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Fig.1 Symptoms on the natural growing fruiting bodies of Lentunula edodes cultivated with bed
logs in Oita prefecture.

a. Natural symptoms of pileus and stipe on the fruiting bodies of L.edodes in Kituki city at 1994.
b. Natural symptoms of gill on the fruiting bodies of L.edodes in Kituki city at 1994.

c. Brwon rot symptoms on the old fruiting bodies of L.edodes in Bungo-ohno city at 1999.

b. Brwon rot symptoms on the young fruiting bodies of L.edodes in Saiki city at 1999.
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Table 1. Results of occurrence research for brown rot disease on Lentinula edodes in Oita prefecture ar 1999.

Vear of Degree of severity (%)
Location Fruiting yard Strain
bed logs1J E o - —
Honjo Saiki city Natural Meiji 908 2 438 248 223 9.1
Mie-machi Bungo-ohno city  Artificial Mori 290 1 203 288 373 136
Mie-machi Bungo-ohno city Natural Mori 121 2 60.7 247 123 23
Kusu-machi Kusu-gun Natural Kinko 115 1.2 20 26 37.7 387

1) The year of bed logs at fruiting yard.

2) The percentage of fiviting bodies of L. edodes exhibiting brown rot symptoms. Degree of brown rotting
symptoms on fiuiting bodies of L. edodes. +++:severe with rot, ++:medium, +:slight, -: no browning
Rate (%) = (Number of bed logs on fiuiting bodies of L. edodes exhibiting symptoms / number of bed logs on

flashing fruiting bodies) = 100)
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Fig.2 Fruiting yards of Lentunula edodes cultivated with bed logs in Oita prefecture.
a. Natural fruiting yards of severe brown rot symptoms on the fruiting bodies of L.edodes in Saiki
city at 1999.

b. Natural fruiting yards of slight brown rot symptoms on the fruiting bodies of L.edodes in Kusu
machi at 2013.
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Fig. 3 Distribution of brown rot symptoms on the fruiting bodies of
Lentinula edodes in Oita prefecture.

Table 2. Results of occurrence research for brown rot disease on Lenrinuda edodes in Oita prefecture.

Fruiting yard Degree of severity (%)"
Research year
Natural Artificial ~ Green house +H + +
1994-1996 4 2 2
1999 3 1 3 1
2000 10 4 3 3 4 10
2003 2 2
2011 2 2
2013-2014 2 1 2
Total 23 6 3 8 12 12

1) Degree of brown rotting symptoms on fiuiting bodies of L. edodes.

+++isevere, ++medium, +:slight
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P REESORENFERIZHF I TV (Fig.de),

Fig.4 Symptoms appeared on the natural growing fruiting bodies of Pleurotus eryngii cultivated
in Oita prefecture at 1997.

a. White mould (arrow) appeared on the old fruiting bodies of P. eryngii in Oita city.
b. Severe symptoms appeared on the old fruiting bodies of P. eryngii in Kituki city.
c. Severe symptoms appeared on the young fruiting bodies of P. eryngii in Kituki city.

19



1998 4 1 HIZAT o 7o AF8E T LA D FE AT A TIX, £ 39%D3Es B o THALE RUE
ROFAEDRHER I, RERBNERIZ/R > TWe, LaL, =V » FRALEBUER
DRAEVERINTZATENICEBWT, HEEHETO TS v A VICRRITED o
7o RIS, ROHEEBTIZE 72 7R3 F—iE& TS nzn, e 7271k
WiTfER S h o7,

H2H B

KOyWTIX 1995 AFEH D = U U T RENHRBRN TN D L 2o 72, £F
H O T ERICAGRE RN EEL, BB 2EROBEF BRI FELNTZOT
2 T5 T D FEE TR AR A & FEf L7z,

ROTEEBATIIE 22 7O U BEEMTONATELER, FEOWMA I S Hiflio
R B L OB DD HRVRIOF T, =V U FREERFAT DL o7,

FZHATERUEMAEMNTE VB ZRAAL L, = UFIEBENRALCOELS R
D, RS TREBET Lz, BREBIOEHLIEELE 74 7 LRk FIET
TV, BH= ) X FEERITIERICEE SNz, LrL, e7 %7 ERICAFTENT
BB AR BT & RBATORA T EEPNAAORREICELNIERN RSN D X
NS, FOIERIZR A IR Lc, ZOAEEMO b T & 7 3R I N E VR,
BERARDLUATN S B2 > Tz, JRIRIFERER S KO ET O v NEE~D
SRIREDIRBATH -7z, LL, AUBEETIIRERE T X FEERTERINT
BY, =V UFTHRONTCEIGEBUER TR S o7,

FRPETILEFE CIIEICT TV ATEZEEL TWEN, SBREE LLERENLIAEND
FHOZOZ L LT UFIZERHL, 7T AT EFIT L TR 2 MG LTz, #hs
TERXT TV ADICHERL TITW, RICEFETHMEOREE L ZEHL T\, %
AERAERF ORI KR O HEEBE E i L CERT, T REERB L ORATERES AR

DSRECEDI, BILER L FEELZHEGED b, £, HEREOREZICK

20



EERPRON2NE PN BRLEND Z &b, B R VBRI B AR R o
T EBZEZbNT, BREZOFH LIMENT 8 =—A v — N, T 52
ERLSHFAEINTEY, MEEROZERIZZ2>TWD EHER ST, EEEIT, LA
I DREETOTF o AVFEREKIS, BERRENREEL TV Z 2RO TV
0, FORAEBEITIEN ST THELZH#E D o7, 1IEH ORE CTHRIGFERE D
WEARET LIS TN, AEL —HPET 2 2 LIIRFNBEERRE VD
EIT SN otz 5y A%OREMRE CTHEALBUER OF ANk L TRy, =
Uy XRIG W ET 55 M CTREZB0 L5 FHEIZRoT, Ids, ABEHA L 2 &
DFFEH T, BN R ZRITE<IThbh TWihoiz,

UEDZhs, =V XO#EZBME L 2 S0t T, 1EIEFE I EEK
DEERREICE DN DIERBB D b, FEBITHAERT 2 Z & BNk -
7o (ARG - Bail; 1998), AIERORAESLCILKNIL, =V U FAEOLENEZKD LT
HERMEEFERICRD ZENRHEINTZZ LG, FIKEOFRE R I OGO fiF

ATV, BIRAEORY AT 5 = & & BIICHIZE &2 Bih L7,

21



BIME JFARE YA F iR E LEBEBRRUER

1996-2014 “FI2 i T, ROGBNTIELE RN S RAE LT VA Z 7+ REDPBA =
TITEBAE L BT DIERZ MRS Lz, 2 OJEIRIE, Ps. fluorescens (2 L2 v A & 7
WAERROR (b - #% I, 1974) 3B KO8 Ps. tolaasii (2 &% v+ % 7 B (M
[l - fH, 1993 ; Tsuneda et al., 1995b) & JRMMAELLT 2 2 & HMEICEK T 5
JRE &R L7y, BB W CTHRE LI T2 2 L ERETH 7o, £ D70,

I A D[Rl E F L ONEIREE st D ERL 24T - 1,

Bl FEREODEEEFRE

B1HE MEDIHE

1. MEHB X Ok

1994 4 12 A XD 1996 4 11 AT T, Koy WRERERESEAERNT, #FEETH K H,
BHRREH RIS L =EIT O A X 73728 CHB SN EBIR T EZEI D
IR & Ay BE U 7o, 4y B RS HE Heart Infusion Agar (UL HIA, Difco #:8) %
Mnie, BERIE, 15% 7 V% I VBT U U AE Al 10%AF 5 I 027 2R

L (W5, 1991), —40°C CHASIRTE LT,

2. HER
RKDBEOEMTEHRE LA X FEENLDBELZEER, Wb b HIA
BHIcAf, MEOEEKZERT D ME N ESEANIC B S -, IMSZEE S liE 2
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Fig.5 Colony morphology of strain LE1001 on heart infusion
agar medium incubated at 28 °C for 48hr. Scale bars: 2.0 mm

B2EH SR ORIEME
1. MER XOHIE
1) HERUE BR
AUBRIZIE LE1001 Wbk (EAZRAREAZRAT 3 EERE) d & OV% LE1024 Bkk (FFEETT K

) LTz,

2) FRARTA 2T & T A B

LE1001 Hitkds LY LE1024 # FkkiZ, HIA i 28 °C, 48 WK L, @R E
BB R L OB E R (BIOLOG +H8Y) <9 10° cfu/ml IR L 7 1B ik & 1R L 7=,
WEEAREICRAL CTHORWERR 10D A X 7 $h+ 3k (5 FE: #4290, Fig.6a)
WK LC, mIREREK 30 ml 2 BECERMAEITEEEMB L, BELLIZER
(T 15-20 °C, L 0% LD AN TR ETERL, BWOAELBE LI, HE

BRI L 7o 72K, 2 AR =— 8T L7z (Fig.6o),
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Fig.6 Pathogenicity test performed with growing fruit bodies of Lentinula edodes. Result of
inoculation test with LE1001 at 15-20°C in growing room.

a-b. Brown rot symptoms appeared on the fruiting bodies of L. edodes cultivated
with bed logs 7 days after painted inoculation. (a : before inoculation)

c-b. Browning on the gill of fruiting bodies of L. edodes cultivated with bed logs
3 days after sprayed inoculation. Bed logs were covered with vinyl bags for
2 days after inoculation.

T, BEKRECTETTO VA X rsh 3K (5 : & 290) 12, # 10°cfu/ml
EoORRER (LE1001) Z#{EA#EML, 3 At =—1ETHE L7 (Fig7a), EA
BRI 22 A L2 U ¥ (ITOMICRO SYRINGE MS-GAN025) #% vy, 61 g
et (U482 0.56 mm) ZEAZEO LS FiZEd € 5-16 mm 2L, 10 (FE40
ELFEA) 5-15 mm) DB FRICK LT L EH 72 0 K 0.1 ml ZiE A L7z, #8E L7
EERIZBADANTIZES TERL, O EERITHEER 2 H O E=— 148 TEL

Bolo, SMBL LR TR, RIRICUIM L TEMNEOEMEREZ Z8%5 L,
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Fig.7 Pathogenicity test performed with growing fruiting bodies of Lentinula edodes. Result
of injected inoculation test using gas-tight syringe with 10° cfu/ml suspension of LE1001.

a. Bed logs were covered with vinyl bags for 3 days in artificial fruiting yard.

b. Browning of internal tissue of the growing fruiting bodies of L. edodes cultivated using
bed log 9 days after injected inoculation.

c-d. Brown rot symptoms appeared on the fruiting bodies of L. edodes cultivated with bed
logs 18 and 28 days after injected inoculation.

3) WK YA X7 & FWT=f 55RO B E

LE1001 EFkIZ HIA T 28 °C, 48-72 BERIES 38 L, BRI P /K £ 0 % T#9 10° cfu/ml
(A U T BB R 2 R U 7, BRI IR Y TS, BE R Lo v A Z T IR (Ah
& XR1) MWz (A8 - 5, 2015, A5, 2016), K53 =T 90-120 H#E#E L /-
BERILPRAE%, 12-22°C IZER (6 MmO 7 1 7 7 AflH) FE LIZAEFTERICBL,
TR EFE L=, BRENG 4-5 B BOBEKIC 1 REREOK 2470, SR IRITK

NEhEEET, BEBEROWEREICIL, FEAOEENS-1I5mmICKE LV A 27T
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Fihkz Mz (FigBa), #FEIX, WA A 24 2 HELRKICTAZ A M
VoY a v, 61 -MBIASAZEAED LD TICHITT5-15mm ZE & fil L, B#iK 0.1
ml ZEANT D HETITo7-, X ELT, BEKZEATIEHKERE LZ, #
FBXBLOMBROEKIL, 2R2=— LS THBL, BIE 22 °C, B)E 80%I&

LR =EOMIcIE~7 (Fig.8b),

Fig.8 Pathogenicity test performed with growing fruiting bodies of Lentinula edodes on
sawdust medium. Result of injected inoculation test using gas-tight syringe with 10° cfu/ml
suspension of LE1001.

a-b. Sawdust mediums were covered with vinyl bags for 2 days at 22 °C in growing room.
c-d. Brown rot symptoms appeared on the fruiting bodies of L. edodes cultivated using
sawdust 5 and 15 days after injected inoculation at 12-22 °C in growing room.
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ZEDPLREREIE L S (Fig8c), & 5HIZ, B 15 A H O+ FE KD
—EB TR R A o THI L 72 (Fig.8d), $h EERD R EAF 11X 74.6%DEIE TRD 5
7z (Table 3), BB /KBEMXIZIH W T, MREHFILIT 4.9-11.1%R O b, RE %
o Z & ode, Ein, WEAKEERE X O R FEAIIAMEL LA T, BN O
ZEEBIT LA ERDLNRDoT, EAEDBERDER R & W BRI BER 4 #2
M5 &, M LREEERAATRERICHE T 2R Eanmro7, LnL, #E5 A
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Table 3. Results of first inoculation test performed using Lentinula edodes on sawdust medium.

Number of Number of young Number of old fruiting bodies”
Strain )

Samples” fruiting bodies” +++ ++  + -

First trial LE1001 67 50(74.6%) 7 2 2 6
Control (water) 54 6 (11.1%) 0 0 0 48

Second rial  LE1001 41 21(512%) 2 6 10 2
814" 43 18(41.9%) 0 1 12 12

Control (water) 41 2 (4.9%) 0 0 5 34

1) Pseudomonas rolaasii isolated from Pleurotus osterats.

2) The number of young fiuiting bodies of L. edodes injected with 0.1 mL bacterial culture or stetilized water.

3) The number of young fruiting bodies of L. edodes exhibiting brown rot symptoms. The numbers in parentheses
indicate frequency of occurrences of brown rot symptoms. (Rate (%) = (Number of young fiuiting bodies of L.
edodes exhibiting brown rot symptoms / number of inoculated young fiuiting bodies) » 100)

4) The number of old fiuiting bodies of L. edodes. Degree of browning at inner stipes in old fiuiting bodies of L.

edodes. +++: severe, +: medum, +: slight, -: no browning

—7J7, Ps.tollasii (814) ZH:FE L7- A Z 7+ EIEICH R EE L X OEHNGED
DOEPENZR D ST~ (Table 3), L2 L, Ps.tollasii (814) Z#:ff L 7- % 9K & LE1001

EEK 2 50 L7 B SRR &, SMBLER D T E o T,
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HI3E SHEREORE

1. MEtB LOHE

1) HERERR

1994 4= 12 A5 1996 4 11 AIZHF T,  KROTIREAEREBEAZRET, #rEiifikm,
BHRRKEH KRBT I O=ZHITO Y A X 7375 THRB S NI ER TR
SYBEL 72 20 BRRAZ Vo, MIRBEARIE, RMOKERE OFF 251, 1996 £ 12 /]
\Z American Type Culture Collection (7 2 U 7 &%E) X Vi A L7 Erwinia
carotovora subsp. carotovora (ATCC15713) , Er. chrysanthemi (ATCC11663) 3+ L O
Er. cypripedii  (ATCC29267) % fkak L 70, HEERORIEIL, 2 1T & [FEk7e Hik

TIT-> 72,

2) B FHIEE O A
HESA B O E 29 MEE 1X,  Manual of microbiological methods (Connetal., 1957)

(ZHEHL U TR L7z,

3) 16S rRNA &A= D gt
ABRICIE, LEL1001 Witk (EAERAFPEAZREITHEER) 6 KT8 LE1024 BER (FFEE KM
SYEERE) Ao, HIE O 16S IRNA BAR T Z2 FF RAYICHIE T 2 2 = "—F LT T A
~ — (63f 5 L 1Y 1387r, Marchesietal, 1998) % i\ T, PCR kT & 0 43 HiE & o H g
PEMI A 15T-, T b OINEPEY % BigDye®Terminator v3.1 Cycle Sequencing Kit (Life
technologies %) % M\ T PCR {LIC XV v— 27 = A1, Applied Biosystems
3130 Genetic Analyzer (Life technologies #:#) ZHW\WTHX A L 27 F¥—27 = RIT &
D) 650bp DHEEALSIZRIE LIz, b OIS Z A > % —=x > ;LD DDBJ
(http://www.ddbj.nig.ac.jp/index-j.html) @ DNA F— % X— 2 % F| ] L THI[FEME %

FLT.
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2. fER

SBERE 20 EAROMEEIIE - TR, @rEdsrE, 7T AR, Z V3 — R R

iy

BBy

BN or iR, B E EARTT, EEME A LA, FRIIER L7z, b
OVEE 25 43 BER 1T A E B OFE &Il L, R4 5 o Erwinia J8 B 4 X 1
Bk L CMEFRMEE 24 L7 (Table 4),

SBEE TN Z T — BIENE, MR OE T, BifbKkFEOREL, 36-37TC T TOAEF, 5%
BEMMEEEE T o2, A R—VEEL, LI FF—8iEME, %7 —BEH,
NI FF—BIEN, Uy A EBREE, v T —BiERIIREThHo T, UAR—R,
HIF77 h—R, F)Vva—A, FLJ r—A, D~/ —RA, D-F7 b—RA, =L
— X, hbrog—RA, trnb4d—RA, ZUko—), D-~=b—/, U Z2FH
L, BEzEALL, AXVrBLXO~r VBIFFAHA LR,

R 2 Bk (LEL1001 Btk L OV LE1024 Hifk) @ 16S rRNA i fx 1 o Ffd 5
I%, DDBJ ® DNA 7 — % X — R TGk S LTV 5 %D Ewingella americana @ 16S
rRNA B s 7 O FEL 5] (ACCESSION No. JIN175329 fth) & 99%LL E D AH R Z 7~ L

7~
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Table 4. Bacteriological characteristics of the present strains and comparison with strains of plant pathogenic, Erwinia sp.

Strains

Test Present strains

(n=20)

E chrysasemi

(ATCC11663)

E. carotovela
subsp.carotovola
(ATCC15713)

E cypripedii
(ATCC29267)

Gram stain -0
O-F test F2
Catalase reaction +
Nitrate reduction +
Indole production -
H,5 production
Acetoin production
Methyl red
Growth at 36°C
Lecithinase -
Oxidase -
Erythromycin tolerance +
Gelatin ligefaction (d)
Pectate degradation

Potatorot

Phosphatase

+ A

3% NaCltolerance
Reduced substances rom sucrose
Urea hydrolysis
Carbonhydrate utilization
L-Arahinose
D-Xylose
D-Glucose

Fructose

D-Mannose
L-Rhamnose
Sucrose
D-Lactose
Maltose
Trehalose
Melibiose
Palatinose
Raffinose
Melezitose
Glycerol
Arabitol
Adonitol
myo-Inositol
Duleitol
D-Sorbitol
D-Manmnitol
Trulin
a-Methyl-D-glucoside d
Organic compound utilization
Mazlonate -
Galacturonate d

o = T = T T T T = T T = = T . R I =T = T R R R = Py =

+ +

+ +

I+ o+ 4+

—
+ o+ o+ o+ o+

[

(+)

+ o+ 1

+ o+ o+ o+ + +

+ o+ o+

+ o+ + o+ o+ o+t

+ + m

+

I+ +

I+ + |

—

+ + + + o+
=z

—

1) + : positive reaction, — : negative reaction, (d)
2) F ! Femmentative

! delayed utilization, d : 11-89% of strains positive
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FA4E BIUSHOMER
1. MEER X OHE
1) R R
fEAE O Ew. americana 1%, ¥ A # 7 JBEHUR IR 1 £ L0 S8 L 72 B R (LE1001,
LE1024), 7 v 7 U v %/ (Pleurotus abalonus) Bl ® S8 58 X 0 4B U 7= Bk
(PA1011), #®BEEW L= X~ %/ (Agrocybe cylindracea) £ Y 7y#fE L 7= Ftk
(AC1017) Z H\ 7=, £ 7=, %I & L T Er. chrysanthemi (ATCC11663), Er. carotovora
subsp.carotovora (ATCC15713), Er. cypripedii (ATCC29267), Ps. tolaasii (814) ¥

X O Pseudomonas sp. (818) % FHu 7=,

2) RFEW, EBHRWEB L OUINHF OB

R O R BIROFI I, Dye » C H5lt ($&HE - W), 1984) [V U fekFE -7
EF=U L5059, VrBAKEZAY UL05g, Mg~ R T LALKMY:0.2g, HEHb
> hU T L0059 BERTFR:1g, 72 L7 LY — R (1.5%T % J — LIRHK) :0.7 ml,
FREE/K:1,000ml, pH6.8] ZAEMREE L, D(H+)7 7 b —/L (Sigma #8), kL
B—RA, vr= b= ABLOT Y Eu—b (& HICEME T ERISHR) 220
FA10 g IR L 7= 852 WL CIlE L7e, BelE 2 & i Bt 28°C < 2 #H[#H
B L, MOAERIZL2EHOBEDOHETRIAWORMM A2 HE Lic (L - I,
1984), ZRIFOMFT O =D O LMY, D3 55# (Kado and Heskett, 1970) [ 7%
®AK:1,000ml, A7 wvw—=R:10g, 77t/ —2:109, WEA IMAKW:S5g, HLYF
U7y, 7 Uvr:3g, kT MU U A5, W~ Rrv U ALEKY03g, KT
VOVEREET R U 7 A50 mg, Y rEFE—/LTI)L—:60 mg, 777 P F£:100 mg, FE
K:159g, pH8.2] ODHEA AW, 7V BIOT7 7 ViR, A/r—2
BLOT I =R 2HATDH)T FE =% 10 g/l L7, JEREESHIC & L

