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Control of Fusarium wilt on Cymbidium genus orchids
by using the antagonistic isolates
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SUMMARY
(FEQ%FE)

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

It 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. cattleyvae 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 F
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 microorganism Bacil/lus subtilis GBB-55 and Streptomyces
kasugaensis GBA-0927 showed protective effect against leaf blight and gray moid
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-65 and Streptomyces

kasugaensis GBA-0927 with high antagonistic effect were identified to Bacillus



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 CaZ+
or addition of 50 uM 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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Fig. 1. Exploded view of tissue strips in the
perfusion chamber.

Flg. 2. Procedures for microsectioning using a
vibratome: (A) Leaf segments (15X1.0 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
styrofoam 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 styrofoam block. Lf, leaf segments;
St, styrofoam block; Mb, midvein;, BH, blade holder;
Ba, blade.
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1) Fusarium oxysporum®] £ @ 3

HECE (Cymbidium) BBS] ANE2HAFL Ezs}r] 93, o83 =z 0
S5~lem =T Hxhgt thg, 10% EthanolS ¥-§3H= 5% NaOCl 2o 1087 x5}
, BEFE ¢ o] AA A3 t}2, Paper Towel Aol E7s}e, £4%5d A=z

Z}& Potato Dextrose Agar (PDA) BiX|o] 283 25T 7|0 527t ujj 2F3t T}

fd

=, Water Agar (WA)E o] &3l TrEAE Hzjslgdrt Ha|¥ F= Nelson 52
ol whet, Carnation Leaf Agar (CLA) uix]2} PDA ujx]|Z o]R3&}od, wjorsta
3, Macroconidia, Microconida, Conidiophores, Chlamydospores®] Fejdtd EX
& A7e B4 BUstAT

PDA Ateduf=] oA 1042t st g o, FRUL Abdujx] AXE g A
2

£ ggol wstow, PDA Hhulx] W CLA WA Aol TR S|FArt WEA
2 49a, J1@Ae 4L @2 mee Ushid. D23 22U ste x|

= WY Zatel mhel Y Reld Mavl gHos HaEs R P

PDA Gl CLA wf=] Aol 83t Macroconidia(thEAd=}) 7l MM E g on, rjus
3-5702] At stz 9gon, Macroconidia®] 292 phialo typed] EAx}&,

Y BokE vehin, gtio] mEFstyrh ofsf thERe) Tuburcularia-like HA43
2tzHgoll = AdThFig. 3).

PDA &l CLA x| AollM 7| FAt2RE I3 9] Microconidia(E=})7} who]
AR, ol wge ¥4, ARG AR gty Eaxpy

(Conidiophores ) monophialide typeRto] Tztwgl o AEFojgr}

-

CLA =] 2JollA] B3 Chlamydospore(FTEx})7} A E= 7to s B g = o
iden, % &g o]F1 UAr}(Fig. 4.)

AA AL
ool ZAz=EhRE, EzF Nelson 50| wlz} Elegans Section®] Fusarium



oxysporumd] %3t o= behEgict

Fig. 3. Macroconidia of Fusarium
oxysporum( X1000)

Fig. 4. Chlamydospores of Fusarium
oxysporurm{ X1000)
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2) Erwinia carotova?] £2] 4 53

7}. Erwinia carotova®] ¥z|¥

Erwinia carotovaE £2[3}7] 93] MF T oA Fuigo] whdst etz et
LEHE F 10718 dEolM o] YA HEEES AT F, EFFE AFsin

HE o2 2Zleg AE thg 100 ol 4z EekaIolM 3087 JIEF
10-87k4] A3l 2] AMufj4~ M E Nutrient brothuz]e] 100 w2 Z=usle] 30T2
T27)ollA 12t sjorstdnt. Aol Awe Azo] ¢ FetL 23tz
T2 A5t IHujEZ Nutrient agardfz|o]] Tugrto 2y 3] Zalg et
e srIesiden, a4l 30718 22 Fuj7d #E} Gram Fo 3] A

LA

s]
filo

W ®ER B W ran do] o2 4

Erwinia carotova®] ¥FHEjE straight rodo]m £%54do] 913, Gram negative 7oj
SRR agar platec]Al &4 £23H colonyE Hstel HuAstollA 540l 9l
< U AUSE Granm EME sttt

Gram HM2 MFPYL WFol2 A 2l slide Felo] BT 133}
A1%] T} Hucker crystal violet (Crystal violet 2 g in EtOH, Ammonium oxalate
0.8 g in 80 nl HO)E 1& T FH Fol +5EE AAs13, T} Gran’s iodine
(Iodine crystal 1 g, potassium iodide 2 g in 300 m! H,0) & 187} Aslgdc},
oo +EEE MBI b 95% ethanol & 20-30% A X S| Tl ZE
T2 AFE3tgc} & 0.25% safranine (Safranine 0, 0.25 g, 95% ethanol 10
ml, 90 ml H0)& ARE-3te] 202 Bt FMAF I oA FEES o83l AHsin
A gefoll N AZAAAN dujzoz AAsA.

Gram FAfoll 23] 107§9] Gram-negative F+FF Awsle] MI3d ERS sty

=2

S

¥,

W

U gesy 53
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Bergey’s manualoll 7| &%}l Erwinia carotoval] A33}sta A4S 38519t A]

g Aleke g3t 4te] o]-& AF 4l Erwinia carotovad] A B L J2E 53

gt FEeE B4

=2|, §%H Erwinia carotovaZ} oA FIfBEE do|=x FHs7] 284
stol A} E2|® F2 Nutrient brothollA wjerst % oju] $AH 3t o 3tet )
oFgell 10 m1/38 A HFY F UFLY FHSIUS o 25 vURA FuiHel 2

sto] HETL BiEo] o] F& & HAY £ et (Fig. 5).

o

Fig. 5. Status of in vitro infection on Fusarium (left) and
Erwinia (right)
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1) L@ e E 2y

Perfusion chamber& ©]-§&3F &gte] A HANF M2 Hil= Table 164 Hi= u}
o Zrh 232] U AT AEAS T FARL gl T RTSEE AN
Zhiste] A7) ZHU+F AABAo] Tgsle] 6A|7k0] ALFHH Fusariun®] 7S 85% Fhek
ol A AETE & + UNTHFig. 6). T Erwiniad] A-Soll= A2l 5a]700] Aabsln
Mok 5%, 64157} 20%8] AARZE UEhE R AHclg o] H ol 53| Fusariund] S
gol Aot wiEA MEE wastugds AoT Usliicl s, 4] 2%¢] HYd dAES
FabHe] ¥ 22 Fusariun D5Az2|e] AABA WY 203} Zo] el 3A17H2E] st
Fusarium EA 2R 2009] m3leg Urhfalon, 647 A3l Zolle Ae] RE Qo)
HABIEES HAY 4 Adch

Table 1. Time course response of Cymbidiuim goeringii affected by pathogenic
isolates 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
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Erwinia Fusarium+Erwinia

Fusarium

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) AgAd 2 B/

o F2 =uf ofdolnt

2 FAE 1059 Aol Bddg FFH22H AR

2
F718145L, BURACE Raigel RIZSHAl Esla &S ¢ & gthTable 2).

AgetA Adultige] Ffole FAEY Z-¢ FURAl nlste] At 1Rk oPEEIt At

&5 JHEE Hapdel oigh Aol wlad wWEg iehin glont EFFol wehA
"Jungfrau’$} ‘Ballerina’g] 7Z-%oll= Fapye] WAl HIE 2 o] oIzt o= g}
wel $Y Fusarium} Erwinia AbEo] whE b ¥ 2 BO Eryinina X 2|7old tiA=
Aul o]5le] uhE 8-S Hol: ZHOT Rol Erwinialt ©R50E HsjlS fubsh= Zlo] ohz

Fusarium Z2E Fofl 53 H3la U WHA LR AAlske ARt A4

AsiE 24 FAE 4B R

2}
N,
it
[

-

o,
ol

o

N

¢ E2F] Fapgel oiyt AEAA UUEE
THENZ fRIFolt Be) HUF BeS AT 2N e R EAEE 23y

5ol Bl =Yl fEo thsted ¢ 252 AU DY (Bacillus subtilis GBB-55



8} Streptomyces kasugaensis GBA-0927)-& AHZ3}3 15U0] Ad SRE =xz)e} vjas}

o Fig et Aeg ZAsigrl.

RS 72 o)doll AYEE A FR AP} A RES sk Aol Wy
&2 WRGS PN E B ZoE LEiyth £ AlBL 311 F47|ZH7-99) S A
Hsfoloptt Bl of YR AE ZRY 4 AR £ AP Angie s Hele xapr} o
= ATk

3, AU 239 skl o3t 387 M= Bacillus(BRacillus subtilis GBB-55) 5.
The W41 (Streptomyces kasugaensis GBA-0927)0] ZA|3t Alu|t]-gollA] ekzh 023} uhA|

N
fifo

ZE= 7102 LJEldUTH Table 3, 4).
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Table 2. Susceptibility and survival rate on two pathogen spray in 10
Cymbidium cultivars after treatment of 1 month.

Cultivar eculation Survival rate (%) Susceptibility
(Cymbidium) Fusarium Erwinia iﬁ Erwinia
No 65 65
ka +++
rran Yes 15 40 "
oeringil No 60 60 S i
goering Yes 10 30
sinense Mo [ " 4+ +
Yes 25 50
ensifolium Mo & 80 +++ +
]
Yes 45 65
lancifolium Mo 70 70 +r+ +
Yes 35 60
No &5 85
'Saint Lapine’ +H+ +
an pne Yes 35 65
No 75 75
"Ballerina’ +
erna Yes 15 60 o o
' Jungfrau’ Mo &0 80 i —
& Yes %5 55
"Murasakt No 85 85 . .
Gengi’ Yes 50 75
No 85 85
'Lapine Hat’ ++ +
apine tia Yes 40 75

20 replicates per treatment
+ I rare, ++ ! medium, +++ ! severe
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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-%5) Leaf Root
No 65 + I
kanran Yes 80 it i
.. No 60 + e+
goeringii Yes 30 oy et
. No 75 ++ ot
sinense Yes 85 et .
o No 80 ++ ++
ensifolium Yes 90 s e
. No 70 +++ +++
lancifolium Yes 90 ot i
S s ., No 85 ++ +++
Saint Lapine Yes 90 s o
, ., No 75 ++ +++
Ballerina Yes 90 i o
, ¢ , No 80 ++ +++
Jungfrau Yes 90 +++ T+
"Murasaki No 85 e+ 4+
Gengi’ Yes 95 ++ t++
, . , No 85 ++ T+
Laplne Hat Yes 95 +++ +++

20 replicates per treatment
+ P bad, ++ ! medium, +++ : good
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Table 4. The effect of in vitro inoculation on antagonist isolate treatment
(Streptomyces kasugaensis GBA-0927) before hardening i 10 Cymbidium
cultivars be tested.

