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ABSTRACT

Ginseng(Panax ginseng C.A. Meyer) cultivate for 4~6 years to harvest root under a
solar shuttered bed in korea. The shade circumstance of ginseng garden and long term
requirement to harvest, ginseng plant susceptible to the phytopathogens which attack
phylloplane or rhizosplane. To practice organic ginseng cultivation, the most important
field managing technique which needed for successful ginseng cultivation is to control
root-rot disease effectively and to prepare a good organic fertilizer for a long term
sufficient nutrient supply. Among the ginseng pathogens, ginseng root-rot caused by
soil-borne pathogens is the most prevalent problem in the ginseng garden. To establish
a strategy to control the ginseng root-rot with envionment friendly agent, we isolated
four promising candidates by the dual culture test. They inhibited the mycelial growth
of Cylindrocarpon destructans, Rhizoctonia soani, Sclerotinia nivalis, S. sclerotiorum,
Botrytis cinere on PDA.

To increase the biocontrol efficacy of composted livestock manure against soil-borne
disease and to supply enough nutrient required to grow high quality ginseng, we
prepared a antagonistic microorganism added organic fertilizer(AMOF). To produce
AMOF, we developed techniques for the antagonist mass cultivation on solid medium,
the alive microorganism containing formulator manufactureing protocole and the
manure composting procedure which maximize the viability and colonization ability of
The AMOF prepared by
fertilizer. The organic fertilizer produced after composting of cow dung and soybean

antagonistic isolate. inoculating strain BK185 to organic
debris mixture. Composting procedure needed for 120days and three times turning. The
organic fertilizer produced after composting, pH value decreased to 6.9 and the content
of total nitrogen was 1.98%. The strain BK185 which used to AMOF manufacture, grew
well to spores on mineral nutrient added potato extract agar in 15 days and the number

of spores per mdl was 10 billion. The spore germination rate of strain BK185 in the



organic fertilizer estimated equal to 1% sucrose solution. The AMOF effectively
controlled the soil borne pathogen, promoted the healthy ginseng growth, inhibited the
mycelium growth of (C  destructans. Bioassays with strain BK185 added
compost-amended and non-amended soil, which was previously developed the serious
root rot disease and the survived 6 year old ginseng number decreased to less than
40%, were practiced to evaluate the disease incidence decreasing effect on ginseng root
rot. The percentage of rotted root numbers in C destructans inoculated soil was 46.7%
but the disease incidence decreased to 4.2% after AMOF amendment.

To shorten and increase seed germination rate, the ginseng seed was collected from the
red, ripe berries by mashing the berries and washing the debris off. The seeds were then
mixed with coarse sand at a ratio of two parts sand to one part seed. The seed/sand
mixture is put in 300 ¢ plastic vessel and placed in cool stratified place. The stratified
place maintained for 4 months with sufficient mineral water pouring for leaching and
prohibiting harmful microorganism colonization. This process helps seed coat cracking
while the embryo develops and grows. Stratified seed stored in -2°C refrigerator during
winter (September through March) and planted in early spring. The stratified ginseng seed
germinated more than 80% and rotted seed was less than 3%. Stratified ginseng seeds
plant in self soil nursery(virgin soil nursery) or yang jik nursery(mixture saprolio 5 parts
and composted manure 1 parts by volume) and grow for 1 year to harvest rootlet. The
digged rootlet transplant into the ginseng garden and cultivate for 3~byears in korea.
During the ginseng seedling cultivation in above two nursery, many soil-borne pathgens
infest and injury on ginseng seedling. To overcome the problems which developed in soil
nursery, we prepared the artificial nursery medium(ANM) which contains peat moss 10
parts, perlite 10 parts and AMOF 2 parts by volume. The stratified seed planted 298 seeds
in each nursery box(49w X 331 X 23h, cm) filled up with ANM by hand made seed machine
in spring, and cover the seeds with 2 cm of topsoil. After planting, carefully pressed to
firm the nursery medium around the seeds. The ANM had beneficial aspects, sprouting
rate enhanced about 6% more than yangjik nursery, need not the additional fertilizer
supply and fungicide spray. The ANM needed only regular water irrigation to maintain
appropriate moisture. The average weight of rootlet was 0.87g per root and root length
was 11.7cm, and the percentage of high quality seedling number was 60%. The organic
ginseng seedling growing was practicable with the ANM, it need not chemical fungicide
spray or chemical fertilizer supply.

