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Abstract

Tubers of susceptible potato cultivar ‘Irys’ were inoculated with 57 isolates of
Pectobacterium carotovorum subsp. atrosepticum (Eca) and P. carotovorum subsp.
carotovorum (Ecc). The diameter of rotten tuber tissue was an indicator of bacteria
virulence. The difference in virulence of tested isolates was observed. The least vir-
ulent isolates, Eca C8/02, Eca D9/02, Ecc 146B3, and Ecc 146B4, caused lesions of
tuber tissue from 3.0 to 5.6 mm in diameter while the most virulent, Ecc 113B11,
about 34.0 msm. Two highly virulent isolates, Eca 2/95 M and Eca 2/97 M, have
shown decrease of their virulence abilities after maintaining them on rich agar me-
dium in refrigerator for six and five years, respectively.
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Introduction

Soft rot of potato tubers and blackleg are caused by bacteria Pectobacterium
carotovorum subsp. atrosepticum (van Hall) Hauben et al. (former Erwinia carotovora
subsp. atroseptica) and P. carotovorum subsp. carotovorum (Jones) Hauben et al. (for-
mer E. carotovora subsp. carotovora) (Hauben et al. 1998). These bacteria can pro-
duce several extracellular enzymes, which are able to destroy cell walls of potato
tissue (Lojkowska 1992).

Since 1992 at Plant Breeding and Acclimatization Institute, Division Miochéw,
a collection of bacteria of the genus Pectobacterium has been maintained. New iso-
lates are tested for their virulence and the best are included to the collection. Iso-
lates are maintained by subculture method that is inoculation of a medium,
incubation to obtain growth and storage at temperature 5°C to reduce the meta-
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bolic activity. The most virulent strains are used for screening the potato for resist-
ance to soft rot and blackleg.

Cultures preserved by subculture method are very prone to loss of stability of
characters, and the risk of change increases with the frequency of subculture (Snell
1984). Because of the risk of selecting variants of altered pathogenicity, Daniels
(1992) advises not to repeat passages of Gram-negative plant pathogenic bacteria
more than two or three times before application. Culture of bacteria on standard
artificial media under laboratory conditions is fundamentally different from the
conditions met in a natural environment. In contrast to the laboratory conditions,
bacteria in nature spend most of their lifetime in a state of starvation or nutrient
limitation (Besnard et al. 2002). That is why bacteria maintained by subculture
method are tested for their virulence before application in testing potato resistance
to soft rot and blackleg.

Materials and methods

Tubers of the potato cultivar ‘Irys’ (susceptible to soft rot) were inoculated
with 50 isolates of bacteria P. carotovorum subsp. atrosepticum and seven isolates of
P. carotovorum subsp. carotovorum. All isolates, originated from potato, were stored
on Luria Broth Base, Miller medium slopes at temperature 4°C and transferred to
the fresh medium four times a year.

Isolates virulence was evaluated in laboratory tests using a method of inocula-
tion of whole tuber (Lebecka 2001). The bacteria cultures were multiplied on Luria
Broth Base, Miller medium (Vayda et al. 1992) at room temperature. After 24 h the
bacteria were washed from the surface of the medium with sterilized water and ad-
justed to a concentration of 6.8 x 108 colony forming units in 1 ml. Inoculated tu-
bers of susceptible cultivar ‘Irys’ (10 per isolate) were kept for six days in a dark
chamber at temperature of 20°C and relative humidity of about 95%. Testing was
performed in October or November in 1997-2003. The virulence test was repeated
for chosen isolates. The diameter of rotten tissue of potato tubers was a measure of
bacteria virulence.

Results

Large differences in virulence of tested bacterial isolates to potato tubers of sus-
ceptible cultivar ‘Irys’ were observed (Table 1). The least virulent isolates, Eca
C8/02, Eca D9/02, Ecc 146B3, and Ecc 146B4 tested in 2002, caused weak rotting
of tuber tissue, from 3.0 mm to 5.6 mm in diameter, while the most virulent one,
Ecc 113B11, caused rot on average equal to 34 mm in 2001. 28 isolates and 13 were
tested just after they were isolated in 2001 and 2002, respectively, and their viru-
lence ranged from 12.7 mm to 19.3 mm (in 2001) and from 3.0 mm to 15.7 mm (in
2002). Two highly virulent isolates: Eca 2/95 M in 1997-2001 and Eca 2/97 M in
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Table 1

Virulence of bacteria Pectobacterium carotovorum subsp. atrosepticum
and P. carotovorum subsp. carotovorum to potato tubers of cv. ‘Irys’ expressed
as mean diameter of rotten tissue (mm)

