRGRAHTENE - ERERERNE
K T LA R P S - BN
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Bls oy - BRIGEEE Z BvE T 24t
fEEEM T M il EE TR (K
) - TEH29, - THIE E > HpDER
HEAR - BRFHFEENE - I TRMERNE
4:E e, RS HERE -

E MR E (Ralstonia solanacearum) Byt
AREENEYRREZ — B KEE
A EHEIEREZ > WEELE S3 R 200 1
DAEZFFHEY) » TEFFE RN - HREEN
FHEY) (Denny 2006) - F b5 B & 240 ~ oo
B SOm BRI - B R AR MR A RIS R
HREAK ZFRREERGLERE > &&EH
HIEMZEMAET » B EREOEIEL (Hay-
ward 1991; Elphinstone 2005; Denny 2006) °
HHRE 5 — @& (species complex) » FHEF
2R [EI T 40 - TR ~ BRI
FrIHEEEHAEAEENZHENE (Hayward
2000; Genin & Boucher 2004; Fegan & Prior
2005) » H AilA B A [FHY 240 R E F Loy
NP S RSB I DE e Y
B THENER  BEMKREED &S
& 4 /N fE (race) (Buddenhagen et al. 1962;
He et al. 1983) ; B2 RBRERIEERKILEY
R EEST » &5 B 6 fE 4= L2 (biovar; bv)
(Hayward 1964; Denny 2006) » ZATf » 4 F /)N
fE B A A Y 7 ] I i 4 S AR BRI S A R
FR4% 16S-23S t% W A4S % B A IR ] =~ N i 8 &
(internal transcribed spacer; ITS) FE¥]E% T 5
— 515 (Fegan & Prior 2005) - fit & & fili
HHVHE—ME5[ ¥ (Opina et al. 1997) #EfT%
HE GG HE S E (multiplex PCR) » K8 Kk
Bl st st BB R, solanacearum &5y By 4 JEALR
(phylotype) » [k 8 {1 2 93 M5 2 475 B B R 1Y 3t
AR A fH A M (Fegan & Prior 2005; Prior &
Fegan 2005) -

BERESIRZ R  BiWRENRERS S
2RI RAE R T A RE - AR
B/ M GERRETFTERBETHEH
it & -~ 5 R E R EAG - SRR Y
AT 1999 4 K Bl 2006 FJ& 2 2007 F 4] HA
MR ESREREHHIRKEENZERRE - 2
=R E A & ERR RS 90% » &R KR

rere

]

64 % 2
KORRK > KRB E &S RN S e A AR

JE & B R. solanacearum 55 3 A2 FH /N > 55 2
(L% (R3Bv2) (Chiou 2002; Wu ef al. 2010;
Wu et al. 2011) > MIEEEAR L4 ~ 1]
B R Y) 2 55 1 43/ M (race 1)
5380 4 (B A (bv 3 B bv 4) (Hsu 1991;
Lin 2008)  R. solanacearum race 3/bv 2 {2
THEEEE 1 A NEE > TEHERE - F
A EA RPN > HEM SRR | 48/ NE
58 TR RE R T ISR R ERE - It
EERAT SR 2 B R EF MK - XN EEE R
(brown rot) » FEHH 2 & #n A MM b B IR
MR T EE BRI B RER - S
B4 B BRI BN EIERE - SRS
it R T 3 S $2 B R B AV SR R K (Ciampi
& Sequeira 1980) o

mEHENREEEST THEYNENAER
RS E - SN EMBERN ERIBET
BA RFERT - 8o AV B PR AT R AY R
BT EEBHE T - Rl HREEY > &F
[EIFREFREE T (16~ 20~ 24 k2 287C) » KEG$2
EFERY B8R race 1 2 race 3 BfE > &HRE
B EDR (28C) T 0 FrAM B E R E0RE 1
IS EMERIBET (167C) > (£H 2 %
race 3 WIEH EE B E A BEUR T (Ciampi
& Sequeira 1980) - > fifi £ 47 B FE race 1
B¢ race 3 E PR > IR BHUNE R > N ER
(287C) BREL T > race 1 Bl race 3 e RHE T
G B A2 5 > HA 20CIBE T > race 3 Bk
R 5 o A8 A3 11 (Milling et al. 2009) -
BEAh - BT HiZk B AE E I Y 11 #4555
FHik - E30CHEE THEMSERESRER
RGMNEGH S HRN 1I8CZERIRIRE T » &
7y race | (YRR @5 FHEYERREE > (=
race 3 EIRHZF FHEYIIEEUR ST (Bocsanczy
etal. 2012) -

e o Ay TR AR A o AT e
f77& (Denny 2006) » FE&KHRE HAEG L
M HE St I S 07 USRI R AT L)
2B FE R RS R, - PHEEK ik
B{EEY)Z HIET (Denny 2006) - FHFLpEE IR
FTEE AR BEAR 7 [T Al R AL AT A A R - EGRE



