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Table f. Sources of P. fuscovaginae isolates

Diseased materials Number of Locality Rice caltivar Date of
isolates isolation
Flag leafsheath 1 Asahikawa Norin-33 1968, 7
5 s Sohomochi 1976, 8
9 2 Ishikari s
10 Shibetu 4 ”
5 Kuroishi 1976, 9
6 Nishikawa 2
Seedling 6 Asahikawa Ishikari 1976, 6
7 Takasu ’ ’
17 Furano 1976, 7
16 Otofuke Ishikari 1976, 6
Seed 1 Asahikawa Ishikari 1976, 5
3 s Yukara v
3 s Eikou 7
3 2 Sasahonami : 7
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Table 2. Classification of the bacterial isolates according to their sensitivity to the phages.

Lysotype Reaction to phage strains Number of bacterial isolates
FP1 FP2 FP3 under each lysotype
A + - — 42 (seedling-10, flag leafsheath-32)
B - + — 24 (seedling-24)
C — — + 9 (seed-9)
D - - - 17 (seed-1, flag leafsheath-4, seedling-12)
Total 92
10°f
Table 3. Locality in distribution of
P. fuscovaginae strains. ol el Lt gl
Locality Lysotype Total Eﬂ ' I," !
A B C D '?m P
Asshikawa 14 4 9 4 31 3 XS
Shibetu 0 0 0 0 10 3 wr S
Furano 9 3 0 5 17 E R
Otofuke o 11 0 5 16 i / of §
Takasu 1 6 0 0 p /’o f .//
Kuroish; 2 0 0 3 wu//xoy//' ¢
Nishikawa 6 0 0 0 bacteria

Figures show the number of isolates
under each lysotype
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Fig 1 Growth of P. fuscovaginae (isolate 7601)
and its phage (P 1)
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Table 4. Phage propagation in the open system with the different population of the saprophytes

and P. fuscovaginae.

Number of Time in Initial cell number of P. fuscovaginae/ml Phage
saprophytes hour 0.7 7.0 7.0X10 7.0X10* 7.0X10® 7.0X10* 7.0X10° control
0 (ml) 0 5.3X10* 5.5X10* 9.0X10* 8.0X10* 6.9X10* 8.2X10* 6.9X10* 6.9X10?
24 2.1X10* 1.5X10" 6.0X10* 4.0X10* 1.3X10° 1.8X10* 4.2X10* 6.9X10°
6.8 X10 0 6.9X10* 4.7X10* 9.1X10* 6.6X10* 6.8X10* 7.2X10* 6.2X10*
24 4.0X10* 7.0Xx10° 1.0X10° 1.2X10° 2.8X10° 2.0X10° 1.1x10°
6.8Xx10?* 0 5.3x10* 6.5%X10* 5.6X10? 6.9X10* 5.5X10* 7.3X10* 6.3x10*
24 4,7%10* 6.0x10° 1.7Xx10" 1.1Xx10° 1.7X10° 2.7X10° 2.9x10°
6.8X10°* 0 3.6Xx10* 7.4Xx10* 7.3X10* 7.9X10* 5.2X10* 8.0X10* 7.8x10*
24 5.2X%10? 8.1X10* 2.5x10° 7.3x10" 3.3X10° 3.8X10® 5.3x10°
6.8 X10° 0 4.7X10* 6.9%X10* 9.8X10* 3.5X10* 3.3X10* 6.1X10* 6.5%X10°

24 1.8X10* 8.0X10* 2.7X10°

2.6X 107 8.4%107 3.6X10* 3.9%X10°
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Table 5. Overwintering of P fuscovaginae in infected rice plants kept indoor (1977).

Date of Materials. Time in  Plaque forming
isolation hour units /ml
June 17 Infected grains 0 2.5 X 10}
24 8.9 X 107
June 17 Infected grains heated at 115°C-3 min 0 3.7 X 10*
24 2.0 X 10*
June 17 Healthy grains 0 2.2 x10*
24 1.0 x 10*
June 25 Infected leafsheathes 0 1.5 X 10*
24 1.0 x 10°
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Table 6-1. Detection P. fuscovaginae from healthy seedlings immersion inoculated at seeds.

Temperature Time in Plaque forming unitng units/ml Diseased
) hour 6 11 16 (days) plant (%)
12 0 5.4X10* 0 X10 1.2X10°? 0
24 1.4X10* 1.3x10* 2.2X10°
20 0 3.6X10* 0 X10 8 X10 0
24 2.3X10° 1.6x10® 6.5X10*
25 0 4.3x10* 5 X10 6 X10 0
24 3.0x10* 2.1x10° 1.2X10°
28 0 6.0x10* 3.1x10* 1.9Xx10* 0
24 1.2x10* 5.7x10* 7.0X10?

Table 6-2. Detection of P. fuscovaginae from healthy rice plants spray
inoculated at 5 leaves age.

