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Abstract 
The present paper reviews results of series of the studies pertaining to ecology and control 
of bacterial canker of tomato caused by Clavibacter michiganensis subsp. michiganensis. The 
infection of this disease took place when a population density of the causal bacteria was more 
than 106 cfu/g of tomato leaves, while there was no disease under the density of less than 
103• 105 cfu/ g. Occurrence of bacterial canker in tomato was sever er in an open fie! d than 
in a protected field from rainwater. It may be concluded that multiplication and dissemination 
of causal bacteria are augmented under a rainfall condition in an open field. This result 
suggests that the cultivation of tomato plants under plastic films to avoid rainfalls be one 
of the practical methods for controlling bacterial canker. The selective medium, SMCMM 
which was developed for isolating causal bacteria from plant materials or from soils, was useful 
for an ecologic al study of this disease, especially for checking a population density of causal 
bacteria. It was recognized that the ELISA method could be used for detection of C. m. 
ssp. michiganensis and for the rapid diagnosis of the disease. 
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Introduction 

In 1958, occurrence of bacterial canker in tomato 
was reported in Hokkaido, Japan. Since then, the 
incidences of this disease have taken place in toma
to plants cultivated main ly in open fields located in 
low-temperature areas of Japan such as Tohoku dis
trict. This is now one of the most important tomato 
diseases in the northern part of the country. It is 
informed that the causal bacteria of the disease, 
Clavibacter michiganensis subsp. michiganensis, is 
transmitted through tomato seeds and that infected 
plant debris and soils are relevant as inoculum 
sources9•121• However, details on the mechanism of 
infection from inoculum sources had not fully been 
identified yet. 

Sasaki et al.4- 61 implemented a series of studies 
on multiplication of the causal bacteria in tomato 
plants under the two conditions; one was an open 
field and the other was a nursery bed. In those 

studies, a relevant mechanism of infection was exa
mined. In addi tion, an attempt was made to estab
lish an effective method for detecting and measuring 
pathogen of tomato bacteria l canker. The results 
obtained will be summarized in the following 
sections. 

Transmission of causal bacteria in a nursery bed 

Although the transmission of C. 111. ssp. michi
ganensis through seed was already confirmed 12>, only 
limited in formation are available regarding the 
secondary transmission of this pathogen in a nurs
ery bed. Sasaki41 pursued the dissemination of causal 
bacteria of this disease originated from a contami
nated mass of seeds, in which the relevant bacteria 
were isolated from 30% of those seeds. The bac
terial population in the seedlings originated from that 
mass was 103-104 cfu/g of tomato shoots. The den
sity of bacterial populat ion on the normally grown 
seedlings adjacent the seedlings originated from the 
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contaminated seeds was IOJ-104 cfu/g. In addition, 
it was observed that the causal bacteria were iso lat 
ed from 75% of the seedl ings which were grown near 
the anificially inoculated plants, and that the popu
lation densi ty of the causal bacteria on those seed
lings was !03-105 cfu/g. It may therefore be 
concluded that the causal bacteria were multiplied 
during the growth of the seedlings originated from 
the contaminated seeds and that such seedlings con
tribute to the secondary infection as inoculum 
sources. 

Relationship between the population of C. m. 
ssp. michiganensis and the occurrence of 
tomato bacterial canker 

Thyr11> demonstrated that the tomato seedlings 
could be infected by C. 111. ssp. 111ichiga11e11sis with 
only a few as five cells when the causal bacteria were 
directly inoculated into a xylem tissue. Strider10> in
dicated that tomato plants could be infected by the 
stem-inoculation with only nine cells per ml of this 
causal pathogen. However, there had been no data 

indicalig a relationship between lhe occurrence of 
tomato bacterial canker and the population of its 
causal pathogen . 

