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H1%f Xanthomonas [& 8RR E S PLAE ) 2 B RF O R EFE KT » 2 Pseudomonas
putida YLFP14 Bk » &R Ak HEFEHARUM G VRS BE R 2 iR ) o BLIEFRTE PDA B38 5L S EH B B
BRI (Xanthomonas axonopodis pv. vesicatoria, Xav) FT A 3k 27 @@ < AR BEIFIEH ~ &
FEAEE I ~ EL¥ = JURRER 8 ~ v hG 0 B fR e SR 2L UM o TEAEY) R RAR Z AABRRER 0 P. putida YLFP14
53 B = Xav FHARAE B MVER GHERERS S5 4% nTREE PR REIHUI B e B B 2 38 4k o LINESE -~
RER B8 TR F R E (MYS B2E) TABRIERE h 1T P. putida YLFP14 2 K EIRAEESE » 2 30°CHE % 30
/N o R B RT5E 2-5 X107 cfu/ml o DLPLER B AERS Y (MYS-YLFP14 i) IR EMEER £ IR
[F] A5 7 o G A B8 2 B B8 3 2F 2 U FL LS R e ¥ [ B i LA [ /K RV Z P putida YLFP14 J&1%
W RS - MYS-YLFP14 ERIR AL (4°C) 10 A A% - RekEFRE s E & B AR B EIRa8UR » (BT
30°C » AIHESEMRE TR o @A RIS P. purida YLFP14 (EFMBEER AT & 24t F » B HHED-%
T KERR Z NN o SE AT E N0 P. putida YLFP14 Z JRREE NG RS BEAE I R M0 P. putida YLFP14

W A0 R 1 BB PS < OR » (B IITD- 78 757 M R FU R S = B0 R,

BrsEaR - ROCIEANRE ~ nRHTETEBERNR ~ 8B Vb5 ia

woa

R B NUE (fluorescent pseudomonads) 7 = i [ f&
PEZASIIRER » 7F King's B B85 Bl @A 2ot (a3 » W
M EHZ FAERS EAAT Y > Horh g S n] BELE A RE A AR
S o S AT AR A 5= 2 ARAZH B (plant growth-promoting
rhizobacteria, f& #8 PGPR) » =+ % | Pseudomonas
fluorescens J; P. putida £ *Y o [LOMEEEZ 8¢RI
IR W TE A S T B RE MEIR IR ¢ Gaeumannomyces
graminis var. tritici ®**Y ~ Pythium ultimum "® F Fusarium
spp. '* 29 S 51482 R E 6 b o BRI HARE P
fluorescens J P. putida FRAFAERHE YIRS ~ 1RIE +-3E 5% -
IRATEAEIS W SESR » H S BER Z R AR A 5 25 1w
% U5 F o 5l » Gnanamanickam and Mew 2 [ /KF5
R A FIE A BVR H Pyricularia oryzae BIEHL.Z P.
fluorescens 4-15 F 7-14 bk » A2 & 5L b Rl # ] P.

oryzae fF#ZJ% » K 2 /KAE UPLRI-5 gt 1 m] 75 Jill ek
(R ZERG B % 2 #54: © Wilson K Lindow % FHELEE 75 fift 5]
$ BUK B/ B Erwinia amylovora E.BAREINEIHE J).2 P.
fluorescens AS06 Bk » & H BRI BL{E % nTREARBL KGR
B 12 BLAEME 35 2 1B & - Lindow 5 A% Sf— 5% A506
BRI Rt R S F R AU o B 1 a] R ALK IS4t - I AT
RFEEFZHEE -

i1 Xanthomonas axonopodis pv. vesicatoria (Xav) 5|#E
ZHRHEY) MG TR B - T2 e H AR R 5~ B
W~ BER RCRE o SR R B TR o SRR i
Hobd WIEE B 2E O R G M EE RS
— o RSO B 1 B B A RIS g A e I E 2
PR P R H DISERGE I LIRGR @10 21BN
DUSHAR & 38 TS B E8E e T BR @ o SRPUEBIE Bk
2 HLR R SRR O o BAk o ML SRR R
HIBEA - BRI R AR R R K (R E A 5T D)
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BGEYIIR 35 LA L ER S o R Rl 2% B 8% ) iF 5
BEA T o

