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SUMMARY
(FT 8 %)

These stThese studies were carried out to isolate and identify the pathogens
caused to the rot of orchid plants, and control the orchid plant wilt with
antagonistic microorganisms isolated from soil.

1t was proven that the rot of orchid plant was caused by Fusarium oxysporum
f. sp. cattleyae and Erwinia carotovora by isolation from diseased leaves and
bulbs and identification. In pathogenicity test by using perfusion chamber, F.
oxysporum f. sp. cattleyae had stronger pathogenicity, and co-inoculation with
F. oxysporum f. sp. cattleyae and Erwinia carotovora showed far stronger.

Each of fifteen isolates of actinomycetes and bacteria were selected from
125 soil samples of orchid grown soils, wild or cultural condition in Jeju
Island. Percent inhibition of these isolates against mycelial growth of £,
oxysporum f. sp. cattleyae were 25 % to 65 % on TSA medium but it was a few
against Erwinia carotovora.

The wilt of orchid plants was clearly protected by treatment with
antagonistic micoorganism ‘Al2° cultivated in sawdust-rape waste-rice bran
(4.5:4.5:1, w/w/w) medium and the isolate promoted plant growth.

And antagonistic microcrganism Bacillus subtilis GBB-35 and Streptomyces
kasugaensis GBA-0927 showed protective effect against leaf blight and gray mold
of cucumber plant. The protective value was 93.8 %, 90.0% and 100% in leaf
blight of cucumber plant by treatment of anatgonist Streptomyces kasugaensis
GBA-0927 , Bacillus subtilis GBB-55 and mixed with two, respectively. In gray
mold of cucumber, 92.9 %, 85.7 % and 97.2 % of the protective value showed by
treatment of anatgonist Streptomyces kasugaensis GBA-0927 , Bacillus subtilis
GBB-55 and mixed with two, respectively.

Antagonistic microorganism Bacillus subtilis GBB-55 and Streptomyces

kasugaensis GBA-0927 with high antagonistic effect were identified to Bacillus
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subtilis and Streptomyces sp. according to Bergey's manual and ISP
(International Streptomyces Projects), respectively. Optimum growth of
Bacillus subtilis GBB-55 was obtained in a medium with glycerol and soybean
meal as a source of carbon and nitrogen. And the medium added with 10 mM Ca2+
or addition of 50 M DPA 12-14 hr after culture stably induced the endospores.

The Streptomyces kasugaensis GBA-0927 showed highly antifungal effect in PDB
medium (peeled potato 200g, dextrose 20g) and its maximum production of
antifungal substances needed culture of 84 hr or more. And yeast extract,
starch and cobalt were selected as the most productive source of carbon,
nitrogen and mineral ingredient, respectively.

For the practical use of the Bacillus subtilis GBB-55, bean-curd refuse was
used and solid culture using the vermiculate and propionic acid for the
preservative was developed for Streptomyces kasugaensis GBA-0927.

The structure of the antifungal substances from Streptomyces kasugaensis
GBA-0927 extracted with butanol at pH3.0 is analyzing by using various type of
chromatography.

We developed the tissue blotting method for the effective diagnosis of
orchid viruses and applied this technique to field samples showing virus
symptom. As a results, it was elucidated that 50 % were infected with ORSV and
CyMV, 40 % ORSV or CyMV among samples showing virus symptom collected from
field.

Therefore, we think that the fusarium-wilt and virus diseases of orchid
plants can be controlled by biological control with antagonists developed in

this study and diagnosis by tissue blotting method.
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g om0 HOTESEC % EAAS A g oy
[ - =] _}':.a:}
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A 23 HASSEZ 22 {84
A1dE ME
ol 10061 ol 48] Ho] BuEo{x Sl o|FolNE F8| Phytophthora

cactorumz} Phythium ultigumo] 2]%} AL

2% Pseudomonas cattleyaeol 2J%t 7t

Hw  Rhizoctonia solaniol &}t e|HEH, Fusarium oxysporum f. sp. cattleyae

of 2J3t AlE&ES
S ¥zl sok& Aelsitelz 44
o] &8%7| uffo ¥
39 shiolch

E35] A S22} Erwinia carotovao] 2]3%F 18
A Atk goladoss ey EE 7

=2y ¥Ao] g mzixl REARE
A3 e ST AR MAsEdE B 9
ol hafulol Qloia FHE 2 2|

g & Q.JE-'S’IE- Yo FE

g HAI7L oAB HA

2.
| .

Az o 2ulEzte] sl

2 s0%0] o] ¥uisiol MHAA T YL 4

Holth AlESEY I MEANIL FHdn Jhgolxd T2 HEo| Yol WAH
o] #e] Fujo] o] HIE ?’lt} utetd A1g2 AlgH AlRto]l FAstE A2
B 2HE oRICh o] A7 MEE Eywt W3 Wi Frfdch o “"2 =Y
of ¥ AU FeE FIMAM ZEHh ﬁ—‘?’—‘%‘% BAFHE T HEA AU
E AU RN R FuHEA 558 dAE FAch 332 43 -‘%‘la}i =5
3 AUARHG 2734 7l 9l 1: Ad 57t 2la FuidEEs 8WE

alojelg 2% nlEth 2 I ThEd o1 Aubslel WATTH (413

=

5, 1995).

SHEZ AP o sl A EA47F =HL de ¢ g IEE £elste
TR EH FRIE I AL W]z} AAstedet,

A2d A= QY

(o]

1. A x| 278 HEv] <42 AES

=28

1) Fusarium oxysporum®] 2] % %3
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ARIT]& (Cymbidium) M2 ANEFHULE T2 3], o8F 4L 0.
5~lcm FE=E Awrgt th2, 10% Ethanol& T-F3H= 5% NaOCl o) 103 H=]35}

HorE 5 ¥Hol X MY thZ, Paper Towel JollA FAsld, £5H g=
Z}-& Potato Dextrose Agar (PDA) wjz|ef &3 25T 3}27|olA] 547t uforst
£, Water Agar (WA}E o] &3}l wixxlE E|slgct 2 #FF= Nelson &
ulH o u}l2}, Carnation Leaf Agar (CLA) uj=x]2} PDA ujjR| & o]R3}o, njorslsy

[+

=
o]
Al Macroconidia, Microconida, Conidiophores, Chlamydospores®] Hejdtd EAH =

& AAS T3 TASACY
2) Erwinia carotova?] £32] W T3

7}. Erwinia carotovora?] 22|

-

Erwinia carotova® #2|5l7] ¢J3) A FE JHolA Fulgo] WA &3t} e
L25H F 10782 dEofA ol WAy HERES Y F, FFHRTE MFH3
HEE oy 2o AE ol 100 nl 47 ZehAIoA 3087 ARF 10-1~
10-87}=] EAM3sted g Muj4s MR Nutrient brothv]=]o] 100 % =wsle] 3072
F271oiM 143t wjgstdct. Alge] A dzo] g s 2stacii] dde
2 st HMuf4HE Nutrient agardfzjo] T2 A3 SYH Iy
< ¢restden, eFeld 30y & ¥ojF TE2 Gram Ao &3] M

steiet.

l.a

U, €7 B % Gran @Ao] o] 41

Erwinia carotova?] B El= straight rode| 5 Ao] 813, Gram negative ol
43128 agar plateoAl ¢4 Ee|H colonyE A83sle] Hu|ZHsloA £52de] 9l
= TdE AU Gram G4 3todch

Gram @& AMTALL WZol2 A 25t slide Felte] EZ s}
2%l Tl Hucker crystal violet (Crystal violet 2 g in EtOH, Ammonium oxalate

)
0.8 g, in 80 ml H:0)ZE 1& S g Fof +%E=Z M A3}, tlr] Gran’'s iodine

...18_
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(lodine crystal 1 g, potassium iodide 2 g in 300 ml H0) &2 1&3F FAstdrh
olof A 2=EEE M5} LA 95% ethanol & 20-30F FH T ©MAIZ|I THA] SF<
Z MHstedct, cl_-& 0.25% safranine (Safranine 0, 0.25 g, 95% ethanol 10 ml,
90 ml H0)& AH&3ted 202 Fot FMAF[Z cir] £RES ol &3t A st xtd
Aefoll e dZAAA HulF g2 AAsIHCH

ch. Adzrery o |y 5%
Bergey's manualoll 7|28} Erwinia carotova?] 3%ed F3E& $¥stach A
8 Algre Wzt 4re] o] 8 ¥ @ Erwinia carotovad] AU HEZE VxR B

stoiTh

et. Helsd BedE3
232, ®A3Y Erwinia carotovaZt oA FIlES dodE=x] HABT| 13
siztof A E2]¥ Z-2 Nutrient brotholla wjerat ¥, oln] &g &3 W T3 uf

oFdol 10 ml/g A FEH F AT BESAULE

mb, AEAU ZAAY =y W HdF Wy 73

S o) whgr)2hg 1P317) I8l perfusion chamber(Fig. 1)& AHEstged, 3
abidoll Bl wizigt &K Cymbidium goeringii)e] AHE& 'HEl J|H¥Z2HE cross
section 3}q(Fig. 2) Erwinia®}t Fusarium ¥ EMY (5%10° cfu/ml )2 22} peristaltic
pumpS} AAH perfusion chambero] AA3) & R 1A ZHE0 = 6A17F B =
B AP U RS WGt

Adltle 2o 4] 34 Rufd odeE 28] f8ld 5 ASUE 2AReE
FHsle] ztzt 53R AAsle Afu] 1dAfe] REE oiAeE HAYIY Fusariumd

ErwiniaZ AFEgh 170 3o whila Fwol A=g.o zxidlaict

193} oA g A3tE HY 2Aujore sue) wEe FAF oS AR vl
GBB-55%3} S5-432] Wethg AZsted Auy] 159 Sl Hel ¥ 22 wEst %
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/-—— Covar Glass

/_
vaseline — ! | v
' [

I
: /T Tissue Strips

Ferfusion
ya Chambar
"]

Fig. 1. Exploded view of tissue strips in the
perfusion chamber.

Fig. 2 Procedures for microsectioning wusing a
vibratome: (A) Leaf segments (15X10 cm) from the
basal portion of the leaf, 1 cm above the petiole
attachment point with the lamina; (B) lamina on both
sides of the midvein removed except for 1-2 mm
remnant;, (C) leaf segments placed into incisions of the
styrofcam block (2X2 cm), with the alignment of the
midveins (Mb) in the center of the block. Total of six
leaf sections in the block in sectional view near the
midveins (Mb) showing the placement of the leaf
segments inside the styrofecam block. Lf, leaf segments,
St, styrofoam block; Mb, midvein; BH, blade hclder;
Ba, blade.

- 20 -
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A3 A9 3

rO
i
o
2his
o

U4 F3

LoAF AR 2RE AT a4 A ¥
1) Fusarium oxysporum®} 2] 4l A

AUl (Cymbidium) MY AMEFEHTEE Eedt7] 28, o¥F d=7g 0.
S5~lcn A== A=Y vhg, 10% Ethanold $H-3H= 5% NaOCl &0 1027 A3}
i, BdEFE g Fo 4A +MT ohg, Paper Towel AolA FAste, £5H ¢g=
Z+-& Potato Dextrose Agar (PDA) ufjz]of] &3 &3l 25T -&7|oA 547 ujersdt ol
. Water Agar (WA)E o] g3t ©hExIE Feldtdrt. #2]¥ FFE Nelson 59
o] mle}l, Carnation Leaf Agar (CLA) uvix]2} PDA sj=x]| S o] &3lof, ujjorsts

ot n

“d, Macroconidia, Microconida, Conidiophores, Chlamydospores?] 3Eej3td B4
& AL F8 BEsACh

PDA APREjR] Aollx] 1047t vfrstd & o, F2ue Adeix] ANE & F=
2 Asol witow, PDA Hihlx] 9 CLA BHrhulA] ol FHE 7|FA7F WEAS
E BAHAL, ZIFAY AL d2 RepE Jehidoh Zelm E214 31y sz
= ey Zfoll wel W Hetdy Mgt R o R FHase g dastgc)

PDA % CLA ulz] AtoflA F453F Macroconidia(ti248=})7} BAdEgon, cfy
3-5702) AwtE A3t o, Macroconidia®] R phialo typel] BEAIRIZ,
Y RorE Vehdo, oftlo] MEstedtt s thEx| 4] Tuburcularia-like S-A38
2tztgo] A ATHFig. 3).

PDA & CLA wix] Atollr Z|FALZH-E % 2] Microconidia(E432}) 7} who]
e, oAl wEE FAdsin, AERYE BAEA durt.  BExpy
(Conidiophores)< monophialide typefto] HAax g on] UEsHo|gc)

CLA ufz] AfoflA] J¥-3F Chlamydospore(FLHEAN I FW F PO T HAF o
dRem, FF HE olF2 Uck(Fig. 4.)

ojate]l AT HE, EelF= Nelson Fo| whz} Elegans Section?] Fusarium

ne
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oxysporumol] €sh= Z1 o2 uictxigic),

Fig. 3. Macroconidia of Fusarium
oxysporum( X1000)

Fig. 4. Chlamydospores of Fusarium
oxysporum( X1000)
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2) Erwinia carotova?] 23] U 53

7}. Erwinia carotova?] 2|

Erwinia carotova& &£2|317] #]3] AT oA Hujgo] G &3zt et
LE2ERE F 10702 FEolA Mol WY HRREEG MY F, FHRLE AH3n
HEE o 2ZA4e2 AL thE 100 nl 4zt FepaFold 30&7 BHFE 10-1~
10-87}2] 3| A sled FMuj4 HEF Nutrient brothufz]o 100 m% =3l 30CY
F27loll M 147 wjerstach. Mo Ade o] gle AYJE Iz iy EF
T2 HAM3te] HMu4EE Nutrient agardfz|o] =T TH B3] FH et

UE erdtden, el 30748 ¢ ¥ulF A Gran Ao s A
L=

L dul #3E 9 Gram PMof &3 ¥
Erwinia carotova?] el straight rodo|n 2%4do] 9131, Gram negative Foi
3t 2 agar plateod] €+ EeH colonyE A1¥sle] HulAstoAd 54| ol
= 7tFE AUt Gram ML shdch

Gram @2 MIFHE YFol2 ALY 23lo slide Rejuto] BF 1A 3o
A%l Tk Hucker crystal violet (Crystal violet 2 g in EtOH, Ammonium oxalate
0.8 g in 80 ml HO)E IE & €M Foll 552 HH3ta, thi| Gram's iodine
(Iodine crystal 1 g, potassium iodide 2 g in 300 ml H:0) &8 187 |M3lact
oloj X £=EEZ MRSl L}A 95% ethanol & 20-302 AE EMMA|F I Tl ZE
T2 MA3tedct 22 0.25% safranine (Safranine 0, 0.25 g, 95% ethanol 10
ml, 90 ml HO)& ARE-3l 202 ¢ FHAFIZ tlA] +REE &3t AAsln
2t Feloll A AZAIAM Ho|ZFos #A7stact

Gram o) 23} 107§¢] Gram-negative #-F& AH3ly A3y EAHS st

A

ch.

ch AdhetE al gedty 53
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Bergey's manualofl 7|38} Erwinia carotova?] 313} EHS L3819t A
E A2 g3 Are] o]& off 4l Erwinia carotova?] AzHA EFL JxE A

steich

ot
oX,
&
iy,
i)
rc
o
4z o
2
ok
el
rO
V-9
-
Lo
&
%
§.
=.
8
3
o
<
d
Ml ot
Ar oX
4>
o4
32
[o
o
2

eh. gy BYEA

2|, B8¥ Erwinia carotovaZ} oA HuijH & dogl=x] Hlsty glsfA

..I

Stod BT Fuls]o] o] S+ A& AU + Addrt (Fig. 5).

