
(fluorescent pseudomonads)

King's B
(22)

(plant growth-promoting

rhizobacteria, PGPR) Pseudomonas

fluorescens P. putida (24)

Gaeumannomyces

graminis var. tritici (30, 31) Pythium ultimum (13) Fusarium

spp. (18, 26) P.

fluorescens P. putida

Gnanamanickam and Mew (12) 

Pyricularia oryzae P.

fluorescens 4-15 7-14 P.

oryzae UPLRi-5

Wilson Lindow (32) 

Erwinia amylovora P.

fluorescens A506

Lindow (19) A506

Xanthomonas axonopodis pv. vesicatoria (Xav)

(14, 17)

(1, 2) (9, 10)

(4)

(20)
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Xanthomonas Pseudomonas

putida YLFP14 PDA

(Xanthomonas axonopodis pv. vesicatoria, Xav) 27

P. putida YLFP14

Xav

(MYS ) P. putida YLFP14 30 30

2-5 109 cfu/ml ( MYS-YLFP14 )

P. putida YLFP14

MYS-YLFP14 (4 ) 10

30 P. putida YLFP14 D-

P. putida YLFP14 P. putida YLFP14

D-



(3) 

P. putida P. fluorescens

Xanthomonas Erwinia

PDA Xanthomonas

P. putida

YLFP14

( )

King's B (KB; K2HPO4, 1.5 g; MgSO4 7H2O, 1.5 g;

Difco proteose peptone No.3, 20 g; glycerol, 10 ml; agar, 15

g; distilled water, 1 L; pH 7.2) (16) 30

1-2 UV

KB 30 24-48

nutrient agar

(NA; Difco nutrient agar powder, 23 g; distilled water, 1 L;

pH 7.2) 30 48-72

NA 30

48

(12 24 ) (2.5 2.5

)

10

6-8

NA KB potato dextrose agar (PDA,

Difco potato dextrose agar powder 32 g, distilled water 1 L;

pH 7.2) 30 24
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Table 1. Bacterial strains used in this study 

Strain Host or Location Source1 Race2

plant origin

X. axonopodis pv vesicatoria

Xv 2 Tomato Taichung TARI P3

Xv 7 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 T1P3

XVT 40 Tomato Hualien AVRDC T1P1

XVT 64 Tomato Ilan AVRDC T1P3

XVT 74 Tomato Kaohsiung AVRDC T2P3

XVT 110 Tomato Taichung AVRDC T1P1

XVT 113 Tomato Tainan AVRDC T1P2

XVT 158 Tomato Nantou AVRDC T1P1

XVT 190 Tomato Hsinchu AVRDC T1P3

P. fluorescens

YLFP8 Cabbage Tainan

YLFP9 Cabbage Tainan

P. putida

YLFP4 Cabbage Tainan

YLFP6 Cabbage Tainan

YLFP10 Cabbage Tainan

YLFP14-16 Tomato Tainan

YLFP18 Tomato Tainan

YLFP56 Mango Yunlin

YLFP59 Mango Yunlin
1. 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.(3)

2. P1: pepper race1; P2: pepper race2; P3: pepper race3; T1:
tomato race1; T2: tomato race2



Xav

( 1 108 cfu/ml) 30 48

Wei (28) 

4.4g (glycine, Sigma Chemical Co.,

MO) tryptic soy agar (TSA; Difco tryptic soy agar powder,

40 g; distilled water, 1 L; pH 7.2)

(picric acid, 2.5 g; Na2CO3, 12.5 g; distilled water, 1

L)

30 3

(light brown) (brown)

(reddish brown)

KB

KB 30

48

(kasugamycin+copper

oxychloride 81.3%

1000X) (thiophanate-methyl

+streptomycin 68.8%

1000X) (streptomycin+tetracycline 10%

1000X)

(cupric hydroxide 77%

400X) (streptomycin 12.5%

1000X) (tribasic copper

sulfate 27.12%

500X) (tecloftalam 10%

1 0 0 0 X )

(mancozeb 85%

400X) (Mancozeb+metalaxyl 58%

400X)

(CuSO4 5H2O 500 ppm)

Pseudomonas putida YLFP14

PDA Xav

P. putida YLFP14 1%

(w/v) 0.5% (w/v) 0.75% (w/v)

( MYS ) 4

(Bioflo Batch/continuous fermentor, New

Brunswick Scientific Co., Inc, NJ) pH 7.0

523 (sucrose, 10 g; casein

hydrolysate, 8 g; yeast extract, 4 g; K2HPO4, 2 g; MgSO4

7H2O, 0.3 g; distilled water, 1 L; pH 7.2) (15) P.

