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Technology Development for Disease Control and Growth

Promotion of Ginseng Using Effective Microorganisms
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SUMMARY

I. Title

Technology development for disease control and growth promotion of

ginseng using effective microorganisms.

IT. Purpose and necessity

Research aim is to make new product that can control root rot disease and
increase yield of ginseng by using microbes. Root rot in the ginseng fields would
reach 50% of missing plants and result in low yield and poor quality due to long
crop year(4~6 years).

Land resource for ginseng cultivation becomes more limited because ginseng can
not stand for replanting. Soil quality of ginseng fields is decreasing with the years
passing. Such factors increase the dependency on chemical pesticides for ginseng
production and finally ginseng price and consequently resist not only export but
also increase the import of Chinese ginsgeng by 10% of national production in
despite of increasing chance of export.

The economic status of 1.4billion Chinese is increasing year by year and the
chances are increasing for Chinese to purchase Korean ginseng that has long been
one of most important herb for traditional Chinese medicinal recipes.

Most ginseng growers eager to seek certified biological pesticide in market where

many biological pesticide make them in confusion.

M. Scope of the research and obtained

results

1. Isolation and characterization of antagonists against root rot
pathogens of ginseng and plant growth promoting rhizobacteria(PGPR).



Principles of antibiosis(seedling test and anatomical investigation).
Compatibility and optimal combinations of antagonists and PGPR.
Investigation of rhizosphere in habitation and optimal medium.
Isolation and structural identification of antifungal compounds.
Time course production of antifungal compounds in natural soil.
Field efficacy test of effective strains.

® N O~

Formulation of bioactive agents.

IV. Research results and application

Section 1. Results

1. Selection of potential biocontrol agents

Total 13 promising biocontrol agents (Bacillus spp. B4228, B1141, B1142,
Burkholderia cepacia A100, AB101, Burkholderia sp. AB21, Pseudomonas sp.,
AB62, Streptomyces sp. A8 and other 5 were selected by bioassay of biocontrol
activity against ginseng root rot pathogens such as Cylindrocarpon destructans,
Rhizoctonia solani, Botrytis cinerea, Fusarium solani, Phytophthora cactorum,
Pythium ultimum, Sclerotinia sclerotiorum. Pseudomonas fluorescens B16, Bacillus
sp. B6 and C8 were selected for the growth promoting agents of ginseng root.
Bacillus subtilis B4228 and Burkholderia cepacia AB100 having strong inhibitory
activity to ginseng pathogens were applied to the Patent Office(Patent No.
2002-67963, 2002-10918).

2. Mode of action of selected biocontrol agents

Application of Bacillus spp. B1141 and B1142 were revealed to induce systemic
resistance of ginseng plants with challenging of Phytophthora cactorum. The
isolates did not have any direct antifungal activity against ginseng pathogens and

stimulated lignification in the root tissue of ginseng.

3. Compatibility and optimal inoculation mix.
There was no adverse activity among Burkholderia spp. AB100, AB101, AB21
and Pseudomonas sp. AB62, Bacillus spp. B6, B16, C8 which showed ginseng



growth promoting activity. Furthermore, the combination of those agents showed
the same antifungal activity as each isolate did. Combination of biocontrol agent
Burkholderia sp. AB21 and growth promoting rhizobacterium Bacillus sp. B6
showed 43% of root growth promotion by control of root rot, and 12% of real
growth promotion of ginseng. Combination of biocontrol agent B. cepacia AB100
and ISR agent Bacillus sp. B1141 or B1142 showed no in vitro interaction on
culture medium but resulted in lower control efficacy against ginseng root rot in

vivo bioassay(p=0.05).

4. Rhizosphere inhabitation density and optimum-culturing medium

Dipping of 1-year—old ginseng roots in the suspension of Burkholderia cepacia
ABI100, Bacillus sp. B1141 or B1142, showed approx. 10° cfu/g - root in population
density. The population density rapidly decreased up to 6-9x10° cfu/g - root in the
rhizosphere 30 days after transplanting in a field which had an harvest of ginseng
7 years ago, sustaining similar population density at 60 days.

Optimum-culturing medium was selected by bioassay with several culturing
media and ingredients, which is economically suitable for field application in this

study.

5. Isolation and structural identification of antifungal compounds and
their activities
Fourteen antifungal compounds from &8 antagonists were identified by
spectroscopic methods and tested their antifungal activities that bioassayed through
EDso—probit analysis. Pyrrolnitrin produced by B. cepacia AB 100 has strong
activities against C. destructans, R. solani, and B. cinerea exhibiting each EDs
value of 22, 0.05, 0.02 ug/ml, respectively. Streptomyces produced phthoramycin
which has potent activities on P. ultimum, P. cactorum and C. destructans.
Newly isolated antagonist B. cepacia AB21, produced copious amount of

pyrrolnitrin and its precursors even at lower temperature, 10~15TC.

6. Time course production of antifungal compound in natural soil
Burkholderia sp. AB21 treated in a natural soil at concentration of 10°cfu/g soil
produced enough antifungal compound pyrrolnitrin to be detected on a TLC plate

and kept producing up to 25 days after inoculation.



7. Field experiments of potential microbes.

A. Dipping of ginseng seedlings at transplanting with liquid formulation of B.
subtilis B4228 or B. cepacia AB100(10°cfu/ml) significantly increased yield(p=0.05)
and quality of 3 years root.

B. Drenching on 3rd year field of liquid mixture of induced systemic resistance
microbes, Bacillus spp. B1141, B1142 significantly increased healthy root yield and
decreased diseased root yield(p=0.05).

C. Drenching of B. subtilis B4228 or Bacillus spp. B1141+B1142 or B. cepacia
AB100 on 3rd year field of direct sowing ginseng significantly increased yield or
number of healthy root or decreased yield or number of diseased root in
comparison with pesticide treatment.

D. Antimicrobial organic matter formulations(107cfu/g) from coir or peat moss
showed great variation from field to field except effective case of peat moss+B.
cepacia AB100 probably due to poor mixing with soil.

E. In the self-soil nursery dipping of B. subtilis B4228 showed 80% stand of
pesticide plot only in one field.

F. In two fields B. subtilis B4228 increased Actinomycetes population in soil
that was significant(p=0.01) linear correlation with healthy root yield and number
of root without red skin.

G. Production of liquid or powder formulation of selected microbes : A liquid
formulation of B. subtilis B4228 was developed and that can keep effective
population (10°cfu/ml) for 6 months in a sealed plastic container. By using talc
and other one compound a powder formulation was developed and that can keep

effective population(10’cfu/g) for 5 months in a tight plastic container.
Section 2. Recommendation for Application

1. The selected microbial formulations proofed through field experiments should
be forced to use in relation to a system to decrease chemical pesticide use or a
system only with safety pesticide.

2. Research on induced systemic resistance microbes such as Bacillus spp.
B1141 and B1142 should be intensified for practical use.

3. Root growth promotion microbe Bacillus sp. B6 must be studied for

decreasing root weight variation.

,10,



4. Strong producer Burkholderia cepacia AB21 of antibiotics(pyrrolnitrin) in soil
must be studied for field experiment and mass production of pyrrolnitrin.

5. Microbes+organic matter formulation must be continued for field experiment
for the development multi-purpose rhizosphere improver.

6. Field experiments of ginseng are expensive due to shade house and budget
item must be established separately from material item.

7. Since ginseng crop takes 6 years one research project for field test must be
6 years and report every 2 years.

8. Ginseng field experiments require large plot and many replications due to

stand variation and thus research fund must cover this expense.

,11,
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oFo] ZEAY FHE BE FAHAY IFFREAE AMAY] fste] gAH
2 A °F(Biopesticide)e] 7WdAG-7F &rdaln AlFo] EA FAE oy 7t H
AtH(Biopesticide 12. 1999). EF&FE ] djsto]= ulo = Faste wAEF o] 77
7F ot Edfrd SR EAl v EF ok obA ItH2004. ).
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A=l JthH(Kum H.K. et al 2000).
> st ukA ol Cylindrocarpon destructans©l
ofnt At & 19984 |4 A& Trichoderma sp.2] &3& Hi 3}
ATt Bacillus sp.& AHE3] 60%9 Cylindrocarpon destructans@ A &35 H 13k
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Rl (Liyu 2004).
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H 3% d7idsdufs& 2 2ot

A 1d FEUAES o8 A4 BadA 2 AF
3 v A=A EZAE A FZA)

1) &7 € AT
B Ao Abe&H FA|TF Bacillus subtilis B42282 =394 % 4] A4 E
& FH £ s4AeH AT S T A AW A g} ElE

Jow 33 X

=99 Fox AHFIATLERY FYol FAstAT. I A 2l
Burkholderia cepacia AB100¥} Pseudomonas sp. AB62, #=3stgo
Bacillus spp. Bl141, Bl11425 #Wto} FA|HF2 AFESIAY. AT L
TSA(Triptic Soy Agar)oll %3 t}S 10% glycerol®Z dEHS ZA|5te] -70C %=

&Yz o] HASIHA Ao Alg3sI T
N?ﬂoﬂ 2290 A4 ATE 4o ZRE HE 45t HUAde &0 AEZEA
KT&G 459729 sd94871459 A8 a2y ol (Cylindrocarpon

destructans, Rhizoctonia solani, Botrytis cinerea, Phytophthora cactorum, Alternaria panax,
Pythium ultimum) &2 Q4HAA 52 AFESHA

F9 7 AA

o1 4] < PDA(Potato Dextrose Agar)oll 7€47F w3 o3 &4 6mm9

Cork Borerg o]-&3sto] #AMEH S Zetdl the PDAC S 73tk diA S 913
TAE

A TSAO 2947k WY F HAFTFFE ALEste] AT Al (1x10°cfu/m)<
zAsA . HirE paper disc(FE8mm)ol AddE N 70ulE FUI vho B AT
xste] SelFadth 27C 7)o 743 Mg & AT ASFANLEE HHS)
b=

3) X pot 28

FFE pot AFES B3 FALAIgAES AIday HAAS S8 AN wHdd



(Cylindrocarpon destructans) 2 H X ¥ Q¥ o] EGS AFHste Q9HA g2
A Yot} E3HolHEYFE, 111 w/w)e g o|HESe R A&33rt &
Al Agets TSAm A o] =date] 293 vt of3 spatulas ©]&ste] +74 = 4
FFEEFFE A ste] AA1x10° cfu/mDe AT 2P ALgE B
T ¥ 19 s A ddE AS AMESETh FvE dEde] Babs 1417 3A
F 2087 243 o2 7ZF pot(15cmx20cm)ol 1072 o)A 3FAth A gldl ik =z
T AR dESRTd FAA A oA e zt A 3R o® HAAEA
thoo]2 F 25T 9 Aol 45943F Auig vt Wel AR & 4o FeEsE
Aol AXATES SAa, MA Ad AL F- ol gk HeH &S S35}
of ZHH o|HE&S XAFSHA

ot webs] FA Ay , o] AP Hdds A
Al sttt

1) HA

A A A7 21E 5T 5 e MBUIAIE Adsdar Aqb Aol
et G EAds geld g 2mek At mE AYEES FAIE] fste] 4T
Aol Zbzb RslAA 25 45 8F, 1259 tHow AFAULEES xA}E

2) Al

SN F83F Bacillus subtilis B42288 o] &3 A ZAA A ES FAIE
138l Tale, Zeolite, Vermiculite, & &S AF&3to] 12k Ao st 245 s 2}
AEAE), o5 T Aol M FL TalcAAel vlwa bgAdo] Qs = &4
Bs EFAA AEAsRE ettt FA FE8TTE TSAu ol wjgste] de

M (5.0%10%cfu/ml) S ZAE9 3 Talc(10m) A Al 40g, Talce} 24 EH20mesh)E &4 A
(Talc:8A & 11 v/v) 100mlE A9 200mlet Z2+2F &3} clean benchol A 3¢
b Axsdn AxE AAE RS ol &Sty midld os AuEEE ZASEA A

AT $7arel] RastuA R, 2704, 571 F712 BdEEE AT

=

3) 718 A A
F71 = A A2 peat mosset coirdll FA] FE3F  Bacillus subtilis B4223<}



Burkholderia cepacia AB100E 27 v & U EE XA 179 428~
3ol peat moss® coirE 500ml® Y1 =7/FF 100mld 150mlES 72 ¥& & "yt
Skt 4] AA ATEEN 5mIN-S 3T 28T AlA] 7L w3 o

MRS & RS AAsA T

ol MELEE FAFATE F71=A A .
Fe 25C~30CE fAsHE Mda¢ag ot duWF10° cfu/m)E 50
v 3]Alsle] FH) 3k & peat moss®t coir 170 pack(107£)% 20¢ ¢ 5¢R& zhzb
e 5 o ATl 1SS v frlEAAE T st ek A48 R

™

o

FAREES MdS Wol Folom wel 18 FAF HolFAUTh 797 WF F
WF WEE ZYsek

o EFAE

f‘%ﬂa"é AR 2 BA pot APES T3 AAHAA @ AFHAEARIF A9 ¥
Al 83 Bacillus subtilis B4228, Burkholderia cepacia AB100, Bacillus spp.

B1141, B1142 47) FA] fF&dFdd st 2ZAES Syt 20023 FH 20043
AA F 15 £ FRAAAY 164 £F, FALAAY 24 £, LE hFAY
2N £, HAEAA A 67 £l APEe AU

1) E¥AY

TA FrEEFE wgFsto]l 1x10°%fu/mle] AlTul S F=rlEtdon] Fae WA
AYRA FF A 1A AAAHY stdon gixgEA digd §Y AlbEe
AAAY &k ZF ukE 7o ﬂalﬂﬂo 17H90cm*180cm) o2 &t9lom 3ukE o
2 ANsgn. B A 2 s
A AEAZE Fu JEE D oy &S 2AE A

BFEAFoRE A E 10M= Este] sMe o 64/00 S
BFEAY stgom xtE dFFE 5% A9 s

N
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Al
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s

2) BEEXAY

BAF A2 A At TS 1AZFEeH AA F ol sdon] 7} ke 1t
A2l H AL 17H90cm*x180cm) & 2 0}013134 7 Aed 3o g AT A
°of 7] Agdre] wE &35 AFs7|9ete] 3] A Al ul oF N (A ot vl F -t ul
A 11, vV)E VEFoR, HI%LHH FANS wjFoz 7hFste] 747t AHelstgon &
St qrufokel] 229l WA Jgs HFekr] Sl wiAE A F T o w
A i xR daTs Agstdnh A F o]F3 ol 7|l 4974 FE
PEE& 9 AFE&S #F At on JhSd AsRE AFste] oHMEY AFE

,25,



% FH3e 2Asgc
HFAPe HES FAF PYOoR AN

3) 2% F+F7]1E A Al (peat moss 2 coir) Al ¥

| 583 Bacillus subtilis B4228%} Burkholderia cepacia AB100S A% Wi
5k peat moss®}t coir(30 4 /7H)E EAH| My n 2 £33 tte mANS AA S
ot} 7 wkE ko]l AW A e 17H90emx180cm) o2 st oew 7 AHEle 3wt o
A

dA T Aol 27 Agdze mE gdE HForI9lske] 34 wjA (g

o3

[e}
A A ka2, 11 v/v)E VIS HoR, A e FEHE wFoR st 7t
7} A2 s}k =3 peat mosset coir7b AZ¥ ol WX+ GEFS HEE7] Yl Fels

g A FE&TAY 28 EFY WY 2A R EG olFGA A

1) EG FAEY A

ZE A Ttel tigk 2 MAEAS RAFE] St 29 ESS AR AjH e
e 1/10 TSA(Triptic Soy Agar), AIA(Actinomycete Isolation Agar), 1/10
PDA(Potato Dextrose Agar)E Ab-&3to] Alvf, WA, 2ol B9 A S 7h7; AL

&ttt

2) B o]3 A xA}

EFEAe w2184 svledy e B se 2430998 12)2 wEkth
715 Tyurin®¥ A2 Lancaster®, X 3kA]l 9ol 28 AAEHEFHA 93A}. Ak
Zol AFFEE1:5 s A A=FAY| 9 AV AREAZ S5

2. 2% 4 1%
7}, FA 8 7T3F Bacillus subtilis B4228(3tokn])e &3 AR
1) Q14 HAF U FFEA

TA 87 Bacillus subtilis B42282] <14 WYt tist JoAS ZAsH
A (Table 1-1) A. panaxel 7}F& 723 dHdEXHE HJow P cactorum™ C
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destructans = 7+ & &4dS YePY. 3 B. cinerea®t R. solanidl = &
s .

