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Integrated Control of Bacterial Brown Blotch
of Oyster Mushroom
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line reacting organism)Z3¢} thx|ujQy w] FFAtolo] white lineS &
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TH/3E veharl. ¥IFVEE vehle 19 3845 =Y ¥FY
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L A5AL] Mg Zy YAz

Hx, B2, AoldLAMUEER, 224 T PYWARIE 2P
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HA Az, Fxde] WA FNE 2xta AA 2absidch 1z ¥l
Me F529(0.5, 1, 2%) 2| FollA 65~71%2] LA|71S, A1:2(0.5, 1%)3
gltollA 64~66%2] WAZLE Uehddch el 2xt HYelNE B2y
A g| 2] W72 33~37%, AlzxAM ) Fe WA|717} 35~39%2 A A &2}
7b ol utslch 23} AHelME FA(tRT)Y ogo] 832 A 12
AY mio] 24%oll ¥]3le] &oti=u] o] AT Ho} Wo) A3t Lo
Z, B2 N2 ¥ YAAAE /Y £ ¢ Ao Yz
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At
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6. A wot, M, Bxdo Mg iy wAE} 0¥
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7} 23~39%2} 31.9%2 4 v yiokc)

7. 0]BES o] 8Y AEUA YA
7t #&2F Ay
A (3, sid) U el Aol 2l 34070 M F

F3oA HdAZol Z¥2Eol A& Pseudomonas 127) FF& AU

PgdMgol Z23EL QAT el ALY FAERY W A Y
& JA5A) ok u| WU Pseudomonas 157) T3+ Musiact,

AYFo 2 AuE 127 75 Eleld ol njAe d¥E 2AIA
© v} T-112} Ao-15 5 270 2F& AW 107 FFE el FAL A
B ke AAA ¥4E AAstdch £3 v]EYA Pseudomonas 157] FF
FolA Ao-72 ElelFAMEAe] FAA 27t UAch

o] A2 AYMT T-11FF, Ao-157F, LY M Ao-7F
F, P-502F 5 4FFE A4S YAy FRFFE Ausiach

L AR F3e] gy &3}
glolN ALY 4FFES THA PLAFol i WA S FaRue »
EfelH Az} ol R ALANE o] 8 FFAUAELR AAItAY vt AYA
Z4d T-11 FF& BLAZ3 10: 1(v/v)H] &2 Ae|3tS o 87.5%2] 713

w2 BAE dehidich

8. ] %9 ¥ A¥YE AA
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LERCIHA MZd 2EHE S

uh 2pdAe] BAYgE 2R
FAY 107 FFE H&d2hlR]olq ujdt F FUMZFE PFstA |

N AYE B=E ZABHAA vl 4P kL], ojx=El2], ¥72-1%, 57|

-

1% 5% 5 A4, 324 E35 WP ol¥go] 15.5~20. 655 21}

flo

AP xElellE, AP ElR)2R, A FkEle], $712028 § FR2E EFE

< B o'§&0] 5.6~7. 4%t

(1) E-gof izt A2

. el M@ ZARPE(ZHY)L F2 Pseudomonas tolaasiiol 2
3 UAgshe HogA WA ol AR oyt ZhH W UajriA] d¥ste 2
H, $uiFda fabstel AR A= Z97t ook wsEe] el
BAE fslods YUF FHY FFI AUxio] WA AP vl 7|&
o whl(MFeY 42 2L HYd RAF)e2E W =Y A A
3~5%)o] La¥ch 53] AR Algst w2 Ffe ¢S W3y FH
== GojAch ey ¥ Aqold AUy ZAHEAEEY
3 AYsA HYMF(P. tolaasii) g SAY 4 ol hHg whio gy
53] e we vl Alget dlR] AR 3417 o)uioll FHA
53, AYY £ odE ofF AgFHoln ¥yl whdolrh uletd o
ELISAY & w71 el AM2/d Zihge] Acizt oide] 8Y 5+ 3l
71§ AYych =Y o] WS el Roplel FFol, SJelwR e
Mg by ziclelz BE&Y 4 & Zolch (ELISAY /Nya} o] 8ol
¢ 53 2dAFY)

(ELISA)S Al

2. Mg Z2ibgde] Agdezs el (A Hd) o ez

= 2 HAzesl 8% e #E yAstdenz o ogE ¢t
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£ ELISAY W% white line test'] & o] &3 wix| 2} A AR HJANF &
Qolol VY AR AT WY ANY YEAF, JBERE 45 U

A te] A7t e S A eslejof & Aot}

3. AlFy 2 wAHGAE B A8 Hed R v§ AL 5§
Al(streptomycin)Ao]d FAtol Mol ¢lg wf H4chal AbxUch &
AfolHes &P  kasugamycin2}t 7]EF3IARAQ] kanamycin U
tetracycling] && 7} H8&4l(streptomycin) Br}l 43t 2AE Ealslge
o olg HAE &N 2TARY FL YANEAE Y 5 US AoE
AZAEBE o] AAES YAHUANEZ E&Y £ UJE A3}

Mz, B2z 32 454 HUdEoMs 8 SAEAs dFEAL
L AQuiap Agolxs A7 oA 2E HY dquAzEs 875430l
olen} dbgo] Y ZF BAGAMEE HE730] ATt

YHZ(P. tolaasii)ol 7% ZA#tztgo] olon rEjevR M-S
3 37t Qe doBA4 doR o] FFI) HAlste ¥MEY ¥AE
A2 el HEYU AYoln] FrioM FYAAHZ B&37] fstde Al
A FAdelM el AEY, MEEA(cytotoxicity) +H 5 FIIERLI "R

stct,
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Summary

Bacterial brown blotch of oyster mushroom is one of the most severe
and epidemic diseases in oyster mushroom cultivation in korea. In
spite of it’'s severe damage, etilogy, inoculum source and integrated
control measures of the disease have been studied with rare. In this
study, pathogens of the disease were isolated from cultivated oyster
mushroom and were investigated their bacteriological characteristics
and pathogenicity. Also, several control methods including
bacteriocide treatment and biological control were explored to develop
the effective control methods of the disease,

The results obtained are summarized as follows

1. Pathogenic bacteria causing brown blotch of oyster mushroom were
identified as Pseudomonas tolaasii based on the white line test,
bacteriological characteristics and péthogénicity. For rapid and
effective detection of P  tolaasii, enzyme-linked immunosorbent
assay(ELISA) system was developed. The ELISA system could be a
coﬁvenient tool to detect and identify the pathogen on oyster
mushrooms and further to diagnose the bacterial brown blotch from
various mushroom culture site.

In addition to P. tolaasii, P. reactans was also isolated from
symptoms of the brown blotch disease and the pathogenicity test showed
that some isolates of the bacterium have weak pathogenicity against

oyster mushroonm,
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2. Studies on inoculum sources of the disease and dissemination of the
pathogen revealed that the pathogenic bacteria may disseminated by
substrates such as rice straw and waste cotton, irrigation water

stored in tanks, and mushroom flies.

3. Among 33 antibiotics tested, tetracycline(100ppm),
kanamycin(100ppm), and kasugamycin(150ppm) were selected as effective
bacteriocides for controlling the bacterial brown blotch of oyster
mushroom, Control effect of them was superior than that of

streptomycin,

4. In the five low-toxic disinfectants tested, vinegar(1%), wood
vinegar(1%) and sodium hypochlorite(100ppm) entirely inhibited in
vitro growth of the pathogenic Pseudomonas, but their control effect

on the brown blotch in the mushroom house was not very effective.

5. The effectiveness of biological control of P, tolaasii with a
bio-control agent Pseudomonas sp. T-11 was investigated in in vitro
test and in the spawn bottle experiment of oyster mushroom, The
control value was as high as 87.5% when the mixture of control

agent(T-11) and pathogen was 10:1(v/v).

6. The relative resistance of 10 cultivars of oyster mushroom to

bacterial brown blotch was investigated by artificial inoculation of
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P. tolaasii, Cultivars of low and medium temperatures including
Wonhyong, Nonggi #2-1, #4201 and Heukpyong(Chinese cv.) were

susceptible,
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A 4% sElelis AZ42UEe Add Q AEAE 7Y - B
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g M 2

LEt2]H R (Pleurotus spp. )< ZF BESY A ¢ Aol U
38 Ee ISR Wsle BARFFoE fetelg v R A Z
Aol Xl ElelHRLS ¥} o] Fof LAY T, d&elM
A gEo] gon T nF, I, A%, FHZARNME Patako] F7)s)
2 gtk AFE ojRuUE A, HeEgRusiges gBezion o
M mtz} goyo] 2} Pristd 2w M (oyter mushroom) o8 23 glt).
LAY Fu A4S 1990 87,038kgel™  Zo]  1992\dol=
220,427kg 2 2 AAatao] FF31g om(4ral H1993), MAYLEE 1987'd 0]
= 16,9002t2 0] ol Zlo] 1990 tholl= 90,900RrE 0.2 AYatgre] FF3IaL
9ith(chang & 1993). efe|HA Y AFahuje ZEetE AT+ UBS
o] &3 YFANYPE o] &3t gtorl, YEL £3Fo] oY R uie} B
3, dE3 A2 FAFAUES o€ FyAuige] UE oj(Banog}
Strivastava 1962, Cho % 1981, %} 5 1975, # 1983, X} & 1997) B35
dA ziul AR Hojet Batre] F7HE zlo] Ko Ll ik F
ZheAoll St Aulzlee] &3, Aguiat Bl metst a]Fsbr] of
ol 3 At FUAA 4¥]&FEF PEA|7]A] B3 dAolch. E}
gAY afufats GFolut BxlulF e G-rafuirte} whe] o]l zjujrbrt
th2ol7] wi2o] HAAqujol Q7= BHzHo] Aujal e HRAx
Aol 2A AujE Yerh ol Aujal BHL o f-o] el rIZE}
A g7 ai ol HAAAN o] FHLY BFM HRAAE U= ¥
th 53] G¥H A4 AuiatelNEe 3 2ot At oietd 2HF H Y
whado] Adsich 2T HAAZol &3 Hldy Zibgo] elvtet Adel A

_?_
A gt e 3 3sizh obF Adzsich(Al = A 1991, A 3} A

_21 -
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1988, x} & 1997). o] ®-& Pseudomonasd; Mol &3t UMsl=t| o}
HeFe AGAE U A3 WAo) HUS o= o} uid Aufo)
Ashsts $7b7t don S0 AAH ws} 0f§ At oheby ek
Re) b a3 2FAe WA ARG gt AT Zubel WA
A "ol A3 xlolth. B3| AT BAZA tiy B T
QAN E Fo40] ZZHT YomT AP WAk SAUVEF, AEe
Ay, BHLABL BAE os|AIIA U WA obe) Ay, HEA
A5Ae] A, YR PAUe) AYE TR, A LxPY Aol
g 2 8jT},

2 Q7E sleA A 2Ee Awet 2Y LAEE Aol
WA MY BAAIL AR S SR AABNERA 5
7t a5Fviel J)ojstr] fisted MAlstdon FAFY AFue] Bme}
HelE theat goh
I EleldA AZ4 Z2UrEe] Rt A4 SRYs AWgS Ay
st2 WY AEASE wyoh
2. TRUY YA AL Y] st QA AR wAe dusin
AR NEEEE TYHEEA YA RS HasiEA ¥ YAEZAES
Y 4 A& Wi mh

Eo iy W Bredel 24 BAHA At Ax, Exq, Zz=
23, 224, AolgAMIEEI P AKAE oS Wl YAEAS
Z AR,

4 AYAZ L MPILMZE ol BT BB WAYS AYPr,
5. LElMAN B39 MFH DY MUY FIEE BV
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A 28 LEREHA M2y dEdel 53, Al
#5x Sd U gy

A 1A A

LElR|MA (Pleurotus spp. ) ¥zt Ro] Fojujn] Goto] FR3t A%

1>

JIZANFLE HAHLZE 4u7l F718la ot WAool oM =
2ol N3 W &S o8 FAH] AU T 1975, F 1983, x}
T 1997), EFEAA cigdato] 7He3tA Hol zjuf o] YrjE|m At
TE FZIstAdch 2evt g4 Brbe GEFH A4 Uu™ BARNA g
8t7] wjEoll 2tF E o) wdo] Al old W= st HANE 27
3he w7lE WL APolh olE MHEZL R FFoI(A 1987) &%t
Y= =gt 2T 2 AFY Zibge] UsHEA B3] 2 ng F
of Midd AMFLR AY FAF &A4o] mplstich(A 2} 1988, A F
1997). Al Zge] HAS 2olole WAl Re] Fdle) BNe] AR
Hrb 471 Fab Ay e B2 2 Htes Hrjsich who] Al
st WA B FA4g =i Rujgich o Aol A=A £33
2N FRHZ 4712 o ofd AdAlEe A Z2hE Raigich zelely A
Ay ZAHFS  Pseudomonas tolaasii2 @8l QlOoi(Shirata F
1995, Suyama £} Fuji 1993, BgIU 5 1987, Z} 5 1994) o|&Jof| P. agarici
of 2|gt yellow blotch® ZF AlBwAlo)N B IEo] Qch(Bessette 5
1985, Suyama 2} Fuji 1993, Zarkower 5 1984). - Z5(1994)L f
AR Fuf, HAge AAE T 93t opPMR(QPFol, El
HA, EINR)E #As HEE 28, T3 AN P tolaasiiZt ¥

b=

o, W88 F dAdold P agaricit Atk FA7} Ha et 3
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NEEH :