1. d1=2%
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Ao BAL PPAA FE 50 sAbgo= AR Teid oleid uu9 Aguye
Hulwao] e 2%, %, $IUR, WIILE AUo| FRA Yol FUT ANS U]

w&ides A7l e REUEE ESYEAIEE](Benificial  microorganism
added soil-borne disease control compost)s A|Zst= WHS AALSIAT. TEEH|=

QB SARAE S B35to] C/N&S £2YstY =AM 2T HAZAY 28] v
22 Hof BWsto] DRt YSEHS Axstiet. esd Eulols AdsuiEEidste] Al
It 22 Arsto] YR= Agarsto] Qo] A A2 4 =S JiYskld & o
o Bt A= AdAEi 7] o zARYS siAsta, 53] m7Hoz FASHUSlE /71
= olAMful F=7F A= AjEls7Ee] 0.3%91 600] 7t 20hao] IR o}, A A=A
o= F7ls Al s P solual, fEuldES 28T wrlsdal et sUs A
o] &olAlaL Qlof I &HEE7t 3 S71E Zloz d5dn.

2. KHE al 1:1}

& ore @O 0.1n0s AR =
2 oRRE f4Eelste] MESAG B
iRl 2 Avt Nld-HF+= TSA agar, JGA+H= King's B agar, Bacillusyt& JEH
0°CollA 30&3t Aelst & Nutrient agargs AR8stCh £AsH #3852 84157

ME-9388(Korean Agricultural Culture Collection, KACC)ojjlAx] EQFdre OJArEQFH A 5
Z(Cylindrocarpon destructans KXACC 41077, Rhizoctonia solani KACC 40123,

Fusarium solani KACC 44891, Scelrotinia nivalis KACC 45152 )0 tisto] dAMEAT A
o] it ASL AFFRE stk

2o BE 3 27 FENSY, AR, SHA AW, FFLPN Tol
SAAEA S Foto] BAstoIch AT A8Y OMBA AL sk ABHY EZ)A
AR R SR & Qe uiRS Austel nAljEozM MRuie] WeF Wax 7
Quls Astn, WARS ko] Alst] Wad YRS AAskstuAtstit. L
A GulRgo] AR kg FAUES 0] LT SAIH =S st
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SAISE 747t HYd #5S 8 mm cork borer £ 0|83t AWst & PDA(Potato
Dextrose Agar: Difco) Wizl 9ol x|4}st ke Bel@zot ojx] vjkstaict oixl vjorsl
Z¥zvol WelyS A|X MR (C destructans, S. nivalis= 21°C, F. oxysporum, F.
solani, R. solani= 25°C) o|A] 4~5A7F wjYst & Mt 550 wAL A4 X 58S
Aotk R. solani?t S. nivalis o tjdtZdsralo] &ol=l 35 F7of thsfA] QAF EaIne
WA 5&(C destructans, F. oxysporum, F. solani, R. solani, S. nivalis)y} THX] vjF
stof wAF A AAlE=ES ARG Aat, Table 19F #o] R&E w&7F IARH IO &
QQog WIE (C destructanso] st Aol 2 7oz sholg|9jon, QAMTojA] A2
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it £35] BK185w&+= Al 559 At HHdto s IdwEds EIT. 3 #4571
W28 FUY §Fo FRYS BolL AT, GRA-5 B/ b £ x| uls) ot o
7ot &8 HYct. E5|, Qlab sl ey o] QI HQl C destructans KACC 44656 1t
C. destructans KACC 41077 o tist ==ist Adtd o o]l #37F QAL Bajx ey dhx|
£ Het uAAEAARA Y A e/do] e S 58S (Table 1). % AA| ofe
Aed8e ol =S YA =AY 7Hede 7Rz ejlslor & Zlo= mHs.

