B CHEFEKEHE  (Erwinia carotovora subsp. -

IWERERE (BYF) #12% $25 1167173 FHTHE1RA
Bull. Yamagata Univ., Agr. Sci, 12(2) : 167-173. Jan. 1995

N H A OYIEIRIRHES L OREHIEIZBIT 5
JWIEME D7 7 — YRI5

BB OBRY -k B FRY - R g
* TGRS B A R R A 27
(PH:6 459 B 1 HZH)

Distribution of Phage-Types of the Soft Rot Bacteria in the Diseased
Tissues and the Rhizosphere Soils of Chinese Cabbage

Jiro ToGAsHI®, Yasuko SHMizuI*" and Tsuneo Namar®

*Section of Bioprocess Engineering, Faculty of Agriculture,

Yamagata University, Tsuruoka 997, Japan
(Received September 1, 1994)

Summary

According to the sensitivity of the soft rot bacteria isolated from the diseased tissues and the rhi-
zosphere soils of Chinese cabbages to the phage strains from the same materials, distribution of
phage-types of the organisms was investigated in the field of our University Farm. Chinese cabbages
(cv.Matsushima kohai Shin No.6) were seeded on May 7, 1992. The soft rot bacteria and their phages
were tried to isolate. One hundred and seventy five isolates of the organism,which were consisted of
101 isolates from 23 diseased tissues and 74 isolates from 26 rhizosphere soils, were collected.
Furthermore, 18 phage strains displaying strain-specific and distinct host range activity were
collected, of which 6 phages (a-f) were isolated from the diseased and 12 phages (g-r) were isolated
from the rhizosphere soils. Of 175 isolates of the organisms, 108 isolates (61.7%) were sensitive to at
least one of the 18 phages and were classified into 41 phage-types named tentatively as No.1-No.41.
However the 67 isolates (38.3%) were tolerant to the phages and the isolates belonging to the group
were designated as phage-type No.42. It was frequently observed that the different phage-types ex-
isted in the diseased tissue or in the rhizosphere soil and the phage-types in the diseased tissues were
different from those in the rhizosphere soils in some plants. As distribution of the phage-types of the
soft rot bacteria was considerably complicated even in 30 diseased plants within a certain lot, it was
difficult to find a definite rule. The diversity of distribution of the phage-types was discussed from the
point of epidemiological view.
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Fig. 1. Plaques formed by soft rot bacterial phage(1l)and plaque around of
sterilized filter paper dipped in the suspension of the phage (2) on nut-
rient agar seeded with 10%cfu/ml of bacterial isolates sensitive to the
phage. The bacterial isolates were phage-typed by the plaques as ills-
trated in Tab. 3.
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Diseased tissue Rhizosphere soil

Fig. 2. Distribution of the plants from which the phages
were isolated.

Table 2. Reaction
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Table 1. Source and plaque morphology of soft rot bacterial
phage strains used in the present study.

Phage S Date Plaque
strains collected morphology

a Diseased tissue  '92.7. 2 2.29 TV Ci®
b ” 7.7 1.5 T Ci
¢ z ” <0.5 T P?
d 7 7.20 1.0 T Ci
e z 7.27 0.8 T Ci
f 4 7.31 <0.5 T P
g Rhizosphere soil 7.2 1.5 CI9 Ci
h 7 . 7.7 1.8 T Ci
i 7 4 <0.5 T P
i ” 7.14 0.7 €l G
k ” 4 1.1 Cl Ci
1 Z Z
m z 7.20 <0.5 T P
n 4 7.27 <0.5 T P
0 2 7.31 1.6 €l Ci
p 4 7 0.9 T . Ci
q 2 ” 1.7 Cl Ci
r z 7

a) Diameter (mm) based on average of 10 plaques

b) Turbid

C) Clear

d) Circular

€) Pinhole

of indicator isolates to phage strains used in the present study?.

Indicator Phage strgins“

a b ¢ d e f g h i J k I mmn o P QqQ r
A R e
B + o+ - -+ -+ + - = = = =+ =+ =
C e I T T T
D e I T T SRR
E o+ - -+ -+ 4+ - - = = = 4+ 4+ o+ o+
F e S S
G + + - =+ =+ + - = = = =+ 4+ - + -
H + o+ - -+ -+ + - - = = - 4+ =+ =
I i A i — e —
J e e
K = o 2 RS B s e ' i e e == e e
L I B B T T O O
M I R R R T R —
N e e S S
0 + o+ - =+ =+ + + = = = =+ 4+ + + -
P T R e T e
Q R T S S e T
R - -+ - - - - -+ - = = = = = = -

a) + :Plaque formation, — : No reaction.

b) a-f were isolated from

rotted tissues and g-r were from rhizosphere soils
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Table 3. Classification of the soft rot bacterial isolates into phage-types according to their

sensitivity to 18 phage strains?.