4 mol Qi MU Fue FTBHS HEIS FARYo P ultimum) &
GABYe el @k £ 509 o) ge] 2ANAE FRBYS A&se A
© & vhehge.

Table 1-1. Antifungal activity of Bacillus subtilis B4228 against fungal pathogens

isolated from ginseng plants grown in fields.

Antagonist ) .
Pathogen Bacillus subtilis B4228
Cylindrocarpon destructans ++
Phytophthora cactorum ++
Alternaria panax ++
Botrytis cinerea ++
Rhizoctonia solani +
Pythium ultimum -
Inhibitory activity: +; 1-dmm, ++; > 6mm inhibition zone. —: no inhibition

Fig. 1-1. Growth inhibition of various ginseng fungal pathogens by Bacillus subtilis
B4228.

,27,



2) +8 pot A&

Aih +H WHESS o] &3 FH pot HAZAH FAFANA= SEM HFY
A B S8 Ao BE WA FdHAon Hele AR F2 HAA
gde] Foje e o}ﬁiﬁ} B42289] A g|gell A= FA g ek wlasl A Frl gk e
g S0l vEdAY YAt A FHE FAstelA Hold SRR
F7b A E A (Fig. 1-2). AATE (Tl 28 &2 B v

&)
A FAE T ALE 20%F o B4228 AHE e 82% % =A e,
NA Qlatel digh A S oM AR FIANE)S FAHF A§ 504%
B4228¢] AT+ 6.0% % A e tH(Fig. 1-3).

Number of healthy root(%)

Control B—4228
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Fig. 1-3. Effect of Bacillus subtilis B4228 on the control of ginseng root rot
caused by C. destructans. Untreated or treated one-year-ginseng roots with
Bacillus subtilis B4228 were planted in an infested field soil with C

destructans. Data were collected 45 days after treatment(* *: significant at
P= 0.01).

3) 7 Ad

7h AYE EZ(EA #3248 20034 7€)
3o A 2t 25 Table 1-29F 2tk B4228 BAMAE 2 § 7|E=FA
o WA T = FAYTY 2T RS FHG%TFE)NE S4E Bt
A5 BFFARS)E 7EFT7E FI9 6% AFolE B tH(Table 1-2).
T AR BH(Fig. 1-4) Z23dAgr7 FAg2 e 33%, Fa ol vl st
28% ek, AAFAETHE FAY TR 33%, T TROE 27%7F S74EA
=3

Table 1-2. Effect of B4228 on 3 year ginseng yield(g/3.3m’).

Control Medium Level 1 Level 2
1 375 410 489 500
2 385 393 509 495
3 437 454 590 560
Mean 399a 419a 529b 515b
Index 100 105 133 129

No significant difference between means with same letter by DMRT.
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Table 1-3. Effect of B4228 on fresh weight of ginseng shoot(g/3.3m’).

Control Medium Level 1 Level 2
1 369 380 495 392
2 337 367 435 472
3 350 361 459 441
Mean 352a 369a 463b 435a
Index 100 105 132 124

No significant difference between means with same letter by DMRT.

140
120
100

0 Root
shoot

Yield index

Fig. 1-4. Effect of B4228 on the yields of root and shoot.

ol g g A} AR AAHZTgE By o] o3 kiAol o
o A ghthal & 4 9tk B4228 A 2] Table 1-40]4 Hi=npe} o]

F5 FAY Blate] 10%FEA FoIdUAA FoAIH T EE
e AA JdEbg oy FAYIFE AR E 205 10%5FT9 Fo8S mAth
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Table 1-4. Effect of B4228 on the number of without-rot root and without-red

skin root of ginseng.

Control Medium Level 1 Level 2
Without-rot
33a 36a 54b 33a
(root/3.3m’)
Index 100 109 164 100
Without-red skin
36a 42ab 51b 30a
(root/3.3m’)
Index 100 116 142 83

No significant difference between means with same letter by DMRT.

B42282 A¥ & WA= 237F e Aew st A ARE (Al wE
dels MEdY s 5SS A4 AW Ao Abgets S, S8EY A199-46543
=, 1999) 2HA DS AL, sdstal QQabd AT alE el A 37 ERte] 2%
Ao o5 AYxAl A3 a9 e Aoz yeut A4 fedel 1A
T A7 AgelM e a7 ds Aoz vgstdu(aid e MBdE s o] Fat
(B4228)°] <14kt sy Aol gk A EI A, ST A AT A,
2002.)

Ayl viEs = o7 mAEe ol wE Ee e o3 B @
=, Ak Ao r Wil gl B42289] A2l v ZEd 9%FE T AL
2 Azdd. Bee] 2489 = Temolde] A 9gol e 458 HAe IFF
o slojA EAFEL floy S7HA7= A FoltH(Table 1-5).

Table 1-5. Effect of B4228 on quality of ginseng in Hwaseong Suchonri(root/3.3

m').
Control Medium Level 1 Level 2
Good main body
39 30 45 39
(>7cm)
Good weight
3 6 9 30
(>9g)

B4228°] A7t EGrAEd nA= P3FS Table 1-67 2.
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Tablel-6 . Effect of B4228 on the population of soil microbes(104cfu/g)

Control Medium Level 1 Level 2
Bacteria 136 123 186 189
Fungi 29.7 26.7 26.3 25.3
Actinomycetes 39.7 38.7 78.7 77.3

2 TY fRTRY ESA Tl HAF 2wl Tl
30% w1 FFodEE o7k A AHE . E
(r=0.99)% HEAH(Fig. 1-5). ¥ EFo] E43}shA
o,

550
530
510
490 1
470
450
430
410
390 r
370
350

529
515

Root yield(g/m?)

¢ 399

30 40 50 60 70 80 90
Actinomy cetes (x10%/g)

Fig. 1-5. Relationship between ginseng root yield and population density of
actinomycetes in soil.

Table 1-7. Physicochemical property of field soil.

pH EC oM Av.P205 Ex.Cation(me/100g)
1:5 ds/m % mg/kg K Ca Mg
49 04 2.9 229 2.2 54 2.9

,32,



W) PAE AYEEXZ(HY oF5H 68 20034 7€)

B42289] HAF AEl4t 3d2] B FAYY Tt vlEe] FoAddE
T7H1%TE)E EAHTable 1-8). AH AAEE 5% 5Tl A 578 th(Table
1-9). A= BE v A5 mF ATy gz vE) JlEdEAgTE 2
5~30%2 T45 HAHFig. 1-6).

Table 1-8. Effect of B4228 on root yield of 3 year ginseng(g/3.3m’).

Control Medium Level 1 Level 2
1 285 305 418 347
2 315 330 377 370
3 352 365 444 370
Mean 317a 333a 413c 362b
Index 100 105 130 114

No significant difference between means with same letter by DMRT.

Table 1-9. Effect of B4228 on 3 year ginseng yield(g/3.3m’).

Control Medium Level 1 Level 2
1 348 315 519 388
2 357 387 436 352
3 391 380 458 415
Mean 365a 36la 474b 385a
Index 101 100 131 107

No significant difference between means with same letter by DMRT.
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Fig. 1-6. Effect of B4228 on yields of root and shoot of 3 year ginseng.

SE 24T Qe FEResh AuTed e 4%e dou B4 f9
ol Gglm RANEIE Py EANT AW A7) 2 AUE wel) EAR

Aol gt} (Table 1-10).

Table 1-10. Effect of B4228 on number of root without rot or red skin of 3 year
ginseng (root/3.3m’).

Control Medium Level 1 Level 2
Without-rot 46.0 39.0 42.0 46.5
Without-red skin 41.0 39.0 525 46.5
MAAAFEANE Foe gdot REDA F Temol el FA 9gol 4]
452 zte= 27 BAgY FEE g wisle] Aol =& A Ol‘i‘r(Table
1-11).

Table 1-11. Effect of B4228 on quality or root in Pyeongteak yangyori(root/3.3m’).

Control Medium Level 1 Level 2
Good main body(>7cm) 20 17 21 18
Good weight(>9g) 18 19 32 32
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FEFol B3 e&(Table 1-12)8]| 3 Sz sttt oF 8-S pH7F 497 v o
I 612 = EYEEI F =2 Holth <lakm Qe tidle: Ak A A
WEY FoAE g2 Holth f7&Eo] o ¥ 4R A7 HAH o )

Table 1-12. Physicochemical properties of soil.

pH EC oM Av.P205 Ex.Cation(me/100g)
1:5 ds/m % mg/kg K Ca Mg
6.1 0.5 2.3 215 19 5.3 24
FHZAA Y B nAlE UEE HW(Table 1-13) AldE =7 7H =11 AT
UE a8a FgFo|dErt 7 vrow o= kA AR e Al WA
E7b ok ART wirb Ha Fgol= oF128 Aoja] ko] AYERT Fria B 5
ATk A GEAA L} Zo] o] EFNME AT BEY T dUEoE 5%l
A AT BAE BAG(Fig. 1-7).
Table 1-13. Effect of B4228 on the population of soil microbes(10’cfu/g).
Control Medium Level 1 Level 2
Bacteria 269 209 212 237
Fungi 14 15 15 10
Actinomycetes 77 73 125 98
420
413
400
<€
o
o 380
5
0 360
M 340
ol
320
300
60 70 80 9 100 110 120 130
2M 7 (+10%/g)

Fig. 1-7. Relationship between ginseng root yield and population density of
actinomycetes.
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Ao iktgok 1% wddlAl A dA Qlo] Warto] Wddtolee] ESAE
59 AHKS gAlete] EYEde] He S He Ao B EGWATY] 4%
Fes flste] FFAAATES 3| AL A A FREol AES pot AlFAAA FIE A=
AFE AAJAG(HFE 1988). 6 HE 724 EYHAELAEE FASE 23
WA s Fusarium3 59 1% A S33& Baon EgoA FEg S
Fusarium®] XApolE oAt th( 53 5, 1980). oMol A& Fusariumz ©|
7HE Bol waEel F 11/HFe] B HAL o5 T WA FusariumETOE F.

solani®t F. oxysporum= R 13 TtH(o) <=, 2004).
2 Ao A 9] B4228 A&l gt WAHAdHE RS TS doE ¢ Ay o
of & Zlojt},

o) AL AGE F XF(HA HAWE 7]FE, 20043 )

EoF Qato] HAFFE = EA(Table 1-14)o1 4 20021 710 H=A| A& st
F25lal 20043 % Yol Frfo] o] ISR wiZlE = A5 HXE o]t (Table
1-15).

Table 1-14. Physicochemical properties of soil.

pH EC oM Av.P205 Ex.Cation(me/100g)

1:5 ds/m % mg/kg K Ca Mg
Gijuari 5.6 2.92 19 79 0.27 4.3 25
Sanbugri 6.1 2.95 18 32 014 70 16
Gari 5.6 0.52 16 26 0.38 56 3.1
Hwabongri 6.8 1.58 18 37 1.01 9.0 3.3
Bangchori 59 2.24 16 77 065 3.3 1.8

FAYY T2 TR oA flal HE e e ol& ol HlskY
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Table 1-15. Effect of B. subtilis B4228 on ginseng vyield of a good soil(g/3.3m?).

DMRT
I I m Mean

(P=0.05)
Control 681 822 739 747 a
Medium 687 833 794 788 a
Level 1 748 1203 1079 1010 b
Level 2 879 1084 1049 1004 b

LSD 153

[op
[op

120 aa aa
100
80
60
40
20

O Number of healthy
root

Yield

Yield index

NN NN

Fig. 1-8. Effect of B4228 on number and yield of 3 year ginseng.
Means followed by the same letter are not different significantly as determined by

Duncan’s multiple range tests(Number of healthy root : p=0.1, yield : p=0.05)

,37,



Table 1-16. Effect of B. subtilis B4228 on number of harvest root(root/3.3m’).

DMRT
I I m Mean
(P=0.1)
Control 50 45 36 44 a
Medium 45 41 45 44 a
Level 1 53 53 53 53 b
Level 2 45 54 53 51 b
LSD 6.79
2) A 332 A9 B4228 dtofr] 15 AFAI P (YA d5H 1EF)
Aol A @ Ao 3axdA 359 BFE stk AN SR WA F

g Table 1-17¥ #t}.

Table 1-17. Drenching effect of B. subtilis B4228 on root yield of 3 year
ginseng(g/3.3m’).

Control 365 &4 500 204 429 82 431 123 a 554
Pesticide 492 109 520 157 124 435 482 130 a 612
Medium 529 133 519 230 o03 134 ol7 166 a 683

B4228 442 0 557 109 499 60 499 56 b 555
LSD 72.9

H : healthy root, D : diseased root

B42289] #FE FAEF Hue ¥ AdN FES Holu Fity Iy S

T Aol7k flew FAEE xEdste] Azt Aol foldol §l

D} JEM oY e E A et fARSHE B4228A 2]k ¢F 122 1%

FodS BAH(Table 1-17¢] DMRT). 2 g7 oAl B42289] #57F AA LS, ©]
W aeal Al v @ Table 1-18% 2t}
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Table 1-18. Drenching effect of B. subtilis B4228 on number of healthy diseased

and missing root(root/3.3m’).

I il m Mean

DMRT
(0.01)

Control 50 10 20 45 20 15 55 15 10 50 15a a 15

Pesticide 50 10 20 70 10 O 44 13 23 55 1la a 14

Medium 60 10 10 60 20 O 45 15 20 55 15a a 10

B4228 65 0 15 65 10 5 65 5 10 65 bb b 10

LSD 5.24

H : healthy, D : diseased, M : missing

3B ol glof ehgtis AL

Aol M B4228 A#7t 7HE wow
g B4228 A @] el Al 74 M 7

UEblar slot A2t oAz glek o

i

R
172~
T

Bt 2] &= B4228 xmw 20 M= 3ulRA B42289] oW Aol= 1%l A
e Zed 39 24 J«LTzﬂ Ao R o] A= Jde] HYAE o¥FE
Zola YA E AYe JAshs & A8 JAstaL %’in% ek Aol @
7b B Itetd A gl fﬂﬂol S Aem th:} vyt Aurrns @
A8l Aagdvre A AT AREEE wofo] o4 o HEASE e k2 gl

(1) A UE(H A= 718])E Ao A peat moss A AA S
T8 A8 peat mossol B4228S wlk(10%cfu/g)ste] o)A A A AE] 71
30¢4 Z3tstal 3d Aol A S ZARSE A= Table 1-199F 2
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Table 1-19. Effect of peat+B4228 on yield of 3 year ginseng(g/3.3m’)

I il I Mean

H D H D H D H D
Control 831 171 402 107 906 207 713 162
Medium 576 62 580 311 570 414 575 262
B. level 1 543 198 393 349 630 28 523 192
B. level 2 525 145 558 74 968 110 684 110

H : healthy, D : diseased

Gapel Aezk Aelsk glrk ol P PAZelY ool Qo] BE HelolA]
el 7k Uy Ach

79 2890 ZAS AR AFEol oA %E(Table 1-20) A 2ol 4] wo]Zo]
23wk Azt Fas Aol gk

Table 1-20. Effect of peat+B4228 on ginseng stand (plant/3.3m’, July. 28).

| I I Mean
Control 54 49 66 56
Medium 54 47 74 58
B. level 1 65 53 65 61
B. level 2 49 49 68 55

TEALe] AAEg, ol et AF ol E(Table 1-21) A2zt F81% Aol



Table 1-21. Effect of peat+B4228 on number of healthy diseased and missing root

of 3 year ginseng at harvest.