CERCIHA Nz 288 SEME N0 248 33,

t}, P tolaasii= WAolA 2e|H v]¥NA3 Pseudomonas<4re] B F39
Pseudomonas agar F(PAF)ujj=x|ollA thx|ujotd}d 2 ZFotiol] wjate] A7t
(vhite line)o] 3 d¥ch o]2|¥ VAL Wong2} Preece(1979)0]] &]dte] X
S22 HIH o2 A vhite line hgo] ABstn B A zhio] 3d=
o Foldo] &) wiFol P tolaasiie] FFe dz] o] &= 9ltHGoor
S 1986, BAIL T 1987, W T 1995). Ll BUA P tolaasiiFole
vhite line®hgo] LUEl}A] ole dF= AFLo2(Z § 1995) o] whge
Bol4o] E#|7} AIIEIE ZT). P tolaasiig} white lineg VA sI=
v U4  Pseudomonas= white line reacting organisms(WLRO)(Wong =}
Preece 1979) = P. reactans( Preece 5 1982, ZAlHel Fog olay]
A AF)E PHED oo o5y MFY JAL vff FARRE ez
deiA otk 2 AFL el Aujabe oMol £213t Mo
AdEA B4 BU4E 2Bl olEE BAIBEAM AMEE ZirEe
WYL A3 o] He Ay o JxAARE AFstaz} )

A28 Az W Y

1. Ao 2l

Al S5 299 el R AguiEPeM o YA E 2] 5te
ol ¥R E A rlE 2% AolgAMIEF &2} 70% YER 1~2F
7t ARsld FRLSY S AF4E ) o] AREE Ayl ule}
opfigh ¥ King's Belzloll =% E: 3M3led 25T F27|0A 1~24 7

¥ P4 & Z= colonyE 22 stct
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2. Yhite line Z2&.

Wong 3t Preece(1979)2] el uwlel olFAAUAEZYYH eyt
Pseudomonastt3+& Pseudomonas agar F(PAF)ujjx|o]] gAM o g Hu)joks}
3 ojo] Aoz R WEREABAN FULZ vhite lineBY FF(P.

reactans) & A Eslo] 25C F-27)ollA] 2447t ufergt ¥ wiazizido]
2

A
fie3

Lelliot 5(1966), Wong 2} Preece(1979), Hildebrand 5-(1988)¢] =}

Q.

of whet wigH, e, Bey5P S 2Apstch

4. HYY AR

AUZAR S U R7] (28%x22X%em)tfe] oz|o] HF+E 718t LElE]
HAR, EIHAR, gt oAl AUAME S thE, PAFuIZ]
ofd s MFE& EXFFsI] 15T B2710A 24-48417 uigstA
AFH4 2y 9 PR d94e gasiach AHujal AFLS e}
(P =Ete]) FFE dESAhulRo] YFste] 25-27TeollN 30U
R F AN olE REINHEA EFIld HAAHNTE 28 THLE 3Y
AEsta 1 PPAFE 8 HAE ZABIACE ojd FFLL BUA

& nutrient broth(Difco)ollA] 24417 v} ¥ YA3lo] MFHE NS of

A
a

10%fu/nts =2 A A o]&sladr}

A 3d Az 2 2#
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ANaEX:

AR 5.
Ll oA Ba|§t MF 357] F3E PAFulr]oA] P. reactans(WLRO)

532t X LY A% vhite line(YA) HRM)E F43l= FFLE P-1

fjo

U2 247) FFE3 117 FFE vwhite line& HA3IA EaledthFig.
1). P-1& 8lR¥ 240} 25 A8y 54& 2R Az Table 134
Zrh o] FFEL A A FFY FL AxE FujAAEe Yoy
AEFHE FHAe A& Yehdddch old AL Suyama 9}
Fuji(1993)7} B.313t P, tolaasiie] B2} Y x|3stdt}. 3} King's BeiZ®]
ollA] ujoystA blue BVPAHES LER|USL OF test, catalase, oxidase,
arginine dehydrolase, gelatin @¥}&-2 <o} ®i22 HQl Hig  Vy-p
test, indol, levan 434, .Aatd YL 4 WEE ehidch
Glucose, glycerin, lactose, sucroseZ5-E| gasA8Al, lactose, sucrose®
FE AMES S9NEE EAR, glucoseZHE P Fdoldrt
FAFE 6T, 30TAAM wiRd ZHfolz ARsIAEY o BAHLS

Paine(1919)c] B.313t P tolaasii A% & M9} GAsAT). sHe3E
% mannose, galactose, glucosew= o]&3}9d L} trehalose, xylose,
cellobiose, ribose, sucrose, lactosei= o|-&3}x] E3}gch 3/ p
reactans# T2} thR|uforr] white line A 5ol QU= 1174 FF§ P
tolaasii2 FRH P-1358} chaujPsiddwd vl P-2& v|RY 674 L5771
P. tolaasii2}2] Alo]o] white lined HFX3}= P reactans@dFAcr}. o|&
P. reactansgdF2} P, tolaasii(P-1)¢] tiisle] E2HFUAoE 93 10717
AM2g ZAIY A= Table 29} Yt} P tolaasiiel P-13FE
erythritol 8] 5% E3-&§ o]&3%l AASt= vl L-arabinoseS X33}
432 2L o] &3A] Rsiddrlh ol B2 Goor F(1986)0] 223t

P. tolaasii®] Az} dx]s}= Zlo|adc} HIH white line® HFEI}=
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P-2, P-1841F F2 histamine, D-tartrated A2j3t 8F 2] EAL o]
st B8l =d o] BYL GoorFol REIIMLROS] Az Fastdct
ol BFFEY MIUY B4 L FUsl EMY Az} FAFFE P,
P-4, P-1058 UL 247 ++ Tolaas(1915), Paine(1919),
Suyama(1993) o] B3t P, tolaasii®] BA 3} §AISIER P. tolaasiig
S P-2, P-3, P-1845 H|£3 67] FF = P. reactans(WLRO)Z &
B8tLhrt. P reactans@F% P-2, P-3& A-2(6C)oA P. tolaasii2} tj
APy BLolE white lineS FE3}H L} P-1847F-F = 6CollA white
lineg =312 Zsladch 2 $(1994)2 P. tolaasii®} P, reactans T
32 227CollA 7HE FolM chX A2 4onH EollA 364 Zho] BT g
= €& F A 25CoN = 7222 Fol= vhite line2] Aol ¢lict
3 Hasigeon, & dFoMes d¥ FFA 25CTR ohzl 30CHNE

white lined] ¥r-g-S 4-& 4 algic}

P. tolaasiiZ FRY P-1ZF52 “Ele|HiAE v 23 a4, 3o
HAR, el =xHEY A2 AFE97 S5violny 3hH ~zhH A
7l B BU3E Ve I(Fig. 2), d$olol iy HUN ARG E
1641 Zigte]]  zFo] ZhH, Rujste AL vehadcHFig. 3). ¥ P
reactans 67) FFFolA P-2& H|EY 37} FFE LEjeinisel o3yt W
€ Uehfo] AFHE97t Aoz HMETKFig. 2). Wong I}
Preece(1979), Goor 3-(1986)cll 2|3l WLRO= Y34 Rog gajor}
HZ Vells $(1996)2 F$ +8 ¥ A5 YAsi= ZHEA ] P
tolaasii® ohtjz} P. reactans(WLRO)ol &J3jM= wA¥ITI B st )

oyt Bioh £ AF AE vlashE o P reactansFFFol HAA
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Fig. 1. White line test of Pseudomonas tolaasii with Pseudomonas
reactans(WLRO)

1! P. tolaasii, 2. P. reactans, 3: P. reactans
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Table 1.

oyster mushroom,

Characteristics of Pseudomonas isolates derived from disease

Present isolates’

P. tolaasii previously

Characters reported by
P-1 P-4 P-105 Paine Young Suyama
Fluorescent pigment + + + + + +
OF test + + + +
Catalase + + + + +
Oxidase + + + + +
Nitrate reduction - - - -(+) - -
Indol production - - - -(x) - -
Levan production - - - - -
Arginine dehydrolase + + + + + +
Gelatin liquefaction + + + +(+) + +
V-P test - - - -
Gas production
Glucose - - - -(-)
Glycerine ~ = ” (-)
Nitrate (-)
Lactose - - - -(-)
Sucrose - = - -(-)
Acid production
Glucose + + + +(+) + +
Lactose - - - -(-) - -
Sucrose - - - -(-) - -
Growth at
6C + + + +
30C + + + +
Potato tuber slice + + + +
¥hite line test + + + +
Rapid pitting test . . ' .
{browning test)
Tobacco _ ) _ _
hypersensitivity
+: Positive reaction, -: Negative reaction, =*: Weak
—_ 29 -
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Table 2. Phenotypic features useful for the differentiation of the

Pseudomonas isolates,

Present isolates

P. tolaasii P. reactans

Feature reported by reported by P, P, reactans
tolaasii
Goor et al  Goor et al be N P-3 P-184
Growth on
Erythritol + + + + + +
Sorbitol + + + + + +
L-Arabinose - + = + + +
L-Rhamnose 5 + = + + +
L-Arabi tol + + + + + +
2-Ketogluconate * + + + + +
n-Valerate + + + + + +
n-Caproate + + + + + +
D-Tartrate - - - - - -
Histamine = - - - + =
¥hite line test
+ + -
at 6°C
White line test
+ + +
at 30C
Colony type Flat Convex Flat
Pathogenicity + % -
+! Positive -: Negative *: Weak V: Variable
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e

At FF7H ERsT Y ¢ 4+ Ak AiAlA mElHA o
g AFHEY AelFANE B7te] T
A Uehte WA 5YT 2aEAel VAE(L Zm) P4 BA=HAL
o, A 2 717t UK viBAL, guRHe d~gdsiy 2
B4 RATHFig 44, 4B). ol¥AMAAZ B4 A9 vie} e AAY
°2 Qosin, zagdolu 2o WANY, waW A uAdAz)
U B717} wlolutes Sg0) Qaith olatel kAl ol¥atu Aol A
Belgt 2o At 42 U8Rl B Addos Ay By
2 7|29 HE3(Suyama 9} Fuji 1993, Z 5 1994)ol X2} go] P. tolaasii
of ela) wAsh: WAL Hastdow 19o] white lined FEIH:
reactans@FEI A Yol A& FFEE Wiol BT YRS ¢ £

gt

&arxtupxloll P, tolaasii(P-1)

o]

A 448 3 e

e, FeE AgolM Yol AuiE e el Re] AFd Ay
ol WAsly & mE FI 9len, olF XYY o PN FAtL
25 2y A B4 3 Aayy JA HYEE 2B, T3
¢ Az oh&3t P
1. A M&F P-1, P-4, P-105& v]R¥ 247] #F+= P. reactans(¥LRO)
FFeh thx iy o FFAtolo] white lined HFAsld e 25 MF
3ta EAMS RAWRY A} Pseudomons tolaasii PaineZ FRFEAUTL P
tolaasiis “ElZ|H R ol JFo], MolHRo= 7t FUES vhehlal
t}.