putida YLFP14 200 ml

30 200 rpm 30

MYS-YLFP14 MYS-YLFP14

4 20 30

(Whitley Automatic Spiral Plater, Don

Whitley Scientific Limited, England) KB

P. putida YLFP14 MYS-YLFP14

4 P. putida

YLFP14

Pseudomonas putida YLFP14 MYS-YLFP14

(pepper race 1 Xv42 Xv59 )

(pepper race 2 Xv64 ) (pepper race

3 Xv7 XVT40 ) (5 108 cfu/ml)

P. putida YLFP14 (5 108 cfu/ml)

SIL WET L-77 (0.05% v/v OSi

specialties, NY) 6-8

30-40

PE

RH 100% ( 28 24 RH

70-85% 12hr 90 mol per A /sec m2) 5

3

4 MYS-YLFP14 ( P.

putida YLFP14 5 108 cfu/ml)

(5 108 cfu/ml)

SIL WET L-77 (0.05% v/v)

(relative disease

index) (

) 100% 4

5 8

4 16
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(Duncan's multiple range

test 95% )

Pseudomonas putida YLFP14

Biolog GN Microplate (Biolog, Inc., Hayward,

CA) P. putida YLFP14 Xav 95

P. putida YLFP14 Xav

D- (D-gluconic acid, Sigma Chemical

Co., MO) (peptone, Difco,

MD)

P. putida YLFP14

Xav XVT40 (5 108

cfu/ml) P. putida YLFP14 (5 108 cfu/ml)

0.5% D-

P. putida YLFP14

SIL WET L-77

(0.05% v/v)

Pseudomonas putida YLFP14

P. putida YLFP14 (5 108

cfu/ml) 500 MYS-YLFP14 SIL

WET L-77 (0.025% v/v)

32 16 PE

RH 100% 16

P. putida YLFP14

(5 108 cfu/ml) SIL WET L-77 (0.025%

v/v) 0.5% (w/v) 0.5% (w/v) D-

1 1 3 5 4

5 8 100ml 250ml

20 0.1ml

King's B 30 48

(Leaf

Area Meter CI-202; CID Inc., WA)

P. putida YLFP14 (cfu/cm2)

11 27

Xav P. putida YLFP10

King's B NA 18 (66.7%) 20

(74.1%) Xav P. putida YLFP14 YLFP16

YLFP18 3 PDA 27

Xav ( ) 11

P. putida YLFP4 YLFP14 YLFP16 YLFP59

4 P.

putida YLFP6 YLFP56 P. putida

YLFP9 YLFP10 YLFP15 YLFP18 P. putida

YLFP8 ( )

11

(1000X) (500X) 9

(72.7%) 500ppm 3

(27.3%)

( )

Pseudomonas putida YLFP14 MYS-YLFP14

Xav

28

24 2 5

SIL WET L-77

2-5 5
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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 strains1 (%) HCN
FP strains KB NA PDA production2

YLFP4 11 (40.7) 0 ( 0 ) 20 (74.1) -
YLFP6 6 (22.2) 0 ( 0 ) 10 (37.0) +++
YLFP8 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) -
YLFP15 11 (40.7) 16 (59.3) 20 (74.1) ++
YLFP16 6 (22.2) 0 ( 0 ) 27 (100) -
YLFP18 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) -
1. 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



SIL WET L-77

5 5

8

P. putida YLFP14 (5 108

cfu/ml ) Xav

100% 34.89-

44.67% MYS-YLFP14 ( P. putida YLFP14

5 108 cfu/ml) 18.08-

25.51% ( ) MYS-YLFP14

P. putida YLFP14

Pseudomonas putida YLFP14 MYS-YLFP14

P. putida YLFP14 MYS 30

30 2-5 109 cfu/ml

MYS-YLFP14 4 20 P.

putida YLFP14 109 cfu/ml 20

14 105 cfu/ml 30 4

102 cfu/ml ( ) MYS-

YLFP14 P. putida YLFP14 4

MYS-YLFP14 10 P. putida YLFP14

108 cfu/ml (

)
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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 strains1

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% F.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 (9.1)
Streptomycin (12.5% S.) 1000X 1 (9.1)
Cupric hydroxide (77% W.P.) 400X 1 (9.1)
Cupric sulfate 500ppm 9 (72.7)
1. Bacterial strains were cultured on King's B medium plates containing agrochemicals. No growth= sensitive; Growth= resistant.

Xanthomonas axonopodis pv. vesicatoria ( )
Pseudomonas putida YLFP14 MYS-YLFP14

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 (%)2

Race 1 Race 2 Race 3
Treatment1 Xv42 Xv59 Xv64 Xv7 XVT40

X+YLFP14 44.67 b 40.75 b 41.33 b 40.50 b 34.89 b
X+MYS-YLFP14 22.12 c 25.01 b 18.08 c n3 25.51 b
X(CK) 100.00 a 100.00 a 100.00 a 100.00 a 100.00 a
1. 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 (5 108 cfu/ml) was mixed with equal
volume of cell suspension of P. putida YLFP14 (5 108 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 5 108 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 ; X(CK): X. axonopodis pv. vesicatoria only.