HZ 75 4419 7K)R ~ TEE 50 LR (Kelman &
Sequeira 1965; McCarter & Jaworski 1968;
Denny 2006) - £[56 - B A& 1V K EE -
HAT AR G EI SR ] fEEER] - (EREDL
BEREEY (B  mMmeEHE - BIEFT
i 15 S i B S 7 LB EL (Hsu 19915
Denny 2006) » H H DU AE 10 ol B IR AHY
PG )75 « Rt R TR 3 EaE R
L2 hEEE A A AL B B R AE S [BDR JE R 4
T BHIRHEY (B8R ZE R EM) BRI 2%
2 DIRRGEHR B MR R R - 12
R EEH KPa2% - A HEERBT =
BT BE RS Z miEE AR > DIA
TR U7 o i 5 82 B A race 3/bv 2
ZHhUROR M - FELIEEN T E R HRURE
M2 BT i (1) -

MK ESE

SihhESMRHEEARAE

REFZEH 2013 £ 11 H & 2014 4 3 HHA
il > FEEMRERME L 22 2 BB ER
BHE SEHGEEREE 35 SHEE
100 FREEME 2 ZBEH (R FHE GRS <
100%) » HUH 9% Dt RS HE ZERE
W EBRE THEHEREZ ZRERE
HERECE > g =% - DL 0.5% REK
SFRE 3 min > WA 3 IWEKELRE
I R R AR B RZ > T U EUP £ B0 4H S A
S 7KBFEE » ] TTC (triphenyl tetrazolium
chloride) # il % & & (Kelman 1954) # T
PROTEEELAAL - &8 3 RE—ER bR ER
FIHEHE ML 7% (759 ¢ 5°-GTCGCC-
GTCAACTCACTTTCC-3; 760 : 5°-GTCGC-
CGTCAGCAATGCGGAATCG-3’) (Opina et
al. 1997) #ITHE S IE - D E B E
EREE -
FLEVHIE

fR#2 Hayward (1964) 2 J77% » HIE ek
B EEMBEEEA AR K Lz > 1
Fyl& o7 5 R B R AR AR B 2 A4 o M E Y Bk
KAEE I A Fs FLME (lactose) ~ ZREF I (malt-

SCEpAEZ 91

ose) ~ H4EEENE (cellobiose) 5% 3 fi B i & H
F&ME (mannitol) ~ [IFLEHERE (sorbitol) ~ 27,
MERZ (ducitol) %5 3 & /NHER -
HEABERKIRRIRE

Ruge {2 BRI EPRA RS1118 (by
2) ~ RS1125 (bv 3) &z RS1102 (bv 4) - Hrh
RS1118 sz RS1125 Wikth Bk EH BT EE
i 2 B 80 E > RS1102 WHkAIZ KB B
PSR A0 2 7 ik o bl TR B R FH B A
H—ME5[ ¥ (Opina et al. 1997) #E{TH S
# ¢4 7 E (Polymerase Chain Reaction; PCR)
T MITERE R B RORE » WAR$E Hayward (1964)
MY 7574 » HI7E B it B AR - K b G2
REJT > WERHAEAE - (RENEHEEE K
DA H BB -
SthREEERRE

ORI A B A B K b 2 5 B R A
WE BRI ERE R E N TTC F&EA (1
¢ I'% & [ (casein hydrolysate) » 10 g & & J§
(peptone) * 5 g & & FE (glucose) » 20 g B 5
(agar) » BCEURL 1| L B AL 48 S0 B 12 1 0
A5 mL 7 1% TTC] (Kelman 1954) » $EH B
—& %> YDC (Yeast extract dextrose calcium
carbonate) 1% & AL [10 g B & # H ¥ (yeast
extract) » 20 g &jZ%jf# (dextrose) » 20 g IfE S
(calcium carbonate) & 15 g ¥8H5 (agar) fC#lpk
| L Bz ] (Wilson er al. 1967) » %% 48-72 h
WERER > DURE KGR MR R R -
ROF R A B EE EET Y 600 nm Jf7 & T OHIE
7 B EE ELI S {E (optical density; OD) £ 0.3 »
e LR 10° cfu mL™ B B HEfdE g -
mEEHANEBAREREIR I EE

i B Z MW oy Al Ry 7 i (Solanum
lycopersicum > "EE & 301, > & FE T B
HIRAE) BLE$#Z (Solanum tuberosum L. >
P86 > TRl T AT A BE R ) o FAOTE T A2
‘¥ tEEEE L P4 R 45 wk fERREEE R
M B ZAEEAEIMER 10 wk 2 4H 4%