I il m Mean

H D M H D M H D M H D M

Control 42 12 27 2t 9 45 63 15 3 4 12 25
Medium 448 6 27 36 21 24 57 24 0 47 17 17
B. level 1 42 9 30 36 27 18 60 3 18 6 13 22
B. level 2 33 12 36 42 6 33 63 6 12 6 8 27

H : healthy, D : diseased, M : missing
(2) AFFE(H A= 2HEE])ol A peat mossAIAl Al E
3T FREA Y AT, A1, oW FRE HW(Table 1-22) Al ¥
[e3]

o7} Alste] Aelzk froAdel gk

Table 1-22. Effect of peat+B4228 on yield of 3 year ginseng(g/3.3m’).

I I m Mean

H R D H R D H R D H R D

Control 218 149 28 315 269 0 o968 0 3 367 139 10

Medium 395 164 0 559 39 0 53 76 0 49% 92 12

B. level 1 424 158 0 435 178 0 400 124 0 420 153 0

B. level 2 422304 0 427 262 0 342 46 12 397 204 4

H : healthy, R : red skin, D : diseased

S A

-
]

1-23). 79 284 =} A4

24 TRt M= At dAR el glvk(Table

Ao} A =(Table 1-24) A& 7F xFol7} 1At

Ay
o
rh
k¢
N
=2
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Table 1-23. Effect of peat+B4228 on number of healthy, red skin or diseased root

in sady loam soil.

I il m Mean

Control 3 19 3 2 3 0 61 O 3 40 17 2

Medium 39 17 0 oo 110 50 14 0 48 14 0

B. level 1 4 19 0 36 30 0 39 14 0 40 21 0

B. level 2 50 17 0 4 22 0 52 3 6 49 14 2

H : healthy, R : red skin, D : diseased

Table 1-24. Effect of peat+B4228 on ginseng stand in sandy loam soil(plant/3.3

m').
I I I Mean
Control 54 36 78 56
Medium 54 57 81 64
B. level 1 63 48 81 64
B. level 2 66 69 31 72

(3) AMLERM A= Aol A coirAlAl LHAA

g o )

EFQIbe]l 53 Holal AF{7E okt =2 HoltH(Table 1-13). coire ©FAF 2}
& FsA71a e ARE JYs 2 dFE AAWY Aoz Ak &
o2 o] ol Ha Al 7)ol B4228S HITAIA T 3044 oA AJE
E3skA o

H =710 o]t Tzt Algh 19HE-S AbAletoh 3ol A A4 2 o4t
T Hi A= B-42284 2] 7F Eo 1 (Table 1-25) F94d2 i F8A19] AAdT
Fof ool A HEIE Aolrt gllom TH 28Ul AN AEFTFE ARt
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Aol 7k Glek(E A,

Hopmel AR dbgow FRurhe] Wast FAdolh Pk F Aol
pea’k S AUA Ao HAGA o YES 27 Hold RT W
2 5 gnh Awd e 2R w% A9 5 0 shefor & Aolth g 304

= F7l=AAY] 2 ESeed N Eg s 71"41M?i ol

Table 1-25. Effect of coirtB4228 on yield of 3year ginseng in sandy loam
soil(g/3.3m’).

I I Mean
H D H D H D
Control 504 10 469 79 487 45
Medium 505 23 404 48 455 36
B. level 1 458 56 532 161 495 109
B. level 2 606 51 434 38 545 45

H : healthy, D : diseased
Y}. Burkholderia cepacia AB1009] E£3ZA &

1) A FENA AB100 HA19) EFAF(IAR €54 71F)

o] A HAkel ABIOOHAIE A skl 2WdzF ASe 3l A RAFSEAT 3dE
g2 Table 1-267 Zth AB100M 9 3 Tulaxs FA g9 Fat 7ol vstd
5%l A FAUA F7kskdth AB1009] 7] ® ksl 2wk ZhellE fo 27 91
=3

Table 1-26. Effect of AB100 on yield of 3 year ginseng(g/3.3m’).

DMRT
I I m Mean
(p=0.05)
Control 681 822 739 747 a
Medium 883 794 687 788 ab
AB. level 1 909 1030 1028 989
AB. level 2 994 1050 815 953 b
LSD 175
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S84 FAD5(Table 1-27) BAHEA A3} 1006529145 ABLO0S] 7] & W)
¢ Fgel Aol7h QA B%LEAAE NEY AT 2 TA
st 7ol Aglet.

Table 1-27. Effect of AB100 on number healthy root of 3 year ginseng(root/3.3

m).
I il I Mean DMRT
p=0.1 p=0.05
Control 50 45 36 44 a a
Medium 45 41 45 44 a a
AB. level 1 54 53 53 53 b b
AB. level 2 53 50 50 51 b ab
LSD 5.83 7.23

AB100x 8] 7} 24 %0] control Bt 32%4 ZthA7]1E= RS (Fig. 1-9) <54 &
drolr] 21%9] AXMFE4E SUAIZ(Fig. 1-9) wolghar & 4 Qi)

140
120
< 100
[¢b)
2 80
T 60 O Number of healthy
()
~ root
40 m Yield

Fig. 1-9. Effect of AB100 on yield and number of healthy root of 3 year ginseng.
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$Y8 we FFE YE MYBA DAt 2 AL
Welo] ARKEET AN WALEE EFW Fm AN FUEN 7] 9
Aolth, MARAAE Edo] F& 2AUFE ¢ AR B Qe AT

T2 ITFAEQE
]
]

3t A dsH 1EF)

IEE EGS QAo A qla 5dE EA o] gltH(Table 1-13). A%
Bl A3k 3dZe] uig @d 339 ABIOO A 5
Table 1-283} 7t}

Ag) 7t ferl ojAel mahe

Table 1-28. Effect of AB100 on yield of 3 year direct sowing ginseng(g/3.3m’).

I I m Mean
DMRT DMRT
H D H D H D H
(0.05) (0.05)

Control 365

84 500 204 429 82 431 b 123 ab

Pesticide 492 109 520 157 124 435 482 b 130 b

Medium 529 133 519

230 503 134 517 b 166 b
AB100 556 62 694 32 606 53 619 a 49 a
LSD 101 75.8

H : healthy, D : diseased

oA Feadel JATHLSD 100.9).
= T fFgAdol gtk oW S

Aelg A sk Aol
Aol 7} giek.
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Fig. 1-10. Effect of AB100 on root rot prevention and healthy root yield.

ABI00A g]= A gl Ttoll Hla] 44%°] < =S
Fukx] g el 7]l & tH(Fig. 1-10). AB1002] #HFwgo] F
FHASE 53] F9& Fojof & Ho|t}

TEA AHTFe o|HIFE AHeHE HW(Table 1-29) 7
oA E WHEZE Wol7b e xﬂﬂ?oﬂ Hlgto] A Hare] H A

wol7k Ui AN A-dTFE At FoAde] §l

A& 1y stk Oltg—z¢+ ABI00A 2] ol A 7hd Ao AR
ol 7b 1A H T & KA, wFHE, FatelE Aol7t oy ABI00A B E o
SR FoAUA A ABI00 #HFA g oyt A
gtk dRbA o R Al o] A S s ¥7] W &
< Zo® B vt 2y EYSY Had T AU HAdFAE
zolgtd &7 ddzt o QA HER siddd 7hA ol®&o] ¥ AR
o}

s 7tAgke™ 160%<]
R LR T 28% 7} =

rlu

il _u
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Table 1-29. Effect of AB100 drenching on number of healthy root of 3 year

direct sowing ginseng(plant/3.3m’).

I I il Mean
DMRT
H D M H D M H D M H D
(0.05)
Control 50 10 20 45 20 15 55 15 10 50 15 a 15
Pesticide 50 10 20 70 10 O 44 13 23 55 11 a 14
Medium 60 10 10 60 20 O 45 15 20 55 15 a 10
AB100 5 0 20 60 5 15 65 5 10 60 5 b 15
LSD 6.79
H : healthy, D : diseased, M : missing
At Ao A B AL HolA o] )E sk A Aol odoletw o] niwE
shogol WAL Sl WAL EaF 2 Aotk B kATl oy
Fob RAYTG FETl wste] 4AW feHe] Qi P wokel Eust 2
Ao FlelakA Rahe AUS & & Arh =@ HAFEAL T ARSI 9
oM FAE, Fipeh Aolsk g Ae 2Ryl oshe] kel g AA FF w
B 9Ee e Aol

3) AB100Y 71844 53 X3 AY

71 A FENA AB100 peatAl Al A @ (A AFH 71E])

AB100S pHYF ZAE peat mossol 10°%fu/g o2 wleFa RS o] 22 Ho A Eo
F 3005 FAHoR Sttt 239 AATFSQl 3dI Aol LS AL
5

3l A& Table 1-303 2t}

Table 1-30. Effect of peat+AB100 on yield of 3 year ginseng(g/3.3m’).

I I m Mean

H D H D H D H D
Control 831 171 402 107 906 207 713 162
Medium 576 62 530 311 570 414 575 262
AB. level 1 971 44 650 92 942 51 854 62
AB. level 2 71 174 636 339 90 94 799 202

H : healthy, D : diseased
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JFFEFS ABIO0 72T/ AY =3 o] wEAg Folut FoAdol 99
Folt}. AB100+peat *g]l7} 3@ &

Ao, o]y @ AFo| wAE FFE Table 1-313 2th

Table 1-31. Effect of peat+AB100 on number of healthy root of 3 year ginseng.

I I I Mean
H D M H D M H D M DMRT
(0.01)
Control 42 12 27 271 9 45 63 15 3 44 a 12 25
Medium 48 6 27 36 21 24 57 24 0 47 ab 17 17
AB.level1 60 3 18 42 6 33 7B 6 0 59 c 5 17
AB. level 2 54 12 15 45 24 12 72 9 0 57 bc 15 9
LSD 114

H : healthy, D : diseased, M : missing
FEIFERAAITFoIEET)E AR AR T 2y A" 2= AB100
Azt A bRy Eeken o] Aol 1% E(LSD 11.42)91M 24
o] 9tk ABI00 7I+ZFT = FAHYHTEG 34%e AAIFE FTHAIIL W=
30%% S7HA A (Fig. 1-11).
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§ 6\\) q‘g q‘g
) 4 N2 3

Fig. 1-11. Effect of peat+AB100 on number of healthy root of 3 year ginseng.
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ARAITFE THAATE A2 92 oWy A& 3 & g8 71 A
U 77§l S5 E BAAATE S gt o2 APt foAel gle
B oW+ AT Felnt FoAo] dom o= o] EA oA AFo Fadclo] B
g gor WP S 9udith. ABI00 Agl= eSS a3 WA skA vt
Tl Azt FoAde] itk AL o] £ 7F el AKo] Eddste 3
et ko]l XS] e AL ou|gt o] EFEY ] EY EddE 9l
Aot peate] E3o] Eddste oA OF olfFk AL F AUtk FAYFY Fat
TAFolo] freld e flARE = peat7re] FIxFol7} 7%ol B2 AB1009 AA

[e=2%
ol
—_

25 e 21%E B F
Ao vET|vsE Advs =
ov ZAMAFIIEAE el VAR EFete] dHdEE =

7 AlaE Aoz B

e
lth AFSE A AB10O+coirA A &) ZAAH S 53
Qs AdH st AB1002 59 wAl a37F 3l
o wz} AB100<]

1

tt. = A 3A Bacillus spp. B1141+B1142 E&A Al 2] EFA &

D) AFENN EFAAY BFND(EHY AFA 5389)
EFTAA 33 18] w3 % FFEAAI}E Table 1-329F 2ok,

Table 1-32. Drenching effect of B1141+B1142 on yield of 3 year ginseng.

I I m Mean

DMRT DMRT
D Sum
(0.1) (0.01)

Control 359 87 248 77 289 156 299 a 106 405 a

Medium 306 73 221 201 307 162 278 ab 145 423 ab

B. mix

347 190 433 44 323 168 368 bc 134 502 bc
level 1
B. mix

368 184 450 82 364 145 394 c 137 531 C
level 2
LSD 80.7 825

H : healthy, D : diseased
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olgla & F AUrh
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Table 1-33. Drenching effect of B1141+B1142 on number of harvested root of 3
year ginseng(root/3.3m’).

I il m mean
DMRT
H D H D H D H D Sum
(0.01)
Control 41 9 36 9 32 18 36 12 48 a
Medium 36 9 32 23 36 23 35 18 53 a
B. mix
36 23 59 4 39 18 45 15 60 b
level 1
B. mix
45 18 54 9 45 13 48 13 61 b
level 2
LSD 6.52

H : healthy, D : diseased

e
X,
flo
ol
o

>,
o
o
r o
n)

] AQd] B 682 UF wal Cale WS %2 A3 &
d¥ = A 2 g S H 2otk (Table 1-14).

2) A v T B1141+B1142 £ A 2] 3 F
AMGE A3t 3dSEFRI 459 aEE)dA 3da ddd SddEdAE 33
stk A4 oW Ake] %S Table 1-349F Zth

Table 1-34. Drenching effect of B1141+B1142 on yield of direct sowing 3 year
ginseng(g/3.3m’).