Phage strains
h i J k

No. of bacterial isolates
belonging te each phage type
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a) + : Plaque formation, — : No reaction

L7z. L2 L, 2ORIRIZEE (circular) THIBE (clear)
Db DD 5HIEE (turbid) TY ¥ F—VIRD b D F THEX
Thotz. MRBEDOKETI §, j, 1 DERFKITFN
ZFNORBEICDOAKIG LS, F0OMORMTIIBE
SEMPIL L, ¥l n, h R EDORKEITEFENFRLIBLIY
8 DR DIERHE & FUG L 72 (Table 2).

2. DEEEHD T 7 — SBADET

N7 A —ERB 7 AR, RETEL D SEKEED
CIRERE AL Lo L, WESEADETE R
ol EL TORMERO LR VEKD Do 2D
T, SHES NEBRIZSOEERD N7 A4 D9 B 23EED
ALARIRBE 2> © 101 AR, 26MEEDOARE L85 & T4 RO
BAERNTSERRE oz, THODEKREISRKED 7 7 —
VEDKIEE Table 3 1R L7z, MR LAEHKD I B
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108F % (61.7%) 77— owTFhhrtnL, K
8y — v OERIZLIVAND T 7 — VENER S R
FOHFTIE 77— VHEH2ICBTAHMKSED S (238
B, 77— VHEI6DI6EMI T IRWE, SHISH L
T77—V8A 6 THRECEBTIOEENEN 1 B
DR THoTz. B, WFLoT77 =Y RELiw
77— VMEEERIS6TERE (38.3%) Tholz. TO
77— VMHEERD 7V — 72 MA1TERIZ42 T 7 —
VERNCER s .

T/, RELOSTHESNT 6 RFKEDT 77— L101H
ROREE O KIC TH46E K (45.5%) »RIGL, 8
7y = VRN S s, s, BETE, OB
BECIZZ028FM%k (37.8%) »RInL, 577 —YVEIC
FRlans. ARCRBELE,SOLRRKO 7 7 — VI
U THRBED S 508 L 72101 HARIZ56.4% 12472 557H
BRI LT, 167 7 —VENC, BELEEL L OTARK
1455.4% 2 7 BAIEMRDS UL L2477 7 — VRNHAR &
ﬂf: (Table 4).

3. mH S L VIRBLIBICS I 23HERED 77—

Bos%Hh

HIETHL P ICEN/427 7 — VEIOBIEHE ORI
BIVRBLECBTL9H% Fig. 312Dk M
HomEs L BB LBICBI ABEHRED 7 7 — VR
NZHFALOFRIZE > TR Y, F—RELHEELTEIC
Bed 77— VHOMBREFRABICHFELTVS T
&, F—fEAETHHEBHRE EBBALECHEREO
Ty —=VRBELRLIENDHLIEREIIRENT.

v % =

INFTTEHLOMYHEMBETT 7 —VPHFET S Z
EFFLN T A, ZOEEMMITHREMEORICL -
TERY, CIDPALWHE Pseudomonas syringae pv.
em’obotrya” 27 JHEEMBETRE Pseudomonas syringae pv.
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mori® D7 7 =YD XY MOBOMHEIC L RKIET 5 b
Db F AR EMIBE Ps. solanacearum® O F D
L) AR OEHEDRKD &I LAKIG L % v Rk
BEEOLDFITEETH L. N TRESNHKE
WE7 7 —YROPRL BHEEETH S, 7y —
DT ARSI L o T 207 7 — VRN &
ni. Lal, 77—VoOEEEEREISEHRICL T
LELY, —MRIzHEHRED D OIIHBFERARDOZF N
X0 LBEFEAITL (polyvirulent) & SN T3,
SHGEL-BRERE 7 7 — VR FORREICOAK
BTAL0R, TERRONRLIEZFENLHIIZE~9R
MOBTRHEEILT b0 R 5N, L L, TR
KOLOPLT L SBEHMBLIL VL IZES ViR E
Holn, INSEOT 7 — VI L ORESCRELE,S
187-#960% OYERE TG L, Rt /85— DER|
SUNARARLE QA S 5=V | F-F (WAl
5B B HEYIRE S 05 e EEED 7 7 —
VRMICIoTRLRABZI LR, HUrFUrVIIFEE
Xanthomonas campestris pv. citri® , NI HEBEIEE Ps.
syringae pv. tabaci'® 7 ¥ OIRBEE THE SN T3,
AENFIFHO—RENO30EERD N7 A 12DV THE
L7785, F—oRBECBREIEICEFNENELRL T 7 —
VRIOWFEREPREELTWAZ L, A—0RETHH
R RETRECTHREREO 7 7 - VRISER L L
HHERR SN, DTN TH A 30EHKE ) B R E O H
THHERED 7 7 — VRIIEREL S/ e R, —ED
HAMEE BRW729 2 L IZHEETH o7, Table 3 IZ/RL
AN 7O g C A VAT AV N SR b 1]
1~15D L HICHEBHEL DT 7 —VICKIBT 5 7V —
FeEd e Lliewvy, KL Th 1~ 3 O/NEDRM
RSB 77— U816, 19,20, 40% EDF V— T
S 7A, Ia b, Nd7Z% EOBEGEOKRHE, e,
Md % EOBEOBELE IR~ V—TD 77—

Table 4. Reaction of phage strains from diseased tissue and rhizosphere soil to bacterial
isolates from diseased tissue and rhizosphere soil.

