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Suppression of Growth of Ratstonia solanacearum,
     Tomato Bacterial Wilt Agent, on/in Tomato
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To identify the sites responsible for the suppressiveness of tomato bacterial wilt
in a suppressive soil, population dynamics of Ralstonia solanacearum in non-
rhizosphere soil, roots and sterns of tomato plants was compared between a
wilt-conducive soil and a suppressive soil both of which were artificially infest-
ed with the pathogenic strain SL8. Rhizobacteria were recovered as two
fractions; root fraction-1 obtained after four washings in water, which was
assumed to correspond to the rhizoplane, and root fraction-2 that was macerat-
ed after the washings and was assumed to be the fraction eorresponding to the
part inside of the roots and the firmly attached cells to the rhizoplane. In the
conducive soil, all the tomato seedlings wilted while none wilted in the suppres-
sive soil during the 31-d peried of cultivation after transplanting to soils
infested with the pathogen at an initial density of 103 cfu per g dry soil. The
number of pathogens in the conducive soil increased first in root fraction-1,
then in root fraction-2 and in stems up to 108`10'O cfu perg wet plant tissue
during the 16-d period of cultivation after transplanting. In contrast, in the
suppressive soil, the number of pathogens remained below 106 cfu per g tissue
both in the two root fractions and in stems for 4(} d. Survival rate of the
pathogen inoculated into the tomato-free soils was higher in the suppressive
soil than in the conducive soil. These results suggest that prior multiplication
in root fraction-1 at a density aboye 106 cfu per g root is necessary for the
pathogen to multiply in root fraction-2 and stems at a density above 106 cfu per
g for the occurrence of wilt, and that the primary site for suppressiveness of
the disease in tomato plants cultivated in the suppressive soil in this report was
located in root fraction-1.

Key JVortls: disease suppressive soil, Ralstonia solanacearum, rhizoplane,
soilborne plant disease, tomato bacterial wilt.

    Ralstonia solanacearum Smith (Yabuuchi et al. 1995) is a soilborne pathogen destroy-
ing a variety of plants in the tropical, subtropical, and warm temperate regions ofthe world.

Although a large number of studies have been conducted to control the disease (Hayward
1991; Hartman and Elphinstone 1994) including biological control, little attention has been
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 ed as follows: bacterial colonies grown on YG agar (Soil Microbiological Society ofJapan
 1992) were transferred to a new YG agar and incubated at 30"C for 10h. Then, the surface
 of the YG agar was sprayed on with the suspension of R. solanacearum strain SL8 (ca. 10B
 cells mL"), and the YG agar was kept at 30'C for an additional period of48 h. The bacterial
 colbnies that formed a clear zone of strain SL8 were counted as antagonists. No mucoidal

 colonies of R. solanaeearum were detected from the two soils before the experiments using
 the selective medium reported by Hara and Ono (1983) (detection limit: ca. 2Å~102 cfu
 (colony-forming unit) per g dry soil).

    Pathogen. R. solanacearum strain SL8, isolated from a wilted tomato plants grown
 in the Mutsumi area in Yamaguchi Prefecture, was used throughout the experiments. The
 strain was precultured on Hara and Ono's selective medium at 30eC for 2d and fiuidal
 colonies were suspended in sterile water for use as inoculum. The cell density of the
 suspension was measured by direct microscopic counting after ethidium bromide staining
 (Someya 1995).
    Severity of bacterial wilt of tomato plants grown in soil. Seeds of wilt-suscep-
tible tomato (Lycopersicon esculentum Mill cv. Momotarou) 'were immersed in sterile water

for 1d, sown in small pots (2.5Å~2,5Å~4.5cm) (1 seed pot-i) containing preincubated
Mutsumi or Yamadai soil, and kept in a growth chamber (30"C, light 12 h/dark 12 h). Ten

days after geminatien, the seedlings together with the soil in the small pot were transplanted

to pots 1 1 cm in diameter (5 seedlings per pot, 8 pots for each soil) containing 3oo g (dry wt.)