Inoculation of Growth pattern

Cultivar ( S?:et;i?::ysctes Survival rate
(Cymbidium) kasugaensis 0 Leaf Root
GBA-0927)

No 65 + Tt

kanran Yes a5 i b
L. No 60 + T
goeringii Yes 85 - i
) No 75 4+ o+

sinense Yes 90 RTINS 4

. No 80 ++ ++
ensifolium Yes %5 rat .
. No 70 +Ht A
lancifolium Yes % . et
e ., No 85 ++ T
Saint Lapine Yes %5 it it
, ., No 75 ++ +++
Ballerina Yes 95 e+ +++
, , No 80 ++ T
Jungfrau Yes 95 T o+
, . ., No 85 +++ +++
Murasaki Gengi Yes %5 o et
, ) , No 85 ++ +++
Lapine Hat Ves 05 . iy

20 replicates per treatment
+ @ bad, ++ ! medium, +++ @ good
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BTl thal 2 g4 wojd el Malshs ndEEo] Eokdsjo] of
B2 PAL nANE 5 A8Eo1H YTl (Veller, 1988). 3Ix|zt o}Ax

3& BHol YL F& o7 RUEL olssiz FAAsHed= olFE 1|

A3 B2 YAl dEsw TA WARH Bk Aol

L
- W, oo
2,
ku

g !

PR ARFE AUt $isted 121808 A}L3H= in vitroojAle] Ao
A% 593 A TN HEH WA Yol M Bolo] ot B
E°] 92X (Cullen and Andrew, 1984: Colyer and Mount, 1984: Di Pietro, 1992),
=3 BAEE Btz 2ol HYA LY Zols WA do] Ui RIS
o} 9lt} (). EIF Cook(1985) 2} Kloeopper and Schroth (1981)5- 3}a2+go] BE
Aol glolM 7hat Fe gt Zlelgln Bastdrh.  wbdel in vitroo)rje] et
@ ¥ in vivo Z7oiMe] WA Szl dFo] Ak RIEE wo| o

Ch Utkhede (1983)% Zatdoll o3t Alzp R odwinpxol AujolAe] ZAstzo]
AT ¥ FA AR gH Yol olEd de] grim Busigon
Howell (1983), Kloeopper (1981)22]31 Yuen(1986) =< FYAAEZo|L} sidrophoreE
THI3h: ZYFES old BUELS YAstx] Bole 7322 Sdwo] A 2 a3t
= FYT Hdx 58S v Basidc) E3) Papavizas and Lewis (1983),
0’Brien %(1984), Suslow and Schroth (1982) E= Aol 4F2e3 =2 A
Ax e FEFUA HYztoll= o] gtz BastAT

Io 2 o

=3 pu L
53] d4TI 22 29509 911:}& FH¥E Fhe EuEo] grh Vidaver &
(1972)2 ®fefelAle] Fate Auixlo] Aol ulx]e] Sr), HEe] % =5
3 F913, Rothrock and Gottleib (1981) Za]z A A4
(1992) &2 wi=] FFof uleld, Howie and Suslow (1987) S-& gLt ofnj At £
Froll mhel U EA Agatero] whepdicky R st
SAYANNE HAFZ W XA EokojLl wo] AMsIA zlelm Q= W ELRY
ECLEFH o] RupEg wAsly] 23 AFL Eesta o] Sof T3t in vitro
2 in vivo ZZjML] FFBHL AT ZH WEHUA Y ey ZESEIR}
A Alsta Tl

=2,
2
ot
o
e
rr
i)
F
L
o{t
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A2d AE LY

Lo 2= o} Auix| 258 o A
T 23
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= el o3

o
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i,
0%

HFA Aol o Az 2Fd W Edxjuix] 15ZUHERE I AES¥LD
(Fusarium oxysporum)ol ti3] Hebbar’s methods& ©]&3}o] Z3Eo] Ql= nAAES
w2staich

EQANRES 152 H@F Huadsd deeln gl FHA(10°~10°)S ©E
3, o] Aol 1nlE ApHol whab A28t Soil Extract Agar wjA| 10 mlof] Z3ti

Petri dishe] EZ3}o Huhlx]|E whEct, of7jof ThA] Vater Agar 5 ml-E FYU3HA

=

st 253 BIAE nEx, Fel 5ol whep M FHuix](0.5% Peptone,

0.3% Yeast extract, 0.5% Malt extract, 1.5% Agar) = Tryptic Soy Agar (Difco

Co.) &2 uf=] 10 mle]l ¢ AlSS¥dF EAEHY(10-6 cfu/ml) 1 nlE TSI
B7) 25% BuuiAe ZdstA FF3te], HAE 35T FIwfAE UELCL o
HIA S T4 30T 2o wjgstEA, & AESEdTS At FEH
& Bgske F2U FHE 2ALEA Fste], TY #iAE ol 83ste] =e] 23
ezl st
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X,
ok,
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=2,
=
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ol
ol
lo,
)
oNy
=
=4
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-3917t wjoF3t Tl Potato Dextrose Agar Atol|
A7 ¢ A B2 HUFY wYEE borer(Z 7 o 8mum)E ©]-&3to] ¥GE
F3l5, olE AV AEZwIEZHE it v R of dom HolI Fof spot
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W2 G BEQARRRY MFFE Easlry] ¢5), Nutrient broth (1% meat
extract, 1% peptone, 0.2% NaCl, 10ppm Amical 48) ¥jX|&, LAHAFFE Ea|st7] 9
3} Glucose-Aspargine ¥J2|(1% glucose, 0.05% KH:PO4, asparagine 0.05%, 10ppm
Amical 48)2} Glycerine-Czapek BiZ](1% glycerol, 0.2% NaNQ3, 0.1% KeHPOs, 0.05%
MgS0s - 7H:0, 0.05% KC1, 0.001% FeSO4 * 7H:0, 10ppm Amical 48)E, 2|3 AEHFE
23171 2130 Glucose-Czapek HJ=](1.2% glucose, 0.2% NaNO3, 0.1% KzHPO4, 0.05%
MgSO4 - 7H,0, 0.05% KC1, 0.001% FeSOs - 7H:0, 50ppm streptomycin)& Ab&3sldc) =
A% FY ARE A7) WA S 10014 PHSE hE AR50 BF)o] P,

30Cof M Aeefgeict wgES Y4IE2(10,000xg) 3 T}, FEAe AELHY
)

ol ofsl AL xdsieint. Ayl TSA(tryptic soy agar, Difco Co.
YMA (0.4% yeast extract, 1% malt extract, 0.4% glucose, 2% agar) 123 Czapek
agar BiX|E o]-&3te] FAre] ciyujedyolut £HE AJ¥o) whal fstgc).

EF AFaII} &2 isolateE TjAOE F oxysporum f. cattleya®t E,
carotovora®] AYENE ZASIT 2 = 2uA EUTH ARTe] WA

gl X 10022 Fatsioc),

T 2elFe Bdde A dsl, A wixolN NS wjUEEiE
Fusarium XA} HEA(5X107 cfu/ml)E £u)steic). =3t zaujorste] ARo] 2l
¥ Cym. kanran®] w}pgel Fusariun WEtlg A3 23t HAF S A 1580
T A¥F2R P B-5572 At AEA 1A RS B, g
45g T, 45 AN J23 10g nFeE FEEE Axg mjd ZIvvES

11108 S 2 E3hstel HALEE AFsle] Edo](30cmx22m)o] @3, o)

ZHulrd 459 AMutI(Cyn nevo-marginatum, Cym kanran, Cym. goeringii,

2

Cym. lancifolium) FEE& 108tE 07 Alxjsly, Zu|d ZxHErd 10n] E B35l
T4 WHLZ YT BT HN 2SS Bx stadch.

W, olg AU PE AT 472 AF LT Y PHH BFo] oo

e



Zxch olE ¢, wWAF A-12&Tryptic Soy Broth 8j=] (Difco Co.)& o]&3}of 3
ST o7k AR erstd e, Ald®e W™ #iA] (Difco Co. )& ol
&3t U A teFSAZIErIzrA ARultstdnt. HejgES 458 B
45g Fae; W 10g njZ e 2 P s Mg ufdo sx(v/v)7t HEF FEdtn, 4
2olA 154zt ez ubstd A Fxujorstct. HFuioEXN ZIUIES
1:108] F3u|2 Tste] 2 FIHA S AQELEERE AHE3HAC
8+#, 3% Corn Steep Liqour (CSL)Z} 2% Soybean Flour® F44% uj2](pH6.5)ol
2712 HulGES S%(v/v) FF3t 0TRAANAN thieFalr] wrle olF ui7tA
v

Aeuferstgdet. o] vigES UE FHAsl HEE dA= siolch £, Awje
& 718 A& uid 45g0l 2 ml HFsta F2olA 44zt wigstgicth o] FF
HYES IARIEER 788 NA§ LT bgoll EYste] AREsiach =23 39
o 2tel vl E S8 AESY WAl At ez o] AMEE AL gl benlate H|A
€ Azlste] 2w 2AE vl HAEST HENEEE g3 ARiclEd om.