Fig. 5. Status of in vitro infection on Fusarium (left) and
Erwinia (right)
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2. ARAY 23Y 4Y © A2 W% 73

) BT WYz 2y

Perfusion chamber& o]&3F &3te] JH| HY YT Ae| Lik= Table 104 EE u}
of Zrt 2% FYA HdF g B GEHES 9S4tk ARG E A A3
ZHsle] A|Zho| HHFE APl T3] 6A]7t0] FSIA Fusariume] 73-¢ 85% 713
ol BHHALE & & AUNTHFig. 6). 1Lt Erwinia®] 7ol Al F 54]2k0] ZH st
Ao} 5%, 62137} 20%2] HARRSE VERIEE AH|T] e Hfolle B3] Fusariund| &
gol Hslar wiEA MEE wistagle Ae® vleldch 3, FA| 259 HYd AL
ZYA 2] ¥ AL Fusarium THEA 2] ZA R} WA A1Zba} Zo] HeF 3A17HRE ZhH s
Fusariup YHEx{2| R} 2688 F3liS-g Vehlglen, 6217 73t Folle A9 BE {0l
AR ES Iy 4~ alodcl

Table 1. Time course response of Cymbidiuim goeringii affected by pathogenic
1solates in perfusion chamber.

Flowing time lhr 2hr 3hr 4hr S5hr 6 hr
Fusarium -~ - - 5 30 85
Decay of
vascular bundle Erwinia - - - - 5 20
(%)
Both of above - - - 20 60 95
- 25 -—
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Erwinia Fusarium+‘Erwinia

0 hr

3 hr

6 hr

Fig. 6. Changes on the time course of 3 pathogenic isolate
treatments at leaf midvein section of Cymbidium goeringii.

2) AgA] 2 H3

P FAIRE 1052 BTl HAFE FFUC2H TAREo] 28] F2 ol o]4ont
|

F7IER, SorstAZl Hulo glzkslA

A FRA Ault] &2 H-Pole FA 2 8 FUztAlol Hisle] ARt 7lke] o &zt 2t
& 7B Fufgel iy Aapge] vz
"Jungfrau’ 2} ‘Ballerina’®] 7-foll= Fupe] il RIE 22 Zlgdo] oRIRE o2 e}
wrl 3 Fusariumi} Erwinia b)) wlE bl WI=E B9 Erwinina Az 7oA A2
ANt ol3te] WHES Hol Z2E Ho} Erwiniall 52 Fo¥& {fdsle Zol ohx
Fusarium 4 Foll 53 g3l oS WAA L2 Axphe Afetar A2dcl.

o 52 Fulgo] oigt A¥AlY giteE 2HE] i 4 BAEE AEAIL R
TAENE fR|Elofolt vrde] HAF Zhpd S Y] ZAR £ gloER B AJHS F2|9)
o] AsctAlo] =¥t | Rof| tfdte 4 FF2 4w ZAskF(Bacillus subtilis GBB-55

rEl

™
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2} Streptomyces kasugaensis GBA-0927)-& H&E3}: 15do] AxH KEE FAe|e} v st
o Faig UAAEI 4Auke-g ZAslgch

Bl Re] 73 olHe AFE HFAA FE A7 AYHL RA=F h= AeloA b
S5 W A E SR o2 vyt B AJYE skEIY FAM77H7-94) S A
Zslojolgt Hrt o YUY AUE FE2Y 4 AR 2 AP Axwte g AMely Fapt o
F=ldct

ghH, A 2F2] skl ti3t B Bacillus(Bacillus subtilis GBB-55) 5.
4 ddH(Streptomyces kasugaensis GBA-0927)o] -ZA|¥F Ald|c]LollA] &bzt 243} HkA)

ZH= 7102 UeldtHTable 3, 4).

T

g

Ff['.‘

fifo
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Table 2. Susceptibility and survival rate on two pathogen spray in 10
Cymbidium cultivars after treatment of 1 month.

Cultivar Survival rate (%) Susceptibility
(Cymbidium) Inoculation . Fusa
ymbiatium Fusarium Erwinia ium Erwinia
N 65
kaniran Yeos (152 40 e "
eringii No 60 60 s "
1
goerngt Yes 10 30
sinens No 75 75 een .
e
o Yes 25 50
sifolium No 80 80 +++ +
[
ensyo ' Yes 45 65
lancifolium No 0 70 S+ +
i
" Yes 35 60
'Saint Lapine’ No 85 85 s .
111
aint Lapine Yes 35 65
No 6] 75
'Ballerina’ +++ ++
Rallerina Yes 15 50
Jungfrau’ No 80 80 e e
T
& Yes 2% 55
"Murasaki No 85 85 - s
Gengt’ Yes 50 )
No 85 85
' ; ' ++ +
Lapine Hat Ves 0 75
20 replicates per treatment
+ " rare, ++ ! medium, <+++ @ severe
- 28 -
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Table 3. The effect of in vitro inoculation on antagonist isolate treatment
(Bacillus subtilis GBB-55) before hardening in 10 Cymbidium cultivars be
tested.

Inoculation of
Growth pattern

Cultivar antagonist Survival rate

(Cymbidium)  (Bacillus subtilis (%)
GBB-55) Leaf Root
No 65 + ++
kanran Yes 80 ++ tHt
.. No 60 + +++
goeringii Yes 30 - it
. No 75 ++ +++
sinerise Yes 85 s .
oli No 80 ++ ++
ensifolium Yes %90 o s
I ol No 70 +++ +++
ancifolium Yes 90 s .
QL < No 85 ++ +++
Saint Lapine Yes a0 et s
, ., No 75 ++ +++
Ballerina Yes 90 -t .
'J ¢ , No &0 ++ +++
unglrau Yes a0 +++ +++
‘"Murasaki No 85 +++ +++
Gengi’ Yes 95 +4+ +++
, . , No 85 ++ +++
Lapine Hat Yes %5 s s

20 replicates per treatment
+ o bad, ++ ! medium, +++ : good

_.29_
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Table 4. The effect of in vitro inoculation on antagonist isolate treatment
(Streptomyces kasugaensis GBA-0927) before hardening in 10 Cymbidium
cultivars be tested.

Inoculation of Growth pattern

Cultivar ( S?:;;?;:q;sées Survival rate
N A 0
(Cymbidium) kasugaensis (%6) Leat Root
GBA-0927)

No 65 + ++

kanran Yes 85 t P
L No 60 + T
goeringii Yes 85 t N
. No 75 ++ +4+

sinense Yes %0 . ++

. . NO 80 ++ ++
ensifolium Yes 95 et -
o No 70 +++ +++
lancifolium Yes 95 . e
. ., No a5 ++ +++
Saint Lapine Yes 9%5 s et
, ., No 75 ++ Tt
Ballerina Yes %5 s et
’ , No 20 ++ +++
Jungfrau Yes 95 e +++
, . ., No 8 +++ ++
Murasaki Gengi Yes 95 i .
, ] , No 85 ++ +++
Lapine Hat Yes 95 it vt

20 replicates per treatment
+ ! bad, ++ ! medium, +++ ! good

- 30 -
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g AETE VA miANE FF AHEEHA KTk (Weller, 1988). 3x|%t ojX T

T mAdE B RS Fo o8 2UES olsistn A steds oY 4

F AdAoly o= Q3] FEF A A&z IA AR Rsh= dFolrl

7t A AU flste] 113282 AMgSHs in vitrooA ] AR

A% 533 AA Z2R2AMY YEF YA sHTole M2 | gt BT
9ol o

So] ol (Cullen and Andrew, 1984: Colyer and Mount, 1984: Di Pietro, 1992).
53] YBEH Btz oM HoA 58 o= WHE dTo] Ul BRE
o altt (). EFF Cook(1985) 2} Kloeopper and Schroth (1981)%-2 3t3-zhgo] ME

Aol ool 7t 2% Jztejatn ¥ astdet.  wbAe in vitroo el Ay
o AE in vive ZAMY HUH SHole dBo] Hri:s BIEE gwo] 9l
Ch Utkhede (1983)= Z¥ ol 2T Alz} R SutAe}l AlolAe] 3t
At AR F FA AR A FY el olFd Aol gtin Rasidod,
Howell (1983), Kloeopper (1981)712]3 Yuen(1986) &< 348 E o]} sidrophores
BHSs AUHES old EAES AYslA] 23t FF2 EdHo] AHA Helsly
= 5 HdA4 Y& shEcla Byt ®3F Papavizas and Lewis (1983),
O’Brien 5(1984), Suslow and Schroth (1982) &% Auo)A2] 3tF 28z ZAZA
oA 2] BEAWA £t o] gtz Hasidr. |

A3 n A ES0] o3 PAEA} P 21 AR Aatel: oy BAL,
53 F¥ed 2 2UdEe] Aupzxt ¥ Eol= BaEo] "l Vidaver &
(1972)2 welel eAile] gak2 sAulxlo] glojA wix]2] F7i, HE P ok 25%
of ¥F& Wi=tti RT3}, Rothrock and Gottleib (1981) gz 2 =z =
(1992) 52 wf#] F-Fofl whelr], Howie and Suslow (1987) S& wo|u} olojiit &
Foll whel B EH P4atgro] depAcia B ustdn)

SHPAAE AF=Y & 2R Edoly o] AMsIA Alala g A ujx]
ESoERY o] HuiES WAs] d3 2¥FES Eesti o] 5ol tigt in vitro
2} in vivo ZZoM2 VIFHAHEE ZAPSRH PEAUA L st HES )
CRIIE-4=3
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Az A s W Py

Lo 23| oh Afuix] 2 RE] & AISSEAT iy Aynjage) B g Ay

z3 A3

AFA e & AEA] RZu W EdiuiA] 15ZUERE ¢ AS2¥PF
(Fusarium oxysporum)oil ti&] Hebbar's methodsS ©]-R3}o] ZA3tdo] gl pmPE-S

gl L] A=t X
EQAEE 1g8 BT HelAEgo] Festn dde e (107~10°)g
3L, o] H4 1nlE Aol wlel A &% Soil Extract Agar viZ] 10 mlof E¥+s}3,

i

Petri disholl &F3}e] Hatsjz| & HEC) of7lof tiA] Water Agar 5 mlE FUSIHA
22310 253 WAiAE B2, £zl Bl iz Y T u=I(0.5% Peptone,
0.3% Yeast extract, 0.5% Malt extract, 1.5% Agar) ¥+= Tryptic Soy Agar (Difco
Co.) 52 ¥i=] 10 mlo] ¢ A S H LT EAIFEY(10-6 cfu/ml) 1 nlE EY3}o
871 25F Bl Fd3A FHste|, AME 3FF FahwjAE HEUCE o
BRI S T 30T F2rlol wigstEy, ¢ AESHAFS Aslsle] FEY

BEske 2 FHE ZALYA I, FY wiAE o] &3t =l o3|

Tt njgEe] ois] B ciPuidd S o83t AL HAsidch

TSA L YMA Heblx| o) FUYERE of 2on Wold Tof T HUWB 23 2

- 32 -
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UEzxHe] BEYANREERE MAFE 22317 $3l, Nutrient broth (1% meat
extract, 1% peptone, 0.2% NaCl, 10ppm Amical 48) vjx| &, WAHIFFE 2|37 ¢
8] Glucose-Aspargine HJZ](1% glucose, 0.05% KH.,PO4, asparagine 0.05%, 10ppm
Amical 48)2} Glycerine-Czapek BJR](1% glycerol, 0.2% NaNO;, 0.1% K.HPOs, 0.05%
MgS04 - TH:0, 0.05% KC1, 0.001% FeSOs - 7H;0, 10ppm Amical 48)&, 12|32 AIFHS
F2]37] 218 Glucose-Czapek uix](1.2% glucose, 0.2% NaNO3, 0.1% KzHPQ,, 0.05%
MgS04 « 7H0, 0.05% KCl, 0.001% FeSQ4 - 7H:0, 50ppm streptomycin)& AF&5ldct &
A3 Fd ARE A7 wiAE 10nl%] TRHske ofF AJEH(50ml &) g3,
30TCoA HRuiSYcth MPES AHI2(10,000xg) ¥ T, HFAE AESEY

ol i3] ZYHPE At AP TSA(tryptic soy agar, Difco Co.) wj=A],

YMA (0.4% yeast extract, 1% malt extract, 0.4% glucose, 2% agar) 12|53l Czapek
agar B} & o|-&3to] T4 chyuiofgolut REE A ¥ wal $£335teich

EI ZA¥FINI 5L isolated AR F oxysporum f. cattleva?t E.
carotovora®] ZAHIE ZASIATE A3} »= A3lAe/HUF debFe] AERA

gl X 10022 Hatstrt,

4 22F BYdes Z2Bs fsl, PDA uixlold ASH uwYEIEE
Fusariun ¥4} @ebl(5x107 cfu/ml)& Zulstolnt. EY Z2ujosle] B-go] P
3 Cym. kanran®] QB el Fusarium TEAE A3 23} HLYFLS AeA 15U
T AR Fe¥ B-557& Alstn AEA 2} oJ¥-F BAsGch =Y
45g B, 45¢ FAY} 223 10g vlFeE EEE AxE njd} IFWIEE
1:108] FTH| 2 EYst] A EEE AHEst] Eo](30cmx22m)of B, 7)o
ZzAu g 439 AM|tR(Cyn. nevo-marginatum, Cym. kanran, Cym. goeringii,
Cym. lancifolium) F+R& 10UH5Lo2 a3y, EH|H ZAHete) 100l E F43ln
T WHeE MY AEATIEN Y2 BAsigr}

TH, o)lg dUn|AFed T A7 R AYF HZE 1 LAY FAo| o|Fo
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ZcTh ol& ¢l3f, W A-12%Tryptic Soy Broth Bi=] (Difco Co.)S o]€3}o 3
0ColA theFA7] Uriztx] Ashulgstdon, MdF= WM ujz] (Difco Co. )& o]
&3l TY XAAAM heFA7IwsIzbx] Aebejersigdnl. AujgEL 45¢ B
45g w29 W 10g u[Re g s AzjE ofAof 5%(v/v)7t HEF AFstn, A
oA 1547t ZEHoz avistEAM Fxwjgsidc FFuLE} ZAYUTES
1:108] S| 2 EUste] 2 FH TP AANLEZ A1-&3tgc).