T, WV, WY I B E2I 07 —BXOKRI LT v (& BT Difco #5Y)
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ENZENS gl RN L Ie B R/ EHEM PR EM 2 ER L7z, 612, RFKRE LT
D)7 Z7E F—110g/l, EFBRE LTI I/ BEXI 7Y =59/l Z{RML -5
iz, ALV F o LTl U39l BIORT VBT U 7 A 50 mg/l & H
MFE VLR REICERM L, WA E RS Hh 2 R U 7=, 28R IR I K ORI E
RO pH X, F— 27 L — 73 @RI 7.2 ISR L7, BEER S I3 0 & RS H

PREEFEL, 28CCHiE L CEEERBLORFOEILEBIZE LT,

3) LEH DR L R

3 B Ew. americana 4 # ik & HIA B 1 © 28°C, 48 BFIEE28 L, W IAICIRE K & 00
R CHRIKAETRIE LT, 0 2@ CERERH) IC@B3BHM L, 28°CT 7 H[H
B L7, B3I ABICEREROAEL L OEEKEZNE Lz, 72, EBREHO
R HIA 256l & U, 5> 7 B 5511 (LU T King'sB, S b2k A1),
U A ERARERE (VEIL, 1978, LLF PSA), K7 k- XF b - Fra—
AFEREEH (WL, 1978, LLF PPGA) B X OVEE R Y AL Ax — i (HEl, 1962)

5 v R P

4) BIREFMICL D A F 7 FEEDNS O 5B

1996 4F 11 HIZ K4y 814 & A i A « Hids X OWFEETT K H, 1997 45 1 A ICREAR L4
MR, 1997 4F 4 AIC Ry REBRRE T ZHEITOIZ7Z5 T, LK L1 EE
AR L2 AWRBR L, MRLAETFEREF S I HEETHREL, 1EBUNICY
HERER IC Wz, o P AR K TEME L, RUBHR#R & Uz, TR o A B 0.1 ml
ZAER L 7o @INE L CEARRSH) ISR E L ITEBBME L, 28CTHEFICEFT L
R EBBE LT, K% 3 HBIC®EREM EICAF L-ER O T, Ew. americana
(LE1001, LE1024, PA101l1 3 XU AC1017) & [RIER DR % /R 3 ISR 2> O Fl

ZOBEL, PUMERISE XA 2 r B 2ilA LT,
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5) BIRKEHLTorBE U 72 M o0 B i SO & 9 LA

I3 Ew. americana (LE1001, LE1024, PA1011 5 & Y AC1017) DL i % {EH
L, BB NEELDUL TH 2 OHUILIE O REEFM 2 KD, HBEE & DR T VLRI
JEE A L (ERES, 1983), v A X 7 icxtd 2 3 EMEIE, #Hififle s A ¥ 15
REROVCHAE Lz, FEEPBU R ZHEBL, WEAKTEDEBRE Ty Y
—VINDOEHFRRATA R TZALICHE L, ZOURICHBEREOBEBIK (5
10%fu/ml) 0.1 ml Z i FH:ME L7z, #M%IZ v+ — L & 25C DA »F 2 _X— 4 —(T@

x, 2448 FFI R ICOI AR O EMERIELZFHE L (BB S, 2010),

2. iR

1) BIREFHICEIN T 2 BV, BRI L OIWRINA O 85

pFIRIL Dye O C B & JLaEssth e L, &0 2 FEERITKLS EEN D RAD O
FIHIZOWTHRAE L, R E 2 Lo afils O EBIZE L, BoAK
IZ X DE M DO DR SNV BRI, ML RFBRZFH LI HELZ, £D
R, v o= hr—=ABLOZ Ve —iE, TXTO®RRKERFA Lz, FLorm—
A% Er. chrysanthemi (ATCC11663) LA FIH L7z, D)7 7 & K — /i Ew
americana 4 &, Ps. tolaasii (814) I J O Pseudomonas sp. (818) 23 H L7273,
& DA D KF RS X Er. cypripedii (ATCC29267) A2 CHIH T 2 LIAMIFIH L 722 0v»
7= (Table 5), UL EodZ &35, Ew. americana O RIRFEH D R FEJR 1L D(+)7 7 £ k

—/L DN Y L L7z,
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Table 5. Bacterial acid production from select carbohydrorates in the C medium of Dye )

Speices Strain D-Mannitol  Glycerol Trehalose D(+)Arabitol

Ewingella americana LE1001 +2 + + +
LE1024 + + + +
PA1011 + + n n
AC1017 + + + +

Erwinia clrvsanthemi ATCC11663 + +)

Erwinia carotovora subsp. carotovora ATCC15713 + (+) +

Erwinia oypripedii ATCC29267 + + + )

Psudomonas tolaasii 814 + + + n

Psudomonas sp. 818 + + T i

1) Goto and Takigawa(1984)

2) + : Production ; (+) : Delayed production ; - : No production

D(+)7 7 & F— L% 10 g/l iIN L 7= F P E D DI M, Y I VB, B
JBREFI VT IV —BIORIRT MoK 2B TS5 g/l sl L7=B#i 2 ER L,
Bt BICAEBTOEBBIREBLE Lz, ZO/E, Ew americana X3 X TORHIT
B 2 HEURRICHOEREZTBR Lz, WY 7 BEIRINL R EOEEOHIC
X, 548 3 H H AR H Ak IC b T 2R ENBE I iz, R T~ 2RI L 7285
HEOHEAEERIL, BEABORBE &L HICHREAICELTIEEN RO, — 7,
AYIVBE X I T Y —ERM LR OEREIT, 555% 3 A H LU O AHREIL/
L, WiESHEBVRE LILHBER LM LT,

D3 M LY F o L T7gN, 7 U239l BEORT VI VREET B Y & A 50 mgl/l
e WU 7o (X R RE IS U IN U 7o B8 B 2 OO, SR TETE Al IS B3 T U N1 o0 52 288 % 1
Lo, TORE, WA OHRTZ U v 2 i LIz # o> Ew. americana O£ #%
Bix, RE<KWAT DL Lnbhrolc, LY FULE FTFUAMET M) U LAZIE
BUIN L7254 -0 Ew. americana 132 EMICHHGAERE A TR L, BRI L 72 55

L L TRFHOEIT NI o7, 72, Ps. tolaasii 35 & U Pseudomonas sp. i3,
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AREGH b CReEERE Z TR L7,

UEDRERELY, DIFEHMOKRFEREZ D(+)7 T8 h—, BRREZ VP JBEH
SVTY—IEEL, UV UBIRT I v UoBERRWZE - (788 7K 1,000 ml,
D#)7Z7E h—:10g, WY I /e ¥I 7V —:5g, HLVF UL 79 W&
{fEF RV DA 5 g, Wi~ x> ALY 039, KT UARMEBEST N UL
50 mg, 0.2%~7 2EFE—/L7/L— :15ml, #EX :159, pH 7.2 (Table6)] X, Ew.

americana Oy EfEHEIREEH (UL T A-D3£5#h) L L THBTHALAZ ¢E 2N,

Table 6. Composition of A-D3 medium.

Distilled water 1.000 ml
D(+)arabitol 10¢g
Casamino acid (vitamin free) S5¢g
Lithium chloride Tg
Sodium chloride 5g
Magnesium sulfate heptahydrate 03¢g
Sodium dodecyl sulfate 50 mg
0.2% bromothymol blue 15 ml
Agar 15¢g
pH" 72

1) The pH of the medium was adjusted with HCl to 7.2

before autoclaving.

2) BINEFHLIZE 1T % Ew. americana O H % TE ik O F514 & AR %) =

3 % Ew. americana  (LE1001) % A-D3 EfHiicBAE L, 28°C TH# T 5 &, K&
3 HHO VP EoOEEILER 0.8-1.2mm, [, &k, Fik, R FEiE cHoi
WA HA, FENLAAIZRo7 (Fig9), 4 B HLABREH O B @IL5Rk~

WCHIR TR <Y, EREEPEFALO/REICEI L, FREOT TIL Er
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chrysanthemi (ATCC11663), Er. carotovora subsp. carotovora (ATCC15713) & LW
Er. cypripedii (ATCC29267) (I AR ECTAEF Lo 7-, £7=, Ps. tolaasii (814)
B & O Pseudomonas sp. (818) 1E¥kfkta D %k L, Ew. americana (LE1001)
L ORI ES T - 7=, Ew. americana 4 E#k % A-D3 B ithids LUV HIA, King'sB,
PSA, PPGA, ZIE R Y INAF — DM TEEL, 3 A HICERKEZNELZE Z

%, A-D3 B O #h =1L 60-76% Td - 7= (Table 7).

Fig.9 Yellow colonies (0.8 — 1.2 mm in diameter) of Ewingella
americana strain LE1001 with white margins, grown on A-D3
medium 72 h. Scale bars: 1.0 mm

Table 7. Plating efficiency of Ewingella americana on various media.

Efficiency (%)

S HIAY King'B” PSAY PPGA”  Modified Drigalski® AD3
LE1001 100 100 107 100 110 66
LE1024 100 94 111 79 90 76
PA1011 100 80 101 100 87 60
AC1017 100 112 120 120 117 62
Average 100 97 110 100 101 66

1) Efficiency (%) : (Number of colonies on each medinm tested)/(Number of colonies on HIA medium) =100
2)Nishiyama(1978). HIA : heart infusion agar, PSA : potafo sucrose agar, PPGA : potato peptone glucose agar.

3)Tuyama(1962).
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3) BIRKEFHLZ RN T2 oA 2 7 7R DS D 55 B

1996 45 11 AIC Ky REHEHTHEA M T4 U T VB LIOHERTKHTLI T
)L, 1997 4 1 AICREARIBAGUL AT ILE T 5 %> 70, 1997 4E 4 A 1T Ky IR E% KEFH
SEITT2Y TN, RN RV SV OB Loy A X TR AL, A-D3
BE 2 R 7o oy BERRBR I LR U 7, B L 72+ AR D BEF K 2 A-D3 1E i1 IZ Bk
FRERBH LI 24, T_RTOYF U FANHE# 2 HHURICHEEERNED
DLz, B 3 HHICHEINEH ECAF LI SAERZMAE LIRS, IR T4A

BLEHARERIL I ORI K Sz, ARIIERE OERED 0.8-1.0 mm, J& FHILH
F % 59 % Ew. americana (LE1001) & [Al— DA A3 4% T, /2 HZIZ
HBL L7z, BAEUIERE O BEEN 2.0-3.0mm, FEPHOILHAH S b REWEE T, Bl
1 H%ZICHBL L7z, CEUIEHEOEEN 0.5-1.0 mm, FHFHOILA AN WER T, #
2 BRICHB Lz (Fig.10), #:H 3 H&ICIE, F—v v —Licid ABUERE, B Y
BLOCHOBBEENRIETHI b H o, #IEES THoT=, L, 4

HEUBETIIEREDOERHIIRAICET 256032, BlTREI 2R -7z,

Fig.10 Colonies formed after incubation for 72 h on A-D3 medium plated with a homogenate
of the fruiting bodies of Lentinul edodes that exhibited brown rot symptoms.(Left)
Scale bars: 1.0 mm

a: Yellow colonies (0.8-1.2 mm in diameter) with whit marginal area similar to the colony
morphology of Ewingella americana.(Right)

b: Large yellow colonies (2.0-3.0 mm in diameter) with white marginal area. (Right)

c: Small yellow colonies (0.5-1.0 mm in diameter) without marginal area. (Right)
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4) RYEEHTOrBE L 72 M O BTG BSOS & 9

3B Ew. americana 4 WK D INEAE (K 2 filit & U CTHERE U 72 1 1 oo e 3l 13
1,280-2,560 5 T o7, £ T, ATLERK O/ HER 58 Bk & Ew. americana 4 B ik D
VERE SO 2 A L 7o fE 5L, 58 BERT 54 EMRITW T o Mg & kR 2 Ak Lz
(Table 8), F7=, WHEE DA Z 7Gx T 2R MEZ A L2/ R, Hriigi
SIS A R U T2 54 HERRIE, 48 RERIDANICII Wi 2 > T, HEa b ABEIE

PES RN, ZOREIIEKFE TR -7,

Table 8. Reaction of Ewingella americana isolated on A-D3 medium to antisera.

Number of Number of isolates
Place of sampling - Rate(%)”
samples” Selected” Reaction to antisera®
Kakaji, Bungotakada city, Oita 4 16 15 94
Oota, Kituki city, Oita 1 1 1 100
Kyokushi, Kikuchi city, Kumamoto 2 13 12 92
Mie-machi, Bungoono city, Oita 5 28 26 93
Total 12 58 54 93

1) The number of fruit bodies of Lentimua edodes exhibiting brown rot symptoms.

2) The number of isolates selected by A-D3 medium from L. edodes exhibiting brown rot symptoms.

3) The number of isolates that reacted to the antisera of Ewingella americana strains LE1001,LE1024, PA1011 and
ACI1017.

4)Rate(%): (Number of isolates that reacted to the antisera)/(Number of selected isolates) = 100

®5HE EBE

Sy BERE (LE1001) O @EBEREIRZ XK LD A X i T RIRICB A/ LT
FER, BEFE 4 HBICHAZB L OEWO —EABZE L, 7HBICIT T EESENER L
7= (A% - B, 1997a; A5 5, 2010), LU, M HEHE I35 o018 28 13k 32
NED, hTEEROREEILRERT 52 Lidlehrol, —J, HEABRTIETEREK
PR EIET 2 BLR A B & A7z, BEFEIE O B AR B A AV /N & W B FEARICBUR
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WRR LN DD, TEEODAFTAT — U EBPERE, [URSKSEFIZL ST
BB OM R IR ELZ T HLELbNT, 72, EFTEARZ A7 Bk o FEi
REHIIIRE S 4L, FFZ2R— L TRV IRLERT L2 Z LITRETH - 7=,

T 2T, HBEEORENE A RN ORRICHER T L HEL LT, HRVA 2 7%
MW EBROMES. 2 BINCHR 21T o 72, TRHBREZIT o0& 25, #EMERT D)
FHERERICK G EZ L G EE, #E% 3 HEIX 22CTERT 2 L BEIERLKRER 1L
DROONDZ RN bhrole, £, HHEIZENBFEZH WD &, HENKNLD Z &M
Zinole, 22T, XFVRAHBRTHOLZMMP AR T AL A S ) U PEMEMT S Z
LT, vA ST ERCHREICHREEATE 2, ZOHFET, £ 10°cfu/ml (27
U BEE (LEL001) BR¥WE 0.1 ml Z, BIR Loy A 2 o1 RIRICIEABERE L
R, VA 27 OEER LB XOEPABOBEERNERICRD L, BHEL
Mmofe, LEDZ &G, WIRV A Zr& H W7o B BILFE R 428 L C e T
DD N, NMEOMBHEMERETILEL LTATHLEEZAONTE(AEKD,
2016),

Sy BEEE O 353 W Fp 803, Psuudomonas JEE & ITR RV, (EMICHIEER &8 23
Erwinia J& & ([C ¥ L3 2% & ¥l & v 7= @ T, Er. carotovora subsp.carotovora, Er.
chrysanthemi 3 X TXEr. cypripedii @ Type strain # A F L THIE F2ROVEE 2 BH L L
2. FDOFER, Er carotovora subsp.carotovora 3 & OY Er. chrysanthemi & (X7 5 —
BIEME, Vv WA ETHEER, vV b —ZADOFMTHEAr 572, Er cypripedii LAY
BRI L7, RFABROFIH CRE SRR CAK - B, 1997a), Loz &hb,
Sy BER X Erwinia JEE & 1T R D Lol L T,

ENTIEvAZ 7O BEEOZoREEL LT, ZiE TIZ Er carotovora
subsp.carotovora IZ X5/ % & B L0t 7% 7#kjEH (Okamoto et al., 1999),
Erwiniasp.lc X 2=/ ¥ @ inm (LES, 1985) A®wEINTWD, £,

VT, BPNMER o —FE T D Ewingella americana (2L %Y 7 U % /7 internal stipe
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necrosis (UL F M NEREESENR) DI A XU A (Inglisetal.,, 1996a,b), == —
— 7 > R (Chowdhury et al., 2007), #[E (Leeetal., 2009) 35 L U= 7 k (Madbouly
etal., 2014) THWE SNz, SbIT, KMEIZANAS »TlIEeLYy 7V 27, A
AU BIOe 72 b T5 (Reyes et al.,, 2004), & 2T, & 2
D ORI O E R E & ek LT,

4y Bl 13 Okamoto 5 @ #i 45 L 7= Er. carotovora subsp.carotovora & X227 F o 45 fig g
R ETFERME CRELS B o=, HEDLO® Erwinia sp.& X L-7 7 £ — 2D F|H
PSHT—B LIzl &b, HfE & IXF—fonEeErimnweEZonl, =7, (1
FUR, AL UBLUO=a2—Y—T7 2 FTHE SN2 Ew. americana (X, sr#Hids
FOBBREcCENEND LT ORR LR M E G ATV, BEE L BIRmko Type
strain (Brenner etal., 2005) & iIhifb/KFEDEA, A F Ly RIS, /b h—X,
R EA—ABIOD-YVE h—LVOFHA TR, A XV 2DV Y X rhk
BT, b AKFBOEEB LA T L Ly RRIGTRR 572, A1 D3RR &I,
WAL KFEDEABI O D-YLE b= LD TR S 7-LSMT, & T X 7 HKE L
D-7 27 b —ADRHNERLDHTh o1 (Table9), YL EDZ &b, Kooy
A X - FEARSTEEA 12 Ewingella JEEE & Il L7z, X512, BERE O 16S rRNA %
i T L 7= A5 5, Ew. americana & @& W HHIEIMEZ 2R L7z, Ewingella &%, 1983 4 |2h%
WHHE R OFE & L CT#iE 4, Ew. americana ® A3 &9 5 (Grimontetal., 1983),
VU R ERNEESER X, WSRO 7 U X 7 ERNESBE L, BRI
BEfEo TERT 2 b 0T, EMH LWIEE (Fletcher and Gaze, 2008) & L THn

HNDE SRR, ENTORETRERTH D,
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Table 9. Bacteriological characteristics of the present strains in comparison with reference strains.

Strains isolated from cultivated mushrooms Type strain®

Ewingella

Test Presentstrain ~ Erwinia sp. Ewingella americana -
americana

LE1001 FVD AB1Y AB2¥ LEY PO%

Gram stain -3 - _ _ _ _
O-F test F) F F F F
Catalase reaction + +
Nitrate reduction + + +
Indole Production - - - _ - _
H;S Production + +
Acetoin production + + T +
Methyl red - + n
Growth at 36°C + + + + + d +
Lecithinase - -
Oxidase - - - _ - _
Gelatin ligefaction (+) - - - - - (=)
Pectate degradation - -
Potatorot - - + + -
5%NaCl tolerance + +
Urea hydrolysis - - - - - -
Carbonhydrate utilization
L-Arabinose
D-Xylose
Ribose
Galactose
D-Glucose
Fructose
D-Mannose
L-Rhamnose
Sucrose -
D-Lactose
Maltose
Trehalose
Cellobiose
Melibiose
Raffinose - - - _
Melezitose
Glycerol
Arabitol
Adonitol
ntyo-Inositol
Dulcitol - - _
D-Sorbitol
D-Mannitol
Inulin - - -
Salicin
a-Methyl-D-glucoside - - -
Organic compound utilization
Malonate — - _

L= |

|
4

I+ o+ I+ o+ o+ o+ I+ 4+ 4+ 4+ 4
N
[ I+ 4+ 4+ 1+ 4+ a A
I I
I I
I I
I I I I

+ +
+ +

+
+
+

1) Tsuchiyaetal (1985), isolated bacterium from Flammulina velutipes (FV)

2) PeterW Inglis and John F Peberdy(1996).isolated bacterium from Agaricus bisporus (AB1)

3) JEReyesetal (2004), isolated bacterium from 4garicus bisporus (AB2), Lentinula edodes (LE) and Pleurotus ostreatus (PO)
4) Bergey's Manual of Systematic Bacteriology 2nd edn (2005)

5) + : positive reaction, — : negativereaction, (+) : delavedutilization,d : 11-89% of strains positive

6) F: Femmentative 7) (—) ! testat22°
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kD Z &mnb, RAYAZ 7 OmERRERZ S & Z 3 0K
Ewingellamericana Grimont,Farmer,Grimont,Asbury,Brenner and Deval 1984 & [FE L, ¥
Sk Lo A 2 BERR (B4 @ Brownrot) | L322 LARELE (AK L, 2010),

EERD DA LIZ VA Z 7 B ETICBER T 59553, Ew. americana (2 X
DA B JERR LAAMZ, Ps. fluorescens (2 K DB AR (e - B, 1974) B
LU Ps. tolaasii (2 & 2 BIEMER (FFIL - BEF, 1993 ; Tsuneda et al., 1995b) 73
WESNTWD, LL, ZhDbOREITEEL TRV, SERIEED SN M E 4
ETDHZEEFRNETHoT-, SHIT, ZNHREFORARMICEAT HIERITID L,
BRI & A RS TR, F£7-, Ew. americana & il 52 A9 HEE 23 EE LT
L) XX aEBURE Erwiniasp. (&S, 1985) ORANRNW L ARHTH 5,

Ps. tolaasii (X, EWN CHEKRFKEEIC L - TEEShIZE 727 (B0 - B, 1993 ;
A5, 1995), = /%% (Mgl - g#JF, 1993 ; RiR5, 1987 ; A5, 1995) &
KOy 7 ) &2 (Fil- @, 1993 A S, 1995) OFEME L L THMbLR TV D,
BRIl (1994) 1%, & 7 & 7 JEHUR O R AENRD b AEMICE T, HEREEO N,
ds L K Ok, IHEROZEN S Ps. tolaasii it L, &M EToETF
MM ZRAE L, S5HI2, MLS (2000) X, Ps.tolaasii ORAELEZHETHHM
TIREGH (T-PAF) ZPBH%E L7c, T-PAF B, JE7 1R E L OHEFEREE 2 5 Ps.
tolaasii #Zh=EMICHILT L2 L2 RHICL, BEABROMIICFH s TE R (W
i, 1995 ; FK 5, 1995 ; ML, 1999 ; 4 M - Fgil, 2002).,