Buw LAY - B AR EE
7 RS1118 (bv 2) ~ RS1125 (bv 3) & RS1102
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(bv 4) - $H:fE /5527 Tans-Kersten et al. (1998)
2L EEBIE - AW ¢
FEReE Ay o DA 380 ) A A ok S B T R B 2R 3
Lo BERAG D > HUAMERERE 1 mL
HHEBER (10° CFU mL™) » SEHEfIAFL
HE TR o A Oy I R R B 10 BR 3 i B
B8 BRdETT 2 X - BEEBAVER T A
1 AGE 20 ~ 24 ¢ 28CZEmAERAE T (8
W R/ MR o3 Al By 11 B 13 h) o S 2
IR F R R BIRIBIY - BiwEREE 5 S
B O SRR~ 1 40 HEYA HREOR 241
1-33% FE 7 ZH e ~ 3 4 - 34-66% HEH
ZHEEAL ~ 44 67-100% BE R ZFEEAD
5 4% HFk5E 2% A (Swanson et al. 2007) »
PRI A G R RN (disease severity)

>nixi
N x5

it SR ni ¢ B 1 REVPREL
N @ A AR

Disease severity = x 100%

HINBEME (R) BEMRLZI (B WIE
AIE

B EmE (R) HF10H > Hf

F 1. AEERBWE (F) EETEHE Z DURTERE -

Hoat 2

&N E S fEN A P86 (‘Kennebec » 'FIJE
fE,) ~ P90 (‘Atlantic’ » "KPE,) ~ P91 (“Tss-
I » "FE 2 5%)) ~ P92 (‘Chipeta’ » "5 ELZE ) »
P95 (‘pike’) ~ P117 (‘Chipeta’ > "Hf#%E | ) £l P120
(‘TN-1"» TER15E)) @ MERmARAYE P89
16-13 } T3 (% 1) » AL EY) & 175 e
EBZgREABMEZE D TEZE LR - il
B E R B TR - BN AT 1 2L
MRS BB L o K ACIKFE PR AT — ER IS
FIHERAR - 28 2 BIR VISR » A Y 4 I
W VR T > 3-4 wk (R DB EBEE S
M B AR AL 2 (RS1118; by 2) » R I DA
fe 5 ) 2R L R ELE 3 AR ARG T "R
A1 mL 4HE R (RE4Y 10° CFU mL™) »
| B RS 10 #k - BERRIRAE MR B Y E RS
(26C/20C) HEH » EIRRIERESRHAES
MR &R ELD -

fER
S ESREEERRAE

2013 4F 11 H % 2014 4 3 B P E bk K 52
Ml 3t 22 g & 1T 6 85 B A R R
W E o SERBURHZ AR 0-32% Z[H

Table 1. Susceptibility of potato cultivars to R. solanacearum (R3Bv2).
Days of post inoculation (dpi)
9 20 35
No. Cultivar/line Wilt (%)’ DS (%) Wilt (%) DS (%) Wilt (%) DS (%)
P86 Kennebec - - 10 8 50 38
P89 P89 - - 50 44 80 72
P90 Atlantic - - 50 44 60 60
Po1 Tss—II 10 10 10 10 30 18
P92 Chipeta - - 10 8 60 44
P95 Pike - - 50 38 80 58
16-13 16-13 10 4 50 40 100 100
T3 T3 - - 10 8 10 10
P117 Chipeta 10 6 50 30 50 50
P120 TN-1 10 10 20 18 20 20

“ Wilt (%): percentage of wilted plants calculated from each potato cultivar.
* DS (%): percentage of disease severity calculated from potato cultivar.

* -1 no symptom was observed.



HPREEHHEHE 123 10 2%
BZR R 6.4~ 10.8 32 & 15% (£ 2) 0 It
4 7 T B SR 2 RS R S ) A 0 2 o
HEHBLORS  BARERERBLLE
B 4L L A K AR AT S B
i (streaming) (451 A AUR L © o — 2
TTC {5 8 36 7 57 BEBRAE (L > 48 27°C
#3441 - ARIBEIE FSBURERT R
BV SBE - PrBBAE SERILEE
7 SRR B A 0 5 BRALAE 17
B » DR RG A 2 B — V5| FBHEFT PCR
0 e BFHERE (82) -
FEESAIE

Ky B IE 2 17 BB B A 2 A
P JTRROH > ST 11 B B (64.7%) (8
G TR BE I R R
LN (0 R L S e (e R Ay
B ATE BN - AR R PR 5
IR 2 LB A 6 BB (35.3%)
T PR A2 3 TR & 3 NI » 57
BB 3 LR E R (£2) 0 Tk 6 HEk
535157 BEE G | R 10 1 HI G 2 R

