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THEER A L 2] Weller 5 A0 FFes 51 » HI5 1- HErh s
TER R B RNE » vT 1 %l Gaeumannomyces graminis var.
tritici » Hfiti FH 77 Bt B2 8 IR MR - 71 e A 8d
/|NBE 2 Bl (take-all disease) : Wilson J% Lindow ©? }& 47 i
B3,z Pseudomonas fluorescence A506 [Ffht R EI L2
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/& BRI % S0 5 Thomashow J; Weller @ ) Tn5
9&484 P. fluorescens 2-79 » &SN E4 phenazine-1-
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putida YLFP14 (rifampicin 50 x g/ml) ~ KGR EHE I
Escherichia coli SM10 (&/B % pSUP2021:Tn5) * K Hfth
Acidovorax ~ Burkholderia ~ Erwinia ~ Pseudomonas ~
Ralstonia ~ Xanthomonas [& 2 8 V)R F AT Eik - BHILE
12 BT FP LR ER AP 5 B 2 5 T A R B E =2 P OR AT L TR
T o T 2 TEAABRIE ST DR AT O MG 2R B K TP 2R
AR B AR I Ik - &I AR5 King's B P(KB; K2HPOs,
1.5 g; MgSO4 - 7TH20, 1.5 g; Difco proteose peptone No.3, 20
g; glycerol, 10 ml; agar, 15 g; distilled water, 1 L; pH 7.2) 15
= E o B 30°C 15 12 Kk 0 B UV Tl - PhHE
FEN O FEZE—FHE o S KB BEEELT R E L E
B f* 30°C B #& 24-48 /NRHRfi A 5 2B RS pSUP2021 2 K
MG BT BT RIS ST &% S BRI - Sl ECE s e 50
1 g/ml kanamycin (Sigma Chemical Co., MO) 7 Luria-
Bertani agar ® (LA; tryptone, 10 g; yeast extract, 5 g; NaCl,
10 g; agar, 15 g; distilled water, 1 L; pH 7.2) B2Z EL7FHy | »
B 37°C K58 24 /NRHR A 5 R 90 [RH R 1k LIS G
2| 5 2 35 A 45 I B 12 2L (nutrient agar, NA; Difco
nutrient agar powder 23 g; distilled water, 1 L; pH 7.2) 2R 4y
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2208 Kraus & Loper "7 FI| BB T35 s Je 81 )5 1 »
HEAT E. coli SM10 (& &4 pSUP2021) ¢ P. putida YLFP14
I B 1 i+ (EHEAS TnS 1 pSUP2021 T RS P
putida YLFP14 » D5 P, putida YLFP14 Fe/: 7858 o 152
W& P. putida YLFP14 1% & » & rifampicin (Sigma
Chemical Co., MO) 50 y g/ml Jz E. coli SM10 1Z&RE&H
kanamycin 50 1 g/ml ;2 5 ml Luria-Bertani broth (LB) H1 » if;
DRIER 28°C K 37°C Bl » REEIEER » 7RI
400 p1 FIRIE £ & & H i 4 R IR A 2 40 ml LB 5
B FHERREE 3-5 /N EEEC (5,000 ¢ 0 5 min) &
B bJE e+ LUZE FE A K SRR A 107 cfu/ml 5 o 5 P.
putida YLFP14 Bl E. coli SM10 DJFEF5 10 : 1 Z LR &1
Pt O > LUEC (5,000 g » 5 min) fU5#S A M 1%
W LA 1S ] A3 BB BT - A LR W0 ) DB 7E LA
B2 TR 1 em?® BYRS L F8HE 4T (nitrocellulose membrane
0.45 mm, Bio-Rad Laboratories, CA) | » &2 30°C %% 24
/NRHR - DO RRALABHERR - IGE AR OB o A
I ml A SR E BEOK > FIFHEE 2 28 SN Z I TR LABAEAR B2 R
o ERBERPAHEARHE K HIGEERHEPSE
rifampicin (50 xg/ml) Jx kanamycin (50 pg/ml) 2 KB 3%
B E > B 30°C K58 o EAUE R rifampicin J
kanamycin H14EF R K 0 18 LEE PR EIRS nTGERY 2858 iR
R o 15 PLLER R — DK EE A D Fl /5 1512 PDA K58
FER AR A H S Xav XVT4A0 A & 2 %168 ) - DUAT 28
i Xav K EPUAENE < 22w Pk -

