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SUMMARY

Production of the major ecohomic crops, hot peper Capsicum
annum L.) and sesame (Sesamum indicum L.) have been hampered
due to severe incidence of Phytophthora diseases.  The Phytophthora
blight in pepper is caused by Paytophthora capsici Leonian and
the Phytophthora blight in sesame is caused by P. nicotianae
var. parasitica(Dastur) Waterhouse. Since both of the pathogens
are soilborne, incidence of the diseases has been increased gradually
as the cultivation of both crops has been increased widely.
Because of limitation of cultivation area, continuous ecropping
with hot pepper or sesame brought to severe yield losses by the

diseases.

Chemicals spraying did not give satisfactory effects because
of nature of the pathogens that are soilborne. In natural habitat
of soil, microorganisms thrive in natural balance, which compete
each other, are antagonistic and of exploitation relationship
However, continuous monocropping with hot pepper or sesame
might break the natural balance leading to dominance of pathogens.

In order to revert the natural community in soil under continuous
cropping system the studies aimed to investigate a biological
agent from the soil. Twenty isolates and twenty two isolates
obtained from soil was found to be antagonistic to Piytophthorea

capsict and P. nicotianae var.parasitica,respectively. Some of

them showed significant suppressive effects on development of

both diseases.
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Photo 1. Severe incidence of Phytophthora blight in pepper
caused by Phyvtophthora capsict.

Photo 2. Phytophthora capsici .
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Photo 3. Severe incidence of Phytophthora blight i1n sesame

Photo 4, Symptoms of Phytophthora blight in sesame caused
by Phytophthora nicotianae var. parasitica.
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(1982) = Fusariumol $E3t A=W kel Pseudomonas puti-

e 98

da S #HBH B Fe*3o]l 28 chelated}l= sidrophore = ¥ 5

FWwstd  BEHRAERE HEHHEE W th Kloepper & Schroth (1981)
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= PGPR (Plant growth promoting rhizobacteria) 5 HFfol &

w3l EE E®Y AERE PHES wHESA

——de el

Zentmyer (1969) = Alfalfapyy kS 2.8~7.1 %% Z&HKHsIH

+EEG] MiE U khihEge]l HEsS| ®mste  Phytophthora cina-

mom? o] 2 3F Avocado K-S HFESl EEAZ T Ao+ FHS

olch. Gilpatrick(1969) & Alfalfa meal & 5 %/K%EO 2 4 4 fi

3 Ao ®goF 1 gt 60~197Tmge Ammonia gas 7} A4S O]

O

Ao wiREY HEaEe AT AFEHES BHHESIYH 5h 9l o
Tsao & Oster (1981) = ECOSFo ®#EIH KF -4 FHEYWS KA

“HE NH, 9 HNO,7 7t E#EIS oo 34t B2 #HzEsel B

mHE R +1ES 50~60TC=E 3040 HEY 4% 2 MHPHES
maeE S @HE S Ao EUdFdA mREY #EETFY R O EE

F = +ELHEY S8 (Tsao and Zentmyer 1979 , HEILE

(Halsall 1977) , Sterols (Hendrix 1964 ) , faiae Iz 253¥F

Azxl= {b&4 (Whitfield et al 1981 ) o] Ho st &=, Gilpa-

tric (1969), Tsao (1981), Zentmyer (1969) & ¥xrd BHEY
il #Hst= A Fo3 ERS LEH HEFRY RESY W
Réel v = k39t Broadbent®} Baker (1974) &= +LEHER #HHELEY
S Phytophthora sp. 9 #ExF3& FBRES HEIAY EETT #®
B o EFE B Fdstes #HEA #Hetd FASHA .

Y/
7

ol

o
| -

Bacillus subtilis, Streptomyces sp %X Pseudomonas

o] 7FA] MY IKIEE ¥3T Competition ¥ antibiosis & #H{F

A< ety e (Breadbent, 1977. Scher. 1982, Sneh 1984 )

Trichoderma, Gliocladium>s Pewnicillium & 7}z ] o3 x

i AHRE 2 broad spectrume HWAHES 4HWwdte, hyperpara-

-8 =



sitism, Competitioneo] 23 HEIFLE KEHFY 4£FS HAH

gt} (Chang 1981, Cook 1983, Kaiser 1984 ) . Komnedahl #}

Windels = 959 BBz MTolAd 4189 HR@s 598 M

o SEIE R ol 53X Fusarium solani, Rhizoctionia solanio

$E Mmoo 2N Eahol YE 398 M|MASFch Yuen (1985)