I il m Mean
DMRT DMRT
H D H D H D H D Sum
(0.05) (0.05)

Control 365 84 500 204 429 &2 431 a 123 a 554
Pesticide 492 109 520 157 435 124 482 a 130 a 612
Medium 529 133 519 230 503 134 517 a 166 a 683
B. mix

551 0 666 29 590 26 602 b 18 b 620

level 1
B. mix
513 44 676 0 644 48 611 b 31 b 642
level 2
LSD 83.8 79.3

H : healthy, D : diseased
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AARTFe TYNARAY AFFATAH FALTY REFRD ERo
FerFAN FAUL FEFE AT NETS Aol Auk PR NEST

AP E olHIFHE S%TEolA FAESY ST
Qi Fatet NEFAolE 1%FFANE o]t 3l
T %ﬂ?(Pestlclde) FA 2 gef Bt Akole] ¢
% = A Aol metex Rata gk & FEFA
Az fFejdel gla SduBEAY dFA 7 FAYT Brk 40%9] AdLs
2] o] 7
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8 75~85%9] olMaiEe PaZl WA & Row
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Fig. 1-13. Drenching effect of ISR B. mix42 on yield of healthy and diseased root

of 3 year ginseng with direct sowing.

oo ool Amel wAGC] olFE Melt oMTon RFHIDm oW
Fure PAAATE AL 394 P AAEE o¥Fe 8 AaAATE AL
ol m] g,

o] AMTAe) oW E W (Table 1-35) EFFAAL NN FA 7
uoh 955 En AdE wAUG TR o £ gRAN Tl
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(0.10)
ab

DMRT

15

14

10
8.27

mean
DMRT
(0.05)

D
15
11
15
8.25

(0.05)
a
a
a
b

DMRT

72
13.7

HDM HDM HDM H
50 10 20 4520 15 551510 50
501020 7010 0 441323 55
60 10 10 60 20 0 451520 55
7055 800 656510 74

w05 D50 7055

7F FA 2

Control
Pesticide
Medium

LSD

Table 1-35. Drenching effect of ISR-B mix 42 on number of 3 year ginseng with

H : healthy, D : diseased, M : missing

direct sowing(root/3.3m’).
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Fig. 1-14. Drenching effect on number of healthy and diseased root of 3 year

ginseng with direct sowing.
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Fig. 1-15. Picture of mass culture system of microbes.
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Fig. 1-16. Changes in population densities of B. subtilis B4228, B. cepacia AB100,
Bacillus spp. B1141, B1142 at the room temperature and 4C.
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2 dHA = FAEFE Yol tidk 3t 7] F(antibiosis), HCN AAF EoF 9
25 B EulEE Jddel die Had e A (competition), ol
7] A (parasitism), 2 &9 AddA =2

HAFo 2 == ZH EAst= A5 A A8 (deleterious microorganisms)g
WAste] A &9 s HXETh

HT AP o8 EFAAEE Hae A ¥A= vdess A Bl A

4%

(induced systemic resistance) 52| 712S E3
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A HAE A% 78 AE4 YAAE dEstr] &) Fddguzy
1= Pseudomonas fluorescens B16, AB62 % Burkholderia cepacia AB100,
Pseudomonas sp. AB1013} 2002 ¥ #AES 3 £ A4 % gHFE ZHOoREHR
B 23 Bacillus% A3 10677F= 1%} screeningo] FAISFAT. BE AFEL
Tryptic soy agar(TSA)ol| ¥l & A SWEL(-80T)o HASHA AL Al A=
+ TSAu|A| ol wjeFste] AFE-3stith QAatel WAl Cylindrocarpon destructans,
Rhizoctonia solani AG2-2, Botrytis cinerea, Phytophthora cactorum, Alternaria
panax, Pythium sp., Sclerotinia sclerotiorum %< TR3st7]ed 2] &1 ] 3ol A
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2% nAEo g EA2 hydrogen cyanide, proteolytic activity, cellulolytic
activity, pectinolytic activity, glucanolytic activity, IAA AAoJHE ZA}E o
hydrogen cyanides= glycine(4.4 g/¢)°] 7k TSAel A4 7AES platingstil
picric acid &8 A Al filter paper (Whatman No.l or 2) strip2 petridish 57 °l
2o 28C wjekr|e] 2-497F viFatH A filter paperd MZ4WM3EE HCN Ao R =
Z eI TE. Proteolytic  activity®  skimmed milk®i#] (skimmed milk 100g, yeast
extract 1.5g, bacto agar 15g, DW 1/2)°] AARTS HEsto] 4847F F I A3 clear
zonel 2 HA3FYE Cellulolytic activity: Teather and Wood(1982) w1 o =2 1B
brotholl 24A17F wj<kdt AA o] dE 10ulE ZAS viA]o HA3ke] 25T A 48
AlZE wjeFel % congo red(lmg/ml)-& %S F7bsbal 154E7F wigste] AA S
Pectinolytic activity:= apple pectin®] 33k ®ix|o] AATFS wjdste] 1%
hexadecyl trimethyl ammonium bromide &g plated] 37}t 1027 W23 3
clearing zoneg ##3FH Y. JAA A H-= TSA 5mM 1-tryptophans 3 7}s}
nitrocellulose membrane diskE A 9o S8 HAZTES HE F 28T 34
v 9F3le] Salkowski reagent$} WHESA|A AA RS FA 3T}

=

v 2344

-Ql_l’

gog 9d BAAR 24

At alo) A 43t Pseudomonas sp. 3759} Burkholderia cepacia 1
2] 3120021 1%} screenoll A A3t Bacillus 3% a2 A+E 93 %4
e Sla 27k S AREstTh A A= TSAwiA|ol rifampicing &
100, 150, 200ppm) = F7kate] 1xF AW E5=o] oigte] WAF=E vk ¥
AT AYF 54& Abste ®ol fFE #AsIATh E3 a2
cloning ¥+ green fluorescent protein gened cyan fluorescent protein gene, red shift

% 38 )
IYNT

(50

o?L Horo M)

il
5.:

R

fluorescent protein gene, yellow fluorescent protein gene 5= 12 AW T 50 =<
3}7] 913} electroporations Al E&le] WolFZ Autslgit},

oA ¥E RAS S5 A%E AR

1) FA4LE

A SR Y BEHAS ot AHES ESS g AAg KT&GAES ¢
A4S oW EFoRRYH o|HMEYSS AFs 2mm A2 I F 4T Hystd
A A3 TR Plastic pot(20x30%20cm, WxLxD)ell Hit 3t peat mossE 15cm7FA|
AL e oJHEY lemE Y HH3 peat mossE 20cm7FA] A KT AEH A
A3 Pseudomonas spp.2t Bacillus 106755 TSA®|A| o] 243t v gste] A4
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M (1x10%fu/ml)E ZA s M7 A e AEAS 1A Addedd 1259

=
h s

o} AR S AEAE #£H| 3 potol] BEE L 47l £ plastic 7101] do] B&
== ¥ =

=

3

=5
FE
=2

Atk olw FEo] pot StEFEFEH EY il

Aol Aui(eF 20T)el AAsA=H =L dFdoing 22 “J‘?QEE =775
AT A 9F 309 F AdF 2 FYAES 2AReta 13 o] A AdE
3 1

Fdste] By A Edr) e AgAeS

2) BA4E

A2 B Fold o|HEUS peat mosset E3(o]H E:peat moss, 1:3 w/w)3dF]
¥4 plastic pot(20x20cm)ell Hol FH]stA T 12} st dEn| =S TSAH]A| o
A 29zF wjekate] AFAEA(1x10%fu/mDS ZAS T 1G9 BAS 1A B2t A
T A AT AAF B FHlE potel 1054 o] 48kl growth room
ANA AuietAtt. 571 pot st mFH =o] 2 EA plastic &7 =& AF
Hatol oA H potE B1o] EF7]E AL dFHe WA EFTV|E AT

ol WM ey oPee A 309 Fol Ktow EASAT.

F

e K

g BadA 1FdT

1) 237y 784 HAA

Potato dextrose agar(PDA)A] 7€3F kgt Q1A o] 7 AFE 7Tmm cork bore
2 mycelium discE Y59 A2 PDAS &Zo S#Ea W&o HAsuxs}
© Aol dgA100ud)e HA st AxAIZ 5 27T v st 7.21.7_% I gyt
Abolel & A3k clearing zoned A8l E FAFsFST).

d1

2) WA ET

Peat moss7t € €89 43 plastic pot(10x10cm)ell 14HE=}
A 2zt e el Al @ g (1x10°%ctu/ml) 5mlE #
(Phytophthora cactorum)®] 5% 2}(3x10"zoospores/ml) =
A4 FrEE 1243 A% F4 Agste] 9y S =

T
Ty A

3) AAEFE Y =R Hs

A wE A 2 oA V)2 A= 9o BEAARE Y ol AEld it E A
sto] A ¥E] cell wallell ligninF 4 o & ZAbebdich. WA g F 309 <l
AR E oAl Ze} formalin-acetic acid-alchol fixativeZ 3+ U8 ethanold} tertiary
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butyl alcohol® dehydrationg 3}iL #2] %22 phloroglucinol-hydrochloric acid & 4
o2 133 dAste] dAn st A ez Ad FA49 ligning #EsA T

H AgwI e 2NHE F5
T+

Adt 435 9] bentonite A FS HA o] 2 A]
H

7d AakA)e olHsta o AR F et F N,
Fe, Mn, No, ZnSl 3 & EF R ABALAGEN0, FYRBIGDA Wk 2

PN

Abeh gt

A8 AgEY BAY b 2R

1) 2aF A 24

ol EA W mAAE An waNow w= dw WA ENst 9AH
Burkholderia cepacia ABIOOJJr Bacillus sp. B1141, B11429] 3% 23tAS 2o A
AT WA ol TSAHHZ] of 2d7F Mg T MTHENS A5 A
THE N ImlE petri d1sh°ﬂ T35t A2 TSAIAE 16ml #F35te] & &35t

o

l *ﬂﬂ_ﬂ‘?ﬂa"“ 50ulE HiA9fell A ekt 7 petri dish

sowAZ wAsE F 247
ARG AAslo]l AxH F 8T WIIIA 207 wjFauA

SR A

clear zone ¥4 F5& XA}

2 Burkholderia cepacia AB100, B543¢} Bacillus sp. B1141,
B1142, Bl1146< AF&3tth WA Ao By T Q14 SR oW EYSH
peat mossE ZF Z3(1:3, w/w)ste]l €& plastic pot(20x20cm)ol Fo} oW E Y¢S
Hlaklth FAIS A TSAd 297 wigate] Alw & e (1x10%cfu/m)S Z A8

= % potd BAF 104 & o]

om AFA 194 F

N

Qi ZolgT WMo ojHge A

UL B

v Fu x] M-S e Ao M= Burkholderia cepacia AB100 52 o] £33
omw Abggh WA= TSA, KB, nutrient agar, soil extract agar=® A%it-S ZH7te]
o] 203] o4 Altjuiesla 2 #FE AL WEad ®stHA ALg&stglth

ztzbe] wfx|o] At w3t medium dependent isolate: sfufR| o] Z+Zb uj oF3E}o]
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Aadgd s At 194 BAas 1A1F sk JA Ao AX& 24t
Gl F7F EA o)A ste] AjufstATE o] A 30U F Fol&S o
e dAES o2 o THYE F xAEG oW
7o A ZALE 95te] ¥ e gram% fluorescent pseudomonadst™= KBHIA|E o]

&3tel, Bacillus = AN&E 80TCA 10i7F A2 ¥ 1/10 TSAE o] &3t ZAFeA

>
>
(=3
i
S
rl
i
"l
f

CIEE .Y

1) Aaye 24 2x3W3)

A rifampicin(100ppm)oll WA <l A+ A&t Burkholderia cepacia AB100,
Bacillus sp. B1141¥} B11429] @Al HA4 LEwsts xAFst7] 9lste] KBHY
Aol A 24 3F A AB100# TSAwu|=|ol| Al 24zF =&k Bl14l ¥ Bl142% At
A A dgd T2 77 oF [x10%cfu/ml® 2d3te] 134 HAFS 147

2] e A SES} peat moss7F EF(3:1, w/w)EH E] o]
L@ M= oAl 109, 20, 30, 60¥ F ¥ gram¥ Azt
rifampicin®] 7} KB EE 1/10 TSA® A oA ZA}3F3A T},

Sk oft
[H-

R

= a
A8 A '

i

oh. 4 AU &Y

1) 20039 £ 3ZA ¥

ZAeYE o By Foly KB-dependent AB100E= KBHi Ao, B1141 2 B1142
T TSAujA el 29zF vjgFste] 2 AJdeo] AR&Fth KBell sjdst ABI00
o A A AFEEE 1x10%fu/mlz 243t 194 BAS ol2atr] A
T A dag Ao HA F A BEYA w7 2F(IS5H)o 2003d 49 44
AstAct AA = AgFEARE 30Y HAoRE AFA vl ATdagds ES
A5 13, EYAF 23], EYBF 332 T2 AYeAvt. Bacillus sp. Bl1413%
B1142% TSAu A o wjkate] AF@etal(eF 1x10%fu/ml) 2 Talcst €3 Az A
F(oF 1.2x10°%fu/g - tale) S ZAEFe] ®AE o4 A IA 2 £ Agste] 2003 4

re ™l

> N g

—_

Al

=2
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2 Age o5 SHSAd AAS FEHEY A4 AFxARIAN £ = 71d A
Al A S8R T Burkholderia cepacia AB100-& Adx Aol A el A
z o

12 o
o
—

1o A dS B9 A9 9 Bacillus sp. B11419] 7% bentonite$}
ZAste] BAF o] A A 9] Aestgla o] 309 ¥ Blldls 13] E

o
=
o SEga Welwon oWg W PATES 2004d 119 39 5
[e=]
AA

B
2
rlo
ok
ol
R
2
fz
iy
oiN
o

© KB-dependent AB100S KBuj XA, B11412 TSA
B R o] 22 7F wjekate] zhzhe] M@ e (F 1x10%cfu/ml)S A 2zt A& ey
2 238t MgO 2mg®t CaO 4mg, chitin 2g, lactose 2g

=
S &5 = B33 85t clean benchol A overnightdle]l A ZAIZAT Azxd zZt
Z

ko) ARG vk F A A7 4T WFmel musgth B AFol ST E3
e A £ F 7de] 4

Bk AAA (et FHEHE FALATE 1632
2 17h 1.8mYH) o 2004 49 129 o] A5ttt 4

shg, A8 D e PPES $EA004d 119 32) A

Table 2-1. Composition of the formulation of selected isolates

Burkholderia B. pumilus

Control cepacia AB100 B1141
Untreated control - -
Bentonite Yes Yes
Bentonite+basic ingredient (MgO+Ca0O) Yes Yes
Bentonite+Basic ingredient+chitin Yes Yes
Bentonite+Basic ingredient+lactose Yes Yes
Bentonite+Basic ingredient+chitin+lactose Yes Yes
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A7AN & 27

o AgEe 49d 54

AER A7 Zez dHA de= HCN%” 2 7t gagAds 24 A
(Table 2-2), Pseudomonas sp. AB627F+= HCN &4& 7Z3skA el AB100

7 ABI017F 5+ proteinase@A4 S 7}atA L‘rE}LHOiT:} Wb ek R ATl Bl14l,
Bl142 9 Bl1462 AAS 2E A4S el A &9t)

Table 2-2. Physiological characteristics of antagonistic bacteria used in this study

Activity
Reaction
B16" AB62 AB100 AB101 B1141 B1142 B1146

Hydrogen _ Tt _ _ _ _ _
cyanide

Proteinase + + +++  +++ - - -
Cellulase - — - - - - -
Pectinase - - - - - - -
Gluconase - - + + — — —
TAA + - - +/— - - -

“Isolate: B16; Pseudomonas fluorescens, AB62, AB100, AB10l; Pseudomonas sp.,
B1141; Bacillus sp., B1142; B. megaterium, B1146; B. lentimorbus.

g, 2847 292 9% BHA4 44

N

T
%
ta

S = e SEAgE d0e gk 2AAAE AYstaar WA FAAEL
rifampicin®] W/d<Ql Wo|FE fFE3 AF} rifampicin 100ppmol A o= A%
Rom, tﬂo] %° ”‘3 2 EAQS A3 A (Table 2-3) Ed59 2e 4S5 v

e 3t GH»}FJ ZRE cloning® green fluorescent protein A} W& <l cyan
fluorescent protein, yellow fluorescent protein, red shift fluorescent protein %=}
Z o] &3ty Mo =8 A Pseudomonas sp. AB62TF 7 CFPE =9
T AR (Fig. 2-1) 120 % A3 A3 AB62wF+ ¥y WA a7 1Ay
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A gFol H AFe] &A= Ut wmEA 2 AFAA & rifampicin 100ppmell
WAl Burkholderia cepacia AB1003} Bacillus sp. B1141 % B1142Z o] &3t}

Table 2-3. Physiological characteristics of antagonistic bacteria resistant to 100

ppm of rifampicin

Activity
Reaction
B16" AB62 AB100 AB101 B1141 B1142 B1146

Hyd

verosen - +++ - - - - _
cyanide
Proteinase + ++ +++ +++ - - —
Cellulase — — — — — _ _
Pectinase - - — — — _ _
Gluconase - - + + - _ _
IAA + — — +/— _ _ _

“Isolate: B16; Pseudomonas fluorescens, AB62, AB100, AB101; Pseudomonas sp.,
B1141; Bacillus sp., B1142; B. megaterium, B1146; B. lentimorbus.