Phage strains Bacterial isolates
No. of W, i No. 'o‘f isolates No. of'p'hage*types No. of isolates
Source . Source . sensitive to of sensitive tolerant to
strains isolates .
phages isolates phages
Diseased tissue 6 Diseased tissue 101 46(45.5%) 8 55(54.5%)
Rhizosphere soil 74 28(37.8%) 5 46(62.2%)
Rhizosphere soil 12 Diseased tissue 101 57(56.4%) 16 44 (43.5%)
3 Rhizosphere soil 74 41(55.4%) 24 33(44.5%)
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12(1p, 2(3),13(1) 42(5) 36(1),42(2) 42(1)
2(2),15(1) 37(1) 16(1),28(1) 27(1)
19(1),38(1)

Ia ITa Ma Va Va Vla
2(5) 16(2),27(1),29(2) | 31(1),33(1),42(3) 8(1),42(4) 16(3),42(2)
2(2),12(1),20(1) | 16(1),28(1),30(1) 34(1) 2(1),42(1) 42(4) 16(1)
Ib Ih b Vb Vb VIb
2(1), 3(1)
31(2),35(1),42(2) 41(1),42(4) 9(1),13(2) 5(3), 6(1), 7(1)
42(5) 20(1),39(1),40(1) 18(1),42(2) 3(1) 16(1),31(1)
32(1),42(1)
Ic e Ic Vic Ve Vic
2(1), 3(1)
18(1),19(1),20(1) 42(1) 2(2), 3(2),42(1) 9(1),10(1),11(1) 24(1),42(3)
21(1),42(2) 42(3) 11), 2(1) 4201) 25(1), 26(1)
3(2), 9(1)
1d Id md Vd Vd Vid
16(5) 31(3),42(1) 1(2), 2(3) 16(1),17(1),42(3) 42(5)
28(1),42(2) 16(1),42(3) 1(1), 2(2) 42(1) 42(4) 22(1),23(1),42(1)
3(1), 4(1)
Ie Ie Me Ve Ve Ve

Fig. 3. Distribution of the phage-types of the soft rot bacteria in diseased tissues and rhizosphere

soils of Chinese cabbage.
a . Phage-type

BPGH L THE I EDPRENT L2, B bV —
TOT 7 —VBEPBELTCWABIO RSN T2, IR
HEBETIBICFA V=T D7 7 = VEIPHAL T
AMEMR (e, Me, Nehi &) dALNLD, &R
AEM (b, Vaz&) bbb, Zv—TRHO5HT
b—EDREREEL LR TH o7, 77— VRI22,
29, 32, 4D ELHIL~6RRKD 77—V ERIT LY
W=FIZOWTHFERTH - 72,

TIBICAER L T 2 BRBERMAEIE N7 ¥ 1 ORE T
FEL 228 HIEREIC RE L, AEFHEROBO» LR A,
B 2 LHEB IR TWE, 20X 2, HE~BET
VEGE L 7= B OSRRGR & % A & TSR T ER O AR ~
RE & W FEOMBREORERIEIFE—0 7 7 — VEIC
BTAZLIl%b3TTHD, L LIS, HEHE

b : Number of the isolates
Upper row . Diseased tissue, Under row :

Rhizosphere soil

HTHROMETRERD 7 7 — VEIPEL 2BH% L A
b, TRHDZ EhLHREHRERETCH Iy i 4
& 2 MR B Erwinia carotovora subsp. atroseptica4‘11) D X
) CRBERY 2, BB~ OMAOERICL > TR
£T B IT UMK o TEREUEGMEM ISRV EFIE
¥ L (air-borne spread), fEMIICHE T L THRAT O &
BIFTP e BHECEETE I o TR AT REE
WEZOND. N7 FAIZGTHRLER O WERRE
PREENEVZEB IO EERRLTVALIIC
Bbhz.

WYWENTA VT T4 75 RAD ERIFE Pseudo-
monas syringae pv. atropurpurea O R EEE T IXE K
MaEBITT2Y. BERETL HE N7 F AT
7= VHEREYIET 2 EERT B SEHRE B
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