@AY T - GEEYE X FSEFEEE
Z P. putida J P. fluorescens » HAEL 3 BIR(E R5 &5 ¥
Xanthomonas J Erwinia &% R & B0 A2 IHIGES) « K
W Fe gk H rp R 5| RS BRI X T ~ AEEUERES) ~ BAE
PDA 1585 [ ¥] Xanthomonas [ 8RR F B HiRET) 2
PR o 2 B BR SRR 158 B9 ¥ ) 2 P. putida
YLFP14 [Rfk » 304 5 A A IR E: A ABUHT 5 1% D G i

biiE L R -

PHRHEL S5 iE

PEEA R

KRR A EH B A o i < AR P R 5 B B
KBS R H AT PR - 5B 37 SRR SR AP P £ R
975 I A BRI 52 28 P DR A7 B R (3R —) = AT 2% JHA R
IRF » JelE R 17 M B 72 B /K Hh o 728 DI 11 BEL R T T PR 3
EA King's B (KB; K2HPO4, 1.5 g; MgSO4 - TH20, 1.5 g;
Difco proteose peptone No.3, 20 g; glycerol, 10 ml; agar, 15
g; distilled water, 1 L; pH 7.2) 2354 | " » @B 30°C T
#1-2 K% PUV Mafti - SREGEE FOLOFRZ H—K
% 0 i KB BB AT EHE - ES 30°C TSR 24-48 /)N
IR » R FLRR A M K P B o T B MR > LOEER Ee
AT HIEAN 3R B 2 A Z R 5 i RHRE P A R 1 Bt e
PGS 1T R TH AN - HISE HEIRRES #5° nutrient agar
(NA; Difco nutrient agar powder, 23 g; distilled water, 1 L;
pH 7.2) B5EHrh» E230°C FEGE 48-72 /% » HEHY
B 7% > R NA BB FEE > B0 30
C THEE A8 /NIRHR R HIR VRIS ME G K rh S R A R
VAR » AR bl ) i R 2 A 2 IR

ity

AR BHABUR B B A » 1 ELRE T FR RS R BE R R
B ZREBREE m /N (1224 #8) > B —/M& (2.5X2.5
Do) &R BRI ET PR EER - B
R RS A 10 A0y AR iR - 2 B BB EN -
REH 6-8 Fr [RFHHE < SHIBRE PR HI(E £ Bt Ba A o

\

A A1 RV A i B A N R PRI B 1 B RE
TG

LR @ oF et B At 2 s AR B TR &% B Pk o2 B —
B 0 Al 22 NA ~ KB ¢ potato dextrose agar (PDA,
Difco potato dextrose agar powder 32 g, distilled water 1 L;
pH 7.2) B5 5L b > [230°C TH5E 24 /N % - P AR

K~ AWFEHE A 2 F R

Table 1. Bacterial strains used in this study

Strain Host or Location Source’  Race’
plant origin

X. axonopodis pv vesicatoria

Xv?2 Tomato Taichung TARI P3

Xv7 Tomato Taitung TARI P3

Xv 12 Tomato Yunlin TARI P2

Xv 13 Tomato Taichung TARI P2

Xv 30 Tomato Tainan TARI P2

Xv 34 Pepper Kaohsiung TARI P1

Xv 37 Chilli Pingtung TARI P1

Xv 38 Chilli Kaohsiung TARI P1

Xv 42 Pepper Kaohsiung TARI P1

Xv 55 Pepper Nantou TARI P1

Xv 59 Pepper Tainan TARI P1

Xv 63 Pepper Yunlin TARI P1

Xv 64 Pepper Yunlin TARI P2

Xv 65 - Taitung TARI P2

Xv 86 Tomato Nantou TARI P3

Xv 95 Tomato Nantou TARI P3

Xv 96 Tomato Nantou TARI P3

Xv 103 Tomato Nantou TARI P1

Xv 105 Tomato Nantou TARI P1

XVT 36 Tomato Hualien AVRDC TIP3

XVT 40 Tomato Hualien AVRDC TIP1

XVT 64 Tomato Ilan AVRDC TIP3

XVT 74 Tomato Kaohsiung ~ AVRDC  T2P3

XVT 110  Tomato Taichung AVRDC TIPI

XVT 113 Tomato Tainan AVRDC TIP2

XVT 158  Tomato Nantou AVRDC TIP1

XVT 190 Tomato Hsinchu AVRDC TIP3

P. fluorescens

YLFP8 Cabbage Tainan

YLFP9 Cabbage Tainan

P. putida

YLFP4 Cabbage Tainan

YLFP6 Cabbage Tainan

YLFP10 Cabbage Tainan

YLFP14-16 Tomato Tainan

YLFPI8 Tomato Tainan

YLFP56 Mango Yunlin

YLFP59 Mango Yunlin

" TARI: Taiwan Agricultural Research Institute; AVRDC: Asian
Vegetable Research and Development Center; Strains of P.

fluorescens and P. putida were isolated by Tzeng et al.”)