Pseudomonas putida YLFP14 28583 %iPk.2 Tn5
A5 H

FIFH /7 5 & &3 A P. putida YLFP14 ZE88 [k
Yetafd DNA FREEGHE—TnS Zif A o B8 E K2 DNA
IS B (% 22 R Sambrook 25 A ®Y 2 J7EHEST o FRIE(G
Z % DNA 7RI LL EcoR1 Jt Sall [R5 #1782 Y)E »
W A8 0.8% 33 A5 &E 1B ¥ vk 70t 1% » 115 A5 & 1B =0 1
0.25 N WY HCI %12 =% HE 30 7758 » SEAT ZEMSEA (
depurination) » LUV /KIZ % I A denature solution (0.5 M
NaOH, 1.5 M NaCl) 18 E % R 30 73 ##% - LIS KIEDE
FJ 0 A neutralization solution (0.1 M Tris-HCI, pH 7.5; 1.5



M NaCl) #&18 52 ¥z H 30 73 ## 5 BTHGEE KX/ JE REvE iR
(Zeta-Probe® Blotting Membranes, Bio-Rad Laboratories,
CA) — 5 » i 1L 5 xSSC & ik ( 0.75 M NaCl, 0.075 M
sodium citrate) Jeif 1% - 15 bR B G 2 3 AR BEIE E i
JEREUE AR F » DL S XSSC #R R 1F W E AR - 1> E 22
&% # ( Model 785 vacuum blotter, Bio-Rad Laboratories,
CA) FEATHENE 1 /MR o HUHTE REVEE - KEURFR DNA 2
A b o SE S SR HIE AR b IR 0 DL 254 nm K
FHy %415¢ 240 millijoules/cm” (Uvilink UV Crosslinker
CL-508, Uvitec Inc., U.K.) 1T o PEET < B » (RFIH
Plasmid Miniprep Purification Kit (GeneMark Technology
Co., Taiwan) #fiH pSUP2021 g » DIkl U < B H#E
pSUP2021 15 » 11 LL NEBlot ™ Phototope ™ Kit (New
England Biolabs Inc., U.K.) ¥£1TIER &4 biotin FEEFAYEL
i o 1 5L fii AT 15 2 PRET B VS 12 FE BE AR |2 DNA 7% 60
C FH#ITHEAE » [ E 16 /NG - #F Streptavidin-
alkaline phosphatase (NEN™ Life Science, MA) i biotin #&
# » F LI CDP-Star™ (1,2-dioxetane chemiluminescent
enzyme substrate, Tropix, MA) 17 {E| < B » ©SHE H
JPscientific imaging film (BIOMAX-ML, Kodak, NY) F »
LItg A EAE o B2 TnS EEFIES —{H Sall FREIEESR
YIfi » AL EcoRI [REIBEZEYIGL 1P B k2 %
DNA » & EcoRI J¢ Sall [R#IE2ZEU]E|% » L pSUP2021 3
PREHEITHIR 7S SUERS R - H S EcoRI YJEIE HEH
— A& SOIER TS Sall §)F# 23 105 & [ g
HIFRR B — TS i AR [HE 2 285 -
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ZE55 1 bR YLFP14-A378 25 ~ ik I M I R
1Rl

U P putida YLFP14 T HZe8# i bk YLFP14-A378 F& 0
/5 ml nutrient broth (NB, Difco nutrient broth powder 8 g;
distilled water, 1 L; pH 7.2) H1 > [&f* 28°C % (320 rpm)
FEER) 16 /NRH% » HUH 400 1 1R #2240 ml NB 5
B2 125 ml oz = RElrh > [228°C i (320 rpm) 15
# B /NEIUE 1 ml B ER L ELR @
(spectrophotometer, U2000 Hitachi Ltd., Japan) /4 620 nm J%
R & 50k HROEAE - DIHIE AR K ifrgk - FI|H Biolog
GN2 Microplate (Biolog Inc., Hayward, CA) {lli P. putida
YLFP14 BilZe% bk YLFP14-A378 % 95 f 47| fix 25 Al
Fl2 25 o P. putida YLFP14 J HZe8 % bk YLFP14-A378
SR RN RO 2 40 B3 - B A\ Fosity 7
E il 2 PDA ~ KB Jt NA B8 5L P EEITHIE - A0
el O/ N B IR v i3 ik R A 3B ik < R - WG W)
JRIFEAE TG © Acidovorax avenae subsp. citrulli Aac110
Aacl42 (75 TV M SR B R ) s Burkholderia caryophylli
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CO8 ~ GOS8 (o 1T RI AL Ml 1 2 MK F) ; Erwinia
carotovora subsp. carotovora ZL1 (35 0 14 25 %
B) s E. chrysanthemi CAS7 (& BEMHE 4 ZRIKEH)
Pseudomonas syringae PAS (15 Bk & 1E B 2LIE F)
Ralstonia solanacearum Ps152 (i fE 2 @K EF)
Xanthomonas axonopodis pv. vesicatoria Xv42 ~ XVT40 (fif
B E PR R F) 5 X. campestris pv. campestris Xcc84
(T FAERHRIZRE) -