Sasaki4
> reported that in his artificial inoculation 

test . tomato plants were not infected, when the popu
lation size of the causal bacteria on the leanets of 
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tomato was Jess than I 05 cfu/g of lea nets, while they 
were diseased at the level of more than 106 cfu/g. 
A similar resu lt was obtained in an open field, where 
tomato plants were grown under a natural condition 
(Table I). In two to six weeks after the first detec
tion of causal bacteria, the plants got infected and 
the popula1ion size of C. 111. ssp. michiganensis at 
that time was more than 106 cfu/g of leanets. Based 
on these results, it may be concluded that when the 
population size of causal bacteria is less than 106 

cfu/g, no disease may take place. 

Protection of tomato bacterial canker by 
cultivation under plastic films 

Sasaki et al. 5> compared the following two condi
tions in regard to the multiplication of causal bac
teria: one was a protected condition from rainfall 
and the other was an open field. They further exa
mined a mechanism of the effectiveness of the cover 
with a plastic film in protecting tomato p lants from 
the disease. The results obtained are summarized 
as below. 

The occurrence of bacterial canker under those two 
conditions is presented in Table 2. Almost all the 
tomato plants grown in the open field were infected 
by bacterial canker before the end of July both in 
1984 and 1985, whereas all the plants grown under 
the plastic film were comple1ely free from infection 

Table l. Colony populution density of C. 111. ssp. 111fchfga11e11sis on tomato leaflets In an open field 

No. of Date of investigation (in 1984) 

field May 11 May 16 May 24 June 7 June 11 June 18 June 26 July 3 

I _ >) I.Ix 10s 2. 1 X 10ab) I .Ox 107 2.7 x IOS J.0 X to• 2 .6 X 107 

2 ).) X 103 1.0 X .104 3. i xlOS 1.2 x 10• 3.4>< 106 4.4 x 106 

3 1.2>< IOs l.( X (06 4.7 X 106 J.0 X 107 1.9 X 10° 

4 8.0 X 106 3.0 X 107 8.0x106 

s 2.6 X 10S 2.S x 105 1.2 X 106 3.1 X 106 4.6x 106 

6 1.2 X 106 S.4xJ06 2.8 X (0" 

7 2.0x 107 S.Oxl07 

8 1.2 X 106 S.4x 106 7.7 X 106 

9 4.0 X 106 9 .0x 101 

10 1.0 X 104 6 .0 X 10• S.0 X 106 2.0 x 107 

11 I.Ox 105 1.0 X I 06 2.0 X IQS 

a): Not detected. 

b): Underline; Oucbrcaks of bacccrial canker of tomato. 
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Table 2. Changes of the rares with which lite 1oma10 bac1erlal canker d isease occurrs 
under lite rain•pro1ec1ed n11d open field conditions 

Year Trcatmem 
Rate of occurrence (%) 

July 4 July 11 July 18 July 24 July 3 l Aug. 9 

Under a plastic film 0 0 0 0 0 0 
1984 

In an open field 17.5 77.5 100.0 100.0 100.0 100.0 

July 2 July 9 July 16 July 23 July 30 

1985 Under a plastic film 0 0 0 0 0 
In an open field 2 .6 38.0 78.2 100.0 100.0 

Table 3. Population density of C. m. ssp. 111icltign11e11si.r on tomato leaflets un der 
a plaslic film and in an open field 

Year Trcalmcni 

Under a plas1ic film 

1984 

In an open field 

Under a plasc ic film 
198S 

Sample no. 

I 
2 
3 

l 
2 
3 

2 
3 

In an open field 2 
3 

a): Noc dc1cc1ed. 

July 4 

-•> 

J.6 X (05 

2.7 X 105 

3.9 X 105 

July 2 

2.0 X JO< 

l.2 X 107 

4,7 X )06 

3.5xl05 

throughout the period of invcst iga1ion. The popu
lation densities of causal bacteria on the leaflets of 
tomato are shown in Table 3. As clearly indicated 
in this table, the causal bacteria isola ted were very 
few in the tomato plants under the plastic film, while 
they were 105-107 cfu / g under the open field condi
tion. This result indicates that the multiplication rate 
of causal bacteria is higher in an open field than 
under a· condition covered by a plastic fi lm. With 
the purpose of identifying a mechanism of the ef
fectiveness of the cover wi1h a plastic film, the rela
tionship between the secondary 1ransmission of the 
C. m. ssp. michiganensis and the rainfall was cri1 i
cally examined. Each inves1iga1ion showed that the 
raindrops fall ing from the infected tomato plants 
colllained about 106 cfu/ ml of the causal bacteria, 
and that the water on the mulching film also con
tained causal bacteria wi th a density of J05- I07 