> P1: pepper racel; P2: pepper race2; P3: pepper race3; T1:

tomato racel; T2: tomato race2



23 SEAE FLNE 75 2y WA DU B OK B i 2 Xav T RRVR W
(%71 x10° cfu/ml) 2 R34 b » f230°C #4548 /[N »
B MR BN R v ) (B I IR T AR - SRl B Bk
o AR BN T TR 3 A 2 I P8 38 5k 2 BB -

U E A Z

BEFRR OB N 1 U 2 A AR B Wei L Y
M2 JTEW TE » LIRS TEER BRI 5 i ' A BEL I BT 14 K
B EANTHE 4.4g T HZEE (glycine, Sigma Chemical Co.,
MO) Z tryptic soy agar (TSA; Difco tryptic soy agar powder,
40 g; distilled water, 1 L; pH 7.2) $E&5 F » W LUR A EHE
i 2| (picric acid, 2.5 g; Na2CO3, 12.5 g; distilled water, 1
L) U8 #RiE A5 BN 351 Wi » 55 2 I AT LG EIR %
B #830°C B5E& 3 Kk - M E ofFE > KES
B ES SEERE 17 sl « HEmAEEFRE » RiF
i1 (light brown) F3EE4: FEEGES1%% » kRt (brown) f57E 4
SUEEHE TS » KRkR s (reddish brown) £/ A4 S HE
5 o

PHUEREER 2 3

HFHIER 2 ZE PRI BC AR R B 2 BRI > B IKIBEE R HE 7 2
IRFEWRGE S 2 =M KB E2&H > Bk &R E RS
WEOR EEEE T 2 7P o WIEIRE DURS REER BRI L B R i
% > AEE DA WEAEER 2 KB 1EEE |- 230
C THEE 48 /N » DI (R IRE 2 S R PIE S
TR MR TR 2 A2 o BIGR 2 BE TR RR AR ~ RS RTRG K W
EHEEED T - % i (kasugamycin+copper
oxychloride » 81.3% W[y VERI ] » KI5 ALEE T2/ (AR
N &l s 1000X) ~ % {F i @ & (thiophanate-methyl
+streptomycin » 68.8% WM o HA EiERAE 1
1000X) ~ $#PYIR{# £ (streptomycin+tetracycline » 10% B &
AR 2 REFRAF - 1000X) ~ @ AL
(cupric hydroxide » 77% n[ MM » HEH S HRA
H] » 400X) ~ $ifE (streptomycin » 12.5% X8 » 572 EAL
i (a8 BRZY 7] » 1000X) ~ = STt f&$f (tribasic copper
sulfate » 27.12% K&K - HEEZER D AR AF >
500X) ~ Jefdifff (tecloftalam » 10% w[VEMERY > H g =4t
K BERA A G LR 1000X) ~ #% 58 )71
(mancozeb » 85% R[JE VM o HEFH A DA RAF »
400X) ~ $EEEJRE 8% (Mancozeb+metalaxyl » 58% (B & Al %
PER R > B AL B HBR A R 0 400X) e fifi B 5
(CuSO4 - 5H20 » th#fiZE T2 ¥R 500 ppm) o

Pseudomonas putida YLFP14 #Pk{E BT 2
Wk AR R A

R EREEHTREST ~ W A B AL B BT A2 1t B
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fiti e 0 EHITE PDA B & 7T i E¥FT B HE 2 Xav FikE
NHIGES) ~ AL TR BLHT =TT WIS ~ S b 3 B i A2 5
Z P. putida YLFP14 [ PR1E 558 — D HEGE Pk - LI 1%
(W/v) BEEE ~ 0.5% (W/v) BERH [ 0.75% (w/iv) B T8y Bk
B (5 MYS 58) hiAZ BKECR K 4 AT S5 EIK

B Bl f8 (Bioflo Il Batch/continuous fermentor, New
Brunswick Scientific Co., Inc, NJ) {1 » Zi#& H pH {5 7.0 »