§t#, 3% Corn Steep Liqour (CSL)Z} 2% Soybean Flour® A ufx]|(pH6.5)0]
2718 eI EE 5%(v/v) HEF3I 30TRAoIA 547 wile] olF wjztx]
AR gstadch. o] MUESE FUYE A3t MEg A2 stdch E3, Hwjod
=2 4718 AHz1E oiE 45g0] 2 ml HFIL AF2olA 43t wierstdct. o] HE
HYES ZIARTEZT 24d Hx|§& YE Sgofl EYst ARg-stglct. =3t 3e
orziiete] vl E 93l AEEE YAl UitH SR wol AlLEHI 9l benlate A|A|

=2
= AHzste AYE BE vla FESGCL ASAEEE gA Avted

o
s

‘Anmitu Hime’, Cym, ‘Marirorencin’, 18|31 Kawano mericloneofjr] ijZo] rjutzt
5% 5% 5 53 Fuigo g3 oz U3 2 §F9 194 CPRE 43 Eg)
AR Fo AT F Al At Ztzp] Ao il 1| FUZE AF20A
I, PDAClA wjofste] AlGSHUTF EZXIHEA(5X107)E Edolw 10ml 4|
BT, A5 e HEE % oF 5& Al Hele dubjuie)
grh olg AFEZHE dojd Z4E Table 7oilA] Bi= nie} Zrh

olF ZAZZFE, FUT A PdME WA A-127F 23 o] 1 Egton, A
BHE2] gAHo 23] Al F3tAch

ok
..E:;
%
1

4. AUY Ao B 42 484 2%

AutE 713t Streptomyces kasugaensis GBA-09272} GBS-558 o]-&3}ed Qof2] oo}
B33 RuUFgolyol tiyt w4 IS Astact
20| gntEHo it AP ATz SHFLE St 22 BN v A

2o 22 oA £3SIAL AUFHoY 2 A FA] AddF £ ZHe )24l
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A st el 2zt AYIFE AR 1FY Fo Hg F2 LT Mg A
Z3ted Ztzhe] WAIIE zAMSHAT

5. AYu|JEL] 3

1) & AESTE U it Ayn g 53

7t AgAEY 5%
#+3F8 3L Bergey's manual of determinative bacteriology, Microbiological
methods, Manual of methods for general bacteriology, Microbiology-a laboratory

manual, Bergey’s manual of systematic bacteriology@ Al EZIAHE Hof 4+Fxo]

A= GNHH] Mg ol wiet 3gstedct
b Zd3tek ot Streptomyces kasugaensis GBA-092745+2] &3

7h ey 5d 24

#F A" Aygddol oig Helydy Exe xASH7] #i3] inorganic
salt-starch agar(ISP No.4) Hzhjz]o] Fe|dFE FHF3le] 30TolA 7 - 10¢T
djeFgt F EapFdo] s dojut F919] wix]o] F& w3l 8% glutaraldehyde &
Ao 2 29 10-124]2F 1F3tHct. 2ol ELIE Wk FE deld ¥ P0sUt
Eoe 71HE&7]o] YL -20Col 43 AxAA HzxHuo|73 BHS B3] Zx}
ol Hefet 27, EHASE] & At

) esy 54 #4

ISP(International Streptomyces Projects)®®™ol] wie}r| Shirtingz} GottliebZ}
Rt of 7 wixgol A eirdtd BAHS HESIGLE MdE® Z YHFFE yeast
extract- malt extract agar(ISP No.2), oatmeal agar(ISP No.3), inorganic
salt-starch agar(ISP No.4), glycerol-asparagine agar(ISP No.5), tyrosine
agar(ISP No.7)W Benedict's agar52] ufz]Alol|A] wjordlHA] Aol Ax J|FA}
of Mz WAE Yy Aw olHe| M W e MAel Aol S Sug
Bgsisch

ch AEH e H4 2

+32] chemo-typeS WolR.7] £i3t FAte] MEHAHAE EA4L oy FHE
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HEelste a3t FRTE MY ok, sonicationdtil AFHAE:E B3l
AT Polstn SAAZMN RAANRE ARt =3 MEES apino acid
BEENL 5ZAA2Y MEH 20 ng} 6N HCl 5 mlE ampouleo| Yol WES T 11
0C ovenoll A 18A|Zt 7hE8l3le] @-2 H3)ai-g filter paper(Whatman No.1)E o
st edat W mRdlgon, s5REx XEEAUL 7M7) microcrystalline
cellulose TLC plate (Merck  Co.)ej spottingd}3X  methanol-water-5
NHC1-pyridine(80:15:5:10) 2.2 7-8x]7t H7jA]zl th& 0.2% acetonic ninhydring
T8t 100 TCollA 2823t 71ested WA olive green spotE Eelslgdch o
o] ZFEZAZE= LL-DAPS} meso-DAP7} Z#E | =(Sigma Chem. Co. )2} alanine,
glycine, glutamine& AME-3}&T} |

6. 2% njBE2] F7E A wYg =4 HY

S A3pFor FHIH wMF  (Streptomyces A-12:  ©|8}  Streptomyces
kasugaensis GBA-0927 = A ¥ )Z} Bacilluss2] Ml (B. subtillis: ©|&} Bacillus
subtilis GBB-552 R q)e] 2F9] Ay AFstdnt ol FEol oigt 23 ojok
23S BYSIA 1AE A shide] Wil w2 ZAyFE AFsn
Bacillus subtilis GBB-552] 7Z-9- ¢tAH A Exle] FHS 28 cortexP ol 2
3tA 2Hgshs 2o ol Ca®9} dipocolinic acid(DPA)o] M7zt A7) @ dx
glofl 2% Y EZ= 5 FolE ZAESIACL

A 3E 2434 9 2%

Lowb 2pgxie Azl 288 & A ESF ol it Do yEe] Fa) g

A3az 23

HF2 g b =gz REY W Egxjuiz] 15FUHERE G AESHYF
(Fusarium oxysporum)oll t]s}] Hebbar's methodsZS o]&3tle ZAgo] o= mAES
#2|3tedct(Table 5).

EQNRE 1g5 BT delddgol desin AL FHHH(107~10°) 2 wE
32, o] ZAl 1mlE ArHo olel =3} Soil Extract Agar B2} 10 mlof E3}s}ir,

‘

il
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Petri dishof ¥F3le] BIx|E gr=c}. o 7]o) tlA] Water Agar 5 mlE TYUSHA
F3te] 23% BiAE wE, Eel S3o| ol WM ¥HuR](0.5% Peptone,
0.3% Yeast extract, 0,5% Malt extract, 1.5% Agar) ¥+ Tryptic Soy Agar (Difco
Co.) 58 ¥Hx] 10 mlof] ¢ AESEUE EATULA(10-6 cfu/nl) 1 al & s}l
7] 23% Biuixlo] ZUsHA F3sle], 7ML 353 BB E BELT o
BAiAE B 30T F27)oM ufFEtE A, F A EHEEE Hslsle] B

et ngEel sl B o uiEg ol8st ZAyYde AAsILch
A A BRtefx] o] FHFERE o 2em HolH ol w HAFHFol 2y B
g dFE FESIL, T4 30Tl 2-3U 7 w3t t}2, Potato Dextrose Agar Aol
SAIZ ¢ AESE U7 uYES borer( 7 ¢ 8m)E o] &3l mjE
T, olF 7] FEMNISEESE o) o oF den GojA Fof spot
FEL 2, $ 25T H2Ilolq ujgsidA AYn|PE E= o5 AR o
3 @At BRAE wEstAch v AzERE, FEU AP U
A-120] ZgFo] 71y Foton, AIE2HdF Al o3 A= L43td
oh. =, A B2 ZElF B-108] A Frt by Aol Yo w X127}
| B FAE v E ATl izt 2 HE AL A%, o
=2 PzAE s, ol ATl AAMLE oy ¢FHo T &Y 4
UEE Mg vfA] kg HESIZA ol o AHFA] o 2 2gt 47
T EQLZRE 1589 n]4dEoc] FalE drTable 5).

N

i

3
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Table 5. Soil samples collected and number of antagonists screened from the
habitat area of Cymbidium to examine for Fusarium oxysporum
f. cattleya growth.

Used soll for Soil from the

Soil sample cymbidium Cymbidium Total
culture habitat
No. of soil sample 15 32 47
No. of soil lst screening® 9/34 10/91 19/125
samples/isolates
screened 2nd screening” 8/12 7/18 15/30

* Screening by modified Herr's and Hebbar’'s method from soil.
¥ Screening by the dual culture on YMA and TSA from lst screened isolates.

[a]
A

gl FRH Ao v U o BAHE

A

Y Hy

el

SR EUAREREE MAERE 283t ¢8l, Nutrient broth (1% meat
extract, 1% peptone, 0.2% NaCl, 10ppm Amical 48) ®wix| &, WA AFE 2|37 ¢
&} Glucose-Aspargine ®§Z|(1% glucose, 0.05% KH:PO4, asparagine 0.05%, 10ppm
Amical 48)2} Glycerine-Czapek uJ=x](1% glycerol, 0.2% NaNOs, 0.1% KsHPOs, 0.05%
MgS04 - 7H20, 0.05% KCI, 0.001% FeSO4 - 7TH:0, 10ppm Amical 48)E, 12|31 IHF+HE
2[3}7] #4130 Glucose-Czapek ®J=](1.2% glucose, 0.2% NaNOs, 0.1% KzHPOs, 0.05%
MgS0s + 7H0, 0.05% KC1, 0.001% FeSOs - 7H:0, 50ppm streptomycin)S A}&3}AT}.
A Y ARE ZzHe] wiAE 10n1%] FH3te oy AJEB(50ml &3F)oll Pz,
30TollA Heufgicth viYEE& YAwel(10,000xg)3 T, AF5AE AESEY
woll il AFHS Algstdet. ZAEL2 TSA(tryptic soy agar, Difco Co.) HEZ],
YMA (0.4% yeast extract, 1% malt extract, 0.4% glucose, 2% agar) 12|3 Czapek
agar WiX| & o] &3td T ciXufeldolut FHE xHol unlet 33t AchHTable
6.).

F3r AgaUI HL isolateE O E F oxysporum f. cattleya?}l E.
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carotovora?] AYHAE ZAPstdct. Y = A¥Az/ L2 28T FEFA
gl x 10025 #Arslalch

WER Gl WY EFAEZHE 2759 njgBo] A E3HdFl s 2%
e Ze ndEE 23dEdon, ol nYEY YxHos AN njyEz
Hl 23 Aol & WHF A-12 W MF B-1035 E¥3}o] Fusarium oxysporumdl]
oisl A¥HE =ARE A2} Table 72 kel

A A4F A¥HY I BEEE FHSP] sl YHFolHE isolate AZ,
5, 12& Bacteiraol Ul F2|JoflM 2123t EYAEEHE 2752 ngBo] A5
ol sl ZYHPE e uWER A3:¢Edon, ol nyE Yxizes
AAR ojBEF vlaF Z¥Yo] 2 WA A-12 U MF B-10F7F TSI
Fusarium oxysporumol thsl] Z¥3g ZAIgE A7} Table 83 Zoit) ol&E ZHz}e}
e AAUENE dAH 2 AFA QoA EeH njBES YT A-122 MF B-10
°] ¥2 A¥YE UehlidrkFig. 7.).
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Table 6. Antagonistic activities on the mycelial growth of Fusarium oxysporum
by the micorbes isolated from soils.

Zone inhibited in length (mm)

Isolates
TSA YMA
A-1 15 14
A-2 17 15
A-3 15 7
A-4 13 8
A-5 17 2
A-6 i1 0
A-T7 11 12
A-8 14 9
A-9 9 12
A-10 14
A-11 13 6
A-12 22 1
A-13 16 12
A-14 19 13
............................. ATIS e B8
B-1 17 0
B-2 18 0
B-3 8 14
B-4 12 14
B-5 19 2
B-6 11 5
B-7 15 2
B-8 16 6
B-9 10 13
B-10 24 0
B-11 15 2
B-12 12 0
B-13 10 7
B-14 11 4
B-15 14 '8

Each of the isolate was streaked at a distance of 2cm from the center of Petri
dish containig the TSA or YMA and cultured for 2 days, and a mycelial disk of
Fusarium oxysporum f. catteyae was placed on the opposite side at a distance of
dcm.
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Table 7. Antagonistic activities of isolates on the mycelial growth of Fusarium
oxysporum

Media

TSA PDA
Isolates
GBB-11 20 22
GBB-14 18 16
GBB-14-1 15 24
GBB-14-2 22 25
GBB-15 17 17
GBB-17 25 28
GBB-18-1 25 22
GBB-18-5 L7 18
GBB-19 19 25
GBB-20 22 28
GBB-21 23 29
GBB-21-1 24 15
GBB-22 16 18
GBB-24 15 14
GBB-25 19 18
GBB-25-1 17 17
GBB-27 18 22
GBB-28 21 17
GBB-29 14 20
GBB-30 18 30
GBB-32 22 20
GBB-42-1 22 18
GBB-43 20 15
GBB-47 17 21
GBB-52 18 19
Bacillus subtilis
GBB-55 % 35
GBB-O0K 20 30
A-12 22 25
B-5 19 22
B-7 15 23
B-10 24 13
* Clear Zone Diameter in mm.

- 41 -

IP:14.49.138.138, 2017-11-03 15:56:44



Table 8 Percent of mycelial growth inhibition with Fusarium oxysforum f.
cattleya and Erwinia carotvora on the TSA medium in the presence of
various antagonists.

% of inhibition to the plant pathogen

Antagonistic isclates -
Fusarium oxysporum f. .
Erwinia carotvora

cattleya
A-2 25 0
A-3 40 10
A-D 30 0
A-12 60 3
B-2 45 5
B-5 65 0
B-7 50 2
B-10 60 0
B-11 40 0

L Strain A-12

Fig 7. Clearzone test using paper disc method
exhibited against Fusarium oxysporum f.cattleva
antagonistic isolates, indicating the inhibited
circle for Fusarium mycelial growth on TSA
media.
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MUY AYF NEYSE U YA 23

4 el e HAu4E ZAS ¢4, PDA viR|olN ALH wjQGEZEE
Fusarium ®2t @&J(5%10" cfu/ml )& £u|stdth. =3 2 ujoste Ao i
3t Cym. kanran®] W GB ol Fusarium Ve Az|gh 2zt HUFZE MAH 159
T AYT2E Y GB-55FF M Fo AEM AP JEF WEY A, A
B A2 TE 80% ool BESH=s o' uriwtout ZAstd A2|glol Fusarium A
2|3 = 90% oj4to] LARRE Ro2 |AE| ACH(Fig. 8).

45g it 45g FAY 223 10g n]Fe® FAEHE AL Al FIYUEE
1:108] SH| 2 Zste] ANLEE AR3lo] Eo](30cnx22cm)o] ©iL, f7]¢
Z2juferH 43528 AW|Ti-(Cym nevo-marginatum, Cym kanran, Cym goeringii,
Cym. lancifolium) F-B& 108H8202 Mzjsi, Ful® Tt 10l S B3l
ST WHOE MU AJAIEA HELES BHSIACE A2LLE 30-50%2 U}
Etutom, 53] Cym goeringiizt £z AEEdaol sl 7% =z es
Hakzigct (Table 9).