S0 I 93

B3 B AR R R s 2 AEMERY (R 2) - HMI
TEAESETTHL > Y2013 4E 11 H £ 2014 4£ 3 H
MBS B ai b B EB/NRE - Bk
ERE 2 BRI ST ARy by 2 B by 3 -
BEHANEABHRERIRI 2
FIFH B R RS1118 (bv 2) ~RS1125 (b
3) F RS1102 (bv 4) 53 Fll #5185 £ & K & il
WEHEEERNERE T2 8RB > S&RER
E20C T B ERIFERE by 2~ 3 4 ZFH
WEEBE TR BRESER 0% BE 20 KK
80~ 0 & 77% (% 3) - HhndEE R 7 RIEW
F&E 53 Bl Ry 8 ~ 0 K 0% » 55 20 K43 7l 5 100 ~
68 K 77% (F 4) - FE24CT BB ZE R by 2
3R AZEMBERE 4K BWHE T F
185 F 6% > 25 15 K B 85~ 92 J% 100% °
5520 K F5 98 ~ 92 k2 100% (% 3) - & ji ##1E
BEAR EHEE R 0% 515K Ek92-
74 1 100% > 5520 K B 92~ 77 K 100% (F
4) - FE28CT B EHM by 2~ 3 4 ZFH il
FER F4RERESA R 0-~0K 6.7%
5015 K B 7898 K 92% 0 5520 K A 80 -
100 2 92% (5% 3) - HAIEMERE 4 K B

K2, EMEEEMEEHLEMEEL (2013 4 11 5% 2014 43 A) J92 HE B MR ZE E RO 4 ke

(R TE -
Table 2.

Incidence of bacterial wilt of potato winter crops in Yunlin and Chiayi area (November 2013 to March
2014) and identification of Ralstonia solanacearum biovars.

Potato winter crop

Survey field PCR” Wilt (%)* Biovar
Yunlin
Field-1 6.4 2 (67%) & 3 (33%)
Field-2 10.8 2 (100%)
Field-3 32.0 2 (100%)
Field—4-9 0.0 n.d.*
Field-10 + 15.0 2 (45%) & 3 (55%)
Field-11-15 0.0 n.d.
Chiayi
Field —1-7 0.0 n.d.
Total fields 2(64.7%) & 3 (35.3%)

“PCR reactions were performed on the field-collected strains using specific diagnostic primers for R. solanacearum. +, positive am-

plification of a 300 bp DNA fragment; -, no amplification.

¥ Wilt (%): percentage of completely wilted plants in the surveyed field.

*n.d.: not detected.
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Table 3. Response of potato plants inoculated with three biovars of Raltonia solanacearum under different tempera-

tures.

Disease severity (%) of potato”

20°C 24°C 28°C
Days after RSI1118 RSII25 RSI102  RSI1118 RSI1125 RSI1102  RSI118 RS1125 RS1102
post inoculation (bv2)  (bv3)  (bvd) (bv2)  (bv3)  (bvd) (bv2)  (bv3)  (bvd)
4 0 0 0 6 5 18 0 0 6.7
7 0 0 0 s8 28 28 13 55 63
11 38 0 18 98 80 83 47 78 90
15 65 0 51 100 92 85 78 98 92
20 80 0 77 100 92 98 80 100 92

“ Disease severity (%) = (X number of diseased plants in each disease index x disease index)/(total number of plants inoculated x 5) x

100%.

FE ST R B 0~ 1.7 B2 20% » 45 15 B 72 ~ 92
T 100% » 5520 Fo By 87 ~ 92 ] 100% (3 4) «

BIE@E (R) BRI () Bt
BIE

15 55 $2 B 55 il s B RO MR B E
#HEE 7 (8 At s 5L fE : P86 ~ P90 ~ P91 ~ P92 -
P95 ~P117 1 P120 » }% 3 {55 % : P89 ~ 16-13
Ko T3 #ETH (B WHMHE - #%E 9 RIE
P91 ~ 16-13 ~ P117 } P120 I HikmE 0 H
ZEHARSE R 10% > B E (disease severity) Hif
3Rl Es 10 ~ 4~ 6 f 10% 5 EHFER S 20 K -
ARG SR ERE (R) HHBEERREE
o 5L 76 P86 ~ P91 ~ 92 K& 16-13 2 ZE
ORI A 10% (1) 5 #fE 35d 1% »

W AR 10-100% 2 (£ 1) > BRGE (R)
FIfFE SR 2 5 HPRMEE 100% &2
16-13 i % > H 0B P89 i % 2 72% Bl P90
fhfE (‘Atlantic’ > TRPERE)) 2 60% - FEIKE
BASE R T3 S A2 10% » TYEH K PI1 Shid
(‘Tss-1U" » "fH &5 2 5% ) 2 18% 1 P120 i i
CTN-1" > TR 18]) 2 20% (£ 1)« LT
Ao PrEmE s 10 EAFRBREME (B T
RESHFHHRFE by 2 BAS M &
(EEL P DL T3 ah Z B 5 TR 2 i P A 5B
anfl () 98 °

SE

TR B R BT R i A I A EE A AR

F 4. FHOPEME 3 EE R E AR E RN EDRE N Z B -
Table 4. Response of tomato plants inoculated with three biovars of Raltonia solanacearum under different tem-
peratures.
Disease severity (%) of Tomato”
20C 24C 28C