WA = BRI R % A TS &S 523 (sucrose, 10 g; casein
hydrolysate, 8 g; yeast extract, 4 g; K2HPO4, 2 g; MgSO4 -

7H20, 0.3 g; distilled water, 1 L; pH 7.2) yifEtz gL 2 P,
putida YLFP14 Bk 200 ml ] ABERERE N > 3% € AR
f530°C ~ 835 200 rpm - 5% 8 30 /MR R 2B E VML B
MYS-YLFP14 F¥gR © §G1 MYS-YLFP14 & 48 FA U F B
ZIMTEHLA 73 BIE 2 4 ~ 20 & 30°C NERAF » 12 [
TRIUH - I A A OKECE & S B 2 kR > DL B Bl
AT $% M7 (Whitley Automatic Spiral Plater, Don
Whitley Scientific Limited, England) ¥ 4£/* KB bS8 5 |- »

WIZ P. putida YLFP14 &2 88V o I 41{F MYS-YLFP14
FIR PR R .2 4°C T - B {HHRUHHE P. putida
YLFP14 B &z 8077 [ I3 S B 1 5 B ia 2
TR -

Pseudomonas putida YLFP14 Jg MYS-YLFP14 [
TE R BUA R 12k BB o ek B

I H A A B B B O B L & A RS — AR BV
(pepper race 1 » Xv42 K Xv59 FHH) ~ 5 A H /N E
(pepper race 2 » Xv64d FR) FEE = 43/ \fi (pepper race
30 XV7 B XVT40 R 2 Al REIR IR (5 X 10° cfu/ml) 4371
g1 P. putida YLFP14 I I20E (5 x10° cfu/ml) 2 jafsig
G WINEZ® SIL WET L-77 (0.05% v/v » OSi
specialties, NY) » DIRIEERE /75817 8 fliai B - 5 2 6-8
PR BAEE 2 B AU R BE i@ b B (238 &K Hh 30-40
B> BHRHREE BERLE 2 HPRFI ) PE MBIB AR LR - DIHERS
RH 100% - ilfi B ERFEA (Hilk 28°C » & 24°C » RH
70-85% » Y¢:HE 12hr ~ 90 ;mol per ;A /sec -m®) 5 %
PEFRELS » FRE3 HERACEH SR o IR RF
4°C S A B 2 MYS-YLFP14 HiE (FiEE & P.
putida YLFP14 [ 85 5 x10° cfu/ml) B8 2 FHAUAN
PEBE B R 2 (5 X10° cfu/ml) & > F sl 2 3 7
SIL WET L-77 (0.05% v/v) 1% » Miff bt 2 1R e ik
et B o Ak S8 T2 LLAHES 895 Fi7 B (relative disease
index) K7x o AHE B HE BOR (B AHAY T L9 B B+ ¥4
HRHH B9 7R S5 B0 X 100% » & — a4 1 4 PR EH BURE R -
B —RE AT B ECER S 5 B0 8 Fr RFAEE 2 Bt > At
R B 4 PR HUREPR L 16 Fr3E 2 Bt 5 i
£ (2 A BRI BT T BB R 1T & P EEAS 2 RH 8 i
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B HLIENH K% #3858 % (Duncan's multiple range

test » L 95% {5 KA 3 0 AT AR HE) i & e H ] 2 72 52

w2 ¥l Pseudomonas putida YLFP14 Jjjih
ST RBUHA oA P BB R

LI Biolog GN Microplate 5 i#f (Biolog, Inc., Hayward,
CA) HIEA P. putida YLFP14 Bl Xav G{RE95 il R 15 H
T8 » & P. putida YLFP14 "]} {H Xav [ 5 ME % H
2k S5 D- Fje ## s (D-gluconic acid, Sigma Chemical
Co., MO) - ilfi Bl < 55 £ i H 2 & EFf (peptone, Difco,
MD) & B IGVE A Ieital g B &Y » 77 BINHIEA L W e 2
EY)¥ P putida YLFP14 [fIGEH BT ER 1 D Bl o2 O 2 -
i b 5093 BEBE F /7 150G Xav XVT40 15 g i (5 x10°
cfu/ml) B P. putida YLFP14 [FIRSRIZHE (5 x10° cfu/ml) %
HERE G1% » N0 0.5% & MHEL D- 8% 08 Ik > BErd ot
BGE Pl 50 s By i OB T - DL T LS & '8
ZINIIE S R B P. putida YLFP14 SFEH UG 1 BE 2L E <
Mite - Befl H 2 BF IS A B I SIL WET L-77
(0.05% v/v) -