A 2R B Ew. americana O YL RS & iR 5 AT, BRIRER IO B &
1To 7o, HEMEEHIZIX, MY FEEME Erwinia JBE ORI TH 5 DI % A
Wiz, £, REFEBWERFTLILELEZ A, HEEDOZIWWASGENLIET La—LThH
L5778 M=V OBERENENZ ERDNoTe, LIeR-T, D3 HHOKHER L L
THRMENTVDHIAZ B—ABLONT 78 —RIZH#Z T, DHF)T 7 B b— L ZiRN

LB T, ERFEB X CIRINAZ et Lz, RIZ, ERBFIZOWTHAELLLE 25,
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HFEIBEX I TV —ERMT 5L, Ew. americana O EFHEALR /A SN LR
Dmole, WIAlIZRF LTcL 2A, IV F UL e RTIAMET N U AEZEM
L 7255 H1C Ew. americana D 13722 E L, Ps. tolaasii 35 & U Pseudomonas sp. & @
WHL ARG Thode (A - B, 1997b), B HL A-D3 55H1T Ew. americana
DEFRIL, HE 3 HHTHRRICZRY, EEOELE08-1.2mm, MJE, &k, K,
KEFHTHOLOMAREANSEHE, AEANLAAICR 72, 4 A HIRITEREH
DHBABPRAICHBR TR 2D, 57 ARICIIEREEDBHAII R T, S HITH
BRI PR 22 L HfkAPDRFEICEL Lz, L L, AR RIT 60-76%
LEmEThHoT,

WEBR LT A 2 7+ EEOBERR A VT A-D3 i CME 2o L& 2
A, BE2 ABLURBICHMOER SIRMEL T, HEEENHB L, 3 BICITEED
R AGEEET HEAEEN RO, Fl— v v — L OBEEFHEERE & OMBNIT T
WRS Thole, BHRICE - T, 2B CREOLIEEZERT 2O H o172
2, 3HBTHET 2 LARMMNITP Rl hote, L, BENRIBT D EEK DL
AR A KDL, BTN TH 72, £7=, A-D3 K7l 1T Ew. americana @ F#{#%
R ERIE, Ew. americana O Z MW THER L7ZL 25, 93%DHKIE Ew.
americana TH 5 Z N brolz, L DONBEEREEORE T O VA X 71 Lk~
DAL I L TWRWD, A Z 7O ICx§ 28BN 6 o1 & 7 7 RIE
EESEDL L aHR LI, LieoT, A-D3 a7, BiEld 5%
BEFICERL CEBEIHARIT ) ZENEY ThHLI BN (BED, 2012),

bz &int, fER L7z A-D3 BiHiiE, FIF LcF+EEKND v A 2 7 U6

Ew. americana % EIRAJIZHBERTRE T, FEHAMICHLEH T 2 LML=,
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BIVE VA FZ7BRIREOBREEE D06 D5REE PR

BERAETOFKIEE O I NEARCBERT 2ERIL, BEAVA XU cb@Asns,
RIETIX, B EEZO 558 L 7= Ew. americana D 3E: & @ 2 I2xF9 2 WK

P2 R T H-DICHREIT- T,

BLE VA F TEBRE OSBRI & O TR 5 RRE

H1EH BEBEOTERBIVEBEACRETRE

1. MBtB XU

A 2 orBEE R (LEL00Y) X, A %0, ©eo% 0, = /%40, =V %,
Vo VBRy, saT IRy, TFUAY, YFXCYEIBIU~A %/ (Grifola
frondosa) D FREUIF, WHEBIOEERRICERL, WHEEZHA L7, L
ORI T RAEP ORI, WE K TR O LIERE RNy v — LINOIES
RATA RAT A FICEE Lz, 2O IC LEL00L Hkk o Bk (% 10%cfu/ml) 0.1
ml &2 PR LZ, BEREZITYYy—1% 25COA X aX—F—(T@EE, 24-48 BF
MZICO R MO EMREZME Lz, FEEOFEMIIK L TiX, BEHK 0.1-1.0 ml
W TR L, FEEKURLABERFETHAE L, £/, X7 M7 F A br— %
KB (LT PDA, Difco #H#8Y) T 7-14 H#, 25°C TH;#E L 72 #5560 L IC
A7 R— T — T EGHEIEEHL 0.1 ml 2 FHEFE L, fkfess a8 U CAMO A 2 iRl
Uiz, E72, YA X TREEICKT 2 0BHEOREBEEH LI T 5720, BA LI
(ORF B, Al £ 290) ZHWCHBRAITo7o, RO A Z rEAEZRE LM
By 10 fll % > v — LIC AR, EEUREED 7 U — v Xy 5T 8 K kE T 2 HikT, &
IKERK) 22% D HLRFEE & (ERL L7 (A8, 1999). ZrBfE o BBk (#9 10°%cfu/ml) 10

m Z>y—LICIRML, 255COA v FaX—F —|ZFEE, VA X TEHALADOEFT RN
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AR LT, MBKIZITWE K2R Lz, FEED R, EfE L OERRER SN
D MR I, Ry R BEMOKEN R T o ¥ —WENETH O Z 7V —TIRAFHE
B (LUFOFREFTIRAFER) OFRIEB L OCRREREZHA W, V7 U 212K

JEEECREA L A L=, BRI 3 EE LT,

2. fER

SR LE1001 B A RSO ZICHEE LR, e 7407, = /X2 7B L0
T UXOFEEUAFBLOEME, Y27 V58BN a7 U rofEZIEKE R,
TFVAVOREBEEOIY, £, T8, 2 X E 7, 2 UF, JuT U
XY, TT U AVBIOY T XY ZrOBBERAREOSE, TROEADE
PEREIX A X X0 b R&EDo7, L, v~ %7 1X LE1001 EEAEZHREL T
b FERHLRE O EMEIXFR O D iv/eh o 72 (Table 10), £ 77, #24 X W72 FEY i LE1001
ERR DRI 2 25 L 2/ R, YA X T EADEFT IO —Tho72ny, Hf 7

H LLBE D AL B IR DU IRE K Z W0 L7 X & E 1T o T,

Table 10. Results of inoculation test performed with pars mushroom

Mushrooms Slice of fruit body Gill Mycelium

Lentiula edodes 4D T n
Plewrotus ostreatus ++ ++ 44
Flamnudina velutipes ++ + +4
Plawrotus eryngii +-+ ++ 14
Agaricus bisporus ++ nt nt
Plewrotus abdlores + ot L4

Hypsizygus marnoreus — ++ ++

Grifola frondosa - - -
Agrocvbe avlindoracea nt” nt ++
) +~++—+ . degree of discoloration and mycelium growth inhibition at 48 hours atter inoculation by LE1001.

2)nt : not tested
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F2H EE
VA X OB X OE#EIZ Ew. americana (LE1001) Z#f L7-& 2 A, U1 1395

W Z > THIBAE L, WL BWALSE72, £/, Ew. americana i3t 7 ¥ /7,
T )X EZTEBLOY UXOYREEME, YU ETBIXRN e T U EX DU,
TFIAVORMBEEO IR, 61, T4, =Xy, Y UX, JaT
TRy, THFIVAVEBIOY XY 2 rOEBEA T EAIE, ZOEGOREX
VAZ T LB LREWVHARNRBO b, £, HMBLIEVA X I RAREREIC
LE1001 DR &AM LIm& 25, A X FERIFEWR Lo 7z, LR - T,
A B TIBBOROR AL, A X 7 FEE O Ew. americana (2 £ 2 {543 IR TiX g v

ECHIr L7,

FB2fi VAXTBRFEEOREEOZNDL D5

B1E JREMEOSRE

1. MEtB L OHE

RGBEANOZEFMH CREPICBERBR L= ) 22 5B IOy X~ 27, 8%
FRN O ZEFREE R B W TH AR Lz 7 % 5 (Fig.lla), AR L=
VEXBLOER LY~ 7 > (Hericium erinaceus), il Ik N o 22 3 i 5% C Ak bs
FUCEHAO —HBAHEE Lo v T U 7 2 E/K CEME L, A-D3 55l (s )

B LTz, £70, RKOBRAOBRMTEHEL 72 I &+ A ¥ (Tricholoma saponaceum)

BLUOX A Y AX X7 (Pholiota adiposa) 7> 5 M@ OBt 1T - 7=, o BEERE I, MME

i
[Wh)
iz
fu
al

FHIMEE OFHE R L 16S rIRNA O @ s BT 2 3205 L 7=, BRI FE I =

BRIZAT o 72,
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Fig.11 Symptoms appeared on fruiting bodies of Pleurotus ostreatus.

a. Symptoms on the natural growing fruiting bodies of P. ostreatus in Happou-cho, Yamamoto-
gun, Akita.

b. Symptoms on the growing fruiting bodies of P. ostreatus 11 days after inoculation with
Ewingella americana (PO1003). The inoculated bottles were kept at 15 °C.

c. Brown spots (arrows) on the pileus of growing fruiting bodies of P. ostreatus in 7 days after
inoculation with Pseudomonas tolaasii (814) .The inoculated bottles were kept at 15 °C.

d. Yellow-brown rotting symptoms on fruiting bodies of P. ostreatus in 7 days after inoculation

with Ew. americana (LE1001).The culture bottles were kept at 20°C for 3 days after spray
inoculation.

2. MR

A-D3 5t BICAEB LB o FH 5, Ew. americana (LE1001) & [A UMK %
RUTZINIEE P LMEEZ®E L, =/ %4 7 0dE (FV1309), Y ¥~V 4 74y
Her (AC1017) , b 7 % & 3B (PO1003), =V > ¥y #frd (PEL1002), Y~ 7 v ¥
75y BEEE (HEL001) 3 L OV v 7 U v & 43 BB (PAL011) 4572, 0 BiEEE 6 Bk o

E PP 138 — T, 16SrRNA B5 O LA 51X, DDBJ @ DNA 5 — & _X— X |Z
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BEEI N TS HEED Ew. americana @ 16S rRNA Bz O ¥ LB %] & 99%LL D FH
FItEEZ R L7, 72, BAZOI OB L7- 2 BFE (28-20, 28-21) @ 16S rRNA
Bis O EE 51X, DDBJ @ DNA 7 — X X— R ZHEGFK I N TWHEED Ew.

americana @ 16S rRNA & s+ O FEES] & 99%LL E DR RIME %2~ LT,

B2H TAZFTIIHTHIRREME

1. MEB IOTE

1) HLEEEk

T XX oy BER (FV1309), Y- ¥~ Z 7 3l (ACL017) , & 7 & 7 oy i
(PO1003), = VU v F/4rffA (PEL1002), Y~ 7 v & 7 4rfEd (HEL00L) B8 L OV v 7 v
v 2 7o HEE (PAL011), BHAZO IR0 L 7 I R A VR (28-20) B XV
XA Y R o EEE (28-21) Z AW T2 e BB & LT, v A Z 7 oy BiEE #& (LE1001)

e,

2) EIKRI A &7 & T8 505 R o M oE

AR L, BT 1% 2 H & KR TIETIT -1,

2. AR
SR 8 WHKITEIR L TEBPTO VA X g FREEEZBEND BRESE, —HoTF
FRITREFIEL, REZ > T L7z (Table 11), WEMEIZEKRICE > TRE R

EHEWI o T2,
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Table 11. Results of inoculation test performed using Lerziruda edodes on sawdust medium.

Numberof  Number of young Number of old fiuiting bodies”

Strain

samples” fuiting bodies” ~ +++7  ++ + -

Ewingella americana  LE1001 41 21(51.2%) 2 6 10 2
PO1003 43 29(67.4%) 3 4 6 1

PE1002 43 26(60.3%) 5 7 3 2

HE1001 49 31(63.3%) 5 8 4 1

FV1309 45 19 (42.2%) 6 9 10 1

28-20 20 15 (75.0%) 0 3 2 0

28-21 20 13 (65.0%) 0 1 4 2

Control (water) 41 2(4.9%) 0 0 5 34
Control (uninjected) 36 0(0.0%) nt’ nt nt nt

1) The number of young fiuiting bodies of L. edodes injected with 0.1 mL bacterial culture or sterilized water.

2) The number of young fruiting bodies of L edodes exhibiting brown rot symptoms.  The numbers in parentheses
indicate frequency of occurrences of brown rot symptoms. (Rate (%) = (Number of voung fruiting bodies of L.
edodes exhibiting brown rot symptoms / umber of moculated young fruiting bodies) = 100)

3) The nuimber of old fiuiting bodies of L. edodies.

4) Degree of browning at inner stipes in old fiuiting bodies of L. edodes. +++: severe. ++ medium. +: slight. - no
browning

S)nt: not tested

B3E b IFTICHTIHERME
e KO
1) HERE R
MEBRICIE, = X% oREE R (FV1309), & 7 % 7 4rfwtk (PO1003), — VU ¥
SyEEE FR (PE1002), B KOy~ 7 v & 7oy BEE /K (HEL001) 2 VW7o, xMRE#K S L
, WEB LI A Z7 FFRK) 6 /B L 72 Ew. americana (LE1001) 3 XUV 7 %

ER B4 EE L 72 Ps. tolaasii (814) # AW 7=,
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2) 7 X TOE U
Bt 6 » AL LA CHIKHERE L7 AX BRI (4-16 A v =), Kb, 57
£, EOZ0F (KHMEKASHR) 288 HET12:2:1.5: 0.5 DEIAITEAL,
GKRBEE 65%ICTE L=, 800 cc DAY Fu b L U BOKEE L I 500 g DEGHLIC
FEH L, 1200C, 30 oM @mEKE L7z, —BERE LB TOERE LT 27
i (OMC4019) A H:fE L7-, H28I3RE 22421 °C, MHXHRE 75-80%ICi% & L 7=
AT 2427 AT o 7o, BIG L VI ER X ECHE X 217078, Bt bl E T
WEAKZ AN T 4RERKE L, e i3 — B S FIc LTHEAR L, IRE 15£1C,
FEXHE B 95% UL IR E LIAFTRICBEH L, S IL16MAY D2 TFIC
AL, 18 FED AL Z S T FEAMI A ~, B R OBRICER L7cHE A * v v 7 (S-800)
FE OIS CTrREBRAEFE L, FEEORIUL, HAEOEBEZED 15-20

mm % H 22T > 7=,

3) BT X O L TRICKEIT 2 EMmAR
PRI, Ew. americana 5 E#kds L O Ps. tolaasii 1 FikE 7o, BEFEE X
HIA T 28°C, 48-72 RE[IH548 L, B IRICIRE K Z 2 TH 10° cfu/ml 12 355 L 72 178
a7z, MEBBHROERIL, HREABIC4HAOREE L IZHLT, 1
ErHe 1 ml 2MET L HETITo, BRE HOEMEIL, FRESBRORE S
EAEBREICWMAL TUTolz, LK E Y DEX Y v 728 IHEE, v v 7
HiE 6 HHICKRE L, HIEZ 4 BHOHEMEITIF v v 72 BREL TTV, RO
Bero BEHIIitxy vy 72l git, B e VICEEE Yy v 7L, HiEX 6

CBRE Lz, ERRE DD FREERICE T, B2 U IXIRE 1521°C, MxheE
BWIZHRE LZAEFETEHLEZY, HRE 4P RICER LB o— %, #
Fith 3 AR OAIRE 2021°C, fAAIRE 95% CEHT 2 MK 2% E Lz, 1R BRX
BHo ) OBFEE HUE 7-16 AL L, RO E U TITRE KL B L7z, %%
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PRI E R E 11 H B AR O F ERBREUFICIT o 7o, R8P ORE IR © o mIcila
L, WO N HEANLBAICEA LT FREOBAT “+7, BEORBREDRN
TREOHEAIT “++7, BRFEROREEL “+++7 LHELL, BRAERL,

EEOFETITB L 7o F RO —EBITWE K TEM: L, A-D3 #5#ids X O Ps. tolaasii @
BT T-PAF 55 H (BB L&, 2000) [7Z&#47K:1000 ml, Pseudomonas Agar F (Difco
fh#) 0389, 7 UkEUY:10g, A :29, 0.1%27 VU AX )L N4 F L v b :5ml,
0.2%7 nEFE—/LT7/b— 15 ml] IZHEiFR L, EiH BICAET LEEO Gz 8%

L7,

2. iR

ERXBICHEAB LOHEKEZIT- =352 £ 212 Ew. americana O SR8k & W S B2 fE
L7z, BN FEICHEEBEOKTHNRO S, © 72 7 OFIEGRITEN D
R 2380 b, FREORRUL, HRKITTXTEES 11 ARITT o722y,
PHEREXIE 1-4 RN T, BRI L 7272204 L72RE &L, Ew. americana O ik
AR LA DIE, BEO X T N TR EBAICE A LT RN
A L7z (Fig.llb), #HBEORERZIT O FEMEITHAE L, FHis e v of R E
HTAERLEEZOEEN NS WFEERICZEBD LN, RIERIT 5 HHEDO Ew
americana Z £ L 72 3% 0 THERR S 41, AEFIL 57.1-87.5% T H - 7= (Table 12),
AFNBIE L7272 IS I & b UTERIRD 1-3 HBR 2 bl 260
FERMLUWFEENBET HEMN L ONTN, BRE > TERT 21 EETD
einol, B LT FEEKRO—H %2 A-D3 i X O T-PAF 5#liCHEfE L= & 2 A,
A-D3 it L CTHLE SR A DA, HHNALAGAOERIIAER L), T-PAF

B i F Rk 29 2 EBKIERO SN2 o T,
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Table 12. Results of inoculation test performed with culture bottle of Plewrotus ostreatus after removal of surface

mycelia (called the Kinkaki treatment) in the sawdust medium.

Number of Degree of se."\--'er“iry’J
Strain Incidence rate (%)
total bottle”  +++  ++ +
Ewingella americana  LE1001 16 0 9 2 68.8
PO1003 16 1 8 2 68.8
PE1002 16 0 11 3 87.5
HE1001 8 1 3 2 75.0
FV1309 7 2 1 1 571
Pseudomonas tolaasii 814 16 2 14 0 100.0
Control (water) 16 0 0 0 0.0
1) The number of bottle of P. asmreatus sprayed with 1 mL bacterial culture or sterilized water.
2) Degree of yellow-brown rotting symptoms on pileus of P. astreatus. +++:severe with rot, ++medium, +:slight

3) Parentheses indicate frequency of occurrences of brown rot symptoms. (Rate (%) = (Number of bottle of P

ostreatus exhibiting yellow-brown rot symptoms / number of sprayed bottles) = 100)

—7J7, Ps. tolaasii ##:FE L7-fki 0 ICITBBAaOKENAEL, ZOBEHFHIL Ew
americana Z B FE L 2 AT B SR O 72K & i L CIR WP RO bz,
7o, EEHTOEL T X OWAIITHEORANEL, BEORKIELE & bICEE L TH
RN ERET D FREICHE Lz, FREFREFIIXToOERE N L EBE
WCEE LT FREENEAEL, W LICHAORENED bivle (Figllc), RIRL -
X O L 7 X7 RZIRIIEASTH > 725, Ps. tolaasii 8 L7 X CTOHEE L
THAZEDOEANFED b1, Ew. americana # #FE L 723 UBR X O 599 £ L ik L T
o7= (Table 12), & L7 13K 0 —#4% T-PAF Kiiids L OV A-D3 £5 HlZ mifi L 7=
& 25, T-PAF i EICH kG2 2T 58K OEFTITRBD b7, A-D3 i ki
HEERITEET L) o7,

EHEE 4 B HIZ Ew. americana O 8K & " BT L 72 B B 1T, EREE ET
KB X OHEK Z4T - 72 F 85 © o 1C Ew. americana O SR 2 M E B L 15 C T

BHLUEEREFERICE I X ZFOAFTEENRBD ONTZ, LarL, HBFERIT 37.5%
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T, AEORETERBEACERLERE DO RAE L FEKE LKL TR -
7z (Table 13), —7J5, Ew. americana Ok # V& & #:fE1% 3 Af#, 20C CTHH L -
R ORPFHRIT875%L &<, WA TML S EE L+ EERORAE L iR
L7z (Fig.1ld), A F 723 L 72 7 EE O —# %2 A-D3 Fiflids & U8 T-PAF E5 i1l
Hi#k L7= & 25, A-D3 55H T Ew. americana (LE1001) OEEMEIRE — 9 5 K@
HEEDOAEFITIRSNT-M, T-PAF 5 I Ps. tolaasii (814) DEEMIR & —FH T 5

FRkAERIZR DN R o T,

Table 13. Results of inoculation test performed with culture bottle of Plewrotus ostreatus at 4 days after removal of

surface mycelia (called the Kinkaki treatment) in the sawdust medium.

Number of Degree of severity” Incidence rate
Strain Temperature” i
total botle”  +++ ++ + (%)
15 16 0 2 4 375
Ewingella americana  LE1001
20 16 8 2 4 875
15 16 0 4 11 938
Pseudomonas tolaasii 814
20 16 2 10 3 938
15 16 0 0 0 0.0
Control(water)
20 16 0 0 0 00

1) Temperature at which inoculated bottles were kept for 3 days.

2) The number of bottle of P, ostreatus sprayed with 1 mL bacterial culture or sterilized water.