Days after RS1118  RS1125  RSI1102 RSI118 RS1125 RS1102 RSI118 RS1125 RSI1102
post inoculation (bv 2) (bv 3) (bv 4) (bv 2) (bv 3) (bv 4) (bv2) (bv 3) (bv 4)
4 0 0 0 0 0 0 0 1.7 20

7 8 6 0 32 23 57 10 33 87

11 83 30 38 88 68 89 53 92 100

15 88 42 63 100 74 92 72 92 100

20 100 68 77 100 77 92 87 92 100

“ Disease severity (%) = (X number of diseased plants in each disease index x disease index)/(total number of plants inoculated x 5) x

100%.



YRR E ~ — » S8 ERT 25-30°CORIE 5
T EEARFEHNE - HR20CLI T 2
SRRSO 1 /DB F AR E R EOR T
Iy o] By 3F £ i & (Ciampi & Sequeira
1980; Milling et al. 2009; Bocsanczy et al.
2012) = AT - JRER SEE SR EE
FHEHEYAIRE IR AMEELE - AR
H—EHYEEE > 24°C ) 28CH » FrARYALELE
PRIE B AU A PR B G SR E Ry 2= 52 - {H 20C
% »RS1125 (race 1, by 3) ¥ EHE R &R
HIFHR R B E MR 2 BN AR - ©F
WFEER AR - R A A AR E 2 BUR A
T (virulence factors) AYFIR » HTFELNE
R Z T PMEOR R R E0% 77 (Bocsanczy et al.
2012; Bocsanczy et al. 2014) - 2R » RS1125
(race 1, bv 3) 2 20CH ¥ FH T A A EIR T »
R RS1125 1£ 4 [F] 27 EAEYIR5 4% FHIRE
FRE B Z M I AE R & EHEY B R
JFE AT 2 Jiz A EHR (Genin 2010;
Genin & Denny 2012) > {E {57 1T H 4.2
BRI DA 3 -

RCR BRI T & L 4% 75 1o 28 9o R P B L
R BEMRES A BRBRERS &
EMARBZHEERNFEEYEE - HFE
TEYAIAR IR R R - RN A REE T
fRZEHRBLEHELE (Allen et al. 2001) » j°
AEFE » IREBAE 20 CHF B IE R R BUR L
FTe 2 R8s 24°C R 28 CAERIVIEME & » IR
PR 7 d 2B BB BN R BRI RO
AR PEfER 4 d B IRREL EREHER Y1
EaATBREENES » AIRE—SHDH -
N B E £ 2R o AE 20CH HRE R
FEAHSTELE > (€4 by 2 (RS1118) #HFEH 2 E
K 7 it & Z T T o A1) AT 2 80% K 100% >
HM AR ERER 7% BiA R E R
24CHETE 15 d R HFERE & AR 74% LLE >
TF28Cr EPRIRIE T > bv 3 (RS1125) fz bv
4 (RS1102) k¥ B 5 E RE I B AR S 2
WD P EERER 1S d FEMRIERE B K 92% DA
b MHEE 2R o 5 by 2 (RS1118) E#RAVHE
VIR AR AERY 80% -

H Al £ Al R3IBv2 7 #ifi 5 & #x 2 il & 1%

S0 I 95

iy EL M B B PR 5 (Swanepoel 1990; Hayward
1991) » AR RHIRAERAE T GG EERE
% /f (Ciampi & Sequeira 1980) » [ A B 3¢
B RINE — B 0 1 20CRDR IR
BN 2 by 2 (RS1118) B H A B HRAH L
HERZEREMZBEREERS - TEK > H
R3Bv2 Z BTl E G E G E SR EREHE
Z Z I H 2530 (Chiou 2002; Wu et al. 2010;
Wu et al. 2011) » £ 2013 £ 11 % 2014 4 3
HERERE  EMEEETESERZEREHE
BAEZEMBEEEEEbY 2 REHEKE by
30 EHARHFH by 4 B by 2 FRCKBEE
BEREZBAERBEEZNRHKNFZ— Hig
bv 3 f bv 4 BEARK R B EEURME - HE
BERZELAFEMULAZERT > HEEEAE
FERE IR by 2 B o KA by 2 fE{RIREF
HESRZZEHREE ks HESRZAAM
IR > BPMEORRRE T H I R Jr s Ho A
HEKRE R E2R4CHRE T BT 2
L F (Shamsuddin et al. 1978; Milling et al.
2009) - [ 93 A6 1E & B HY 75 1% B race 1/bv 3
B bv 4 AIE R EREGERZ B RIERET
B EE 24 (Hsu 1991; Lin 2008) o FH L w41 »
BEE REMEE A CERS - DE 2 4L
HEHHERZLARREBER ZEE R
j( o