Pseudomonas putida YLFP 14 AR 3R | 2%k
L

LA B K B0 .2 P. putida YLFP14 1 BRIFK (5 x10°
cfu/ml) & #i #8500 {22 MYS-YLFP14 1% il A & 27 SIL
WET L-77 (0.025% v/v) 1% » LLF8E)=E 75 4515 2] A
32 HREEE R b EEKIEER L - Hrh 16 kK LI PE
FBRELR > LIHERF RH 100% » 575 16 FREEPRA B SRR
W BRARAEN - WIMRE P putida YLFP14 {5 5817
W (5x10% cfu/ml) » fiif A2 5| SIL WET L-77 (0.025%
vIv) } 0.5% (wiv) FHf8X 0.5% (w/v) D-Hj % HEEE > LLF
BRI A M EBEE R R - BEREPEREAN - £
1U/NIRE ~ 1~ 3 J 5 R RIELH 4 BRAERE - Of R ARk
5 BHE8 2R » BEAE 100ml fEEF /K2 250ml =
AN LUE AR 2R 20 78 » FOHE 2 MR R 0. 1ml &
K12 King's B B5 B HLPl E 0 12 30°C B35 48 /ML » &
BOH & - Myt <% F B LU B A € 28 (Leaf
Area Meter CI-202; CID Inc., WA) | H: 5 £ fifs » LUHIE
WS R | P putida YLFP14 2[5 & (cfu/cm?) o

wo R

B8 AR IR BN WA PR Z SELRE ST ~ TR kB
itk

fEds g B 2 O B I 11 (bR 2 27 ([
Xav i# R SEFIRES H 2 5 » P putida YLFP10 [ #RAE

R~ ERADCIB RN SR Z E A R ET SRR 1 SRS
TR A R 2 IR

Table 2. Hydrogen cyanide (HCN) production and inhibition
of the growth of 27 strains of Xanthomonas axonopodis pv.
vesicatoria (Xav) on King's B (KB) ~ nutrient agar (NA) and
potato dextrose agar (PDA) media by foliar fluorescent
pseudomonads (FP)

No. of Xav strains' (%) HCN
FP strains KB NA PDA  production®
YLFP4 11 (40.7) 0(0) 20 (74.1) -
YLFP6 6 (22.2) 0(0) 10 (37.0) +++
YLFPS 11 (40.7) 5(18.5) 16(59.3) +
YLFP9 2(7.4) 0(0) 25 (92.6) ++
YLFP10 18 (66.7) 20 (74.1) 21 (77.8) ++
YLFP14 1(3.7) 0(0) 27 (100) -
YLFPI15 11 (40.7) 16 (59.3) 20 (74.1) ++
YLFP16 6 (22.2) 0(0) 27 (100)
YLFPI18 2(7.4) 9 (33.3) 27 (100) ++
YLFP56 1(3.7) 0(0) 22 (81.5) +++
YLFP59 0(0) 17 (63.0) 25 (92.6)

I No. of Xav strains distinctly inhibited (inhibition zone >5mm);
number in parenthesis is the percentage of strains inhibited.

2 HCN was detected by Wei's method (28); +++: strong; ++:
moderate; +: weak; -: none

King's B} NA Kf# 3£ |+ 64} R 18 (B (66.7%) 2 20 {H
(74.1%) Xav FHEEEI/ERH 5 P. putida YLFP14 ~ YLFP16
k2 YLFP18 5 3 {[R b (£ PDA 55 g 5 E al I A G 27
{8l Xav Wtk Z £ R ()  ftalz 8RB 11 {EE
H1 s % P. putida YLFP4 ~ YLFP14 ~ YLFP16 Jt YLFP59 %
4 (EE IR A A F IR - HER WS ol E A J g - Hrp P,
putida YLFP6 J; YLFP56 & S\ ERE /1 5@ » P. putida
YLFP9 ~ YLFP10 ~ YLFP15 J¢ YLFP18 k.2 » |fj P. putida
YLFP8 il A GE TR GS (R ) o ¥ REE 2 A2 MM 3
it SR BT o A2 O IR BN 11 (I B RR T v i A
(1000X) Bl =7 il #ii (500X) Wi F4E FlE B A4 - 9
(72.7%) {H &tk ¥t 500ppm ik i B GHU 1% » LK 3
(27.3%) {8 TR PR 58 DY ER 1 R BASE A 0ESEH HUME - T P
B BORER GGt H R BRI AR RS2 M (R ) -