3) Degree of yellow-brown rotting symptoms on pileus at fruiting bodies of P ostreatus. +++severe with rot,
++medium, +:slight

4) Parentheses indicate frequency of occurrences of brown rot symptoms. (Rate (%) = (Number of bottle of P

ostreatus exhibiting yellow-brown rot symptoms / number of sprayed bottles) = 100)

—J7, Ps.tolaasii Z 8 L7235 B ORFRIT, HEZOEESRMFETEITIRON
o=, BEBR LIZFEEROBABLIOEAORE X, BFft% 3 HE 20C T
BRI REE O E N>~ (Table 13), F7-, B8 F7-13BK LT F+EED

—¥8 % T-PAF H5Hids L OV A-D3 BiHiiclm#R L7- & = A, T-PAF £5#1 EiZ Ps. tolaasii
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(814) DEFEMIRE — KT L2EFRAEEOEFTNRO NN, A-D3 B 2 Ew

americana (LE1001) OEFEMIR E —HTHHEQERKITEFT Lo T,

FAE BH

A KRR E Ew. americana O &R EGHL A-D3 K5 Z T, Bk H RN THREL
L7827, 2V o XBIOY~T7 v %7, RGBNTHEILIZ= ) X2 7B LT
YrXe Y H, WRRFEZ v T U X I B LTz 6 B OME R 13—
T, 16S rRNA &5 1 DO AL S X Ew. americana & 99%LL EOMFEIME A R Lz, £ 72,
ROPERNOHARKRTEHRLIEZEIR TV ATVBIRX A Y ZAXZ 70505 L T-w#ED
16S rRNA &A1& 1- O ELELF X, Ew. americana & 99%LL EOFEFEIMEZ R LT, S BT,

IR S A 27 e IO TR O K5 R, o BEE 8 WAKIZ S A & 7St 2 IR & Fr
DL, Uk, €2, 2 ) UF, YT UE T, ) XET,
YIX~Y &, /a7 S IXVAVBIOXAVAXZ SN L0HE LT 8
B A% % Ew. americana & [AlE L 7=,

b 7 2R DRI ORI, S BERE OBIBIR L v T & 7RI A LART O #hE
EUICEFEEET L HIETITo 7, THRABREZITo72 & 24, BEZOREE Y V2 A
FEDOWIZMNIIE~S & B 0O TRNCERBIK A EE D 07 < ME v 23T TR
WEESA LB L TEALLE I Xy FREDFELEEEBEH NI LB DT,

SEEOBREIRAFEEEABIO 4 HRICE 72 7 OB & ITE B L 72k
R, WEO —HELIEMBPEET L FEROBEENBO N, £, YA 2 THE
BORE (LE1001) Z#Ef L7t 72 7 OB e A bR TIER AR D b, L
2RI CRIFOREICZIT R o7, AR Lz v T % 7 3 BEE £ (PO1003) 1
1996 FICH R OFEEH TEFTHICHA L THER LI 7 2 7 6 558 L2 EKR T
HD, HEHMTRARRLEFAE L Z A, AIERIL Ps. tolaasii X2t T X% 7G
WO &R 2720, i - ffiA (1991) 2y LM 10 K 2 S ER IS
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HEBx LN, BRERBROMERND, A ¥ M Ew. americana it 7 % 7
TREOHAZZFHBESYE, BREIEDLZ L E2MWMBTELIEND, BT X TITHL
TR EZHETHZ ENbooT-, £z, Ew. americana ZMEEHERE Lot %
20C T3 HMEEY 5 &, 15C L L TRMRITM <, B E - LB T RIED
BAENZNZENHP LI, © 725 0FHLEE LROIRESRMIE, 15 CxH
BNATOND ON—ITH D (FH, 2010), UL, FKEFBLE CIIEFMEIR O
BGPTSR AR, EFLFEDORE T, FHiIC L - TEFE CREENITE W T bR
EUORABRETREBLV G RLIENTHEND Z &b, © 7 X T HEDE
BRI DIEIR DS TERE S D MM X TR & IO AEEBITA T, HFHL R
AFLROBEEHZLETSLERODL EZERZ DN,

LLEORBRAERN G, BHIRFEO e 727, =) 0¥, Y~7 2758 00x ) F
2 2B 5y HE L 72 Ew. americana 1%, ¥ Z 7St L CHRBEMEE AT L Z LB L,
72 FREEZERE, BRSEL2 2L bR L (A5 5, 2016b), £72, JA
BB DA X B AYEEL - Ew. americana 1%, b 7 ¥ 7 FHEKEZEBE, BRsE
L2 LRI, WEBPHRFEREZIE I E T, =) UF, Y72 5Bl 0xT /%
2G4y B L 72 Ew. americana & EIERO bR hotz, BLEDZ LG, Ew
americana |, ENO X O ZHIRE FTERL, Hrx R TrEEROEALBR AT &
BT EZAMEOEO ZREMETH DL I LARB S,

F 72, Ps.tolaasii DIEE KL, HEEHB L P4 HHEICE Z ¥ oK IcHE
LickZh, eI 87 FREOREE LICREAOBANEL, RaIZ@E L TERY,
HASENEBAT D Z L 2B L7z (Fig.llc), AEIRIL Ps. tolaasii Ik 5t 7 #
RO O (B - 3, 1993) & k< —%F L7, —J7, Ew. americana @ %
WaBER L 72 /7120%, W4 RICHRZ BT 25 RITRD 5407, Ps. tolaasii
PR L7 L TR RTRE Th o 72 (A5, 2016b),

Tt Lick 7% 7 %K% T-PAF il T O A-D3 FiHUICEMBR L& 2 A, Ew
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americana f£fEX |3 A-D3 H5Hl EIC P LE AR A A, HEAILAGROER,
Ps. tolaasii #fEX % T-PAF 5l LICHiktaz BT 2EBEDOEFTOLNRBO biLEZ
Enb, Ay RORAIEZRTZT I ERHRTEI, U Lnn, v A 2 7 EE
@ Ew. americana i%, A SN u T vy s, Y IEX Y S, 2 )X H T,
L7407, 2 UXBLOY~Y T U EZ b gl i, e 72 7x L CREEE A
TOZEPHLNCRSTZZ &G, ZEMER CHIESNOEKRE DO ZOAFHEE
Wi/ b Bz bz, £72, Zi1E T Ew americana BNEFA X O 206 S -

WEIT WD, WAEOHRFUZIRS AR L TV D REMER R S iz,
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BVE VA ZTEBURE O RGO R A

ROGBRDO A Z 7 TR THE L%, ZO%F CTREIAREZITY,
FEERIT 2 ERIBRICAFEDIILEG~BEH L THFREEOERRBITONA TN IEE
BCREBR L TEERPO NSNS VA X 7 IEBURE ORYEG I E2 W 5 icd
L2 8L, RFOBBRFEEZRFT S LT TEETH D, RETILERE 2 H
W, VA X T RARERERELN OO VA X T BRBURE O S BEZITV, A X7

I omIREE A LT,

BLE VA TRERENO OB

B1HE ZER»D O

1. MEHB X Ok

ETERDNS ORE 7 BEIE, 55 6 Bl OFAEFAOBRITE bR - LKA HIZ AR
FOHSIGER A MIZTEARZ W TIT o 72, 2013 48 12 HICERBRIHAHIZIZEARNG 7
& T, 2015 4F 4 AICHESRAAM 2O 5 &, W EEDOIA LD 0N
EIRE KT CEM L, BEREE PRI Lo, 0BT A-D3 B5iids X O HIA
Feha fvie, E70, BWIETEAROIE L KE N D OMETHET, 2015 4 5 HIZE
R A D 4 Erd JOHE R AR S 16 EaT2 20, WMEK TR O W7z
TREIY, A-D3 EWREMICEKE L7z, 72, 2014 4 6 AIZHBRGNO 7 X ¥4
WNIZREIABRF OIZTZAR (2013 4 3 AR LY 2014 4 3 HICHIR M ZHE) 04
B R & R TIE TR AT > 72, £72, 2016 4 3 HITH 72T A Z gk
5 D FEA % e se U T EABRBREABRAT F 4l (LT PR H) 226 FF bR - 72I1Z72AK (i

T A% 290) RE»HBMEDOSEEEZIT T,
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2. fER

2013 4F 12 A, AEEFAR H D FF B IR o 721X 72 AR D B A L7390 + FEIR O JE8 D
PR IE, D MCHBAE L TOSEFTARD bk, 20154 4 A, HEERHA )
SEFD o TR TERD B I U T2 3899 F F2 R O J8L O N BT, Sl 72 AR 2 & R
A E R LT, BRERI A IS X ORISR A OIZ 72K D FE [ 1 FZIK L DN
BRI D ABE L=/, WThoW o FAns b A-D3 M ECHlEaEREERT 2
ME X DBES N2 o 7o, HUREFAEMO S 7B HIA B EiICHBaEED
AEEZRBDLOT, A-DI TR LEZDS, HOEKOATIALN 72, L
2L, 2015 4 5 HITIZTEARDOEKE 26 [FAR 72 715 THrlE L7 /b 5, A-D3 “Fikoss -
T Ew. americana DEE IR & — BT 2EEOAEFTNRD b, HEFEFEHOIZE
ARr5 WAB59, BRI A OIZ7ZAN S WDT1 5 LT WD73 #1372,

2014 4F 6 A, RBRGNITREAR T OIEIEA (2014 4F 3 AREE) SME £ %
A-D3 FRIEHIICERBE L 722%,  Ew. americana DMK & — BT 2 EEIT B L 72
mofo, LinL, 20134 3 ATy A Z rfiEZME LICIZ7Z RO LR E DI,
A-D3 EAREF i T Ew. americana OEE MR & — BT 2L BN HB L, SHEE
(RB250) %537,

2016 4= 3 A, FMMEHN LR LIF S TIZTEAROERE AL FIETHEEL -

FER, A-D3EGH ECHEAEROAFT 2RO, GB636 B L0 GB641 #1572,

H2H REAHZMBEREEFGOLE» L 058

1. e KOG E

2016 = 2 HIZIEEARZREADAT O 7 XF KRB LNV A ¥ r 28 BFOKRAIEE
G0t E, TN ENRNEETN DR BIE - 7o, M O 5 BEX R A BUE TIT W,

Sy B 1X A-D3 Bt & V7=,
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2. FER

PO 7 X8, EHRT R X OERITOMRNIZZS 0 L84 55k L7
fER, A-D3 H5H EICEEEROEFNRD bivic, HIA FREF L CTHMiETE 21TV,
F-1 (Frmdfi7 X epkt88), A2 (ERMREMIEZES L8 L0 B-2 (ERTE

WENE725 38 2157,

BI3E HBEEOVAZ Tt T R L 16S rRNA OBE TR

1. MEB IOTE

A Z I T DWREEL, ETEAROERmEN D B LT 6 HER, 7 X FHEBLONZ
SO NG S 3E KA W, A WREEREFE GBEIESE 2 H) 17
VY, BERERBRIE 2 MISHE L7, bR S LT, 2013 4F 12 A 725 2015 4F 12 A iTas
JC, BEFHO T A X T FEKND A-D3 A VTR L - AR (11 EE)
R L2, £72, OBEE 20 EEEO 16S rRNA OB s TN IX, HMES 3HD S

& L RRRIZAT o T2,

2. FER

EERE A EIR Y A Z ISR LSRR, IZEARARE NS ST 6 BRI,
56.9-86.4% D EI A T T EIER O EAE IENFR O Hiv/ (Table 14), —J7, THE» b 5y
SN 3EHRDOEEATIEEI G TR WMEm 2R L, 7 X FHREEEHROEKIT 25.0%T
bole, £i, VA X T FEENSGHESNIZEKD L 1L, 66%LL EOEIA T %
RO RLEFE E0NFED 53, LELI001 % #25 L 7= f5 5 (Table 3) & [AFEE TH - 7= (Table
15), /Bt 20 E kD 16S rRNA s T- O IEFELS X, DDBJ @ DNA 57— 4 X — X |Z
Bk S TV D %D Ew. americana @ 16S rRNA & 15+ 0 ¥ 2 4] (ACCESSION No.

JN175329 fit) & 99%LL E D AHE M 2Rk L 7=,
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Table 14. Results of inoculation test performed using Lerwirutla edodes on sawdust medium.

] Number of Number of young Number of old fluiting bodies™
Strain
samples’’ fruiting bodies™ +++? ++ + —
Bedlogs RB250 40 29 (72.5%) 2 2 6 1
WA359 44 38 (86.4%) 3 1 2 0
WD71 48 36 (75.0%) 5 5 4 1
WD73 51 29 (56.9%) 3 7 8 4
GB636 19 14 (73.7%0) 3 1 1 0
GB641 19 12 (63.2%) 4 3 ] 0
Soils F-1 20 5(25.0%) 1 2 4 0
A2 20 10 (50.0%0) 2 6 2 0
B-2 20 11 (55.0%0) 3 3 3 0
Control (water) 47 0 (0.0%0) 0 0 4 43

1) The munber of young fiuiting bodies of L. edodes injected with 0.1 ml bacterial culture or sterilized water:

2) The mumnber of young fruiting bodies of L edodes exhibiting brown rot symptoms.  The munbers in parentheses
indicate frequency of occurrences of brown rot symptoms. (Rate (%0) = (Number of young fiuiting bodies of L.
edodles exhibiting brown rot symptoms / munber of inoculated yvoung fiuiting bodies) = 100)

3) The mumber of old fiuiting bodies of L. edodes.

4) Degree of browning at inner stipes in old fiuiting bodies of L. edodes. +++: severe. ++: medium. +: slight. - no

browning

Table 15. Results of inoculation test performed using Lenrirnulea edodes on sawdust medium.

_ Number of Number of young Number of old fruiting bodies™

Sua samples” fruiting bodies™ +++? ++ + —

Fruiting bodies 72-2 61 50 (82.0%) 1 ] 3 7
12-7-26-2 57 45 (78.9%) 4 5 1 2

RB253 44 33(75.0%) 3 6 2 0

KS-111 38 25 (65.8%) 4 4 5 0

BT-10-3 47 31 (66.0%) 2 1 9 4

398 47 34 (72.3%) 6 3 3 1

319-1 60 28 (46.7%) 5 10 5 12

28-12 19 7 (36.8%) 4 2 6 0

28-14 19 16 (84.2%40) 2 1 0 ]

28-16 20 19 (95.0%) 0 1 0 ]

28-17 20 14 (70.0%a) 3 0 2 1

Control (water) 54 6(11.1%) 0 0 0 18

1) The number of young fruiting bodies of L. edodes injected with 0.1 ml bacterial culture or sterilized water.

2) The number of young fiuiting bodies of L. edodes exhibiting brown rot symptoms. The numbers in parentheses
indicate frequency of occurrences of brown rot symptoms. (Rate (%) = (Number of young fiuiting bodies of L.
edodes exhibiting brown rot symptoms / number of inoculated young fiuiting bodies) = 100)

3) The number of old fiuiting bodies of L. edodes.

4) Degree of browning at inner stipes in old fruiting bodies of L. edodes. +++: severe, ++: medium. +: slight, -2 no

browning
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FA4H EBE

A-D3 EAREE A VT, IREIABRF DV A X 7IETE RO R EC T8 A2 oL
7ot &, Ew. americana (LE1001) &EEHMRO —BT oMEZoHES 22 &N TE
Too WRYA X7 2 AT OME R, DHERE O > A 5 7SR 55 EE & R
T& 7, &biT, 7HEE O 16S rRNA B s T O 5K, Ew. americana & 99% LA L
OMAEMEZ RTZEBbhrol, BLEDZ Enn, (REIABT O VA X 7riZiZ KO
Fe > LB & oy S U7- MR & Ew. americana & [FIE L7z, F£7-, A-D3 £
A XA FERUSMC AR T H Ew. americana & S BEFRE CTH o Z LD, D
HEFBRELIZ 1 % Ew. americana O AERRRYFH A 2NN RAYICAT 5 T & B ATREIC 2R o 72,

Ew. americana (I, REIAZIGHTO NG oS 7 Z L5, Ew. americana
FREABPOIELERICEELRRET 5 EZ AN, /MMe - % (1974) 1%, v A X
7 ¥e 22 BOw O UK Ps. fluorescens 13, HHEICAR L TW D AIREMEZ R L TV 5,
A ZTIEEROREIALWMIL, B A 270561320 »r AU EEEBICZA ST
&b, Ew. americana DIETEAR~DEGRER 1T L <, HEPOLEFTEEDREIAR
BREOEWICL > T, MPEOBREIZIRES R R TSI N, A 2 7 HEARREEX
EESH TR L 2 FETITOATE Y, MR % OIFIZARIT 3 2 M E O RG: & a8 JE
BUER DA L OB EZ T 5 BT, KRB RIEISEICRD EEZLND,

F7-, Ew. americana [X, T A7 VB XY AU L yEES R HA  (Miller et al,
1995) 3 D Z Linb, VA X S RERFERLIETERICERT SBWRENLTWD
AREELEZONDDT, SBBHNTILEND D,
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BVIE A X FBEIRIRE DGR

T OB T ATRE AR BRI EIITH DY, & D ZFEER TITAREM R BEERA 5 <
KB TWD ()1, 2008 ; =IF, 2010), ARETIL, E7EKED A 7 JE0R
HOEBEEZKRFEIEDLHIET, KFE2RTHZE2BENICRKBREIT- T2,

B1E ERE AR

FB1HE EFEEROKZREFLE
1. MEHB X OF ik
1) BERIZ7ER
2014 47 10 AICHFZEATN O N TAF 2SI\ T, v A Z FBIE & B R E L7213

72K (GR#: : 7-26, 2013 4E 3 AflE) 5 A%, 2015 4E 10 A28l L CHW /=,

2) HERER I L OB T 1k

B L7232 RO HIE, ARV h~A A (Y~ A2 b= AHA 20, B
K7 7 U RS HE) o 1,000 f5#KIC 6 RFIREE L7, 780 DIEEARITHRIX & LT,
KEKITRFE LI, BIELLIEFEEARIT, ALKREICHAL, BE 12-22°C, BE
85-95% DS THEI L7z, SRELL 7o 7 FRITWE K THEEM: L, A-D3 FAh: #IZ IR

BEFE L 72,

2. KR

KTEKIIRIE LRI OIE72AK Bicix, 156 HBICRR 24> TBEBR L
A B FEERKOAEBTNRD 5N (Figl2a), W LI +EIE%EML, A-D3
AR EE M B IREERE L7 & 2 A, Ew. americana (LE1001) DMK L — 4 5 %
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BEENSHER O, =, ANV T h~A Y URANCRE LTZIEE R0 DX, #
WO—FBteLE LIz A 2 r+R2EDLET 2RO (Fig.l2b), LrL, RERL7Z 9
U TIVOFTREEIRSTOIE 3T TN T, BEORE T X & il U
Tholz, 72, 9 VU T INVDOEMIKREZ A-D3 EHEFHICS®IKEERE L 7=, Ew

americana (LE1001) OEEMIR E —H T2 EQEROEFTIIR LN o712,

Fig.12 Effect of chemical treatment on bed logs of Lentinula edodes(7-26).

a. Symptoms on the growing fruiting bodies of L. edodes 15 days after bed logs were
soaked in water. These bed logs were kept at 12-22 °C.

b. Browning stipes (arrows) on fruiting bodies of L. edodes 15 days after bed logs were
soaked in streptomycin 1000 times liquid. These bed logs were kept at 12-22 °C.

c. Symptoms on the growing fruiting bodies of L. edodes 10 days after bed logs were
washed with water. These bed logs were managed at artificial fruiting yard.

d. Normal fruiting bodies of L. edodes 14 days after bed logs were washed in vinegar 40
times liquid. These bed logs were managed at artificial fruiting yard.
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H2HE ILAOREILE

1. e X OHIE

1) HERIEEAR

2015 4 3 J1IZ 7-26 Rt (ZRCHR) OFEEZMEE L. PRI O N LIZ7E8 THRR
L7IEEARZ W=, F£72, 2016 4F 3 AICFMFAEHICIB N T, v A ¥ 7RO

AR LIZIZTEAR (BFE : A 290, 2014 £FEME) 2 H Wiz,

2) HEERIEAR I KX OB T5 1A

RFHALHEIT, B (RS IV B 8) @ 40 5] (pH 3.9) TR L7727 7
T, FEABEEREAEN 2 0BR BTz, SHRXOIFEAROWUEIZIL, KiEKEH
Wi, BFRALERIE 2016 4F 9-10 A ATV, BB DIFTEARIIALIZES CERE L,

AR CFRIRRMmZ Y, A-D3 PAREF I B IREERL L 72,

2. AR

2016 F 9 AIC/KIEKEZ HWTHRS B2 IZ72AR R : 7-26) b X, WF 7 H
HOIZTER LEICHEWO T A2 FODICBE L FREEORENZEO LI, 10 B BIZIE
BB & o THM L BB L (Fig.12c), AR FKITLIL L7z 4 KOFTRTO
WZTERICHEAE LT, B8 731K 10 8 %2 A-D3 ARG HIZ B IREERE L 72 /5%, 8 @5
Ew. americana (LE1001) OEHEMIRE —F T2 HALEED A O,

—J7, 2016 4 10 HIZEMEE 40 fFRICIR L7727 7 v TR IEEAR GRH#t ¢
7-26) B0, WP 10 H BICHEAE T EERO AT DT, S LS T EKO B
WAEB Liz, 10 HOWE T A Z A-D3 IS BIREERL L7/ R, 315 Ew.
americana (LE1001) DOFEHEMR & —HT 2/ AEEN R o7z, 1Z7EKR EOF+EK
AR TR Lo 25, FREBFEMNARAICHBEL, LM 14 A RICT 3%