', Cym 'Marirorencin’, 12|31 Kawano mericloneollA AjZo] 7Butst
o585 £%5 5 53 FuiEe 43 Aoz ¥ 2 £52 19 CPRE 4% &3
LB Mgt F Aol it zHzhe] Aol titeis 1 UL A2A
X3t thE, PDACIA ujetsle] AlE2Edd EAFEY(5X10)S E&old 10ml%

EgEFsl, Ao o AEL, 9% I+ 5 ARt Hele diiple]

Z3t4th olE AT TH Uold AHE Table 7o]4 B upe} ek,

/& FIAEFE, FUT HATelAL PHF A-127F A% He] b Fgon, A
E234FY Aol sl BN Sostdct

4 AuE Y2 B AE A4 1A

At Z 3} Streptomyces kasugaensis GRA-09273F GBS-558 o]R-3lo 2.0]2] ¢lnm}
2493 uEHol el U WA THE BAAT
R PERUNETSN

&
2 A A s &30 g A2l ol
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of BHg B ELE ABA A

o

N +usA e 220 AT VA 179

Z3to] Z4zte] PAIE ZAlSHTY,

1) & AE2HUF Uy ZynBE T4

7h ALY 53

52 532 Bergey’s manual of determinative bacteriology, Microbiological
methods, Manual of methods for general bacteriology, Microbiology-a laboratory
manual, Bergey’s manual of systematic bacteriology™ AlZ-Z3IAFH Zof $£EFo]
e dRtAEQ MEEF gl uket PBstaict

Lt A3l Streptomyces kasugaensis GBA-09277-32] T4

7h FEld B4 2

3 Add ZARgddo] o Helgy 53L& 2ABE] $08l inorganic
salt-starch agar(ISP No.4) 3hsj=|of Eea|dFE HAEste] 30TolA 7 - 1043
gt F EAAYGo] Bds] oyt £919] wiz|o] &€& Tl 8% glutaraldehydel
Ao = 209 10-12A417 1A FATE. o] Tupd Wshe 95 bl I P0s7}
So1%E 7187l ¥ -20TolA $A3] AzAA AxEnR WL 53 T
o] Fefot 27], EHEAE 5 2APEAT

v elerEE B B2

ISP(International Streptomyces Projects)®}®ofl wlelA] Shirtingz} Gottliebr}
N oA wiR[e A wjdEd BE4E AEstch AE®E 2 YHFRE 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)4 Benedict’s agar%$2] wjx|AatolA wjokstdr e Ae JFa
o 47, BHB BYe 43} ojWel M7 © Y Mio] AHAR Sof Bug
st

-

th AZH gRe) B4 B

7Y chemo-typed UobR7] 91T Al MEHHE EMe vl ZAE o
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32 EFF/+E YT e, sonicationdti XFEHAEZE F3}9
I FAAZR3Y BEMARRE ALt =3 M EHY] amino acid
52423 A= 20 g 6N HCL 5 wlE ampouleo] gof WE3II 11
Z_ 7hRlste] 42 E3fE filter paper(Whatman No.1)E o
stz g€ I ==3lddon, JieRsEn ¥FEE2L 77 microcrystalline
cellulose TLC  plate (Merck  Co.)oj spottingd}3Z  methanol-water-5
NHC1-pyridine(80:15:5:10) 2.2 7-8A]7F A A2l th2 0.2% acetonic ninhydring
T H3IAL 100 CCollM 2537+ 7HEste] W4 A[# olive green spotE FUsIAct o]
o] ZZ2ER 8 LL-DAPS} meso-DAP7} E&E | =(Sigma Chem. Co. )3} alanine,
glycine, glutamine& ARESlaT} |

_4

6. 4% n|AEL] SFE HY w22 F

L5 AsF o T BIH WM A  (Streptomyces A-12:  ©]3} Streptomyces
kasugaensis GBA-0927 & A ¥ )3} Bacilluss2] AM|lF (B, subtillis: ©|3} Bacillus
subtilis GBB-55% % §)e] 252 AL L3It ol& &=l thet 2 F ujef
Z27E& FYIaA 142 HAUH BAdY Hipe] wE ZIHE BASIL
Bacillus subtilis GBB-552} 7-9 ¢PHE JREEX}L] 3HAE 2|3 cortexB Ao &2
A gt HoeT i Ca®ot dipocolinic acid(DPA)e] B7lakzt A7) L A
Zlol o3 UAEA §E FolF AEsiAch

A 3E 23 A 2d

HAFA e & AR 322d @ EQAiA] 15ZUEFE d AlESEdd
Ao

{Fusarium oxysporum)ol] TH3l Hebbar’s methodsZ& o|-&3}o] Z3ldo] gl &

(o7
!

F2|3tgcHTable 5).
W Ageladol desa gAY HHY(10'~100E BE

EJARE 185
Aol 1nlE Ao uwlgl AR Soil Extract Agar ¥jx] 10 mlol] E3s}ta,

ol

32, o]



o 7]o| TIA] Water Agar 5 mlE FU3IA
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=
o=

B &

23t}

H
jLo

Petri dishe]

of whel YM ¥ si=}(0.5% Peptone,

54

0.3% Yeast extract, 0.5% Malt extract, 1.5% Agar) = Tryptic Soy Agar (Difco

Co.) &2 ui=] 10 mlof 1t 4]

P (10-6 cfu/ml) 1 mlE &3}

B7) 253 ExA ] FUSA FFsled, BuL 323

A #3ted, T viAE o] &3t =ahyo] 2fs)

e
offy

P

o hAuepE e ol gstel
=25 o 2n Woizl Fol WY HuPS| o) £

31, A 30TolAl 2-3U 7t 8foFst thg, Potato Dextrose Agar A}ol]

A}
S

of tisf %

2
=

<

i

of spot

The, & 25C9] 27]oA )

s

3

¥

T
=0

3 Azl TNk

oF
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s

5718 AHEHH,

A B2 £2F B-109 He 77t 71 Z3Folgct. ke rT X2t

of
28

R,

b

T

Aol HALE ol dAA oz x4 5

47

T EGoRRE 1559 njyEo] L2 Table 5).
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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 soil for Soil from the

Soil sample cymbidium Cymbidium Total
culture habitat
No. of soil sample 15 32 47
No. of soil 1st screening” 9/34 10/91 197125
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 Ist screened isolates.

2. 22 XY Ay A U ¥ BE=E

.J[N

=3 Ty

N

LExjge] EGAREZEE MIFEFE Eeldlr] 28], Nutrient broth (1% meat

2|st7] ¢

i

extract, 1% peptone, 0.2% NaCl, 10ppm Amical 48) 8jA]E&, WHIFFZS
3]l Glucose-Aspargine ®BRZA](1% glucose, 0.05% KH:POs, asparagine 0.05%, 10ppm
Amical 48)2} Glycerine-Czapek BJX]{1% glycerol, 0.2% NaNOs, 0.1% KHPOs, 0.05%
MgS04 - 7TH:0, 0.05% KC1, 0.001% FeSO4 - 7H:0, 10ppm Amical 48)&, 2|3 IHF+HFE
=2]3t7] $13] Glucose-Czapek ®J=](1.2% glucose, 0.2% NaNOs, 0.1% KoHPOs;, 0.05%
MgS04 - 7H:0, 0.05% KC1, 0.001% FeSO4 - 7H0, 50ppm streptomycin)& A}&-3tdch ¥

A3 5d ARE Ztzte] wix]E 10nl2 TRt oy A BBP(50ml L) Y,
30T~ Z"ufsict. sftES HdAE2(10,000xg) 3 TH, 59 Ale2¥d
ol cish ZAHF & A¥stdct. A3YP L TSA(tryptic soy agar, Difco Co.) 8],

YMA (0.4% yeast extract, 1% malt extract, 0.4% glucose, 2% agar) ZL2|3L Czapek
agar IR E o]-&3te] BAre] uiFulokdolnyt T3 AlFol whel =33t T(Table
6.).

EZ ZA¥FIUIt 2 isolateE AN OFE F  oxysporum f. cattleya®}l E.
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carotovora®) AEHE AT WY » A ALY AuT BEA
2 X 10002 Barsigch

WS oA 4 EGAERRE 2732 ndBo] ASSEdFol sy 2

= Ze= NAEE 23gdEden, ol udEY daFoE Ay ngEs
Hla 3 Zygeo] £ WAaF A-12 B MF B-1052 X35t Fusariun oxysporumo]
chel A& g AR A7) Table 732 Zokch.
& FA317] ¢3te] W FolMs isolate A2,
5 128 BacteiraOﬂ*iLH%’*IﬁﬂM 3T EGARERE 2759 njyEo] 4
dof sl Z¥PL Z= nBER 23eYEPon, o/E njBED} Uzt
AT mEEF vy Zygol w2 WMF A-12 U HF B-10FE Z3sio
Fusarium oxysporumol| th3}| Z3}a& RAPEF ZA2}7} Table 83} ot} o|E Azbe}
@ ZAA2HE dAHo R AFA ol EeH njHES LMF A-129} A B-10

o] B2 Ay g UehhdrHFig. 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

A-6 11 0
A-T 11 12
A-8 14 9
A-9 ) 12
A-10 7 14
A-11 13 6
A-12 22 1
A-13 16 12
A-14 19 13

______________ A-15 B 13 ) .

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 '3

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
4cm.
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Table 7. Antagonistic activities of isolates on the mycelial growth of Fusarium
OXySpOorum

Media

Isolates TSA PDA
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 17 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-00K 20 30
A-12 22 25
B-5 19 22
B-7 15 23
B-~10 24 13

* Clear Zone Diameter in mm.
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Table 8. Percent of mycelial growth inhibition with Fusarium oxysforum £
cattleya and Erwinia carotvora on the TSA medium in the presence of
various antagonists.

% of inhibition to the plant pathogen

Antagonistic isolates -
Fusarium oxysporum {. .
Erwinia carotvora

cattleya
A-2 25 0
A-3 40 10
A-5 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

Fig 7. Clearzone test using paper disc method
exhibited against Fusarium oxysporum f.cattleya
antagonistic isolates, indicating the inhibited
circle for Fusarium mycelial growth on TSA
media.
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BE HelPe 80x ool 4EsHe Ae® Ushtouh A% Azlglo] Fusariun A
2]t =9

0% o}ifo] AREH ZAoz A dcHFig. 8).

45g B, 45g Al 2|3 10g mlRo® TAEE AL Az ZIYUIES
1:102] FPu|2 Z3ste] AxEEE 2&sto] Eo](30cmXx22cm)of w1, of7]of
ZA ot 4% M) (Cym  nevo-marginatum, Cym kanran, Cym. goeringii,
Cym. lancifolium) FEE 1081202 Azistz, Fu|" ZxjgEete] 10nlE T3
T YHLE Y ASATIEA BEeS BEEA AESL 30-50%2 U
Bhdon, S8l G geringiivh B ASeddTol cs) 71 nnw Rew
2cl (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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9, o] Aum[dEo 3 AR ZAYF HLE U UAH ZAo] o|Fo]
Ach o] ¢J3), WdF A-12=Tryptic Soy Broth ®jx] (Difco Co. )& o] &3} 3