B A IR FEEE A
HEIEREZ - WItPe EEERE - FEEDT
i e 2 A H il A Y )T Nz — o [F]F
WAERDESIN PR mEE R 2 W5 - HATE
SNEA EE AT B il 2 S iE o AR
BHAREREE 2 iR (French 1994; Muthoni
et al. 2014)  ZX[M 7 i B 475 o] &8 FH B AR By
FER—SIURmERT AR EE T &R
Ehitkz mARAVARK & EFEEZNEM - 48
2 B # T 2 B a3 % (French 1994; Grimault
et al. 1994)  [h4h > FHRF B B PR RS BLET 14
2% AEEKREZEEERE > JURSE
TEAE & R A8 T Y B R 2 B DA S BRSSP Y
W MAEMZHRORE - Al DBREN
BONFEERE  ERERZHUERS - 1
HEEAEKRE M2 mE (Lebeau er al.



96 H R SE ST

2011; Jyothi et al. 2012) » N LF K&K+
A FR Al A 3 B R B A B/ M 2 R B I
%o B HATHRBERARZ B RBIF IR
anfd o R $H 608 2 R B AR ER B A I
Mz B BhniE - AHLOEM o AWT5Ed A
EZ 10 EAFEBRERE () T WARES
BHEMHE by 2 BA Rttt 2 miE - (2
T () ZH¥ by 2 R AR ZiHH -
Hep DL T3 mmk ke POL il (THES 2 9%)) ZFE
AR > 3 ARy 10% Fe 18% o T3 S R EEK
ERE EER BEFEIVAFEE SO
PO1 Ry RS 2%, > A il > EREET
Rt FUEREREY KIRER - i
BRINTHEGET A o RAGR $ L anfl 1T i
—HZ T WA EBFRER N EE
ORI~ TREUESAT ~ PURREREA
& ZHE B ~ R e ARG T
Z PUMER IR R FE R R R B il 2 52
8% > DR DA E R -

o EAEY) B AP B 2 P 2 0 P AR IR
AR > HIREAR WA Z EHHE (B RIR
ERZEET] - AW FTRIURE B BH#
ERMWEBURENTIRRZ — » HARAAE
MHZBIEEIRAE - {2 20CH: 7] bv 3 %%
EHBHRZIZHGHES > by 2 AR HRE
AT - 4 24°C 28CHRFAIEEF B2 bv2 >3
4 AIYH R ZB0RAET] - by 2 B EHATSHER
BERMRZ & EEER o DU i A
B S B R E il T3 & P91 BEMHE by
2 BREF 2t > REAHBIIERERES
iR Z2% -

E:':EEEI

e
RFORITE I EE B GEEYD R

B E ) K E T M A - BN

W~ B/ NE ~ MOTSEEENEREER T/ NE
ThB S BRHETT > Rr L ECEH

5| FA SRR

Allen, C., A. Kelman, and E. R. French. 2001. Brown rot
of potatoes. p.11-13. in: Compendium of Potato
Diseases. 2nd ed. (Stevenson, W. R., R. Loria, G. D.

64 % H52 1

Franc, and D. P. Weingartner, eds.) American Phyto-
pathological Society. Saint Paul. 106 pp.

Bocsanczy, A. M., U. C. Achenbach, A. Mangravita-Novo,
J. M. Yuen, and D. J. Norman. 2012. Comparative
effect of low temperature on virulence and twitching
motility of Ralstonia solanacearum strains present
in Florida. Phytopathology 102:185-194.

Bocsanczy, A. M., U. C. Achenbach, A. Mangravita-Novo,
M. Chow, and D. J. Norman. 2014. Proteomic com-
parison of Ralstonia solanacearum strains reveals
temperature dependent virulence factors. BMC Ge-
nomics 15:280.

Buddenhagen, 1., L. Sequeira, and A. Kelman. 1962. Des-
ignation of races in Pseudomonas solanacearum.
Phytopathology 52:726.

Chiou, Y. S. 2002. Characteristics of Strains Ralstonia so-
lanacearum Recently Affecting Potatoes in Central
Taiwan. Master thesis, Department of Plant Pathol-
ogy, National Chung Hsing University. Taichung. 46
pp- (in Chinese with English abstract)

Ciampi, L. and L. Sequeira. 1980. Influence of tempera-
ture on virulence of race 3 strains of Pseudomonas
solanacearum. Amer. Potato J. 57:307-317.

Denny, T. P. 2006. Plant pathogenic Ralstonia species.
p.573-644. in: Plant-Associated Bacteria. (Gnana-
manickam, S. S., ed.) Springer. Dordrecht. 712 pp.

Elphinstone, J. G. 2005. The current bacterial wilt situa-
tion: A global overview. p.9-28. in: Bacterial Wilt
Disease and the Ralstonia Solanacearum Species
Complex. (Allen, C., P. Prior, and A. C. Hayward,
eds.) APS Press. Saint Paul. 528 pp.