- 'Fusarium_ wilt ol #%3ld HHEe Pseudomonas putidast Al-

caligenes sp.2 HESBEFT FAEkI} HE L+HE PH 7} 2o  San-

dy loam soil H o} HEgEE7F ditel Clay loam soil o] /{29 &

7 =ttty 39l o™, Marshall (1982)&& Snap bean ¥ R. solani

i S 8t Trichoderma hazianum-2 FfEFo HxEEI}F  HE
PH5.6 ol 4= 65 %2 #EES dvebg ol PH3.So AL 35% &

5 etz ok Chang (1986) 2 Trichoderma hazianwm &

10° c.f.ug soil 2 AL w #HEHoIU52, Howiex= &)Y

p— L

Pseudomonas 5 =2 o BHIE HAFd+= 107 c.f.u g soil o]

o5t Qo] 22w

stk @} Kao (1985) = Pythium splenden o

ju

B Bxoll Ca(OH), & dEad s ESGREET o HEMIFoH, Cas

MMM Pecting Ca pactate 8 #HBEAA KEHC o WSk <=

Polygalacturonased 93t 4 @M=2 #Hiks ZA Hoz oL
Lewis 9} Papavizas (1984) &+ HE#HHEY ITEBERN HFETA 2 HH
HkoeZ Wy L3 Kaolin clay &5 Pelleting 3t HEHEA Tri-
choderma spp 5 BWHIHAS = HEBRTYIY EERTFY ERe B
Sk 6 fHACA HHEY EHe #ETS . Merriman(1975)
L Bacillus subtilis & H&, 3L, ST BERYT 7%
baeterial suspensiono] w7 += 7 Hr fFEFe <A Pelleting

b= Aol Zhmmyol lrl. Chao (1986) = M¥#ikel ®WYsh &%

AN

Ol

_29._



Pseudomonas sp.= 989 HHge HFHHIIYH Yz  Al-Hamdani

(1983) 5& Pythium oligandrum-2- Cress 5 X0 H2f 3l

:?___
5l9 S AS Pythium ultimum o] 23 AEHIZ HERHCZ Pk

+#ol v} MMM ETEH ERES MESHA SHEstrl st B
o2 Eckert® Tsao (1960,1962) = #HAaWwHEHSS EEMHZ FIHA
geiR ol #dl RBEEEES ZFELH Wt 2 HELE L5y Py-
thium o) 4srggol © HESEP k. =z 5 Masago 5 (1970) & Hyme-

xazol & E=YFCe=E2HXN ERISHS AL HEEES i 2R 5 A

KAl 7 2 Papavizas + AAlo] H B3I HERRBEE L+HWEO Ph-

ytophthora capsici @ HEES HESIA U, ERES 4 Kol

BaigE 7l +EFod KK EE FHAESZ] W T ERES T St A
o

Alr

2l

HEEst7l ol & ol # o] wWE 2
sHAl HlESted = A go] wHEHzZ o
Ko (1985) & %%zt Kr@gEs 2
745 Lol Phytophthora capsici & FEXEFF BHFEES WHSHA,
o] +H2 500 Cold m#sodE MEABRZE WHEHA F5E& H3
tt, Shou-Kung Sun (1985) 2 Z7I¥ @KL FHEHE Y= S-H

!
it
N
N,

rlr
N
-
o
b
=
'y
8%
=
0.
o|r
|o
!

mixture 5 +EHBHET AL Fusariumol 23 2Q20lAFSRKS BB

Benomyl 3 39 EHES 7 o= EIxBH

pro =z Bk 4 A x
ol = HEMYES Ho M (1985) 5-& R, solani o 23 wF

229 Bripel Bacillus swbtilis & EAT A4S wFnd AAF

go] 94.6 %ol o] Ertz 39t} Weinhold 9 Bowman (1964) %= z}
AAEFA T #EREHE AWsiAY FE5F EHBEES EAESH &

£ Bactllus subtlis o] 4 EFE FAAA Streptomyces scabies ol
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1. #EAL% X #MH
ZEEREAN WUt HAFRHC Uve BHEHST TS #HSho

TFEE AL KBS = FE HES HEF ZIFER

o] FASHA & AAFA ERel BAEI AAY LEES AN 3 St o

e SEESHZ] #3 RHBEZ gt SR o
A r AAdAF ol EFoA +EHEMI AKREWMEREELo)Y L EFE
PH7} 7.8 +#, s "t AddgodA LM FHEY

B ol By age 4.2%°x BHE ToE Az U&= +

B, J4E HAFT =dH TFoted A +BEEHE O UMEEREE L 2,
FBHEEel 2.7T%d +Eoly x5 A AuisA B EHSl
A +EREE AASASG LEHERAH AFH= LHEERE S5~ 15em Zo
o A HEE 20k% EFE IS BHHIA AZE S E=HH

pY

o,
e
1o
oX,
™
Ay
i
rtj
e
Ho
n<,
ux |
i V!
09,
e
xjo
W e
rh

r.1.':1
oln
2
R
e
e
tlo
2

‘_,'fr-'-f._
Wik = &Ehkel A @4 RLe #hEoeR T EoHSld HEB L8
5
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W HE 500 #4204 AASS #MaeEWS HEEsted #HRII
oul HapsoEe AAZFA iz EBEHERA 2087 HAI}YGE
b7k 23ld AAA BmAEHWS HHEESHA