0TColA thaeF27] LIzt MEefefstgd o, AldF= W vjx] (Difco Co. )& o]
st FY UM theFAsiwrztA] Asujorsigct. AuGES 45¢ Sy
45g #2018t W 10g vl o2 P4 e AL mfjdof 5%(vwv)7t HEE HEsta, A
2ol 1597 BEA s aurstdA Fxjujgstgdct. AFuGEI FIARIES
1:108] FH|E st FHQ ST Aa_ER A1Lstoic)

o

gt 3% Corn Steep Ligour (CSL)Z} 2% Soybean Flour® FAIE wix|(pH6.5)o]
2718 AwjSdES d%(v/v) FEF3t 30CERANAN thiFAl7] o olF uwi7zhx]
ARufgstgict. o] vigES AR sl 4Z 8 A= syt =3, HAwjg
=< 718 A8 ol 45ge] 2 wl HFIhL AF2olN 447 wigstgdct o] FE
HYES ZIAUINEZY FH4H A& AR 5g0ll TPt ALt =3t 23
orxete] HlRE fl8) AlESE WAl dvtH o= yol A18E3 %= benlate H A
£ AHelsty A TS va FEIATL AENREZE A ARt om.
‘Anmitu Hime’, Cym. 'Marirorencin’, 12|31 Kawano mericloneo]s] AjEo] 7jutst
05E §F 5 53] Fuigel o4 ZoE o 2 £F2 194 (PRE 45
woll AT F Algo] dstAch Z7zhe] AHel Lol cistols 1 Uz

| AlHEEFY (5X10)& E

v
EQTBFSIL, 280 whE AL €%, o+ 58 R4k #Ele diiule
AFZHE Lojxl AIE Table 1004 R uje} )

olg ZAAEFE, T AHe|FoMe W A-127F Ao s Fgkon

(Fig. 9, 10), A E2¥ L2 gAo] 3] FSyel= 3ot
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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
wviva Leaf length (cm) Root number (ea)
rate(%)
Cultivar® .
Isolates 1 2 - 4 1 2 3 4 1 2 3 4
Control 50 40 3 40 19¢” 6d 125d 14.9b 53b 43c 94c 58d
Benlate 70 60 6 70 166d 65¢c 87e 13.1c 50c 42c 83d 6.1d
10
B5 0 80 7 70 225b 84c 15¢ 18b 74bc 6.8bc 11b 7.4b
75b 145¢
B7 90 50 6 50 24.2b q 18.9a 756 98c 145b 115a
c
B10 80 60 550 20b 69b 135b 158a 652 55ab 84a 6.9bc
10 10 10.5b
Al2 0 0 9100 246a 87a 154a 16.9a 86a 74a 125b
c

z

1) Cym. nevo-marginatum, 2) Cym. kanran, 3) Cym. goeringii, 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.

ival
Suviva Leaf length {cm) Root number (ea)
rate(%6)
Cultivar®
Isolates 1 2 3 4 1 2 3 4 1 2 3 4
13.6d
Control 80 60 6( 40 , [7c 90c 47e 6.0d 57 95c 6.2d
10
Benlate 0 50 4C 60 12.5d 8.0c 95¢c 4.2e 6.0c 42d 58 19
B 10 1C
B5 0 &0 0 80 12.0b 88 92¢ 57b 6o5¢c 4.1lc 35¢c 42b
8.8a
B7 80 60 6C 40 152c b 11.2a 5.8d 80a 45b 6.0a 48a
’ 10
B10 0 90 9C 100 16.4a 99a 10.8a 6.4a 69a 42a 58a 3.3b
10 11.0
Al2 0 80 o€ 90 17.2¢ b 13 7a 7.5¢ 66a 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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2olo] qduotEel oyt AFEY YA ZANE HHI A3 LT Streptomyces
kasugaensis GBA-0927-& 433t Fofla = wba| 717} 93.8%, Bacillus subtilis GBB-550}
A= 90.0%, 128]|3 AT Streptomyces kasugaensis GBA-0927 &} Z 8} Bacillus
subtilis GBB-558 E-88}o] 2|8t ol 100%e] W71 BT (Table 11). E3H
Roje] MulFFolHof ths|A = Z3F Streptomyces kasugaensis GBA-0927S = 2} &t
Tl A= 92.9%2] WA/IE By e, AT Bacillus subtilis GBB-552] X 2] of A=
85.7%, 2|31 o] F7kA] AYFE FEA T FolH e 97,258 &2 WAIE Rorh
(Table 12).

olg AUEEFE AUR U ZYFES o] Fuiy B ozl thE ol 2tE

o] Hajol = Hgo] 7l & A= ALY

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 - 435 - 40.0
Streptomyces
kasugaensis 90.5 45 93.8 2.5
GBA-0927
Bacillus
subtilis 83.5 8.0 90.0 4.0

GBB-55
Streptomyces

kasugaensis
GBA-0927 +
. 955 2.0 100.0 0
Bacillus

subtilis
GBB-55
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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 (%) Protective value(%)
Control 35.0 -
Bacillus subtilis GBB-55 5.0 85.7
¢ k i

Streptomyces kasugaensis 55 9.9
GBA-0927

Bacillus subtilis GBB-55 +

Streptomyces kasugaensis 1.0 97.2
GBA-0927

5. ZA¥u|¥ g 53

1) Z3a|AE Bacillus subtilis GBB-55¢8] &3

#+F2] 532 Bergey’s manual of determinative bacteriology, Microbiological
methods, Manual of methods for general bacteriology, Microbiology - a
laboratory manual, Bergey’'s manual of systematic bacteriology &l AlZ-Z3tAH
Sof 550 ol UdwEel MZEA el whe} stack

AEE AYuAES P22 718 Agte o] 24-3F Bacillus subtilis GBB-550] tj
stof Feld W, MEAPA B4 T2 gy Ade sysided, O A9E
Table 13¢] A z|d}gcl).

ol AEHE £2]5 Bacillus subtilis GBB-55%= HEf&FE 0 2 Gram U432, 7HAto]
o, WARAE2E Fdste o wusgdon, Qe o Ae|aia A2 Table 13
of Zolct. whebd Bacillus subtilis® 532 O™, Bacillus subtilis GBB-55% ™

g stalch
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Table 13. Identification of the isolated bacteria Bacillus subtilis GBB-55

Gram positive

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

Spore shape ellisoidal

Spore shape central to subterminal

C15:0 antesio 43.8% C15:0 iso  26.1%

. . C17:0 anteiso 7.6% Cl70 iso 6.8%
Major cellular fatty acids

C16:0 iso 4.5% C16:0 4.1%
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) +
294 +
5% +
Growth in NaCl
7% +
10%% +
30T +
37C +
Growth at
50T +
55C -
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2) Fusarium wiltof] ch3t Z3PyH 3 Streptomyces kasugaensis GBA-0927 F-3=2]

[o]
A LAY T Streptomyces kasugaensis GBA-09272] Heletd E42 AEs)
71 #18te]  inorganic salt starch agar F =] (ISP No.4)AtellA 30°C, 7-102 =

= ufeldt F FApdxEun|Ze s BaAEt A3}l Streptomyces kasugaensis GBA-09272]

spore chain spiral¥t FelE LERNSL spore chaino] EAE 1SS & 4 9t}

(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 LI-type
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A Z3dd Streptomyces kasugaensis GBA-0927-2 & ISPuIX] AoflA] 3% &
o uiSstEA ASF e} 1FALY] Az, Fute] A3} ojHe A, Jlgd Ml
AN T& VAT A FY A8 gIsigon JFat M7 A zl ge

A = b AZ2 LleleiTHTable 15).

b
rﬂl
N
fljo
£
ul
=
o8
[o
A
4
ri
&
i
flo
b

i

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

Aerial 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 Norne

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

o AEE el S 24

M ZHZF 2] diaminopimellic acid(DAP)2} olum]i-Ate] A S -3
=3 Zghrh. AP F Streptomyces kasugaensis GBA-0927 A2 o] slHsjE e
cellulose TLC plate’fo A methanol-water-5NHCl- pyridine(16:3:1:2)2.2 A 7s}5
FEEZEEN vLT A7 LL-typedt SUT Aol spot2 ¥ £ glojon, o}

oji=at 4202 glutamine, alanine, glycine $o] &3 Tad £ gt o]

F

B3 A2 & o MEFF Streptomyces kasugaensis GBA-0927-2 Streptomyces<:O.
= F3FEAct.  wield AW FF Streptomyces kasugaensis  GBA-0927 =

Streptomyces kasugaensis GBA-0927% @ ostaict
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A4 F AYDINEE 012 WA W PES AL

&

Age] Eusls A8 By 2Folu Aol wAshs Howx 1 wHy
Fol Edulel Exlstel 2% WA= Wio] W HAW Folof &% W] Lrh
71 Sl WAl Al71E W™ & £ @A B wAzE YAl BA Atk =

3 W AlESEE WA flstel sUleld R BAZE WAuEAY oS
slout Ael mate gl AFolth oley AMolA B AZe] 37}
gon B3t A4E 4 b HBA YYD b AESEE WASR A xs

AEH WA JFele 7|48(parasitism), EA]  (predation),
(competition), ¥}A=}-8 (antibiosis), WH A E 9} (suppressive soil), A B3
%3 23 ulE(PCPR), FE=A3A (induced resistance)Fo| Qlx|7t cfi-Eeo]
Foll FAEA] oo Jlzte] ByAoR 2gdim A e HF&rjze ASE
F2 ZAE UH g5 rh

oj2] ZEolA] Fusarium wilt U} Fusarium crown rotE& wW=l|3}7] $|3le o2 7}
A mBEEC]l AEF YA wiAAE ARREZ ded tEFHQA FASo] ulEUA
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 5, 1995: Ordentlich %, 1991), Penicillium spp.(Lin and
Cook, 1983), Bacillus spp.(Yeun %, 1985), Sterptomyces spp.(Chung %, 1989),

Serratia sp(Sneth &, 1984)%o] Qltl.

in)

=3 o E FH YAELES AES YAE AT v AusEs A9t w
<l olE mdE I FAEEAES 7 Y4 sl vlE wix FEL Rz
oith H#le F2ef 3 Fgo] nfe charste] My

& At AelM 237 ZET] dfEoll BHo

AT FAE
and Omura, 1993). A% Fefo2 4E3t W A5 WM oS 5Y Yugoss

Bl £2|¥ Blasticidine S (Larsen, 1989), Polyoxin (Tomlin, 1994), Ksaugamycin
(Suhara &, 1972), Validamycin (Kaneda, 1988), Mildiomycin (Tashiro, 1984), 1

2|3 YAlF o2 Re £2]9 Strobilurin (Leroux, 1996)%o] it}
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ot & AFelAs AAdolA Zelste] Wil A28l it WAzt A
o] X  Bacillus subtilis A& GBB-557-F8} Streptomyces kasugaesis
GBA-0927 z_g_ EH"‘I‘OE ﬂ;duﬂokx,ﬂ :9_:]-21_4. —5-%2411]135317]{% o) sanﬂ;g‘__I_,] _,_a]
et BAE s=333tgct

Al 2d A Ay

1) Bacillus subtilis GBB-552] ujj kx| =3}

B subtilise] M WIEAS A=) slsl RN ZA AR HjH] 2L hee)
Table 168} Zt}.

Table 162] 7]2ul=]& AME3H 30T, 250rpme] 2ol Hepufokstay, Aael o &}
A9 Mo HE ChARIEYH FARS 2T, TRRISRAE ASSY Ao
el AASt oLt AAF Fusariume] {0l =3 thdo] glglome A¥el Hr}l Qg
AEE sl BL8AEE ZRT 42 FF) ATl o3l dFEe 2R Az,
Achromobacter aceris IF03166°] Bacillus subtilis GBB-55 THAJAMEO] 7} ulzigt Ho &
BRSOl A% Aol AHENAT, FIVAL wak Aol T TR |2 2l

oul, Fo e NAFTPES Y BTE W ERVEALS o] 8T THE(0.D, at

!