{$@¥%B@i§§%%ﬁ&o<¥%zb<F%E&Lfco Lﬁ)b, ﬁ*ﬁfiﬁﬁ@l@i, ﬁk/ug%%'}é
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JERL L e Witk R o7z (Fig.d2d),

BI3HE EZ

ORI BNT, ARV T b~ VEAEHEAT L Z LIETE RV, RHT
1%, 1Z72AIC Ew. americana ®AE R 925 2 & Z B REICRER L, IS O BEFRYE O #]
REMEZ BRI T 2 AT, A 2V BROROREZBOIELEREZA LT b~ v
WA TR A AT > 7=,

ANV R A v RAID 1,000 FHRICIZIEA GRIE : 7-26) ZiRIET 2 &, A
JEREAR IR B DAY, W R X & el U CRAFIGITELS , BEORE LN - 12,
£72, TNHOFEKE A-D3 B A FVCTAyEE L 7228, Ew. americana (LE1001) &
MR =BT 2 HAEROEFT IR N RhoTe, LB -T, FERICELET
% Ew. americana |%, A L7 b~ A ¥ UHANRBELHIZ K > TEFTHEEMET L7
LEAONI, ¥, RMBEO VA Z 5 FREOBEIL, Ty h—ERLFryf—F
BERNBG T2 enmon TRy (K, 2011), AELER 7-26 (TR H O 1 RAEN
WELRTWRKETH 2 LH#HEE I T,

EOIREEBHICE VT, WERE BT TR R 3RIE, o iR L —
FNOHTHLHN, FRITEDL ROWPBRPEEFERBOR S E SN TE L, —F, HED
FEE LT RREE B TIE, MBEMED & DR TIERRDOENND Z Linh, EERE
BiBR&EM OFE AN I Tn5, BilFS (2016) X, &FEL Hypocrea lactea @ 1
DOMRFOREFEELLOEREROMRAEIR PG E2@WE L, 72, 1
IR (1994) 13, BFEEOHIEIEVEIICRRE LV ME I LT, #EERR D
HILEWELTND, BRBFHTDIELEAR GRIL : 7-26) &, BFF 40 fFikICiR L
277 TS L, BEBBUERDIEAITRD Lz, Zhb 1R E% A-D3 i
EHWTHBELZE 25, Ew. americana (LE1001) & % MRS —5 4 2 ek
DEFBIZRONTN, BEFSITE, o7, UEDOZ 0D, A % TERIRDOHAE

66



L7CIE2R 2 B lE 40 59 TR 5 51E1T, 3o — X OFRFE M A 20 R0 WHs
TELLEADNT, SRR ECRRE, BEO VA 2 7 ICkRETREICHON TR

AL, &0 ZAEPEM TE TR R AR RBRTIEDOWSLA RO b D,
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BVIE FRBEET ) FITHEE L ZEIEEBUER

1997 FE R BEHNIZENT, =) rFrEEPAERREICED, KILEK
DIERDRAEG RN FE ORI, U ) O FORREITE S, T E TITREFRAE
DFRLFEP RN En D, AERITASET Y O FRG LEERIFEICRDILEZEALLN
2o TIZT, WEEORE, BRI ORI XL OBBRGIEOHSLT 5720 O 5%

1To7,

B =V X¥hrhonBEShsBEEAREORE

B1E SKRREOSH

1. MEtB XTI

BAMBEOBRICFLIR7T= ) U FFRENDL, HEFEAZBIEY, PDA Fik
BeHiIZ @R L, 25 °CC 3-5 H W53 L CA& U= @i dein & /0l U=, 0 MR R 1X PDA

BEEHTE#E L, 5CTHRIEL T,

2. fER

ROHEEBE R L OHETILFEO T U o XM TR L7z +£E0 51, PDA
B ElC A O@EEEZBRT 255 RE 0N 0l Sz, s HERE T PDA B, A4 —
M — 7 A —Ei it (Difco #8Y) BRI ORIFT F R (/v a—2 2.0%, %
FTFR20%, AURTHE01%) TRSAFTL, ZEOHAETZTEAR L 72 (Fig.13a),
T2, EEE A 14 B RSE L7 PDA SO E®m X, 7V — A6 TH- 7= (Fig.13b),

BRWIENR S22 L, BHMOER TR ICHAKZH O,
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Fig.13 Morphological characters of the Cladbotryum varium pathogen
of Pleurotus eryngii.

a-b. Colony morphology of C. varium. grown on potato dextrose agar at
25°C for 14 days (surface side: a, reverse side: b).

c. Conidiophore and conidial head stained with phloxine.
Scale bars: 20 pm

d. Conidia stained with phloxine. Scale bars: 20 um

B2 SHEORRE

1. MEtB LUk
RomEBEBET Y X5l (OMI9801) B X O EM ILEF = U o X 4 HE W
(OMI19802) Zftal L7z, IR EHK & L CREFREFRMAESHKBERFOT T A VD
Tz O E (N698), =/ X 7 ple/pUyRE (N729), = U > X 5EEE (N715), IFO
& 17 @ Cladobotryum variospermum (1FO9143), C. varium (1F09438) i L ' C.

apiculatum (IFO7795) # M\ /-, X E O REIL, PDA P, F— FI—L7
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H—tEil K OVEF o RFEREEMICHEER L, 20-25°CC 10-14 HEGR L2 HE# 2Ok

P TR LT,

2. fER

RppExY X o58EE 2 WRIIZRBRRRFEIZEITR O 59, OMI9801 D4y /L
ILIE 3.8-7.5 um KT E A BIFIFENICH BN Y, £ & 180-350 pm, 1§ 2.5-5.0
um T o 7z, 53 AT I 1355 2B F W D e BRI TE A S 41, K& & 20.0-45.0X2.5-5.0
um Th o7z, AT IS ETFHAMIEO IR S, FIENTERR, #he /M
MO IRFEMICEERE Lz (Fig.13c), AEA L7250 A2 1300y Tor 2k FIE B/ 7> © BB
T 50, B IS AR O R B FE L, ZNRLRRICHER S izl o5 E T
DI HIRB A R &7z (Fig.13d) . 70 £ TE G2~ & BENL U 72 73 4 1% 2 Mk,
FEM 5 IRFEMIE, K& & 12.5-16.8X7.8-10.0 um, FEERIC MR OB LY EH L T
oo TOXDRFFHIT, RERTHBESNTEBMO T T AVEBIO ) X2 bl

MNOYRE & B < —E L7 (Table 16),

Table 16. Characteristics of conidia of Cladobotryum sp. isolated from cultivated mushrooms.

Number
Strain Shape Size (pm) Protuberance
of septa
OMI 9801" 1 avoid- ellipsoid 13-17%8-10 disc-shaped
N 6987 1 ellipsoid 13-2056-10 disc-shaped
N7157 1 ellipsoid 11-19%69 disc-shaped
N 7297 1 avoid- ellipsoid 13-18+79 disc-shaped
C. apiculatum  (IFO7795) absent cylindric 20-28%5-8 butt-shaped
C. variospermum  (IFO9143) 1 ellipsoid 14-20<6-8 disc-shaped
C.varium (IFO9438) 1 ellipsoid 14-2026-8 absent

1) Isolated fimgus from Pleurotus eryngii at Oita prefecture.
2) Isolated fungus from Hypsizyeus mermoreus at Nagano prefecture.
3) Isolated fingus from Pleurotus eryngii at Nagano prefecture.

M) Isolated fimgus from Flammudina velutipes at Nagano prefecture.
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F3IE BE

RGET Y UFGHEE O AT, mAEFRAMIE O imIZER S vz, 5EF1
JERpR L, AT 5 &R/ o, SAEFEAMENGREN L7, £OE, 7
AR OERIZT T TICBEREEL THWD 2 EnD, HEERITTEITHTH S,
T DRSS BERE L, NAEHIFER O S AR % 2R Cladobotryum & B
T& 5 (Hoog, 1978 ; #&, 1984).

BEREOHAXTOZ OFER L LT C.varium, C.dendroides 35 L O C. mycophilum
NorBfE ST b (Tubaki, 1955 ; Matsushima, 1975), 7z, Cladobotryum J& & (2
Lo EOZoREL LT, CvariumiZ k5 /) &% 7rbl=»0% (FH, 1985 ;
e« fliA, 1991 ; FRARK PEA B AR K PE B IR 23 3 T 5 R MR B JP AR AR R B, 1995) I &
Q7 F o ATDENOE (f, 1995) BNEmbitTnW5b, £7-, #ETIX C. varium
W& b/ %% %5 (KimH.K. etal, 1999;Back,C.G. et al, 2012a), 7} + £ ¥ (Back,C.G.
et al, 2012a,b) ¥ L C. mycophilum iz k5> 7 U # /% (Back,C.G. et al, 2012a) ¥
L= U ¥ (Back,C.G. etal, 2012a ; Kim,M.K. etal, 2014) OJFEI HE N T
W5, EBHIZ, 4 F U X TlE C.varium 3 L O C. dendroides |2 L %> 7 U %/ Cobweb
i (Grogan and Gaze, 2000), A-XA > Tl¥ C. mycophilumiZ k5> 27 U XLl O
T J ¥ ® Cobweb J% (Gea,FJ. etal, 2014) BN#HE SN TV 5D,

2B BEEI O Cladobotryum JEE & Koy pE— U o F o ffEE (OMI9801 I J Uf 9802)
DR ZRFT LR R, KOET Y U X 5MEIIREHIE Y T2 A Vbl U
(N698), REfPE™ /) X & rbizipU¥RE (N729), REE= Y > 75fER (N715),
C. variospermum (IF09143) 3 X OY Matsushima (1975) @ # % L 7= Cladobotoryum sp.

(MFC-1816) & ##n3 R < —% L7, C.varium (IFO9438) & 9 5 &, /3A 12
EYDOFEED IR > Tz, Hoog (1978) ORI X 5 &, C. variospermum 35
& UY Cladobotoryum sp.i% C. varium ORI 5L & L TWH 0D, KRgpETY x5

@ iE C.varium O A FREZ AT HERICHE T2 Ll Lz, —F, @ERBS LD
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ANRAEOY 7Y Z ) XA EE S L7z Comycophilum 1X, SAEFOREX
SR PDA itz RESE LR TROETY X oME & RioTz, /2, AFVU X
FE> 27V & /- @ Cobweb J B 36 L ONBFAE & 0 Z % £ 1 @ C. dendroides (%, 2 {2 PE T
L-AROSEAFZIERT D ENPORGET Y X oME & ITALNICHETH S,
PLEDZ &225, Hoog (1978) ¥ X U Gams and Hoozemans (1970) @ 73 KR IC

PEVN, RAPE=T Y X 45BEHE % C. varium Ness ex Steud. & [7%E L 7= (F 5 - Fg 1L, 2000)

Fo2Hi VY UXLEIPVHEEOREEE DO ZIIHT BHEME

B1EH VXT3RS

1. et XO0HE

1) HEERTE K

BRI R TEHEBET ) X D709 E (OMI9B0L) Z iz, £7z, —HD
B2z, RIFRIPRAESHBRGRAEDO T F U A VDN UYHE (N698), =/ %X /7
DEPOWRE (N729), = U X bO7nOWE (N715), IFO /{7 C. variospermum
(IFO9143) 3 XL T* C. varium (IF09438) % H 7z, 7pds, =V ¥ (X ATCC36047

o D

2) BERERBR

T U XM OEMIZ AR, Kk, STF, SOZoFR (KEWEKAS
i) ZRFE T 12:2:1.5:05 OFIAITIREG L, B/KFEL 63-65% 7% L 7=, 800
cCcORY 7oL BOKREE 125009 OREHZ FEE L, 120°C, 30 4y =&
L7c, —BEME LRGN, POHETEE L) UXEELZHEEL 2, 5
#1322°C, FXEE 70% T 6 MEITVY, EEE % 15°C, MXHZE 90%DAFENT

JRIETE R 2 fle U 7c, Wi & I3 R m o PRl 2 IR s L, JEDH 2 1D bR < 5IE T
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Slc, WEE®R, WREOMBEAIET5-0IEEe L FHO*x v v 7 (S-800)
T, BErO AR 10 AL B o7,

T U X DO R IL, PDA EARE LT 20°C, 10-14 A [5G 3E L CTH4 1 & Ak
STz, BEHUIZIRE K ZK 10ml A, BETHEMEmMAZES R T, 2AEF2 KBS
B, H—8 2B Tl Lo RERICIEKZ N2, #WEG (BIOLOG )
THI10° fH/ml OREICHTHE L 72, 2 ON4E TIRBIRZ SRR Y X5 T EIKIC 3-4
mlEERER Lo, B L7 Y 0T 15°C, FHXHEEE 90-95%I Hil 1 L 72 58 NI § il
LTCRFOAEZBZ LI, ¥/, =V X2 UHREO DA T RBRERIE, FHiEE
REOBEREIC 1 B Y720 1o ml F D ABERE Lz, 5980 H BIL 1+ EIK Lo
HOEFBRWZFAEL, FEEOK 25%LL EE2EI G2 (+++), £ 25%LL
To¥kEEe &2 (+4), ENCEFTRREOLNEEEE 2 (+) SCHBILE, &
BT, FEENOERMEOHFIHEEZIT -7,

£, = U U FDOENOHE (OMI9801) & = U % (ATCC36047) #Z xflRikq# L,
EADHEREICKIETHELZRE L, =) U FDOENOFHEILI=Y %% 25°C, 5
A ATET 2 L7z PDA SERREGHIIC X LC, = U & FEFREJE A D 40 mm O N7 & (B

L, 20°C, 14 HHE:#&E L7z,

2. fER

10 E/mL ICHREE L= U U X b Uk (OMI9B01) D4y A4 - ikilik %z, it
RV X TERICEZER L, 2O/ME, =) XU E L 3
HEICHAZENERDESICENCAEBEL, THREIRIEFERDIFEALEEZB ORI L
7= (Fig.14a), F7=, EHFRETF ATV OEE (N698), = /%X 7Fbizihn
OYRE (N729), = U ¥ bz OYEE (N715) 8 X O C. variospermum  (IFO9143)
X, = U XD UYRE (OMI9801) & [FIER7ZR W 2 B8l L, FHRIT I~ T 100%

Tholz, EHIT, FBIRFRED L HTHES NIRIRE OR R L OB RRINR I,
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WefEE & —F L=, —J7, C.varium (IFO9438) Z#:fdi4 % &, FIHRIT 22% & K<,

FEAEORE E C.varium & g L T/NE v o 7= (Table 17),

OMI9801 ATCC36047

Fig.14 Inoculation test for fruiting bodies and mycelium of Pleurotus eryngii.

a. Symptoms appeared on the fruiting bodies of P. eryngii (ATCC36047) 7 days after
sprayed with Cladbotryum varium(OMI9801).

b. Mycelial pairing test on potato dextrose agar. When ATCC36047 colonies inoculated
Sdays, a mycelial plug of OMC9801 was placed on the plate, which was then
incubated at 20°C for 14 days.

Table 17. Pathogenicity of Cladobotryum variten (OMI 9801) isolates from cultivated nmushroom for Plewrotus

erngii at young fruiting bodies growth stage®.

Degree of infeciton™

Strain Infection rate” (%4)
OMI 98017 100.0 77.7 223 0.0
N 6987 100.0 333 44 4 223
N 715% 100.0 11.1 T77.8 11.1
N 729% 100.0 556 44 4 0.0
IFO 9143 100.0 37.5 37.5 250
IFO 9438 22.0 0.0 11.1 11.1

1) Young fiuiting bodies of P. ermgii were sprayed 3-4 ml with conidia suspension (1= 10%ml) per botlle.
2) Isolated from P. eryngii at Oita prefecture.
3) Isolated from Fhpsizygus marmoreus (N 698), P. eryngii (N 715) and Flammulina velutipes (N 729) at
Nagano prefecture.
4) Infection rate(%o)=(Number of bottles of P. ervngii with white mold symptoms / number of
inoculated bottles)=100.
5) Degree of white mold on the fruiting bodies of P. ervngii. +++:severe (more than 25% ) . ++medium (less than

25%), +:slight

74



HREEHOZY U FRIGEE A, K 10° E/ml ST Lok IR IR & IR m
WCHEASEME T L L, =) DN TRE (OMI9801), 7 F v A Vbl nTiNE
(N698), =/ XX blnUFE (N715) BEL U= U » Fb» UK (N729)
DI 1L 87.5%LL T, C.varium DAEF K 25%LL LR S 5 3K (LT HAE
THEEK) OBPROONT, 6T, BRTFEERNOITHEERELSF SN Z L %
e L7=, —7J, C.variospermum (1FO9143) i X O C.varium (IFO9438) O FJp =

X 815% LA ETH 7220, B FFEIEKOREE AL I7T5%LL T ThH -7~ (Table 18),

Table 18. Pathogenicity of Cladobotrron varim (OMI 9801) isolates from cultivated mushroom for Plewrotus

erngii at primordia formation stage.

Degree of infeciton™

Strain Infection rate™ (%)
OMI 98017 100.0 100.0 0.0 0.0
N 698% 875 87.5 0.0 0.0
N 715% 100.0 100.0 0.0 0.0
N 729¥ 100.0 100.0 0.0 0.0
IFO 9143 100.0 375 12.5 50.0
IFO 9438 813 0.0 25.0 56.3

1) Scraped off sawdust medium of bottles of P. erymgii were injected 1 ml with conidia suspension(1=10%ml)
per bottle.

2) Isolated from P. eryngii at Oita prefecture.

3) Isolated from Fhpsizyeus marmorets (N 698), P. eryngii (N 715) and Flanimulina velutipes (IN 729) at
Nagano prefecture.

4) Infection rate(%o)=(Number of bottles of P. erymgii with white mold symptoms / number of

inoculated bottles)<100.

5) Degree of white mold on the fiuiting bodies of P. ervngii. +++:severe (more than 25% ) . ++:medium (less than

25%)., +slight.

F72, =V XHE (ATCC36047) L=V X b= OVRE (OMI9801) % PDA 5
MOt L2 2 A, 2 HERICHEN AL, T O ICE8 600255
MBRER Sz, LL, BEx2mL b ) U XbErOVREAT Y U XOME

EIZAR AT D 2 L LA o 72 (Fig. 14b),
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F2E KEREEOZITT 2HEME
1. MEER XOHE
1) R R
MR, KRBT Y o Fbhn0yE (0OMI9801) % v iz,

2) AR

T U XN OYEE (OMI9BOL) DML, KE L CAhBEho= %7, 7F
VAV, T ETBIOVA X (JFREE) O ERICH LT, F1HEE REAR
FETIT -7, ok, #FE LI+ FEERIL, WFEITRFEKEZ W T— IR 515 TH

BLEZbLOTHb,

2. R

T U UXDEPUNEE (OMI9B0L) D43 /4ETF %249 10°ff/ml iRl L, #HEe v 1
THERET L/ 25 FRKICEEREST 5 &, 8 4-7 A BICFEEROETICAHA
AIRERAEET 20 %R L7z (Fig. 15a), € DO% AGERIRE X, FEERKZES

R L7z, I ECAERFT O 7 X FICEERET 5 L, RIRICEHED
FOHAEZFICAGRIREOAET Z2EICRO = (Fig. 15b), 1EEAREDO T A & 720
GRS L L, BRRICAERREOEFTITRD o720, BABERRE T HE L
TFEROEMEHAOMICARKREOEFT 2RO (Fig. 15¢), —F, 7F T A
VP ERICEFEET L L, FEERIFICIAARREOAEBTIZRO Lo
7o LAL, WIS EZOREIKmITEAER T 5 &, SR 7 FEERIZAGERKRED
ABFxEMA L (Fig. 15d), Zh b HERREZHDBELZRR, =) o Fbolhrt

i (OMI9801) DisER L OB REAEM L — 8 Lz,
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Fig.15 Symptoms appeared on the growing fruiting bodies of mushrooms inoculated with
conidia of Cladbotryum varium (OMI9801).

a. White mold (arrow) appeared on the fruiting bodies of Flammulina velutipes 4 days
after inoculation.

b. White mold (arrow) appeared on the fruiting bodies of Pleurotus ostreatus 7 days
after inoculation.

c. White mold appeared on the fruiting bodies of Lentinula edodes 14 days after
inoculation.

d. White mold (arrow) appeared on the fruiting bodies of Hypsizygus marmoreys 21 days

after inoculation.
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HI3E EBE
ROELY »F DI T E (OMI9801) % = U > 4 HRIT I FH HHE L 72/l R,
FAEMETBRINTHEEERL, BHTFEEroEEEL2B B CE I 22
5, Ay ROFAEMEZT L ERBCTEL (FK - ML, 1998), 72, REFRO
HEEOZIro0nMiHZ T ) XY FRIFICHEMT D &, RRRPR#EE RS Z &0
HHL, SNOOEKO AT ZEESROT ) U FERICHEMT D &, SEEIC
BONTNFREORENROONTZ, SHIT, KOETY) VX RMiEET ) X277
HNFREICEFEBLIZE A, =) X F DN UHORENRD b, LAL,
T AV ERICKT IEBEEFCTIE, 7TV A VDRI UHEORERITED b
B oledy, HRSEROBEIKICEAZEMR T L ERBENREO LN, £z, 727
WFERICEZEMT S &, C.ovarium DEFEZRO N, BAEEB K- T,
1997 FICHAEME LT o7 2 FHOREMTIE, 747 BLOT TV AVDAE
BENTZU X288 L iz, EERABROKBE, C ovarium X, E 7 ¥ 7B IV
TFVAVOFRELTEFTT LI L 2R L, UboZ &v5, C.ovarium 1356
TFLTEE SN TV X BROT TV AVOETENICEEMICAEEL, R
FENTHEZ RO Y UFRIEREL, BHTL2ROC R &L,
Back » (2012a) I, ¥EEME= / XX 75 orEE L7 C. varium 28, = U 2%t
LTHREMZ RT 2 e 2RI L > THRABLEY, =) U FnbpBtL C
mycophilum & b U CHEMEIETHVW 2@ E Lz, L7eBh- T, METEZY
X Z%F9 % Cladobotryum B 12 L 2 A FHE X, C. mycophilum IZEK T 5 &5 2 5
i, BiBRAEAMEI ST D (KimM.K. etal, 2014),
ROGBET D X006 O L7 C.ovarium & BEREER O 51, BHBICFRME /H
BLi-ZE0n, Covarium iIZE 5=V U FORELZMNO THLNICTHZ LN TE
oo AEZ EMD, A% C.varium Ness ex Steud. 12 X5 T= VU U FbinOE] &