Psecudomonas putida YLFP 14 g H 285 & ¥
YLFP14-A378 FH SR 2 15 L B A8
LR e R e ) S

18 P. putida YLFP14 Jz H2858 Bk YLFP14-A378 (15
A& 50 pg/ml kanamycin 2 KB 1585 » 230°C £ 824
/N 73 BIREIR 128 0.1% 2 L #E & (methyl cellulose,
Sigma Chemical Co., MO) Z e XK » HEE S5 X
10° cfu/ml » B{EL X. axonopodis pv. vesicatoria XVT40n (£
X. axonopodis pv. vesicatoria XVT40 E. nalidixic acid FT14:
2 R JEER) 2 RRF I (5 X 10° cfu/ml) S8R5 RS -
BEg it B 6-8 Fr R B < SRR S b o P B
fidtk LUEIAYE B IR E R BE 8 B S A R AN (HIR30°C ~
%8 25°C ~RH 70-85% ~ Y:H& 12hr ~90 g mol per xA
Isec - m?) » HEHG 24 /S B HEIRIEL T 4 (EZER (4 3-6
FrIERA S5 - {f Wilson ¢ Lindow Y {735 IG5 R 8 A &
100 ml fEE /K2 300 ml = A » LI E I E RS
(Bransonic 8200, LabBoss.com, VA) ¥ 7 /r#51% » 1§8R1E
MR YK i & rifampicin 20 p g/ml 2 KB 55 2774 - (]
YLFP14 5 YLFP14-A378 7 # &) » 8{ & nalidixic acid
(Sigma Chemical Co., MO) 20 x g/ml Z NA 1% 7z F (i
XVT40n ZF &) » 2 30°C 555 48 /M§# » FHEE RS
Vel 1% 2 5 Fr AIILL5E i 51 7€ 2% (Leaf Area Meter CI-
202 ; CID Inc., WS) HIH R A5 » st B Mg EE R
b2 & (cfulem?) » B —iEE = EE -

Pseudomonas putida YLFP 14 g H 288 @ k%
YLFP 1 4-A37 8 S5 PRI G P BB & Bivhallis

& P. putida YLFP14 Jz HZ288 % Pk YLFP14-A378 ##i3
W LI T L (A B L £ 1 x 107 cfu/ml » PG RERL 1
X10° ¢ 1 X107 cfu/ml % » 5y il ST AT 1k BT 005 14 X
axonopodis pv. vesicatoria XVT40 B2 (1 % 10° cfu/ml) %
HWERERES » MR IEEE SIL WET L-77 (0.05% v/v » OSi
specialties, NY) o {fxZ£ % AV J5 %05 B 6-8 Fy B 5 20
PRI 3R =55 b R 2 IR S W 30-40 F) > RS
ZHERER MR SR - B AEREN  hHERERHE
WKL U ECERTRIETY o MEMKRRIE R LU 280
FRE (relative disease index) ¢/ » Rl HEAH I 22 BEEL
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B DU B 7P 2R B B2 15 0 LE > B — R PR A 4 AREH
UERE > B —HEARIE EEICE 3 £ 6 RS - GlEREER
b2 RBtEL - WA 4 BRAERIL 16 Fr 3 2R R B
171 3 AR REL £ (28 e ARLRH ABURT (=7 MEBE LR i (XVT40) & » B —