A

600nm) &4& B3W3tAch AAYO T peat extract, peptone, corn steep liquor,
soybean meal, casamino acid, tryptone, urea, (NH;)s;S0s, NH{NOs, yeast extract,
polypeptoneol] thal] ZARIZ oM, o] of ¥aW o= glucoseS o] &3ldrt ¥agiose
glucose, sucrose, starch, xylose, glycerol, molasses, dextran(M.W. 70,000, 8,000,
40,000) ¢l thal zAlElEom, o] uf AL 2= soybean meal & o]g3tdr}) Aujokjz| =
+ LB broth(tryptone 1.0%, yeast extract 0.5%, NaCl 0.5%)& o]&3laion], AZero
1(v/v)%Z 3FFT},

¥ Bacillus subtilis(Bacillus subtilis GBB-55)%= UJAEAIE A3t o] glo
z

H, ujorAlzEe] Zajoll we} autolysisoll &J3F FokMlEe] ZAI 7EATL o|gA = Halko]

— 55_



Table 16. Composition of the basal medium

Carbon source 0.8%
Nitrogen source 0.8%
Minimal salt soln. 200ml
0.1IM MgSO - TH:0 10ml
Distilled water to 11,

Minimal salts solution (per 1L)

NazHPO - 12H:0 85¢g
KH2PO4 15g
NaCl 2.0g
NH4C1 50g

-
A
1o
0

i
\d
N

\ih
Q.
i
Ex

Streptomyces kasugaensis GBA-09272] TATjAlrkE 2] Aate] u]X]
= YL ZARP] 9, ditdoz Wi wia R theela ols Table 173} 2 24
RIS of-&ste] uioto] uhE FATIARIES Ak tiA oS o] &3l 2ARslATt g

2 Modified Bennet Blj2|(yeast extract 0,1(w/v)%, Bacto peptone 0.2%, beef extract

£ o]83ld 1, B4 50ml-8 FLABHo] glass beads( 27 5Smn) 3071E Ei1 ulersle

wAT FAGE ] oI =5 Ik o] wiUES FFUOET 2%(v/v)E ARSIt

<o

1%

~—
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Table 17. Comparison of antifungal activity by Strain Streptomyces kasugaensis
GBA-0927 on the varoius media.

fi:ei)redienm(per mejium me;)ium G medium me}i{ium me§ium ISP No.4 medium
(NH4)2504 2g
Beef extract 10g lg 1g
CaCOs 2g 2g 4g 2g
Fish meal 12.5g
Glucose 20g 15g 20g 20g
Glycerol 10g
Infused Potato 200¢g
KoHPO4 0.25¢ 0.25¢ ig
MgSOs - TH20 lg
NaCl 2g lg
Polypeptone 10g
Soluble starch 10g 25g 10g 10g
Soybean meal 25g 15g 12.5¢
Trace element” Iml
Yeast extract 4g 2g 4g

pH 7.2 7.2
Antifungal
activity” 19mm 12mm 10mm 10mm  12mm 13mm
Sporulation NO NO NO NO NO Yes(white)

* Trace element per liter : FeSOs - 7H:0 1g, MnCl; - 4H:0 1g, ZnSOs - TH:0O 1g
¥ Diameter of clear zone against the Fusarium wilt isolated
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i
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ZAFPR| ] = Ao pHEglo] WA pH 3, 7, 1054 Meiste ApgstATt
SA20AP(OH™), SA20AP(C17), Amberlite IRA 45(0H), WK-10(H"), WK-10(Na'), SKIB(H")
59 ol 2] 20 mlE 1x32 cm columno] £ &F the A 2)3t wjokele pH 3,
7, 1022 =St FAIZITE £=xo] FHEH EAL o2 aHo st A
g3t7] Aofl, E2 £ E&F9 5u) J1Rg BHAA ol2aTo] Hi|e ZUSL

| A& - &30 F ZAZE acetic acid, NHOHS2] &ujE A}g3ted whata g

4) §niFE4y AE

Streptomyces kasugaensis GBA-0927 ¢ ujjofolofa] ujofod g Rol 100 ml®
33t pHE 3, 7, 1022 23 & % Hake] hexane, chloroform, ethyl acetate,
l-butanol & 7}ste] 1A1ZF ZtA 0% 33]of Ax WiE 223 ¥ 87| 8uj33 ESS
et ks Sdte B8 &t

5) Silica gel column chromatography

Buthanol3-& sodium sulfate® ®FA|7]2 28t t}S ZdeZste] Aol
methanolof] 5o silica gel column chromatographyE 3}7] 9|3t A|822 A}&3}c}
Silica gel 400 miE 4x30 cm columno] 2§23 ¢J2] ABE 223ty
chloroform-methanol 2] ZAJo] 1:14% ZYH RujE o]l L7 ‘]'935}

6) Prep-HPLC

Silica gel column chromatographyor] Wol RIS 7Hole&dlo] 40%
methanolofl Q! ¥ Prep-HPLC column(Water Delta pak C18, 7.8 x 300 mm)ol
injection®}il 40% methanolg o|FAto Z3le] dojxl WAHEHS Ha|slgry

A3d Ax 9 3%
L 2% & $7E 23 wje} 27

1) Bacillus subtilis GBB-552] ujorz] = &}
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B subtilis®] 23 wjtZAL AT 93] 7|Eu=| A ARREY uiR]Y] 2HL2 9]¢
Table 162} i},

Table 162] 7]2uj2]& AHg3l] 30T, 250rpme] ZZolA ehufjoysta A, Arel o &l
48] o] whE AMFERAY F485E ZARIETL tARIERAEL A5 9Tl
chsl AXIstEort Hd2 Fusariume] Ao] =3] ThHo] Qlolom® Aol Br} YY)
B o3 HAGAEE T 42 FRY Al s gEde 2 A
Achromobacter aceris 1F031669] Bacillus subtilis GBB-55 TARIEC] 71AF RiZksE Ho®
wekzlo] Al A¥of] AMIIE T, HFTAHL vl Aol TRt T U2 e
o, Fo B oS AME3 A o EHYEAE o183 FHE(0.D. at

600nm) &3¥E& FslArl EAYO T peat extract, peptone, corn steep liquor,

soybean meal, casamino acid, tryptone, urea, (NHy)2SO;, NHsNO3, yeast extract,
polypeptoneo] thsl ZAlslgion, of uf §i£%10 2 glucosed o] 43}t Ehaglom:
glucose, sucrose, starch, xylose, glycerol, molasses, dextran(M.W. 70,000, 8,000,
40,000)of os] ZA}slg o, o] wf YAP SR = soybean meal & o]€3}Rc}. HujomjA|E
= LB broth(tryptone 1.0%, yeast extract 0.5%, NaCl 0.5%)& o]&3lg o, HEZar
Hv/v)sZ 3tgch  olAke] A28 e glycerolZ} soybean mealo] BFAZ} Ao T =3}
Stcha letE| gl Table 18, 19).

A
WAEglon, < ngEUdA ] FFHAN o] EAEE AAY oot e Ho= gkt

il
2
o]

AHQ B 4L fEsidn

T

B L EAL] P sl HAZALY cortex Aol FR3HA 2-3N= Ao g ot
A 9l 2501 (Ca”) 3 dipicolinic acid(DPA)¢] 87} &3} el dAelol &3t ZA}
FEE AESIACE vy FRFo] A e](60°TColA 3087 A] = 80ToA 10837 He))
gF Ffolle izl Y cirpatEdAgde] 343 Zashe @Ak Uehiady] uigel 3go] E71
B Fos ey, B0l Y 0Pas] Hrlel 98t ZA e REslACh Ca¥ ol

TRlol = o %3 ISRl 2 4% 3 dgtert,
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DAPS] Z-9oll= ujokZolo] vixlo] ErshE ClAMIERES FA Asfstdong wlof 2k =
of A7ksle] thalERAd T} A REALS S=siac
Ca® o] STI} Ex}g o] njx|= H3ke t}22] Table 203} Z9kth
3712 A2HE ¥ ol = ZU uwlel 2o AT ZlEE AL Holr}
20mM o] dolld ThA Ziadhe AL Uehidon, B4 ZAE B o A} o] tha 1

oA=Lt EApeT} 71 w2 10mMe] HFHA 22 AlgElon, ALHL Y| o] HEE A

&3talct.

e
[

DPA =7} ZA}Fo] u|A]= B3, DPAE ule} ZJlof wixlof | A7lsd F2
A53} tAEES gl A GAEE dafo] BTG 0D 2 (Table 21), DPAY] B WIS 4
Filg o, I Axl= tha¢ Table 229} Ut}

slo] Az He] HFHOE Qolals Ealts ule AT 12~ 14420} Blshe Fol
Vg Ayt oz wusidon, Raslel Aol YFTVAL SNHY UAEA) 2
L o+ dgich BHEYLS WG ANF 4ALE AAHU 6A12mle 84 Zhlet ol
U Al WHERRA 2] 2 24 TS PS¢ 4 itk

Nl

A, A7kshs DPAY] S=F 23] 3] BB 10X 20]l Thee] Table 225} 22 &
EE HIISIAL 202300l Aot ZArE ZARACE 919 A2HE DPA o] Zlo)
et §PAZTE the Hadhe o] HPou Ay ee %ﬂfﬂ% B%E& Uehhict
of wl thAtERA e Wik A FAY +F0I9, wleld thaRiERAS g BE o
B3} 50 uME HiFs =2 A% SIch

g, oke] AES FHeskd J[EulA]o] BlAKOE glycerol, AAHUOZFT soybean
meal, Ca” 100ME H7ISI HEE 5(v/v)%S o] L3 30L ujokoll SloiAe] AA|H HIE ]
£2] Table 23¢] Fe|s}sct

#le] 22 RE T2 Y=o ule} cfAREA o] S8 pHis Tha Zhasich ey
E7lel 371s= B L Lt wle) 102)2hx) DPAE HIRIEE o, 8E0AT} 2ok
BBE Uit ole FUFAMEe o] DPAY] H7loll 93] STt o es Aozl

do
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Table 18. Effect of nitrogen sources on the antifungal activity of B. subtilis

(Bacillus subtilis GBB-55).