Fig. 8. In vitro inoculation of Fusarium (left) and antagonistic isolates
(GBB-55) treatment of 15 days before Fusarium inoculation (right).
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3tH, o] AunjAE Ly £33 AY¥F FIE U WAY FAYO] ol Fo
Hch olE ¢sl, =aF A-12E=Tryptic Soy Broth ¥Jx] (Difco Co.)& o]-&3ted 3
0CoA theFA7] Wr7zkA] Agugstded, HdF= WM 8z (Difco Co. )& ol
|3l U ZUolAM dFAZUrIZA] ARujgstadct. HujldEL 458 B
45g et W 10g oo T FEEEe AL ofHdd Su(vv)7t =g HFshn, 4
2ollA 15Ut EA e aukstdA FApjgsidch AFuMGSES ZILIES
1:108] $3W| 2 EY3tS 2 F A S AALER ARSI
%+#, 3% Corn Steep Liqour (CSL)Z} 2% Soybean Flour® LA ufx](pH6.5)ol
3712 AutE-E 5%(v/v) BEst 0CTRERZA cifeFA7] oo ol& d7t=|
Aehfostdrt, o] wiUdES YR M3t HEL g stgict. EIH, AuY
4718 Azi8 of A 45ge] 2 ml FFSIL A2olM 44T wjgstct o] FF
HUES TIRLEST 24 A48 4E Sgofl TSt AREshTt. EI ¥
oA ete] v E ¢lE) A& WA dutze g go] AREE I glE benlate A
& Azste Ay NS vz AESIAch AEAERZE GPA ARt Om
‘Anmitu Hime’, Cym ‘Marirorencin’, 12]il Kawano mericlonedlA] AjZo| 7f&t
|58 FF F 53] Fuido] 43 Flog a3 2 FF4 144 CPRE 44 Eswt
AE R Aafgh F Ao AstATh. 742t AelFof tislde 1 FUL F2olA
AX g g, PDASIA djfdle] AESH U EAEEHY(5X107)S Ed ol 10ml %)

EQTFI, S wE BEE, %, 2T 52 AL Al @il

HITE2RE dojzl HAIHE Table 1004 B uvle} )
ols ZATHE, Fout Az ToAs Bdd A-127F A¥Ho] Y FdeHy
(Fig. 9, 10), Al B2 d o] Ao 23] HAejx f3lgT}.
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Table 9. Antagonistic and growth-promoting effects of the isolates on Fusarium
wilt pathogenicity in oriental Cymbidium cultivars after treatment of 3

months.
Suvival
Leaf length (cm) Root number (ea)
rate(%)
Cultivar® .
Isolates 1 2 5 4 1 2 3 4 1 2 3 4
Control 50 40 3 40 19" 6d 125d 14.2b 53b 4.3c 94c 59d
Benlate 70 60 6 70 166d 6.5¢ 87e 13.1c 50c 42c¢ 83d 6.1d
10
B5 0 80 7 70 225b 84c 15¢ 18b 74bc 68bc 1lb 7.4b
75b 14.5¢
B7 90 50 6 50 24.2b q 18.9a 75b 98c 145b 11.5a
c
B10 80 60 550 20b 69b 135b 15.8a 6.5a 55ab 84a 6.9bc
10 10 10.5b
Al2 0 0 9100 24.6a 87a 154a 16.9a 86a 74a 125b
C

* 1) Cym. nevo-marginatum, 2) Cym. kanran, 3) Cym goeringti, 4) Cym
lancifolium
¥ Mean separation by Duncan’s multiple range test at the 5% level
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Table 10. Antagonistic and growth-promoting effects of the isolates on
Fusarium wilt pathogenicity in western Cymbidium cultivars after
treatment of 3 months.

Suvival

Leaf length (cm) Root number (ea)
rate(%)
Cultivar”
Isolates 1 2 3 4 1 2 3 4 1 2 3 4
13.6d
Control 80 60 6C 40 , 17c 90c 47e 6.0d 57e 95¢c 6.2d
10
Benlate 0 50 4C 680 125d 80c 95c 4.2e 6.0c 42d 58 19¢
' 10 1C
B5 0 80 0 80 12.0b 88c 92c 57b 6.5c 4.lc 35c 4.2b
8.8a
B7 80 60 6( 40 152¢ b 11.2a 58d 80a 45b 60a 4.8a
“ 10
B10 0 90 9C 100 16.4a 99a 10.8a 6.4a 6.9a 42a 58a 33b
10 11.0
Al2 0 80 9C 90 17.2¢c b 13.7a 7.5¢ 6ba 40b 53b 58b

1) and 4) Cym. new varieties from Kawano mericlone Co. Ltd. 2) Cym.
"Anmitu Hime’, 3) Cym. ‘Marirorencin’.

¥ Mean separation by Duncan’s multiple range test at the 5% level
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Fig. 9. The influence of the effective antagonistic
isolate (lower) on the growth of 4 different
oriental cymbidium species as compared to the
control without the isolate (upper).
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Fig. 10. The influence of antagonistic microbes (supposedly Streptomyces spp.
involved) on cymbidium after inoculation with Fusarium and Erwinia (7 days after

introduction of the antagonist)
A - Cym. 'Anmitsu Hime', K - Cym. kanran, G - Cym. goeringii,
M - Cym. 'Mary Laurencia’
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1. AU AYRe B A48 84 AE

Lole] gintEHol iyt AyFES] WA BAE 2R 23}t AYT Streptomyces
kasugaensis GBA-0927-& At X¥t FoflA = WA 717} 93.8%, Bacillus subtilis GBB-550]
A= 90.0%, 12|31 ZEF Streptomyces kasugaensis GBA-0927 2} Z3}F Bacillus
subtilis GBB-55& &-&3to] A e|gt FollAfe 100%2] YA 71E BTl (Table 11), EFH
20]e] AulFoto|Hof| tisfr = L3I Streptomyces kasugaensis GBA-0927-& 3 2] &t
Toll M= 92.9%2] WAZIE By oy, ZA3rHF Bacillus subtilis GBB-552] 3 g Fof =
85.7%, 2|3l o] T A¥YE-S LAY FollME 97.2%2 B2 YAIE Bt
(Table 12).

olE ANERFE AU 27[x AYFES o] FupE Bl ol g} thE HozE

ol 3ol Aol 7Ms ¥ How AAMC

Table 11. Protective effect of antagonists Streptomyces kasugaensis GBA-0927
and Bacillus subtilis GBB-55 against leaf blight of cucumber in vinyl house

Cotyledone Leaf
Treatment Protective value Infected area Protective value Infected area
(%) (%) (%) (%)
Control = 485 - 40.0
Streptomyces
kasugaensis 90.5 45 93.8 25
GBA-0927
Bacillus
subtilis 835 8.0 90.0 4.0
GBB-55
Streptomyces
kasugaensis
GBA-0927 +
) 955 2.0 100.0 0
Bacillus
subtilis
GBB-55
- 49 -
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Table 12. Protective effect of antagonists Streptomyces kasugaensis GBA-0927

and Bacillus subtilis GBB-55 against gray mold of cucumber cultivated by
hydroponic method

Treatment Infected area (96) Protective value(%)
Control 35.0 -

Bacillus subtilis GBB-55 50 857

Streptomyces kasugaensis 95 92.9
GBA-0927

Bacillus subtilis GBB-55 +

Streptomyces kasugaensis 1.0 972
GBA-0927

1) A&} E Bacillus subtilis GBB-552] &

w78 582 Bergey’'s manual of determinative bacteriology, Microbiological
methods, Manual of methods for general bacteriology, Microbiology - a
laboratory manual, Bergey’'s manual of systematic bacteriology T AlE-m3lald
ol =55 2= dvrEel AdsAdel wiet Bstadch

AEH AYu|EEF AF o2 713 73 o] 48 Bacillus subtilis GBB-550f Cf
stol Feld Wy, MEapidat B4 22|32 A3y gL susiden, 1 A3Es
Table 139 & 2]stA ).

ol ZEHE] E2|5F Bacillus subtilis GBB-55+= S ef3}3 O 2 Gram 9F4], ZHAlo]
o, WAE2E ¥4ste 2oz pasigdony, sttt o Ae|ata] 4L Table 13
o} Zoket, wiebA Bacillus subtilisE S ¥ 2w, Bacillus subtilis GBB-55%

gtk
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Table 13. Identification of the isolated bacteria Bacillus subtiis GBB-55

Gram positive

Rod shape (0.5-1.0m width x 1.5-3.0um length
Morphological characteristics Sporangium not swellen

Spore shape ellisoidal

Spore shape central to subterminal

C15:0 antesio 43.8% Ci150 iso 26.1%
C17:0 anteiso 7.6% C17:0 iso 6.8%

Major cellular fatty acids

C16:0 iso 45% Cl6:0 4.19%
C14:0 iso 2.5%
Characteristics Result
Catalase +
Anaerobic growth -
Voges—Proskauer Test -
D-Glucose +
L~-Arabinose +
Acid from
D-Xylose -
D-Mannitol +
Hydrolysis of Casein +
Hydrolysis of Starch +
Utilization of Citrate +
Biochemical test Nitrate reduced to nitrate +
Formation of Indole -
6.8 (NB) +
Growth at pH
5.7 (SDA) +
2% +
5% +
Growth in NaCl
7% +
10% +
30T +
37C +
Growth at
0T +
55C -
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2) Fusarium wilto] cti¥F Z8}ubHF Streptomyces kasugaensis GBA-0927 T-3=2)

5%

7t Peldty 54 24

A A3dF Streptomyces kasugaensis GBA-09272] 3 ef3rd EAMS HES]
7] #18td  inorganic salt starch agar ¥ %tu)x](ISP No.4)AtollA 30T, 7-10d &
= odje¥dt ¥ FAbAxgo| Ao g 3aRl Azl Streptomyces kasugaensis GBA-09272]
spore chain spiraldt el& LFERGT spore chaine] EAE0jeleS H £ glgr}

(Fig. 11, Table 14).

Fig. 11. Morphological feature of isolate
A-12 on slide culture(X1000)

Table 14. Morphological characteristics of the isolated strain Streptomyces
kasugaensis GBA-0927

Morpholoical chgaracteristics Streptomyces kasugaensis GBA-0927
Spore chain Spiral
Spore size 12-14 X 20¢m
Spore surface Smooth
Color of sporulated Grey
DAP LL-type
- 52 -
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v e 85 24

Add AP Streptomyces kasugaensis GBA-0927& Z}Z ISPHiA] AlollM 33 &
¢ igstES AEH = JiFALY Hg, Fube] Adz) ojde M, J1gAd Ao
¥ T VHY Ay do] RS gIsFon JFAY NS HN r: ¢
=S Vel on FHAZL w3ty g M ASE UehidcHTable 15).

Table 15. Cultural characteristics of the isolated strain A6261 on various media

Aernal Reverse  Soluble

Media Growth . .
mycellium color pigment
Yeast-malt extract agar (ISP No.2) good Grey Brown None
Oatmeal agar (ISP No.3) good Grey Brown None

Inorganic salt starch agar (ISP No. 4) good Yellow Yellow None

Glycerol-asparagine agar (ISP No. 5) good Yellow  Yellow None
Tyrosine agar (ISP No. 7) good Yellow  Yellow None
Glucose—-asparagine agar good Yellow Yellow None
Sucrose-nitrate agar good Yellow  Brown None
Nutrient agar good Yellow  Brown None
Carbon utilization agar good Brown  Yellow None

Tl M2y R 54 24
M ZHF 2] diaminopimellic acid(DAP)$} olmi4te] MEZAMHL 313 AL t}

22 ket AEFF Streptomyces kasugaensis GBA-0927 AMEd 2] 742

¢

dl

cellulose TLC plate’dofAl methanol-water-5NHCl- pyridine(16:3:1:2)22 AH73}l2
EZEUI} Bl 23 Li-type3t SUY FXolN spot BAY 4 ggon, of

o4t 2L 2 glutamine, alanine, glycine $o] Zaj¥S Wy 4 gladc) o

¢

23 A2 B of M HFF Streptomyces kasugaensis GBA-0927-2 Streptomyces< O
2 F3FHoActh  uleld MHH®FF Streptomyces kasugaensis GBA-0927 =

Streptomyces kasugaensis GBA-0927% sttt
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=2

BE g B3 °ﬂ°lﬂ £I ’801 L}EPL}
of g *171—2— ’S‘iﬁfl o g X 5}31"51 FAHZE Aol AT ot
b7l #l38te] srtelld 2 FAIZE Hx|ntiEA Y °*Zﬂ—

o 314 gl Agolth oleat Agoly Bl Qo] 37}

A T
158 £ e 483 YAH2E ¢ AESHE WAz A =3}

BEA WA 7)ol 7)1 (parasitism), EA]  (predation), 7A=Y
(competition), ¥}*321-& (antibiosis), WA E 9} (suppressive soil), AJEABA}
%7 2W uBE(PGPR), FEAA (induced resistance)Fo] QIz|qt tjyEeo]
ol F7h=] ofgel Fzte] Byt ow gty offre LIRS sMALEE O
2 34E Uy g ool

olg] 2ZrEZolA Fusarium wilt U} Fusarium crown rot& u}aj|3}7) 213t o8 7}
A mdEEe] HEH WA mAMNZ AlgEHZ dsd tiEFHA o] uiEuy
Fusarium oxysporum {(Rothrock and Gottleib, 1981: Schneider, 1984: Shin and
Takehara, 1998: Yang and Kim, 1996) Pseudomonas spp.(Elad and baker, 1985),
Arthrobacter spp.(Sneth, 1981), Alcaligenes spp.(Yeun and Scroth, 1986),
Trichoderma spp. (Moon -, 1995: Ordentlich %, 1991), Penicillium spp.{(Lin and
Cook, 1983), Bacillus spp.(Yeun &, 1985), Sterptomyces spp.(Chung =, 1989),
Serratia sp(Sneth %, 1984)%o°] <lcl.

