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Identification and Pathogenicity of Microorganisms Associated with
Seed-Rhizome Rot of Gingers in Underground Storage Caves

Choong-Hoe Kim*, Jong-Mun Yang and Sung-Seok Yang
Plant Pathology Division, National Institute of Agricultural Science and Technology,
Suwon 441-707, Korea

ABSTRACT : Microorganisms associated with seed-rhizome rot of gingers preserved in three underground
storage caves were identified with respect to rot types. Rot patterns were grouped into 4 different types:
yellow soft rot, brown rot, localized ring rot, and water-soaked rot. Water-soaked rot was highest in
frequency with 40% and ring rot the least with 14%. Causal pathogens differed with rot type, yellow
soft rot by Erwinia carotovora and Pseudomonas aeruginosa, brown rot by Fusarium solani and
Pseudomonas aeruginosa, localized ring rot by F. solani, and water-soaked rot by Pythium spinosum
and P. ultimum. Pythium myriotylum, the causal pathogen of ginger rhizome rot which occurs severely
in fields was rarely detected from storage seed-rhizomes suggesting its minor involvement with storage
rot. Pathogenic Pythium isolates were frequently obtained from both rhizome surface and inner tissues
of rotten rhizomes. Detection frequency of Pythium isolates in inner tissues decreased as increasing
distance from rhizome surface. In wound-inoculation tests, above pathogens caused a varying degree of
rot on healthy rhizomes at 15°C, 20°C and 30°C with increasing severity at higher temperatures.

Key words : ginger, identification, storage rot, Zingiber officinale.
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Fig. 1. Photographs of rot types of gingers stored in under- ground storage caves in Seosan, Choongnam province in 1997. A
Yellow soft rot (Type Y), B: Brown rot (Type B), C: Localized ring rot (Type L), D : Water-soaked rot (Type W).

Table 1. Types of seed-rhizome rot of gingers occurred in
underground storage caves in Seosan, Choongnam province
in 1997

Frequency (%)

Description Underground storage caves'

cave I cave II cave III Avr.

Yellow soft rot (Type Y) 189  26.0 28.1 243
Brown rot (Type B) 25.7 17.8 169 20.1
Localized ring rot (Type L) 162  11.0 135 13.6
Water-soaked rot (Type W) 365 425 404 39.8
Others 2.7 2.7 1.1 22

Total no. smaples examined 74 73 89 -

*Temperature in the underground storage caves maintained 12~
15°C during storage period.
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Tabel 2. Detection frequency of microorganisms associated
with rhizome rot of gingers collected from underground
storage caves in Seosan, Choongnam province

Table 4. Taxonomic grouping of 154 isolates of Pythium spp
obtained from seed-rhizomes of ginger sampled from three
underground storage caves at Seosan, Choongnam province

Detection frequency (%)

Microorganisms
Type Y Type B Type L Type W Others

Pythium 2.2 4.8 101.9 28.0 28.0
Fusarium 2.2 494 64.7 11.1 325
Bacteria 100 62.7 14.7 26.3 26.3
Nematode 82.6 56.6 2.9 1.3 1.3
Absida 0 1.2 0 0 0
Verticillium 0 24 0 0 0
Phaesilomyces 0 1.2 0 0 0
Arthrobotrys 0 1.2 0 0 0
Humicola 0 0 1.2 0 0
Acremonium 0 0 0 0 1.3
Dorotomyces 2.2 0 0 4.4 0
Alternaria 0 0 0 0 1.3
Unknown fungi 0 0 0 22 0
None 0 0 14.7 21.3 21.3

Total no. sam-
ples examined

BN
(=2

83 34 45 80

Table 3. Detection frequency of Pythium spp from healthy
or rotten seed-rhizomes of ginger collected from three un-
derground storage caves at Seosan, Choongnam province

Detection frequency (%)

Healthy rthizomes Rotten rhizomes

Origin
Epidermic Inner Rotten Inner
surface tissues area tissues
Cave I 75.0 33.3 61.1 66.7
Cave I 50.0 0 46.7 30.0
Cave III 38.5 0 16.7 20.0
Average 54.5 111 41.5 389

*A total of 12~13 seed-rhizomes were sampled for healthy
rhizomes and 18~30 seed-rhizomes for rotten rhizomes.
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obtained spinosum® ultimum myriotylum

Undisinfected healthy 37 12 25 0
rhizomes

Disinfected healthy 39 29 10 0
rhizomes®

Rotten rhizomes 78 34 44 0

Total 154 75 79 0

*Seed-rhizomes were disinfected by soaking in benlate-t 200X
suspension for 4 hr.
"Presence of spines on oogonial wall.