Year, isolate ‘ Diameter (mm) Year, isolate ‘ Diameter (mm)
2000 2002
Eca2/97 M 21.2a Eca2/97 M 19.6a
Ecc 113B11* 19.5a Eca A1/02 15.7 ab
Eca2/95M 18.7 a Ecc 113B11* 15.1 abc
Ecc 146B3* 11.6 b Eca E25/02 12.3 bed
Eca 75/97 M 11.3b Eca C5/02 10.3 bed
Ecc C7** 10.5b Eca2/95M 10.0 bede
Eca 18/97 M 10.0b Eca C3/02 9.3 bede
2001 Eca C6/02 9.3 bede
Ecc 113B11* 34.0a Eca C7/02 9.0 bede
Eca2/97 M 24.5b Eca E21/02 8.9 bede
Eca11/01 M 19.3 bc Eca E24/02 8.8 bcde
Eca9/01 M 18.8 bed Eca A2/02 8.7 bede
Eca 10/01 M 18.8 bed Eca E23/02 8.7 bcde
Eca 4/01 M 18.8 bed Eca C4/02 8.2 cde
Eca 19/01 M 18.7 bed Eca D9/02 5.5de
Eca21/01 M 18.3 bed Eca C8/02 3.0e
Eca 1/01 M 18.2 cd 2003
Eca7/01 M 17.7 cd Eca7/01 M 21.1a
Eca 17/01 M 17.2 cd Ecall/01 M 20.8 ab
Eca 3/01 M 17.2 cd Eca 19/01 M 19.4 abc
Eca 25/01 M 17.0 cd Eca 25/01 M 18.8 abcd
Eca 14/01 M 17.0 cd Eca2/01 M 18.4 abcd
Eca2/01 M 16.8 cd Ecc 113B11* 18.3 abcd
Eca 13/01 M 16.7 cd Eca 10/01 M 17.6 abcd
Eca26/01 M 16.5 cd Eca 26/01 M 17.0 abed
Eca 6/01 M 16.2 cd Eca21/01 M 16.8 abcd
Eca22/01 M 16.2 cd Eca9/01 M 15.7 abcde
Eca 8/01 M 15.7 cd Eca 89/97 M 15.5 abcde
Eca 5/01 M 15.5 cd Eca 11/02 M 15.4 abcde
Eca 18/01 M 15.5 cd Eca 17/01 M 14.9 abcde
Eca 20/01 M 15.5 cd Eca 75/97 M 14.2 bede
Eca27/01 M 14.8 cd Ecc 146B5* 13.3 cde
Eca 23/01 M 14.7 cd Ecc 113B5* 12.5 cdef
Eca 15/01 M 14.5 cd Eca 20/02 M 12.4 cdef
Eca 24/01 M 14.5 cd Eca2/97 M 11.8 def
Eca 12/01 M 14.2 cd Eca 2/95 M 8.8 efg
Eca 16/01 M 12.7d Ecc 56A11* 8.8 efg
Eca28/01 M 12.7d Eca 113B2* 6.0 efg
Ecc 146B4* 5.6 fg
Ecc 146B3* 4.7 ¢

*Potato isolates obtained from Gdansk University, Poland.
**Potato isolates obtained from Cornell University, USA.
Means followed by the same letter do not differ significantly using Duncan’s multiple range test
at P = 0.05.
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Fig. 1. Rotting of potato tubers (cv. ‘Irys’) infected with two Pectobacterium carotovorum subsp.
atrosepticum isolates which were stored for different period on Luria Broth Base,
Miller medium before inoculation. The same letter indicates means that do not differ
significantly according to Duncan’s multiple range test at P = 0.05

2000-2002 showed significant decrease of their virulence after six and seven years
from the date of isolation, respectively (Fig. 1).

Discussion

Pectobacterium carotovorum subsp. atrosepticum infections are restricted mostly to
potato in contrary to P. carotovorum subsp. carotovorum which is virulent to wide
host range including potato, brussel’s sprout, carrot, celery, cucumber, capsicum,
turnip and chicory (Pérombelon and Kelman 1980).

This study confirmed that bacteria isolates isolated from potato plants with
symptoms of blackleg or soft rot differ in their virulence to potato tubers. Differ-
ences in virulence to potato and carrot of isolates of P. carotovorum subspecies iso-
lated both from naturally infected potato or carrot was also observed by Michalik et
al. (1992). There are several factors influencing virulence of bacteria from genus
Pectobacterium. Bacteria can produce series of different degradating enzymes, which
can depolymerize the plant cell wall and macerate tuber parenchymatous tissue
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(Smid et al. 1993). Regulation of the enzyme synthesis can also contribute to viru-
lence of bacteria. Zucker and others (after Yang et al. 1992) showed that non-
pathogenic bacteria synthesized pectic enzymes constitutively, whereas their
synthesis in pathogenic bacteria was inducible. The further studies on regulation
of pectic enzymes in bacteria Pectobacterium showed complexity of genetic control,
various sensitivity of one enzyme to different inducers and different reactions of
various enzymes to the same inducer (after Yang et al. 1992). Selection of potato
clones resistant to soft rot in breeding programs relies on evaluation of disease de-
velopment after artificial inoculation of potato tubers with bacteria. The choice of
isolate used for inoculation should be based on the nature of genetic variation in
resistance used in breeding. When sources of high resistance to bacteria are avail-
able, highly virulent isolate should be applied, which would be able to cause severe
symptoms on susceptible standard. In contrary, application of weakly virulent iso-
late, does not allow classifying potato clones due to their resistance to soft rot.
When the genetic variation of resistance is low and tested materials are not highly
resistant then less virulent Pectobacterium strains at lower concentration cause
greater differences in disease response (Michalik et al. 1992).

The study shown, that the highly virulent isolates of bacteria maintained on ar-
tificial medium at 4°C for several years can loose their virulence. The most recom-
mended methods for a long storage, for maintaining the viability of cultures in a
stable genetic form, is freeze-drying and cryogenic storage (Iacobellis and DeVay
1986). However, virulence decrease of Pectobacterium cultures kept in temperature
-20°C (in liquid Luria Broth Base medium mixed with glicerol in proportion 2:1)
for a long time was noticed (Waleron, personal communication).

Considering big differences in virulence among isolates of bacteria P.
carotovorum and possibility of its decreasing with time it is suggested to repeat the
evaluation of virulence of bacteria isolates shortly before using them for resistance
screening of potato breeding material.
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