Table 1. Adt5o] Q4 HH S Adtol et HAMIEAAE

mycelium growing inhibition

Strain Rhizoctonia Sclerotinia  Cylindrocarpon  F. solani F.oxysporum
BYK1470 +++ +++ ++ + ++
BYK1471 +++ +++ ++ ++ -
BYK1472 +H+ et ++ 4+ -+
BYK1473 +++ +++ +++ 4+ ——
BYK1474 +++ +++ o+ + "
BYK1475 +++ +++ ++ + i
BYK1476 +++ +++ ++ + "
BYK1477 +++ e+ ++ + +
BYK1478 +H+ +++ ++ + ++
BYK1479 +++ +++ ++ + _
BYK1480 +++ +++ o+ + "
BYK1481 +++ +++ ++ + S
BYK1482 +++ +++ ++ + ++
BYK1483 et et ++ + 4+
BYK1484 +++ +++ ++ + i
BYK1485 +++ +++ ++ + _
BYK1486 +++ +++ ++ + ++
BYK1487 +++ +++ ++ ++ ++
BYK1439 +++ +++ +++ 4+ o+
BYK1441 +++ +++ ++ + N
BYK1488 +H+ — + _ _
BYK1489 +++ -+ ++ - _
BYK1490 +++ - S - _
BYK1491 +++ +++ + _ _
BYK1492 +++ e+ " - _
BYK1493 +++ +++ ++ + ++
BYK1494 +H+ N " _ _

BK185 s b ot +++ F+

GH1-13 +++ ++ +++ + ++
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AoirEE =2 o2 SelEriFig 1),
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Fig 1. 4t 2o EFgdto] tiet BK1859] wAMIA A&

YA BK1859] EU {712 ol 2= chiting 7ieh viX]o] AEsH & vidstH=E
2Y FH2 22 FHEA] AAlo] & chiting #oliste] Lugal’s lodine &H o2 FAIGHH
Fig 29} Zo] wix|AAI7t F8UE Fdstdtt. ol WAalet BK1857F AJ4teh chitinaseo]] ©]s
chitineo] ©H=22 Hsjel Znl2 HalAadAutSo] UeRJA| or= Ao|n, o]zlst §4AA
gL B U 97122 AW T ROt ofet AFY EFYPTY AZHEG AUA
o7 Hijste EYHES HHA|ISETHChung et al., 1989, Chet & Baker, 1980). ®3F, HtAl
 BK1850] AiFst= FotEdS FRIsH] 9ol seed B2 125 ml AZfE2tA30 50
mL YEME 4} ®jX|(4 g yeast extract, 10 g malt extract, 4 g glucose/ 1 L distilled
water)S w58 & FEsto] 72A1F 14} vttt & 82 2.8 L Fernbach Z2tA3
of YEME BAEfA] 1¢4 &5t 647t et < vy WA« BK185 v 6o of

3

HotAHIOIE 9¢ & Fo] A&t § AX|sto] FEH oHoAHo|E FF Erg #2519
sodium sulfate2 £t& 23783 A7t & 555t 2Fx&=5= Y. 2d5H FE5=22
Sep-Pak C18 cartridgeo] £71 o] ZkzF 20m0e] 20%, 40%, 60%, 80%, 100% Her2- &

0jS AF8sto] E2stgct 7Hzho] HEl5392 Mass (Agilent Technologies 6130 Quadrupole

mass spectrometer, USA)7} ZAbabE] oz 3 2ot E J2fa](Agilent Technologies 1200



series, USA)Z H3& =RASHYCH
Luna, 100%X4.6mm)& AMESIR OO,
=0}X|= gradient BHO 2 o]EA xS
259 27| =UstAth(Fig 3).
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Streptomyces geldanamycininus® 291&]9ItHFig b5).

Fig 4. ®fAlt BK1859] JEfA I
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Fig 5. Wd<t BK1859] 16S rRNA {FARPZ|RF {7845 A A
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(A1d 3) ZaEY A=
7t Eu] A=

ARo] AL8E QRS FoAMe QAolA 25t 1197F opslat Z(Lundquist et al. 1999,
Magdoff & Van Es. 2001)2=2 pH 8.6, C/N&<& 20.5 o|9itHTable 3). QAIXu} =7}of A
QA oYAlo] LB EHuAms2 EF 5 sl £HTAS BESD 1~24

: A

7+ Agstol Belstnt. WA F BKI8SS A7t Z|SAHEuMES o) wA, 4R, 24
© 7 Swa ma0l Mol WaAZ Zat 2AE AL Hul WALt Wt 1209
LRI AT 2 QA ARZo] RasiFckFg 8). 1Y Hulo] ¥ wat =g
4 5 159 o2 38 HAUIS shn, 4590 Bastgch Hu] TavHA Lxw
st oRe A 68°C A5t 33 HA719h 18] WA 402 Fol 45Ce HAstElg)
o} 2AL Ale 9B A 20U $UE QEHG 57} ASslel 557K 60°C oS
SAISHAL 38] FA7IeH 18] W4 $ B0ULE 48°C o|stz Qbgate|oickFig 9).