A=A -

T ~ pH i 2 1% =ik g ¥ Pseudomonas putida
YLFP14 ik itz

2247 Shanahan % A ®Y 74 15 » J#E D- 5% bE (D-
glucose, Sigma Chemical Co., MO) ~ D-7j &jf#E it (D-
gluconate, Sigma Chemical Co., MO) ~ D-22 2 ¥ (D-
galactose, Sigma Chemical Co., MO) ~ $:¥# (fructose, Sigma
Chemical Co., MO) ~ Z&ZE#f# (maltose, Sigma Chemical Co.,
MO) ~ L-# 1% (L-glutamic acid, Sigma Chemical Co.,
MO) kji ¥ (sucrose, Sigma Chemical Co., MO) {EfHik &
i AR S S AU B BB SR AR TS I 2 R o o —
i EY5LL 0.2 pm @8R (Acrodisc Syringe Filters, product
No. 4612, Pall Gelman Laboratory, MI) ;@J&7% » I & &
R R 12 2 NA B5 g 5h o IIZ IR R 1% o I 8
PRS2 12 KB &4k | 2 P. putida YLFP14 FH& 22 R >
bl R R IR 2 S A E o B 30°C B 24 /)N
1% > G Xav XVT40 2 BE23E (91 x 10° cfu/ml) F A3
HEFLVE TR 2535 2 WE A D M b s B RS 30°C K5 48
/NRFE S MEANHIREITZ R - I B 7% 08 4 2 1 3 1%
R ERECERINEIE 2 A/ o Ak > 15 NA B85
WG 12 (0.1 - 0.250.551.052.0 F24.0%) {1975 %)
B o AR Eol 2 )7 FOHIEA A [R)IR B2 2 %) & 0E ¥T P putida
YLFP14 HiEiE M 2 5% 1 DL PDA B{ftaAs &AL - i
VI B E % 0 FIAME B2 IN B (HC K IN § 41t
8 (NaOH) ¥75% % pH {53 5lI£% 6.0 ~ 7.0 ~ 8.0 2 9.0 » ilfi
K otz 77 =0 pH ES HTAE R 2 2« 55 94 LIpH fiE
7.0 7 PDA B3 57507 » 53 RIE R 20°C ~24°C ~ 28°C J 32
C o AR bt y7 HMGRE $T P, putida YLFP14 HUAEMEZ
Ho o

=1

MR

LA Tn5 i%% Pseudomonas putida YLFP 14 288458
P PUE B PR R O 2 28 TR

% R E. coli SM10 ¢ P. putida YLFP14 [§fg3EE &
Bt - BT 606 PRI E ML - ° PDA RS & AT
b o IR S ZE SR R B Xav XVT40 25T AR TH M » H
fiat YLFP14-A378 2 %8 8 R tR ok K3 XVT40 251 4 1F
F o hhH{ 288 1 Pk YLFP14-A378 2 5 8 - #%5 5 1
pSUP2021 H g Zf7AE » B/ 2€ 8 Pk ¥] kanamycin 2

UL IER B #8 pSUP2021 ZAZAE » T /& TnS i A G408
FREL -

Ze R F Ik YLFP14-A378 2 4= DNA #% EcoRI J Sall [§
Hille R U &% > LLpSUP2021 F4RSHE TR /75 & [ oy
it R BT 0 48 EcoRI YJH1E H 28— & 1067 » At
Sall V) B Z A —RME SR ([E —) » B 288 & Pk P.
putida YLFP14-A378 £ 8 — Tn5 §f A 5| #E.2 285 o

Pseudomonas putida YLFP14-A378 88Kk 2
M e B0 A [ 3

1ENB & JIE 288 H 1k YLFP14-A378 24
e > 4 B T YLFP14-A378 Bl H BF A B bk P. putida
YLFP14 3 fleHAFH 72 7 ([8 —) - YLFP14-A378 Z 41 EHi[&] 35
HIEAHRS R > BERTE PDA BSE AL | YLFP14-A378 KL
ARG BTk D oS BT e A (it At A v T AT R 2 B0
71 fENA B2& £ | > YLFP14-A378 HIEL P. putida
YLFP14 — {535} (a4 2 A V) [ A 1 B Skl /E A A
KBIE#EH: | » YLFP14-A378 B P. putida YLFP14 %15tk
TR Ps152 W94 AT BAAIIGIRE ) » (B # H A HtE 2 )
9 TR o B — R SN A (2 ) o