FERRS % Z L 2RET S (A5 - B3, 2000,
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T3 U XL UYREORLLRRK

B1E RETIELHERA

1. MEB IOTE

1) HeapEk

R, ROmEERE= ) X b7 UYEE C. varium (OMI 9801) B LU=V

% (ATCCC36047) Z M7~

2) BEfEER

T UFEENT, F2HE LHERRIIIT o7, = U U DL VHEE O 5 EF %
WL, 107 H/ml 0 6 BEPE L 20D IO REARB LIz, =V X b UYRE O
BTz ) CXRTEM, ERE L FERERHB L0+ EEKEFTH O LEEICT-
oo U URREEMIT, =) O XFEEASEBERZND 7, 14, 21, 28 H%IZ, 6 EfED
REOSETREBRZ 1LEHZ0 Iml TOFEAERLE, B0 FEEAY
1T, EREE&ED 4, 7, 10 BT, 10%, 10%, 10° fE/ml o> 3 BB o ¥ 0> 4y -
B A FIRE 2RI Iml FOEABER L, £/, = U X% 5, 6, 7, 8 M
#EL, ERXEZOEKEIC 1023 L O 103 lH/ml \ZFH% U 7= 45 M 0 45 & 7 1R 8 e
Z, 1Erdly Iml FOEASERM L, HEE% 14 Bl L7csh - EIREF I
%, 6 EEFEDIRE O AETIRREKEZ LB H7-0 3-4mlEHERERE L2, JHRXIEA~
DN £ FIRBIRICE X TREKZIEAD D WITEE L., =) UFEIKRIZ 1L
XM= 8-16 BV, T b ORI ROHIE L, *RIX O 7 FEARERHL

Hiz%E L 7=,
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2. R
T Y URERYICT Y XDV E (OMI 9801) Doy /LT L Hr R il 4
TEZCHRME Lz, E TN 10%fE/ml LA BT, BEREREEIC 0 b b P 5RIK 21 R
W5, 10°H/ml L E O BERE X 1% 50% LA EORESFE R AR L7z (Table 19), =V > F
EREGICEET S &, ERERE L L TRFERITES 2D, 10° f/ml 2L
TEEERE CHNOREIKRME T, MEAERT 2ERPBE S (Fig. 16a), Zh b
DEIEE U ZREE N LR, FEEBREZRRT 2 E ToMBIIEREIMEL, 3K
TR RIS R & B LT B R, MIBLEEFREOZ AR L T
(Fig. 16b), L»L, ZOMOMEX T, HEEEEAO U NERMUEIZS T 56

%ﬁ%!ﬁﬁﬁmu TZ o 7’;0

Table 19. Infection rate to number of conidia of Cladobotryum varium (OMI 9801) for Plewrotus eryngii at

incubation stage.

Infection rate (%)

Inoculation
Number of conidia® (spores/ml)
day"
0 110! 1% 10° 1x10° 110" 1x10° 1x10°

0 0 0 25 2559 38% 5% 88%*
7 0 0 75 63 7% 25 50 75
14 0 0 13 13 38 63 T5%
21 0 0 25 25 63 63 63
28 0 0 50 14 38 50 63

1) Inoculation days after inoculation of P. eryngii to cultivated bottles.

2) Infection rate(% )=(Number of bottles of P. eryngii with white mold symptoms / number of moculated
bottles) <100

3) Bottles of P. eryngii were injected with 1mL conidia of C. varium.

4) White mold appeared on the fiuiting bodies of P. eryngii more than 25%.
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Fig.16 Inoculation test of Cladbotryum varium (OMI9801) performed with cultivation
bottles of Pleurotus eryngii (ATCC36047) at incubation stage. These bottles of P. eryngii
were injected 1 ml with conidia suspension (1< 10%ml) per bottle.

a. Dark brown lines (arrows) appeared on the bottles of P. eryngii at 28 days after
inoculation with conidia suspension of C. varium.

b. Occurrence on abnormal flashing of P. eryngii at 28 days after removal of surface
mycelia (called the Kinkaki treatment) in the sawdust medium.

W E DO RICT Y X b0 (OMI 9801) DA T IRE A4 %
TR Lo, WS ERICERE LSS, A FEBIEEN VI E FERBARIT
8T L, F&=RIT 1028 /ml 2 B X T 53.3%, 10%3s & O 10° fE/ml #2 5 X 1% 100% T &
ST, Bk E 4 BRICHERE L7284 1%, 10° f8/ml 2 FE X LASh Cid 7 R TE R 1T 100%
BoR LT, 10° /ml BEEXOFRFKRE L OREEFEEORAERSIL, HREEZO
PeREX & i L Ck oo, HREE 7 ARRICHERLZ5E, 10° E/ml BE X O 1%
AT R d & OV 1% 100% T, EAE T E A IE 10° H/ml KO & TR iz, Hfk
X 10 A% 0 10°% 8/ ml #:FE X & R R 1T 100% T - 7273, B EEOE ST KX

<A L= (Table 20),
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Table 20. Degree of infection to number of conidia of Cladoboryien vwtien (OMI 9801) for Flewrorns ervngi at

primordia formation stage.
Number of Degres of infeciton”
Inoculation N Flashrate”  Infectionrate”
N conidia™
day’ @) (%) - ++ +
(spores/ml)

0 100.0 0 - - -
1107 938 533 625 0 375
° 1x10° 625 100.0 700 200 100

1108 63 100.0 100.0 0 0

0 100.0 0 - B, _
1107 100.0 50.0 0 0 100.0
! 110 100.0 50.0 125 0 875
1x10° 938 100.0 733 6.7 200

0 100.0 0 - B, _
) 1107 100.0 313 0 0 100.0
" 1x10° 100.0 50.0 0 25 875
1108 100.0 100.0 438 224 438

0 100.0 0 - - -
1%10° 1000 63 0 0 100.0
0 1x10° 100.0 50.0 0 500 500
1108 100.0 100.0 18.7 313 500

1) Inoculation davs after flat scraping off sawdnst medium of P erymgii.

2)Botfles of P. ervmgii were injected with 1 mL conidia of C wewrizen.

3) Fash rate{*o—=Number of bottles of P. ervnghi / mumber of inoculated bottles) > 100.

4) Infection rate(® o)=Number of botfles of P. er1vgii with white mold symptoms /mumber of inocul ated

bottles) =100.

5)Degree of white mold on fruiting bodies of P. erymgii. -severe (more than 23% ) , ++medium (less than

25%), +slight.

Fo, WIMAEZZ THEBELED Y UFRIEECVICHLT, = U U XbnURED
SEFEEBESERICEAEE LIZRR, T XTOREX T, = F ORI
MHH L TIHFRRD DTz, KRN 7-8 HOBERX CTIX, JREREDAEIES 5
A 25 B 5 A, 10% 842 R X O F8 9% 1% 100% THh - 7= (Table 21), LLED Z &b,
FHR & DARE O B IRe ] IS8 FR L 7 LB X C L, BB L OEE FEEOFEG 1N & <,
MMATHEROBREITTY XFOEEMEICHELZIT LI ERHALNL T,
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Table 21. Effect of number of conidia of Cladoboryum varium (OMI 9801) and incubation period of Pleurorus

ermngii D
Number of conidia Incubation period Infection rate™ Degree of infection(%)”
(spores/ml) (weeks)™ (%) SRS e +

5 250 12.5 12.5 0.0
R 6 31.3 25.0 0.0 12.5

1107
7 50.0 31.3 6.3 6.3
8 87.5 62.5 6.3 6.3
5 93.8 87.5 6.3 0.0
6 87.5 56.3 6.3 12.5

1<10°
7 100.0 78.0 6.3 18.8
8 100.0 93.8 6.3 0.0

1) Scraped off sawdust medium of P. ervngii bottles were injected 1 ml with conidia suspension per bottle.
2) P. ervngii bottles were incubated for 5-8 weeks at 23 degree.
3) Infection rate(%o)=(Number of bottles of P. ervngii with white mold symptoms / number of
inoculated bottles)=100.
4) Degree of white mold on fruiting bodies of P. ervngii. +++:severe (more than 25% ), ++medium (less than

25% ), +:slight.

P FEEAET NS EERE LS, B ITEE 102 /ml DL Eo#EE X TR,
10° 35 L O 100 /ml I 5 H X 0D F8 955 221 100% % % L 7=, BAE 7 A3 1 2 103 fE/ml

PLEOBFEX CHEO b7z (Table 22),

Table 22. Degree of infection to number of conidia of Cladobotrum varim (OMI9801) for Plewrotus eryngii at

growth stage of fiuiting bodies’.

Number of conidia® Infection rate™ Degree of infection(%6)”
(spores/ml) (%) ++ ++ +
o] 0 - - -
110" 0 - - -
1107 61.5 0 0 100.0
1x10° 769 300 30.0 40.0
110* 80.0 16.7 333 50.0
1x10° 100.0 538 30.8 15.4
1> 10° 100.0 60.0 333 0.7

1) Inoculated bottles 14days after flat scraping off sawdust medium of P. erngii.

2) Bottles of P. eryngii were sprayed with 3-4 ml conidia of C. varium.

3) Infection rate(%o)=(INumber of bottles of P. eryrigii with white mold symptoms / number of inoculated
bottles) = 100.

4) Degree of white mold on fruiting bodies of P. erviigii. ~+++:severe (more than 25% ) . ++medium (less than

2595 ), +:slight.
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F2E BE

T U RO B TRICEBWT, C. ovarium BEFHIE AT 5 Alae ki, FEEE
ODBE LS LOERESEEURAm W EHEIND, MEERMFIC C
varium D434 FIRIBIE 2 /T 5 &, 102 E/ml L EOEE TRBENRD b, #
FEHEEE 28 10° fl/ml DA, RIEE CNOBERMEICHETR AR b, HED»OK
POREEHBT D2 LN TE, LoL, SAETRENMEV (10%-10° f#/ml) &4
PORITHEBE T, HHAROAEITRBEREL C OZWEEICIERL R, (F
5« B, 2000), LU, AEBRMOALNIZEOIEEY CAEEHE L THEAT
L2FEHbHY, =V FXFDOENPWHROBBAEDILRERIZZR D Z LRI NI,

HRE X R OBRARICE VTS, RBFMITN4ETHE 10* 8/ml DL 1o #fE 40
TTkEZIY, EEFEEROFBELRD L (B - ML, 1999, 2000), L7235
T, W EEERF, BB AR EFREALRNE D ICTHLOERE A O G
LRbDnbhole, £z, ZOBRORFEL L OEEFEERKOEGIL, =V~
FHEEMBEIC Lo TR o7 (FKE S, 2001b), — AT R TR T D
BHIMNL, AEY A VEZET L ELVECRESIND, LL, =V X

\

OHE, BERHMN Y XD POFHOREICEEL RET I ERALNIR o
ZEnn, BEMMARET 2O A THEHERERICRL EEZ LN,

R 48 & DA O BRI TIE, FUOREICHRE L 7B IXIZ B\ T, BB K OVESE
FREOFEEGTE NPT (A - B, 1999, 2000), EAFETRO LN E
YOO OEKE S C.ovarium TEDOI DIERIE, FREIECHEEZOE YOO
WERIZHWEEM PO OEBEEB RIS b EHHINT, =/ & DI UR
IREEEENOFERE ETCOMMICEE L TRFBETLIZ ERALNATEY (RFRE
FRERBGEEN, 1999), =V X THHEBMORPENEE T, BEE L OHRE

T EREIL C.ovarium O — R A2 BhET 20D EEZ LN,
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FTAE U UXbIEHUYREOBGR

B1E HBEBEMORFLE

1. MEB IOTE

1) BERE R K OFEA

REBRICIT— U XD UYEE C.ovarium (OMI9801), >+ # 7 IZ7TEAN G408 L
7 Trichoderma harzianum (E755-4) 38 L O’V % (ATCC36047) % 7o, HEElEE
DE:# 1% PDA Bl 2 Hlv 20-25°C TIT VY, WHROIR(FIREIZ 5C & LT,

HANTZ O ZHEHOREBEETH L E DA L— hAKFIAl (LLF BE, Jbil
EEHRAESR), v~y v a (BLFPA B —X -7 J— kT 7 m A tta),
BREEHBIE - B OFlo I 7 e b= H (LT MH, dbBpEEpkCart i), i
HECHBAIE L TEHAHSILTWAEE T Y (LLF HB, EAMEKRLSHER), £
N (BLF 0S, HARBEKRASHR) LI O™HEHN=% 7 — v (LT ET, B+t

Ua—~FI BB o6 fEEEY AV,

2) AT OFRFEMERR

3 C. varium X 20°C, T. harzianum (X 25°C T 10-14 HEs# L, DA+ Z2 K
SE7, BHFRBRICITE 2HE 1 HOFETHE LA BREKRZ W, MH B
FOET < 4 B OFANL, 754 7B IR O 5 #& 3 B 53, 5000, 500, 50,
5, 0.5ug/mliZ72% X 5B L=, BE 8L PA ORRITHoi#tk, Bk (et
JEHE No.l, HVEIEMCHR SR TIEE L CTH W, & FBE®E (59 10° f#@/ml)
0.1ml ZHEITIHIM LT=t%, EERATA R T AZHEBT 2 FL, BEIIR- T
¥ —VICAR, 25COA F aX—F —(THE Lo, 24 FREfTR, 14LFEX T 300
O ETEZREBEL, BEFORNEZBLE LTz, 5ETORIFIIREE N 0E T OER

DY ZEBADLbDOELLTHFLHEL, EFRELRDL (EHED, 1983),
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F 72, C.varium 534 F ORI KT TIARE &P 02 20, ET ZBr< 5
FEE O ik & Fr € B (5000, 500, 50, 0.5 ug/ml) (ZFRFE L, % DiEiZ C.varium %y
HAIGERIE Z MU, MHIZHERR Z oL~ D v OB ELR YL LT L=,
SRANLERFE ]I 1, 5, 10, 30, 604y & L, MLER®R YA TR AR (10045 L,
AT P TFHF A br—27 1 25 (Difco th#) THi®E (20C) L7z, 78KV 14
HRICHESRAEFTOAEZHE L, 3BT 1 ABEXICHERE s Azt L, 2 mIxiE

L7,

3) Hisk O R P E R

B AR RAT BT IEA D 8T, PTEIRE O A 2 RN L7 PDA FHk: #i & v
T L7z, 38AI 0 A #& 32 B8 1% 5000, 500, 50, 5, 0.5 pug/ml @ 5 BRI FHH L7,
BEREIR OB R 1% PDA ARG HLT 7-10 A HIATES B L7, EE6mm O a7 R R—7
— TR BT b E, SR o o8R8 L, fEEE C. varium B XL OV T.
harzianum (%, 20C T3 £/ 6 HEKEL, = U X 25CT7 HHKEEL, 1 H
b2 OEAMEREZRD, HRX CEFEERMX) &Lz, BT 148X

IS5y —L ARV, 2FKELT,

4) WEEM ~ODL P URREERIC X 575 YA

TV X ORENTE 2 fiH 1 HE ARSI, HRE%OREEARMICERSE e R
DB T 2FH LF v v 7 (S-800) 1T, DErOHEEZ#ERELL, T/hbb,
FTE R E D C. varium 732 FIREIE 1 ml 2% v v 72 T L, 24 R BGE L 7= 1%,

SETRBKEZIRY BRE, DErWREGRF Yy v 7L L, 20HEFxy v 7 %%
FEIEAICUFR L 727, BWMEEHOT Y UFHEFEL L OE 10 HRHEEL, BROAF

B L > TEA OB R ZHE LT,
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5) 1543 v v 7 O FEANLI & £ fge R

C.varium O 434 78R (10°fl/ml) THR S x v v 71, A0 E 500
ug/ml (27 % L7= BE, PA, MH, HB B X' 0S OHiE £ 721X ET 2 30 mliismL, 1
WRpfHALER U 7o, WPRR v v T OFIRAZRE L, 24 WHKER, HREEZOTY
UXERE OB U, AR ORI v v T EHBE LR DR E
THGESE, BAOAEIZL > T, 7205, TOF vy 7 EHIET 24 Kl
WU L, HEWERREL 3 H EEER A ENICHKE L, C.varium o TR (10°fE/mI)
ZAImE T Lz, LRERICBRBIKEARE L, TOX ¥ v 7 & RN 24 R fE %,
FREEHEOTY XFEEEE L 0O W72, FANLEFER O 5k IR XA 1334 o
RbVICKEAREZFA L, 1 UHEKICZY U XOHEE %2 16 AV, HRT ¥

Y Mo OOEIT 10 B & L, FEHOHEIL T TR OBRBURIZ FE L 7=,

2. iR

1) s34+ O3 3F R F R

HB ¥ X OV OS 1%, 5ug/ml T C.varium & T. harzianum @ 734 138 3F % 100%FH5E L
72, BE X T. harzianum @ 73 A 738 F A4 A5 L7223, C. varium (ZxF L Tl 5000 pg/ml
TH 893NN HFRLRL, DIRITBEOONhoTe, LinL, BHEERITELS 2V,
FIRCEH L2y 7035 < B S iz, PA @ C.varium 234 71259 2 R L ELRD
BT E A LR ONRN -T2, —J7, T harzianum (2% L TIi%, 500 pg/ml LA o
FEC 28.0-43.0% D 53 A -3 3 L 7228, 5000 pg/ml TIXHEELN 19%IEK T L

(Table 23),
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Table 23. Effect of chemical treatments on conidial germination of Cladobotryum varim (OMI 9801) and

Trichoderma harzicowom (E755-4).

Concentration Germination rate (‘?'6)1)
Chemical
(pg/ml) C. varium T. harziarmum
0.5 >99 17.5
5 =09 7.1
Benlate 50 =09 6.0
500 97.6 2.6
5000 89.3 2.6
0.5 89.9 43.0
5 91.0 36.0
Panmashu 50 89.5 320
500 91.6 280
5000 87.2 1.9
0.5 17.0 8.6
5 0.0 0.0
Hibiten 50 0.0 0.0
500 0.0 0.0
35000 0.0 0.0
0.5 91.1 6.4
5 0.0 0.0
Osuban 50 0.0 0.0
500 0.0 0.0
5000 0.0 0.0

1) Germination rate(%s)=(Number of germinated conidia / number of observed conidia )= 100.

A OB A2 2 2, C.varium O5AETRFICKITTHELFHAE L, R L
T2HANI O TIE HB O RN E <, 5ug/ml T30 4L E, 50 pg/ml < 10 43 L4 E, 500
ug/ml T 543 LL E, 5000 pg/ml T 13 LL EAEET 5 &, AT ORIENEE S,
SKROFAITED N2 o7=z, 0S I LN MH X 500 pg/ml ¢ 54y, 5000 pg/ml T 1
ST LD L, FHARADOHAENTERICHESINTZ, —F, BEIB LU PA X, 500 & 5000

ug/ml T 60 yRIALEE L CH AT ORFEITRD iz (Table 24),
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Table 24. Effect of chemical concentration and treatment time to conidia gemminaion  of Cladoborwrn vwwiion

(OMI 9801) .

Concentration Treatment time Chemical ¥

Q
n

(ug'ml) (min) BE PA MH HB

1 a2 4 4 +

5 =+ =+ =+ +

o
Lh

10 + + + +

30 + + + +
60 -+ -+ -+ -4

1 -+ -+ -+ +

5 -+ -+ -+ +

10 + + + +

Lh

30 + + + -

&0 + a4 + -

1 4 4 4 4
50 10 + + + -
30 + + + -

60 -+ + + -

T T T N I S T o A RS

1 4+ <+ 4+ +

2 4+ + _ -

§

10 + + - -

30 + + - - -

Lh
|
|
|
|
1

3000 10 + + - - -
30 + -+ - _ _

60 a4 a4 _ _ _

1) BE : Benlate, PA: Panmashu, MH : Mikurotoru H, HB : Hibiten, OS: Osuban 2) +: growth, -: not growth

2) HhkO4&ERERR

C. varium &4 DAEF I KIETIA OB L JA Lz, A OP T, BE, PA K
KX OYMH Z RN L 7228 REEH#CiX, 5 pg/ml T C.varium 3 X O T. harzianum O 4 EF 2
FRICHEI N, —J, =) ¥ TIEEFAFTIIE Sz, M2 100-1,000
FEOENRBO LT, HB L OSIZBE, PA, MH L3740, =V XA HF ZHE

4 AT C.varium 3 L OV T. harzianum O A& B FHE TR D B h - 7= (Table 25)
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Table 25. Effect of chemical concentration to mycelial growth of Cladobotryum varium (OMI 9801), Trichoderma

harziarnman(E755-4) and Plewronis ernvngiil ATCC36047) .