= pH 9]=(%) OM(%) T-C(%) T-N(%) C/N&
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S2ol A= Aol EaAZl EYle oPgetE|o] Atwel ECT7F WolA]il(Tang et al, 2007),
5t tHTable 4). ¥l BK1859] AaF=218 xR AFSH] Y6ll(Wang et al,
1989 Whipps 2001) E]8|FZHo] theh Wi« BK1859] mApHobg3 ZANSH A} W4t
BK185: ofedo] A18] gl @aaold 2 ol4f wolsix] groron] wast oiel QusE
OHOJ| A &= Wob&o] 20% oz ZFofch ' BK185 ZALS] WoR(Williams 1978, Yoo =,
1996) YIShME ©2at2el BFol RPHACH sucroseS A7ISHH Wolgol 90% o]4ol
oty Wasul: B4 5719 $7lo) e AEUA 90% o] EAbgobt selwlol
SFF El8] YoA A BK1859] o] s Wellington et al. 1990, Janvier etal
2007)A ez ofAEick(Fig 10).
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Table 4. WAF BK18537} Amaly WAl g 7154 Eu] G

u H = OM(% C/Ng
=+ p N P K (%) /N&
st = 6.9 1.98 0.14 2.17 48.2 18.7
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L. o EEAIE
S FAS Ao 12097 & TaARl BH|s 2%, pH, #719FY FFel AFEH=
FEO], Y+t BKISSUAIS =T 10kg2 2 2t thg 30€T EAsHe QlialA
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o8 "8 7|5 A Eld|(Kamalakannan et al. 2003)& &#H|s}
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Azlstel Eulat o]
A3 stel Fig 11t
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Zol Boeh feHEFA] ot HH 1??1__0} AIE8E stad. LAEIRIolA At
solani EXt= JRotR|2 4de] dAE

membrane filter papero] 0.1mQ A =311 vaccumsty] ZALS 232 08
20 WAAZ| T 24A17F 28°CHIQE7] 0| A] kst T}S Rosebengal @AHOHO 2 Iaslo] 400
v LS 0] AsHo|A WolodHBE ARSI WY EO|A A2 24A7F & F. solani©)
macroconidia #ot&-& 28.6%0]|% o0 U|AHZEB|S A7}t EJoA= 10.6% o|stz o}
20| AA|= A cHDuniway 2002). WHEOIA Hotgh ZAL= dAMIGO] L5t 29 2ol
BARRO] oA FAPE PolQglont njAgElElolA wotel AR FAMAOl HYL 7
A B Bgo] BEsA Lolao] FAE 9tk Table 5).

Petri dish
Membrane filter
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Fig 11. ¥4+ ESAH
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Table 5. ¥4+t BK185 E|8] A7tof| oot WY EF W F. solani AL Dot AA| &}

EJu| A2k F. solani A} ¥o}-&(%)
(3.3n173) 2 E Y] 02| e
0.5kg 18.6+3.8 6.4+2.7
lkg 12.6+2.3 8.6+3.1 28.6+7.3
3kg 19.4+1.6 10.6+1.3
o At BK1857E B Q¥ ©Alavt 7|UAY
AREQGO] 0PE2EES Avlstel QAmeM Sy WAEUES A glsh 20139 109
& 6T AL 2P WA AYPIHSYOR ARY B A0 3T 1A
M 121°C2 1457|4538 & C destructans SUYRLARR} F. solani RS 7d%&6H0] 0]
HES FH|5IYHFig 12). Y+ Y= ZH7F 250%16.4, 32.6X250 cfu/g.soil2 AA 3}
Aoy, &= HYAY HIAME C destructans’t F. solani®th 735l 46.7%9] ¥ &S HY
cf. 9ol AL Aol WAAZ HUIS MF AFToIAE Wgo] 242 683, 57.2%2
UYL FUAAD, YAF BKISSE 713 AGTANE C destructanso] o3 g gol
4.2%=2 Bx2] thy] 91%°] WA a1 (Table 6)7F At



C. destructans -9} A}

Fig 12. ¥+ ASFSES U YA atA g

Table 6. &1t BK185 A7} 7|5/ EY] Ay gy YAlaw

=

AU a8 (%)