Popula1ion of C.m. ssp. michigonensis (cfu/g) 

July 11 July 18 J ul y 24 July 31 Aug. 9 

8.0 X 10• 
9.0x 103 2.0 X 102 

7.0xJ05 2.7 X 106 3.2 X 107 7,7 X 106 J.2 X 10'1 

3.0 X 105 3.0 X 105 l.5 X 107 9.0 x 103 

9.0x 105 7.0x 106 5.5 X 107 7.0x 106 J.5 X J05 

July 9 Ju ly 16 July 23 July 30 

4.6 X JQJ 
J.0 X 102 

I.IX 107 2.4x 107 3.2 X 10° J.7 X ]05 

6.7 X 106 I.J X J07 1.6 X 105 2,6 X 105 

J.9 X 107 4,2 X )07 3.4xl06 3.0 X ]05 

cfu/ml. From these results, it is concluded that the 
multiplication of C. 111. ssp. 111ichigane11sis on toma10 
leaves and the secondary infection of this disease arc 
augmented by rainfalls. ll is therefore concluded that 
culti vation of tomato plants under the cover of a 
plastic film would be one of the effective methods 
for controlling the bacterial canker of tomato. 

A n improved method for detecting C. m. ssp. 
michiganensis 

Regarding the media for de1ecting and measuring 
C. m. ssp. michiganensis, 02 medium produced by 
Kado et al.31 has been used, panicularly in the case 
where the causal bacteria are associated with plant 
seeds and tissues. However, when D2 medium used 
for detecting C. 111. ssp. 111ichiga11ensis from soils, 
the detection is ra1her difficult since many colonies 
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or other microorganisms are also produced. In order 
to resolve this problem, selective medium for detect
Ing C. m. ssp. michiganensis (SMCMM) was pro
duced by lhe authorsb>, modifying CNS medium for 
C. 111. ssp. nebraske11sis developed by Gross et aJ. 2

l . 

The composilion of lhc medium is as follows: 
peptone ; 5 g, yeast extract; 3 g, K2HPO.; 2 g, 
KH2PO.; 0.5 g, MgS0 .· 71-120; 0.25 g, glycerol; 
20 g, I...iCI; 5 g, agar; 15 g in I/ of distilled water. 
After autoclaving at 121 •c for 15 min, it is cooled 
10 50°C, and then the following ingredients are 
added: K2Cr301; 80 mg, NaN3; 2 mg, nalidix ic 
acid; 20 mg, cycrohcximide; 40 mg, and 700/o 
tetraisophthalonitrate (TPN); 3 mg. Nalidixic acid 
is dissolved in 0.1 N NaOH solution. 

With the above medium for detection, it was 

• e• • 
) • • f) 

•• • ti • • • • • ' , • 0 o ~ f) 0 9 • • 
Plate l . Colonies or C. 111. ssp. michiga11e11sis 

or a selective medium (SMCMM) 
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observed that the colonies of C. 111. ssp. michiga11e11-
sis on SMCMM came out in 3 10 4 days after plat
ing when they were incubated at 25°C (Plate I & 
Table 4). The emerging colonies were circular, 
smooth, convex, and bright yellow with entire mar
gin. On Di medium, they became to be visible in 
4 to 5 days. The efficiency of colony formation on 
SMCMM for C. m. ssp. michiganensis was 1.2 to 
4 Limes as high as that on the D2 medium. When 
C. 111. ssp. 111ichiga11e11sis was isolated from the in
fected plant materials, SMCMM was more effective 
than D2 and CNS2> medium in producing colonies. 
In detecting C. 111. ssp. michiganensis from the ar