Fig. 2-1. Expression of cyan fluorescent protein gene in Pseudomonas sp. isolate

AB62 on tryptic soy agar.
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Fig. 2-3. Effect of antagonistic bacteria on the development of ginseng seedling
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By ey
oF 52% & MtE FAe WopHo] A e AL & = QdAHFig. 2-2). o]9 #
< Ade e B AEY vE2A 7 FHI gdste] FIE A7) 9 dA
g5 A Hed B Ao FAE T dAEI 2 REo] F99 si3tEe] ¢
& Ao 7|3 Row AlmgELl. Ao ZHE AHKWW Bacillus sp. Bl141,
B1142, Bl1146> FA 29} AR 4R ES YERNAIL Pseudomonas sp. AB62,
AB100> ¥ arnl H2ld Azl trts £ JEE&ES Yoy FA g vl
MNE tha B JrES el dok(Fig. 2-2). A8 30¢ F <4 A2 RE Od

g ele] Age =AM A3t FA ] e Fet 35emgl o Wit 51 ABI00 A
gl FAE e frAre S Bal AB62, Bl141, B1146, B1146 A&+ W
3t A HEnt opyel Ao ARG w2 FNAES dehdo] e S
WAl g oy P SN gnE gl Aow Adeth(Fig. 2-3).

2) BAAE

Peat mossell o|HEYS 3 l(w/w)E E3ste] HAS olAsgS o o4 309
S FES ol¥ES YEo] 1A A4S A AFoA Mkt Aadds EAFA A
AatAnh. Ad Zdaite] g 1\dA BAS AR E L o]HEY oA S u
AgE RS HYT A FoA 2% e A AT BF g7l ¥
A TR} 22 YEES e 53] Bll42E FAZ T A dEES Y

EF S o (Fig. 2-4).

BYR Y olEes AEE WHAE Aol 50%01de oE&S YERAL
Hdd ARy 22 JdE&S HEHAY AB62: 60%°172] ol &S HERAA
O

= [e] [e] =
sb ABLO0 A7t rgow oW go] vo} WA We gy A 5 E
JERATHFig. 2-5). o9k 2ol Qwed wamenw AR} A Yehjs
gele WepH oo olwElo] Wels} Aulo]4 Wolw e AFL AdTGow

e Aoy,
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Healthy shoot (%)

Fig. 2-4. Effect of antagonistic bacteria on shoot development of 1-year—old

ginseng.

Root rot (%)

Fig. 2-5. Effect of antagonistic bacteria on the control of root rot of 1-year-old

ginseng caused by Cylindrocarpon destructans.
2t & g A7) 3

1) 23T o484

Ef =9 Wafjol] digk AE Salo A FFHe e ST
Pseudomonas sp. B16 5 4i59] &34 S ZA3E A3 (Table 2-4), isolate B162
1A e tidk IFFEAES =F eI, AB62¢ ABI01S S. sclerotiorum,
Fusarium sp., B. cinerea, A. panax %S9l Zrg3d A4S Yo WA
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isolate AB100& P. ultimum< A3 AAS BE WA 73k s AdS e
o] spectrum®] Y& FAELS TS & F AU
B A3E 38y 5 23 Bacillus 106775 5 12} screens =3 Autslk

Bacillus sp. Bl1141, B1142, B11469] & &A &
Bl142¥= #AAZ BE #5o U3 Aol

AFeE A3} (Table 2-4), B1141%}
& glYden Bl146¢9] AS C
destructans, S. sclerotiorum, Fusarium sp., B. cinerea, P. cactorum %ol W] 1%

e Ftdds YERSlH

2L N

Table 2-4. Antifungal activity of antagonistic bacteria against fungal pathogens

isolated from ginseng plants grown in fields

Inhibitory activity”

Pathogen -
& B16 AB62 AB100 AB101 B1141 Bl1142 B1146
Cylindrocarpon
" P - - +++ + — — ++
destructans
Rhizoctonia
, - + +++ + - - +
solani
Sclerotinia
' - +++ ++ +++ - - ++
sclerotiorum
Fusarium sp. - +++ ++ +++ - — ++
Botrytis
_ - +++  +++ +++ - - ++
cinerea
Phytophthora
+ ++ ++ ++ - - ++
cactorum
Pythium
' - ++ - ++ - - -
ultimum
Alternaria
- +++ ++ +++ - - +
panax

* Inhibitory activity: +; <5, ++; 5-10, +++;>10mm inhibition zone.
“Isolate: B16; Pseudomonas fluorescens, AB62, AB100, AB101; Pseudomonas sp.,
B1141; Bacillus sp., B1142; B. megaterium, B1146; Paenibacillus lentimorbus.

AEEREES

A4 HRA W) FFEAS Aol AX AFAUL W AFA WAL BT
G gdel WA mAE Bl U TR AWSUA ek HY E7]o
WA E7F BEAARA DA ek B AN E AR 3A )



Zo] A%<l induced systemic resistanceol| gk M Aol WA 7]z}
7] flske] AWl wig WA ZAE AU AT
=7] T8 Eel #Fsta gl 48] fFFEAE HEo)
of AxHer HFskA &A At A 10d F A
2-6) A1 AN A2 AgelMe= By AdFot .
AYTE AL e Aol AHFF7E L
AAHRNeH 53] Bl1429] 45 7HE ¢ &
= ]

AYA 29 MYsel Ay
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Fig. 2-6. Effect of antagonistic bacteria on the control of Phytophthora blight

caused by P. cactorum.

EHYT JA7|F o 2= antibiosis, nutrient competition, HCN, ISR
@ ATl A e dEete]l 5A4S A ey Bll4l13 Blld2e

b ol flal AEHAolA vebdniet o] el A=
Alste] ISRO # g A7 Ao 2 ey, wepa A A3t
o +dAE Al XA 9 lignin JAAFE AHEUT. FAE L BHAdTAE,
AB62, B1146 A ]2 ¥2]& HAA] lignification ¥H§2 YEIYA] &Fk3, AB1002
Fy 249 dNolA ofzhe] k& Wtk Bl1413} B11429] 49 #9272 A2

AEHo] FEglo] ligninF A4S Hol olF 4Agite] AEZA 7]Zo] induced systemic

12
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o
12

,’71,



resistance¢} @ o] A& o] g gl
Ad 5o A¥E EY R FHEXOoE ABL00, Bll4l, B11425 X Esle] E Ao A}
43t o},

Fig. 2-7. Effect of antagonistic bacteria on the lignification of 1-year-old ginseng

root when challenged by Cylindrocarpon destructans after treatment of bacteria.
oh. QAR BAHE F

Ak At AgA] daHERE o] YIS S ESs £AY 23 Burkholderia
cepacia AB1002 P, Ca, Zn A& 3stafo] A B} =93, Bacillus sp. B1141<&
Mg, Fe, Zn 30| ¥& Z&o|3lvh. B3t Burkholderia cepacia AB100 Al P,
K, Ca, Na, Zn $t#o| Bacillus sp. B1141 HglX1t} =& g0l 1, Bacillus # &
Al Mg, Fe, Mn 3t#o] Burkholderia cepacia AB100 gl ®Ht}t & Aot

(Table 2-5). o139 Z3E AHE u daeol Hert AA¥E Q] nutrient 59

Qe nAL Aow wuHn S8 23w SR g Al Foet
JYE FRE OE Ao AztHEy
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Table 2-5. Effect of Burkholderia cepacia AB100 and Bacillus sp. B1141 on

take-up of inorganic nutrient by ginseng root in a field

Inorganic nutrient (ppm)

Treatment

N P20s K20 CaO MgO Cu Fe Mn Na:=0 7n

1.55 0.79 1.83 0.35 0.34 17.09 160.9 43.27 0.043 33.31
Control

(0.09) (0.02) (0.04) (0.008) (0.006) (0.13) (18.93) (1.94) (0.006) (1.86)
Bentonite 1.45 0.89 1.89 0.39 0.34 17.33 228.2 26.90 0.083 34.83
alone (0.08) (0.04) (0.05) (0.029) (0.017) (0.58) (24.78) (0.56) (0.006) (1.86)
Bentonite 1.56 0.96 1.91 0.42 0.34 16.84 196.7 34.42 0.063 39.54
+ AB100 (0.02) (0.03) (0.07) (0.003) (0.006) (0.35) (31.89) (2.23) (0.003) (3.01)
Bentonite 1.48 0.79 1.84 0.39 0.37 16.85 294.2 4455 0.047 37.01
+ B1141 (0.03) (0.06) (0.07) (0.020) (0.017) (0.88) (55.32) (4.49) (0.003) (1.49)

#*( ) standard error.

AEsH WA 7| 2o 2 deZ 7|Z ¥ antibiosistt nutrient competitione 4 Wk
A 7IFoz Haxe Ja AEAH WAAY EFAY Al AP FETE o]y
s mE Frh Aok wEkA 2 AFeA e A
2= GFR EFAY e 2%S

Z

N
[N

o
o
O oo do oy opoh

W AcH(Fig. 2-9).
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Table 2-6. Interaction between antagonistic bacteria on tryptic soy agar medium

Dropping
Lawn
AB100 B1141 B1142
AB100 - - —
B1141 — — —
B1142 — — —
a ab
b
bc
bD C
w .8
k!
£S5
(&)
Shhe
L O
-2
n
<> S b
660 O¢0® N \\}9 \'>’b9 &@ g '@J(J
SR R P R
< < < < >§\\ 2 >
Q‘b Q‘b Q‘b

Fig. 2-8. Effect of bacterial combination on the shoot standing of 1-year—old
ginseng plant. Mixture A,; Burkholderia cepacia AB100 + B543, mixture B;
Bacillus sp. B1141 + B1142 + B1146, mixture C; Burkholderia cepacia AB100 +
B542 + Bacillus sp. B1141 + B1142 + B1146.
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Root rot (%)
o
~
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Fig. 2-9. Effect of bacterial conbination on the control of ginseng root rot caused
by Cylindrocarpon destructans. Mixture A; Burkholderia cepacia AB100 AB100 +
B543, mixture B; Bacillus sp. B1141 + B1142 + B1146, mixture C; Burkholderia
cepacia AB100 + B542 + Bacillus sp. B1141 + B1142 + B1146.

Ab A 2EAF SIS AT WA g

At ow B2 WAA= AW a kol A7z Al Al Akt o] Wl
WA o] volx= Ao R Gl glo] AP AN 2] whdui A A
A olgt AT B AFo M= Burkholderia cepacia AB100E ©] €319 gram &
Aol Astet wjgul A S Atk TSAu Ao Aldiv]gstd AB100S TSA %
nutrient agar, King’s B medium, soil extract agar 59| Z}Z} A&z o2 203 o]A+
Al st M@ e A s AT & 19 HAS A et JA g B
AN2A Q] F7FEA (D)ol oA st ARE FEE, oHE, Y FA & £

AbslsdTh o] 60Y & JdRE&S A3 HM SEA-dependent AB100 A 2] ol A A
grth v Aol ymA HEge FAYe 2AY & Fol&s UEUAT
(Fig. 2-10).

,’75,



2

&

&

NEANEANEAN

Shoot emergence (%

&

Control  ABIOO-TSA ABIOO-NA  ABI00-KB ABI00-SEA

Fig. 2-10. Effect of medium dependent Burkholderia cepacia AB100 on the emergence of

shoot of ginseng plant 60 days after transplanting of 1-year-old ginseng root in a field.

A2 7o sk e o4 o 6749 Fol xAlsgon wMgwel AR A
931 Qb RelE wR bR LE AL e £%8e AW v BE
< Fg&s UelAT(Fig. 2-11, 12). 22y

KB-dependent AB100& #|<]3t & A2l oA A

Fig. 2-11. Effect of medium-dependent isolates of Burkholderia cepacia AB100 on
the yield of ginseng root.
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100 [0 Harvestable root (%) [ Root rot (%)

80 r

2 r

Control ABI00-TSA ABIOO-NA ABI100-KB ABI100-SEA

Fig. 2-12. Effect of medium dependent isolates on the yield of 2 year old ginseng
root and disease incidence of root rot in a field. One-year-old ginseng roots
treated with or without medium dependent AB100 were transplanted on April 4
and harvested on Oct. 29, 2003.

Abgk A3 TSA 2 KBollA A&A
Hj kst AB100 A& FollAl dA3] =2 MAFAE et e (Fig. 2-13), o<k 2
= Ade A Ak B swW ARk ol e A3t ¥e] AR &
T 713 Aoz AzZtEL, o s medlum*dependent AB100S *g]A] S84 A4t
oA e F3A pseudomonads®t Bacillus =S ZAFS A3 (Table 2-7), 344
pseudomonads®] ¥ == KB-dependent AB100 A & FollA 714 =& WEE e
N3, Bacillus®l <A BEs AT EFolA FAYEY & WEE 433 h

-
- _11@
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A
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Control AB100-TSA  ABI100-NA AB100-KB  AB100-SEA

Fig. 2-13. Effect of medium dependent Burkholderia cepacia AB100 on the
growth of ginseng root. The isolate was continuously cultured on each medium
over 20 times. One-year-old ginseng roots treated with or without medium

dependent AB100 were transplanted on April 4 and harvested on Oct. 29, 2003.

Table 2-7. Population density of fluorescent pseudomonads and Bacillus on the
rhizosphere of ginseng plant when medium dependant isolates Wwere
applied to 1-year-old ginseng root

Population density (x10° cfu/g - root)

Treatment Fluorescent pseudomonads Bacillus spp.
Control 31.02(10.87)" 1.91(0.54)
TSA dependent AB100 29.22(11.52) 2.10€0.27)
NA dependent AB100 19.21(4.53) 5.60(1.89)
KB dependent AB100 37.3(15.28) 3.58(0.51)
SEA dependent AB100 25.99(2.93) 2.05(0.49)

*( ); standard error.
of, Aitve ZHRE

1) Aare] Z2dEE WE
Q) o] AFdede 134 BAS A

i
E 8} Burkholderia cepacia AB1002]
7

< MEE fFAsHIE 209 ol FFHE HA WRVF ZAs)

>

IS =
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=
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o= M3 gram% 2.2x10° colony forming unitd 2™, Bacillus sp. B1141 2 B1142

= A AEgS B o)A 30971 2dE et 48] At} 249 F
= oA BEATE Ho] BE gram 44 2 5.1x10°S Ve QL tH(Fig. 2-14).

Log cfu/g root

0 10 20 30 60

Days after transplanting

Fig. 2-14. Population changes of selected bacteria in the rhizosphere of ginseng plant.
Burkholderia cepacia AB100, Bacillus sp. B1141 & B1142 resistant to rifampicin were used
in this study and detected on KB and 1/10 TSA containing 100 ppm of rifampicin.

2) EAY wE ZdEE

B A& o] AV83 Burkholderia cepacia AB100= KBoll A&k wild typeg o] &3t omn A
gdlo] X 1dA Bias EAC] g2 7 A EGe] o]dste] FEA] ZHdd A ste
’d pseudomonads EMEE ZAe A3 FH 29 A9 sandy loam soildlA & EEE F

A8}94 AL, Burkholderia cepacia AB100 ] 2]+ + silty loam soilol 4] 25 =% tH(Table 2-8).

oft
o et

Table 2-8. Population density of Pseudomonas spp. in the rhizosphere of ginseng in two

different types of soil

Population density (x10* cfu/g - root)

Treatment - - -

Sandy loam soil Silty loam soil
Control 5.53 2.15
Burkholderia cepacia AB100 5.64 6.12

*Population density was examined 7 months after transplanting of 1-year-old ginseng root

in fields.
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sandy loam soilol Al = Burkholderia cepacia AB100 A 2]A] Fx 8¢ "xe} =}
ol7} 9l ot} silty loam soilol A& FAE]el] H8) ABIO0 HAeA e Ues

Sttt
A HA AGEY FH

1) 20039 E=ZA4Y

Burkholderia cepacia AB1009] A& Eolo] 1\d8 BANS =
7b 27l olAata 10 Ao R 13|elA Ha 33 AAH AdAHgH S EF
Fopded AT AT FAL FAY, BAEA, BARAel 13 =
A o 23] EGHT, B A 33 ESHT Soldth A" 904 <
ZAMe A3H(Fig. 2-15) & AgelA FAZ e 2AY =& Y=

100,
/,
§80
(] ||
2 o
£
O 1
-
15,
E |
wZO/

Control S S+SD1 S+SD2 S+SD3

Fig. 2-15. Effect of application method of Burkholderia cepacia AB100 on the
shoot emergence of ginseng plant 90 days after transplanting in a field. S; soak of
ginseng root, SD1, SD2, and SD3; soil drenching of bacterial suspension at 1 time,

2 times, 3 times at 30-day intervals after transplanting.
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Fig. 2-16. Effect of application method of Burkholderia cepacia AB100 on the

vield of ginseng root.