8kb —

3kb —

1kb —

[ — ~ Bk TnS 358 2 HUAVE MERR L 28 B E K P. putida
YLFP14-A378 H.Tn5 {fi A 2/ JTHES 0 HT ©

Fig.1. Southern blot analysis of the Tn5 induced antibiotic-
defective mutant Pseudomonas putida YLFP14-A378 probed
by biotin-labeled pSUP2021. M: marker (1kb ladder marker;
GeneMark Technology Co., Taiwan); lane 1: HindIII digested
pSUP2021; lane 2: Sall digested total DNA of wild type P.
putida YLFP14; lane 3: EcoRI digested total DNA of P.
putida YLFP14-A378; lane 4: Sall digested total DNA of P.
putida YLFP14-A378.
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Table 1. Inhibitory effect of Pseudomonas putida YLFP14 (Y 14) and its Tn5 induced antibiotic-defective mutant YLFP14-A378
(A378) on growth of different bacterial plant pathogens on nutrient agar (NA), potato dextrose agar (PDA) and King's B medium

(KB)
NA KB PDA

Pathogen Y14 A378 Y14 A378 Y14 A378
Acidovorax avenae subsp. citrulli Aac110 0.0' 0.0 0.0 0.0 1.7 0.0
Acidovorax avenae subsp. citrulli Aac142 0.0 0.0 0.0 0.0 1.7 0.0
Burkholderia caryophylli CO8 0.0 0.0 0.0 0.0 0.0 0.0
Burkholderia caryophylli GOS8 0.0 0.0 0.0 0.0 0.0 0.0
Erwinia carotovora subsp. carotovora ZL1 0.0 0.0 0.0 0.0 0.9 0.0
Erwinia chrysanthemi CAS7 0.0 0.0 0.0 0.0 1.0 0.0
Pseudomonas syringae PAS 0.0 0.0 0.0 0.0 1.2 0.0
Ralstonia solanacearum Ps152 0.0 0.0 0.9 0.9 0.9 0.0
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0 0.0 0.0 0.0 1.8 0.0
Xanthomonas axonopodis pv. vesicatoria Xv42 0.0 0.0 0.0 0.0 1.7 0.0
Xanthomonas campestris pv. campestris Xcc84 0.0 0.0 0.0 0.0 1.7 0.0

 Inhibition zone: cm.

0.8 -

06

Absorbance value (620nm)

0.2

—e— YLFP14
—A— YLFP14-A378

000 | ) , . ) ) ) . . . . )
Time (hour)

[& — ~ Pseudomonas putida YLFP14 J¢ H Tn5 & 2§14
T VERR R 2253 Pk YLFP14-A378 7£ 28°C nutrient broth H1

e il T3
Fig.2 Growth curves of Pseudomonas putida YLFP14 and its

Tn5 induced antibiotic-defective mutant YLFP14-A378
grown in nutrient broth at 28 °C.

Bacterial population (log,, X+1 cfu/cm?)

151 —e— YLFP14 (PB)
—A— YLFP14-A378 (PB)
10 —O— YLFP14
—A— YLFP14-A378
05F
0.0 PN N N N
0 1 2 3 4 5

Day

[& = ~ Pseudomonas putida YLFP14 JH Tn5 FHE ZH 4
TG PR % 2858 B bk YLFP14-A378 {545 (PB) R AELRH)
WHEE bz R -

Fig.3. Population changes of Pseudomonas putida YLFP14
and its Tn5 induced antibiotic-defective mutant YLFP14-
A378 on the leaves of sweet pepper. Plants were sprayed with
cell suspension of P. putida YLFP14 or YLFP14-A378, and
placed in a growth chamber (25-30°C, RH 70-80%, light 12
hr 90 ,mol per pA /sec - m?) after inoculation. Plants were
either covered with plastic bags (PB) for maintaining RH
100% or not covered. Four leaves (the 3™ to 6" expanded
leaves) from each of four plants were taken at each time for
determination of the numbers of P. putida YLFP14 and
YLFP14-A378.
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S 20t —A— XVT40n & YLFP14-A378
o
o
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251 —O— XVT40n
—— XVT40n & YLFP14
20 —— XVT40n & YLFP14-A378