of Yamadai or Mutsumi soil infested with SL8. The infested soils were prepared just before
transplanting by spraying a SL8 inoculum suspension (1 Å~ 105 cells mL-') onto the surface
ofthe preincubated soils and mixing them to reach a fina! population level ofabout 103 cells

per g dry soil. Then the pots containing the seedlings were kept in a growth chamber (30"C,
light 12hldark 12h). Soil water potential was maintained at about -6.2kPa by the
addition of sterile water twice a day. The number of wilted plants was recorded during a
period of 31 d. Some of the wilted seedlings were tested for the presence of the causal agent

for wilting by cutting the stem to identify a white viscous suspension of the pathogen. The

experiment was repeated twice with Yamadai soil and three times with Mutsumi soil.
    Population dynamics of strain SL8 in soil. The preincubated Mutsumi or
Yamadai soil was inoculated with a suspension of strain SL8 (1 Å~ 107 cells mL-i) and mixed
well to reach a final population level of about 105 cells per g dry soil. Thirty grams (dry wt.)

of the inoculated soil sample were packed in 50 mL beakers, incubated at 300C under a water
potential of -6.2 kPa, and the number of R. solanacearum was counted periodically using
Hara and Ono's selective medium (n=5)., For each enumeration, three beakers containing
the soil sample were analyzed. The detection limit was ca. 2Å~ 102 cfu per g dry soil in both
soils.

    Population dynamics of R. solanacearuin and total number of aerobic bacteria
in rhizoplane, roots, and gtems. Five plants grown in a pot as described above were
combined and soil particles adhering to their roots were removed using sterilized forceps in
sterile water. Then, the roots were shaken four times in sterile water (20 times .weight to fresh

root weight) for 15 min each to obtain the rhizoplane microorganisms. In this report, the
combined fraction of the lst to the 4th shakings was designated as fraction-1. The washed
roots were weighed after removal of the excess water on the root surface, macerated using a
sterilized mortar and pestle, suspended in 2oo mL sterile water, and shaken for 30 min to
obtain further microorganisms inlon roots (designated as fraction-2). In a preliminary
experiment, we observed that (I) the number of bacteria obtained by shaking decreased



82 M. NISHIYAMA et al.
drastically until the 4th shaking, and that (2) the number of bacteria obtained by the 5th
shaking was nearly equal to 1% of that by the lst shaking and to 2-5% of that of the roots
macerated after the 4th shaking. The results using tomato plants grown in Mutsumi soil are

shown in Fig. I. A similar trend ofchange in the bacterial number was observed in Yamadai
soil (data not shown). The results suggest that most of the easily extractable rhizobacteria

can be obtained until the 4th shaking, in fraction-1. We assumed that fraction-1 correspond-

ed to the rhizoplane. Fraction-2 consisted of hardly extractable rhizobacterial cells, which

were assumed to reside inside the roots or to be firmly attached to the surface of the roots.

Stems (O-5cm from the soil surface) of the seedlings were also weighed (fresh wt.),
macerated, and shaken in sterile water to obtain the bacterial cells in/on stems. For
fractions-1 and -2 and stems, the number of R. solanacearum was counted on Hara and
Ono's selective medium (n=5). The number of total aerobic bacteria was counted in
fractions-1 and -2 using YG agar (n=5). These bacterial counts were performed at 3, 6, 10,
15, 25, and 40d after transplanting in the Mutsumi soil and 2, 4, 7, 10, 13, and 16d in the
Yamadai soil using three pots gl5 plants) selected randomly at each sampling, and expressed
as cfu per g wet roots or stems measured. The detection limit of R. solanacearum per g wet

plant tissue was about 4Å~103 cfu in fraction-1, and 1Å~1or cfu in fraction-2 and stems.
Similar experiments to analyze the bacterial population dynamics were repeated twice.

                         RESULTS AND DISCUSSION

Severity of bacterial wilt of tomato (Fig. 2)
    No symptoms of wilt were observed on tomato plants grown in the infested Mutsumi
soil during the 31-d period ofcultivation after transplanting. In the YamadaVsoil, wilt began

to oocur 5-7 d after transplanting, and all the plants wilted by 18-3I d. The stems ofsome
of the wilted plants were cut, and a white viscous material was found in all the stems,
suggesting the occurrence of infection with R. solanacearum. Consequently, we considered
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that the Yamadai soil was a conducive soil and the Mutsumi soil a suppressive
tomato bacterial wilt in this report.

soil for

Population dynamics of R. solanacearum in the non-rhizosphere soil, roots, and
stems

    Although five plants in a pot were combined when the counts were performed, the
number of R. solanacearum varied considerably among the pots. Thus, the bacterial
numbers obtained from each pot are separately shown in Figs. 3, 4, and 6. In Figs. 3 and 6,
a set of data from an identical pot is shown with an identical X-value.