Table 5. Comparison of temperature response in terms of
mycelial growth rate between P. myriotylum, the pathogen of
ginger rhizome rot and Pythium spp isolated from seed-
rhizomes collected from underground storage caves at Seosan,
Choongnam province

. Average colony radius
No. isolates

Species (mm/24 hr) on PDA
tested 5 5
25°C 30°C
P. myriotylum 5 20.2(14~23y  30.8(24~35)
Pythium spp® 29 15.6( 2~23)  2.7(0~8)

*Values in the parenthesis indicate the range.
* Pythium spinosum (19 isolates) and P. ultimum (10 isolates).
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Table 6. Detection frequency of Pythium isolates from heal-
thy seed-rhizomes of ginger collected from three underground
storage caves at Seosan, Choongnam province

Portion of rhizomes Detection frequency (%)

examined Before disinfection® After disinfection®

Inner tissue 179 11.1
Wound 10.3 10.9
Wave-like epidermis 25.6 2.6
Smooth epidermis 10.3 4.2
Stem-emerged area 20.5 13.7
Crooked area 179 13.7
Dormant bud 25.6 109
Root 25 0

Average 16.3 8.4

*Seed-rhizome disinfection was done by soaking the rhizomes
in benlate-t 200X suspension for 4 hr. A total of 37 rhizomes
were sampled for each portion.

"A total of 39 rhizomes were sampled for each portion.
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Fig. 2. Detection frequency (%) of Pythium isolates from inn-
er tissues of discolored seed-rhizomes as influenced by the
distance from epidermic surface of the rhizome.

Table 7. Pathogenicity of Pythium isolates obtained from
seed-thizomes of gingers when inoculated after wounding
and preserved at two different temperatures

. . % rotten area/rhizome
Pythium isolates’

15°C 30°C Rot type
PS-1 0 0
PS-2 2 15 Water-soaked rot
PS-5 0 0
PS-6 5 =’ Water-soaked rot
PS-7 0 0
PS-9 5 80 Water-soaked rot
PS-13 0 90 Water-soaked rot
PS-14 0 0
PS-15 0 30 Water-soaked rot
PS-16 0 70 Water-soaked rot
PS-19 0 -
PS-20 0 70 Water-soaked rot
PS-21 0 0
PS-22 0 -
PS-23 30 90 Water-soaked rot
PU-27 0 100 Water-soaked rot
PU-28 0 20 Water-soaked rot
PU-30 0 0
PU-31 0 0
PU-33 0 80 Water-soaked rot
PU-49 0 15 Water-soaked rot
PU-58 0 100 Water-soaked rot
PU-59 0 90 Water-soaked rot
PU-61 - 10 Water-soaked rot
PU-65 0 30 Water-soaked rot
PU-70 0 5 Water-soaked rot
PU-76 0 0
PU-79 8 5 Water-soaked rot

*PS : Pythium spinosum, PU : Pythium ultimum.
"Not tested.
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Table 8. Pathogenicity of various fungal and bacterial iso-
lates other than Pythium spp from seed-rhizomes of gingers
when inoculated after wounding and preserved at three dif-
ferent temperatures

% rotten area/

Isolates® rhizome Rot type
15°C 20°C 30°C
F. solani SD-2 3 1 45 Reddish to brown rot
F. solani S-7 5 0 70 Brown rot
F. solani S-8 3 3 15 Red ring rot
F. solani SD-17 10 1 3 Brown rot
F. solani SD-20 0 1 2 Localized brown
discoloration
F. solani SD-8 1 10 25 Red discoloration
F. moniliforme SD-1 0 0 0 -
F. moniliforme S-5 0 5 0 Brown discoloration
F. moniliforme S-6 5 3 10 White discoloration
Dorotomyces sp S-10 1 3 0 Localized black
Absida sp S-11 0 0 0  discoloration
Acremonium sp S-1 0 0 15 Black discoloration
A. alternata S-2 5 0 3 White discoloration
E. carotovora E-1 0 15 95 Soft rot
E. carotovora E-2 3 3 80 Soft rot
E. carotovora E-3 1 1 40 Soft rot
Ps. aeruginosa P-1 3 3 90 Brown rot, soft rot
Ps. aeruginosa P-2 0 5 5 Soft rot
Ps. aeruginosa P-3 3 1 5 Brown discoloration

*F. : Fusarium, A. : Alternaria, E. : Erwinia. Ps. : Pseudomonas.
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