EY odE fl BAEHAES AEY YAE % SUoE AuEE Fe g
<d ol mAE fref YREHELS F7] ¢4 o vE) @il #HE sz
olch. Azl T2t I "ol mie tharstol b siaAl fodo] d=| o, &
3t ZpdAA E3rt AR Ro] BA ¢tdE AHEL s e} (Tanaka
and Omura, 1993). A o2 AE3 H AEL 9717 4F Ed wWigesy
Bl £2|¥ Blasticidine S (Larsen, 1989), Polyoxin (Tomlin, 1994) Ksaugamycin
(Suhara &, 1972), Validamycin (Kaneda, 1988), Mildiomycin (Tashiro, 1984), .
2|3 YA 2 HE E2|9 Strobilurin (Leroux, 1996)S0] glt}.

o
2
2.
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oheta 2 Aol Atdos 2t R AESHel iyt WA Fs O F
glo] MAWH  Bacillus subtilis Aol GBB-559-F%} Streptomyces kasugaesis
GBA-0927 #F& W2 Hujtzz H3z S&3ujasiy 9 FAEAL] i
o A& systgcth

A 22 AME L P
L ¥ mdEe E5d 83w 24 %y

1) Bacillus subtilis GBB-552] ujjoFz] = 3}

B. subtilis?| A wi2AE AES] $i3) 7126z 2 A8 wile] =L T
Table 169} it}

Table 168 7I&Zai2|& AME3led 30TC, 250rpme] ZAo|A Zghforstay, iy o &
4o izl npE oiAREERY 2 FASE ZARBIETL tAREEREL A5 el
chal Aajstelont HdFl Fusariume] 4-%o] =3l thdo] glodoma  AM#Ee] HMr} dgst
AP ol BT EZUY 42 FFY AFo) sl dEde AR Ad)
Achromobacter aceris 1F03166°| Bacillus subtilis GBB-55 CJA}AREo] 7}AF ulzlat Ho =
Trtso] Al Aol ARSIz, B2 ujg gl st %] I8 28y
o, o] AL AMFPrhlordE AR Ad U BRUTAE o]88 FHE(0.D. at
600nm) &F& BTt ULYOTL peat extract, peptone, corn steep liquor,
soybean meal, casamino acid, tryptone, urea, (NH;),SO4, NHNO3;, yeast extract,
polypeptoneo] T3] ZAlsld o, o] wf BlA{ O 2= glucosedE o|&3l%ic) BlAYOTE=
glucose, sucrose, starch, xylose, glycerol, molasses, dextran(M.W. 70,000, 8, 000,
40,000) o th3l zAbstglon, of uf U402+ soybean meal & o|-R3tgict. AHujokujx|2
+ LB broth(tryptone 1.0%, yeast extract 0,5%, NaCl 0.5%)& o|-&3lgomn HZEare

L(v/v)%2 shTh

3 Bacillus subtilis(Bacillus subtilis GBB-55)%= LJNEALE HAFH= Eo| glo

o, wRAIRE F3loll mhe} autolysisoll oj3F FUYMTSe FZAY 2T} olfR = WAkl
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B gon, PEAA ol BEUAL FFHAA o] EAFE MY Weot ol Hog il
Hof g Hd WAEAL HAEE A=t

VB WIBERP] F4E 913l WAEA cortex BAol F231A 283l Aoz o
A e F%ol2(Ca”) 3} dipicolinic acid(DPA) 2] M7t T3} 22|37 GA2]of 3t Lz}

=5 AESHCH

Table 16. Composition of the basal medium

Carbon source 0.8%
Nitrogen source 0.8%
Minimal salt soln. 200ml
0.1M MgSO - TH20 10ml
Distilled water 7 to 1L

Mimimal salts solution (per 1L)

Na:HPO - 12H20 85g
KH2PO4 15g
NaCl 2.5¢
NH4CI 5.0g

2) AaYAlFd Streptomyces kasugaensis GBA-09272] njjor
Bz} 8] 77t W4l Streptomyces kasugaensis GBA-09272] A thAjAE 2] Alabo) 4]

= RS ZABY] #3, dntg oz Waldg w2 ThEELAL gl Table 173} T2 248

#£-2 Modified Bennet ®lX|(yeast extract 0,1(w/v)%, Bacto peptone 0.2%, beef extract
0.1%)& o]-&3l33, B4 50ml-8 FFA]8Ho| glass beads( A7 5mm) 3071E Wi vjskd

w3 FAPE o] LA =5 et o] vIPES HIHUOE 2(v/v)E ARSI
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Table 17. Comparison of antifungal activity by Strain Streptormnyces kasugaensis
GBA-0927 on the varcius media.

Ingredients(per P D , K F )
) . . G medium ] . ISP No.4 medium
liter) medium medium medium medium
(NH4)2S04 2g
Beef extract 10g 1g 1g
CaC0s 2g 2g 4g g
Fish meal 12.5¢
Glucose 20g 15¢ 20g 20g
Glycerol 10g
Infused Potato 200g
K2HPO4 0.25¢ 0.25¢ lg
MgS0, - TH0 lg
NaCl 2g lg
Polypeptone 10g
Soluble starch 10g 25g 10g 10g
Soybean meal 25g 15g 12.5¢
Trace element’ 1ml
Yeast extract 4g 2g 4g

pH 1.2 7.2
Antifungal

oy 19mm 12mm 10mm 10mm 12mm 13mm

activity
Sporulation NO NO NO NO NO Yes(white)

* Trace element per liter : FeSOz - TH:O 1g, MnClz - 4H0 1g, ZnSO4 - TH:0 1g
¥ Diameter of clear zone against the Fusarium wilt isolated
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™~

BUFE HMe A wiA sy W A A3}

= MY AzelM = A¥YFoT AubH 73 3P4F Streptomyces kasugaensis
GBA-0927 2} Bacillus subtilisAl®] Bacillus subtilis GBB-558 ufo¥slo] ial|e} T83=)
T el AAEE 913 AP $3stdct

A AR oS FFE TS £ FUEY AR BA Y] SIS 9|3t A=)
& A7) $Iske dAZE BAYS Y 5 s ek masldD, 8] ALo= gt
A3 ATt Bol3t MEE o] 83k AAE A 913 AP S35t

EY ol HUYTEZZTE wEolAE A U UAAHAE FRolA ALgE ) 7E ok
2}e] &, E= B oY JHeEL ERRER} 5] okl ofst Ulg AAE AA|skAT)

3. Streptomyces kasugaensis GBA-09270jA] Aitx]= YA E2 o] Ea| . A

O
oN X
I

A3 Streptomyces kasugaensis GBA-0927o]|A] AjAls] = %{"‘3“’22] 7
g ol BEEUo] #A Wlet o] o= A Exfsh= R ARE oy ¢
5“*‘] 418, 000rpuef| A 1027 UM E2] F 457 ZAE Eelsldct. £2F542 3

3 MY 9 [dAEEIEt 82 FAo) Heko) acetoned HIVsle] R A7
¥ o 2}sle] acetone FE2 UG P o|F HE3}] acetoned HABII FA HZ
& Qoth FAS Teltt H5AY Wi of oole] Wy A sl VB
&2 AF-F HAstgh

. i}

2) 4= e 2=0f & 3

"= AES Z7e] pHE RH3II 4TollA 24412t YA F o] F THA] pH 7
2 23t BYS 247 F43tdct

BUEEY AEE YAEYE 2 R0 A ARFUL AU RS o
st "ol A FEE Rl & EAEE AlsE i)

3) o]&x¥} F2A] column chromatography

BEEE AEE PH 3, 7 2] 1022 I ¥ o FFH ¢-Loleads
A D FHEAE AT BHEU ol LW U B o £§ ATstATh Fol2
2% 219 9o QlolNE pHE 3, 7 223 1022 7] Lhro] Wt om oo
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SR fFA Y] BFte= A Y pHEsol RH pH 3, 7, 1054 H=ddte] g5t
SA20AP(OH™), SA20AP(C17), Amberlite IRA 45(0H), WK-10(H'), WK-10(Na'), SKIB(H")
58 ol 2xF2] 20 nlF 1x32 cm columno] &g ThS M 2|8t kg pH 3,
7, 1028 st FaAZch sxlo FAH BAL o2l 2o aBH
glst7] Holl, 82 +A&%Y sl 71 A ol2uHo] HA|gte ELES
%—5_’—‘1 xﬂ%l - 8270 F 2zb& acetic acid, NHOHES] Lo & A}g5o] whata)z

C}. 3 2]e] B HP-204X|E AMESle] pHE 3, 7 el 1022 Lyo] glet
2 Ho*ﬂdai st o 100% 2-propanol (IPA)E &itslel WA EHe] £z AE
S &HAstalch

4) BujF&4e 2E

Streptomyces kasugaensis GBA-0927 T3 ufjetlofr] njetojal & Zo}l 100 ml®
2|5t pHE 3, 7, 1028 ZA ¥ ¥ %32 hexane, chloroform, ethyl acetate,
1-butanol & 7}3tq 1A]ZF ZtA 02 33 o] HA vty &3 F {78033 255
wg|gtd ZHe&sted AE S S stgch

5) Silica gel column chromatography

Buthanol%-& sodium sulfate® A7 o 3F the 7He&she] 439
methanolof] o] silica gel column chromatographyd &}7] €3t A|B2 AM23}dc}
Silica gel 400 miE 4x30 cm columnol] 2L 2] ABE 33}
chloroform-methanol 8] Z4o] 1:42 Z¥H RujE o] &3te] fe]sar).

6) Prep-HPLC
Silica gel column chromatographyols] «dojzl T EHS 7Ht=Rsle] 40%

methanolol 591 #F Prep-HPLC column(Water Delta pak C18, 7.8 x 300 mm)oi
injectiond}il 40% methanol g o] EAL E3dte] dojzl HAHEH LS Ha|slac)

Al 3d Ha g o
1. A% u|dEe] F7E 29 g =24 49

1) Bacillus subtilis GBB-552] ujokX| & &}
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B. subtilis?] A wYzAL HESD] 3] J|E2ur 2 ALY uix]e] 2L ¢]2]
Table 168} Lt}

Table 162] 72wl E AMS3le] 30°C, 250rpme] Z7old Atujoralais, sl o =}
&2 W\ nhE ciARbEREz FASE ARG IARIERAL AlSeY U
chEl ISR oL (AR Fusariume] A0] =31 thdo] glglomz  Aldel xrh Ags
AP ool HLAGHTE TS 42 ZF Mol oy FHL =z Az,
Achromobacter aceris 1F03166°] Bacillus subtilis GBB-55 tjARIEo] 713} vizist Ao
sk o] AL Aol AMgetE L, $FHALL vl AlFol tiyt FHBe 252 F461d
20, #9 AS2 HqYzhlobdg AMBY AFs L ERYTAE o] 8 FUE(0.D. at
600nm) F¥& HH3IArh ¥AQYO T peat extract, peptone, corn steep liquor,
soybean meal, casamino acid, tryptone, urea, (NHq)2S04, NHNO3, yeast extract,
polypeptoneo] ts] Zilsldom, o] uf gtAYO L glucosed o|-R3}%r). thaglosn
glucose, sucrose, starch, xylose, glycerol, molasses, dextran(M.W. 70,000, 8,000,
40,000)fl cisl zAISIHom, o] uf WAPU 2L soybean meal & o] R}t AHujonjx|E
= LB broth(tryptone 1.0%, yeast extract 0.5%, NaCl 0.5%)& o]&slglon] HZEZare
1(v/v)%2 3igTt  o]4fe] A2 HE glycerol 2} soybean mealo] EhAIT} 2 aglo s A3t
Schal BickE] ool Table 18, 19).

3™ Bacillus subtilis(Bacillus subtilis GBB-55)= LjAZA}S HAASh= Balo) glo
o, HiSAIZEe] Foll whel autolysisoll 93t G T2 FAT AT} ojgy A Falo)
.]

dEEon, AU v]FEUAY FFHNA o] EAFL MY BRIt U= HOT Tt

Hol EHA HAEEZAb BHE F=stach
LY WBEAL F4E 418, WEEAY cortex Aol 22314 Lg3le Ao Uy

A ol F4ol2(Ca") 3} dipicolinic acid(DPA) ] A7} T2} 22|31 dAe)o) &g A=}
FEE ZESMACh WY 250l AH2(60THM 3087 Hz] T 80THA 1057 M)
3 Bl viA] Y] ciabibERAdo] S48 Zashs 84S UERAQLY] wiSel &-go]| £}
¢ Ao R, 4ol 9 DPAY Hrlol &3t AL SEsldr) ca¥ olee

e 27] £ wle S0 ArllAE F 23 TSR] 2 Qe 2] Ugou)
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DAPS] 7ol ulak2T]ol wixlof A7SHe CHAMIER S 2A NSt o e e Iy 3
ol A7bslod CIAMIBRYT HBY UAEAE Rttt

Ca¥ o] =7} EAR Aol nlAe @RS ThY Table 202} Z9iTh

4718 A2HE Ca” ol FEY FUlol wiel F 4T F7IEE AL Holr)
20mM o]gollA Th Zisdhe FBE VEhilen, 4 ZxE & ol EAPggEol vtk g
oizluh Eaprl 7MY w2 10oMo] HAQl FE2 ALRE|Zlon, ARG Yl o] FEE A
£3tch.

ghH, DPA SV} Ealydol nlxle 3L, DPAE wled 27lol wiale] WAl Wolst e
A5} AR o] TA AAEE dao] BAEIR 0TS (Table 21), DPAS] HFHAIIE 2
Bslglon, 1 Azke thee] Table 229} Utk

He| A2 HE HFHoT dojle ExprE wieF NALFE 12~142]2lel] AI15te Zo]
71 A3t o mitiEjglon, FAle] Aol FHAL FAEL} UJAERET} A
& o+ olddch WAHSAL g JHALFE 42 E AL 62 Tslet 82| Tll9} o]
U4 HITE ZEEARE G A8l & 3 23S S o + ek

3, H71Shs DPAY] 5= AA17] #1380 wldF 104 Tloll The] Table 2231 2 &
T AL 20A100ef et EAE ZARIKCE 28] A2 RE DPA sl F7)o
wiel §YHETE thh Sk Fye] HAot ZAFAHEE st A ekl
of of thabhEd-de] k= A FAlY ol ulehd] chrRbERAE ) Ad BE
B3} 50 uME HIMs =R ZAASIACL

ghd, gte] ANES Aok |EuliR]o] AP OZ glycerol, HAYLET soybean
meal, Ca” 10mME H7I5t2 HEE 5(v/v)%E o8-8 30L ujodel]l olojAe] 7|3 Hske v}
2] Table 230f Aelsldc].

el ZA2RE Fo 450 ulet ciARdEH 0] S8 pHE The Zh4sich 21 A4R
Zolofl F7tH = B Uik wiek 104120 DPAE B7I3taS o, §&4t4Tt U1k
BEE Uehlet, ole FUFA AR ol DPAY Hlef o3 St oeH FUgFAAE
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off &It BE4ba] 4u]J} o]HAA] &S nldtn, FHEL] F7M= FUSAUNTI} YA
AtE9| ol ulE Aoz AciFigie), Fapde T4 DPA HILF 6-104 7ol AE= A
AR b e

Table 18. Effect of nitrogen sources on the antifungal activity of B. subtilis
(Bacillus subtilis GBB-55).

Nitrogen sources Antifungal activity”
Meat extract 18
Peptone 16
Corn steep liquor 15
Soybean meal 19
Casamino acid 15
Tryptone 12
Urea 18
Ammonium sulfate 18
Ammonium nitrate 15
Yeast extract 16
Polypeptone 16
Control 14

* Diameter of clear zone(mm)
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Table 19. Effect of carbon sources on the antifungal activity of B. subtilis

Carbon sources Antifungal activity”
Glucose 19
Dextran (MW=70,000) 16
Dextran (MW=8,000) 20
Dextran (MW=40,000) 15
Xylose 12
Sucrose 20
Starch 19
Glycerol 24
Molasses 17

* Diameter of clear zone(mm)
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Table 20. Effect of the concentrations of Ca® ion on the sporulation of B,
subtilis (Bacillus subtilis GBB-55).

Concentration of % of spore Antifungal
2. . Vegetable cells Spores ] g
Ca” ion formation  activity
0 mM 45 x 107 1.0 x 10° 22 19
5 mM 53 x 107 16 x 10° 30 19
10 mM 72 x 107 34 x 10° 47 19
20 mM 49 x 10° 2.7 x 10° 55 19
50 mM 2.4 x 10° 15 x 10° 62 17

* Diameter of clear zone(mm)
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Table 21. Effect of addtion time of DPA? on the sporulation of B. subtilis
(Bacillus subtilis GBB-55).

Feed at at at
dme at 6hr at 8hr 10hr 19hr Lahr Control
pH 6.5 6.8 7.0 7.1 7.2

Vegetative 80 x 50 x 80 x 1.0 x 20 x
cells 107 108 10° 10° 10°

1.0 x 2.0 x 40 x 20 x 20 x

S Yy
bores 10° 107 107 108 10

pH 7.4 74 75 76 15 7.5

After Vegetative 20x 20x 30x 30x 30x 20 «x
24hr cells 10° 10° 10° 10° 100 10°

Soores 16 x 15 x 15 x 25 x 25 x 90 «x
po 10° 108 10° 10° 10° 108
Fungal

Cx 11 13 18 18 18 18
Activity

The concentration of dipicolinic acid added : 50ppm(30 ¢ M)
Sporulatlon was induced by heat treatment at 80°C for 10min
* Diameter of clear zone(mm)
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Table 22. Effect of the concentrations of DPA on the sporulation of B. subtilis
(Bacillus subtilis GBB-55).

