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ABSTRACT: Twenty two rhizobacteria were isolated from the roots and rhizosphere of radish,
carnation, potato and tomato. These isolates produced a fluorescent pigment in King's B medium and
identified as Pseudomonas spp. These isolates colonized roots and rhizosphere of the host plants. In the
study of cultural characteristics of the bacteria, the pH of the culture broth was changed from neutral
(7.0) to alkali (8.8~9.41) and the numbers of cells were increased from 10° to 10° after 40 hr of incuba-
tion in basal standard succinate medium. The salicylic acid production identified by pink color reaction
were observed in 7 bacteria. Out of these 7 salicylic acid producing bacteria, only 2 strains of bacteria
such as Pseudomonas fluorescens RS006, and Pseudomonas sp. EN401 were confirmed as salicylic acid
producers by optical density measurement. Therefore, for screening of salicylic acid producing bacteria
from the roots and rhizosphere, color reaction of the culture medium should be done in the first step,
and then optical density measurement of culture extract should be made for the confirmation of

salicylic acid production.
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Some nonpathogenic rhizobacteria can induce physio-
logical changes throughout entire plant life cycles, mak-
ing them more resistant to pathogens. Some disease
resistant plants restrict the spread of fungal, bacterial,
or viral pathogens to a small area around the point of in-
itial penetration, where a necrotic lesion appears. This
phenomenon, termed induced systemic resistance (ISR),
generally has been demonstrated for various rhizobac-
teria in several plants (12, 14). This is referred to as the
hypersensitive resistance (HR) and may lead to systemic
acquired resistance (SAR) (8, 22). In some other cases,
ISR by rhizobacteria is mentioned by a systemic ac-
cumulation of pathogenesis-related proteins that is also
associated with an accumulation of pathogenesis-relat-
ed proteins (10, 14, 20). Since its initial discovery, SAR
has been demonstrated in a variety of plant-pathogen
interactions.

HR and SAR is commonly associated with the
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systemic synthesis of several families of serologically
distinct, low molecular weight, pathogensis-related (PR)
proteins (4, 9). This mechanism is accompanied by in-
duction of number of genes throughout the plant life
cycles (24). Evidence is emerging that the products of
these genes are causally related with the enhanced resis-
tance of the plant (1). The phenomenon of SAR implies
the existence of a signal that spreads systemically from
the site of the HR to the rest of the plant. It is well esta-
blished that resistance to pathogens and the production
of PR proteins in plants can be induced by salicylic acid
(SA) or acetylsalicylic acid and even in the absence of
pathogenic organisms (3, 19, 23, 25), and SA acts as
an endogenous signal that triggers local and systemic
induction of PR proteins (13, 21, 26). SA affects nume-
rous metabolic processes in plants. In recent years, the
importance of this phenolic acid in plant-pathogen in-
teractions has been apparent. When a plant recognizes
that it is being infected by a pathogens, a number of
defense mechanisms are induced, one of which is in-



KOREAN J. PLANT PATHOL. Vol. 14, No. 6, 1998 599

creased systemic resistance to subsequent infections.

In this study, we investigated whether the known be-
neficial rhizobacteria could produce salicylic acid in
vitro which triggers the induced host resistance against
Fusarium wilt disease or not.

MATERIALS AND METHODS

Microbial culture and inocula. Rhizobacteria spp.
used in this study were obtained from Department of
Plant Ecology and Evolutionary Biology, Utrecht University,
Netherlands and their relevant characteristics listed in
Table 1. The bacteria were maintained in King' B medium
(KB) and transferred to basal standard succinate medium
(SSM) adjusted to pH 7.0 (0.1 N NaOH) at 25~28°C for
15 hr for their exponential growth for inoculum source
(15). Fifteen ml of the bacterial inoculum growing in
SSM were inoculated to 35 ml of basal SSM in triangle
flask for their growth. These inocula were cultured for
60 hr in shaking incubator at room temperature. Growth
of the each bacterium in the culture was measured by
optical density (OD) value using spectrophotometer

Table 1. Bacterial isolates used in this study

Bacterial strains

Pseudomonas putida RE008
P. putida RE010

P. florescens RS006
P. putida RS009

P. florescens RS015
P. putida RS011

P. putida RE015

P. putida RS002

P. fluorescens RS154
P. fluorescens CE005
P. putida RE 014

P. putida RS 153

P. fluorescens CE 006
P. fluorescens CS 101
P. fluorescens CS 108

Sources of bacterial spp.*

Radish, endophyte
Radish, endophyte
Radish, rhizosphere
Radish, rhizosphere
Radish, rhizosphere
Radish, rhizosphere
Radish, endophyte
Radish, rhizosphere
Radish, rhizosphere
Radish, endophyte
Carnation, endophyte
Radish, rhizosphere
Carnation, endophyte
Carnation, rhizosphere
Carnation, rhizosphere