2. FA AFF P-2, P-3, P-1845 v XY 67] FF= P. tolaasiis} i
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Q¥ of white line¥ FE3l= P reactansF o2 ER{Eoon, o]F
P-2& BRY 3IFF= LElIHAR RAo WG doy= Ay HUNS
Liebujgich g P-3, P-184% HYAdo] gl BAEF olAth
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=

AR A R

Fig. 2. Pathogenicity test of Pseudomonas tolaasii (P-1 isolate)
and P. reactans (P-2 isolate) on sporocarps of Pleurotus ostreatus

(48h after inoculation)
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it

Browning Test S

Fig. 3. Pathogenicity of P. tolaasii on the surface of

common mushroom sporocarps(upper) and spawn bottles of
oyster mushroom(lower),
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Fig. 4. Symtoms of bacterial brown blotch of oyster mushroom
A: Natural symtoms in a commercial farm, B: Symtoms by antificial

inoculation of Pseudomonas tolaasii
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s

H:LERCIHA MZd Z2EHEe SE LM JHE

N 3% L=ER2HA MZMHEME T Pseudomonas
tolaasii®| Al&8t HAED =]

=X (ELISA) S| iyt

A 1A A

LEle|HAe]  MTA  Zub¥(bacterial brown blotch)2 ¥
Pseudomonad®] Y% Pseudomnas tolaasii Paineoll &J3] F& 'WAlst= A
L2 oA rh o] WAFLE 19159 Tolaaso 23l Mg UdFoldld R
2E A 19194 Painedl] &3 FAloz2 HHEEcHPaine 1919, Tolaas
1915). P. tolaasii (PT) o] ®ohe}t =ela]HA, YolyHolz U
B3t m3E Foi F{FA AR ofLlel AHFA HAoE HAEYE
doy & usiE Fch S 1994, Z 5 1995, WellsT 1996). ZufollA
+ B3] =elelviNo)A mzirt A o] dof A7t MFAH ANHEY ¥PS

zof o zhd, Jazjrio] 3 ZhE 2 FuiFg FAR 3ot w
ol ME% BHE six] ded HR ALY 47 Ach P tolaasiie
Pseudomonas?: AM|dZollA WLRO(white line reacting organism)w3%} 3tA
i x] Aol chxjujty B9 I FEelo) WA H}rM(precipitate of
vhite line)& B3t FF o] A+&dl(Wong 2t Preece 1979), o] A 7ikg
2 EojAo] o} rapid pitting test(Wong 3} Preece 1979)2} ¥# P,
tolaasii®] FoILt H&ol 2F o] gl KArl 2L} o] WUE w2
FolgolM A7 AZIEAL oo HUAMFY UL FHE flstde &
A 4A L Pl A 2 W =¥ AjTe] £8FE 2]
279t uteld BUAHEE A4t YA XY 4 e 0w
gho] ik of g oY} U Ao Ao HEH 4 US A

)
2
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ojtl. AE¥UTY ZE U TS AT YUFolM BHHEA e o]

< ZZ71A] 2R Aol gPgo] o] FojA gror}(Alvareze} Lou 1982,
Comstock®} Irey 1992, Domenz} Alvarez 1978, Deveiller2} Bragard 1992,
NormanZ} Alvarez 1994) FA}l i} njBEEY 3S ¢ AKsia 2
3} assaydi ozl 2t olcHAlvarezS 1985, De Boer 1987, Dewey
1988, Kitagawas 1989, Lyons®} Taylor 1990, Van Vurdee 1987). & ¢t
t P. tolaasii®] A%3n YL FHX S $Aste ¥ PT YEFE ol 8%
F2AYSYY(ELISA) S 7dstaz} dAlstact. ol & $I31o] A tolaasii
SolatAe] 44, clEAlFae AEAIY W ZAHQFZHHY 1Y
3, 23 EE PTY 838 W F2EYS EEIALNL BT AA 24

A2 FFEHTol BT AP HAslch

A28 A 4 P

1, A=

£ oFo)| A3t Bovine serum albumin{BSA), goat anti-rabbit
1gG-horseradish peroxidase conjugate, Freund’'s complete adjuvant(FCA)
¢} Freund’'s incomplete adjuvant (FIA), 5'-tetramethyl benzidine
dihydrochloride(TMB), tris (hydroxymethyl) amino methane(TRIZMA,
BASE), phosphate-buffered saline(PBS), sodium azide(NaN;), Tween .20-‘9_-
Sigmarte] AES AMg3Idct. WG APFES AF 2.5 Kg7hFY &4
New Zealand white rabbit& E}?‘Qﬁ%%‘ﬁ—?—fﬂ%ﬂi Fd)oA 3t
gdrl. F¥x 3L I3 Spectrophotometers= Colorimeter(Jenway, PCO2)

olgjony, microtiter  plate  NuncA}¢] MaxiSorp " (#446612) &,

— 3‘7 -
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microplate reader:= Molecular DevicesA}®] THERMOmax"'& A}g-s}adc}.

2. ¥d3P A

P. tolaasiiol] ti¥t Ho]gla AArS 3t HAYL nutrientYAujj=]of
A 24A)12r HRURY P, tolaasii ¥l UE QAIEY F 10%fu/mtd] HEE
233t SAAZAY A& PFEBINAM A}gIAct. &, FAE
phosphate buffered saline(PBS: 1.9mM Na;HPO4, 154 uM NaCl, pH 7.4) Imé
of &3)JA]# Freund's complete adjuvantg} ¥zl F2An|(1:1, v/v)E K&
dg 5ol By siwdulete] mslFAHS.C)R 14} AGstA 24 Ay
BHe S5lol mstFastidel, 2% 23d 724 L2 Freund’s incomplete
adjuvant®} ¥ FSIFALR 43 71 AEstAR 22t WA 17U Foj
e oy AYslgch AT 347 FHg A-2oj YEIste] Hol
S8 & YAE2l(3,000rpn, 102)3te] HFHPE Felslal 0.02% NaNs

§ F7151o] APAZIA] YFRBSHEA JF-E AP ARE3tqlch

3. FolxAle YANQs AP

ELISAE 33}7] %13 N22AS BESH) 23519 nicroplateol] coating
A7lE Y E U Y PTHAY XA - A AP YA Y whEA]l 977t w2
e A% 2+ ELISAZ  ZARS}o titrationdtdrl, P tolaasii
o HASEE 10°cfu/nl(Asom=0.1)E| Al 2t wello] coatingtF 14]
7 WkA5}3L washing buffer(PBS buffer+0,05% Tween 20)2 M ¥ s}adc) T}
& 4xA ol 2L 8 PT AUA L M3l (1/2,000, 1/4,000, 1/8,000.
1/10,000, 1/20,000, 1/30,000, 1/40,000) coatingd}dil $12} L wWie
2 OUS-AARE, APAN-ZL2YUNE 2L T2 Al U2
the 3 PT HAI} 22X A)- LAY UMY WtgolM FREe] UEgo] 2
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(A G717 A %) HMuf&S Fspoich

4. B)7Z2 %Y 7v4 ELISA (noncompetitive indirect ELISA)

PAAste 53 W ¥ PTREF Y ELISAZRZAE HYs}7] 913t oS3t
ol viFY A ELISAE AAsidch. & Ul P tolaasiidS &}
10cfu/mts 57} )= & coating buffer(0.02M Tris, 0.15M NaCl, pH 9.0)
o] B3jA|A wellw 100uL%] coatingdt F 4ColA 3IEW WAz
washing buffer(0.02M Tris, 0,15M NaCl, 0.05 % Tween20, pH 7.4) 150
33 MY F 3 PTYHA(a-PT)E 1/1,000-1/100, 0008 2]45te] 10040
Y Ad2ollA 3lel.styut2 szt 2% t}A] washing bufferZ 33 A3
st 3 PT Bolyao] AYste 22t HAQ anti-rabbit IgG-horseradish
peroxidase conjugated washing buffer® Z]A{3}e] 1/1, 000-1/200, 0007}X]|
B3 well® 1008 Y31 A0 3HA| 7 x| % g washing buffer&
33 A¥stdch the 71A£<Y(0.01% TMB, 0.05% phosphate citrate
buffer, pH 5.0, AMEA H0: & HFHE 0.02%7} HEF HIHE wellP
1005 ¥ 3083 PAst] WMANTHS H3H A H(2M H,S04) 504E
A 7}31L nmicroplate reader® I} 450nmollA 7zt well®] FHZE ZFH 3}
ach ol2FE 1a A W 221 YA AF H=F F3 vhx dHol F
&3tdlct. ol ¥lZY 3 ELISA: AA3iasl ste Adadd | A8 2
dhdol] 0 @H HAARFZES platedl coatingdt T $12t FU Wy

© % assayd} P, tolaasii®] HAR W Acte] AlL3stAc)

5. 2% 73 ELISA (competitive indirect ELISA)
Y 74 ELISAY2 v @Y ELISAY 2} R-AskA|gt, (P, tolaasii)

& coating¥tF PP} AR EZPALE Z} vello] Az]sto] FA-YPAP
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2] 8217} vell ERo] coating® Az} AlZLAZe) ghel o] Yy
£ Aol ti2r}. &, PR AL 111 TLAL vello] 10048 ¥
T Aeold T NelBF 23 YASS 9l 2L WHos Hosa
c}.

6. PTERS I3t 3 PTEIAY EEZA

SAG77t w2 42F gEAH ¥ PT 1g6BA Y EEFALAAMY HE
ZEE ujAY B A ELisad ez zApstach. WA, bufferdfefollA
EZ PTYYY SE5 10cfu/meold &uwsted 1/10, 17100, 171,000,
1/10,000, 1/100,0007}%] 3]st coatingPtF 3} PTEA U 2x13N-FH 4
AYAE WSAA v BY BPELIAY L2 EEIUE F3tolch FY B
HELISAE bufferitefoil N PTE AR S E(10cfu/ne)E 2|3t coatingdt
¥ washing bufferE o] &3t ¢]o} o] THAERE 3 MH HEPTS 3 PT
PAE 1:1(vv)EYRS] FHPAIIE P2 bufferciilo] R FolA 2]
AR M 9)3lo] HAFXE (nushroom surface washing extract)2 PTE]
28 et ozt ZAFE WY AR FE oM EEIJM
< Fstdch

7. 3 PTREY Y axprg

Pseudomonas?; 2} TIE Fo Foll tigl 3 PT gEYP xphg
(cross reactivity)& 73t b3 ELISA @ u]Z g 7Y ELISAR RASIE
t}. BAFOLE P tolaasiidS& H¥|R3}o P agarici, P. reactans, P.
solanacearum 2|3 v AMl ¥ Pseudomonasdd,  Erwinia
chrysanthemi, Streptococcus mutans, Xanthomonas citrig& AME3}cTt.

HAY 2 ELISAE FAFE ABEE(10cfu/mt)Z ZM3to] plateo]]
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coatingdt ¥ ¥ PTANE Aelstadx, 7§ 213 ELISAE P tolaasiid
10°cfu/m o8 ZAS coatingdt F TIE Fo] FAMFE washing
bufferol 24 s}oi(10'cfu/ne) 3 PTAI(1/10,000)2 1:1(v/v)EYSI 7
YA ek £ 3 PTYAY Kold ZALE $13t] P tolaasiist TIE ¥
o] HIFE T8l coatingdlALL TE Fol MFUE coating?tF ELISA

£ AAlstelch,

8. ELISAO] )&t P, tolaasii®] A& U 348 BN
HAZL O RE P tolaasii(PT)E ZEY wl 4 A8 E A3

7] 2isto] 60TolA 3027 dAeH PTE cTAY H=(107, 10°, 10°,

tilo

104, 10> 1092 ZA3lo NaOClE2 FHAEI WAz Qe|Aog o
A1 Z T}A] coating W washing bufferZ PTE E<4dlglon Ay U vlF

3 704 ELISAS] o3 BEZ Mo i3l ¥H4E&E FIHscL

A 3d Z3id 3F

1. HolgAle A7}

PTE 4xtall A3t 2 13Y Fol €2 Y¥F o= v 13 ELISA
g AAY Az 2nfe] Ev|olA PTof oz Holdez ZA¥Yst= ¥ PT Ig6
A7t Ao AR 43 A9 ¥ Mgee ¥A97EE dehld
(Fig. 5). ZE¥ ¥ PT A= 1/10,0008], 2x}31A-HAY A=
1/15,0008] 4 2ol A Fz o] W3tgo] S YFA{Y USE Vet

2. 3 PTRAY EEFAYAMY HEUE
NGt S ¥ PT 1569 YEPE A&t P FFE 1% vl

_41_

EOIBR/O7M 102 SR NI L

NEEXN: SERRIHA Moy Z2EHEe] SSLME N2 0

e
t
Q

.=

th
O

AREINN /I SBR



1.4

—o- Ist rabbit

-@- 2nd rabbit

Q.D. at 450nm

Bleeding time (week)

Fig. 5. Production of anti P. tolaasii(PT) antiserum by two rabbits
which were immunized with PT and Freund’s adjuvant on weeks 0, 3, 5,

and 7, Rabbits were bleeded 1 week after each immunization.

_42_

NIEX: CECIHA AMod 2080 SEEHEY N0 28t 4P ASHAIALEIAN /S8

=
S oOoT



B 9 Y ELISAE AAY 2 43" EEIAAS ehlt(Fig.