100

[0 Harvestable root (%) [ERoot rot (%)

80

40

Control S S+SD1 S+SD2 S+SD3

Fig. 2-17. Effect of application method of Burkholderia cepacia AB100 on the
yvield of 2 year old ginseng root and disease incidence of root rot in a field. S;
soak of ginseng root in bacterial suspension for 1 hr., SD1, SD2, and SD3; soil
drenching of bacterial suspension at 1 time, 2 times, 3 times at 30-day intervals
after transplanting. One-year-old ginseng roots treated with or without AB100

were transplanted on April 4 and harvested on Oct. 29, 2003.
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Control S S+SD1 S+SD2 S+SD3

Fig. 2-18. Effect of application method of Burkholderia cepacia AB100 on average

weight of ginseng roots in a field trial.

Al &S FAEL vz AY =& A Fig. 2-16, 1)1 oH, A&
WoolHee FA el Hs BARA F 12 Ao 234 A ArdEds EY
HFA] srekth(Fig. 2-17). 22y 528 1Ae] JHAIFAE ddEw BAS JAG

Aok BabAe Y § 18] B3 Aol A el vl B AL
=hon, 23 ol EGHFI A= sy HAFA ‘)’ﬂl UrE‘rkkE‘r(Fig.
2-18). ol¢t e Aie= Al AR S 23] ¥
wo} ik #elo ARl dFE v Aew ﬁJE‘rJE‘r.

Fig. 2-19. Effect of application method of Bacillus sp B1141 and B1142 on the
yield of ginseng root.
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Control Talc alone B1141-S B1141-D B1142-S B1142-D

Fig. 2-20. Effect of application method of Bacillus spp. on the yield of 2 year old
ginseng root and disease incidence of root rot in a field. B1141; Bacillus pumilus,
B1142; Bacillus megaterium, S; soak of 1-year-old ginseng roots in bacterial
suspension for 1 hr, D; dusting of ginseng roots with formulated isolate.
One-year-old ginseng roots were transplanted on April 4 and harvested on Oct.
29, 2003.

ab

Root weight (g,
™o

=

Control Talc-CK B1141-S  B1141-D B1142-S B1142-D

Fig. 2-21. Effect of application method of Bacillus sp. B1141 and B1142 on
average weight of ginseng roots in a field trial. B1141; Bacillus pumilus, B1142;
Bacillus megaterium, S; soak of 1-year-old ginseng roots in bacterial suspension
for 1 hr., D; dusting of ginseng roots with formulated isolate. One-year-old

ginseng roots were transplanted on April 4 and harvested on Oct. 29, 2003.
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B4

Bacillus® A$+= Mad g HAXsAY TalcHl dE &
FAed 60Y F YEES HHE A FAHES At zolvh gllow
Bl1419] Aol A, Bl142¥& w9 A olA FHge 2AY =& 57888
tH(Fig. 2-19, 20). e W oy &7 Hvr e FAE Bl142 A 2]

3 BE A oA FAglrg e i 8(Fig. 2-2003 2 B FA(Fig. 2-21)

£ YEhRIT

wx Mo

2) 20049 =4 E

2003 =] AWl A& 95t Burkholderza cepacia AB1009] 4% A+
(e}
4o

detolo] BAS AASFAY "R 1ML F 13 B #5593, Bacilluse 7
i bentonited] & HAREO s AW oot EGHT 13E 17hdE & Agsdin
100
%0 |- O Harvestable root (%) ElHealthy root (%)

80
70
60
50 —
40 |
30 |
20 |
-
0 s
Control AB100-S AB100-S+SD1 B1141-D B1141-D+SD1

Fig. 2-22. Effect of application method of antagonistic bacteria on percent of
harvestable root and healthy root in a field in 2004. S; soaking of 1-year—old
ginseng roots in bacterial suspension for 1 hr., D; dusting of ginseng roots with
formulated isolate, SDI1; soil drenching of bacterial suspension around ginseng

plants 30 days after transplanting.

Burkholderia cepacia AB1002] 4% A9} 1/M¥E & EFIFI A FodA] &
stgdl Balo] AHEo]l =%ow Bacillus sp. B11419 ¢ HAFo] 2l A] bentonite
Aol oA oA & D Aol FAHET A8 =okvh(Fig. 2-22).
Al e ggeS Ayrw T 49 A&l 379%™ Burkholderia
cepacia AB1009] 7§ HAFE A Al 385%, 7“7@ 13] ESF A 454%¢] el A
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A4S YeiAH(Table 2-9). Bacillus®l 73% g A& BA
541%, o9 13 E<F #FA 429%=2 FART A ALES JEhgdo
(Table 2-9).

Table 2-9. Effect of application method of antagonistic bacteria on the growth of

ginseng root in a field in 2004

Treatment? Avera}tgr;:ngﬁ;%kgitngefore Averaﬁaerx(zit%}ll; after Incre(a(;oe) rate
Control 1.055(0.048) 4.024(0.465) 379
AB100—-S 1.167(0.015) 4.487(0.277) 385
AB100—S+SD1 1.011(0.005) 4.599(0.435) 454"
B1141-D 0.856(0.022) 4.634(0.268) 541"
B1141-D+SD1 1.038(0.015) 4.451(0.072) 429"

ts; soaking of 1l-year-old ginseng roots in bacterial suspension for 1 hr., D;
dusting of ginseng roots with formulated isolate, SD1; soil drenching of bacterial
suspension around ginseng plants 30 days after transplanting. One-year-old
ginseng roots were transplanted on April 12 and harvested on Nov. 3, 2004.

“Symbol represents for significant difference at 95%.
A HA g FAE AT dFY A

£ bentoniteE WA= dte] MgO % CaO, chitin, lactose, =+ A A
T AFS A4 £Aste] BAaF oA A 79 At Qi g% 7do] A3t
stk Awl T AGE WaEl FAE &l 20049 7974 AFHE W
Al 13] Axsiaith. Al #3& 9 ¥ dde, PHATES o)A oF A
=l ZAFSFG = AB1002] 79 benotnite ©% 2 bentonite] MgO, CaO, chitin,
lactose & 7 AFA FAgo] Hla & F4& E AdE&ES HElAH
(Fig. 2-23). Bacillus®] 74%-% bentonite ©5% X+ bentonited] MgO, CaOE 7}3h
Aol A FAZETG = 887 1d&S YERAtH(Fig. 2-19). Aol 7}
A e A Fo| A bentonited] MgO, CaO, lactoseS H7F3F A5 A3 =
v AT FAYEY =2 F8E9 ddes Ve AT
13k o] AGES AT A FA TS H7%S BFES HERd vk
Burkholderia cepacia AB1002 bentonite®] 9%4Y ZFE H7lsk AdS A3 =

E A FdA = AFES et (Table 2-9). Bacillus®] 7% bentonite©l

ot
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MgO % CaOE H7Fst A8 chitin =+ lactoseE H7}eE A FoA FH R =
< ey AEES YERd Atk (Table 2-10).

100
90

80 | l = = [l =
70 F

[0 Harvestable root (%) [] Healthy root (%)

30 |
20
10 |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 2-23. Effect of Burkholderia cepacia AB100 and Bacillus sp. B1141 on
percent of harvestable root and healthy root at harvesting time when each isolates
with or without formulation were applied to 1-year-old ginseng roots in 2004.
No.1l; untreated control, No.2; bentonite, NO.3; bentonite+MgO+CaO, No.4;
bentonite+ MgO+CaO+chitin, No.5; bentonite+MgO+CaO+lactose, No.6; bentonite+
MgO+CaO +chitin+lactose, No.7; AB100+bentonite, No.8;
AB100+bentonite+MgO+CaO, No.9; AB100+bentonite+MgO+CaO+chitin, No.10;
AB100+bentonite+MgO+CaO+lactose,
No.11;AB100+bentonite+tMgO+CaO+chitin+lactose, No.12; B1141+bentonite, No.13;
B1141+bentonite+tMgO+CaO, No.14; Bl141+bentonite+MgO+CaO+chitin, No.15;
B1141+bentonite+tMgO+CaO+lactose, No.16;, B1141+bentonite+MgO+CaO+chitin+
lactose. One-year—-old ginseng roots were transplanted on April 12 and harvested
on Nov. 3, 2004.
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Tdue] ABI00S] #HEEZE AAS] FAT F lenm i AEEE ¥ T e
A7 Alel ol Agwojop & Row AZATh Bacillus® 5% Tale &
E €l

bentonite &% TE MgO29} CaO, lactose 52 713 A|FS BAF Hol A4

$5e TIE WHY Ao Andd

N
-

Table 2-10. Effect of Burkholderia cepacia AB100 and Bacillus sp. B1141 on the
growth of ginseng root when the isolates formulated with various ingredients were

applied to 1-year-old roots.

Treatment® beonVr%r%(rg:ng)el;%}tl%ng Avera}gl;:rxigi;:; after Increase rate (%)
No.1 1.060(0.116) 3.724(0.162) 357
No.2 1.161(0.035) 4.639(0.227) 399"
No.3 1.003(0.055) 4.840(0.306) 482"
No.4 1.130(0.094) 5.755(0.304) 511
No.5 1.069(0.100) 5.355(0.151) 507"
No.6 1.095(0.064) 5.407(0.083) 496"
No.7 1.119(0.021) 5.447(0.253) 486"
No.8 1.033(0.065) 4.955(0.515) 47T
No.9 1.150(0.055) 5.152(0.393) 44T
No.10 1.000(0.056) 4.612(0.247) 4617
No.11 1.194(0.030) 4.621(0.411) 385
No.12 1.197(0.179) 3.924(0.394) 332
No.13 1.146(0.030) 4.613(0.489) 400"
No.14 1.070(0.020) 4.587(0.390) 427
No.15 1.159(0.048) 4.593(0.394) 395"
No.16 1.225(0.127) 4.201(0.151) 347

* No.1; untreated control, No.2; bentonite, NO.3; bentonite+MgO+CaO, No.4;

bentonite+MgO+CaO+chitin, No.5; bentonite+MgO+CaO+lactose, No.6; bentonite+
MgO+CaO+chitin+lactose, No.7; AB100+bentonite, No.8; AB100+bentonite+MgO+

CaO, No.9; AB100+bentonite+tMgO+CaO+chitin, No.10; AB100+bentonite+MgO+

CaO-+lactose, No.11;AB100+bentonite+MgO+CaO+chitin+lactose, No.12; B1141+

bentonite, No.13; B1141+bentonite+MgO+CaO, No.14;
B1141+bentonite+tMgO+CaO+ chitin, No.15; B1141+bentonite+MgO+CaO+lactose,
No.16; Bl141+bentonite+tMgO+ CaO+chitin+lactose.
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4. 23 Q <k

27} 90 Burkholderia cepacia AB1009t Bacillus pumilus Bl1141, B. megaterium
2 Adbsleic, Mol Algld EAS ZAHSE A3 AB1002 proteinase@ A
UEt Rl o™ Bl1413 B1142+ Z=AREE &7do] s gl @43 gels 918 3
2ol zF ZAA & Pseudomonas sp. AB629] CFP 42 =910 A Fsll o) eH s
B ARATE flo] B dAFelM = wAlekA @gkern, ABI00, Bll4l 3 Bll42+=
rifampicin®] WA WHolAE F7Iste] 2 AFo] AbEeATh Addts A TR ol
A Al FA el Ha] YdREo] T Bll41¥ Blldee ¥4 H1a3
ABE AT, Tg At AddEEHe BAS HAste] o)A ls wW A

==
wg3 Pelu gy oAET FISAL A4 Pel
g

B

3} Burkholderia cepacia AB100S tjiEE <4t
antibiosisell o] X AgAEHR] FoFE FeHH
Bl142%= <14t W datel s I8 == HCN &4°] ¢l
glstal A g W3 =1 B oH

resistancedl] 9§ oAl g = AZETE, Eok Ak AgdS A A e e 7]
AR ko zpolE UetUA L, £3] Burkholderia cepacia AB100¢] ¢+ P, K,
Ca, Na, Zn o] FAgrtt =4 YEls o™ Bacillus sp. B11419 729+ Mg,
Fe, Mn, Zn ¥%o| ¥ AR =4 vetwn. 28 AedFed b2 77148 3
g 24 YebgEd AB100 N, P, K, Ca, Na, Zn o] Bll41®t} *
B1141 A #]l&= Mg, Fe, Mn9| 3ol ABIO0 Ael®tt dA 3] =4 Py
= HAboll Aujsta BEH S oW Ed o] Al BylxZld lignino| 3%
oo A oF AT g e galdn, Adkate] B9 vbs %
71 $18te] Ad JEAds A A dEsdA gt glo] &3

2 ddEgoy 5AAE Ay O AgrRu EdAEAl R
a3 7F dA 3 v} Burkholderia cepacia AB1002] Bl %
g A3 King's B viAloll Al miFstds v 9=
A Sl e adE YEddnh A Ad B
EWstE A A3 A F 097 = 95 2R A4S UEURL
=y oram% 10° colony forming unit ©]4< 44540, &

A5 A LA AFEECNA 564x10" cfu/g - root, A FEIA 564x10" cfu/g -
rootE FASEATE 20039 2004l AR FHA  AWHES AR A

Bacillus sp. B11413%}
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AAL FA st 170E 5 13 dFAE 7 ¢
g 2 S wmagAd 22 g9 9538929, Bacillus sp. B1141$F B1142%
FAES gake Fo A $

T 295 YHeEdAn At a35ds 9
] Aol M= Burkholderia cepacia AB1002 bentoniteo] MgO, CaO, chitin,
lactoseE FH7FA $43F @35 YElWA L, Bacillus sp. B11412 bentonite @5 %
= MgO$% CaO%r H7FA] -3 &3 YEhSlth
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FoAES] B WA Y] EY 2 T AEAE BEFHT serial dilution
o=z wAd wjFAzl = QA o A= A¥gHS ZE=  fungi, bacteria,
streptomycess ] W& TF T gt o€ A EE¥ 7|E9 A3 (Burkholderia

cepacia AB100, Burkholderia cepacia AB101, Pseudomonas sp. AB62, Burkholderia
sp. AB125, Chaetomium cochliodes AF1, 18] Aspergillus terrus AF2)S <14HH
A (Cylindrocarpon destructans, Rhizoctonia solani, Botrytis cinerea, Alternaria
panax  Phytophthora cactorum)@}e] tix] v <& ZAIdHES test AT
(Stevenson and Rouatt. 1987, Kim et al. 1998, Jae et al. 1999-1).