Concentration Growth of mycelium"
Chemical
(pg/mD C. varium T. harziconom P. eryngii
0.5 569 31.1 81.0
5 0.0 0.0 76.2
Benlate 50 00 0.0 50.0
500 00 0.0 357
5000 00 0.0 0.0
0.5 889 41.0 100.0
5 00 0.0 929
Panmashu 50 00 0.0 66.7
500 0.0 0.0 40.5
5000 0.0 0.0 298
0.5 569 4.1 583
5 0.0 0.0 438
Mikurotoru H 50 0.0 0.0 25.0
500 0.0 0.0 0.0
5000 00 0.0 0.0
0.5 100.0 943 78.6
5 944 549 50.0
Hibiten 50 80.5 352 214
500 597 9.8 0.0
5000 0.0 0.0 0.0
0.5 986 100.0 81.0
5 84.7 67.2 31.0
Osuban 50 70.8 352 0.0
500 500 123 0.0
5000 56 0.0 0.0

1) The numerical value assumed the mycelium growth of the PDA medium 100.

3) 59X v v T OIEAKNC L B BRI R
C. varium O F+THRLEZFEH LYy v 7 CTHRBREHZOREE U 2HEBL, b

T ORBREODHEELZRE LT, Ry 7 CHET DI L, T XTOMEX T Y
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YEDLPORENREA L, IGYIBEREVIE ERRRILE o, BIETERT 10°

B /ml LA D4y 4 IR TIH Y S B - AL X ICER 0 H 7= (Table 26),

Table 26. Result of inoculation test performed with caps of reated conidia of Cladobotryum varium (OMI 9801).

Number of conidia® Flash rate” Infection rate’’ Degree of infeciton®

(spores'ml) (%0) (%) ++ ++ +
1x10° 875 87.5 86 7 7
1x10° 100.0 75.0 42 16 42
110" 100.0 50.0 0 12 88
1%10° 100.0 25.0 0 50 50
1x10° 100.0 125 0 50 50
110! 100.0 6.3 0 0 100

0 100.0 0.0 - -

1) Caps were treated conidia with 1 mL for 24 hours. Treated caps were covered an botiles of P. eryngii after
flat scraping off sawdust medium for 10 days.
2) Flash rate(%6)=(Number of bottles of P. eryngii / number of treated bottles) »100.
3) Infection rate(%6)=(Number of bottles of P. eryngii with white mold symptoms / number of treated bottles) > 100.
4) Degree of white mold on the fruiting bodies of P. eryngii. +++:severe (more than 25% ) , ++medium (less than

25%), +slight.

DEPOHEGRY vy T2 RAMBE L, TN THELESAORKEREZFHAL
Teo BER U726 FEANIRW MG L, SITREKIZHESTRFEMET L, 2200 TH
HB & OS I3 MBIIE R m <, ZTORFHRITLE HIZ 63N ThH o7, £z, MDH
FIALBEOFE 21X, BE ALEEAS 12.5%, MH & ET 4LEE7S 18.8%, PA MLPEAS 31.3% Cdh
o7- (Table27), & 61T, FEEDOFFEEITNT LML, FRX (KEKLEE)

TRONTZEIEFFEEOREAITRD bive -7 (Fig.17a,b),
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Table 27. Effect of chemical treatments test performed with caps of infected conidia of Cladoebotiyveum varium

(OMI 9801)".
Flash rate” Infection rate™ Degree of infeciton®
Chemical

(o) (%) —_— ++ +
Benlate 100.0 12.5 0 1] 100
Panmashu 100.0 31.3 0 0 100
Mikurotoru H 100.0 18.8 0 0 100
Hibiten 100.0 6.3 0 0 100
Osuban 100.0 6.3 0 0 100
70% Ethanol 100.0 18.8 0 1] 100

‘Water 100.0 75.0 50 25 25

1) Chemical treatments test were performed using caps after infected with conidia of C. varizen suspension
(110°) for 24 hour. Chemical except for 70% ethanol was prepared for active ingredient density 500 pg/ml.
2) Flash rate(%6)=(INumber of bottles of P. ervmgii / number of treated bottles)= 100.
3) Infection rate(%o)=(Number of bottles of P. eryngii with white mold symptoms / number of treated bottles)> 100.
4) Degree of white mold on fruiting bodies of P. eryngii. +++:severe (more than 25% ) , ++medium (less than

25% ). +:slight.

Fig. 17 Effect of control for white mould on fruiting bodies of Pleurotus
eryngii(ATCC36047) caused by Cladbotryum varium(OMI9801). Inoculation test of C.
varium performed with cultivation bottles of P. eryngii at primordia formation stage. These
bottles of P. eryngii were putted the capes (S-800) after removal of surface mycelia (called
the Kinkaki treatment) in the sawdust medium for 10 days.

a. These cultivation bottles were putted on the caps with conidia of C. varium suspension
(1 10%ml) per bottle for 10 days. White mould (arrows) appeared on the fruiting bodies
of P. eryngii 28 days after removal of surface mycelia in the sawdust medium.

b. These cultivation bottles were putted on the caps, treated with Mikrotoru H (in 500pg/ml
benzimidazole) for 1 hr after inoculated conidia of C. varium suspension (1< 105ml) per
bottle for 24hr. Occurrence on normal fruiting bodies of P. eryngii at 28 days after
removal of surface mycelia in the sawdust medium.
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AN RO HE LR, PA WX CTIERFEET, BVWEEIRE0H 5
TN BT, BE, HB B XU OS LEL X Tl 6.3%, MH ALHEX TIiL 18.8% D %
WETH-oT-, L, ET LEIXIIHEX (KEKX) LDEWEHELEZRL, FF

A BEIIE O BN 0o 7= (Table 28),

Table 28. Effect of chemical treatments test performed with caps of treated conidia of Cladobonmuam varium (OMI

9801).
Flash rate” Infection rate” Degree of infeciton®
Chemical
(%0) (%) ARay =+ +
Benlate 100.0 6.3 0 0 100
Panmashu 100.0 0.0
Mikurotoru H 100.0 18.8 0 0 100
Hibiten 100.0 6.3 0 0 100
Osuban 100.0 6.3 0 0 100
70% Ethanol 100.0 938 80 7 13
‘Water 100.0 813 70 15 15

1) Flash rate(%)=(Number of bottles of P. eryngii / number of treated bottles)= 100.
2) Infection rate(%o)=(Number of bottles of P. ervngii with white mold symptoms / number of treated bottles)= 100.
3) Degree of white mold on the fruiting bodies of P. erymgii. +++severe (more than 25% ), ++medium (less than

25% ). +:slight.

H2H TV UEFRKODLENOHRE KT 2 B2
FEHR X OV ik
T U 2L ATCC36047, Koy WREERE: TR (OMC4087), ks & bFSERT
VNI R AT O F = 2 ESy e (OMC4083) 38 LY R Y 4 i (OMC4084) %
M7z, C.varium (£ OMI9801 # W 7=, =V ¥ 4 Rifix L Lh 6 BHKE L,
HRE 24T U U X E L OBKEIC 10038 L O 10° fE/ml #EEICHE L C
varium A TIREIKEZ LUz I m T oA L, = UFFEe gl

WLELX & 720 20 & v 72,
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2. R

HREE#HOT ) U XHEEE 2, Covarium (OMI9801) 43/ Z 45 L /-5 &,
OMC4087 1% 10" f#/ml # ) T 30% D F& 5 % 7 L7275, OMC4084 1% 10° f#/ml 2 J# T
LIRIFIIRO SN2 o7, —F, ATCC36047 35 L T OMC4083 (% 10° ff/ml #2 % T

FRIRITRWO L, =V O FEEM CTEFERITIE 2 ->7= (Table 29),

Table 29. Pathogenicity of Cladobotryun varium (OMI 9801) for Pleurotus eryngii at primordia formation stage”.

Infection rate™ (%)

Strain Source
1410 (spores'ml) 110° (spores/ml)
ATCC 36047 0.0 464
OMC 4083 Oita prefecture 0.0 1000
OMC 4084 Czech Republic 0.0 0.0
OMC 4087 Germany 300 30.0

1) Scraped off sawdust medium of P. eryngii bottles were injected 1 mL with conidia suspension.
2) Infection rate(%)=(Number of bottles of P. eryngii with white mold symptoms / number of inoculated botles)

x%100.

HI3WE EBE

T U X DN UYHEE C.ovarium 1X, BHFEERLELTEZEOSEFEZRRT 5L
MB, FIFORD b HEEMTIE DA TIZE o TRBEMMBYT 5 gt &, &
DZHIEENICB O CRIEEOEIEZFTIET 5120, AFENOLRBE U 2HELICK
EL, KEREORUE LEBEHRERLETH DL, LT, BEEIZBITS C
varium OfnYs, SIEZFIET 2720, WEEOREHE, EHFLZHETL2EHON N %
BEL, =V bR ERMEROBFILEELHRSL T 2LEND D,

L7z 6 MEOEAMORT T, tvT Ly, FANVBIPIZ® F—/L H L, C

varium 3 X O T. harzianum ® 3 A 7R FEEZLET 2R OENZ EDRbroTz, F£12,
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TV XOFERERMICERT2FEHLX Yy v 72 500pug/m ot BT B ILUA R
WU TRET 22 LIk o T, ITREMMBHEESN, = U o FDOENUYHE ORI
MflSndZ 2R LI, SHIC, ZTNUHIEATHFH LYy v 7 E2ATLHT L &
Lo TEDOMERRET L2 nbhrolz (HED, 2001a),

EET I a AT R ERST O E T T A FROMEER T, M o R
HELMBEORKREZEZTOT, ERER CIEFR, KEOHE, EEMNREL LU
FOWMBICILLBEHENL TS, AFITRNY XA 24— v R BANTTHEZ R4
Penicillium crustosum (Zxf L CAEFHEDNROBWNZ L 2HEL TWVD (FEDL,
1996 ; ¥, 1999), A ANFHEN YL a=T AEFER G ET HEA A 5
EWEATH Y, MBS LOHRENOBEEAICAEZEZL, TRLETEOIO
BRI BT A EAlE LTEA ST (I - fliA, 1991 ; A5, 1996),
LinL, EETVBIOAAANVETZY UXEAROMEZAET SO T, HHICON
TIHEBELZETLZ Lo T,

7w b= HIZREMVE - BrUHITHY, ERDFIe T ERLECTHD
B, Ny aDRy T2 2-(4-F7 IV N) RS AIXT =V EGLTND,
ARFNZ C.varium DA FIE 3B L O A M RIS T DEEDN RO S W & 230 L
e, e e T ERBEOT ) UXFEAMEMEFELROLNDL DT, MIEESEM O
HEICORER L, =V o FREHERELEOM A 28T 20 ide beun,

Ny b—bhBLUN U~y ¥ aid T harzianum ON4AE T3 EE H HRRERET S
2%, C.varium D4y 3313 5000 pg/ml THEES o7z, LrL, R b —
PRI~y v aid, Covarium 34 FTHGELIEFHL X ¥ v 7 OB RS
@<, HEELFy v 7% Covarium THGHR L THARNFR LIz, 612, N
L— hFB XU~y v aid Covarium 38 X OV T. harzianum O E R R ZHE L7zo
T, WANIPTERE TH-IZIEM T S 5E (EEL, 1996 ; B4, 1999) THEMT

DONFYKEEZD, L, R~ 2(X2004 4 11 H 25 HIZEZ L TWDH =8,
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BEMEMA 5 Z LT Ty ORNZATBUE NEMOKEEE B 2 28 & v % —, 2017),
Flo, XU —FOZHIE, MHEOHBLZH Z R BEERINTVD (B S, 1996,
1998 ; #1%, 1999) O T, MLOEENLETH D,

O THEEHICI T AN X DM N OH T, KR E CHER/NREIZITDR
LZENROOEND, bET Y, AARCEBIOIZ v h—/L H® 500 pg/ml T, #¥
BAEMZ 5 0L BB T 5 Z LI Ko TEMICHAE L7z C.varium O 43 £ 13 3E A3
HEN, BRIERNRBO bl (K5, 2001la), L7722~ T, ZOMBRER
FOBRHEIZZY) U FDOLEPOHORBFHMR BT DEHREOEKAEICRD EEZXD
Nz, £z, RN OEE, K, fOEEZ M S EALBEIZL Y, HHREFTSHCmET
HLEEZDND, ZNUOLDOEANTINTN O EBEEMEN <, B ZN TZeEM D
BN END, —ROXO KRR OBRENHEALE L THENTHLEEZBND,

AFLZ2 ) UFEEEZHAWT, C.ovarium DEFOBERERBREZIT-o72 8 24, K
oy W PEAR RS 7 R0 b O 4y Bk (OMC4087) 1, fl-R#E & bk L CHlibm it 23k 2
ERbhrol (AKG, 2001b), ENTREICEENIERK L= ¥, BEHR
ERIT/NIDholeeBZB2 o5, ENTZY UXOREEFELITOITIL, FEEOE
BEBLORAELZN EISELDICKEHIEORELIT) L& bIC, KEBEMEIZLD
M PE R FEDAEH bR D —2 & B X bivlo, AR THER L - 228 RBRIE, w0
BEIZISHAIRERFIETHDL LB BN,
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BE BEBE

EOZHAFELEERATFHEERN THLI VA ZTEBHRB IO Y v FhlhD
JRIZHOWT, EEMICE T 2B ARWRE, RKREORER L ORE, KGR OH
E, BiRTIEORT 21T 57,

IR LD A 2 FREPBEEITRE L THIT ERIE, 1970 F£R01 5
Ronn Loy, BRI ERRREENEELZSI SR LT, /e - & (1974)
(X, 1972 4E70 5 1973 TS T, ZIR, MR, BARBIORTR TR bH
e EEOREREELL, FEER & O HE AR 18 2 BUER O IR B % Ps. fluorescens
CRIEL, MAITDOBIT U A 2 r AR & s S 7z (A AT 7 B2, 2000)
Ps. fluorescens DRI MEIT, RIEHE 2 1ZT2AR LD v A Z 7 41 FAK O BEINIC A HERE
THHIETHER LD, KEELIZmMO TOhRnZ tx@ELTWD, £2, il -
fEH (1993) I KO Tsuneda & (1995b) 1%, A # 7 132K 5 Ps. tolaasii % 77 Hf
L, WAIEo A 27 BIGMENR &4 Uiz (BAMSFHEES, 20000, ML - B
(1993) 1%, MEBRET A Z 7678 LT Ps. tolaasii OREIEZ, 172K LDV
AZTFREREICEEL, HAEB I OEENBEL T IRELTHENRT S Z L il L
Dy, FEMZRERERFREE L TE ST, HIMEAEWI LEaRELTWD, £,
/A B D43 EfE L 7 Ps. fluorescens Ol “FROMEE 1L, Ps. tolaasii & 1FIF—ET o5& L
7273, white line TG BEDS A2 O T, B & 47z, —J7, Tsuneda & (1995b) I
SHEBIOEFRIZBWTEAT A X7 O EEND Ps. tolaasii #0BEL T\ 5
B, FERETEFTTO YA X7 F RIS T 2 BRI ERE L TR0,

1996 72 5 2014 FT AT T, KROWTIAE LTCFAR T A 2 7 OR A IEROER 13

Gy BT 2 A T B AR, A RO PEE S KUY 16S IRNA B AR T &2 fEAT L 72 R, 1
AR RO —FE T 5 Ewingella americana (ZHEKT 2 MIEMEDIRETH D Z L HH)

L7z, UL, ZEAMRE TR LoHEIL, e - % (1974) B L ORI - I
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(1993) OWHELEELIL TWe, BEIRT A Z 72 AW 8RR O R, Ps. tolaasii
DRREIR ZTEAERE Lo v A Z 7R3, R L E R O @A TE R 23580
v, I AESIE Ew. americana R L7256 L AT R ot LEER ST,
JRAR A 2 OMEBRIER Z2 5 & Z 9 #E1%, Ps. fluorescens 35 X UF Ps. tolaasii
IZHN % T, Ew. americana VB E 523, T D OWHBUIELIT 52 &b, 4%
FHORIENMETH D,

Inglis (1996a) HiX, A XU A THEEINTZY 7 U X X OEBANEHNEG L THEK
T DERNLDN B Ay B S AU T- I %, pinstage DY 7 U X CMEFEE I IEAERET 5 )
ECIFBM O R A% MR L, Ew. americana I X2 Y 7 U ¥ 7 ERWNENELR & LT
WD TS Lic, RIWDOIFEL, £D%=2——7 2 F (Chowdhuryetal., 2007),
wi[E (Lee et al.,, 2009) B LU= 7 k (Madbouly et al., 2014) (ZEB W THER I
TW5, Grimont (1983) 5%, Ew. americana % IFNMEE O —FE & #HE LT\ 5,
Inglis (1996a) © %, > 7 U & 7 BN IETR O LR K 2 1F 3 BT K 2 ks sk
SNOFFHLIAL EHELE L TV DHD, +ORRFEFEIT> TR, £7-, Reyes (2004)
Lk, AR ZBWTRERY 7V E T, YA 2580 727156 Ew
americana Z 7L, O ZHIEMRICIESERTBLTWD I EARBL TS, Aif
J8C Ew. americana |%, EWNIZB W TRk TG snlce 727, =) %, ¥
YTV ETBRIOZ ) X E SN ES N, VA X B T X T L TR IEME
EREOZEDBH LI o7z, LTI=A 5T, Ew. americana X2 LMD & @ Z i Pk
HThHD I EMWRBINT,

F7-, Ew. americana I%, HADOFANRD LESREIAZ T OIFIERICHEE LV
AZTFEERNOGEESH, YA 27 L TREEEZRET L2 26N LT,
LR o>T, YA ZT7BRIROREZUNICHR L, £7, tBZAEARL TV
Ew. americana I%, (Z72AKE BEPE DIZTEARIME BTG L, WZKIZ X » THBIERIC

AFRENILDY, AFEENRLIZELS 2D, VA X TFEAROEBPTEEDOIK T L
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TR OWNB AT R Sivie o A # 7 JRFE E 72 134 8 BT B L 7= 9 1 34K
(2, Ew. americana 2MEYT 5 2 L THEOFERBLENEZ 5, RIS LTIZEAR
FATHOE S VTR FERIL R & 22 0, DURRJEDICAF Lie FERICFFER
WESCEBNEZ D &, ZEFOLZ ITRREZBHT D, 510, KIBLIEE D &V
FEESG T, BEA o EEOBBMAE Z Y, 127K Lo Ew. americana D4 F %
EXEolzm<< 2, By =X 0o A4 2 r BBEHICH OV A Z 7 BRI ET
HABEMENEE D,

Lo T, A Z T BRIEO RS ERBRR 2L TICRET 2, H—1%, 372
KBRSV T, Ew. americana DIFEA~DRLEEZHSZ ETHDH, RROR
KA B BRI AR TIEE RO BEREAT ) OB — R TH 5., FE % OI1F
TEARIE, 2 Ak (K20 »H) 72 TRUGHICEI NS Z &G, HERIZA
B9 % Ew. americana D IEEARNERT WM N R, EHEEORMNZH < ATREME
BRI, Lo T, AR TIIRIETE 20 o723, 1 ZERIRB%BIREAL T DIFE
EAREZBE S 2 HET, BIMEETHREZ BT 2MEIT+0H5EELTWD,
F7o, LG CTRERZREALEAE, MEICRFOBEZRBDIZIZTERE B K
L7222 & b EITAIRERSK T D, 0, BEFTREIC L > TE, PiFy
— FDOLETIEEARERET) ZEBEMARBRTRTH D, B 0%, FEREREIA
BIGI DIFTE S ICBE S & 2 BEICHLOER 28, Bk O bh 21372 K13 bR i
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EL, REZH > TERT 2EROBEFRBFE LN BEREET o2 L 25,
AIERITR TN 1L H 2 BTOMRRNIZZEY, ANLEESBIOe=—1 10X, &t
32 T CHERR STz, F£7z, EFEH DK 60%I1%, AR ORAEZBIEAIZFR D TV
T enNT o —FlENSHBA Lz, AERIT, —HKOICEHA S TS HR 9
Al D G FEAR D O AT BRI D i, WEREM TIIRE RRFNEEZ 2T
TWe, BAEMOREE RS L ORREEZHAE LR, MEOREITSREIZLESIC
BOTHEOZ WK & BIICE o0, h~REORA TR OIFEHICR
WTHBRAETLZENDLoTc, RIEKRDIAE LTIZTEARE, RBRGIZHR DI - THE
ot i AL 2 AT o 7oA R, 2018 4 11 A ICF B Jm o 721E 72K 13 2014 4 10 A 25 2015 4 4
HIZ»F T, KIEREET D FEEOLBRO LN, £z, BHOFGHEHS 2014
12 HIZRHBI{-TRIZ72ARIE, 201542 A6 4 AICAKRIER O EZ MR LT, L
L, UBIZZNODIZTERNOARIERL LML FEEORETRE LN ST,
— 7, RIEAR DI AEDHEH R O EWIZ K o TR > 2 FHIORBRG N O N T
B WTRE L7 1R/ DIIARIER DI AR S NI FEFRRO e, LA ED
NG, RIEROFBEAITIE, VA X FEOEBIENER X OUEZ OB NN EE
R ThHhsdIENRBINT,

ARFERIT, BERID v A 2 g2 EHBORF X ORISR CEE L T 2 2 L h, M
DEKIZE D VA2 5 FREOIFF LWL, BAEMNSFREDI{o 7 vz v
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THIE DO BEA AT o 7o, ERMICOBESNIMEIL, FEEREH a6, MEOE
AR LTz, Bfid (LEL001 35 KUY LE1024) O @i EREBIR A2 272K Eov 1 4
T FRERICBAERE LCER, SE4REICEEBIOERO A BELEL, TH
BICIEFREERERRREZ > TBE L, LDz &b, SR Z v 1 2 70t
ZE GG RO IR D IR & R L7z,