Days after Time in Plaque forming units /ml Diseased
inoculation hour ULB LLB ULS LLS* plant (%)
0 0 6 XI10 1.7X10°* 1.1X10°* 8 X10 0
24 3.1X10°* 1.4 X10* 4.1X10°? 5.0X10°

3 0 4 XI10 4 XI10 1.0X10? 3 X10 . 0
24 1.9x10* 2.0X10? 1.9X%10? 1.5X10?

7. 0 1.2x10° 9.7X10? 1.1x10° 8.0%x10* 0
24 1.1x10° 1.2Xx10° 1.0Xx10° 7.2x10?

18 0 1 Xx10 2 X10 3 XI10 0 Xx10 0
24 4 X10 3.0X10? 1 X10 3 x10

72 0 5.2X10* 6.6X10° 7.9%10° 7.0x10° 10
24 4.7 x10? 1.7X10°? 4.9%x10* 2.7x10*

77 0 2.1x10? 1.7X10°? 8 X10 8 X10 15
24 1.5X10 1.1X10? 3.0x10* 1.7X10?

% ULB: Upper leafblade, LLB: Lower leafblade
ULS: Upper leafsheath, LLS: Lower leafsheath

Table 6-3. Detection of P fuscovaginae from healthy rice plants spray
inoculated at 7 leaves age.

Days after Time in Plaque forming units /ml Diseased
inoculation hour ULB LLB ULS LLS plant (%)
2 0 6 X10 4 X10 2 X10 7 X10* 0
24 7.3X10°* N X10* 2.1X10° 1.0X10*
6 0 1.3 X10? 1.3X10? 1.3X10°? 1.3X10? 0
24 N Xx10* 1.4 X10? 3.1Xx10? N X10*
21 0 3.0x10? 2.2X10? 3.2x10°? 5.3X10? 0
24 4.4 X10* 8.4Xx10°* 6.7%10? 7.8X10?
34 0 2.1x10° 2.1x10° 1.1x10° 1.9X10? 0
24 2.0x10° 2.5x10° 1.7x10° 6.2X%10*
45 0 6.0Xx10? 6.6x10° 6.4x10°? 5.5X10? 0
24 6.5X10°* 3.9X10°* 1.4X10°? 4 X10
50 0 1.2x10? 1.5X10°? 1.0X10? 5 X10 0
24 2.3x10? 2.2X10°? 8 X10 2.2X10?

*  N: Numerous, confluent plaques
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Table 6-4. Detection of P. fuscovaginae from healthy rice plants spray inoculated at meiosis stage.

Days after Time in Plaque forming units /ml Diseased
inoculation hour Leafblade Leafsheath plant (%)
2 0 2 X10 0 X10 0
24 2.0X10’ 2.0X10°7

7 0 1.2Xx10°? 1.3X10? 0
24 1.3x10° 7.1X107

12 0 8 Xx10 8 X10 2
24 5.0%10° 1.3X10*

16 0 6.9x10*  4.0X10°* 5
24 3.5x10* 1.2 x10°
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7THUURECORM 7 7 - VHIxgmML 2 » - 7%
2, TH22RBIZ 25 THhO1EM L 2, THEi#H2315 ],
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Table 7. Detection of P. fuscovaginae from healthy rice plants in paddy field (1977).

Date Time in Plaque forming units /ml
hour 1 2 3 4 ‘5'
6.20 0 8 X10 8 X10 6 X10 1.0X10? 3 X10
24 0 X10 0 X10 0 X10 0 X10 0 X10
6.25 0 2.2X10° 1.2X10° 2.2X10° 1.9X10® 1.4X10°
24 1.9x10° 1.8X10° 2.0 X10° 1.3X10°* 1.3X10*
7.4 0 9 X10 3.4 X10* 1.7 X10°? 1.5x10? 1.5X10?
24 1.2X10°* 2.7 X10? 2.1 X102 1.6 X10°* 2.1X10°
7.14 0 9.4%10? — 1.0 X10° 8.7x10* 7.1X10°?
24 9 XI10 — 7 XI10 1.3 x10°* 4 X10
7.22 0 0 X10 0 XI10 0 XI10 1 XI10 5 X10
24 4.0X10° 0 X10 1 X10 4.9X10? 0 X10
7.28 0 — 1.6 X 10°* 9 XI10 1.1 X10* 2.3X10*
24 - 2 XI10 0 XI10 3 XI10 0 X10
8.1 0 8 X10 1 X10 3 X10 4 X10 7 XI10
24 1.1X10° 2.0X10* 5.6 X10* 1.1 x10° 1.8 xX10°
Diseased
plant ( %) 1.0 1.0 1.0 3.0 4.0
* 1: Ishikari transplanted at May 19
2 : Hokkai 231 transplanted at May 19
3 : Sohomochi transplanted at May 19
4 : Diseased Ishikari transplanted at June 16
5 : Healthy Ishikari transplanted at June 16
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Table 8-1. Detection of P. fuscovaginae from weeds grown in balk, footpath and paddy field (1977).