2. 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.

3. n not tested.
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P. putida YLFP14

1 104 cfu/cm2

10 cfu/cm2 ( )

5

7 104 cfu/cm2 ( ) MYS-YLFP14

( )

102 cfu/cm2 104 cfu/cm2

( )

D-
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MYS-YLFP14
Pseudomonas putida YLFP14

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 .

Pseudomonas putida YLFP14

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 (5 108 cfu/ml) and covered with plastic bags for
maintaining RH 100%; YLFP14: Plants were sprayed with
cell suspension of YLFP14 (5 108 cfu/ml) and were not
covered with plastic bags; MYS-YLFP14(RH): Plants were
sprayed with MYS-YLFP14 containing YLFP14 (5 106

cfu/ml) and covered with plastic bags for maintaining RH
100%; MYS-YLFP14: Plants were sprayed with MYS-
YLFP14 containing YLFP14 (5 106 cfu/ml) and were not
covered with plastic bags; YLFP14+pep: Plants were sprayed
with cell suspension of YLFP14 (5 108 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 (5 108 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 .

MYS-YLFP14 4
Pseudomonas putida YLFP14

Fig 2. Population changes of P. putida YLFP14 in MYS-
YLFP14 liquid culture after storage at 4 (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 (5 108 cfu/ml) and MYS-YLFP14 (5 108 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%.



P. putida YLFP14 0.5% w/v

D- P. putida YLFP14

P. putida YLFP14

105 -106 cfu/cm2 ( )

D- Pseudomonas putida
YLFP14

X. axonopodis pv. vesicatoria XVT40 P. putida

YLFP14 0.5% D-

0.5% P. putida YLFP14

0.5% D- P. putida

YLFP14 ( )

P. fluorescens P. putida
(25, 29) (23) 

Xav

(6)

P. fluorescens CHA0
(27)

(5, 7)

P. putida YLFP14

PDA 27 Xav

P. putida YLFP14

Xav

P. putida YLFP14

30 30 P. putida YLFP14

2-5 109cfu/ml MYS-

YLFP14

P. putida

YLFP14 1000 (

) (20 30 ) MYS-YLFP14 P.

putida YLFP14 MYS-YLFP14

(4 ) P. putida YLFP14

4 10 MYS-YLFP14

MYS-

YLFP14

(8)

(32) P. putida YLFP14

(RH 100%)

(11, 21)

P. putida

YLFP14

P. putida YLFP14 P. putida

YLFP14 P. putida

YLFP14 72

( ) P. putida YLFP14
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D- Pseudomonas putida
YLFP14

Table 5. Effect of peptone or D-gluconic acid on the control
of bacterial spot on leaves of sweet pepper by Pseudomonas
putida YLFP14

Treatment1 Relative disease index (%)2

X+YLFP14 38.83 c
X+YLFP14+Pep 48.71 c
X+Pep 94.32 b
X+YLFP14+Glu 18.38 d
X+Glu 91.91 b
X(CK) 100.00 a
1. Sweet pepper plants were inoculated with different inoculum

mixtures as indicated. X+YLFP14: cell suspension of X.
axonopodis pv. vesicatoria XVT40 (5 108 cfu/ml) was mixed
with equal volume of cell suspension of P. putida YLFP14 (5
108 cfu/ml); X+YLFP14+Pep: cell suspension of XVT40 (5
108 cfu/ml) was mixed with equal volume of cell suspension of
YLFP14 and containing 0.5% peptone; X+Pep: cell suspension
of XVT40 (5 108 cfu/ml) containing 0.5% peptone;
X+YLFP14+Glu: cell suspension of XVT40 (5 108 cfu/ml)
was mixed with equal volume of cell suspension of YLFP14 (5

108 cfu/ml) containing 0.5% D-gluconic acid; X+Glu: cell
suspension of XVT40 (5 108 cfu/ml) containing 0.5% D-
gluconic acid; X(CK): cell suspension of XVT40 (5 108

cfu/ml) only.
2. 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.1, Chen, M. J.1, Hsu, S. T.1, Tzeng, D. D. S.1, and Tzeng, K. C.1,2 2004. Control potential of foliar

Pseudomonas putida YLFP14 against bacterial spot of sweet pepper. Plant Pathol. Bull. 13:191-200.

(1.Department of Plant Pathology, National Chung Hsing University, Taichung; 2. Corresponding author, E-

mail: kctzeng@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 109 cfu/ml 30 hr after incubation at 30 .

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 , whereas it declined rapidly after storage at 30 . The MYS-

YLFP14 liquid culture stored at 4 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/cm2) 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.
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