P. fluorescens WCS 358 Potato

P. fluorescens WCS 374 Potato
Pseudomonas sp. EN401 Tomato
Pseudomonas sp. RS112 Radish, rhizosphere
Pseudomonas sp. EN415 Tomato
Pseudomonas sp. EN7 Tomato

Pseudomonas sp. RS111 Radish, rhizosphere

Regends: CE; isolated from endophyte of carnatioin, CS; iso-
lated from rhizosphere of carnation, RS; isolated from en-
dophyte of radish, EN; isolated from tomato and RS; isolated
from rhizosphere of radish.

* : Bacterial spp. were obtained from Dept. of Plant Ecology
and Evolutionary Biology, Utrecht Univ. Netherlands.

(Beckman DU-64) and pH change of the the culture
was measured by pH meter with 1 ml of the broth.

Screening of salicylic acid production. For both
qualitative and qantitative analyses of SA production,
the strains of Pseudomonas spp. were grown in SSM
broth for 48 hr at 200 rpm shaker. Salicylic acid pro-
duction was identified by purple-colored iron complex
in the medium (12). For qualitative detection of SA, a
sample of stationary phase of culture supernatants (4
ml) was acidified with 1 M HCI to pH 2 and the SA
was extracted into CHCl; by vigorous shaking modified
by Meyer et al. (16) and Leeman (12). Culture superna-
tants were centrifuged in refrigerated centrifuge (Beckman)
in 8000 1pm for 10 min. Superatant was harvested after
centrifugation in a screw cap tubes. To make the super-
natant acidify, 1.6 ml of 1 M HCI was added to the su-
pernatant, and 4 ml of these mixtures was mixed again
with the same volume of chloroform in screw cap tubes.
These screw cap tubes were vigorously shaked by hand
for 30 second. After that, the tubes was centrifuged for 5
min at 3500 rpm. Upper part of water layer of aliquot
was removed by pipetting, and added again the 4 ml of
chloroform to the supernant and shaked again as men-
tioned above. Leaving the tubes for 5 min, and then 4
ml of organic phase in lower part of the tube was trans-
ferred carefully to new cap tube using pasteur pipette.
One ml of this sample was used for scanning for the
wave length interval of 200~400 nm if need. Three ml
of the sample was mixed with the same volume of 1 M
of FeCl; solution. After that, 3 ml of distilled water was
added for the observation of color change. The tubes
were centrifuged again for 5 min at 3500 rpm. One ml
of this solution was pipetted to cuvett and optical den-
sity (OD) was measured in spectrophotometer at 527 nm
(12, 16).

RESULTS

After 48 hr of incubation in a shaking culture, the
yields of bacterial cells and pH of the different strains
of rhizobacteria were fluctuated between 0.0011 in
Pseudomonas putida and 0.978 in Pseudomonas sp.
EN415 by OD measurement. This result seems to indi-
cate that the number of all strains of rhizobacteria test-
ed were ranged from 10° to 10°. The acidity of the culture
after 48 hr of incubation were changed from pH 7.0 to
pH 8.8~9.4 (Table 1).

The SA production by tested strains such as P. putida
REO11, RS015, P. fluorescens WCS 374 and P. fluo-
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Table 2. Salicylic acid production assay by bacterial isolates
after 3 day of shaking culture in standard succinate medium
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Tested bacteria