Weed Time in Plaque forming units /ml
hour 6.20 6. 25 7.4 7.14 7.22 7.28 8.1
Nukabo in footpath 0 1.1X10* 1.3Xx10° 2.4x10* 6.8X10* 1 X10 5.8X10* 1.1X10*
24 0 X10* 0 X10 1.4X10* 2 X10 O X10 4.5X10* 0 X10
Kentucky bluegrass 0 — 1.5%x10* 1.5%10* 5.8Xx10* 6 X10 3.4X10* 5 X10
in footpath 24 — 0 X10 7 X10 1 X10* 1 X10 1.4X10* 0 XI10
Nukabo in balk 0 — 1.5X10* 1.8X10* 7.6X10* — 9.5X10* 9 X10
24 - 2.2X10°* 0 X10 5 X10 — 1 X10 0 X10
Kentucky bluegrass 0 — 1.5X10* 2.0X10* 8.4X10* 4 X10 7.5X10* 7 X10
in balk 24 — 4 X10° 7.1x10* 1.2X10* 4.7X10* 1 X10 0O X10
Rice cutgrass in balk 0 6 X10 1.5X10° 2.0x10* 7.9%X10* 2 X10 1.7X10* 4 X10
24 0 X10 1.8X10* 3.3x10* 2 X110 1 X10 0 X10 O X10
Rice cutgrass 0 7 X10 1.3X10* 1.0X10* 1.1x10* — — 8 XI10
in paddy field 24 0 X10 5.0x10° 1.2X10* 7 Xx10 — — 0 Xx10
Table 8-2. Detection of P. fuscovaginae from hulls, soils and weeds (1977).
Materials Time in PFU(ml) Materials Time in  PFU (ml)
hour hour
Paddy field soil—1 0 3.0%X10* Kentucky bluegrass 0 1.8X%10°*
24 9.6X10° in footpath—1 24 8.5X10*
Paddy field soil—2 0 1.2Xx10° 4 —2 0 1.3X10°*
24 6 X10 24 0 X10
Nukabo in footpath— 1 0 1.2X10* Kentucky bluegrass 0 7 X10
24 0 X10 in balk 24 6.5X10°
” —2 0 6.8X10* Rice cutgrass 0 4 XI10
24 6.0X10° in footpath 24 0 X10
” —3 0 3.0X10* Orchard grass 0 2.0X10*
24 9.6 X10°* in balk 24 0 XI10
7 —4 0 8 XI10 Tall fescue 0 8.3X10?
24 0 X10 in balk 24 2.7 X102
” -5 0 1.1 X10* Annual bluegrass 0 3 X10
24 1 X10 in balk 24 0 X10
Nukabo in balk — 1 0 6 X10 Hull in paddy field 0 3 XI10
24 1.2X10° 24 8 x10
” -2 0 8 X10
24 3.9X10*
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Ecological Study of Pseudomonas fuscovaginae,
the Causal Bacterium of Sheath Brown Rot
of Rice, by the Phage Method

Kuniyuki MIYAJIMA

Summary

The bacterial isolates, the pathogen of sheath brown rot of rice, collected from various localities of
northern Japan were divided into four lysotypes based on sensitivity to three strains of phage.

The phage-bacteria interaction in the closed and open system were conducted. In the closed system,
the phage population increased only when the bacterial population reached the level of 10%/ml. The
increase of the phage FPI in the open system with a different population of saprophytes.and the host
bacterium was observed. After 24 hour incubation, the increase of phage occurred in the PB medium
consisting of the initial bacteria at 10/ml mixed with the saprophytes at 10%/ml.

This phage method was conducted to detect P. fuscovaginae in rice and weeds. When seed and rice
plants at tillering and meiosis stage were inoculated with bacterial suspension (10¢~%/ml), the bacterium
was detected from healthy plants after 16, 77 and 16 days of inoculation, respectively, and subsequent
outbreaks of the disease appeared during the booting to flowering periods. In the paddy fields, the bac-
terium was also detected from healthy plants before the outbreak of the disease. P. fuscovaginae could
overwinter in infected rice plant kept indoor. P. fuscovaginae was detected from Nukabo(Agrostis cla-
vata var. nukabo OHWI)and Kentucky bluegrass (Poa pratensis L.)grown on the field banks and foot path,
and from paddy field soil.

The phage method was effective to detect low populations of P, fuscovaginae mixed with high popu-
lations of saprophytes, whereas the phages were strain specific, it failed to detect the bacterium other

than those sensitive to the phages.

*Hokkaido Prefectural Kitami Agricultural Experiment Station Kunneppu, Hokkaido, 099-14, Japan.