Nitrogen sources

Antifungal activity”

Meat extract

Peptone

Corn steep liquor
Soybean meal
Casamino acid
Tryptone

Urea

Ammonium sulfate
Ammonium nitrate
Yeast extract

Polypeptone
Control

13

16
15
19
15
12
18
18
15
16
16
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 spore Antifungal
9 . Vegetable cells Spores . C
Ca” ion formation activity
0 mM 45 x 1¢° 1.0 x 10’ 22 19
5 mM 53 x 107 16 x 10° 30 19
10 mM 72 x 10° 34 x 10° 47 19
20 mM 49 x 10’ 27 x 10° 55 19
50 mM 24 x 107 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
Control
time at 6hr at 8hr o one pgpe  COMEO
oH 65 68 70 71 7.2

Vegetative 80 x 50 x 80 x 1.0 x 20 x

cells 107 108 10 10° 10°
S v 1.0 x 20 x 40 x 2.0 x 20 x
pores 10° 107 107 108 108
pH 7.4 7.4 75 76 75 75

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

S 16 x 15 x 15 x 25 x 25 x 90 x
pores 10° 108 10° 10° 100 108
Fungal

. x 1 13 18 18 18 18
Activity

° The concentration of dipicolinic acid added : 50ppm(30 z M)
¥ Sporulation was induced by heat treatment at 80C 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”
0xM 52 x 107 2‘1209" 42 18
1.
1254M 25 x 10° 1109X 4 18
1.2
254 M 17 x 107 ; OQX 65 18
1.3
50 M 15 x 10° ; ng 87 18
100 #M 14 x 107 1.1109x 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
pH” 6.86 6é6 6;17 6.86 7.01 7.09 7.19 7.23
ODéoonm 47 67 71 82 8.3 12.1 156 14.2
15,
D.O 39.1 7 15 01 DAP" 04 2.1 254 246
of

0.1x10 29 42x10
Vegetative cell ' ;( n  1.2x10° 38x10" ;( 2.0x10”

9.0x10 3.4x10
Spores” 7x 9.5x10° 2.0x10° ? 1.2x10
Funga

0 12 16 19 19 19 19 19

I activity™

; The concentration of dipicolinic acid added 1-50/JM
. Sporulation was induced by heat treatment at 80°C for 10min
Diameter of clear zone(mm)
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2) A3 Streptomyces kasugaensis GBA-09272] wjjok

BiR]2] F5771 WA Streptomyces kasugaensis GBA-09272] BAThAIES] Aato] o]x]
= FF¥S ZARY] S8, I oR LAFR wiAE chE3t 9l Table 179 2 249
BiAIE o183t wjorel T BAHTIAIER St tiyujobd g o] 8sl RAVSIT] RS
&2 Modified Bennet ¥jz|({yeast extract 0.1(w/v)%, Bacto peptone 0, 2%, beef extract
0.1%)& °|-8319aL, 5 S0ul-§& FTA| @ glass beads( 27 5mn) 3074E Y2 wijoksiod

FUL FAYLAo] Lol R ShAch of wjpES WEULE 24(v/v)E AFESIYITE

AYATAZRE IR A2 P A7} 4819l o, Taladulx] 2= ISP No. 4
BIRI7E =igin. wlebd Pouixie AAuerg wiX 2 o]&sld o, ISP No.4 iRl U7
go] F¥ FALE E7] 1T TARARE wiA R o]ttt Te|m sFEAREAL] Alsa
&e)7] 93l B dAalold B3Rl 5228 culture collectionoflA] Z3haka
Streptomyces kasugaensis GBA-09270] AAlsh= A CARIES] 7} mlzkgh

™
iy

O

ENETY

ﬁJ
N

Enterobacter aeroginosaZ test organism® 2 = 33}c).

AgAollM Azgk P owiA(ZEE AAT 72} 10082 AESZ 121CoA 142
autoclavedtil AAZE ol&dlo] AL thd, ofzjdo] ey 20g2 Il HEHIE LR
ZEICHE o] 8ste] vfgAI o] W chalitEe] e W3t A The] Table 243 2

=2

slogel] mhE F23 pHel MR- U] Yokon] THTIARMELS ol 60AIZINE ¥
A=) Alaksled wjel 4ol Eakee A Ushiadh 2elT wferstel mhe ke
o] FARHE FUSA Uoith wheby oA uloke B9t T chAEe] A (o) = wjoka]
o] A DL A £ 92 Ao T, wAlY AAHE o) WHOAAIES e
& ol thest 22 iz A, WAH|oRS 13 7 Eujx| 2 Table 259 2
& 249 x| g SR 2 o) 8Slgrt o] MINE ol@sle] Bhad, Wiy, ol Sof

B MEEo] nlAe & AESIEL
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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
F

u‘nigal* - - - - 11 13 14 14
activity

* Diameter of clear zone

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

Ingredients Concentrations{w/v,2)
Carbon sources 1.0% 1.0
K2HPO4 0.1% 0.1
MgS0s - TH2O 0.1% 0.1
(NH4)2S50Qq4 0.2% 0.2
CaCQOs 0.2% 0.2
Trace solution” 1 ml/L

* Trace solution contains 0.1%(w/v) FeSQs - 7H,0, 0.1% MnCl; - 7THO and
0.1%6 ZnSQs4 - 7TH20

4 712 E o]-&3l Hagdo] WAMF Streptomyces kasugaensis GBA-09272] 4387}

RIS Aol nlXEs 33 wladES 23} thee Table 269 29kl

#4712} A2 R yeast extract7h BATIARIES] Akl 7 22 LAd 0T B
L1, peptone, gelatin hydrolyaste, soybean flour, corn steep liqour 5% Adcfjrat

=9 BE SWshe Zo= vt wlelq AL Aol Wados ylHafx|o
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yeast extract® F7}5[7|2 sttt
TR0 2 Streptomyces kasugaensis GBA-09272] A8&3} A cjalibEe] Adxle] njx] &}

4of i3l ZEsIGel. Azl thee Table 273 QU

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

Activity*
Nitrogens sources Biomass
Fusarium sp. E. aeroginosa

Urea 0.54 i -~
Beef extract 0.68 12mm 13mm
Gelatin hydrolysate 0.81 20mm 13mm
Polypeptone 0.85 12mm 11mm
Soybean flour 1.15 20mm 14mn
Casamino acid 1.00 18um 14mn
Yeast extract 0.90 22mm 15mn
Peptone 0.93 AR 14mm
Corn steep liquor 1.04 20mm 14mn
Soytone 0.80 19mm 14nn
Tryptone 0.98 18mm 13mm
None 0.53 13mm Smm

Inoculum size was 2v/v(%). The cutivations were conducted at 30C and 200rpm
for 4 days. Biomass means the g dry cell mass per 100mé 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 o Activities

sources Fusarium sp. E. aeroginosa
None 0.42 10um 15mm
Xylose 0.48 10mm 15mn
Sucrose 0.80 20mm 16mm
Starch 0.81 23mm 18mm
Molasses 0.76 21mm 16mm
Glucose 0.82 18um 11mm
Lactose 0.47 10mm 12am
Glycerol 0.82 18um 14mm

8719 AANZHE vhadel e 28] A8 2 Aolst gig oLl FATIARIES] At
B4 O starchE o] R31GL wf 71 29k sucrose$} molasses® F}AQl Ao g
BIHE]dTE xylose®} lactoses W Streptomyces kasugaensis GBA-09270 &]3} o]&=]
2] FolE2 Fof AL mle Y cfARRYAES WA 0T AJR3} yeast extracto]] 7]
e o 7 o) EriabEe] BlagRThs Aaglo] o Whe GRS F= Ao E ity

oich

Chero = 7]2uiale] s} sk 02 yeast extract$} stracho] H71E wjA|E o] &
31, olefe] Table 283} 22 F<olRo] WM Streptomyces kasugaensis GBA-09272] ¥
S3 YYTAIE] m[A e 3 Al HUEE 2ol =R ImMolgon, =

+ gEEolodch
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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(ID 0.99 22 17
Mn 0.93 23 18
Co 0.94 29 22
Zn 0.98 25 20
Fe(1) 0.90 22 18
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 100mf of cultures.
Carbon source and nitrogen source were 1%(w/v) of strach and yeast extract.
The concentration of additive metal ions was 1mM.

? Activity : diameter of clear zone

¥ Basal medium except for trace solution
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PRl Bolee AT thRTeldE 29X e thzrl vlsid FARe] e
2o} o] 453 WyrikrEe] Yo o)

JHHos H7MH FLole F FUE(Co) 27} o2

BT ALEe] 2 G Bl ZOT VAT ofd(Zn)E BHUAFZYL] Alel o)
3} QYdr) EY ZAE Faol2F WTIMIBS ANE Ak oL g e

ol%te] AMZRE JEuAE ol 83l Ay, vhadd, Fo|Lo] WHF Streptomyces
kasugaensis GBA-0927¢] A& 9l Zgrir}i Abof oA S 2R A3, A
yeast extract, ¥hA$2 starch, Z50]2-2 FWUE(Co™)o] 71 Al golog Taxql
Tt}

2. A HIRE A il A gl A s

1) Bacillus subtilis(Bacillus subtilis GBB-55)¢] ==}

ARuBEE AEAANZA AR 91T FHHA nPELA L] FZHM £ FUE

2 thalt 23S RxIshet] ol ulor HA3te] AnlSo] nj Salsiciy sketElglon A}
7] 9jfEE ©1&3lo] theg] Table 293} ZHo] formulationd}o], A&l AR Alaskdr}

W, S EAA (A e BAYS MY Fol glend, A3ke theel Table 302} Lok
o] ANTRE TAYHRFEI BAASAY GA o] 2s) EARUFREI} o5
AW, F4o) Zhaol oAIERACl M HstEE o 4 93, DPAg} Aol 43

7b B Ao, formulationo] AlLH EHAAST Aao] = @3k b

3, & Aol AMH B, subtilis(Bacillus subtilis GBB-55)i= whily Hajiz} HE
Ealso] S5 B4o] glong, ofF UESLA} $2lo) 44U} WY WA ol T2
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TN HZIEZ o= ulA(FA ON ratiod} 10~12:12 43 912)E wjonj| & o]&
sto] IARgsta, of MlUES EUNNAIR cejHiE ARREY] 2 zeoliteo] Fasjo] g
A Fele] uEEAAE PHEolBaA} A =sldT),

2 FRZAOIAM FFu2 WA] 30gE A Petri dishol] T2 WA TE 3 T}, 30
27t autoclavedtal HufrE-S 106/ml 2] &8 343t tlg, 5ol AEA S wj|Ewe] 72
=5 FFIIL, 30ToM 36417 vt ok, BFEFFE ol 83l Hey ke, Fnx
H9l g% AarE SFSITh W B|aTEA 718 Bajujarg iAol ] 30%, KHPO
0.1%, MgSO4 » 7TH0 0.05%Z 7AE= WA= E o]-&3te] Ajufokal dixujore] Aehde 2
Eslaz} stgich. 22| FulR] ajxlE o]t uj et sl B2 | $%3) zeolite 10 2L
T - T - 8 A nIBEAIAIE e ol Eol thsl A3k thee] Table 313}

Zcl

1

37 BUEHE B. subtilis(Bacillus subtilis GBB-55)& QAro 2 AA|slsl H-2o) 7}
2 FHRE o]-83F Hufodo] dAuiofo] Aufore] vldle Hrl FUEI} £ ojAEUA)

= 37 F SUthe HollM FAde] g FoE weiEgic)

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 80 15 Dispersant
H>S04 pH4.5 pH adjustant
Final volume with

to 1L
H:0
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Table 30. Stability of the formulated microbial preparations.