Concentation of Vegetable Spore % of spore Fungal
DPA cells s fromation activity”
0uM 52 x 10° 2'1209’( 42 18
11
1254M 25 x 10° ng 44 18
12
25 11 M 17 x 10° logx &5 18
13
50 M 15 x 107 109X 87 18
11
100 2 M 14 x 10° ; ng 78 18

* Sporulation was induced by heat treatment at 80°C for 10min
¥ Diameter of clear zone(mm)
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Table 23. Time course of the B. subtilis on 30L jar fermenter.

Time Ohr 4hr 6hr Shr 10hr 11hr 15hr 20hr 24hr
. T
pH* 6.86 686 64 6.86 701 7.09 7.19 7.23
ODs0onm 47 67 71 8.2 8.3 12.1 15.6 142
15.
D.O 39.1 7 15 01 DAPY 0.4 2.1 25.4 246
of
0.1x10 99O 42x10
Vegetative cell X no 12x10° 38x10° N 20x10°
9.0x10 3.4x10
Spores” ;( 9.5x10° 2.0x10” ;( 1.2x10°
Funga
0 12 16 19 19 19 19 19

| activity”

T he concentration of dipicolinic acid added : SOpM
Sporu[atlon was induced by heat treatment at 80C for 10min
* Diameter of clear zone(mm)
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2) ZskbdF Streptomyces kasugaensis GBA-09278] ufo}

vjzle] {71 vhdF Streptomyces kasugaensis GBA-09272] HACAMIEL] ite] olx]
= F¥E AR sla, Uit e uPdd-g viA 2 tHESaL Sl Table 172} 22 2449
B2 & o83l ufgo] ulE HgcirmhEg St ciiuierE S o83t ARl AN
£-2 Modified Bennet BJZ|(yeast extract 0.1(w/v)%, Bacto peptone 0.2%, beef extract
0.1%) & o]83te3, B4 S0nl-§ FFAIEHo] glass beads( A7 5m) 0NE YL ¥i3l
T4 FAFEto] Ao e g Fect ol MBS HFUOE 2(v/v)E ARESIScl

AP A2 BRG] A4 P uix|st st o, EARFuix| 2= ISP No. 4
a7} 2<dtadt. wheld PRl AAjuforg vl R o]-83tgen, ISP No.4 Hiz]e Ui+
do] 7 EALE €7 T TAPEAME wiAR o] &Sl Zeli FFBPEHL A%
227] ¢t B dFdoiM BaEel 52%9] culture collectionofld  ZA3pipd
Streptomyces kasugaensis GBA-0927¢] Ajabsh= HAjrRRBEol 713 gt

% r%J 5@?

Enterobacter aeroginosaZ test organism® E =3t}

AYAeld Mz P ouA(FAe AAT A 100g MESZ 121TolN 1417
autoclaved}s AZE olgslo] AL the, ojafole] T 20g& W7l HEHIE ILE
ZHYCHE ol-83to] wjokalzio] wh chalkEel A4 WU A ThR) Table 243} 2
k.

ool whE FATE pHel MEhe WAURA] doton, WAPCfAMIES v 604 FE B
=] A3ksle] wi 4dmloll EaslE S vehiigich Tela sjei el TR igE
o] AP AHL PAEA] sich whetd oA wigS B W iAREES] AA(GA]) = wieFA
ol 1 PEE 7M + & Fo T uiniglolul wixle] Azt Faf Wririas] A
& o)1t chEat T iz A=At Al 3 S| e[ 2= Table 2591
& 249 wiA & J1EuA 2 of&stdth o] ujalE o8-8l T, Ui, FH0l2 T
goiabd gl miAlE 2%E HEsisch
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Table 24. Time course of the strain Streptomyces kasugaensis GBA-0927 on 5L

jar fermenter

Time 12hr 24hr  36hr 48hr 60hr  72hr 84hr 96hr
Fung al‘ - - - - 11 13 14 14
activity

* Diameter of clear zone

Table 25. Basal medium for sunmerged cultures of Strain Streptomyces
kasugaensis GBA-0927

Ingredients Concentrations(w/v,%)
Carbon sources 1.0% 1.0
KoHPO4 0.1% 0.1
MgSQO4 - TH20 0.1% 0.1
(NH4)2504 0.2% 0.2
CaCOs 0.29% 0.2
Trace solution” 1 mi/L

* Trace solution contains 0.1%(w/v) FeSQq - 7H20, 0.1% MnClz - 7TH-O and
0.1% ZnSOs * TH0

0

d 7128 A|E o] &3k AAgdo] WF Streptomyces kasugaensis GBA-09272) A&7}
BAAREE Al A 93 vladES A3} vk Table 269F Zokt,

%5718 AHAZRE yeast extract7} BATARIES] Aatol J1ak 22 WA o BT Y
£, peptone, gelatin hydrolyaste, soybean flour, corn steep ligour &% HAItjARE
29 e FUste Foz whiErh ol Al Adols AU T 7] Euhx|of
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yeast extractE F7}5}7|2 st
Th O 2 Streptomyces kasugaensis GBA-0927] A3-8-3} ZAIT)AMME2] Alate] ojx]i= €l

2ol chsf HESIGCE ZAabe chde] Table 273 29kt

Table 26. Effects of nitrogen sources on the growth and metabolite production of
strain Streptomyces kasugaensis GBA-0927.

Activity*
Nitrogens sources Biomass
Fusarium sp. E. aeroginosa

Urea 0.54 --mm -=mm
Beef extract 0.68 12mm 13mm
Gelatin hydrolysate 081 20mn 13mm
Polypeptone 0.85 12mm 11mm
Soybean flour 1.15 20mm 14mm
Casamino acid 1.00 18mm 14mm
Yeast extract 0.90 22um 15mm
Peptone 0.93 21mm 14mn
Corn steep liguor 1.04 20mm 14nn
Soytone 0.80 19mm 14mn
Tryptone 0.98 18mm 13mm
None 0.53 13mm 8mmn

Inoculum size was 2v/v(%). The cutivations were conducted at 30C and 200rpm
for 4 days. Biomass means the g dry cell mass per 100m¢ of cultures. Nitrogen
source was 1%(w/v). Carbon source was 1%(w/v) of starch.

* Activities : diameter of clear zone
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Table 27. Effects of carbon sources on the growth and metabolite production of

strain Streptomyces kasugaensis GBA-0927

Carbon . Activities
Biomass
sources . }
Fusarium sp. E. aeroginosa

None 0.42 10mm 15am
Kylose 0.48 10mm 15um
Sucrose 0.80 20mm 16am
Starch 0.81 23mn 18mm
Molasses 0.76 21mm 16mm
Glucose 0.82 18mm 11mm
Lactose 0.47 10mm 12mum
Glycerol 0.82 18un 14mm

‘5718 AARRRE Lol ohE Fo] 82 F Ao)7} glalou), BAARIESY] Make
ErARI 08 starchE& o] &3I9S o 7} $9+7, sucrosed} molasses® F2}2Q) EbAglo
stetx]gltt. xylose®} lactosew WAl F Streptomyces kasugaensis GBA-0927o] 2]3f o]-2-E]
2] XFEE F2 ASE ufe Wi chAREEAES ALY ST AME3Y yeast extracto] 7]
e o ek BEAMIES] BAYECHs Aagdo] o W Qg F= Ao nitly

gl

Cho 2 7]Euir]ofl AUy §IAY O T yeast extract@} stracho] AJIH ujx]E o]
8lof, otefle] Table 283} U2 F&o]2o] B Streptomyces kasugaensis GBA-09272] A
3 BriarEel nlale G3e ARG AHlEE 245029 s ImMojglon, &
+ BEEolAC
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Table 28. Effects of metal ions on the growth and metabolite production of
strain Streptomyces kasugaensis GBA-0927

Activities®

Metal ions Biomass
Fusarium sp. E. aeroginosa

Ni 0.93 23 18
Mo 0.90 21 17
Cu 0.97 22 18
Fe(I) 0.99 22 17
Mn 093 23 18
Co 0.94 29 22
Zn 0.98 25 20
Fe(I) 0.90 22 13
Control 0.96 23 18
Control(B)’ 0.85 18 14

Inoculum size was 2v/v(%). The cultivations were conducted at 30C and
200rpm for 4 days. Biomass means the g dry cell mass per 100m¢ of cultures.
Carbon source and nitrogen source were 1%{w/v) of strach and yeast extract.
The concentration of additive metal ions was ImM.

? Activity : diameter of clear zone

¥ Basal medium except for trace solution
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71 2uiR|oll A G502 AR chzAolde 232 ULtz HFle FAjgfe] tia
8= FFE B, IR ZE HrlEle Fole] 2 S AR ¥4 o
£ RS F= A0E AFon, iAo MUY FgolE F FUE(Co) 27} o2
Yichabee] 2 G niAle ALg wkbgget old(Zn)E B ciAEA L Batel] o
= B7F olgleh. ERE RAR F40l2F BAIAPIES] A AsiEhs o] e R
2 qch=adr

ay

[e.1]
ﬂ;

ol4te] AR J[EuAlE o]§Tlq AU, vhA{d, Fdolo] WF Streptomyces
kasugaensis GBA-0927¢] A% U ZAchrMbE Aitol ulAle F3e ZAR A3 Asgde
yeast extract, RFARIZ starch, F4ol&2 IUE(Co™)o] 714 2=e] gQlog Falx|ql
th,

2. A HNRE HEAA of A g W AA )
1) Bacillus subtilis(Bacillus subtilis GBB-55)¢] =%}

ARuEES BEAAZA AAjEslr] 418 A nEEUA Y FFANN &2 TLUE
ot tHARPERES RAlsh=tl o wiy A 3te] Azbge] whe Rt wintEglon, A
7] WYEE o183t theo] Table 293} Zo| formulationdle], A& AP Alxlstdct
PH, oldSAHA(AA) Y Bd3E AP Fol 9len, ZAzps thee Table 308} .
e AHERY ZAPYRE SESHANAY dAejol g3 ZAHHFET} ol
2|, o] Hdadt tAbEEge] wie AstEE o 4 i3, DPAg} Ca¥lofl )%t
=7} kAo, formulationd] AHEH FHAEE AAd] & F¥L n
2] = Aoz ekt
g, 2 Ao A8 B subtilis(Bacillus subtilis GBB-55)& whulal Esjiiss}
o

o] Pt §Yo] glong, ofF WEslaat felo AdYn WHR WAV gl
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FAlA HZIEE UE HIR|(BA O/N ratior} 10~12:12 44 9l2)E ujomlz| & o]&
Slof A FEEE, o] wiorES EUNRAE Qe HFE AMRE ] 2 zeoliteo] FAEl] ¢
A Fehe] o EEAAE rEoiR A} A =3hgc).

A FREHNA FFLL vlA] 3088 BAYS Petri disholl 2% WA EF ¥ the, 30
3} autoclavedtil HufPE-S 106/ml 8] FEE M the, 5ol FER L wiz|Edo] 18
=EF AFIL 30TolA 36213 whg3t TR, FEFF4E ol8sle] W ol Fulx)
9l g AETE FBSCE v w2 A71e) ANulrg uixIh Ful] 30%, KiaPO
0.1% MgSOs - TH 0.05%2 195 A E o83l Iaufofat fAulore] Yetdg A
E3taAt stglt. 22|31 Fux] A o 83ted whgRE wjofES 1 St zeolite 10 FE
FH - A - 38 A uEEAAE BESC) o5 cis) Zzhs thed) Table 313}
.

¢

a5

%271 A}25¥ B. subtilis(Bacillus subtilis GBB-55)& QlAto 2 A=jz}al AL 2}
At FH|RE o] &3 IAjufoke] fAujoro] Ajujoke] H|FlY Hr} FUET} B un]WEUA

£ F3Y + Avks "ol AAgel g Ao wkslgc)

Table 29. Formulation compositions.

Ingredients Percent Functions
Cultures 87 Active ingredient
Glycerol 5 Thickner
Sodium chloride 5 Preservative
Potassium propionate 0.3 Preservative
Sodium sorbate 0.2 Preservative
Methyl parabenzoate 0.1 Preservative
Tween &0 15 Dispersant
H2504 pH4.5 pH adjustant
Final volume with o 1L
H-0
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Table 30. Stability of the formulated microbial preparations.

Preparation S e Initial/cbserved Observed Fungal activity
am
Date P cell numbers date  (initial/observed)
Sporulati
98/10/31  on No 9x10%/7x10’ 98/12/30 18/17mm
induction
Heat 1x10°/5x10° 98/12/30 18/12mm
DPA + Ca” 1x10%/1x10° 98/12/30 18/18mm
Formulatio
99/01/25 ; wiaton g 10%/5x10° 99/02/02 18/18mm
5x10%/3x10° 99/03/20 18/17mm
5x10°/8x10° 99/05/07 18/16mm
Table 31. Comparision of the submerged and solid culture
Submerged cultures
Solid Solid
cultures Basal production Bean-curd refuse preparation
medium medium
Cell 16 ) 9 )
2.5x10%/g 5.4x10°/ml 4.0x10°/ml 2.4x10
number
t' *
Antfungal 18ml 18mm ND
activity

1) Diameter of clear zone
2) ND : not determined

3) Cultures was diluted with sterilized water into the equal volume of Bean-curd refuse

medium
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2) 13l Streptomyces kasugaensis GBA-09272] =|=|3}

ok Zi3keldd Streptomyces kasugaensis GBA-09272] 2|Aufjerz=AoA vl wjskE
717t BEIPHEAM o8 4= QI F B o T AjH 517 915k, ThE9] Table 323} o] B

ZAE o] 8% BEY(IAYAT 2ddR) g ZAISIATH

i o
o

371 AAZFE EEAZ propionic acidd H7BM= ol AFY AL fAsted =
20] %0, Propionic acido]] lactic acid®} ethanol & 2713t Al oM x £ A3t
o] Ach,

3, ciARhEET gl R Eape] A4S AESAL dAMIE S ARSI B
SRR njBE TS ATY £ A vermiculite(3 7 3~5mm)E HAHE AHE3}
o §71°8& ole Vol ARt E 1isle] ottt AM, w7} Je| §5 10 18 3]
2 ZY RS, 4719 ISP No 4 viA]e] HE5& 0.4 3] Soff 83lsle] Frlsigdct 2
Bl EUE 15085 BLY + e 28 kY BUlo) 5 thE, 121TColM 3023
autoclavedt ThE, 4J7] P vix}E o] &3d}od wjofgh vfoyls 10008 343 ok, 10me%] H3:
stk FEE sl E 30 TAM AHrigE 90-95%8 2AS A 5 e B2YEVE o8
st 1Y 13] 5o FEA 157U A ufd3tdnt eSS SA3 2L 5% o3t
ZAgt & EEle] Alufodel ot it AR stdon, AlgH Aol AFstdct vl
%} Fo AR == 10° cfugoldct

81 B subtilis(Bacillus subtilis GBB-55)&} HWM- Streptomyces kasugaensis
GBA-0927¢] WiQYEEHE] ol 4 U U AAS B A8 of, 71E2] gAY
o] BE Ex E8Y A% 7hs73E& 2AN] 913 olele] Table 333} 22 ool chat vhdH
£EF AABIHct AT FAREREA Aol dAskE FRbTE 28 2 ko
chste] FohldS AAISITh 2zt sk RShe PDA E= LB iR} Aol e B57FF
Sl e Ftcl. 2ARE AbdAet AzAods 22H(F) & ALt
7R AR viE e, AddA2] Ffols, T8 Ev HE& Aol FAY U olE Ae=
sickel, H3) AA sl o izgo] &2 Zo =2 wintEglct

fr
ok
b
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Table 32. Effect of the preservatives on the liquid micorbial preparations

Observations®
Presevatives Concentrations Gas
.y Contaminations Result
production
Acetic acid 0.1% + +
0.5% + +
Lactic acid 0.1%% + +
0.5% + +
Propionic acid 0.1%% + +
0.5% - - Good
Ethanol 1.0% - -
5.0% + +
9 + +
m-p-methyl- 0.1
benzoate 0.5% . .
Acetic acid 0.1%
+ +

+ Ethanol 1.09%6

Lactic acid 0.1%

+ propionic acid 0.1% - - Good
+ Ethanol 1.0%

Control + +

* Liquid micorbial preparations were preserved at 30C and observed after 1
month.