tificially infested soils, a rate of recovery with 
SMCMM medium was the same with CNS medium 
and higher than that with D2 medium. The colonies 
o f C. 111. ssp. michiganensis could be distinguished 
from other bacterial colonies with their morpholog
ical characteristics. Based on the above results, il 
may be concluded that SMCMM medium is more 
useful than the D2 and CNS mediums for the study 
on ecology of bacterial canker of tomato, especially 
on population densi ty of the pathogen. In addition 
to SMCMM, Fatmi et al. developed SCM medium 
10 isolate C. 111. ssp. 111ichiga11e11sis from the seed 
of 1omatot>. 

In a separate series of the srndy, an antiserum to 
C. m. ssp. 111ichiga11e11sis was produced, and the de
tection and the measurement of this pathogen by the 
ELISA method were examined (Fig. 1)8>. The results 
obtained showed that a high reaction took place 

Table 4. Isolation or C. m. ssp. 111ichiga11c11sis from the artificially inoculated tomato leaves and 
the artificially infested tomato rhizospl1cre soils with selective media, SMCMM 

C. 111. ssp. 111ichiga11c11sis Other bacteria 

Sample Medium Colon)' forming Colony form ing No. or colonies•> 
efficiencyb) No. of colonies•> efficicncyb) 

SMCMM 9.43 X J07 85.0 4.50xtos 4. 1 
Infected CNS 6.57 X 107 59.0 3.75x J05 3.4 
leaves D2 4.28 X 107 38.6 7.75>< 105 7.2 

NA l.lJ xl08 100.0 1.09 X 107 100 

SMCMM 1.40 X 106 183 4.13xl05 2.7 
Infested CNS J.50 X J06 l96 5.25 x J05 3.4 
soils D2 0 0 I.SI x 10• 12.0 

NA 7.65 X !OS 100 1.51 )( 107 LOO 

a): No. or colonies/ g of fresh leaflets o r soils. 

b): Colony forming efficiency = No. of colonies on a selective medium x IOO. 
No. or colonies on NA medium 



An1igcn dilu1ic,n limes 

Fig. I. ELISA values for inocula1ed and non-
inoculated tomato leaves 

• : Pure cuhurc of C. m. ssp. 
111ichigane11sis isolate YM 7709, 
• : Tomato leaves inoculated wi1h 
YM 7709, D : Toma10 leaves wi1hout 
inoc11la1ion. 

only on C. m. ssp. 111ichiga11e11sis, which could lbe 
detected over I x 10; cfu/m/ level. However, since 
the ELISA values varied wilh the isolates of C. m. 
ssp. 111ichiga11e11sis, 1he population density of C. m. 
ssp. michiganensis could not be specified by 1tile 
ELISA met.hod. And they could be isolated a1 the 
level of over I 06 cfu/ g of tomato leancts. The results 
of those experiments indicate that the ELISA method 
could be used for detecting C. m. ssp. michiga11e11sis. 
On the basis of the relationship observed as above 
between the pathogen population density on tomato 
leanets and the outbreaks of tomato bacterial canker, 
the ELISA method could be used for the rapid di
agnosis of tomato bacteria l canker. It has been 
recognized so far that the lowest level of pathogen 
in the detection with a di lution plate method with 
a selective medium is of the order of 102- 103 cfu/g 
of the sample. Taking into account the compara
tive advantage of the above two methods, it may 
be said that the dilution plate method with a selec
tive medium would be more sensitive than the ELISA 
method. However, if an experiment is undertaken 
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to dctec1 phy1opathogenic bacteria from soils, it 
might be very difficu lt to distinguish colonies of the 
relevant bacteria from those of other microorgan
isms. Hence, a more suitable method for separa1ion 
is required in the ecological swdies on phytopatho
genic bac1eria. At this moment, therefore, it is sug
gested that an adequate method for detecting C. m. 
ssp. michiga11e11sis be t.o employ a combined use of 
the following two means: i.e., the dilution plate 
method with SMCMM medium or SCM medium, 
and the ELISA method. 
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