Preparation s ' Initial/observed Observed Fungal activity
am| .
Date e 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
F lati
99/01/25 Iormu anon o 10Y5x10° 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
25x10°/g 5.4x10%/ml 4.0x10%/ml 2.4x10°
number
Antifungal .
PUNEE 7mm 18m 19mm 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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P AT Streptomyces kasugaensis GBA-09278] | Huforz Aol vors wjors
= B7IT HEIPEM o8 = YT dxfo g A 3ks}] $l5), thee Table 323} Zo] B

=
TAHE 0187 BEF (7t 0Fo ) 2ateldct

’$7] ANZRE HEAZ propionic acidE H7RBH= Ho] HEL ML KAk &
&°] ¥|™, Propionic acidof lactic acid®} ethanol& H7]8t A|H oA E 22 27 &

EAS

£

Fhd, diRRREETE vige] AR Eaje) A AESIuAL Ao S FESIAL B
MG nEES AT LE AFTY 4 Uk verniculite(F A 3~5m)E BAZ AME3}
o B4 wolt Dol TANPES TSIl Bolh A, )7 Teln B 1 19 Fa
2 I thE, 4719 ISP No. 4 ulix|e] HEES 0.4 F3u]2] Bl gsfsle] drlsiict 2
AT BYE 15065 R + U= 20 BALY folo] BRY e, 121Co 08
autoclavedt ThE, Al7] P ujr|E o]-83}] vforsh ufjokelg 10002 3]4I3t Che, 10me AZE

st HFH wiAE 30TolM Hriss 90-95%2] 4L AR 4 gl F2AULTE o]f
3t 14 18] Eo] FRA 1597 FAjtstdet. BiPES Sl +2YAS 5% of3}2
ZBT F, 22kl IAmGe AT U4 AAR stgod, AL Ado] AFgsigict wy

oF o) Z3hkyFel v 10° cfu/go|ddth

§WH, B subtilis(Bacillus subtilis GBB-55)$} ®}AMF Streptomyces kasugaensis
GBA-09278] MiFEEHRE TEoAl A4 U o AAE Aol L8 o, 7122 =9}
2 B Ex T8Y A JhedE 2] $l8) ofelY] Table 333} 22 sotoll Tt vidEl
£EF XSt SUFdE e S ERAIEA Aol AAskE sEEC) 28] &2 HEof
theted FofuidE AAletadct 22te] 5ok URshe PDA Ei= LB ulx] AolAe] ARFE

SagY J1Ee s stk A HEAY AzAdAE 12W(R)E Astas H.ol
Tted ZoE Rk, AL Ao, E& Ei 38 Ao FAY Wert g Ao

HEH, 58] AHA sofle wih¢ U] & Heog wdiEgct
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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 1.09% - -
5.0% + +
0.1% + +
m-p-methyl- ?
benzoate 0.5% . .

Acetic acid 0.1%6

+ Ethanol 1.0%

Lactic acid 0.1%%

+ propionic acid 0.1% - - Good
+ Ethanol 1.096

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

Bacillus subtilis

Actinomycetes
Streptomyces
kasugaensis
GBA-0927

Ab A o2

X X X X

she] ()
A1) (%)
SepE A FE - o B(F)

A FEFHE(F)
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2) Streptomyces kasugaensis GBA-0927¢]A] AAtE]ls WM ELQ] pH W Lo o}

B4R po] TiT GHYS BED 2 W4 GBI A Aol wmE
WA WL AASHE AOE Ushdrh T3 60, 80, 100CHA APEE 2 obA

& VAL AT 10THME  1RE 271843} Hlast] gowolate] B
& uehizlon 60, 80T WAY FE 1N SRS BHe LaE
Holx] ¢hs A3tE Ushie] 2 B4 wiad dof 33T BUAL & £ At

3) Streptomyces GBA-09270|4] XIAIg] = T EH BujEEA

Streptomyces kasugaensis GBA-09272] #fjofoiodS pH 3.0, 7.0 223 10.00%

L

£ 3% % n-hexane, chloroform, ethyl acetate, butanol-& A3 zizb 33 =t
FEH U2 AU 8miE B3] IES BHEAL VAL ST A A
ol pH 3.001A4 butanol &0 mho] &xj3}= ANE R AC)

4) Ion exchange and adsorption column chromatography

ol A 4 Fa2 $xof theldE the} 2ol st
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2% 8] BRof oojMs pHE 3, 7 121 1028 Z}7] Lheo] 383y
ofol 2@ T2 Ak 212 pHEslel LA pH 3, 7, 10 FolN Hsied A

B31%4TEL  SA20AP(OH'), SA20AP(C17), Amberlite IRA 45(0H7), WK-10(H'), WK-10(Na"),

lo

SKIB(H') 52| oj2a#4==] 20 mlE& 1 X 32 cm columno]] £33t T
7.0, 10,002 sl BIAATh o] oleaMY UL
of Slslol mBHN] Hol, BE xgepel sul LS EHAA o] LmBo] B

o
Al
o
L)
o
0w
=
(o4
w
2,

U2 ELSS 523 A - 8&AT F 72 acetic acid, NH,OHES] Bnf
of "E|zich FA 2] Z¢ HP-20 X5 AMESle pHE 3.0, 7.0 g
Z o] glob e o wislgdon 100% IPAR BHEslaiT)

BEELS SA20AP(0H )& AHESHAE uf pH 3.0004 o] %ol dojuta §2|E s
pH 7.02} pH 10,00 XM= o] &mFo] dojux] ¢igtrh. SA20AP(C17)2] 74-$-oll= pH 3.00]
A "G ER] dFTL o]2mFo] E oLt pH 7.03} pH 10.0014= tiF-Eo] Bl
Tl Amberlite IRA 45(0H )&= EHEZ Y tjfio] ol2a%Egdor) LeFe] 1}2x]
QFgirh  WK-10(H)Z pH 7.00l4 BHELS 3 ojuBo] dojuix] ¢foked, o
10. 0oflAte gk o] Aoyttt WK-10(Na')ol A= pH 7.0, 10.00fj4 EAEL] o
Frbel wBEYTE SKIB(H)Q] Z-tE EAEAY] d¥rt aB=s gel=gct. HP-20

3.0l FEEo] &3 100% IPAR £2]3loiS o) €A% Brl 1

Exhgo] &£9kot} Bhabgo] pH 3.0KT} WolT pH 10.02] AS= &



H 24L& 8eIstrIsIste] 30, 50, 100% [PAR +xt2o% I4& HIAIFHA &3
AlZich oi¥-2e] B4EE2 #xlo F3don smIPAZ &el3tdE
o} chf-Eol &&=t 50% [PAcIA B YHEHE ol thd A AFL A

3ysteict.
6) 7718l +&4

HP-20 F3 <X columnolA] 50% IPAZ Azl "AZEH S rotary evaporatorE
ZtsEsto] IPAS FUAIZ Fof I ofole] pHE 3.0, 7.0 22| 10.028 2T
%] n-hexane, chloroform, ethyl acetate, butanol A}&3] ztz} 33] wiE &3}

UE 771 8mS Bl IEShs BEEAY S Y A Y EA] o

3.00fA butanol Fof wol Eajst= AXUE RYr}. ulelsd VHELL AHEALY
& o 4 9ldt}. HP-20 adsorption column chromatographyolAfe] EAEF L zhele

F3to] IPAS HAY F phHE 3.028 M3l F3F9| buthanol 2 33] F&3lTh.

7) Silica gel column chromatography

Buthanol %8 sodium sulfate® E4A]7]3 o§3}3t e 2UsZE3)o silica
gel column chromatographyS 3}7] 2|3t A B & A&S}Ect Silica gel 400 mlE 4
X 30 cm columnef] xJ-%-3. ¢j2] A8 & %23}l chloroform-methanol 8] ZAjo] 1:4
ZUE BUIE o83t BelsiuTl 22T BYRY chslel 2eAA B A

staict.

8) Prep-HPLC
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Silica gel column chromatographyolld] Loixl THEEHLS 7Hs-=3lo]  40%
methanolo] 591  F Prep-HPLC column(Water Delta pak C18, 7.8 X300 mm)oj
injectiond}il 40% methanol& o] FAto Z3le] TAEHS Helsigon x| LzE

Hg 9istd 717184e A%t ek
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A o5 3 Heojgaol S3 U 58HO FEhy

JHES

Al1d A&

HT F7 29 S B3 2Zugdel o3 SRR of g Zale] o3t
o] BFETIR 3] ZHE dutolg Aol o7t Hajt FEI= FAolch olE
dfojglie & IRo] BATIAE "o] =l HA o] Hi e B2 2
H5ie} 2o s oz 298 Foiolztx AdHel AAHSE Acte £AS 2
detAl Hrh @AZEA Hel SAHCIY Wuloldan o 306 oA (
5. 1990), olFA LEEZEM $F ulolg A (odontoglossum ringspot virus:
ORSV)et Aujt]& =Exlo]3 ulolela  (cymbidium mosaic virus; CymMV)olT}
(Bodnaruk and Hennen, 1979:; Hu %, 1994: RyuZ, 1995: =} £ 1990; Pearson and
Cole, 1986).