The initial pH and the activity of the liquid microbial preparations were 4.5
and 25mm,
Y + ! positive; - © negative
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Table 33. Compatibility with some chemical

Strains

Actinomycetes
Streptomyces

Bacillus subtilis

kasugaensis
GBA-0927

& A

X X X X

T2 FEE - o A(F)

2] F-E| 7L E(F)
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FE HAY A} FA el 30x st Exfstded FA ol uoR] 70%7} Ex)3)
Adrh olE2 FEEE 5t TICE M3 E o ¥4 EH] 2 - &of] BF
= out, FAUL] AMEe F¢ FEEEAY tE FHEES oiFURIIn

Slo] faE2 SEdrtE Rot ohg Ade| o]&3t At

2) Streptomyces kasugaensis GBA-0927of|A] MAlE|= A EZHL pH 2 %o u}

EEEd pHoll iRt APEE AEY A Ayt ofdze]d dHolA vy
LFY BEES RISk Zo® el 3 60, 80, 100TolH A|7hEE 2% obH
B WHY Z3 10ToMe A7 271832t wlasted 90xo] Aty g
= UEhAZlew 60, 80ColH WAE Fs 1AM FFslo = B HAS
Holx| = A& Uehdo] £ 842 vjad do 3T EFUS o + ALk

3) Streptomyces GBA-0927of|A] AB4te]l:= HAEA Y LufjH&4

Streptomyces kasugaensis GBA-09272] ujofqd -8 pH 3.0, 7.0 22|31 10.022
Z723% % n-hexane, chloroform, ethyl acetate, butanol& AME-3] z}z} 33 nviE
FE3l] UL #7] &S EF0l FEM= BEESHLY BES 3T A BHE
Aol pH 3.00f4 butanol F-of To| &xYst= AHE Hgch

4) lon exchange and adsorption column chromatography

ol ¥ 2| U FA F£]of cfsiM e i o] st
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i
.
X
o
oY,
<o
2
32

= o= pHE 3, 7 223l 10282 Zt7] Lpo] 33t
oo ofo] a2 Hee £2 pHEelol WA pH 3, 7, 10 FollA Ml A}
f£3}%dc)  SA20AP(OH), SA20AP(Cl), Amberlite IRA 45(0H), WK-10(H"), WK-10(Na'),
SKIB(H') 5¢] o|2a#+2] 20 mlE 1 X 32 cm columnof F3 Thg A 2igt wjody
= pH 3.0, 7.0, 10.022 zH3lo] FAZCE Ao o|2a#H FUE ol2uy
A¥AEIBEY] Hell, 22 42830 58l IS FAAFA 0l2aBo] A
23] A3 - 822171 ¥ 22hE acetic acid, NHOHFS] RulE AH&s)
st zich F2 219 F 9 HP-20 42§ ARSSted pHE 3.0, 7.0 2] 10.02
2 UPro] glof 22 whHog stgon] 100% IPAR W3stelct
Y4 EH-2 SA20AP(0H )& AME-31E& wh pH 3,004 o] 22 o] dojrix fej= el
pH 7.02} pH 10.00f M= o] 2m3o] dofubz] Qkgkrt. SA20AP(CL7) 2] Z-Fol= pH 3.0
A B gL dF7 ol 2uo] T oLt pH 7.02f pH 10,0014 = thF-2o] F3stal
T}. Amberlite IRA 45(0H )= B EHY tifgo] ol&a®xjgor}, Belxo] L]
ofotth  WK-10(H')2 pH 7.00]r HBAHEH-L 3 o|2ao] dojitx] dgter, pH
10,004 = dFqh a%o] dojytrh WK-10(Na")oflA{= pH 7.0, 10.00)A FHEEZS] o
Huto] m#EdTh SKIB(H)L Z9E= BEYEIY o477 aBs3 LeFsdch HP-20
o] = pH 30004 FaEo] &3 100% [PAZ Be|siale of ©X&= worh e
Ll pH 7.000M % FE2go] wotoLt ©ago] pH 3.0ETt Siok3 pH 10.08] He+= &
Zat ghto] 2 x]x] QftTh
ojel Az HE eSS dAFelst FAE AAY F, pH 3,022 2H3}o]
HP-200] BEEAE 317 F [PAR £eIBin2A BEAOE 55828 HASIE &

2 + 92 o2 AU

2
rle _\9.
Mo ok
Q.
!
"
3‘*

£ 82

5) HP-20 adsorption column chromatography

HP-20 &3 42| pH 3.001M #EEdol FHHAI] wlFol HP-20 F +A&
A dyol YHER dFAE pl 3.0 22 2T Fof FaASATh WA FHTE
Aol A FFE = o] FLtex] U wWrpA §2iste E¢E& AAL FH
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H EUL gel3tr]9iste] 30, 50, 100% IPAZ &2l o2 F4& WIHAIIHEA ¥Y
AlZich ci¥-2e] BEEHE FAo FHF Ao 50xIPAR B2[sielE o Y EE
o tiF-Eo] &&EUTL 50% [PAdA HAH HPEYS Bo} cF A AL A

Bstact.

6) *71-8ul F&4

HP-20 F2l4%] columnofA 50% IPAZ ®2tA]7] ¥4 EY & rotary evaporatorE
HdsEst] IPAS FUAZ Fo| O3 48] pHE 3.0, 7.0 225 10.00% ZHY
%] n-hexane, chloroform, ethyl acetate, butanol® A}-g3) z}z} 33 whE FZ&3lo
L2 f718ulFt EFo AEShe BHEAUY L FHY A EEH] o
3.00f4 butanol Fof Ho] Exfidl= AAE Bodch mlebd BEEELS AMEEEY
S ¢ = gl2it}l. HP-20 adsorption column chromatographyoliAe] #4EHE s
&3to] IPAS AHAY ¥ pHE 3.02% =Hdte] F9 buthanol ® 33 F&3TL
T ATl AFEEA] Mol vf¢ BH3| WSt emulsiono] B7A] UE
5 3 o ZstA dwstden, AW NaClg 7isted 32 22E 4¥EsHA 3t

oich

7) Silica gel column chromatography

Buthanol $-Z scdium sulfate® ®A|7]32 218 o}  ZgER3dle silica
gel column chromatography& 3}7] 913t A8 2 AME3tgc}l Silica gel 400 nlE 4
X30 cm columnoj] 23 $18] Al & £33} chloroform-methanol®] ZAJo| 1148
23 &ukg o83t &elstadct. &&H HHEH cisid EaFA AEE Ay

stedch

8) Prep-HPLC
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Silica gel column chromatographyolla] @oil TR 7HPe&3te  40%
methanolofl %<9  F Prep-HPLC column(Water Delta pak C18, 7.8 X300 mm)oj
injectiond}3l 40% methanol-& o] FAto 2 5}oq TS Fesldey #Hxy pxzg

g 3l3ted 77| RS Amsn Yot
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M5 & duolgao S U S8l FEHY

JHE

-

2 IR FY EHsEY P 2G| 3 LFEF] U} F
o] RFE7IE 3 ZtF dulolg Ao o3t mEirt FF5 3 FAMlolct ol& ¢
HlolgjAe ¢ A8 BYTIAE "ol =l A HAA ddo] He AL & EF
gsto} 2Hujolo e T Y Foholzkx] A@sle] FAYOZ Atk £US 2
stAl Heoh Baztz] £ AR dulolgAe oF 30 FOoEH (Zettler
5. 1990), olFoA LEEZEAH &% dlolalA (odontoglossum ringspot virus:
ORSV)2} AHlT]& RExzjo]aA dlo]glA (cymbidium mosaic virus: CymMV)o]T}
(Bodnaruk and Hennen, 1979: Hu %, 1994: RyuSs, 1995: ' % 1990: Pearson and
Cole, 1986).

dlol{ A2 BIAAIE Ao E7bsdt, uleld mEE Folv WHS 3
471217t od=lA olct (Matthews, 1993). HzjE vlolgix A3 Y AEE FFdte= 2
ol Exle= wiola|AE wisfste 242 YAUSEHN vlolgia HHE A=
Zolth A Hmlls dAe|ul AAEE ZAISUY2LEN BFYFE it st A
olH, Ul Hzl= BHY kS T3l o|FFE AAYLEHN HALE Z7|o A A}
= Wiolth. vlolgjiEs 3] L o] B x|zt FulE AXHEA vlo]
gl ool F7tEe] FElE dod 4 glomg Hcol FEsta Tl kol
idElojof & Zolrh @z el M Cymvel ORSVE] Zitloll: o8 7ix] 3 ¥2Ql
W3 RT-PCROI 2f%t Zcto] 2 ARE T Qe=d (¥ 5, 1998 & &, 1996)
= Ad¥olMs Bt Z&AA tissue blottingS L3} o] & o|&3le] AHFA|A
off M 2juiE= o2 REl ¢ 27HA] dlolg|Ae UEFEE dotR ux} AAIstATE

J=
2
lo

]

k-]
L4

-

|

A 2d Az g Uy
1. ol F3igt vlo]g]A 5 gl tissue blotting® 7ju

1} ol F3lgt wiolej& 57
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7h. FAAE

AZES] U Sl U4 A B A4 voldls BHOE Mok Al
£4 3% 2w B3 U2 U3 AARE URTE Fol 1x B FANER
Abg-3tadct ZF A|8E 0.5g% |8 A Ho] fdo] Y2 F, 0.1% sodium sulfate
7} $]¥ phosphate buffered saline (PBS) 1.5 wlE& A7Stz uiajat JFHE
microcentrifuge (Eppendorf 5415C, Germany I & A& 2|&}to] (12,000 rpm, 5+&) A
4L 3, EEZXEI LIH(VWW)E T F Al S48k (12,000 rpm,
5%) HE5AE 3ot HEL ER ARESIACL

L} gloje{Lo] thyt SofdtA

222 et 38 M (in house antiserum)2 7}Eo] BEA|A HZR FolBZ 2}z}o]
vpol g o] chgh FEHP-L ATCCZFE FTYUst] Aol g3ttt

olatgtAet H L] FYA HZE : 712 ¥H immunoglobuling E4(goat)ofl zt

HAAA &2 st¥ A& Protein G-Sepharose Gel (Pharmacia, Sweden) columng &}
£3 3y FAZuniEINE WHoR & FE st 22EAE AR Goat
anti-Rabbit IgGE ¥4t} Coat anti-Rabbit 1gG Nakane$} Kawaoi(1974)2] viH o
2 Horseradish peroxidase (HRP, RZ=3.0, Sigma, USA)2} A 3rA]Zcl

Lesemann (1984)2] w2 g83to] AlA|gtgc}t. &, parapin

a2l % foam var® colloidionaf& | 2}EF 200 mesh phosphor
bronze gridofl ¥ AAl7l T}l 2% phosphotungstic acidE® Z& ¥O =2 Ao 32 Z4¢t
AAELT filter paperiolld WRA|Z 2 AxEn|FolA ZFAEstgct (JEM
1200EX-11 (80KV), JEOL, Japan). EMH gride e vj4 (x 10,000)2 HF 3L
dlol gl A& F72 BelE Kol AlokE Y3t Y3ttt

2) Nitro-cellulose(NC) paperE& o]23t "Hd ZE]

ELISAYH & 28% 7122 NC paperBoll ZAt AMEY §H& HASD
FAAYANZ A A WUNEE AT dlo|ygA AE AFE I
gt whHol dMprtoAxT ZHH3| AAY £ Qltl. ZAPHY &A= T

Hestalct

7t dpolei e FE
NC paperofl A|R& 2u%] HAA3IL A2o|A 1647 2fAAZRAA Hlo|HAE F
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2tA1 71 i blocking buffer (0.5% BSA PBS)E 713t d-ZollA 20-302 7 HA|A]H
FARA S & st ol F H4E AHASIE NC paper§ U298 x|

doll A 52 A=A|ZAcH

U &

dnbA el ELISA 2Z(9 3} o, 1988)& 7|2 22 tvih MHAH AAstgct FA
A1 52 godo] FAE NC paperZ Al-2ollA] #hazlAe¥ (ORSV: x 500, CyMV: x 500)
of @3 1A Fet #F2A1F1 ¥ washing buffer (0.05% PBS Tween 20)& A}23}od
5870 AM3 Bl Zm 33 AAEstgch 24 WHEL Goat anti-Rabbit
[gG-biotin (SIGMA, USA)E 500u) A 3le] AMR3lEom, HIg2 A2 4 1AL &
Qb dAstect M3 2 washing buffer& AM&Stod 53 MA3] EES] 1 33 Al
2 stadr FAFR|M O Z = Horseradish peroxidase (HRP)Z} EA]H AvidinZ &)
(SIGMA, USA)E 500uf 2]Aj3lo] 37°CollA 1A13F BF-§A]F] 3L washing buffer® 33| A
2t} WA F = diaminobenzidine tetrahydrochloride (DAB)E& A}&3}eict, &
A g3f (0.2M Trizma-HC1, pH 7.2)of DAB 10mgS 83§35t 35% H0; 604 7}
gt Yol NC paper& FHRA|AIA whgA|Zor, ATl UMRt-go] o|Fojzs Zo| H
= FA Aol PBSE Al H 3t d2AJZT

H
o

(P

th ulelala zieie) 1
Hlolel 7t ZEEIA ehgtao]l WM AR FAL TIRE sjof spote] WA
g wlastel Zdg Bsid

3. ZAuedst 29 FL APl Y ol sy 2al

) e W gy
dzh W2l 3l wlolelAe) FRel waEH U UAFRE uietslr] ¢t 2
TFAZE dFste] UED AFAYE EchE Sl ofof T4 Ao cigt A

ZAies & #oh

#HEEY  AFE U AMEZT2Y M MRS 5o HAEBRM(Cymbidiun
goeringii), SEMI( C. kanran), FEWI(C. ensifolium) 5% HEEW2 HEMA0IcS
(Cymbidium spp)sE& W3t HARBE &3

3t Cymbidium spp,, Cattleya spp., Dendrobium spp., Epidendrum spp.,
Miltonia spp., Odontoglossum spp. 'Y Phalaenopsis spp. T& HRAMHE AR5}

o] & MollAl cymbidium mosaic virus % odontoglossum ringspot virusl] R HEL
ZAFSEodct,
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A7z 0 1999, 5. ~ 2000. 5.