. HA 6| Z¥ Y ELISAY] Z% P tolaasii& B E'HE coatingA ¥
bufferAtejoll Al ELISAE AA|3td o o|ZHE 18 P tolaasii®] A&¥}
A o 10%cfu/mtdtt. Y 28 ELISAA PTS] =7t w48 3 PT
BAE coating® PTHU AYste 7I3E 47 Ho2H 7138434
YA E UepdA "ch o2 EE P tolassiiE ARFBE
(10°cfu/ml) & coatingdt ¥ Ad4 W buffer@ 223 B 222
(mushroom surface washing)ol]l & P, tolaasiiZS o3 B8 33}
3 PTHEYE AP 2 T ELISAE AAIBHEY vl AE2EAE o
7 FolA ¢} 10°cfu/mtE LIEldTHFig 7). WA $&HES AMgsl= 3¢
ANH oz 0.07k0] Dol ZBYE =l °]& coating T FYUA

FEEC A B gEA Re=w 42 Act

rlo

3. YergEARe LA

F
o|o

BPTHH P FoldE R #1819 P. tolaasii§& B|R3l tiE
32 Aol oyt 2AHEE uZY 2 ELISAZ ool A} Fig. 8o
LIElGH viel Zlo] @ PTHA|:= P tolaasiisit Hol|Foz it Agside
U 2 ol9]ef Fof thstedE A mahbg-g vlehlz] ¢gkch o P
tolaasii®} C}EAHT& EYSIAL C}EM IS coating buffer® coating
3151 ELISAE AA|& A9 P tolaasii7} TUH FoAqt okgdute S e}
Walch 53l AlE& A coatingdls vlFY  WH ELISACIA
Pseudomonas reactansv= ©}7te] I aput-g& LIEPWIOLL P tolaasiiE A
coatingStal A\t F¥AFl= ZF ¥ A ELISAGIME A axprigE o
ERA] okotrt, EIF HAME Q& P tolaasii MolFFe AL wiAY

213 ELISAOIA PTE}al9} iR} bindingS BB OLE A wlgolM: BEE P,
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08 |

e
o

0. D. at 450nm
e
rF-N

0.2

Log 10 cfu/mi

Fig. 6. Standard curve by noncompetitive indirect enzyme-linked
immunosorbent assay for P. tolaasii in buffer solution, Dashed lines

indicates negative control (0. D.=0.05).
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0.5

0.4 |

g
W

0.2 |

0. D. at 450nm

01}

Log 10 cfw/ml

Fig. 7. Standard curve by noncompetitive indirect ELISA for P

tolaasii in mushroom extracts, Dashed lines indicates negative control
(0. D.=0.05).
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~e~ P, 10/aash
~e— P solanacearum
~+~ P.agarici
gt ™ P.reactans
-x%=P.sp

=% E.chrysanthemi

06 }

0. D. at 450nm

04

02 /
+

2 3 4 5 6 7
Log 10 cfu/ml

Fig. 8 Effect of different species of Pseudomonas and Erwinia
chrysanthemi on the binding of anti-PT polyclonal antibody as
determined by noncompetitive indirect ELISA,
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AAEEA :

CEfelBIA Mzl 288 e 3

tolaasii®} To] £ VR WATHFig. 9). olHY WIAY ELISA: 2
THoAs 23 ELISART} Ex]ut BolAde a7t ylolx|= 73S BAr)
ey we AR FBRAoE 2t Heluo} stz uBY ELISAE
A2 Y8y 4 oS Zolrt. 2L} MAAARE coatingdls ¢ false
positives] Wgo] LISFE Qom= olof itk Feojuh trhd we A=
22890 3 M5}z Qi assayl £ ¢l olAo] Qlt) wlEtd FEY F
o] EAL e AY 23 ELISAZ ¥Qshe Zlo] ultaly ez A

Z=] ot

—_—

4. PT5H U Qdx Ri}

B o)A 7pudt ELISAH S AlR3ted “Ele|HA A]8e] P. tolaasii
B R E ZAEIQTHTable 3). AlF4 28-S viehls S 3070
o} 2MY WA 1005 FAIBId ZABIEE vl HEMRLZ 29700 F4
S-S Uehigds HEHA 1709 AAHA 107001M FdHEE Vel

. AL WA AN HFE Feist M A R PYLE S =4
stAY ul ELISAANESS vield 297] wAolM &2l MIFEFES P
tolaasii® FRHNUIL 71et HAelME P. tolaasiizt &= Ut

o, AW celyA 2o PTE UFAMY F EIFAMHY AS
ELISAZ B3] 3482 73 Zzl: Table 13 Hrl &, Aelsx/l &2
10°cfu/neo]d2] A2 FollME thAlZ 80xolde) &2 H+EE UL
U HalEsE7t 10'cfu/nto)dte] Zfole 4ol SURY YL BA
th b ARl WAELY AL wAIAIIZ] H3h washing buffero]
HEZPTE Hisle 24 BETHE 7|E02 H48S 7% 43 3+E
S A2 FeErt Wold4EF uolxle FAYE Btk wiepd &
ELISAY & o] &3l P. tolaasii§ HIRY 2 R JIehdFe] T4 24
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038

06 |

04 |

0. D. at 450nm

| —a~ P tolawsii -

== Pagarici
02 | o Pusolanocearum
—~o— P.reactans
P—x- Psp .
i wo— E.cysanthemi
0
2 3 4 5 6 7

Log 10 cfw/ml

Fig. 9. Effect of different species of Pseudomonas and Erwinia
chrysanthemi on the binding of anti-PT polyclonal antibody as
determined by competitive indirect ELISA. Microtiter plate wells were

coated with standard PT as a solid antigen.
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Table 3. Pathogenicity, white line and ELISA tests of different

species of Pseudomonas, Xanthomonas, Streptococcus and Erwinia,

Pathogenicity thite line ELISA

[solate Source =t =t test
P. tolaasii
P-1 Pleurotus ostreatus +* + +
P-4 v + + +
P-6 Flammulina velutipes + + +
P-105 P. ostreatus + g +
P-170 " + * +
P-205 " + + +
P-218 v + + *
p-237 ” + + +
A-54 " + + +
P-252 F. velutipes + + +
P-221 Agaricus bisporus + + +
Nonpathogenic
Pseudomonas
P-2 P. ostreatus + - -
P-27 " - - -
P-41 ! - - -
P-47 ” - - -
P-50 i - - -
P-155 ” - - .
p-227 A. bisporus - - -
P. agarici ATCC + . .
P. solanacearum KCTC - - -
X citri " - - -
S. mutans " - - -
E. chrysanthemi = - = -
%+ ! Positive - : Negative = : Weak, ®ATCC : American Type Culture

Collections,

KCTC : Korean Collection for Type Cultures,
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ZEE B PTUE BolYos AasJozn v HFAy 7hi

A Ao AI3Ao2 VLY 4 UL Ao ARHCL oy
313 ELISAR wAlo] 24 PTY] 0¥ 8 23Y 7
$ 10%cfu/ne o]42] PToll S&® Thgl WAA|Re HPEMo] o]RY 4

2& Relct,

(3
B
il
(the
8
=
od

A 43 Q9 ¢

P. tolaasii(PT)8] A&¥ 23 U AYY I L 98l HLAGSY
RM(ELISA)E g3t o5 sl PTE WHYe2 3lo) Freund's
adjuvant FEt(1:1,v/v)& ZA|3}od New Zealand White E7)o)] 10°%fu/ml
o =2 dNQ3AUI PTo| Fo|AQ 3 PT 1g6 APPS Aatsidch &
PTREES vFY 3 ELISAZ £48 23} 4 gols &2 $AAIE
UEellen o] UAE o] &3t ulFY 2 ELISA ¥ ZY 7 ELISAYH &
ztzt Ylsldct. P agarici, P. reactans, P. solanacearum T}E
Pseudomonas%ywt, Erwinia chrysanthemi, Streptococcus wutans %
Xanthomonas citri ‘g T AMlg2te] axpwh-g& w23 7+ ELISA @ A
U T ELISAZ ZAIBIGE of, ¥ PT A& cl2AZ5ol tiaid A9
AXMEES LER)A] Qlo} nlg Fojyo] &2 3 PTHYUMoT MztE|g]
th £ Y PTYHP S 0|88l P tolaasii®} TEHEFE EYSIAL T}
SMZFETL coatingdh¥E ELISAS AR H$ P tolaasii7t XUH A g
FolMgt F% NS el BFARAoNN 2 BEI M)A
PTS] ZEYAL 10%cfu/nold oLt MARLEES FY 34 ELISAS A4

3to] d2 F2TH A9 ot 10%cfu/ntE Lelich. Az | g9

_50_
ZOIB/Q7/13 10048 G X S0 20
NEEXN: SECIHA MZd Z2EH8o Y Lo 25t R ASARAE DA /s8R



4ol ELISA ¥87M54& 24817 $iste] Afd o2 PTE A1
MA22EE CIA] PTE 2235}9 assaydt 43 PTA 2] 557} 10'cfu/neo]
3le) M| ol 2 H4go] EAsPdoy 2R} & 10°cfu/nto] 4
2l sEoAE I 4go] 80-105%2 uf$ A kS viehfadch o]
o Az}, £ ELISAHE o8¥ 2% w2 virg 9 AT LEYH
P. tolaasii®] 2@ W ZEALE ALs}A Actstnz A AFAEe

o W Pale] Ao WY 4 & ALB Jlidr
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Al 4% CERRlAl M3 ZerEAo] MW g
NeiHz 2y

A1d A d

=efelu Aol ddste M B $UAFLREE Pseudomonas tolaasii
8t P. agarici7} BaFo] et 2 Fold MFLAEIRA P tolaasii
g a7t 53] Adsich o] F& LR ohle} odgo], EaMA,
BojrHolz HlZd 2 4o $2 Yo dyA gt}

o] 2 thEyt Aufrtolld Wdo] M3ln] 53| WA AN EHe 4
2ol EAY F-¢ wAlo] wrl o] W2 Al4do] tFEo] B2Po] gl )
sfAtoll A wo] wAiste], 53] AMuirhle] 2=} Yeizke Ade] Hd,
T4, WA Foll AZVgel A7IE gol] WALl “ElMARLS 429
HEFo AP miFAe] AEA AubEe] WA} FARE FL gl
(2} & 1997) 2R Aig= Z97t Ao ofz Melgel Ay AR
7t A3 waA A ot Yol of-go} wich

2 AT ElER AEY A Ay A4 g AQARE 79
3t7] 918t FFujdLrolN £ Ele|HR FF, S7IIuIALY] FAbu)
A(RA A sE), F+E& E 9 Auiatle] AT S 2R sl UM

o A& FE 2AIACH

[s)

A2 Az L Y
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7b . A WA FFulUL 8 LollA R FF 160 (2 wiY
2ol 20084])E FAIstAL TP FIFE FILHLE 7] 2084
B ol A FepaIe] Y A4S 100ccE Fol H IR F A5
S NB W King's BufxjoflA] st wjorsto] UM Pseudomonas?] colonyE

2F 2elstadch

U 24, 3¢ 2 iR e 107) Letelajuabel s FAreR] (32

WA 47ha, &R 6704)ARE Astalth WA RE 2 e Aol A

el SN E Yelste] 524 A3 stelch o] MRS 20g4 A2AE

ehado] Wi AFZ4 100ccE ¥ol TN F A5AL NB Y King Bl
3

A Pseudomonas colonyE 2] s}ict,

th € 2 Y Y oA 1070 =Elelzipirtol g Hogg o A}
&3te zsteet AY £29 S ATY ARl 200cck] 2A23teict.
3¢ B+ ES NB U King's B wix|ollA Bab wjersi P

PseudomonasE &&|3tglcl.

et W Alute], Elejziufal 9olA Ztz} 10mieiy el wAluie]E 235}
dch A WAL E 10ccd] AF4+E YT 2 Uk F JSA8 NB
gl King's B ujx]ojjA{ =3} wjordley VUM PseudomonasE =23ttt
2. NZ5H

T M FFE vhite line ZAFYP (2% H=)} ELISAH(3Y H2)L

2 Pseudomonas tolaasiiZ FAstdrt].
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38 ZA3} 4« 2%

1. 322373

WA YAl TR elEuR FZ 1608 S FAs EFue
HAMIE(P. tolaasii) BEGTEE ZAIY A= Table 404 Bule} 2
of FAIT 87 FZHAY FRFME BUAF) AR et

Table 4. Detection of Pseudomonas tolaasii from commercial spawns of

oyster mushroom by white line test and ELISA

Spawn production No of spawn Detection of P. tolaasii by

company bottles tested White line test ELISA
A 20 i :
B 20 - -
c 20 - -
D 20 - -
E 20 - -
F 20 - -
G 20 - N
H 20 5 =

- ! not detected, + : detected,
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2. 23uiA 23

