L (ay) 22 M OB

l

FAL X B &

Studies on soft rot of chicory and its causal bacteria
(Fa)—BREIERE Z %% M B B89 A0 5E)

FANmXABTDOEE

Backgrounds .

Chicory (Cichorium intybus L. var. sativum Bisch.) includes both a horticultural crop grown for direct
consumption as a cooked food and an industrial crop whose purpose is the extraction of polysaccharide. Root
chicory is an alternative sugar crop, which accumulates inulin in roots. Inulin is a polymer that is widely used in
several industrial applications. At present, inulin is mostly supplied by root chicory, which is mainly grown and
processed in European countries. Due to the future use of domestic raw materials for more sustainable and
economical production of products such as oligosaccharide, the expansion of root chicory cultivation to Hokkaido
in northern Japan is an attractive option. Since the sowing and harvesting techniques of sugar beet and potato can
be used for root chicory, no investment into new machinery is expected to be necessary, except for some minor
modifications.

Symptomatology

Bacterial soft rot was found on root chicory in fields at the Ornamental Plants and Vegetables Research
Center, Hokkaido Research Organization, Takikawa, and Institute of Nippon Beet Sugar Manufacturing, Obihiro,
in August 2010 and 2011. Severely infected plants in fields show discoloration, wilting of foliage, and black
necrosis of petioles near the crown. Wilted leaves subsequently collapse and die, forming a dry, brown or black
rosette. The root and crown become partially or wholly soft-rotted. On the infected root area, the slimy mass turns
dark brown or black.

Pathogenicity

Pathogenicity assay for the root chicory using all chicory isolates by artificial inoculation was carried
out, and the similar symptoms were observed within one week. At first, water-soaked lesion enlarged to slimy soft
rot associated with discoloration for the most of isolates, or associated with a ripe odor for MT-5 and MT-7, while
B-P2 did not cause soft rot, but formed a scab-like lesion on the inoculation site. Disease severity of thirteen
chicory isolates was significantly different; the most aggressive isolates were A-R2, A-R4, A-R5, A-R6, B-R3,
B-R4 and B-RS.

Isolation and identification of causal bacteria

Causal bacteria were straight rods (0.5-1.0 x 1.0-3.0 um) with rounded ends that occurred singly or in
pairs. The cells were motile and four to six flagella were discernible. The causal bacteria isolated from diseased
chicory were gram-negative, positive for anaerobic growth, growth at 28°C and 37°C, and catalase, but negative
for oxidase, and pigment production. In addition, they were positive for indole production, phosphatase activity,

and gas production from glucose, and sensitive to erythromycin. Acid was produced not from trehalose. Sodium
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malonate and L-tartrate were utilized, and neither utilized a-methyl-D-glucoside. These biochemical and
physiological chacteristics indicated that A-R1-6 and B-R1-6 are Dickeya sp. While the B-P2 was similar to P.
carotovorum subsp. carotovorum, the isolates MT-5 and MT-7 were closely related . to Pectobacterium
carotovorum subsp. odoriferum. The Dickeya sp. strains (A-R1-6 and B-R1-6) were classified into previous E.
chrysanthemi biovars 1 or 7, which coincide with D. dianthicola.
Host range |

A-R1-6 and B-R1-6 were almost pathogenic to potato, eggplant, Welsh onion, sweet potato,
chrysanthemum, and carnation. MT-5 and MT-7 were pathogenic to potato (other plants were not tested for both
the isolates in this study). The common symptom began as water-soaked accompanied with discoloration, when
disease conditions were optimum even totally soft rot. No symptoms were observed in sweet potato inoculated
with A-R5 and B-R3, or on potatoes inoculated with'B-R3 and B-R4. However, the chicory isolates (except for
B-P2) were not pathogenic to tomato. After inoculated with B-P2, leaves of tomato collapsed and dried,
subsequent seedling wilt occurred within 2 days. B-P2 not only showed the broadest host range, but also showed
the aggressive virulence for the host plants potato, eggplant and Welsh onion.
Phylogenetic analyses

Molecular identification was performed using specific primer sets. The expected 420-bp PCR-amplified
fragments corresponding to the conserved regions of Dickeya species’ pectate lyases-encoding gene cluster
(pelADE) were obtained for all the Dickeya spp. isolates. PCR performed with the oligonucleotide primer set
(EXPCCF/EXPCCR) yielded a 550-bp amplified fragment, indicating that isolates B-P2, MT-5, and MT-7 are
from P. carotovorum subsp. The results of the phylogenetic analyses showed that all of A-R1-6, B-R1-6 were
phylogenetically close to D. dianthicola CFBP1200" (GQ891984). Similarly, B-P2 was phylogenetically close to
P. carotovorum subsp. carotovorum ATCC15713" (F1895851), while MT-5 and MT-7 were closely related to the
strain CFBP1878" (JF926793.1) belonging to P. carotovorum subsp. odoriferum. Phylogenetic analysis based on
the 16S rRNA gene showed that MT-5 and MT-7 were grouped together with the type strain P. carotovorum subsp.
odoriferum CFBP1878" (AF373191) and were distinct from other Pectobacterium spp. B-P2 wds phylogenetically
close to P. carotovorum subsp. carotovorum DSM30168" (AJ233411).
Influence of soil saturation and temperature on bacterial soft rot of root chicory

Severity was significantly greater under the soil temperature at 30°C than at 25°C and 20°C inoculated
with the both isolates, A-R6 and B-R2 when the soil was saturated. This result suggested that root rot of chicory
has occurred remarkably in 2010 when the temperature and humidity during June to September were higher than
usual.
Conclusion

Causal bacteria were exclusively isolated from the rotted roots, and typical symptoms were
reproduced after inoculation with the strains. Consequently, the bacteria were identified as Dickeya
dianthicola, Pectobacterium carotovorum subsp. carotovorum, and Pectobacterium carotovorum subsp.
odoriferum based on further bacteriological characterization and phylogenetic analyses. These bacteria should
be added along with the previously reported Dickeya (=Erwinia) chrysanthemi in Saitama prefecture, Japan,

as causal pathogens of bacterial wilt in chicory.
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