o % > 3 p 5

Day
&Y ~ Pseudomonas putida YLFP14 J;H Tn5 & 214
G RRR ZE R PR YLFP14-A378 fE £ (A) RAELR (B)
HIEH #3E | | %} Xanthomonas axonopodis pv. vesicatoria
XVT40n BB (L2 1% -
Fig. 4 Effect of Pseudomonas putida YLFP14 and its Tn5
induced antibiotic-defective mutant YLFP14-A378 on the
population changes of Xanthomonas axonopodis pv.
vesicatoria XVT40n on sweet pepper leaves. Leaves were
sprayed with cell suspension of XVT40n (5x10° cfu/ml) only,
with cell suspension of XVT40n (5x10® cfu/ml) mixed with
equal volume of YLFP14 (5x10° cfu/ml), or with cell
suspension of XVT40n (5x10* cfu/ml) mixed with equal
volume of YLFP14-A378 (5x10° cfu/ml). Plants were
covered with plastic bags (A) for maintaining RH100%; or
not covered (B). All plants were placed in a growth chamber
(25-30°C, RH 70-80%, light 12 hr 90 ;mol per xA /sec -
m?) after inoculation.
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Fig 5. Effect of different concentrations of Pseudomonas
putida YLFP14 and its Tn5 induced antibiotic-defective
mutant YLFP14-A378 on the disease severity of bacterial
spot of sweet pepper. The leaves were inoculated by dipping
into a suspension of Xanthomonas axonopodis pv. vesicatoria
XVT40 (10° cfu/ml) mixed with equal volume of different
concentrations of P. putida YLFP14 or YLFP14-A378 for 30-
40 sec. The inoculated plants were then covered with plastic
bags and placed in a growth chamber (25-30°C, RH 70-80%,
light 12 hr 90 z mol per x A /sec - m?). The plastic bags
were removed 5 days after covering and the leaf lesions were
counted one day after removal of the bags. Relative disease
index was the percentage of mean number of lesions observed
in a treatment relative to mean number of lesions formed in
the control (inoculated with XVT40 only) whose relative
disease index was set as 100%.
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Fig.6. Inhibitory effects of Pseudomonas putida YLFP14 on the growth of Xanthomonas axonopodis pv. vesicatoria XVT40 on
nutrient agar supplemented with 1% various carbon sources (A), nutrient agar supplemented with various concentrations of
glucose (B), potato dextrose agar with different pH values (C) and potato dextrose agar (pH 7.0) at different temperatures (D).
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ABSTRACT

Tsai, Y. L.!, Lin, Y. C.!, Hsu, S. T.!, and Tzeng, K. C."? 2004. The relation of antibiosis to the biocontrol of
bacterial spot of sweet pepper by Pseudomonas putida YLFP14. Plant Pathol. Bull. 13:201-210.
(" Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan; > Corresponding
author, E-mail: kctzeng@nchu.edu.tw; Fax: +886-4-22854633)

Pseudomonas putida YLFP14 inhibits the growth of Xanthomonas axonopodis pv. vesicatoria (Xav)
on potato dextrose agar (PDA) and significantly reduces the disease severity of bacterial spot of sweet
pepper caused by Xav. The importance of antibiosis in this biocontrol was investigated. The Tn5
mutagenesis was used to induce mutation of P. putida YLFP14, and a single-site Tn5 insertion mutant,
YLFP14-A378, defective in inhibitory activity on PDA plate against Xav and other bacterial plant
pathogens was obtained. The growth curve in nutrient broth and population changes on leaves of sweet
pepper of this mutant were similar to those of its wild type strain. Disease control experiments showed that
the mutant YLFP14-A378 remained effective in control of the bacterial spot, but at lower dosages, the
control efficacy was significantly reduced as compared with its wild type strain. The ability in reduction of
Xav populations on pepper leaves was also less by the mutant YLFP14-A378 than by its wild type strain.
The above results suggest that antibiosis is an important factor for P. putida YLFP14 to control the bacterial
spot of sweet pepper. However, other factors might be also involved in the mechanisms of disease control. P.
putida YLFP14 was inhibitory to Xav on PDA, but not on nutrient agar (NA). The inhibitory activity on NA
was observed only when supplemented with glucose among the seven tested carbon sources. PDA at pH 6

or 9 and incubation temperature at 24 “C were the better conditions for producing higher inhibitory activities.

Key words : fluorescent pseudomonad, bacterial spot, sweet pepper, antibiosis, biocontrol