Ll AfuiA} 10704004 FelAE A2Et QM2 A2 RT
& ZARE Z3hs Table 59 et afujate] FAuRAY FFE 4o %A
MRS 630] Bl Aed 2 FolM SAANeRAL 2R3} SN2} 4
RollA FdMdo]l BEEAch 53] 23 AuiAHNulA 5, ) F
T A [ HEI B A E Ao Aapstde AToNE ¥
YHZ(P. tolaasii)o] ZEEAtHFig. 10A). P. tolaasiit Hv|9} YL
23 F71FAdEo st A&ol dA oo (Wong 2} Preece 1980)
2 A7 A= Sy s 2 it AELY 4217} Ha
A€ UEhAR, =X F4AU wizle] LURE Flod YA ol A

Table 5. Detection of Pseudomonas tolaasii from substrates(culture

media) of oyster mushroom by white line test and ELISA

Oyster mushroom Kinds of culture  Detection of P, tolaasii by

farms medium White line test ELISA
| Rice straw - -
2 Rice straw + +
3 Waste Cotton - -
4 Waste Cotton - -
5 Waste Cotton + +
6 Waste Cotton + +
7 Rice straw - -
8 Rice straw + +
9 Waste Cotton + +
10 Waste Cotton + +

-: not detected, +: detected,
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Fig. 10. (A) #&
: B &ux) ol ] £
9] white line ¥t-& 1 =218 P. tolaasiis} P. reactans

(B) = b A o] o o
) B4z BolM HelH et qFe col
olony
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3. #r8 29 A

2 R oA 107] el Aujatol A B4BEE AR 23l
ot ARz E& Mste] YLMFY AEAYLE 2ARY A Table
63 Zch FAIF 102 B4E B FolA 82y AstolM e WMol
A dokel ARz BS ©ol T} AMgste 2RolME B
dAIZol A& ArhFig. 10B). ol& AAFLZE o| &Y 7 Az o4
7Vedol den AYeze B Filo Aol AEY 4 UL U
Ehle Zojch

Table 6. Detection of Pseudomonas tolaasii from irrigation water of

oyster mushroom farms by white test and ELISA

Oyster mushroom Detection of P. tolaasii by

Water source

farms ¥hite line test ELISA

Underground water -° -
Underground water - -
Underground water = -
Underground water - -
Underground water - =
Underground water - -
Underground water - -

Vater in tanks + +

© & N & D = W N e

water in tanks + +
Underground water - -

—
(=]

®-; not detected, +: detected

_57_

AOEB/O7/I2 1004 S @ XS0/ 2L

NEEXM: =ECIHA Nod ZEY S SEIN /S8R

Oy
o
=
0
o
i
=S
&
ror
o
iy
i
o
Q



4. wiAzie]|F A

el zRujatol A AR W AntelolA UM Fo] AEHEAE 2
Atgt Azb= Fig. 11, Table 72 e} FAIRE 970 zuix}Follal 570 =)
Aol WG wAnte|os HUMge]l AEHATE 37 AQuirtlMe F
AIRE 10nfejol ) 2F AEE o 23 xfulrtollA
Aol AaEHdch ole HA mezt YLAHEE AdAIe FaY

miate 2gstn A&E LEhl= Aol

22} 7, gujelolA

rr

Table 7. Detection of Pseudomonas tolaasii from mushroom flies

collected from oyster mushroom houses by white line test

No. of flies

Oyster mushroom farms contaminated with

collected P. tolaasii
1 10 0
2 10 10
3 10 0
4 10 0
5 10 7
6 10 9
7 10 0
8 10 10
9 10 10
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AAEEHN

CERZIHA N ZErEe SEEMHY OHEo 28t A7, A

A48 2 ¢

BUAHZ(P. tolaasii)e] AHY L FALHEE FH3 88l AnE
o, AuiAte R4g B, AR, SE) L st g P4
72 Z&R2E vhite line test W ELISA 02 2ARR Zal= chext

ch.

1L A3 R FF3A 8/lL2RE UL EfeHA FF 16008] &
Aste] FFule HHME AERTE ZABARD ¥ AR FFPolME
Mol A=A edgteh

2. 3¢ % cfdY 107 A el Auirtol N FAuI(RE, w&)E
A28t BAAZ AEAFE 2t vl 670 Ruiaby x| (R,
d&)old FhdAZo]l At 53 22y v F2HEF A
o} wa It Bt wix|ellM P, tolaasii®} P. reactans7} ZA&E ch

3. ¢ % ohAY 1070 A Ele] AujrlellM BB AlEIlE 2|6
T AP +28] EF M5l PUAMZFY HE2AFE ZABIAE bt
sheolae BHAZel AEHA dotert A £2F o] &3l 2R
B Mol A&t

4. El|HAR zQuja} 9RoA 2z} 10uie]ae) wAlnle]|E AUt HY

Ao AEoF-E AU ul 570 2Auliatellq AP M Antejoly
YAlZe]l A&t
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N 5& SYH sUS 0|88 =EfZHA MY
ol BN Y

A1 A4

AF 72 Pseudomonas tolaasiiol] 2] wWAIdIm LEl2|HA Lo}
Uzl @foldiE F2% o2 A 3ajrt Ict o] ¥ tiEy ¥H =22
ol Yol WAstER zjufate] #BPzHo] Wk LAY AJo] Alrh
“ele)HA ZujAbFolA Alde] R zfulabe Auirhge &, =
7} 8B @ag Wol, Fo} LEAXI} AW AL AT Ao dojnr}
7] #] 90 ojufell o] ¥l Yol wrh zufrte] BPF Mol FUBE &

oldl Az FhARE i ¢ FEA Rsio] Hxe wAYAS
Z3stoiob ghoh okgole] MG ANbE ozt YAle] B w2 ATt
485gd o B3] xjoldLAn}EE, chlorine dioxide(Cl0)9t &2 4
42 o]&% W7} uo] o]&XA|THOliver 5 1978, Basahanz} Okon
1981, Wong®} Preece 1985. Geels 5 1991), W& z}7} njEY wir} o
th 3 YaFA A e](Tugl Liao, 1981, Geels 1995) I ZA3IMFL ol &
gh A2tA WA (Nairg} Fahy 1972, Oliver 5 1978, Liao% 1980)7} Al
Ha lAwt WA ast 22 et

o¥po] AMlTA Zubs o] ciuto] & streptomycinez} oxytracycline
o] A}2E 2 oloni(Tug} Liao 1981), 2| 2ol kasugamycin®] WA E2}7}
B o1} (Geels 1995) El2|iAolAe] WAiE= W vl Qch
2 d3e 534U PEAE Adsta 3P AESEE FEINERA ZE}
WAl el Hotel MY B2y FAA AHEE Ha gAgA AHEE Ha
st YA RRE 7] $lsted AAstadct
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A 28 AE W Py

1 FAFF 9 Al

el A2 AR opFAUNZRE 2t HLMFoR
P. tolaasii(P-1)%} white line4 ¥rgFQl P reactans(P-2)E ZA|3}4
o, LElEEL Y cEle|(Pleurotus ostreatus)E AlRol A}L3}d

ch.

2. BAYAA

SAHo]  FAIY  ¥AA=  ampicillin, amikacin, aztreonan,
bacitracin, bramycin, carbenicillin, cefamandole, cefazolin,
cefoperazone, cefotaxime, cefoxitin ceftrizxone cephalothin,
chloramphenicol, colistin, erthromycin, gentamycin, imipenem,

kanamycin, lincomycin, wmethicillin, maxalactam, nalidixic acid,
neomycin, netilmycin, novobiocin, oxacillin, penicillin, piperacillin,

tetracycline, vancomycin, streptomycin W kasugamycin % 33%Fo]|t},

3. ¥2Y8AR

FAYL B FolA AFY AvbEFo] oy gFEol &S FEYA
A& 12} AU} 9lste] FAIFFE NBulR|off HF 513 paper diski o2
inhibition zone& ZA}3}itt. 1} screeningd B3ty 21wl 3jaz)e)
BIYEL e T WYes zAlAch & Y ® PYPRIR|(PD broth
24g, Yeast extract 5g, Peptone 5g, Agar 15g, D.W 100ml)Z 50-60'C A
E2 MY F ZA ¥3AY HFsxr 10, 50, 100, 500ppuwe] HZ=F ¥

BAE F71ste] TUSIAL ol & Abell(90mn)oll 2F BTt 2ty A
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b AR wixlo] PAF AbelulRlolN 2422 wjotB HWYMFL streakYE
ste] Al(28T)olA 1093 HARE ¥ M2 WA RE ZAstath @
B PARZ} ete] ALY Aol nAE AR ZAN] $istel PDANR
o4 Y 7 Swel Ele 23 YA AW Preuixo] P
of 28ColA 7UZ WYY ¥ F3e AR FAsl FAb RS 24}
staict,

dxN el 7 B4 AH
obx| TAe| 7 % AA

TAY & (%)= X 100

4. A A3

7h B2l AR, FEoida saei] wAzRuiatel A AAlstA R,
Rzl WP el RE sS4 viR] (50X 40X 10 cm)oll A =juli 5t
o ¥g f=317] 25t WAR o] Al 30U wMiPH Adxtula]o] HUAA
T IS 2dd Aoz 28 EFPF stAdch A AHele 2z HL4
T A3 29 Foll 2 BAL=Z 28, 177] £ X 13 Adxsidct. F
AP W AMelsE:  kanamycin 100ppm, tetracycline 100ppm,
kasugamycin 150ppm, streptomycin 150ppm ©]%it}. A8 z} Azt 54HE
(1%4zhetE) o2 stgdon] 1xH(AlZ E5E10"cells/nl )2} 2XHHF 55
10"cells/ml)oll ZA AAStATh. A2j¥F 1~2577]2] WAL $Ys}o] o]y
&3 43 RFE AR ot e e WALE B

A A2 W&

WA 7H%)= ( 1- )X 100
BAelT wig

U s7bAl A, SAAIALE e st waA ol
Eabe 2xte] AASGTh 13 AR 979 2~59 Alolof ElrE 2FR

ok

%

2
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a7l e F7t AQulrtoll A AAlstalrt. Al@auiAle gl W8 =
Et2| & zvlsla Qlglom 137] ¥o] gyt 2¥2] HejolM AES A1F
sl ZA|ekA|:=  tetracycline,  kanamycin,  kasugamycin @R
streptomycin(‘g-84 F34)& AHgstden 137] o] it F 29 2
Ao 2 23], 277) %] ¢ ¥ 13 Adxsigrt

22 8L 973 10~1149 Alojoll £AF i Mchele) 7 zulAlo]
A AAlstedct, AlgA AR e e s7tet nlaiRl 2 sliduiRlelA W
FLelelE Aulsta ek FAjdA 2 xS o] P FUst
Al 3telz 3urH o R Alxstgc)

GR A= 2~3F712] BIRS £Ys}o opP g} WAIE RAlsldlch

A3 Ay 4 2%

1. #8384 A

ZAIZE 3329 A HUM ol tiyt FHAS paper diskPOoE
ZAHY Azbe Table 83 Zrh & 33F9 ¥ABA FolA 1952 F3A7}
B FEEE YVehjelon 2 FoA E3I| kanamycin, tetracycline,
streptomycin, kasugamycin 4%-2] A7}t 3 FFUYE viehjdct

olE 4F¢ PAAMESY vx¥ ¥FVAYL ZAI ZH}: Table 99
Ch. & tetracyclined] 3d¥/do] I 73l 10ppme] R oA E
MBS S5 dAAH e (Fig. 12) kanamycing 100ppmo]4}e] S %=
oA, kasugamycing 150ppmo]AtollA] 12]3 streptomycin2 200ppm ©]4}el

A BuAEe] AE B A8t
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Table 8. Screening of antibacterial activuty of 33 antibiotics against

Pseudomonas tolaasii and P, reactans

Inhibition zone Inhibition zone
Atibiotics b yolamsii Preactans  ANDIOLICS o7l P reactans

(P-1)  (P-2) (P-1) (P-2)
Ampicillin 10ncg = - Gentamycin 30 ++ ++
Amikacin 30 ++ + Inipenen 10 + ++
Aztreonam 30 + + Kanamycin 30 +4t e
Bacitracin 10units - - Lincomycin 2 - =
Bramycin 10 ++ ++ Methicillin 5 # 2
Carbenicillinl00ncg + + Maxalactam 30 + +
Cefamandole 30 = - Nalidixic acid 30 + +
Cefazolin 30 - - Neomycin 30 ++ ++
Cefoperazone 75 + ++ Netilmycin 30 ++ ++
Cefotaxime 30 + + Novobiocin 30 E =
Cefoxitin 30 - - Oxacillin 1 = -
Ceftrizxone 30 + + Penicillin 10units - =
Cephalothin 30 - - Piperacillin 100 ++ +
Chloramphenicol 30 - - Tetracycline 30 +he +he
Colistin 10 = - Vancomycin 30 = -
Erthromycin 15 + + StreptomycinS00ppm 444 +44