U 2ZEAY £8 - 7& 54  dAELdTA AF JAT A

g3t ZAdgo]l fungi¥d A9 CDM(Czapex-Dox Media)o]yb PD  brothol A
bacteria®] 4% LB brotht} Nutrient brotholl A WA 7% Bennet ¥l Aol A 374
7F v et @A A &93F% — column chromatography — preparative TLC "
HES activity guided bioassay(AGB)®H ¥ Haste] 1 EAHEAS &4 2835
olgA =4 wEg FHEde FxE 4387 98t UV, IR, E/MS, 1H-NMR,
I3C-NMR 59 717124 & §3 725 s43ch o2l 23d=4E& PDA(Potato
Dextrose Agar)uj Aol 0, 0.1, 1, 5, 10, 50, 100 ppm = A A& 3te] 7] <A A+t
S HE3I F in vitro 3594 HEES EDg-probit analysis®] A% data 28 =
I gAE =AU H(Jae et al. 1999-1, Keun et al. 2000, Howell and Stipanovic
1979, Jae et al. 1999-2).

o AER EATAA A LT JAE g &3

i,
Mo

AldLdAe  Egoziy A2 st At Streptomyces  sp.  A8%
Burkholderia cepacia AB219] 822 WU Pythium ultimum, Phytophthora

capsici, Rhizoctonia solani, Botrytis cinerea, Fusarium oxysporum %



Cylindrocarpon destructans, Alternaria panax Phytophthora cactorum®| W Xuj] e
2 AP o olg2HH N2z dgEHdS st I FERE U] 2)9 e
2 T4 G (Keun et al. 2000; Howell and Stipanovic 1979, Jae et al. 1999-2, Berdy
1974, Betina 1994).

g 24 WAE I AF S 2 Y A

T4 A FX A5 B6, C8, B6ws M TR 194 QI FrE EEd
10°CFU/ml ©]F A A3 F 2opgol} A% 3—_7—{] 23 A4 9o == w4
10°CFU/ml 97 #7HES AN A% Fxo] g% i Beo2iH LB A%
HH Aol Al hexane, chloroform, EtOAc &1 &2 —%%8}04 XA EvlEe fHo| A3

% EtOAc fractionl Al A5 3 g3 82l £ column chromatography, TLCZ &
Fag st TElE spot &S, A7) #Eld EHE ASEH3 23 HAE
(Betina 1994).

o AGF FEHE 7

ABI100(pyrrolnitrin), AB101(phenylacetyl salicylic acid), AB62(diacetylphloroglucinol)
-3 A EZ oA AB100 Xt} pyrrolnitrin A4Fe] $43+ AB21 & thAsH
B8 Al HYT AABRIAE in vitro AP o2 ol . =3
i
a)

=

-:?_:tg'i"—r—év/] Hﬁ]— XJZ‘.Q =z 3o 7‘(1—7]

o T "= RN

-1?1

=
F(AET AE EE £ AT D AFIA oRE A4d F A

4] S EE F
B3 7 2SS Awsd o (Stevenson and Rouatt 1987).

fol j&
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v R AEd O A Y A

AB62 o] AAbsl:= diacetylphloroglucinol® AB21 o] A4F8lE pyrrolnitrin 2
I FEAEY 22 FAELL A HolAx AEd] AASIATE B FolAE 10
~10" CFU/g o2 HAEH= IFHED gatgo] FujFo| At A dlo]m E ko]

3]
& 25 9] biological activity limitell T|X|A] HE3l2 2 E< 340 A enrichment A2

FoolE wEe e
A AGT) ANHE FABAY EF 0 AN £F AT

Qi FE AFolt AUYEA WolE oA WAL 4% oA o £AE
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2. d72% #H uF
hogA vlgEe QA4 BATA U A% A% 24

A3+t Burkholderia cepacia AB100, Burkholderia cepacia AB101, Pseudomonas
sp. AB62, 133 Burkholderia sp. AB125, Burkholderia sp. AB2, Chaetomium
cochliodes AF1, Aspergillus terrus AF2= 7]1&9 2 A& H Yo 53 &4
S Bgogm oa Ayt 3l biological agent®4 I Algo| 7Msdty el AR
th abg st gk 7 vA= o] A S petri-dish A W] Al o= A3
A= Table 3-13 2t}

Table 3-1. Antifungal activity of several antagonists

Cylindrocarpon |Rhizoctonia |Botrytis |Alternaria |Phytophthora
destructans solani cinerea | panax cactorum
Burkholderia !
) +++ +4++ ++++ ++ +++
cepacia AB100
Burkholderia
) ++ +++ +4++ ++ +++
cepacia AB101
Pseudomonas sp.
+4++ +4+++ +++ ++ ++++
ABG62
Burkholderia sp.
+ +++ + F++ ++
AB125
Chaetomium
] +4++ ++ ++++ ++ +4++
cochliodes AF1
Aspergillus
+ +++ + + ++
terrus AF2

! Inhibition distance ++++: >15mm, +++: 10-15mm, ++: 5-10mm, + < 5mm

A7) FollA ®HeE vkel el ABI00, AB62, Chaetomiumtt Go] tix|u] el 23]
Fa Q4 JAT A% F3A A

. g4 239 Qagd g dAs 24

rlo
i

ke

AFRLE 7€ 259 FFolg} 459 AdozHY FTEZ Butylrolacton I
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Chaetoglobosin A, N-butylbenzenesulfonamide, phenylacetic acid, phenylacetyl
salicylic acid, p-hydroxybenzoic acid, 2,4-diacetylphloroglucinol 1] i, pyrrolnitrin
o] 829 YHEAS EustdthTable 3-2), (Fig. 3-1), (Kim et al. 1998, Jae et al.
1999-1, Keun et al. 2000, Jae et al. 1999-2).

Table 3-2. Antifungal compounds isolated from antagonists.

antagonist antifungal compound
Burkholderia cepacia AB100 Pyrrolnitrin
Burkholderia cepacia AB101 Phenylacetyl salicylic acid, Phenylacetic acid
Pseudomonas sp. AB62 2,4-diacetylphloroglucinol
Burkholderia sp. AB2 N-butylbenzenesulfonamide
Chaetomium cochliodes AF1 Chaetoglobosin A
Aspergillus terrus AF2 Butylrolacton I
Penicillum sp. AF5 p-hydroxybenzoic acid
Cl
N02CI (”)
\ N\ @Eu/\/\
NH
1) Pyrrolnitrin i1) Butylrolacton I iii) N-butylbenzenesulfonamide

O Os .OH
H,C ICI) (0] g
H2 _ 2 -uT
|
\
OH
iv) Chaetoglobosin A v ) Phenylacetic acid vi) Phenylacetyl salicylic acid
HO. O
C
(0] OH O
HaC CH,
HO OH OH

vii) 2,4-Diacetylphloroglucinol  vii) p-Hydroxybenzoic acid

Fig. 3-1. Chemical structure of antifungal compounds isolated from antagonists.
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ol 8/ A EAS AAMHYAT (Cylindrocarpon destructans, Rhizoctonia solani,
Botrytis cinerea, Alternaria panax ZL¥|3l, Phytophthora cactorum)°l] t 3t & A5&
ZALsEA

gt =2 Butylrolacton I, Chaetoglobosin A, N-butylbenzenesulfonamide, Phenylacetic
acid, Phenylacetylsalicylic acid, p-Hydroxybenzoic acid, 2,4-Diacetylphloroglucinol,
Pyrrolnitring Z}Z} MeOHell ¢ PDA (Potato Dextrose Agar)®j=]el] 0, 0.01, 0.1, 1,
5,10, 50, 100 ppm = A A ste] 7] AMHAFES JFste] 2 AHodA A=
EDsy-probit analysis®] 7% data 82 1 A4S =43 Ay= 339 2o}

Table 3-3. Growth inhibition of ginseng’s pathogenic fungi by antifungal

compound.
EDso (ppm)
Cylindrocarpon |Rhizoctonia |Botrytis  |Alternaria |Phytophthora
destructans solani cinerea panax cactorum
Butylrolacton 1 >100 49 55 >100 56
Chaetoglobosin A 28 24 1.7 1.2 2.1
N-butylbenzene-
72 >100 33 42 >100
sulfonamide
2,4-diacetylphloro-
47 16 25 17 11
glucinol
pyrrolnitrin 22 0.05 0.02 26 25
p—hydroxybenzoic
. > 100 > 100 > 100 41 87
acid
phenylacetic acid > 100 > 100 > 100 57 24
phenylacetyl
> 100 > 100 > 100 29 34
salicylic acid

ZAo AFEE 8FF9 I EZEZF Chaetoglobosin A, 24-diacetylphloroglucinol,
pyrrolnitrin®  Cylindrocarpon destructans, Rhizoctonia solani, Botrytis cinerea,
Alternaria panax, Phytophthora cactorumol W3l F& A4S HJy oF
Chaetoglobosin A+ Botrytis cinerea, Alternaria panax, Phytophthora cactorum®l,
18] 3 pyrrolnitrine Rhizoctonia solani, Botrytis cinerea®] W3ste] o}F 943 3t

TEs e AT
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o BTN BT dA=E £7

71Ee A At o] Qo] A A sl e &g F
oA g EGozHE gt 1 F e & A8= WH
features, chemotaxonomic identification 12]3, 16S rDNA$} 722 FAH LIS E3)
A3+ A8S Streptomyces sp.2 5733t

a3 Zdat A8 Pythium ultimum, Phytophthora capsici, Rhizoctonia solani,
Botrytis cinerea, 18|11l Fusarium oxysporume®l| WXvj%kst A3 73S HAY
(Fig. 3-2).

Bo A8 Bo

Fig. 3-2. Growth inhibition of phytopathogens by antagonistic Streptomyces sp. AS.
Py; Pythium ultimum, Ph; Phytophthora capsici,

Rh; Rhizoctonia solani, Bo; Botrytis cinerea, Fu, Fusarium oxysporum

a8t Streptomyces ARZXE FTFEAS ®7st7] 93] Bennet vlX A 20C
oA 5AIF vk F wjFAS A sto] #AE AAstL T Mg dES {7
&1l (chloroform)® F%3}312 CHClY/MeOH gradient® 1, 2%} column chromatography,
prep. TLCE activity guided bioassayH 2z} ®aslo] 2F 72 LS &F
2] 3} A THABACI, ABC3), (Okami and Hotta 1993).

g e ddEF A8C39 Fx2E FAHSY] fsted UV, IR, EI/MS,
IH-NMR, 13C-NMR 9] 771245 AAjsktalaL, &3sh4 Amer Fauids v
¥ Az g7 E2d ARC3E Phthoramycin (=Kaimonolide A)E <l = o} .(Fig.
3-3)
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Fig. 3-3. Chemical structure of antifungal compound, Phthoramycin.
T gE gdEFE A8ACL1E 7|¥dl Burkholderia cepacia AB101°|A ¥zl 3k
Phenylacetic acide} 22 2= ¥r8 At

&t &2 Phthoramycin®] Wditol thdk EDs ks FAMSE A= Table 3-49F 2t}

Table 3-4. Growth Inhibition of phytopathogenic fungi by antifungal compound,

Phthoramycin.
Probit
EDso regression line 95%
Slope intercept Limits
Pythium ultimum 0.03 7.03 1.33 0.02 0.04
Phytophthora capsici 0.02 6.89 1.11 0.01 0.03
Rhizoctonia solani 35.95 3.75 0.81 26.06 53.89
Botrytis cinerea 59.00 3.04 1.11 4498 85.88
Fusarium oxysprum 14.02 3.59 1.23 10.57 17.80
Cylindrocarpon destructans 12.85 473 1.28 9.16 16.54
Alternaria panax 7.68 5.37 1.46 479 13.42
Phytophthora cactorum 0.05 5.46 1.75 0.03 0.05

Table 3-404 ¥ =n}2} 7ro] phthoramycing® A @3 RE #Fd thalo] 53
gd48 HYoew, 53|, Pythium ultimum3 Phytophthora capsici, Phytophthora
cactorum®| WA= obF $FE A4S Bt Yy opgAE o] FHEHE S
AFs Aol ofslE dEilTh
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o

EFolA g rAE T Qat Bdde 2o g & e #E s
g g o= AB21=2 HHIAL o] A9  morphological features,
chemotaxonomic identification =Z2]il, 16S rDNA$ Z& ZAAISL 3 Az
Burkholderia cepacia® &733t9th o] At Fo AW dte] uig oA wF
2 Fig. 3-4¢} 2t}

Fig. 3-4. Growth Inhibition of phytopathogens by antagonistic Burkholderia sp.
AB21.
Fu;, Fusarium oxysporum, Ph; Phytophthora capsici,

Rh; Rhizoctonia solani, Bo; Botrytis cinerea

A&+t Burkholderia cepacia AB21Z%F-8 I EdS 1 $18l Nutrient
broth o4 10C~15ColA 34, 747 S AY = 28ColA 747 vl %3t}
Wgels dAEE stel w#AlE AAS T MdFAdS {F71Em (Hexane,
Ethylacetate)2  5%3}al  Ethylacetate/Hexane  gradient®  12%F  column
chromatography, TLC & activity guided bioassayH ¥ Haste] 5%7F9 A

S v‘i‘—alf‘a %iﬁ%@%ﬂ TZxE FA43%7] Y& UV, IR, E/MS, 1H-NMR,
13C-NMR %9 717 A, +FH Azt FugdS vud 2 A

I g EZAEL Z}Z} Pyrrohitrin, aminopyrrolnitrin, monodechloroaminopyrrolnitrin,
aerugine, and 2-[2-hydroxyphenyl]-4-thiazolecarboxaldehyde €& 2Fel = It} (Fig. 3-5),
( Martin et al. 1972, Jung et al. 2003).
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Cl

NH, Nt S/>\/OH
Cl \
[ I N
h N OH
1) monodechloro- i1) aminopyrrolnitrin iii) aerugine
aminopyrrolnitrin
cl
NO, S \ H
cl
\
N
)\ °
g OH
iv) pyrrolnitrin v ) 2-[2-hydroxyphenyll-4-thiazolecarboxaldehyde

Fig. 3-5. Chemical structure of antifungal compounds, pyrrolnitrin, aminopyrrolnitrin,

aerugine, 2-[2-hydroxyphenyl]-4-thiazolecarboxaldehyde, monodechloroaminopyrrolnitrin..

Burkholderia cepacia AB21Z25%-¥ E23 JH &2 571X & ofe] 714 45 H4Y
4 Jgoldl diste] EDS0 #& FAFS A= Table 3-59F 2t}

Table 3-5°4 Ri=nle} o] AB21Z24F 2] 543 dNEDEL testd ZE
TFol sl i Hold 4L Hegow E£3| Pyrrolnitrinm, APRN 38 & &
Rhizoctonia solani, Botrytis cinerea® D&l s ofF 43 A4S HITK
Yoshihisa et al. 1989, Jolanta et al. 2003).
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Table 3-5. Growth Inhibition of phytopathogenic fungi by antifungal
compounds,pyrrolnitrin (PRN), aminopyrrolnitrin (APRN),
Monodechloroaminopyrrolnitrin(MPRN), aerugine(ARG),
2-[2-hydroxyphenyl]-4-thiazolecarboxaldehyde.

Phytopathogens EDso(ug/ml)
Antibiotics Py Phy Fu Rhi Bo
Pyrrolnitrin 12.6 175 20.9 0.05 0.02
APRN 10.92 9.8 13.7 0.1 0.1
MCAP >100 >100 >100 0.4 0.6
Aerugine 43 32 >100 >100 90
TCA 34 29 >100 9.3 18

(MCAP : monodechloroaminopyrrolnitrin, PRN : pyrrolnitrin, APRN :

aminopyrrolnitrin)
2 g4 uAEdA AN BF 3 EF 28 T4

Aa(Lo], 1F, EuE)e]l HFH AMAER aI3E HolE  Pseudomonas
fluorescens B16, Bacillus sp. B63 Bacillus sp. C8 Al#F9 AA=2 & 3}+= Table
3-63 il o] & QIR BEAFAEAT Ad=AE Flatr] el 1948 AR E
o malo] ZtzH(1x10%g) = Al HEsta W 134 FERFS F7F HE89

g% A4 AFERA g3 AdoA Bacillus sp. B6, Pseudomonas fluorescence
Bl6ir ol Al ekt A 3 35 HAH(Fig. 3-6).

A4 Y 7 &3E Holi= Pseudomonas fluorescense Bl167F S 2 H-E
3 =45 wystr] Sa LB Aol A 30Tl A 54 7F vikgh 5 ulj kol
skl HTAE AAS 2 wYgAES F7] & vl (ethylacetate) 2 F
Hexane/EtOAc gradient® 1, 22} column chromatography, prep. TLCZ 8%
(B16A1B16A4, B16B1B16B4)¢] 2% spotE< &<lstAth(Fig. 3-7).

filo r&
o

0> oX
o

e o
2L
U KA
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Table 3-6. Effect of microbes on the growth promotion of vegetables.