    In the tomato plants grown in the Yamadai soil, R. solanacearum was detected 4 d after
transplanting in fraction-1, then in fraction-2 after 7 d and in stems after 10 d (Fig. 3). The

number tended to increase during the 16-d period ofcultivation up to 108-10'O cfu per g wet
tissue in the three parts of the plants. In contrast, in the Mutsumi soil, the number remained

be!ow 106 cfu per g in any of the three parts of the plants throughout the 40-d period of
cultivation with one exception (25 d). A similar trend in the population dynamics of the
pathogen was observed in another experiment (data not shown).
    Relationship between the number ofR. solanacearum in fractions-1 and -2 and in stems
is shown in Fig. 4. In general, the tomato plants with a larger population of the pathogen

in stems contained a larger population of the pathogen in root fraction-2, and the plants
with a larger population in fraction-2 harbored a larger one in fraction-1. These tendencies

appeared to be more evident in the plants with more than 105-106 cfu of the pathogen pelr
g tissue. Since the pathogen reaches the rhizoplane at first, then the inside part of the roots,

and finally the stems, the results suggest that prior multiplication in the rhizoplane at a
density above 106 cfu per g wet root is necessary for strain SL8 to multiply in root fraction-2

at a density above 106 cfu per g and that prior multiplication in fraction-2 is necessary for

multiplication in stems at a density above 106 cfu per g. Consequently, it was suggested that

the suppressiveness of bacterial wilt in the Mutsumi soil was mainly due to the persistence
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of the pathogen in the rhizoplane at a density below 106 cfu per g wet root. In addition to
the rhizoplane, the persistence ofthe pathogen at a density below 106 cfu per g in fraction-2

and in stems as well as in fraction-1 may indicate the presence of additional suppressiveness

in these two fractions.
    In the experiments on population dynamics, 6 out of 150 plants in Mutsumi soil (4%)
and 141 out of 155 plants in Yamadai soil (91%) wilted during the 40-d period ofcultivation.

    In tomato-free Yamadai soil, the number of strain SL8 decreased below the detectjon
limit within 21 d ofincubation, while in the Mutsumi soil it'decreased more slowly to a level

of 103-10` cfu per g soil (Fig, 5). These results suggest that the survival of the pathogen in

the non-rhizosphere soil was not directly related to the occurrence of tomato wilt in the two
soils. A similar discrepancy was reported previously (Ho et al. 1988; Koga et al. 1997).

Population dynamics of total aerobic bacteria in the root fractions (Fig. 6)
    In each soil, the number of total aerobic bacteria did not change appreciably in either
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cornmunity structure in the rhizoplane may affect the suppressiveness in fraction-1. The fact
that the population of total aerobic bacteria in the roots or hardly extractable fraction (root

fraction-2) was smaller in the Mutsumi soil than in the Yamadai soil (Fig. 6) may also
suggest that the microbial community in the Mutsumi rhizoplane inhibited bacterial inva-
sion of roots, or that some endophytic bacteria in the Mutsumi soil may repel strain SL8
through induced resistance.

    As shown in Table 1, the two soils used differed in their chemical properties such as
total N content and soil pH. These soil properties could affect the nutritional and physio-
logical status ofthe plants, which may account for the differences in the host resistance, The

Yamadai soil appears to be less fertile than the Mutsumi soil. The growth of the roots may
be more restricted in the Yamadaj soil, i.e., the roots grown in the Yamadai soil may be
thinner than those in the Mutsumi soil. Then, the roots grown in the Yamadai soil may have
a larger surface area per g root and be attacked more frequently by the pathogen. It is also

possible that host resistance was associated with Ca nutrition (Yamazaki and Hoshina 1995;

Yamazaki et al. 1998) although the soil Ca content was not determined in this report.
    It is interesting to note that the pathogen remained at a density gf 106 cfu per g root and

stem and was restricted to the primary xylem tissues in a resistant cultivar (Nakaho 1997).
Similar mechanisms whereby the pathogen remained at a density below 106 cfu per g may
be involved in the wilt-susceptible cultivar, depending on the soil conditions. Further
studies should be carried out to analyze the mechanisms controlling the suppressiveness
observed in the Mutsumi soil.
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