Kasugamycin500ppm ++4+ e

* Inhibition zone, +++=>2 4cm, ++=1,5~2.4cm, +=<1.5cm, -=<0.4co

_65_
2018/07/13 10:04~ & XIBM/ 20 % L2
NEEX: SECIHA MiTd 2oHE2 SESME Lo 28 AR 2 SHIEZDN/ SR



Table 9. Antibacterial activity of 4 antibiotics against Pseudomonas

spp.
Concentration of antibiotics (ppm)
Pseudomonas = . : : 2
Kanamycine Tetracycline Kasugamycine Control
isolates
10 50 100 500 1000 10 50 100 500 1000 10 50 100 500 1000

P tolaasii

P-1 s = 2 & « ¥ = = o= o+ 4 = = +

P-4 + + = p* = - - - = = + + + - - +

P-6 + + - = - - - - - - + + + - - +
P, reactans

pP-2 + + = - - .- = o= - = + 4 + - - +

P-3 + + T - - - = = - - + + + + + +
" +: growth of bacteria, =-: non-growth of bacteria

2. BAAY MFE Ay AR}

HAMlZol ¥FYAol &S kanamycin, tetracycline, kasugamycin
streptomycing FAI8te EleiA MZFAY Zubd SAHENE wSAdRA
W AEY FrhxiuiAl dY o2 A st

7t silEgAbzlel A g

BAaA e PPHERE 1YY (BLE 55 10¥ells/nl )3} 22344 Y
(F AF5510%ells/nt) 22 42§ A2} Table 10, 112} Zth 12 A
¥ol Az Table 10014 KB vle} ol kanamycin, teracycline 2|3

ol ztzt 76%, 79%8) $A7HE Uehjdon] wale] erale ggich
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Fig. 12. =Ej2i A MFy Zg ol gt 34 3384

ABAE

A= Paper disk Z ol o3 FA| gAY Yg¥A

B= Tetracycline® =¥ (FA=e], 10, 100, 1000ppm)
2 ANelg PYPuiR| oA o HANF A
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Table 10. Effect of kanamycin and tetracycline on control of bacterial

brown blotch of oyster mushroom(lst experiment)

Disease incidence(%)

Control Chemical
Treatment .
Ist flush 2nd flush Ave value(%)  damage
Kanamycin 100ppm 4.9 3.5 4.2 75.9 No
Tetracycline
4.0 3.4 3.7 78.7 No
100ppn
Control 19.1 15,6 17.4

22} Yol M= kasugamycin R streptomycing] WA R 2}-E kanamycin

3} tetracycline o] #H3}e} B2l u} Table 1lo)A K= nje} Pol

kanamycin(72% *}3)7}), tetracycline(71%)ol] v]s}o] <z} ulr)= &L} 60%

ol’¢e] ¥AZHE UEhIRR HiNel sl = glalch

Table 11, Effect antibiotics on control of bacterial brown blotch of

oyster mushroom(2nd experiment)

Treatment Disease Control Chemical
incidince(%) value(%) damage
Kanamycin 100ppm 23.0 72.3 NO
Tetracycline 100ppm 24.5 70.5 NO
Kasugamycin 150ppm 29.0 65.1 NO
Streptomycin 150ppn 33.1 60.1 NO
Control | 83.0 1
- 68 -
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L 57 Afuiab A4

BAA Y MlFY by PAEY srbulal AEE 23] HAIRY A
= Table 12, 133} Zrh eftZ9] srtollq A% 12} A¥e] Z2HTable
12) tetrcycline(100ppm), kanamycin(100ppm), kasugamycin (150ppm) 3] 2]
9] wA7l= Zbzh 72.9%, 71.2%, 68.1%2A tjRA|Ql streptomycin(is
€41 150ppm )] 62.7% Xt} F3tch

SATM AXY 23 A¥e Z}= Table 1304 EHiutel o]
tetracycline (100pp,), kanamycin(100ppm), kasugamycin(150ppm)3]g]2]
A b= bz} 75%, 71%, 75% 24 streptomycin (150ppm)2] 68%%£} H]s=3}
Ay &okch

LeleHAR AFd A UAg A gHE2 FudMe
streptomycin(5-&41 43}a)gto] A A Qlovt & A7 A 98 ¥
23A Q! kasugamycin} QM-8 Q! tetracyclin W kanamycin®] *§*4A]
Z7t g Rez vetdoh 1 FollH 53] kasugamycin ZH{{F &
4 W olRgo] iy Won HA AEE s YEAZA A Aol R
7t EA] 7] dfEoll AFupE HARe seez HE&HI} JHssician
Azt

53N A AHgo]l AAE T UAlE UAT kasugamycind £ o]
A A E uie} o thE A ] vlaA AT FAAY Wi
of ofglo] &¥ctz & 4 Atk ok U2oA kasugamycing XH ),
EotE, 20], ¥, W& 3} A2 AF ZAE AHEER slen o]lE zgo
Ay BE oj3tldd ez oA otk whebA
kasugamycin M-EHAR MF4 2wy PA g2 A8 Jhedel &

2 RoE Azyct

rir
5]
—n
oY
e
o
X
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Table 12, Effect of antibiotics, wood vinegar and vinegar on control
of bacterial brown blotch of oyster mushroom(lst experiment in farm

mushroon house)

. No. of Disease Control
Chemicals Concentration
treated occurrence(%)  value(%)

Tetracycline 100ppm 3 8.0 72.9
Kanamycin 100ppm 3 8.5 71.2
Kasugamycin 150ppm 3 9.4 68.1
Streptomycin 150ppn 3 11.0 62.7
Wood vinegar 1% 4 22.7 23.2
Vinegar 1% 4 20.1 31.9
Control = = 29.5 -

Table 13. Effect of antibiotics, wood vinegar on control of bacterial

brown blotch of oyster mushroom(2nd experiment in farm mushroom house)

Chemicals  Concentration No. of Disease Control
treated  occurrence(%) value(%)
Tetracycline 100ppm 3 3.4 75.0
Kanamycin 100ppm 3 4.0 71.4
Kasugamycin 150ppm 3 3.5 75.0
Streptomycin 150ppm 3 4.5 67.9
Wood vinegar 1% 4 8.5 39.0
Control - - 14,0 -
-70-
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2 44 2 o

1 AUEHE P4A BAE FAIstA AFE ANbEFo] iy ¥IFEEES
paper disk®] 2.8 ZAlslYl b}, tetracyclined v]R3 197 3HA3A71 &
F84E vehiigdch ¥FEAAS vehde 1970 $8AEY s2E ¥FE
g ZASIEY u} tetracyclined 10ppnd] W2 HxojA], kanamycing
100ppmo] AtellA], kasugamycing 150ppmoj4tolla], cthR A}l streptomycin

(5842 )2 200ppol ol A FLAIZS] B3E A A8t

2. WM T BFYMo| H& tetracycline, kanamycin, kasugamycin X
streptonycing ZAIstel AMANSIERIA)OI A2y 2 WAE
38 zAasEch  AYe 28l AAsked 13 ARelME
kanamycin(100ppm) 3} tetracycline(100ppn)2] A e|Z}E zAbstdd u} 3
A7 zZzb 6%, 9% wiNe] <dl=  glolch 23 ABAAME=
kanamycin(100ppm), tetracycline(100ppm), kasugamycin(150ppm) U cCR=<}
A} streptomycin(100ppm)2] X 3}E ZAlstgdedl ¥ A 72%,

71%, 65% X 60xZ 3 Mol A= ¢l

3. BAA weto] B WAHANE w7 Auiat Ao At w13}
A (el =, ¥4, et7]2])oliM = tetracycline, kanamycin,
kasugamycin®] $A7}7b ZZb 72.9%, 71.2%, 68.1%2A cjRAA
streptomycin( 841 $2}14)2) 62, 78t} Erl. 23 AB(SFAZ)ME
tetracycline, kanamycin, kasugamycin®] WA|7}17} Z}z} 75%, 71%, 75%EA

streptomycin®| 2] 28] 68%X.c} it}
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INE=5--PS

A 6 ANSY 2SHE 0|
2

r°l'

F MiZY Zungel

1 A

Pseudomonas tolaasiioll &3} UA¥she ele|MA M3 Zubge v}
SR o] 2 Zeclel Ha 9lod 1 msis} ul¢ Ach miabq -
Elzleiile] Babd 3 L 2F AL wA Ade sl AFd e
BAAA BYPo] AF¥ Aot MRS £BF ul2 A EFOZ o]f3}7)
wEol MG YA sAdE, AR ¢AY Y BHY 5o EANE
OZINFNAl e F-FA Ee ASY L5AHE o8 YAY Yol W
f3}c},

K

P. tolaasiiol &% P40l M4 ZNbY o] xjotd AANIE & (Wong
2} Preece 1985), chlorine(Royse ¢} Wuest 1982, Geels 5 1991),
chlorine dioxide(Geels 5 1991) S} e HAFARL A25H7] o] &¥
3 glenf o]ge A7t W& VA Fo|rl: AT FEI WA EIY

& 222 3t 397t Uk

2 A7 HE L AFRE Sol A EAHA e 243, 4

SAUEE 53 22 AS5E L2549 sElHA AF
g GARAE 21517 13t AAjsigcl.

e

’

okt

A28 g Ly

1. FAFF. =ElIHAR AFdaubEF P tolaasii(P-1)2} white line

FEFY P . reactans(p-2)E FAlsldon, LEleHAN B2 dyLE}
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g A8t
2. BFALFA. 2 AFo] FAR A5 TRELAC(001):], Ax(2

AEE 6.5~ FRAZ), R2A(F715GHAN 7)., ot LAl

EEza, Az, Bz W CaCl:X )7t 3dAZ2Y
Aol mxle 4BE 2ABH] $lste PDARRo]| #FHEI} 0.1, 0.25,
0.5, 1.0 %7} HAl Z} 254§ H7sln 2% F HIMFL streak Y F3}
of 25CollA 547t vt F MF AYPALE zAlSICt QA o) &
A7t 2elel R FAHE Rl nlxe d8E 2AB] ¢stole flet o]
L2577t F=HE =23 H PDAvIx|o] tEle] #E5S HE3te] 28TColN 74
Zt el gE ¥ FAMA A AR E 2SI

Apolg LM IEESY BI¥YE 257 ¢stdie 5= E(50~1, 000ppm)
2 M3 Yol paper disc(@8m)E F&A71L HLMFo] A muis
YPDA uix] ¢lo] 3% T 28TolA 484127 mig3 F AHXF=E RA}
stalch,

LEF(0:)S] ¥FHYE RAISH] #ste &4 AZ7|(AEAAUA
HZ)E ol&3dte] Akt ©24:(0.1, 0.2 ppm)oll HLANFE HEs} 5,
10. 15, 20, 258 o] <AL 23t NABiR|o] =wslz 28CE wjs}
o Alge] AEARY UeE 2T
4. PeAE} 2

7h At AR B, Alx, Xold4ihlER, 2249 LElely
R AEE g BARAE swd kel e zabstdch. WA 2l Py
2R FE S dold dEY YA B YR AEy T
steich Hxoe) ANesEE 0.5, 1, 2% AlXE 0.5, 1% ¥Asle] ¥y
A 2x JF Aol 13, 3F Fol 2d Aoz 33 Azt A

B
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Aeg st (gt 1) o2 stdon 1xHMZYEEE 10ells/nl )2}
2XHAF5E 10'%ells/nl)o] A Aalstdct. xlotdadt UEFS 1%3
Hoilg 0Z4& 0.20pr 8RS AEsiarh o] P23 W wAISl= Ne| %
1~2 3719 wiAlg $8slo] ZAlsalc),

U srblelal AE. Bxein) Alze] W whagats sixiuA Age
2 ZAtATh Adel FAIR Aulabs gollA 4wt LAl Hu A
Yol A2 AujALE olgstdon] o MeWd= ote] YA Helg}
FAY PPor AAstATh. Bxda M2l AsEE BT 1x KMo

& AHg3talch

A 3d Ay d 2%

1. £25x9 33y

7t. ER2z39 YFy

EE2743 A7t el A A4 7bEde] B njxe 43
ZA}817] #151e] PDAUX|o] FRELAE FrER Asisia Mgy
72 Y ARE ZABIEY HH(Table 14) 0.25% SE7A]= 2HuieliFo)
A3t 0.5% o] goll N Aol LA A= At W FE=237)
LEle] FAPE ROl njAle B38& ZAFstAW ul 0.1, 0.25% AzFoA =
B el o) nisted FAEA ol 28, 40% AT 0.5% o]4F A 2| Folal
FAHE o] &3] AAH ATt miety FLAFY JAEEQ 0.5%2] 22
273 AMels tEledd ARolE B ALl Aoz SRy
Ax xEle] Z2ubE dAle] ERHo R AU 4 ¢SS UL,

uh AR gauy

AxA 2|7} AZEAE 2] ARl nlXe Y 2A51A] f15ko] PDA
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ANEEXM:

sizlell A 2E FXH2 YAsle Arsia AvbEFe 8% A458E 2Als)
9% BHTable 15) A|%} ARA(XAHeE 6.5~7% FRA2)2] 0.25% 2]
A 7 FAME 25 BASIAIL 0.5% ool Aol A3
AAE et Alx7} 2] FAMRY] vjxE 93PS ZABIEY B} 0.1%
Ao FAje]7e} o)z}t glalort 0.25%, 0.5% 1% A2]FME &
Apgte] ztzt 5~10, 17~20, 35~40% QA AcHFig. 13).