Growth promotion(% control)

Microbe
Cucumber Red pepper Tomato
Bacillus sp. B6 123 138 136
Bacillus sp. C8 180 163 169

Fig. 3-6. Plant growth promoting bacterial treatment on ginseng seedling

growth in pot.
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(©)

Fig. 3-7. TLC patterns of column eluants of EtOAc extract and purified
compound from Pseudomonas fluorescense B16. Developing solvent; A) Hexane /
EtOAc=20/1, B) Hexane / EtOAc=1/5, C) purified compound (B16Al1, B16A4,
B16B1B16B4).

R

I

=
g A maas gohiA AL
v, AT FE FAFE& 7

1) #7 AN 23

At datol] gk 71 A (3F)Y A8 S petri-dish test® 43t 4
T+ Burkholderia cepacia AB1002 Rhizoctonia solani®t Botrytis cinerea®| 121
Pseudomonas sp. AB62= Rhizoctonia solani®t Phytophthora cactrorum®| S5
A4S BdozH A Ate] t3t biological agent® XA 23S S}

Burkholderia cepacia AB100°] A4Fs}i= pyrrolnitrin®] AAHEHT ¢ $4
Burkholderia sp. AB21-& M2 g8t A4t Yatol st biological agent® Al
=3

Burkholderia sp. AB21= Rhizoctonia solani, Botrytis cinerea,°l $-3F s+t
B

(
4l

[e5

rot

o

¥

J5
tlo

ol Wl Za=HS A Burkholderia cepacia AB101, Pseudomonas sp.
AB62, Burkholderia sp. AB21 AldF9 AAEREI7F = Pseudomonas
fluorescense B16, Bacillus sp. B63 Bacillus sp. C8 AdFE A& & E3 H=
doz Ag 7hsAd AAS A oF s A%ES FA4
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Q1A A R ol W3t 2383t Burkholderia cepacia AB100, Pseudomonas sp.
AB62, Burkholderia sp. AB219] 4% A5 JdAEE ZAS A3 A4 AS S
o thal Al ZA& o] JAstE= clear zoneo] TAE | &kt (Fig. 3-8).

Fig. 3-8. Petri-plate assay for antagonistic effect between antagonists and plant

growth promoting bacteria.

3) BEF AT I BLT AE 23H AR

ZAdg&Ho]l 953 Burkholderia cepacia AB10l, Pseudomonas sp. ABG62,
Burkholderia sp. AB21 A ¢ AF =3 a3 7IdE Pseudomonas
fluorescense B16, Bacillus sp. B6% Bacillus sp. C8 Al #FZ 4lo] E3 HZn| A
=2 Abgetaat 2 Z23Es A4 HAwd Al sk tH(Table 3-7).

Table 3-7. Antifungal activity of several antagonistic bacteria and antagonistic

baterial mixture.

Pathogen . . . .
Cylindrocarpon| Alternaria | Phytophthora | Rhizoctonia
. destructans panax cactorum solani
Antagonist

AB101+AB62 ++ + ++ ++++
AB101+AB21 ++ + ++ ++++
AB101+CS8 ++ + +++ ++++
AB101+B6 ++ + +++ ++++
AB101+B16 ++ + +++ ++++

Inhibition distance ++++: >15mm, +++: 10-15mm, ++! 5-10mm, +' < 5mm,

—: no inhibition
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Pathogen ) . . .
Cylindrocarpon Alternaria Phytophthora Rhizoctonia
) destructans panax cactorum solani
Antagonist

AB62+AB21 ++ ++ +++ ++++
AB62+C8 + + ++ ++++
AB62+B6 + + +++ ++++
AB62+B16 + + ++ ++++

Inhibition distance ++++: >15mm, +++: 10-15mm, ++: 5-10mm, +: < Smm

athogen Cylindrocarpon Alternaria Phytophthora Rhizoctonia
Antagonist destructans panax cactorum solani
AB21+C8 + + +++ ++++
AB21+B6 + + +++ ++++
AB21+B16 + ++ ++ ++++
AB101+AB62
+ + +++ ++++
+AB21

Inhibition distance ++++: >15mm, +++: 10-15mm, ++: 5-10mm, +: < bmm

Fig. 3-8014 mi ol o] Uit Aw7 Er AR AL HAF Aa kel
Q3 g Adel h in vio FEAL FEY A L3E AQY] AR BgA
AE $58 FREAE 24 5 At

o A% WAE 2Y B AR-2F AT

pyrrolnitrine  tryptophano. 2 AgA HoE B a7l do](James et al. 2000,
Sabine et al. 1998) o] ZA&&Ede] =k A4 WHES AT 72 A2 A= &
A4 ¥l A ¥ pyrrolnitrin® monochloroamino— pyrrolnitrin, aminopyrrolnitrin A3 Ak %
< vugk A3 Fig, 3-99F 2t}
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Fig. 3-9. TLC pattern of pyrrole derivative antifungal compounds produced in

various growth media.

(MCAP : monodechloroaminopyrrolnitrin, PRN : pyrrolnitrin, PRN
aminopyrrolnitrin) Nu : nutrient broth, LB : Luria-Bertanibroth, TSB : Tryptic
soy broth, M9 : minimal medium

A7 g A ek 2ol nutrient BIA], A& 8ix]e] M9 ®i Ao A pyrrolnitrings
Z A g E3] M9 wix|ell tryptophang F7FsE wj Aol A © o] AL 3T}
2tk LB #j Ay TSBuj Aol A &= Aabako] wloksoitt. obge AK7|3HS pyrrole
29 g#Ed 4 24S TLC patterne & ¥ 4 =t = nutrient 8 A o) A
4= = AAYE MCAP — APRN — PRN =AM Z A4 3lal 952 o
FH ARz o5 4 B AMALFS dolr7] d] S Nutrient broth
4 5T, 10T, 15T, 20T, 25T, 30C%S ==¥Z A5 Azl ¥ pyrroleZl 2] 3714
At 27 AAZ ZAEIY A2 (5T, 100)d s 8ol Bol A=
F (20, 25C, 30C)dA = T7HAl 54U MCAP® APRNAAS 3717}
o ol 2% HFAHEQ PRNo R A= 7] wjio| i) upehr] A5 A
I5CeA 3, 5, 7943F vl & dAZF] wig JAqg #F3te] HPLCE
A3 A3= Fig. 3-103 2oh
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4.5
4 //
—~ 3.5 /
£
5.3 / — MCAP
325 / .
I3} APRN
s 2 ~
8 15 D . PRN
0.5
O 1
0 3day Sday 7day
days

Fig. 3-10. Production profiles of antifungal compounds produced by AB21.

TLC pattern(Fig. 3-9)3 #Zo] MCAP:= Hi%F 39 & 1 %ko] F43] Z4ad
T %3, APRN Aol Z7isttrt #Aasts FAoly HF4HE<l pyrrolnitring

FES FHHE wel 159 Y ARE FASHATHFg. 3-11),

o
o i

_ Porrudy . Pl e
PN adP N iad |

gl :\-...h:"-. - |':l|l|~|~ . '; Ihh.-._tl:..“..r,-\.h..m. —
] L 0 i

LTl e Tl o o e
(5]
; Ty gy
-

L-Tavpisgilem

Fig. 3-11. The biosynthetic pathway of pyrrolnitrin production.
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A7l AT A T 53 FEET i 8% 27HA] AMEE AAR SR F
71 &e] X3E A g F7] dEdE vre® Fd ¥ basal minimum #j A QI M9
il ol A AR Tk AR o]l TS EE A ES WelAu E= root
exudateZ7t e FEIHAMAME ASstHA A=A AT F dodeE TtsAE
AAE 3 do. F HARZE A2 15T A pyrrolnitrin®] AF+E 22 MCAPY
APRNS Abgto@2a) wE Re§Ee PRNEUE Fad4de] 1/103% "olAe
o] 73] EDs #°ll ppm ©]stelmg AAA A e FAo & u7t s F
tha sk ol o] o] A EdeA FEld dom vt AR A
2 Agstal = HYS FHE ok

Ab AE e EG T A2 232 A &2 7H

Ak A E fmel W A A 2AE] Y8 23S 100~107g) EF
ol A A & 10, 15, 25¢ ©] At H MeOHZ EYS F=33t olg 55 &

H,00 3]X38}1, saturated NaCl& < 50ml 713+ H HexanelZ F%3lo] TLCZE
e Ak 2ol -E Essith. TLC €<l A3 ol A= pyrrohnitrinit #Hle] 7he
ahlan, 7b7 109, 159, 259 FEEA 10°~10"% A9 10° M e 22l 715 &
Atk (Fig. 3-12)

Burkholderia cepacia AB21 <] 7<% 10° cfu/g soil A8 < 10¢ 15935

=4 TLC &<l 7Fsdv. "% 259 & &Y < pyrrolnitrin 42 YA
giu} obA7tA] Ay JFOoE EF W tigo] v dddEH e EdA A
A Ay obF =i dRJHE A7 E @Y Pyrrolnitrin® &3
Rhizoctonia solani, Botrytis cinerea®l £3] 7+3H1LDs <0.1ppm) A& 7eksiH
T ol we ¥ E4S FA F F e T AHE A}y

o o oY
H ox X B o2
O o &

o2
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105 107

105 107 10°

10° 105 107 10°

Fig. 3-12. Production of an antifungal compound pyrrolnitrin in soil ammended by
different numbers of bacterial colonies of B.cepacia AB21. Soil were
inoculated with 105, 107, 109/g soil and incubated 20C for 10, 15,25 days. The soil
sample was extracted with MeOH and concentrated in vacuo followed by hexane
extraction( dye reagent : ninhydrin, developing solvent (hexane : EtOAC =3:1)).

oh. 2% AB21°] AT Z¥EZY Fo WAT i £347A

AB217to] AAksti= 571A] 3¢S 5 Pyrrolnitrin, aminopyrrolnitrin, aerugine,
monodechloroaminopyrrolnitrin, and 2-[2-hydroxyphenyl]-4-thiazolecarboxaldehyde
< U= WY ¢ F EFddgsted o S0mg oE de ¥
screening ATH-o 2= sle] Fo AE WA Wi WA 53 HAAS AA T
(Table 3-8).
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Table 3-8. The effect of antifungal compounds produced from Burkholderia

cepacia strain AB21 against plant disease.

Conc.

Compound RCB RSB TGM TLB WLR BPM
(ug/ml)

6.25 85 85 17 20 0 0

PRN 25 100 85 25 50 60 3
100 100 100 86 65 88 69

25 69 10 0 60 33 23

MCAP 100 9 85 8 50 27 0
400 100 95 58 38 97 77

25 13 0 0 30 0 31

APRN 100 56 10 25 83 0 46
400 100 50 50 96 95 38

25 10 5 0 0 0 0

ARG 100 10 0 0 10 0 31
400 50 0 0 75 0 84

25 0 0 0 10 0 0

TCA 100 0 0 0 20 0 0
400 85 35 0 65 0 0

BPM : barley powdery mildew TLB : tomato late blight WLR : wheat leaf rust
TGM : tomato grey mold RSB : rice sheath blight RCB : rice blight

FolA B wvpel o] pyrrolnitrine in vitro Al ¥ A 39 §-AHsHA 100ppm
A A =LY (P. oryzae), AW FHvEH (R, solani), EvIE AW F3o] 9 (B.
cinerea)°l| 85%°l7% WAZ7LE Holw ofF 3 A4S 7M. o] AB21d 2
D EG W HEFForH 2, 40| 7t Axe] d3dEds Akt 2) ol
2 EAE0] in vitro AL EE0] Q. in vivo testdl A E FHE Ho] ofF 3

4% 59 71 2FF 92 A @ A o Y3 A

QA FATA U AT ARR BF 22 P YREY 2o A4 FR A
 EQ R PAT PA F pot WS AAFAT AAF RS APl 43
Z

- 110 -



Control ( Treated with mixed pathogens )

Treatment of AB21 on infested soil

Treatment of B6 on infested soil
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Treatment of antagonist AB21 and PGPR B6 on infested soil

Fig. 3-13. The effect of antifungal bacteria AB21 and plant growth promoting

rhizobacteria B6 by using complex inoculum.

9 4% dve WO Bgel W Ael AL w P Furee dud 4
0% QA BFHA Rahu FE AAEe]l ALRY Fn =@ 4P B,
AFNYE L 4 FATL BE AEHAS B F o de 432 ng =9
Agn AT 4 F3 dFE 5F ALSEs e HE £ A4S R 1E
I o]E <lAS A7IAF 671E F root fresh weightS W ¥4 311, T3 670
o9 % Z+7}9] root lengthS ¥ 35S tH(Fig. 3-13).
2lal 2= 5 F root fresh weight
gram
1.2 1129 |
1 1.007 1.044 1.068
0.801 0.819 0.791 0.790 0.812
0.8 0.725
06 | |
04 |
0.2 | |
0 ©
S © w® o
S &
. Before planting . . After 6months
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elal % F root length

cm
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o N MO

Fig 3-14. The effect of antifungal bacteria AB21 and plant growth promoting
rhizobacteria B6 by using complex inoculum. The comparisons were made on root
fresh weight and root length, respectively. The data were obtained from average
of 5 plant/pot for 5 replicate pots.

A7 gl A B vkl o]l Ak AB21w 3 A
2 A8 A e AS 2 dolo A Hddry
o} 27} root fresh weight® 155%, 112% 7138}
7} sttt

23 B6¥e] H3F HEde
S AES pottt & FAHE poti
&3, root lengtht 134%, 110% =
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L2 MR 5714 Agawel da A4 oAl =4
AP 2 71E B ABAY QAT UF Al 24, FIS 1Y 84
=53 Ak
3. MZE & B4 A AAHEAT IA 22 B 54
1. 71 Eg3 At (Burkholderia cepacia AB100, Burkholderia
cepacia AB101, Pseudomonas sp. AB62, Burkholderia sp. ABI125,
Phenycillum sp. AF5 18|31

Chaetomium  cochliodes AF1,
Aspergillus  terrus AF2)o] o3k <4 HAH
destructans, Rhizoctonia solani, Botrytis cinerea, Alternaria panax
Z18] 3l Phytophthora cactorum)?5<2 A& ZAF (100%)
2. 435 # (Butylrolacton I, Cheatoglobosin A, N-butylbenzene
sulfonamide, phenylacetic acid, phenylacetyl salicylic acid, p—hydroxy
benzoic acid, 2,4-diacetylphloroglucinol, pyrrolnitrin)¢] <14F w9+
EDsp—probit analysis®] E A4

=
AEE

3 in vitro AL A
=4 (100%)

o
data A2l= 1 &4
3. Streptomyces sp.Z%E phthoramycin, phenylacetic acid ¥ - 7%
s 2 A3 ZAF (100%)
d Bopol oe] 7kA it &4 A E 9% A4 WATY JA TS AFSH L
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A 28 FEAA 3AEE (2003-2004)

B

Ig e

T AEE o AL g i

(e}
aTr
E3} inocula 7

g
o,
k

A AlEE v A B R

- AB21 o] AAFsl= pyrrolnitrin, aminopyrrolnitrin,
monodechloro amino— pyrrolnitrin, aerugine,
and 2-[2-hydroxyphenyl]l -4-thiazolecarboxaldehydes & &=
Ak sk HA A 24

- AB2l #F9 E<F HFA Fodg B AAAF 44 (100%)

2. 53¢ inocula 7R

- 3T 7Y A3 H 3FY AEFAAFT 2FolA Ui FEY A

x=2
5 =2 2 HAF wAgE ZAF (100%)

- 116 -




4. @7NE AAGZAM FRE A GT|eHE
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]
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