Fegan, M. and P. Prior. 2005. How complex is the Ral-
stonia solanacearum species complex? p.449-461.
in: Bacterial Wilt Disease and the Ralstonia sola-
nacearum Species Complex. (Allen, C., P. Prior, and
A. C. Hayward, eds). APS Press. Saint Paul. 528 pp.

French, E. R. 1994. Strategies for integrated control of
bacterial wilt of potatoes. p.98-113. in: Bacterial
Wilt: The Disease and its Causative Agent, Pseu-
domonas solanacearum. (Hayward, A. C. and G. L.
Hartman, eds.) CAB International. Oxfordshire. 259
pp-

Genin, S. 2010. Molecular traits controlling host range
and adaptation to plants in Ralstonia solanacearum.
New Phytol. 187:920-928.

Genin, S. and C. Boucher. 2004. Lessons learned from the
genome analysis of Ralstonia solanacearum. Annu.
Rev. Phytopathol. 42:107-134.

Genin, S. and T. P. Denny. 2012. Pathogenomics of the

Ralstonia solanacearum species complex. Annu.
Rev. Phytopathol. 50:67-89.



Grimault, V., G. Anais, and P. Prior. 1994. Distribution of
Pseudomonas solanacearum in the stem tissues of
tomato plants with different levels of resistance to
bacterial wilt. Plant Pathol. 43:663-668.

Hayward, A. C. 1964. Characteristics of Pseudomonas
solanacearum. J. Appl. Bacteriol. 27:265-277.

Hayward, A. C. 1991. Biology and epidemiology of bac-
terial wilt caused by Pseudomonas solanacearum.
Annu. Rev. Phytopathol. 29:65-87.

Hayward, A. C. 2000. Ralstonia solanacearum. p.32—42.
in: Encyclopedia of Microbiology, Vol. 4. (Leder-
berg, J., ed.) Academic Press. San Diego. 3848 pp.

He, L. Y., L. Sequeira, and A. Kelamn. 1983. Characteris-
tics of strains of Pseudomonas solanacearum from
China. Plant Dis. 67:1357-1361.

Hsu, S. T. 1991. Ecology and control of Pseudomonas so-
lanacearum in Taiwan. Plant Prot. Bull. 33:72-79. (in
Chinese)

Jyothi, H. K., H. M. Santhosha, and Basamma. 2012.
Recent advances in breeding for bacterial wilt (Ral-
stonia solanacearum) resistance in tomato- review.
Curr. Biotica 6:370-398.

Kelman, A. 1954. The relationship of pathogenicity in
Pseudomonas solanacearum to colony appearance on
tetrazolium medium. Phytopathology 44:693—695.

Kelman, A. and L. Sequeira. 1965. Root-to-root spread
of Pseudomonas solanacearum. Phytopathology
55:304-309.

Lebeau, A., M. C. Daunay, A. Frary, A. Palloix, J. F.
Wang, J. Dintinger, F. Chiroleu, E. Wicker, and P.
Prior. 2011. Bacterial wilt resistance in tomato, pep-
per, and eggplant: Genetic resources respond to di-
verse strains in the Ralstonia solanacearum species
complex. Phytopathology 101:154—165.

Lin, C. H. 2008. Application of Population Profiling and
Detection of Ralstonia solanacearum on Integrated
Management of Tomato Bacterial Wilt. Doctoral
dissertation, Department of Plant Pathology, Na-
tional Chung Hsing University. Taichung. 101 pp.

McCarter, S. M. and C. A. Jaworski. 1968. Greenhouse
studies on the spread of Pseudomonas solanacearum
in tomato plants by clipping. Plant. Dis. Rep. 52:
330-334.

Milling, A., F. Meng, T. P. Denny, and C. Allen. 2009.
Interactions with hosts at cool temperatures, not cold
tolerance, explain the unique epidemiology of Ral-
stonia solanacearum race 3, biovar 2. Phytopathol-
ogy 99:1127-1134.

3
o
&
1

97

Muthoni, J., H. Shimelis, R. Melis, and Z. M. Kinyua.
2014. Response of potato genotypes to bacterial wilt
caused by Ralstonia solanacearum (Smith) (Yabuu-
chi et al.) in the tropical highlands. Amer. J. Potato
Res. 91:215-232.

Opina, N., F. Tavner, G. Hollway, J. F. Wang, T. H. Li, R.
Maghirang, M. Fegan, A. C. Hayward, V. Krishnap-
illai, W. F. Hong, B. W. Holloway, and J. Timmis.
1997. A novel method for development of species
and strain-specific DNA probes and PCR primers for
identifying Burkholderia solanacearum (formerly
Pseudomonas solanacearum). Asia Pacific J. Mol.
Biol. Biotech. 5:19-30.