Pseudomonas putida YLFP14 J; MYS-YLFP14 ¥}
S PBLH B T BB Z B TR AR

{egEfEaAbarh » DATFEh0E 75 88 1 I K B 2 Xav 1%
YRR VE (i HASH AREET o WS R E R E S HIR 28°C ~ '
M24°C 2HERFEAN2 £S5 Hik - SIS EHRE - (B{E#
TEOHE SR 2 3E B P 2 B2 1 BT s HALRE ~ 3 BT B %
g% > HERENAL 2 TE R RIS B E AR 2R B D AN R
TE 0 #5 LI IR SIL WET L-77 ZiR 3k i 7 ik e
Wyl ER2-5 H » £ RBEHERS H 2R FREKRE
A Bz BREER b 2B 52 BIWBE Bon
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Table 3. The sensitivity of 11 strains of foliar fluorescent pseudomonads to agrochemicals

Chemical Dilution fold or No. (and %) of resistant strains'
concentration
Mancozeb (80% W.P.) 500X 0 (0)
Mancozeb+metalaxyl (58% W.P.) 400X 3 (27.3)
Tecloftalam (10% W.P.) 1000X 11 (100)
Tribasic copper sulfate (27.12% E.P.) 500X 11 (100)
Kasugamycin+copper oxychloride (81.3% W.P.) 1000X 1 (9.1)
Streptomycin+tetracycline (10% S.P.) 1000X 3 (27.3)
Thiophanate-methyl+streptomycin (68.8% W.P.) 1000X 1.1
Streptomycin (12.5% S.) 1000X 1 (9.1)
Cupric hydroxide (77% W.P.) 400X 1 (9.1)
Cupric sulfate 500ppm 9 (72.7)

! Bacterial strains were cultured on King's B medium plates containing agrochemicals. No growth= sensitive; Growth= resistant.

F P ~ 1Y) £ E 58 rhE A EE (5 I8 ff Xanthomonas axonopodis pv. vesicatoria (FiH4E B /Nl — »

—H=) E

Pseudomonas putida YLFP14 5{ MYS-YLFP14 |5 &% fll1E 14 BEBLiR 2 %5 fiR T8 85
Table 4. Disease index of bacterial spot on leaves of sweet pepper inoculated with mixture of Xanthomonas axonopodis pv.
vesicatoria (pepper race 1, 2 or 3) and Pseudomonas putida YLFP14 or MYS-YLFP14 in plant growth chamber tests

Relative disease index (%)*

Race 1 Race 2 Race 3
Treatment' Xv42 Xv359 Xv64 Xv7 XVT40
X+YLFP14 44.67 b 40.75 b 4133 b 40.50 b 34.89 b
X+MYS-YLFP14 2212 ¢ 2501 b 18.08 ¢ n’ 2551 b
X(CK) 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a

! Sweet pepper plants were inoculated by immersing intact leaves for 30-40 sec in different inoculum mixtures as indicated. The
inoculated plants were covered with plastic bags for 5 days, and the number was recorded 3 days after removal of the plastic bag.
X+YLFP14: cell suspension of X. axonopodis pv. vesicatoria Xv42, Xv59, Xv64, Xv7 or XVT40 (5 x10® cfu/ml) was mixed with equal
volume of cell suspension of P. putida YLFP14 (5 x10® cfu/ml); X+ MYS-YLFP14: cell suspension of each strain of X. axonopodis pv.
vesicatoria was mixed with equal volume of MYS-YLFP14 which was diluted to contain 5 x 10® cfu/ml of P. putida YLFP14; MYS-
YLFP14 was liquid culture of P. putida YLFP14 grown in a fermentor containing molasses, yeast powder and soybean powder (MYS) as
substrates for 30hrs at 30 C; X(CK): X. axonopodis pv. vesicatoria only.

" Relative disease index was the percentage of mean number of lesions observed in a treatment relative to mean number of lesions formed

in the treatment X(CK), in which the disease index was set as 100%. Values in the same column followed by the same letter are not
significantly different (P=0.05) according to Duncan's multiple range test.

%1 : not tested.