Hlol2 a2 A7t A Eilbssta, wepd ms)E Soll whe
47127} delA Qlth (Matthews, 1993). A=mjL wlo]z|A =3ty ’4%7% 5531

ol E#l= HlolgAE uiishe 232 WAL EHN vlojga ¥
Zlolth Al Wals dAev Aadg 2oz EYRE A fujsh=
olm, ul Wxl= I AhE T3l o|EFE AATLEZH FIUL 27|

ol Hlolgas 3] A2 ofo] mEe Exsitals FUE AxHA u}
ol S7t=] g dod 4 9omz Ry} Asty LA Awhy
of & Zlolth. dHxj oA CymMve} ORSVY] Fmtoll ofg] 7hx] ¥y ats
RT-PCRo]l &3 Zwho] 22 AME I ol=d (2 &, 1998 & %5, 1996)
15‘30{%%% Hrlh 839l tissue blotting2 7Usta o] & o]&3le A Fx| o
AN xuiE= Go=Re ¢ 271 vlojgl A ZAFEE dolr ux} AlAjEIAC)
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Eone >

A 2Ad AE g oy
1. ol 33t vlojalA 54 9 tissue blottingy 7|

1) wholl #3f3t nlolgjx F3
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AHgstatt. 2t AR5 0.5g4 s} ZAA Aol fol ‘é%
]- k- phosphate buffered saline (PBS
I (12 000 rpm, 5;:) *o‘
AL 33ly, ZE2EXEF 111 V/V)i 23t F thA] dAadZel st (12,000 rpm,
FEAE 23t Ao MEER Algsigch

o

Ll Ehol Lol of
A A 2Rt A
ghoj 2l Lof thgt Y

Sk

Solg

in house antiserum)& 7}Eo] HAdAH AR Folmng zizl2]
= ATCCEHB FQIste] Aol A&t

b Az 0 JIEY 8% immunoglobuling @€ A(goat)o] =
Protein G-Sepharose Gel (Pharmacia, Sweden) columng& X}
Jefu] wHeR &4 Feste 2XFAE ALY Goat
anti-Rabbit 1gGE ,:MC]-. Coat anti-Rabbit IgGi= Nakane®} Kawaoi(1974)2] Bhi o
= Horseradish peroxidase (HRP, RZ=3.0, Sigma, USA)2} Hsta|z# )

o}L
o¥

I

H“ nllo i)

Lesemann (1984)2] & &&3t AMAIStHcTt &, parapin
of AJEE 504 Wolxal F foam var® colloidionZh =2+t 200 mesh phosphor‘
bronze gridef] A x}7] E}—% 2% phosphotungstic acid& ZH& ¢o 2 Ao 38 Z9t
@HslaL filter paper’dod ARAIZ Ty AxPAn|FolM ZEASIATH (JEM
1200EX-11 (80KV), JEOL. Japan) AME gride ATrst wj (x 10,000)2 ARSI
Hlolg|& 5o FElE Hole Aok wste] Hgsiach

2) Nitro-cellulose(NC) paperZ& o]-83%t W HeglEl

Yol Uit ME s AAY 4 olch BAbHe] M TR

7} wpolai el F

=
NC paperoll A|ZE 2u% ZHASI AollA 16417 AHAAZRA|A Hlolgl2E &
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1

ol Al 20-30&7 FAIAIA

I blocking buffer (0.5% BSA PRS)E 7|3t A&
M-S A B NC paperE Al22] of3hx]

;_g_|].
FaEx of RIS Bajsidch o]F oo
AFol A

ELISA ZZ(} o], 1988)L 7|B o2 ria W AA Alxstadc), T4
2 NC paperE A-2ofA] 338 (ORSV: x 500, CyMV: x 500)
Qb BEBA]7l ¥ washing buffer (0.05% PBS Tween 20)3 A28}
5] ZEo] Fu 3% M¥stdch 23 ¥HEE Goat anti-Rabbit
(s )& s008) BHstel AbRStRon, W3S ALelN 147 5
b AAlstAT]. ﬂ’*‘{— washing bufferZ AM23}o] 557 A A3 E5o] = 33 4
HatArt FAF2 MO T Horseradish peroxidase (HRP)7} ZFA|H AvidinZ 3ha)
SIGMA, USA)E 5008 3 A3t 37°Col A 1A]ZF ¥-2A]9) 31 washing buffer® 33 A
Aot W= 2= diaminobenzidine tetrahydrochloride (DAB)E Al&3lgct. &
g A gsie} (0.2M Trizma-HC1, pH 7.2)of DAB 10mg& 835} 35% H0p 608 7}
Boll NC paperE HA|A]# wtgAlziony, 2uhst whaurgo] o]2ojx|= Aol &
‘LEI% Z 2] Avjo] PBSE A& sl AxA ).

—

ol:

Tl el -3l uioleLe] FFo} wHER W BAARRE wosiy] ¢lsle] 2 o
TAZY ATl UEY AEAAE EClE St oo F&3F YA e ofst A7

Az vk Zoh

pEEY c AF:E 2 M2z W AT Sold HAEN(Cmbidiun
goeringii), #EM( C. kanran), FW(C. ensifolium) 52 HEMI} BN
(Cymbidium spp) G x| Zste] HAMBE AFstaTt

EZY Cymbidium spp., Cattleya spp., Dendrobium spp., Epidendrum spp.,
Miltonia spp., Odontoglossum spp. & Phalaenopsis spp. 5& HEAMEBE AL+

°]& MiollA cymbidium mosaic virus %! odontoglossum ringspot virus®] BRFES
Z ALt Tt
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Table 34. Viral and soft-rot disease of major Cymbidium cultivars cultivated

in Cheju.

Flower Susceptibility

cuttver plant size Blooming Color Virus Soft-rot
time

Sl{rﬁ?\gr Y%‘;?ﬁ(% Small Early Green + +
"Mizunomaru’ Small Early Green + +
Grle gt Osr?él,r Small Early Green + +
Lugky Rambow Small Mid Pink + .
'Lapine Pallas’ Middle Mid Pink + ++
"Saint Lapine’ Middle Mid Pink + ++
'Lapine Rendezvous’ Middle Mid Pink + ++
'Lapine Dancer’ Middie Mid White + ++
'Lapine Curl’ Middle Late Pink + ++
'Ballerina’ Middle Mid Pink + 4t
'Jung Frau’ Large Late White + +++
Al}BSi(E?-IC'm derella’ Large Late Dark Pink + +
'Bio—Cleopatra’ Large Late Light Pink + +
'La vie en rose’ Large Early  Light Pink + ++
"Odoriko’ Large Late Dark Red + +
'Papitlio’ 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 + e+

+ ! rare, ++ ! medium, +++ ! severe
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Table 35 . The susceptibility on virus and soft-rot disease of favorable cultivars

originated from temperate zone Cymbidium.
Flower Susceptibility
Species Plant size
Bkﬁgﬁg?g Color Virus Soft-rot

Cym. kanran Middle Early Green ++ e+
virescens Small Late Green ++ o+
sinensis Middle Late Dark red +++ e+
tekkotsu—sosin Middle Early  Light green +++ ++
encifolium Middle Early  Light green e+ ++
misericors Middle Early  Light green T+ ++
gracilius Middle Late Light green +++ ++
dumilum Middle Late Light green R -+
hakuran Middle Late Light green +++ ++
forrestii Small Late  Light green ++ .
Jformosanum Small Late Light green ++ ++
Jabert Middle Late  Light green =+ i+

+ ! rare, ++ ! medium, +++ @ severe
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Fig. 12. Symptoms of Cymbidium Mosaic Virus (right) and
Odontoglossum Ring Spot Virus (left) on some oriental

cymbidiums.
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g FElE VERARL Sigich T 48 A= 2ok B U 194 3k R

272 A8 A2 AR AAolN ofmt wiolEante) BAE AREA k)

(o

Aoy AAoll AR ARE IriE AMESle] BAET A3l 439 FANEERY
CoMV (% ARES ) off odube-g Bl 22 2 A Z(T &=holagt Vet (Fig. 14).
&)l thdted= 1, 2, 3 AR 2RO e 4tz & 2
HujgollA LR ARt AR E LA dhgo] glgltt mheld AdlTlgd ol AEee
THIE 4= gl dlollae ORSVZE tii-EoldleS o 4 dgth

e
&
o
&
-2
fo
flu
-
o
2
r o

2 Aol wlagt A71F 7] S wlastel BY, immunoblotting Mol FHEA
PELE LB CyMVe} RSV} 9% Axtein| AAte] AR = AL 4= 12 vlolel dx1g
[HERE RiEfo} Jon, ofele] o}E AokE HREx] Zsld) oleldt AR n]Fo] Ko}
BlelEl nEe] Ha g AR WS sshA A n] R AR EE AP ojhrhe 2
Eofl =dstdct.

Fig. 130X+ 5ofebAl Aulc)) Cymbidium goerigii, C, kanran, C. ensifolium C
sinense} X Y3tAIQl C. ‘Saint Lapine’, C. ‘Ballerina’, C. ’Jungfrau’, C, ’Lapin
Hat'E ZAlste] e 5 FAo] Lehd 9o] FUE NC paperof B84 b ¥kg-g B Ao
th. 20§12} NC paperofl Z}z} ORSVS} CyMV 3bAjjofl TH3E kAl ¥E2-9 B el NC paper 2mjo]]
Ol kel ARE WENE S2E ABE NN 9371 U H2iT Rolch oRsvel
CAUZE Bajoll AT Ho] A0 2 5% Hx|sh Qliel, ol 250] wlo]2lLo] Bt 7t
Aol sl e-g U], St ORSULE GV BHBofet 40 A= ) whgo] Lighd e 2} ¢
A AlBo] 22k D) wlolelaol 29islol 98-S Uekh low, UniAl 10k %A 3

R 4 g AR AFIAG £ A8y 24 52 A%
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Fig. 13. Scanning electron micrographs of CyMV (linear type) and ORSV

x10,000.
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arrow)

(round spot type,
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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)

.

R

- 2 %
- .'fyﬂi/.,, o
_

-

7 7
AR AR S

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

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

6. C. 'Saint Lapine’ 6. C. ‘Ballerina’ 7. C. 'Jungfrau’ 8. C ’‘Lapin Hat’
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3. ZAWITt 29 L Aol ThY HlolHag 2

33

X_'

el ZEGE H9AAEn P o2 AR vt &
THEE CymbidiunE HHIAZ sto] WELUole} 4TI FHEE UEL
of xjujdgto] 1 AuIT]E%3 Eol ZUET B2 A= U] (

ol
U
36).

kil
)

AA

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
Total
Genus ) )
: ) Both viruses Infection (96)
Plants indexed ORSV CyMV
ORSV+CyMV
Cattleva 25 0 4 5 36
Cymbidium 52 43 1 0 85
Epidendrum 5 0 0 2 40
Kingianum 4 1 0 0 25
Miltonia 3 0 0 0 0
Odontoglossum 4 2 0 0 50
Oncidium 4 0 0 0 0
Phalaenopsis 3 1 0 0 33
Total 100 47 5 7 59

gt ol A S JUo® HAAT o] Bl o} 2FHE Uside 2
ORSVZ} ¢HA 0 Z Ueldon, LS Bole 2L CyMve] s UHHEZ ¢
== eladt} (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 Avt]Eety] B 2AYIIEE o83 S FEFuolzHE dojz
A & zfajd o] 3UAFE H3 WolAME vlolglA FAto] H3 wWAFZA ottt

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 yvear in cultivation
after

being collected.
¥ Mainly imported from foreign countries.

T EA T SRT Ao o] Ful At At Ao AR )
Foz AabH @zizo] HiolglAvl A& ] kol (Table 39.) ojF =3 22 o
EFEH TUH Molde A2 0% Jrke dlolgla ZEgg Holn glo] BEEI
TUeE Aste] 2] I AAEEY olF JHedE Y YU doms 4E
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