3 A 27} el AN FAHo ojXe GV A ¢13}o
Al el tjdez H7] FAEVE AN Z577HA] H2RE =
HE 2RAR Y 8l 0.5~2% 7l 27 +REY SR A2
o 2tol7t glo] WA wAdo] YR 5% HelFolMe 4o 4t
E}utcHFig. 15).

oj4te] Azt ZAubEFel ARL AATHE AR HEQ 0.5~1% N7
A 8§ LEle] FabAo]l 4 AAEE stEx| ALA FAPele
3 otslE viehA] eboleh

ch H2 e 3Fuy

Sxeol Aezh 23 A2} Ele] FAMIA ] nAle VS delA
o} 2 WHoE ZAIY Zp= Table 163} Hth A3t Hxoe] 0.1%~
0.5 Yo FAMF ARAAZA7 QAR 1% Aol M2
Aol A3 AAEUCHFig. 14). WA F2 ANt Ele] FAM
Boll o= FYE ZABIAY vl B2 0.1% 2| FolME 5~10%2] F
Ab AR5t glodeh ¥H F2 Aert el AN P
o X @Y 2ABIAY ¥l 37 15 oA R ulel o] FHxef 0.5~2%
Helte 27} Aozt glo] WA Aol ¢ 3t

_‘75..
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Table 14. Effect of Ca(OCl); on growth of Pseudomonas tolaasii, P.

reactans and mycelial growth of Pleurotus on PDA media

Conc. of Ca{0Cl): (%)

Pseudomonas isolate Control
0.1 0.25 0.5 1.0
P. tolaasii
P-1 + + - - +
P-4 + + - = +
P-6 + + - - ¥
P. reactans
pP-2 + + - - 4+
dycelial senth 72 60 0 0 100

index of Pleurotus”

a)

+. growth of bacteria, -i non-growth of bacteria

b) in Ca(0Cl),

Index= colony diameter treatment/colony

non-treatment X 100

diameter in

Table 15. Effect of vinegar on growth of Pseudomonas tolaasii, P.

reactans and mycelial growth of Pleurotus on PDA media

Conc, of vinegar(%)

Pseudomonas isolate Control
0.1 0.25 0.5 1.0

P. tolaasii
P-1 +2 + - - +
P-4 + + - = y
P-6 + + - - +

P. reactans
P-2 + + - - +

lial wth

Weelial gro 100 90 80 60 100

index of Pleurotus®

L growth of bacteria, -. non-growth of bacteria
b)

Index= colony diameter in vinegar treatment/colony

non-treatment X 100

_76_

NEEXN: SECIHA Mod Zet8e SESME Lol 28 A2, 3

Ot

diameter in

ROIB/07/13 10004 SR RIS 2L

BN/ SR



Fig. 13. &7} Zeleluii A4 Z2MdF(9]) % =l A
TAH(otel ) BFol A ¥
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Fig, 14. S2odo] mefelisl A3y Zei2(s)) R =eleMs 24}
(oleh)e) Aol nlx ofa
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Fig. 15, A2(5]) @ Exel(olel)o] mEbel A AN ¥4
of HlAE QR(s:A2AY, ofel: BExANg)
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Table 16. Effect of wood vinegar on growth of Pseudomonas tolaasii,

P, reactans and mycelial growth of Pleurotus on PDA medium

Conc. of wood vinegar

Pseudomonas isolate Control
01. 0.25 0.5 1.0
P. rolaasii
P-1 +* + + - +
P-4 + + + - +
P-6 + + + 5 .
P, reactans
P-2 + + + = +
Y growth of bacteria, - non-growth of bacteria

® Index= colony diameter in wood vinegar treatment/colony diameter in

non-treatment X 100

Table 17. Effect of sodium hypochlorite on growth of Pseudomonas

tolaasii and P, reactans,

Pseudomonas Conc, of NaOCl(ppm)
isolate 50 100 200 400 800 1000
P, tolaasii
P-1 =) + + + + +
P-4 - x * + + +
P-9 - + + + + +
P. reactams
pP-2 - + + + + +
o Degree of bacterial growth inhibition, -ino inhibition. =:

slightly inhibited +:strongly inhibited
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Fig. 16. Sz “elelH A M4y 2 &2} (A =ha)u))
(#1: Fxd2% Ae]¢, otef: chz3)
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gl AoldLtIEF, 2E4(0;), CaCld} ¥FVA

BYAZ iRt AoldA NIERY] 3}FBEE YPDA uix|olN RAJ3}
23t Table 17004 Ei= uiel o] 400ppm o]4e) E=olx 7y Al
& vEehidct

2E57) L2 Kol viAE UL 2ABIEW v} Fig. 17614
+ viel o] 0.1, 0.2ppne] 2&4olM 3.7x10%ells/mle] AlFo] Ha)
52 Fol 3x10'cells/nl 02 W7t A3lstAoLl AJte] e u}z}

WETL A3 F715HA A2 208 Fole 43| Fristdct

CaClz7t P. tolaasii R :Ele]ZAl 4ol plxle g ZAlSIEA v}
Table 18042} A2 ZAE Acth & CaClert 0.5% o4 AJIH wi=]ol
AN BUHZA P tolaasii®] o] Aot ulEdAZY 4F o4
23 gadch
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o 02ppm|
'@ 0.1ppm|

3.7x10°

Bacterial concentration(cells/ml)

0 5 10 15 20 25
Min. after treatment

Fig 17. &4 2|7} P, tolaasii A# o] n|x|& g3t
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Table 18. Effect of CaCl; on growth of P, tolaasii and P. reactans

Pseudomonas Conc. of CaCl, (%)
isolate 0.1 0.2 0.5 1
P, tolaasii
P-1 +¥ + + +
P-4 + + * +
P-9 + + * +
P. reactans
P-3 + + + +
s growth of bacteria, -: non-growth of bacteria

I ndex= colony diameter in CaCl; treatment/colony diameter in

non-treatment X 100

2. &5 MFP 2y YAz

Azt Mz HuAEats HEgx Qe srbaujal Ages =
ALt Aottt UEFD &40 PuyAEats vl AQuis =
Attt

7h si&3= e A ¥

B2z} Alxe] o WAENE 2xte] 2 MY AzbE Table 19, 20
2} Fr}

A1z} AB(F 2SS 10%ells/nl)2) A} Table 1904 B u}e}
Zol Hxod Na| oM 65~71%2 YA E(Fig. 16), N2 NejFelM 6
4~66%2] WA 71 Uehig e Aol ets)= itk
Zev) 2xt AYE(F 555 10%ells/nl) 8] A3 Table 2004 R b}
ot o] Fxd Ao WA} 33~37% Q3, AlxA P 35~39%F
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A 13 A¥ol wrslel wAEz} oje wholth 23} AYeldE Bxele
olWgol 8% 12} AY wel 2axo ulstod okl o] AU Ro} B
2, AlZE ¥ WAzl Azsojor ¥ WA} lon o] UshA

U go] mo] AAY Fol WAaI} & AoE AzHc]

Table 19, Effect of wood vinegar and vinegar on control of bacterial

brown blotch of oyster mushroom(lst experiment)

Disease incidence(%) Control  Chemical

Treatsent ot flush 2nd flush  Ave,  value() davage
Wood vinegar 0. 5% 9.6 7.1 8.4 64,8 No
1 8.1 5.7 6.9 71.1 No
2 7.6 7.1 7.4 69.1 No
Vinegar 0.5 7.7 8.5 8.1 66.1 No
1 9.3 7.6 8.5 64.4 No
Control 28.3 19.6 23.9

Table 20, Effect of wood vinegar and vinegar on control of bacterial

brown blotch of oyster mushroom(2nd experiment)

Treatment Disease incidence (%) Control value(%)
Wood vinegar 1% 55.8 32.8
2% 52.5 36.7
Vinegar 0, 5% 54.2 34.7
1% 50.5 39.2
Control 83.0
-85 -
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Aot LAMGEF(1%) 2} 2E4(0.2ppn) 9] H YA Z = Table 21004 B

© uie} o] WAZIIL 247} 46%, 1424 ofg wgicl

Table 21, Effect of NaOCl and ozone on control of bacterial brown

blotch of oyster mushroom

Treatment inii:::i:?%) Control value(%) Chemical damage

NaOCl 1% 15.3 46.3 No

03 0. Zppm 24,5 14,0 No
Control 28.5

. s7bieial A

Bz} 2ol ¥ WARY /bl AV 22t A St Bl
29 EhRiulatell A AR 1} AP AzNTable 12), B2ei(1%), A=
(1%) M2 ¥ Waste 2z} 23 2% 31.9%2 of$ usbolch A2 )
ufAbol Al AR 23 AL AINTable 13)E B2xo)(1%) Aa|Fe] ¥
A 747} 39%2 yote),

A4d 2o

A Zihy PR Ae 25HE AUsy] ¢l F2E43,
A&, Hx9, NaOCl, CaClz W LE4EF FAIste o]Fo] HUMZE X =
Elel R Bl njxle g% FdA LAE AR A ohet 2o

rr
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1. 22243 A7 3442 434 el Ry 4o ojxle o
P& ZASIA™ v} 0.5%0]4 sEollA MlFe Bl 9Hs AAHc)

U SE243E cEle] ZARNE B Asiztgo] Qo 0.25% =

H
2

olME “EllHARY] FAMEFo] 40%dAE AL 0.5%0]% N FA
480l B3] AAHUct. F FREHAIE MZY A PR Ay

o]z =3ttt

2. MZEACZL HUAIF] Aol o d¥E ZABIAY ¥l FAR
AR(RANSE 6.5~7%Q AojA2)e 0.5%0]4 HMEEolM AHFPo|
3] A=t W AxI ElHA FAME R nxe dYL =
Abstoded u} ZAIRE Alxe] 0.25%, 0.5% 1% AMETolA FAlAAbo] 2tz
5~10, 17~20, 35~400% A= qlct. 2L}t Al o] WA xAA
Bdel ulAE 4 =AY vl 0.25~2% M EEoME Aol ¢
on SuAz]FolA sz} Lielkith o]ate] Az} AlxE 0.5~1% AMER
olA u]F Ele] FAb Aol 7 AAEIE AT APAA HAelE:
A3 ofart et

3. B2 ANe7t A2 Ao nAE ¥8& ZASIAY v} A
B2 10 HAMFZoN AFPge] A3 A= clct. ¥ el
R Aol male Exde QY 2AEAY vl B2 0.1% APy
£ 28~30%] FAMIAZVEIZ} AND 1xH 2] T 5~10%2] FA} A
BEAX7 dgom 0.1~2%2) ANz o)A AN FHNE RFFILAC)

4. BLAZel it zoldAMIERSY HAUEES ZAbiEW
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400ppn ol ol M= A AMERE Uehhdch. 2&47) HAMFe A
o ol VL ZASIAY 8} RQESE 0.1, 0.2ppne] 2240 A
2l F 5~2027k1 NFYETt Aslsigont 208 FREE HF UE}
thl 73] F7lstdch @ CaCles 0.5% of4 SEold HAMZe A

BUE sl vy A2 APgARtE gt

5. APLEle] MAE Wi P} AuislEM Mz, Bxzal sjojdAsh}
EER, 2&4 —‘éﬁl BYAELAE 2ABIGATE WA Az, Bxole] wux)
B2HE 22t AA 2ARlEY ul 13} Aol Bxe(0.5, 1, 2%) He
TolAl 65~7ixdul YAFFE, AX(0.5 1%)H 2] LollA 64~66%2) w7}
LRI Jut 23 Ao E Bl e 7o) wa|sl7} 33~37% 2 A
SHEZ2ATE vl sboleh XoldAAt UEF W 0Z 4o W wAENE 2
APt B} Aol £ANPEF(0.1%) A2l o} @ &4(0. 2ppn) A 7o)

A7} 7F bzt 46%, 14%4rc},

6. Nz, Fxoo] Hutx AAE SriApejAl AP T 2x}e AlAstdw
uh Eaxe(1%)zt Alzx(1%) Mol w7l 2tz 23.2~39%9} 31, 9%2 A
u)-¢ yboicy,
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A 78 DIYES olST My LYo MSs

AZaAE) WHRel LPsle AlFE AEE YAE] $isty EREg3
Lt Alolg £AGERS 2L A4 AZY A5AH7} AHEEI Qo0 (ong
2} Preece 1985, Olive § 1978) %&ololA & Elciulojale] WAl B
2% o] 2tHTu 2} Liao 1981).