Prior, P. and M. Fegan. 2005. Recent developments in
the phylogeny and classification of Ralstonia sola-
nacearum. Acta Hort. 695:127-136.

Shamsuddin, N., A. B. Lloyd, and J. Graham. 1978.
Survival of the potato strain of Pseudomonas sola-
nacearum in soil. J. Aust. Inst. Agric. Sci. 44:212—
215.

Swanepoel, A. E. 1990. The effect of temperature on the
development of wilting and on progeny tuber in-
fection of potatoes inoculated with South African
strains of biovar 2 and 3 of Pseudomonas sola-
nacearum. Potato Res. 33:287-290.

Swanson, J. K., L. Montes, L. Mgjia, and C. Allen. 2007.
Detection of latent infections of Ralstonia sola-
nacearum race 3 biovar 2 in geranium. Plant Dis.
91:828-834.

Tans-Kersten, J., Y. Guan, and C. Allen. 1998. Ralstonia
solanacearum pectinmethylesterase is required for
growth on methylated pectin but not for bacterial
wilt virulence. Appl. Environ. Microbiol. 64:4918—
4923.

Wilson, E. E., F. M. Zeitoun, and D. L. Fredrickson. 1967.
Bacterial phloem canker, a new disease of Persian
walnut trees. Phytopathology 57:618-621.

Wu, Y. F,, C. H. Lin, J. F. Wang, and A. S. Cheng. 2011.
Population density of Ralstonia solanacearum pota-
to strain, phylotype Il/race 3/biovar 2, and incidence
of potato bacterial wilt in fields Dounan, Yunlin
County. Plant Pathol. Bull. 20:68-77. (in Chinese
with English abstract)

Wu, Y. E, C. H. Lin, T. M. Chen, Y. F. Huang, S. H. Chen, J.
H. Wang, and A. S. Cheng. 2010. Ecological survey

of brown rot potato in Dounan, Yunlin. Plant Pathol.
Bull. 19:87. (in Chinese with English abstract)



98 BIEEEENTTE Beds 22

Effect of Temperature on Virulence of
Ralstonia solanacearum Biovars and Response of
Potato Cultivars (Lines) to Bacterial Wilt

Ming-Fu Chuang', Shu-Fung Lo’, and Ching-Yi Lin>"

Abstract

Chuang, M. F., S. F. Lo, and C. Y. Lin. 2015. Effect of temperature on virulence of
Ralstonia solanacearum biovars and response of potato cultivars (lines) to bacterial wilt. J.
Taiwan Agric. Res. 64(2):89-98.

Bacterial wilt, caused by Ralstonia solanacearum, is an important disease of a wide range of
crops in tropical and subtropical regions. Most strains of R. solanacearum are pathogenic at high
temperatures, and some strains are nonpathogenic when the temperature drops below 20°C. However,
race 3 biovar 2 (R3Bv2) strains can attack plants at cool temperatures. In this study, we surveyed the
potato fields in Yunlin and Chiayi Counties in Taiwan during 2013-2014 and observed the incidences
of wilting symptoms on potato, within 0-32%. The causal pathogens were identified and most of the
stains were identified to be R. solanacearum biovar 2, indicating that the biovar 2 is a dominant strain
to affect potato in Taiwan. In addition, the effects of temperature on the virulence of three R. sola-
nacearum strains (RS1102, RS1118 and RS1125) and the representative biovars affecting solanaceous
crops in Taiwan were evaluated on potato and tomato plants, respectively. Results indicated that all
three strains showed strong virulence on potato and tomato plants at 24°C and 28°C, and the disease
severity ranged from 77 to 100% at 20 days of post inoculation. At 20°C, the three strains showed dif-
ferential reactions on the inoculated potato. Among them, RS1125 (biovar 3) was nonpathogenic to
potato, whereas RS1118 (biovar 2) showed higher virulence than the other two strains with 80-100%
disease severity at 20 days of post inoculation. To compare the resistance between the current com-
mercial potato cultivars to R. solanacearum race 3 biovar 2, ten cultivars [P86 (‘Kennebec’), P90 (‘At-
lantic’), P91 (‘Tss-1I"), P92 (‘Chipeta’), P95 (‘pike’), P117, P120 (“TN-1"), P89, 16-13, and T3] were
examined in this study. It indicated a differential susceptibilities among them, from susceptible to
various degrees of tolerance, to the infection of R. solanacearum race 3 biovar 2. The disease severity
ranged between 10-100% at 35 days of post inoculation. One cultivar, T3, showed the lowest disease
severity at 10%. No cultivar exhibited immunity to the bacterium. Based on our results, we concluded
that temperature is one of the factors that can affect the virulence of R. solanacearum. Comparing the
virulence of three commonly found biovars of R. solanacearum in Taiwan at different temperatures,
we suggest that bovar 2, which showed high virulence at cool temperatures, might be a great threat to
the potato production in Taiwan.
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