OD (527 nm) Cglor

Growth SA  reaction
1. Pseudomonas putida REO08 9.23 0.708 0.0040 -
2. P. putida RE010 8.80 0.784 0.0005 —
3. P. fluorescens RS006 9.06 0.605 0.0205 -
4. P. putida RS009 9.36 0.712 0.0035 -
5. P. fluorescens RS015 9.27 0.890 0.0010 +
6. P. putida REO11 9.23 0.765 0.0040 +
7. P. putida REQ15 9.25 0.838 0.0010 -
8. P. putida RS002 9.24 0.761 0.0020 -
9. P. fluorescens RS154 9.27 0.784 0.0020 -
10. P. fluorescens CE005 9.28 0.045 0.0070 ~
11. P. putida RE014 935 0.011 0.0045 -
12. P. putida RS153 936 0.006 0.0013 -
13. P. fluorescens CE006 9.39 0.013 0.0010 -
14. P. fluorescens CS101 9.37 0.014 0.0013 -
15. P. fluorescens CS108 941 0469 0.0014 —
16. P. putida WCS358 9.21 0.560 0.0025 -
17. P. fluorescens WCS374 9.26 0431 0.0905 ++
18. EN401 9.06 0.813 0.0185 +
19. RS112 9.31 0.889 0.0013 +
20. EN415 928 0978 0.0012 +
21. EN7 9.38 0.631 0.0034 +
22. RS111 939 0.746 0.0015 -

rescens 417, P. fluorescens RS015, P. putida REO011,
RS112 and EN415 and EN7 was qualitatively demona-
strated by purple color reaction in their culture media
(Table 2). Even though bacterial strains such as P.
fluorescens RS015, P. putida RE011, RS112, EN415
and EN7 showed positive color reaction of SA in the
culture medium, SA production from these bacteria
was not confirmed through OD measurement in extracted
culture supernatant (Table 2). On the contrary, color
reaction in the medium and spectrophotometric measure-
ment of extracted culture supernatant of 4 bacterial
strains such as P. fluorescens RS006 (OD; 0.0205), P.
fluorescens WCS 417 (OD; 0.0115) and EN401 (OD;
0.0185) showed positive reaction for SA production in
both tests. This result seems to indicate that only 4
bacterial strains produced the SA in the SSM. Especi-
ally, P. fluorescens WCS 374 which is known to as
good SA producer (12).

The SA production by Pseudomonas putida RS006
and Pseudomonas sp. EN 401 strains was qualitatively
demonstrated by spectrophotometric detection when com-
pared with P. fluorescens WCS374 (Fig. 1).

In absorbance spectrum of the P. putida RS006 and
Pseudomonas sp. EN401, the characteristic peaks were
found at 245 and 313 nm respectively. The spectrum
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Fig. 1. Absorbance spectrum of culture supernatant of P. flu-
orescens WCS374 (A), P. fluorescens RS006 (B) and EN401
for salicylic acid in SSM using spectrophotometry.
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of extracted culture supernatant of these two bacterial
strains were identical to P. fluorescens WCS374 which
was used for reference.

DISCUSSION

Fluorescent Pseudomonas species are characterized by
the production of a fluorescent, yellowish green, water
soluble pigment and pyoverdine (18). This compound is
chemically defined as a hydroxyquinoline chromophore
attached to a peptide chain containing hydroxymate groups
(6). This structure exhibits a high affinity for iron (L) (15).
This iron is related to properties of pyoverdine which
is recognized as a siderophore for some bacteria (17).
Under iron starvation, some fluorescent Pseudomonas
sp. as well as non-fluorescent Pseudomonas spp elaborate
another siderophore, pyochelin, which is chemically un-
related to pyoverdine since it is composed of a salicylic-
substituted cysteinyl peptide (5). Salicylic acid is consi-
dered to be an intermediate in pyochelin synthesis which
included SA as the first intermidiate in the pathway (2,
5). In the SSM shaking culture, the cell yield of the
different strains after 40 hr ranged between 10° and 10°
CFU per ml of SSM, which resulted in absorbance
reading of approximately 1 at 660 nm. The production
of SA was qualitatively demonstrated by direct observa-
tion of color reaction. P. fluorescens RSO15, P. putida
REO11, P. fluorescens WCS374, EN401, RS112, EN
415 and EN 7 appeared to produce SA.

Leeman (12) demonstrated that production of SA by
strains of P. fluorescens WCS and WCS417 in vitro
under low iron availability decreased with addition of
iron to the medium. SA may serve as a siderophore for
the tested strains. Meyer et al. (16) reported that pyo-
verdine deficient mutant of strain CHAO produced
more SA than that of wild type, which was explained
by the assumption that the lack of pyoverdine is com-
pensated by increased production of SA, which serve
as a siderophore.

In this experiment, we observed that levels of SA
production and color reaction of the tested strains were
not matched with culture condition. Thus, we concluded
that for the effective screening of SA producing rhizo-
bacteria from natural habitats, screening procedures could
be modified by two steps such as the measurement of
color reaction of the culture medium in the first step and
spectrophotometric measurement of SA from supernatant
of culture extracted in the second step.
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