(250%cfu/g.soil) ox)g] OByl ElY| I PNESRNEY
C. destructans 16.4 46.7b 68.3a 4.2¢
F. solani 32.6 5.2b 57.2a 6.3b

DMRT=0.05
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Table 9. QlArdr

J2 e Hnay

A2 B2E(%) T -5(%) A2 dsi(F/3h)
0JA=E]Y] 89.2+6.7a 10.8 2.7
AIHEY] 84.6+8.3a 15.4 6.3
e 7} A} 76.8+5.7b 23.2 4.8
DMRT 0.05

Table 10. 2|+ = Q4] A543
S
A 9he ;ﬁ; 39re o
o3 EE Y] 36.1 44.0 41.3 40.5b
A|HEY] 26.2 31.1 28.5 28.6a
et A} 29.2 31.6 19.1 26.6a
DMRT 0.01
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DEY QAMIALS 9I) Qb Welt Eulg FYsSH] ) Swn egslel Wy
SRl 56.7%2 YEA Wev|z WARH|S YAsty ohed) 63 Y
S ARE & Agarerol 57kgo@ Woltk(Table 11). ol aiZal] s

WG 20%0lat2 FE ThS WM @ BKISSE chitingt 570
R7kote] WSS AAISHATH(Fig 25)

N
-
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g EjH] S FH %) ARNE ABAEKKke) AH|SIS/1Y 73 %= (kg/cri)
9 A 42.4 80 4 3.3
= A 56.7 57 6 3.1
U 38.9 97 3 5.0

o

g uA =

Fig 25. =331 & uA| = v

QA WA G0 whet Huldng, Fulg, QAwUg§oR pHstel Ey
sHgel 8o WaF BKISS @42 £gstel AAston(Fig 26), 57HRE S 91sh AALE
meeju] - 25kg¥ oo mALsto] 7to] RostoickFig 27)
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(¥ 2) 222 £H5 L ugeAget

AMAS RAPE Ayt Streptomyces

gelstgioy, gt 542 sl

Aeteld Folledt Fw=2AA4 T RAA F4718<Q) PKS(Type-1 polyketide
synthase)?t NRPS(Non-ribosomal polypeptide synthetase)S o] &35t A SA
A2 AEste] A5AS #8915t A1 geldanamycing AYTAsHe GAALE BG5H o
Mta; 94%°] A=XA8 Ho| S geldanamycininus BK1852 =359}

. 715/ Y] AIRA] W4d+t BK185E A7istr] flsl Bast mAMI S sl aLAulfA] <t
ARERAINA vkt Aaf HAEjX|o|M = BigTIZTo] 309 olfer A, EEFo]
Ao Aol it 22y AAEEAd frddds AVEet AR oA = ulig
10d ol m G 3x10°EASE 481 2 9lo] thafujo] 7Hsstgia, 7]&0]

o]-&gh viFYH vlsh A FAIE|Q} 2-Fu|7F A AQE|0] FAIdo] =AU

g5t TAbe BEAR DAES0 s & SAAZst gy 10°%A2 9AE

Astoict AR AL SA. AlgolE, JHES EHE Y0l 10°EAL /e

2 2AsH o "aANFEI| 2 UAXS AYASHY

7. @ BK185+= 16S rRNAGHAAREA-S o] 835t 9XA
o

sporoclivatus &+ S. antimycoticus?®t S-AFSH 71

el

POI'
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(A1d 3) E] Za H oS 771249 2(AMOF) Alx

b2 Aol ALgst 9Re QN oA WYKo QAR ARSI Yt 7
o sjebd MBS AW Aut pH 8.6, BRI 205011, & A4 0.8%0|iCt
A2 YRR 7 SAHEBAIRE Yol 2ol BAS
ojuf RHAZ A= Elv|o] vlsi Ha&L=TF wEy, EA 9 20
60°Coldog RAIEJT. EAN 80Y FEl= 48°Colstz [{A|H]
.

. EA 1209 & S ert Y EYl= pHYF 6.90]1, ohelA vlgldRo® N(1.98%),
P(0.14%), K(2.17%)0]10t}. Elv] BETAE Wd4BK1859] ArE S s ot
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YA gt 540" Aoz o et
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ST EYol AMOFZ 3.3m T 1kg¥ SapAe|st Aut YAl a7t 91%= =7
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