W% o TN (L3 T A R+ 7 B /) 28 M N e
o (R » A R EERES PR AVR I R I SIL WET L-77
CIREE RS NEERERS X RS B
8 ERHLE KR 2SS > AT R SR S B - 3
B AT » {RE P. putida YLFP14 §5 B30 (5 x10°
cfu/ml &) ZBRHE » AR Xav RS — ~ 55 5%
B = A TR N BT | R 2 B AU 00 e B 2 2 8 2
O RSB AT R R A2 100% [E R E 34.89-
44.67% - | MYS-YLFP14 FiK (& P. putida YLFP14 FHE
5x10° cfu/ml) EEEE » I e B HL A 75 2 45 8522 18.08-
25.51% (£ - BETRAEMFIEE T » MYS-YLFP14 i
P. putida YLFP14 8123 SHEH U1 BEBE B A 5 & 2
BAIRRUR

Pseudomonas putida YLFP14 7 MYS-YLFP14
WA R T Z R

P. putida YLFP14 {EEEAE h LIMYS HE 528 » 230
°C 2830 /\iE % o B B Al3E 2-5 X107 cfu/ml » HEZEYE]
5 MYS-YLFP14 g » #§ HER4°C » #820 % - P.
putida YLFP14 & &) 1J#EE: 10° cfu/ml » SRR 20°C » £%
14 A% HE EFEEZE 10° cfu/ml » fif2 30°C » #8481 - &
IR 10° cfu/ml LU (8 —) » BT (KR BAEHE R MYS-
YLFP14 [ P. putida YLFP14 [ & ° Mi{E4°C TIRTFZ
MYS-YLFEP14 [H¥&7E 10 {f A% » H P. putida YLFP14 & &
I BEREEE 10° cfu/ml DL E > BB G R 2R S (&
o
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Bacterial population (log X+1 cfu/ml)

0 2 4 6 8 10 12 14 16 18 20

week

& — ~ BERAAE B2 MYS-YLFP14 G 5 A [ 5 1R
1% F Pseudomonas putida YLFP14 Z [GEREERM L -

Fig 1. Population changes of Pseudomonas putida YLFP14 in
MYS-YLFP14 liquid culture after storage at different
temperatures. MYS-YLFP14 liquid culture was prepared
from YLFP14 grown in a fermentor using molasses, yeast
powder and soybean powder (MYS) as substrates for 30 hrs
at 30°C.
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Fig 2. Population changes of P. putida YLFP14 in MYS-
YLFP14 liquid culture after storage at 4°C (lines) and
efficacies of the stored MYS-YLFP14 on the control of
bacterial spot of sweet pepper (bars). For disease control
experiments, sweet pepper plants were inoculated with
mixture of cell suspension of X. axonopodis pv. vesicatoria
XVT40 (5 x10® cfu/ml) and MYS-YLFP14 (5 x10® cfu/ml)
after storage at equal volume. Relative disease index was the
percentage of the mean number of lesions observed in a
treatment relative to mean number of lesions formed in the
control treatment (inoculated with XVT40 only) in which the
disease index was set as 100%.
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Fig 3. Population changes of Pseudomonas putida YLFP14
on the leaves of sweet pepper under different conditions.
YLFP14(RH): Plants were sprayed with cell suspension of
YLFP14 (5 x10® cfu/ml) and covered with plastic bags for
maintaining RH 100%; YLFP14: Plants were sprayed with
cell suspension of YLFP14 (5 x10* cfu/ml) and were not
covered with plastic bags; MYS-YLFP14(RH): Plants were
sprayed with MYS-YLFP14 containing YLFP14 (5x10°
cfu/ml) and covered with plastic bags for maintaining RH
100%; MYS-YLFP14: Plants were sprayed with MYS-
YLFP14 containing YLFP14 (5 x10° cfu/ml) and were not
covered with plastic bags; YLFP14+pep: Plants were sprayed
with cell suspension of YLFP14 (5x10® cfu/ml) containing
0.5% peptone and covered with plastic bags for maintaining
RH 100%; YLFP14+glu: Plants were sprayed with cell
suspension of YLFP14 (5x10* cfu/ml) containing 0.5% D-
gluconic acid and covered with plastic bags for maintaining
RH 100%. The cell suspension of YLFP14 was prepared from
the culture grown on King's B medium plate for 24-48 hrs,
and MYS-YLFP14 was the liquid culture of YLFP14 grown
in a fermentor containing molasses, yeast powder and
soybean powder (MYS) as substrates for 30 hrs at 30 °C.
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Table 5. Effect of peptone or D-gluconic acid on the control
of bacterial spot on leaves of sweet pepper by Pseudomonas
putida YLFP14