LU, 1 EEAREZ P T 2l BT S M R ) 3 FRE S 4, BRI Lo+ 31K
ERIZADZEBIOEMEDIZITERERDNETCHoTo, 22T, HEEE O A X7
Xt T 2R E D RIICRET 2 HiEE LT RV A X 72 W2 FIEOR % %
1To 7. BRRBRICIIBRIEH% 4 £72125 HBIC LB OHUKZIT - T2 EIKRZ WV, =*
VAR K TEHOLZHMMNTEARTAZA L ) VT, HHiEOMBESEBR (K 10°
cfum) 0.1 ml &+ Z 7 FREITEAERT 5 &, 5 A BICHEREFIEERIT
ERNE OBE 4 @mEICRO I, S HIC, #H 10 B BIZIEREE L L+ E R
B LK TERTHZ 2R L, £/, O IZHEME Pseudomonas tolaasii

(814) ZHIKR A Z FICHEM L2 L 25, RMRRIERD AT 52 L 2B TS,
L7eo T, BIRYV A Z 7 &2 W To i AT, SR O > A 2 7126 200 Bk
AR T HTDDMG HIEL LT TH D LA L, M 48 L CHERERBR A
REIZ 72 2 72,

WEIB LT A 2 b O HEE 20 WK OMEFRIME 2 & L2/ R, Bhan
DA X2 B OR # Ps. flurescens 38 X OVER G5 il i 955 (# Ps. tolaasii & (X872 0,
T/ X Z B aEUEE Erwiniasp. ICEELLT 2 Z &R boroTc, S HIT, 16SrRNA
BAG TR OFE R, DEEHIZIAX IR, 22—V —F 0 F, BEBLOZ YT T
BTy 7 V)27 OREFNEEES IR E Ewingella americana & 99%LL b o> # [7 4 & 7R
FTIERHMW L, b &nd, FERLEO VA 2 BEERRT 2ERIT,
Ew. americana ([CER T O MELEOETDIIHEFTH LI LBWHL NI R -T2 Z L

5, RIREOFRL Z A X 7GR (Brownrot) &+ 252 L E2EBELE,
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A BT IEROR DR AEEREEZ T 521X, Ew. americana Z AV 3 EET D 4
B o1, BREMOER AT -7, DS EME Erwinia & & O8REH D3
Bt s & U, REWB L OERBEEZMELIZE A, SOZIWASFEND
W7 Va—nrThad DH)T 78 F—AZlRNT 5 L@ RMERES, 21070 —
DAYV BuEBHRFET DL CTHERFEOBRNRET DI ENbhrole, SBITH
MBI O K247y, A-D3 Bt [ZK87K:1,000 ml, D(+)7 7 & h—/1:10g, ZH I/
fer x> 7VU—56g, HILYFULTg H{LFT N DASg Wi~ xv Uit
KF#:03g, FT Ikl FY 7 A:50mg, 7 2EFE—/L7/L—:60mg, FEK:15
g, pH7.2] ZBi% L7-, A-D3 i5Hi | Ew. americana % 28°C C 72 BifijEs# 4+ 5 &,
EAE 0.8-1.0mm, FHEPACEZ 2T 5 EEEKE LK LI, A-D3 Ko FHR LR IT
66% & @<, WEBBM LI TFRIENPOHET 2 & 983%DE GV, Ew. americana

(LE1001) TH -7 &b, ARBAPAICHT TE 5 &1k L,

DA Z TR E Ew. americana D EBG T A B S 20MC T 5720, (REIALBRE
50 A-D3 Hii 2 AW To y BE 2 AT o 7o kG R, BRLEFHCIZ 25 0 18, (REAZRH
DIFTEARARIB L OV A # 7 FEMEH) S Ew. americana MBS vz, 72, BRI
2R Z A~ A Al 1,000 f5IC 6 FFHRIRT 20T 5 &, A X7 FREDBERE
BCE IR 1T 3R HAd, Ew. americana O3B ITIEE TH 72, 25 DORERES B
Mh, FRAEFMO LEICAEL L TWD v A ¥ 7 EBUR R Ew. americana 1%, {RE5A
FHIAMHPIIZTEAROB L RE A INER L, A X TR EROS T FERICERET 5 2
ETUA P TIBRORB AT 2 Z LRI, LEDOZ L2 REMIZELET D
&, VA ZTIBBIROBRIZ Y A X T EOEBNRIEEE KT I 2 2L, 1EE
ARFHEIZAELT D Ew. americana DAEFHEE XK TS L Z ERRWLRIARTH D

LEZOLND,
PR TR SN e T O E Sy, YFXSYE Sy, T8, ) XA,

T UXEBLIORY~ T OB AEIIER LI FEERNS A-DIEEH A2 T4
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HE9 %5 &, Ew. americana (LE1001) & R UEBBIR AL ~TMENDEES -, 7B
1% 16S rRNA E/ixFfEHr OFi F, Ew. americana & 99%LL FOMFEMZ /R LT-, =

TBEE Z IR S A Z IR LR, WEMEEZ AT 2 2 LM s, &6
2, HREEZOE 7 X G e ICERT 5 &, HEO - EIET X THEBA
WCEGA LI FREEPFEAL, BHERORENSWVEHLWHREBEZZ L, —7F, Ps
tolaasii (814) Z#t 7 X FORILECNHET DL, T4 FEEKOEE LITHE
DBERNEL, RAICMAELTENY, HESEKNEBET L Z E0NERIL, Ew
americana Z f#EHE L 72 W L IZHI B8 o 72, BL D Z L vb, Ew. americana &
HBREEEO VA X 7 I T, ik o e 7 2 7icxt L CABRERRICRD Z &
MRE S 4T,

1997 4£ 52, ROGBRNICBWTE UV HIFEOT ) U FFRENAEORKREICE DR,
WALIE T DR DB AEF MO FE LN, BEFEZIT 72 2 7 FrOFEHTIX
WRTF U AVERLBFI T ETOEELZT> TN, SETFHOHMB RIAEND
T FXFE 2 RBRAICHMG Lz, Y= ) U RIIERN TOREFFNIID 20D, 7
FTURATURE T H IS 5 HIE TN AEE Th o7 2 LD, EEFITAR
BIREAICBITL TV, LL, =V U FFEEDAGRRKREICE DN SRR
WEICA O, FEREBOREEVICHARREOBIENBAIND L HICRD L,
FRE 2B F LA HICKRE LS o T,

TV UXRLREECTEFTHAGKKREIL, A7 T ¥R o — A TR &
MARET, B LI 'O EFZERT L2 0D, pEFEERRT) U FFFE
RICHERET 2 2 & CRIFEOMEBEZITo 72, /rBEE (OMI19801) @4y ik (K
10°@/mD) ZAEFHROTY X 7FRIEICEFHERET S L, 3A%O TEEEICAR
SRIREOEBRRD B, 7 ABITITFEESEEZE, SILBEIR L7722 &5 5 50
WrAHFBEINT, £, BOREECEREEOREERIT &KL b, =) ¥
DAL BUER O IR K B 2 85 E Lz, RE TR E S L ORRENRE S, BEmox
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J)XBTRTFUATODLIENYRE & [FfECH 25 Cladobotryum varium & [[l7E S 4
Tz, KFETY X0 (White mold) &4 LT,

TV XN OWE C.ovarium O3 AEF 2 ) U X OAEF TRICE W CEFEHEME
TH L, #9102 E/ml LLEORETFREOEENRL S, FIEBHRHICRYET 2 &
MLUWRBERBET L2 Enbholc, £z, =V U FEEREBEICE/RT L&, K
10° fiH/ml o> BEHE IR © 0 OMIE ISP A RO, b OREEE v 0D I
BRTY VX TERTEFT Lo, LavL, & 10°fE/ml AT 08/ T, HiE
SO U HE ERRERD R o 7208, K9 10° Aiml Ll E OB 21T o 28
BernbidBlrEZERRRO LN, LER- T, MRECHELEEREY 4/
e LTHAYTD &, MBMEHB T Y > FbhinUR A IR T 5 alfetE 2 mig &
iz,

TV XD OEE Covarium Ok f 2 ) X 27, TFUATVEBIOE X
FOFEEC U ICEEERT L, ThEThOFEEK EIZBWT Covarium BEFT S
oML, BWMELIT o 2 @ETOREE R T, A—REEFTBNTTY
VXL THTERET T VA VERBICRE L WS, AEFITT Y XA
BIAA T B AN, MIRETO B 7 X r B LT F v A VICAGRIRENEE T 25K %
IZRO TV, LR -T, Covarium TV U ¥R ZHGET 2 LA 68 7 27
BLOTF U AVOREFEZERL, RI—RBEETHRE L) U FICHLT, £F
PAEAEZ T LI ICholc bR STz,

E O Z OWERBEEIZHEHA G CIT D72, —HRENEAET D & RE k%
B EZ RITT LR HATWD, HEMKE LT, BRFRESPEERNRY
YORBIREZIEAR L TLHREREDFEFILMITOL TS, £2T, = UrFpiz
ORI L LTIZ RS R\ BV T, AR ifd Sk LT 52T, =) »¥H
TZ M OYEE C. varium O3 AT F B LOE AWM EIC KT THEAORBELZHFA L 72,

C.varium O 4EF 2 H A4 500g/ml D 5, FRAVEBLIORI 7 h—/L H
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SHERET 5 Z LT, BFEIIERICHEEFEEINTL, L2rL, ZhboEHZT=Y
XFEAODABEZMRETHOT, EHAGmITIRESIND Z LR bMho7z, C. varium O
FAMEMREDRIL, XU L= MBI~y v aTHL, =V ORI RS
AT 2B EM 2 RALBT 22 L T2 U b HEORFIIM LS, &
DNFIIFH T D22 L 2R LI, Lo Z Eovn, = U X bR OEYRE; Ik
2, IO OEFEBEREICHERL, RXNOWEHLZITAEIADITHLLEEZD
b, £, =Y U XDLEPHOFREKIX, =V XFOEEMEORELZITHZ L
L, =V U FERBE CMMEICEZRN S D Z LB DhoTc 2 &0 h, MwEMEMLFED
EHIC L T, BIWEZBIE T DAl Z R T 2 &N TE T,

AL, JRAREE D v A 2 r BB S E5ME B LOBEKER 0= ) ¥
TETLRREZ, BEETEFTTOYFREICHERE T 2 FIE TR ZEEL, i
K OFGE, BRI OREL LOBRFIEDOHRFNZT 272 bDThD, 2 bW
FERIRIE, B CRIF AP EITBB S E OB ZHE L D720 BE L7 D Akl
B DS MR SN, EDOZOREAFEICRELSAMRT2LEEL TS,
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Studies on Etiology, Epidemiology and Control of the Disease
Occurring on Cultivated Mushromms

Shinobu Arima

Summary

Many inhibiting factors of mushroom production have been known as long with the
increasing of mushroom production recently. Among them, the fungal and bacterial diseases
that caused severe fruiting bodies growth inhibition were investigated on their occurrence and
studied about their etiology and epidemiology to develop the control methods.

Brown rot symptom was seen on Lentinula edodes cultivated on bed logs in Oita
Prefecture during the period of 1994-2014. The symptom had been found at 32 laying yards in
natural forests, artificial yards and greenhouses through 11 cities and 2 towns of Oita
Prefecture. The questionnaire survey also revealed that about 60% of producers had
sporadically observed the symptoms. The symptom was seen on 9 types of commercial
cultivars, both on young and old fruiting bodies and caused tremendous economic damages in
severely occurring areas. The environment and climate conditions of these areas revealed that
the severe brown rot symptoms were mostly observed in laying yards with high humidity in
rainy seasons such as fall and spring, although mild to moderate symptoms were also
observed in laying yards which were relatively dry. The infected bed logs derived from a
laying yards in November 2013 had been found to produce severely diseased fruiting bodies
only during October 2014 and April 2015 at artificial laying yard of the Research Center. The
occurrence of the damaged fruiting bodies was also observed during February and April, 2015
on the bed logs that were originated from another laying yard in December, 2014. Then, the
damaged fruiting bodies could not be seen thereafter on the observed bed logs. On the other
hand, it was shown that the differences among the spawn inoculation period affected the
disease occurrence and the diseased fruiting bodies could be seen in case of only one mating
strain at artificial laying yard of the Research Center. These findings suggest that the
difference in physiological activity and sensitivity of L. edodes is a crucial factor of disease
occurrence.

The above mentioned symptom was thought to be caused by some bacteria because
the symptom was very similar to some known diseases such as the one caused by
Pseudomonas fluorescens and brown blotch disease caused by Ps. tolaasii. The isolation of
bacterial pathogen was tried on the samples brought back from the affected area. The white
and rounded bacterial colonies were predominantly isolated from the samples on heart
infusion agar medium plate. The one of the isolate derived from such colonies (LE1001)
inoculated on the healthy and young fruiting bodies of L. edodes on the bed logs by injection
with 0.1 ml of bacterial suspension (ca. 10° cfu/ml) into the fruiting bodies cultivated on
sawdust medium caused growth prohibition and browning of some parts of the pileus and
stipe of fruiting bodies and rot with odor at 4 and 10 days after inoculation, respectively. The
same bacterium was re-isolated from the inoculated and discolored fruiting bodies indicating
that LE1001 was the pathogen of the disease. The almost the same disease was occurred by
the same artificial inoculation of Ps. tolaasii, the pathogen of brown rot of L. edodes. The
injection of bacterial suspension using the fruiting bodies cultivated on the sawdust medium
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was shown to be the simple and effective method for the pathogenicity test that was available
all the year over.

The bacteriological characteristics of 20 isolates derived from rotten fruiting bodies
of L. edodes were very similar to Erwinia sp., the pathogen of bacterial brown soft rot on
Flammulina velutipes, rather than other known mushroom pathogenic bacteria such as Ps.
fluorescens and Ps. tolaasii. Further studies including the sequence analysis of 16S rRNA
showed that the causal bacterium was identified as Ewingella americana, the pathogen of
internal stipe necrosis on Agaricus bisporus, previously reported in the U.K, New Zealand,
South Korea and Egypt. Consequently, the brown rot disease on L. edodes cultivated with bed
log was caused by Ew. americana. This is the first report of the disease on L. edodes caused
by Ew. americana and “brown rot” was proposed as a new disease name on L. edodes.

The selective medium was developed to investigate the epidemiology of the pathogen
of brown rot of L. edodes, Ew. americana by using D3 medium, a selective medium for the
bacterium of genus Erwinia, as a basal one. As a carbon source, D(+) arabitol, a kind of sugar
alcohol generally contained in mushrooms enhanced the selectivity and as a nitrogen source,
vitamin free casamino acid stabilized the color of colony. Finally, A-D3 medium containing
10 g of D(+) arabitol, 5 g of vitamin free casamino acid, 7 g of lithium chloride, 5 g of sodium
chloride, 0.3 g of magnesium sulfate heptahydrate, 50 mg of sodium dodecyl sulfate, 60 mg
of bromothymol blue and 15 g of agar in 1,000 ml was developed. The pH value was adjusted
7.2 by diluted hydrogen chloride before autoclaving. After 72 hours incubation on A-D3
medium at 28°C, Ew. americana showed small yellow colony surrounded by white marginal
area (0.8-1.0mm in diameter). The plating efficiency of Ew. americana on A-D3 medium was
66-93% of nutrient agar medium. Among the yellow colonies isolated from rotten fruiting
bodies of L. edodes and incubated on A-D3 medium, 93% was identified as Ew. americana by
bacteriological characteristics and 16S rRNA analysis considering that the selective medium
could be used for epidemiological studies of Ew. americana.

When Ew. americana from laying yards was tried to detect by using A-D3 medium,
the bacterium could be isolated from soils of forestry and laying yard, surface of the laying
bed logs and the fruiting bodies of L. edodes. Immersed in 1,000 ppm of streptomycin
suspended fluid, Ew. americana infected bed logs could be disinfected to produce healthy
fruiting bodies of L. edodes and appear low Ew. americana isolation ratio. From these results,
Ew. americana, the pathogen of brown rot of L. edodes, inhabiting in soil suspected to infect
into the bark of laying bed logs and then young fruiting bodies of L. edodes to occur the
disease. Thereafter, the control of brown rot will be effectively succeeded by lessened the
density of Ew. americana on the surface of laying bed logs without declining the
physiological activity of L. edodes.

The yellow colonies closely similar to the one of Ew. americana had been
isolated from yellowish brown and/or rotten fruiting bodies grown on sawdust medium
including Pleurotus abalonus, PI. osteretus, PI. eryngii, Agrocybe cylindracea, F. veltipes and
Hericum erinaceus and their 16S rRNA sequences were 99% homologous to the one of Ew.
americana. All the isolates from such mushrooms were pathogenic to L. edodes fruiting
bodies to occur brown rot. The isolates also showed pathogenicity on PI. osteretus to generate
the yellowing fruiting bodies along with high temperature by artificial inoculation on the
culture bottle just after the removal of surface mycelia (“kinkaki in Japanese). On the other
hand, Ps. tolaasii occurred distinguish brown spots on the fruiting bodies that fused each
other to change whole fruiting bodies color yellowish brown by artificial inoculation. Then,
above mentioned results suggested that Ew. americana could be a growth inhibition factor not
only in the open fields but also in growing room for sawdust cultivation.
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The fruiting bodies of PI. eryngii in the bottle fully covered with white mold
followed by softening and rotting were seen in Oita Prefecture in summer, 1997. Survey of
two farms where the disease occurred revealed that PI. ostreatus and/or Hypsizygus
marmoreus had been produced up to now and the cultivation of PIl. eryngii was started
recently hoping consumers demand. Then, the full scale production of PI. eryngii had been
introduced because the producing process in PI. ostreatus and/or H. marmoreus could be
applied to the case in PI. eryngii easily, although there were few experiences of Pl. eryngii
cultivation in Japan. Along with the appearance of white mycelium on fruiting bodies and
cultivation bottles, the damages by the disease increased rapidly.

The white fungus inhabiting on the fruiting bodies of PI. eryngii could be easily
isolated and incubated on potato dextrose agar medium (PDA) and formed much amount of
conidia that were used as an inoculum to the healthy PI. eryngii fruiting bodies. The surface
of the young fruiting bodies sprayed by the conidial suspension (10°spores/ml) of the fungus
(OM19801) showed white mycelium growing 3 days after inoculation followed by full
covering of the fruiting bodies 7 days after inoculation and softening and rotting to reproduce
the original symptoms. As the cultural and morphological characteristics of the re-isolated
fungus were the same to OMI9801, the original isolate, the fungus was specified as the
pathogen of white mold of PI. eryngii. The fungus was identified as Cladobotryum varium,
the pathogen of white mold on F. veltipes and H. marmoreus, according to the cultural and
morphological characteristics and the disease was named as white mold (“watakabi-byo” in
Japanese).

C. varium could cause the degeneration of fruiting bodies by the inoculation with
10spores/ml conidia suspension at least during the incubation period of PI. eryngii. It was
also known that the infection at the primordia formation period caused severe symptoms
especially by inoculation test. Inoculation of the pathogen during the bottle cultivation period
made an antagonistic line between the mycelia of pathogen and PI. eryngii at the side of bottle
wall and inhibited the fruiting bodies formation. Inoculated with below 10°spores/ml conidia
suspension, normal mycelia could grow in the bottle apparently even at the removal of surface
mycelia (“kinkaki”) and diseased fruiting bodies were seen in case of more than 10%spores/ml
conidia suspension treatment. Therefore, it must be suggested that the spawn mycelia derived
from slightly infected and apparently clean bottle should develop the disease seriously in
relatively short period.

Inoculated with conidia suspension of C. varium, the mycelia could grow on the
fruiting bodies of F. velutipes, H. marmoreus and PI. ostreatus. The farmer had sometimes
seen the white mold on the young fruiting bodies of PI. ostreatus and H. marmoreus before
the start of PI. eryngii production in the mushroom growing room where the three kinds of
mushrooms were then grown simultaneously. So, C. varium must be suggested to inhabit in
the mushroom growing room before the start of PIl. eryngii production and cause a growth
inhibition on PI. eryngii.

It is known that once the disease is occurred it develops dramatically and causes
severe damages because the sawdust medium cultivation house is usually closed and highly
humid. To prevent from the disease, removal of the diseased fruiting bodies and mal
incubated bottles are carried out to keep incubation environment clean usually. Furthermore,
the effective washing agents for the facilities were detected. Hibitene (chlorhexidine
gluconate), Osvan (benzalconium chloride) and Microtol H (thiabendazol +
chlorhexidinehydrochloride) completely inhibited conidia germination and mycelial growth of
C. varium by 5 minutes immersion of 500 ppm solution but also hindered the mycelium
growth of PI. eryngii. Benlate (benomyl) and Panmash (thiabendazol) could highly inhibit
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mycelial growth of C. varium and they protected white mold on PI. eryngii by the treatment
of covering materials that were used during premordia forming period and affected
continuously. So it was thought that above mentioned chemicals were effective to prevent
from the infection of white mold on PI. eryngii by disinfection of the facilities correctly. It
was also known that the occurrence of white mold was affected by the incubating duration of
Pl. eryingii and there were some differences among the isolates of Pl. eryngii in their
resistances. So, it must be available for disease protection to breed the resistant varieties.

As mentioned above, | investigated the diseases of L. edodes on bed log and PI.
eryngii on sawdust medium caused by a bacterium and a fungus, respectively, to identify the
pathogens, make clear the epidemiology and develop the control methods. Those results
contain useful basic and applied information about disease control and economic damage
reduction in the practical fields to contribute the stable mushroom production greatly.
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