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Isolation of Siderophore-producing Pseudomonas fluorescens GL7 and Its Biocontrol Activity against
Root-rot Disease. Lee, Jung-Mok, Ho-Seong Lim, Tae Hyun Chang, and Sang-Dal Kim*. Department of
Applied Microbiology, Yeungnam University, Kyongsan 712-749, Korea, "Research Institute of Plant Nutrient,
Dae Yu Co., Inc, Kyongsan 712-820, Korea — For the development of a multifunctional biocontrol agent, the
siderophore-producing strain GL7 was isolated (rom a rhizosphere on chrome azurol S agar. The GL7 was
identified as a strain of Pseudomonas fluorescens on the basis of their reactions to standard physicochemical
tests from Bergey's manual, APT® diagnostic test, and fatty acid analysis. P fluorescens GL7 produced a large
amount of yellow-green fluorescent siderophore in iron-deficient media. P. fluorescens GL7 considerably
inhibited spore germination and hyphal growth of phytopathogenic fungus Fusarium solani in a dual culture.
In pot trials of bean with P fluorescens GL7, the disease incidence was significantly reduced down to 5% from
70% of incidence in the untreated control. P fluorescens GL7 also enhanced plant growth to nearly 1.5 times
than that ol the untreated control, promoting clongation and development of the roots. These results suggest
that the plant growth-promoting P. fluorescens GL7 can play an important role in the biological control of soil-

borne plant disease in a rhizosphere.
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Table 1. Characterization of siderophore-producing strains in
iron-deficient medium

. CAS liquid Calechol Hydroxamate
Strain i c
assay assay assay

GL7 0.092 0 26.49
GLI1 0.113 10.27 452
SH14 0.100 26.22 0
GL.17 0.093 0 22.75
GL19Y 0.098 0 13.88
L.53 0.152 0 11.24
LS6 0.196 0 10.41
Lsl12 0.134 0 12.52
LS16 0.214 15.26 0
Refercnee 1.000 0 0

All strains were grown at 28°C for 40 h in iron-deficient KB
medium. The cell-[ree culture supernatant fluids were assayed for
siderophore production. All values are means of three replicates.
Siderophore production was determined by measuring the decrease
in absorbance at 630 nm by the method of Schwyn and Neilands.
"The presence of catechol-phenolic type siderophores was detected
at 510 nm by the method of Amow. The values are 2,3-dihydroxy-
benzoic acid equjvalents per ml.

“The presence of hydroxamate type siderophores was detected at
543 nm by the method of Csaky. The values are hydroxylamine HCI
equivalents per ml.
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Fig. 1. Inhibitory effects of siderophore-producing strains
against F. solani in iron-deficient cultures.
Bacterial strains were grown at 28°C for 40 hr in an ron-deficient
KB broth and in a KB broth supplemented with 100 uM FeCls,
respectively. The bacterial cultures were inoculated with a suspen-
sion(10% cfu/ml) of F. solani and dry weights of the cultures were
deterruned after 4 days of incubation at 28°C. Each data point rep-
resents the mean of three replications; vertical bars represent stan-
dard deviations.
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Table 2. Morphological, cultural, and physiological character-
istics of isolate GL7

Characleristic Isolate GL7 F. fluorescens
Gram staining Gram(-), rod Gram(-), rod
Cell diameter, fm 0.7~-0.8 0.7-0.8
Cell length, pm 2.0~-2.8 2.0~3.0
Flagella number >1 >1
Flagella arrangement polar polar
Aerobic + +
Growth at 4°C + +
Growth at 41°C - -
Growth at pH 3.6 - -
Need at least 12~15% - -
NaCl for growth
Requirement for growth - -
lactors
Water-soluble fluorescent + D
pigment formed
Oxlidase reaction
Catalase reaction + +
Pyocyanin production - -
Pseudobactin production + D
Phenazine monocarboxylate — —
production
Starch hydrolysis - -
Gelatin hydrolysis + +
Lipase + D
(Tween 80 hydrolysis)
Arginine dihyrolase + +
Utilization of sorbitol - D
Utlization of xylose + D
(Antibiotic sensitivity)
kanamycin, streptomyein, neomyein, tetracyclin: sensitive
ampicilin, nalidixic acid: resistant

+, positive; —, negative; D, doubtlul
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Fig. 2. Inhibitory activities of siderophore-producing strains on
the growth of F. solani in dual culture.
* Bacterial cells were grown in iron-deficient KB broth with a
spore suspension(2 x 10* cfu/ml) of £ solani. Dry weights of the
cultures were determined after 5 days of incubation at 28°C. Inhi-
bition ratio(%) was expressed relative to a control with water.
® Bacterial cells were added to iron-deficient KB cultures grown
for 3 days with F solani. Dry weights of the cultures were deter-
mined aller 4 days of incubation. Each horizontal bar represents
the mean of three replications and error bar represents standard
deviation.
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Fig. 3. Suppression of £ solani-induced root-rot disease by P
Jluorescens GL7.
Plastic pots were filled up to two-third with a vermiculite soil, and
a 3 day-old seedling of bean (Phaseolus vulgaris L.) was lrans-
planted in cach pot. A seed cover layer (one-third of the pot's
depth) was infested with a preparation(6 x 10% cfu per gram of
dry so0il) of F. solani and mixed with § ml of bacterial suspen-
sion(approximately 1 x 10® cfu per ml). Each horizontal bar repre-
sents the mean of three replications of 50 seedlings each and error
bar represents standard deviation.

o

Table 3. Growth promotion of bean by P. fluorescens GL7

Average weight Increase compared to

Treatment
per plant (g) control (%)
Control 6.3 100
GL7 93" 147
SH14 7.0 111
GI.17 85 135
GL19 72 114

All seedlings of bean were infested with a preparation(6 % 10° cfu
per gram of dry soil) of £ solani and m1xed with 5 ml of the bacte-
rial suspension (approximately 1 x 10% cfu per ml) except [or the
untreated control. The plants were harvested 14 days after trans-
planting, and the weights of the whole plant were recorded. Each
value is the average of three replications of 50 seedlings.

* Indicates significant increase compared to control (P = 0.05).
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root-rot of bean caused by F solani.

The plants were harvested 14 days after transplanting: left, K
solani; center. F. solani and P. fluorescens GL7: right, None
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