Treatment' Relative disease index (%)*
X+YLFP14 38.83 ¢
X+YLFP14+Pep 48.71 ¢
X+Pep 9432 b
X+YLFP14+Glu 18.38 d
X+Glu 9191 b
X(CK) 100.00 a

! Sweet pepper plants were inoculated with different inoculum

mixtures as indicated. X+YLFP14: cell suspension of X.
axonopodis pv. vesicatoria XVT40 (5 % 10® cfu/ml) was mixed
with equal volume of cell suspension of P. putida YLFP14 (5 X
10® cfu/ml); X+YLFP14+Pep: cell suspension of XVT40 (5 X
10® cfu/ml) was mixed with equal volume of cell suspension of
YLFP14 and containing 0.5% peptone; X+Pep: cell suspension
of XVT40 (5 X 10% cfu/ml) containing 0.5% peptone;
X+YLFP14+Glu: cell suspension of XVT40 (5 x10% cfu/ml)
was mixed with equal volume of cell suspension of YLFP14 (5
X 10°* cfu/ml) containing 0.5% D-gluconic acid; X+Glu: cell
suspension of XVT40 (5X10® cfu/ml) containing 0.5% D-
gluconic acid; X(CK): cell suspension of XVT40 (5 x10%
cfu/ml) only.

" Relative disease index was the percentage of mean number of
lesions observed in a treatment relative to mean number of
lesions formed in the treatment X(CK), in which the disease
index was set as 100%. Values in the same column followed by
the same letter are not significantly different (P=0.05) according
to Duncan's multiple range test.
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ABSTRACT

Tsai, Y. L.!, Chen, M. J.!, Hsu, S. T.. Tzeng, D. D. S.! and Tzeng, K. C."? 2004. Control potential of foliar
Pseudomonas putida YLFP14 against bacterial spot of sweet pepper. Plant Pathol. Bull. 13:191-200.
(“Department of Plant Pathology, National Chung Hsing University, Taichung; * Corresponding author, E-
mail: ketzeng@nchu.edu.tw; Fax: +886-4-22854633)

Pseudomonas putida YLFP14 selected from foliar fluorescent pseudomonads was evaluated for its
potential to control bacterial spot on leaves of sweet pepper caused by Xanthomonas axonopodis pv.
vesicatoria in a growth chamber. The selection of P. putida YLFP14 was based on its ability to inhibit the
growth of all 27 tested strains of X. axonopodis pv. vesicatoria on PDA medium, inability to produce
hydrogen cyanide, and resistance to tribasic copper sulfate and tecloftalam and cupric sulfate. The disease
severity of the bacterial spot was significantly reduced when leaves were inoculated with the mixture of P.
putida YLFP14 and X. axonopodis pv. vesicatoria (pepper race 1, 2 or 3). For mass production, P. putida
YLFP14 was cultured in a fermentor containing molasses, yeast and soybean powders (MYS) as substrates.
The population level of P. putida YLFP14 could reach to 10° cfu/ml 30 hr after incubation at 30°C.
Application of this fermentation liquid culture (MYS-YLFP14 liquid culture) also reduced the disease, and
its control efficacy was better than cells of P. putida YLFP14 suspended in sterile distilled water at the same
inoculum concentration. The population of P. putida YLFP14 in the MYS-YLFP14 liquid culture
maintained high level when stored at 4°C, whereas it declined rapidly after storage at 30 °C. The MYS-
YLFP14 liquid culture stored at 4 “C for 10 month was still effective in the disease control. At high humidity
(RH 100%), the population of P. putida YLFP14 on leaf surfaces of sweet pepper increased one day after
introduction, and remained almost at the same level (104-105 cfu/cmz) afterward, but at low humidity (RH
70-85%), it rapidly decreased. Addition of peptone or D-gluconic acid to the suspension of P. putida
YLFP14 increased the population of P. putida YLFP14 on the leaves at high RH, however, only addition of
D-gluconic acid significantly enhanced the disease control efficacy of P. putida YLFP14.

Key words : bacterial spot, biocontrol, sweet pepper, fluorescent pseudomonads