A= ZH 2Tty AEFHEay 2
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At 3 P HLE AR EFHo)
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A 2HUF
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g 1719 Ao 235t

UA HolZ, B eI A A AOE clesiol B iy
& wusigon QU ASBY o, FES HAT ADIE W4
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1. Rspdzt vpolais ¥ wajet Au) 5 24}
A2E dole Iz 29
Azl Auje) 2EE o
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Table 3404 B u}e} o] Ry
=] wezlu EE5S Syl 23]

wta} Z/kg 2).11
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B SAFetel ARl WS A AT AW
P walo] WE e Urhy afuzel s4u
4 %ol AAs] sjFoEH ¥ HA AJE @
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3, Fotel Ffole Foigel o] wWad, 53] &3y ZF$ msirt 24
b S plgo] JECt YA R A28 Fok3t AN} 2= AZY §
o8 Zoly 4 git} (Table 34).

Hlol2{ A dA 2alelMs gare] ZA$ AY zHE B9 gadgel & =4 A
ek it 2ot dxES g4 ook WA BEMs) B o oz
stof zfufstz] oln MHHE MEE Y = 4]

E3tE = 424 YA E7] die vlolalAMe v&E ZE=dC stdets WA o]
EAoz Uehts AT =2t gold 7 FstAY S ME F=T)
ofd Zoz zatgElrt wlolglas ¥E &7E F2 miAls AYE, EQHMZS F
£ et HHES 4 BEduld ATt £9] JFEYLE EREE vlolz, A
o, 23IHERA FE AME SIEE EgMd o] ¢, 2AUdlA AuiEEE 9 R
A FUEE JAYE £ ATEE Z27o|n B vlojgAMe] ZEL E} AE y

Ao Z Zudg o otk EI hE etz o] F2S 9iste] B3 E

T E
1= ¢lal o3 Hzo] ghg e 44 B o2 % vlolgAM e oo it da

U, FIR B (Fig. 12) upolgA F4fo] ORSVE} GyMV 5 24 o3
TEEE deo] Wikt

ole A7t FFL2NEH ilaiEol ZHlE £9YH FEEH AN i
FUE AgsEenR dlojz{ 2ol olu] o[HE AU wiEo] zuie o]zt 23,

4% 5o alo] AUsted YA WAo| 2HH Ho2 ARHC) ol U wlol
B o] o Fuje AR Aujzio] o] WY 4x\ 7} WoET Adro] FuY B
MA2b21ehy (tissue blotting)o] HUE o] Aedsol 714 o] WHTHA nlo]alad o]
283 Ajttolzts Adold T Way Aldo] W Zolch.
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Table 34. Viral and soft-rot disease of major Cymbidium cultivars cultivated
in Cheju.

Flower Susceptibility
Cultivar Plant size Blooming - _ ]
time olor Virus Soft-rot
Su’rﬁ;nvsr \%Léeﬁ{% Small Early Green + +
‘Mizunomaru’ Small Early Green + +
Gr’e ‘gt OSrcl);r Small Early Green + +
Lucky Raiptow Small  Mid Pink + -
'Lapine Pallas’ Middle Mid Pink + ++
'Saint Lapine’ Middle Mid Pink + ++
'Lapine Rendezvous’ Middle Mid Pink + ++
'Lapine Dancer’ Middle Mid White + ++
'Lapine Curl’ Middle Late Pink + ++
'Ballerina’ Middle Mid Pink + +t
"Jung Frau’ Large Late White + +++
Al il Large  Late  Dark Pink + .
'Bio-Cleopatra’ Large Late Light Pink + +
‘La vie en rose’ Large Early Light Pink + ++
"Odoriko’ Large Late Dark Red + +
'Papillio’ Large Mid Dark Red + ++
"Spring Dance’ Large Late Pink + ++
"Madonna’ Large Late Pink + ++
"Chorus Girl’ Large Late Dark Pink + +
'Pink Clash’ Large Late Yellow + +
"Snow Drop’ Large Late White + 4+
+ ! rare, ++ . medium, +++ ! severe
- 88 -
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Table 35 . The susceptibility on virus and soft-rot disease of favorable cultivars
temperate zone Cvmbidium.

originated from

Flower Susceptibility
Species Plant size Blooming '
time Color Virus Soft-rot
Cym. kanran Middle Early Green ++ et
virescens Small Late Green ++ F++
sinensis Middle Late Dark red +++ e+
tekkotsu-sosin Middle Early  Light green +++ ++
encifolium Middle  Early Light green et -+
misericors Middle Early Light green +++ ++
gracilius Middle Late  Light green +++ ++
dumilum Middle Late Light green +++ +4
hakuran Middle Late  Light green +++ ++
forrestii Small Late Light green ++ +++
formosanum Small Late Light green ++ 4
fabert Middle Late  Light green ++ ++

+ ! rare, ++ ! medium, +++ :

severe
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Fig. 12. Symptoms of Cymbidium Mosaic Virus (right) and

QOdontoglossum Ring Spot Virus (left) on some oriental

cymbidiums.

2. o /3%t Blo]3lA & 4l tissue blotting ¥ 7|

1) ol #3jgt o]z 34

FANBE AHEY 432 AHlTIRS ' FoId SO Yol Fasted vlolas LFL
2 g7 GASE AEE slel Axdnigold AT A 232 ulolelanel BAE B
Y 4+ ek (Fig. 13). Hei302 4] B2 HolT Qo] ORSY F-& CyMvst R4}
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3 FEhE UERL olglth 3bE 4 Alge 2Auoks BalM U 194 TR ZARE o
EF2 AR o' AARNF Aol ofudt vlolgate] BAE AAHR Wttt

2) Nitro-cellulose(NC) paper& o|-&3%} HodHalE)

Aoy APl AHE A2E JiE AREdSlel ARY A 459 FANEERY
CoV(HE FAEE) ol PNk Bl 2e 2 A 5(3= %53)011*1‘1} LIEFSIT) (Fig. 14).
Y ORSV (2% 3APEE ) ol tistal= 1, 2, 3 A& BFojA LERD 44 ti27, & 2
Zugoll A LR IR FARIME U hgo] it ulebd AuitiR<4 ol xEHo=
7P 4= olE Hlo]2{A= ORSVV} cif-Eol9dd& o + Utk

2 @7l vlagt A71F 71| 2P & vldte] B, immuncblotting ¥hHolld FH&}A
L LIEhd CyMVet ORSVY] F¢= Ax{dn| A BHEE A o Y vlolgA ¢zt
VHER Esjof om, ofete] ThE Alobg H331] Rk o3t A= n)fof Hol
Hlol2i zigel # W B gk ¢lsiA A=ldn] A A2EE AAEIE ok A
ol =stdict

Fig. 13ollX+ FetA] Al8]c] &) Cymbidium goerigii, C, kanran, C. ensifolium, C.
sinense2l MYRIAN C. ‘Saint Lapine’, C. 'Ballerina’, €. ‘Jungfrau’, C ‘Lapin
Hat'& Z-Al5t] a5 HPo] Liehd glo] FHE NC paperol E3{A] wh wkg-g B Fo]
T 2mje] NC paperol] 212} ORSVE} CyMv afaflof] thyl wha) vkg-2 & Z1Qld], NC paper 2ujol]
thell Zhzke] A RE |E R S AEE RS A7 SUSHA A2l FHol}. orsve}
CyMv 7} Faofl AE Zlo] HAF 02 5058 Ax|st3 Qlitl, of& 232 ulo|ajof B3} 7F
BEIAUEE LIERATE 3 ORSVLE CyMV Eollat 40% HE k) Hkgo] Uehd A2 ZA} o)
% MECl 7zt Y ol 2o AR AUSE Vel olon, U] 10x= 2jsiael
ol 9=t Uled NC paperE ZAY + ¢l XL HFolAL £ Alg4Y o4 22 7Y
Hel 7183 2AakE oniyitia ¢ 4= 9zich
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whebd BAYH ] HAPES AlAE A2 B £ 40 AX3] A =93} u]R

o] £RFA|TE ot ZHAlr|te] A zot Alaklo] HIH Fole dH FIME 53] At

FRssich. & 7ol SWE imunoblotting & Y FIIAE DHSPA AL + Qe
o] ZAPE RN Holisrtel o2 sj7ol Sgo| Y o Az,

ORSV

Fig. 13. Scanning electron micrographs of CyMV (linear type) and

{round spot type, arrow), x10,000.
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Fig. 14. Detection of CyMV and ORSV by immunoblotting
method.
1. Cymbidium kanran

2. Cymbidium goreingii

3. Cymbidium 'Grace Kelly’

4. Cymbidium kanran (used as control, vigorous seedlings
obtained from plant tissue culture)

ORSYV
.

e
G

Fig. 15. Virus detection on Cymbidium goeringii by use of nitroso-cellulose paper
(NC paper).

1. Cymbidium goerigii 2. C. kanran 3. C ensifolium 4. C sinense

5 C. 'Saint Lapine’ 6. C. ’Ballerina’ 7. C. 'Jungfrau’ 8 C. 'Lapin Hat’
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3. ZAMoPIT 29 F2 APyl ol ulolelay 24}

A MollA ORSV W CyMV ZHEAS HEAXHEon| A o7 ZAIZE v} -8 ZU=)
BiHE =2H=E Cymbidiungtg 2|42 dlo WEL ole} 2ajr]E2 Bt g Ue}
W3 glo] zjufdste] 71 MHjU[&43 Eo| ZEET 2 Z 2 E LElC] (Table

)

Table 36. Occurrence of odontoglossum ringspot virus and cymbidium mosaic
virus as indexed by immunosorbent electron microscopy (ISEM) for
certain tropical orchids.

No. of No. of plants infected with
Genus _ Tf)tai
Plants indexed ~ ORSV ~ CyMv oo Viruses  lnfection (26)
ORSV+CyMV
Cattleya 25 0 4 5 36
Cymbidium 52 43 1 0 85
Epidendrum 5 0 0 2 40
Kingianum 4 H 0 0 25
Militonia 3 0 0 0 0
Cdontoglossum 4 2 0 0 50
Oncidium 4 0 0 0 0
Phalaenopsis 3 1 0 0 33
Total 100 47 5 7 59

g ulojP A S Uo 2 HAY Qo] Bz} Ruet £RHE UUehEs R
ORSVZ} ®EBF o g Uetytor, IAHAE Hols= 22 CyMvo 2Jsli UHHEZ ¢
4= oldrt} (Table 37.).
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Table 37. Symptoms on orchid plants collected, and incidence of ORSV and
CyMV as determined by ISEM test.

No. of plants infected with Total
Symptom types Total Infection(%
ORSV only CyMV only  Both viruses tested )
Mosaic 28 0 0 33 85
Stripe 12 0 0 19 63
Chlorosis 3 1 0 6 66
Necrosis 0 5 5 12 83
Necrotic spot 2 0 2 5 90
2E Aulcge A9 ZAuYrISS o8 Fx Tuclziy dojd 7
A & A gte] 3dF = A3 MolME dlolala FAto] He wWAF = ololct

(Table 38).

Table 38. Seed transmission of ORSV and CyMV from diseased Cymbidium goeringii®.

No. of plants tested No. of plants infected with Percetage of seed
(seedlings) ORSV CyMV transmission
10 0 0 0

* It was naturally mixed infected with ORSV and CyMV.

Table 39. Incidence of ORSV and CyMV from  randomly collected native, and cultivated,
meristem cultured Cymbidium spp. as determined by ISEM.

No. of plants No. of plants infected with Percetage of seed
indexed ORSV CyMV transmission
Native® 15 1 0 6%
Cultivatd® 15 4 0 27%
Meristem cultured 10 0 0 0%

‘ Plants collected from their native habitats or Maintained less than 1 year in cultivation
after
being collected.

* Mainly imported from foreign countries.

2 zate] 71 £t AULOEN 2 Fuh Ad AMee] A9E AAH 6
Y22 MUH WAl vlold A7t BEHA kot Table 39.) 9T F3) £

E SU Mol AL 30wel 7k Hlolda A HolD o By
+Uo2 Qlsle} 2] Fuhel AWRET ofF isdE &Y eist domz NE

> Ht o
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Aoat olatt ZAAEE Haste] o] HAS slsfof & Zlojrt. W gt
oz oz dcfut ofdrl Hat Aujr]ERES EFol AFH AT el AMF
goll whet B wigS B HAYHol ste] HMA HgEn2 afulxie] R
A & uf HiolglA Y oAFe oy Fao] AH it E£3 T FEE Awist
o FJELE F3IstI7IR ] 71bo] sheAalduel XA 367iHE FEHEE 2
al 7]zt Foll dloleisrt REE 7hedol Fustr] dige] Blolals 2qe® R
AG ot B3] 7S ZEH22 A & 5 e Alduly ez
A dtolela el oyt FA7t o]A1 7 o FH vl glch

mietr dlolels ZAEAME &5 e =" GRS} Z2 FToA AuiskA] =

¢ oulolda o@dg Hast ¥ ¢ dn AFZ L OE ARk 2L Fe)
Sof thgh 450 A4S /|Pvhd ulolezof gt YA UL Adyos iy
4 oITha Halste Hlolct,

gl violg Ay FYUUAE $T U5 NFAERE FEY AGE B™r} 24}

ZELUR Yol &7]of wAdsts F& F9olzta shed £ dxxirt dEst
F9Uie] AQES] 7 Aphididae Fto] &3ty Phylloxeridaegl= &3 -& 7HA|H ¢
2] UztdMe 2HUF AYE 22 Fejn 2F50] FAEZrh. T729} o] i)
7h o A e A& B Ay ol= ¢4t gl A2 #3(EAT A=
Z)olth, & AHEH Tl ge

2 L 1

T BF A W | 7] 2o] e frREo] EHHE JIFAE et d
oA Hed old &, w7t FEsHe FEMAUE ARYCA Pk E 7R #
HZNME 38 ~5dof &8ss FFolut SN FHIL e 7% BT
U 250l HAF ATt EF 54 o|Fol= Fo| dARte] FHSHAM HHEFE=H]
ojm7t THIAMNE FHY 4 Ut ARES AR gHE thter 3 gler
de] 55 vlEsty S92 27]= vitgch

A fHol H5atro] AT A A B UE TR I3l F
¢ fFFol GUE T S0t dsshe FlE AAF ATh FPol Aicke AA
€ dofl FAGEe] &E 7H= el Hedd Heoll /Y S8 F HE MEE
48 £33 2alo] FulFEHoA Urhves FEUA FE 5 EI0] A= 4
HEE Y4 U3 AlgA A FE WEH] FFAA] Bl o= F
&8 A7t e¥Eolor T JoR AlgHC}

AGELS A EAol 7128ste] JuAE wotHo| HEZH ] #3it 2 ojeo=
Ay AEE FApges ol ulojgs HE uiristER FACY FolME ofHA
A siFelcth ol BFol FAHE YT JIFHER ZEUFE R 2413
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v Zo] & A+ AE wWHA v} AiE ojdY FAME Z2FLHFIA A
ool & Zlolth. & o]Fo] #4AIIFol U wIE RFUF Yo &2 7t
Fothe Abdol WML ofA7]of 2FuFe] HtHog UFAHE H4ZHYOZA
UEE Ao HAF + st AFAE Yo AEs}o] oz PPN i
2 F53 FAHE 5 TEHE FAY £ s WAl 4y Hr} 32U

whebd] 32} Mg {3t vlelg & F ozl 2EU IUGUEE FAT Al
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