# 2 P. tolaasiio] ZA¥2go] Q= AYAMF} bacteriophaged o] &t
AEYHY YAlo] BY AT AA A viejelld AYs 2 glch. Fermor
S(1991), Nair &} Fahy(1972)= Z¥AZFe] 444 Azte AT @2

Aol 7|k Folet stedR, Olivier $(1978, 1981) U

r4.1

°og P
fluorescens& AHg3l  ol¥&& 40~60x ZaAjzickn  sfadch
Guillanumes 5(1888)2 Z¥ AT} bacteriophageE FAlol o]-8¥ A%
B olo] 802 WA A Adrin dtdct. TFojA MEYAY
A “Conquer”7} AEE ] Q2ort Ay Fo] U} FRE WEFo] 9z
ottl(Fermor 5 1991).

B A3 2] nelei N W AujAlA P, talaasiiol] tiyt 2P
& AUBlAL o] F& o] &YW YYAANE 2AlslACh

A 2d g 2 Uy

1. 2% R ¥ 2e 2u _
el A Aulg FAAu) (R, wlE) © el 2NN 23
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& 3407) NF FFE FABIY P tolaasiiol thyt AL S gt %
< Wes zasidch F, PARuA] FgEglo] FAMZEE FFsA 2
8CollA 44zt vjodstd L, Chloroforn® ¥3 AlEAR ¥ HUMZES
F30te] 1~2¢ wigdsta MY A2712 AYFE Ausidcl

EF =Efeln Mol vl LEd FFE AUt sl FAEFFEO|
ElelHR FAA A oAt Gy elelw Aol o3t Hd4 e 25k
ct.
2. Ay ¥uA ax

Nutrient brothollA] 24} 7t ujjor3t SHQAMF U APMITE 22 A3}

Iy

o ZFAIE 10 cfu/mld 22 2AY & HYAZ2} 2AAIFS 5 1.10
o] HM&E ¥t sfolisxtaael Hajuly LEele]yRo| £F FF3}
ach.

oA L AlFolM ZAY AUME TUst MFEEYS AZT F 1
5Cel Herlold 7247 7x FHA YUREES ZAsidch telely
Re Belrw AN ARl BED A& IV FPHY AR
& Aet 3 F AFAeg AxstT vl & ¥ pin headZRE BA
o] 4&% wiztx] vid ML BHsIY opF &S 2AslATh. Aed 5%

4 S ATt

A 3d Az d 2%

ZA|FF 3407] RolA] Pseudomwonas 1278 FF7} P. tolaasiio] ZA%A&
o] olaitHTable 22). A3 AT ZoA inhibition-zoneo] 40mmo]4tel Zio]
235, 20~40mne! Zo] 473, 20um of3iql o] 2FFLcCE LAY HIE
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Fig. 18. A AN F(T-11)8 P, tolaaiio] tjdt FFJ AA
(s1: 4= 23, ofzf:chxeiIAS)
A=HYMF P tolaasii, B=RAZMZE T-11 +3
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NEEX :

CEeIHA M & 28rE o

HIRE BAAZES ElejiAe] cigt PUAAHE zAstad vl ARMZ
FolA T-11, Ao-15 5 270 ZF7} elelAe FApga o 2pAlN B4
of BE F2| YarhkFig. 18). ¥VH Ao-7& IR 157] FFE YA
ol 2¥2AE2 AR el A v 94 VehlLtHTable 23).
BT-19tF+= P. tolaasiiols 73t ZA¥aAE-E Uehiglon} »Ele] FAIY

& st

Table 22. Screening of antagonistic bacteria against P, tolaasii

No, of No. of antagonistic isolates

Bacteria isolates Inhibition zone

Total
tested > 40mm 20~ 40mm < 200w
Pseudomonas 250 2 4 6 12
Bacillus 90 2 0 1 3

Table 23. Effect of some selected Pseudomonas isolates on antagonistic

activity against P. tolaasii and growth of oyster mushroom

Bacterial A?t?gonistic Inhibition of mycelial Pathogenicity to

isolate ac;lvzzza:§?;sst growth of oyster nushroon” oyster mushroom
Ao-7 - - -
Ao-15 + - -
BT-1 + + -
P-50 - - -
T-4 - + N
T-11 + . -

2_; no antagonistic activity, +i antagonistic activity

b, mycelial growth nit inhibited, +: mycelial growth inhibited

¢).; non pathogenic, +: pathogenic
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2. ARAF T-11Y PPAEY
FE&FFE AW T-11, Ao-15, Ao-7, P-50FF& ZA|sto] HAMIFY
10:12 ZURE F sPolRAUAN o] £F HFH F s Z}E 24}
sto] T-112F & JPALA7 $& 238 3F AUsiArHFig. 19).
ARHZE T-113} Ao-158 B UM Z2} st Paiujel =elelwAel 3
FT F HUAANE 2 A= Table 249} Ut} Ao-15FFof H]3}A
T-113058 FUA77E g3on T-118QAFS 10:1(v/v) B &8 Ao

2|5t uh 87.5%2] YAI7LE Ll ATHFig. 20).

Table 24. Effect of biological control on the brown blotch of oyster

mushroom in spawn bottle

Antagonistic  Mixture ratio .
g Infection rate(%) Control value(%)

isolate A P
T-11 0:1 67.4 0
5:1 27.0 59.9
10:1 8.4 87.5
A-15 0:1 67.4 0
5:1 41.5 38.4
10:1 29.5 56.3

A; Antagonistic isolate, P: Pathogen P. tolaasii(P-1)

AYANZ T-11FFE P. tolaasiiol thyt 3282 ulza 7 W)
8% Pseudomonase] Yt AL ofsie ER LEeje]H Aol u|3
E 72| Ut 5Fol donZ o] FFE MALZEY AEYA YA
°l-¢ 7Hs/do] Arta Aztstn] YA LAY R WEGA7 ] BY AL
el AF7t Yesiein Yzt
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| 3.2}

ol 4
HYR(51),

Z)el

1+
B=ZY A :

T

(

Fig. 19. ZA&MT

Fig. 20. Z%Alde =eleluis M@ by g opg i)

HUAIE(10:1) E¥Az2])

B=R &M 2 :

sEMF Ae,

(A=
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A48 &

1. AR (3, sHE) W SEel|HA xpdMolA 22|¥ 34070 MF
FEoA HAA ol ZA3}t2t8o]| gl Pseudomonas 127§ FF& A @stdn

EY JUA ROl 2YAES AT

rCl

“elej A Y FAMEY 9 2PN FA
2 AA512] U= vl¥PA Pseudomonas 157) FF§ Awsialct ZAyFe
2 A" 122l 2759 Ele] ARl nXe o

2} Ao-15 F 278 FFE A 107) FFE el A 47 Ex 2
od

2. 4ud 4252 JLATol of WAXIE HWxjule) rjelwaz
oA AUME ol FFUYLE AR vl YA T-1EF

F 39AE 10:1(v/v)R]- &2 A3l g uf 87.5%8 &2 WAHIME UE]

et
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A 8% EfElMA ES0l MzA Zutd NEy
45

A 13 A o
LElEHAL A WALEE JE2E A2, F24, 2224 ¥
2HEFOE FEUCE A2E EFS A WA Ay x5l 10~1

6Coln, 224 22 10~20C, 2I32A E2L 10~24T, 248 E

!

£ 18~24ColtH A} 5 1997). ¥} Fulels 10F4 Ele] FFol B
EHol glev} of FFEY A Zibgel tiyt A¥d FxE B39 v
gl 53] A2 FHS vRE 3L FFE] HBAHLE =YE] A
w7t Heisla e olF FFEY B AHYY =S ABY Het A
t}.

2 d3e Fuo BEEo Uk Fo EFS TS HAMATE UAF
AFT F oA EYEE 2Bl § AYE Z=E FASACL

A 24 Az W PN

AP EFLE YP el dPEle2E, $U2-12 8, F24EF
202 57| 2013 E, FA2HEFZLE $71202%8 9 At =kl 12 &, 1
24 E3528 AHrEle] 234 AFLElElE, I EFLE EYE,
22l BuaAui g ojEleE FAFACE

A EF

ARG AE 2 9 U ABod BHMF P tolaasii(P-1)& F
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Al en FAIZAAE 2P0l P reactans(P-2) = FAJ5lch
3. FAMZAE BF
YR =ElRIHAE v 27 1070 EF9 =Ele] FALS YPDAWYR] F%ol Z
2t AEsln YA 2138 Fol(3.5cn) P, tolaasii®} P, reactansE tjX]
WGy F 27ColA vigdstn FAMIRA LS ZABIACT
(FA2)e] AR =-MEA Y] 2R E)

AR oA (x)= X100
P2l FAARE

4. 2HdA A%

YH=EfeAR S v R 107] EF5Y el E
X10cm) zjuistdct. F7S HEY ¥ 309 wigd FAol 10%fu/nl FE
2 ZAY PUME(P. tolaasii) YIS 2¢ ZH o= 43 2EHZ 3}
A A WAF] F UPRS 2T HEIZ FY AHulahle] 2
=

o]

o

3 ZHali 21 (50 X 40

16~20Cich.

rr

A 3d Az o 2%

1. AR 948 23

el 1070 FF3 P tolaasiiE tix|ejPd ¢ HAAFl ¥
FAYY 4 &L AR ZAzbe Table 259t Pt FAIE 107] FFA
FEZ Aol glol P tolaasiioll olste] FAMEZol ZstA A= ot
¥ P. reactansk LEl2]#A AL A st
2. APAAS HAYY A

FTARE 107] S5 &SR oA gyt F HUAAZFE FF3 &
37 BAYY AEE AR A3 Table 263 Ut YPEliHA, &
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7] 2-1%, §7] 20125 ALY, &4 EFEZ B olY&o] 15.5~
20. 6% 2Lt AP =ElR], AFEle], ¥71202% F 124, L2HEF
2 B 0¥ &l 5.6~7.4%2 v|aY W oY &L Lehict FF4
EF5U FYE o] o] 15,052 e Ay, FSHFZTHL vy oY
&< Uvehlglch

jr

Table 25, Effect of Pseudomonas tolaasii and P, reactans on mycelial

growth of different cultivars of oyster mushroom

Inhibition ratio of mycelial growth(%)

Pseudomonas -%!*‘
isolate 9% 1% 571 571 71 AHkElR] o oju 3
L'E}El ”_&_ 2-13 2013 202% "|3 93  “El2] ElR) ©

P. tolaasii

(P-1) 41.4 48.2 45.4 39.9 42,0 43.2 44.4 49.4 40.8 43.5

F fg"“ga"s 29.3 23.3 28.1 26.1 26.5 31.4 23,1 27.5 22.1 25.5

2 Y AR AiAt 227t 16~20CoAlM 33H Azjoln z EF
o WU AUY BR(LE, FE)NAN 38 Z$ olE8go] ¢

g 2 g Zolrt,

Table 26. Reaction of oyster mushroom cultivars to P, tolaasii

Cultivar Disease incidence(%)
YP el HA 17.0
YPLEle] 23 15.5

=7] 2-1% 19.4

7] 201% 20.6

%7) 202% 7.4
AP LEle] 12 6.2
At el 2% 6.5

o EEl2) 5.6

o = E}zg] 13.7

2z 15.0
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A 43 8 ¢

1. AP =ElelE R 107] FF2) Ele] ZAHE FAAZS chAegst
o FAE AAPEE vt vt EFZ o] glo] BE FAMIZO
Z3HAl A= At

2. FAE 1070 FFL slEAdatuix)ol A it ¥ SAMAFE AE3lo
BET AYY B=E 2AIEY v} AP ele], ojxEle], ¥712-1%, &
7101%, %% F A3, FLHEFES YT oY) 15.5~20.6522
U AP xRl E, AP eElel2E o FiElR], %71202% & 2 §F
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