2. LI WAM MBI
gt LMo =uE mmEel HE RAMEHS SESI 9 sk &
ME s oo R
. e SRA i

@ Nutrient Agar

PEDLOME eeverrermecmscnrennerenermasussnsensonsennes 3 ¢
Beef ©XLract -eceeecerrerreenisecsnnsnnimennnnees 5 g
AQAT  versesrerssesertoiorarnisturantacsasnsscsnsannns 20) 7
Distilled Water -ecrecreceseererecsarncancs 1.0 ¢

@ 523 Media

SUCTOSE +oreesreerstesancarstnsassonrnsssinaronsncenee 10.0 ¢
Casein acid hydrolyzate ---reereeeeeees 8.0 #
Y east EXELact cerceececcerrrencesuiensneinceons 4.0 &
KoHP QO croreereressmessueiiniieeinnes 2.0 ¢
MESO, . TH O errreremremeriiniiiiinienae, 0.3 ¢
AGAT croeerreerercorrserantorsnniitiasersserestserares 20.0 ¢
Distilled Water -ecorececrrireinsimsimaneennn, 1.0 &

Yool SR B

Peptone Dextrose Rose-bengal Agar

KH, PO, eceeerecrrivesmmniiiiiiiiineniaen, 1.0 ¢
'Ivl'....C‘f'\ FTTIT M n r 77
llg QU4 'nzu IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII U .d ?"
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DEXIT OSE  ceecrerasresnssessrasssscssssasescsennanos 10.0 &

Rose-bengal (1 9)) rrrererererummmraerieninnan, 3 3 mt
AGAT  weeverrersersensecstmii i 20.0 ¢
Distilled Water teo-etcerermsmnneinsisinaanes 1.0 ¢
SETEDLOMYC I  wrerenrerrersanrasnsmoeursrasasnnes 30.0 mg

cf. KB o HEAH B

D

Starch Casein Agar

S £ AT CReerererarrennracsransoiesseermsmsrssnsesnsimennes 10.0 ¢
CASE [l reveevsrsesssersnnornsasessanrsesstranrsoranses 0.3 ¢
KNQ g reeresresnscnuensemeneiireniatninineuconeasanse. 2 (0 &
K, HPO, -ooreerrrmeemeremriiiiiiiiinens 2.0 ¢
MESO, . TH,O -erererrmemniiriiieaae, 0.5 ¢
CaCQ g rrerrererrrermnmmnrses et raineteeanees 0.02 ¢
FeSO,.TH,O srermrmrenmiininie... 0.01 ¢
A QAT  reereerrusesressssnsotiuntiratseimaiteiraitesones 20.0 &
DiStilled WAtLETr  eeveeresrerrssrairasarannnens 1.0 ¢

Egg Albumine Agar

DEXLTOSE rrrerrrrrsarernsansaosansesaeserssesennamans 1.0 ¢
K,HPO,  cervrermrresmeemmmini, 0.5 ¢
MESO, . TH,O cereersmmemmmiaiiiieaanaens 0.2 ¢
Fe, (SO, )y rererrrmsemerroemrmmcerrenmins Trace
Egg Albumin  ceeeereererreerensereennineeinnnn, 0.25 ¢
AGAT  wereeeemetrusestnsvmmraneriatotieniinsinraretnans 20.0 &
Distilled WALEr receeceeremrsrsenrasriesencnnes 1.0 ¢

-3~



o AHzksaldl (10-fold dilution plating

A
method ) & o] &3¢t 74 HRALHE 20 & A 180 afoll AN
st 30%7F & E£Eo 42 ©He 10az FHsle 90ae BRE
71(01]. oAl fEStz, Alx 1082 1077 714 fﬁ%%}a} 1074 ~
10779 7+ fMmBK 0.20m%5 7709 HEOBH o SH@sto =

7 FElgdd 7|2 Mo TxF Hz, 27Tx2CY EH#H2E (Incu-

, wHolE S5~T4d, mEEZ T~14

S

bator ) oA MELS 2~ 3

A 7} #ESH vyl ZHHo =2k 7 e Single colony & A

#3ded NA 2 PDA (Potato;200 ¢, Dextrose; 154, Agar; 20¢

Distilled water;1 ¢) HmEHho LHEizE I3}

3. TmMAYP HAERRK

V. ERRR

D wmEs #amd oA BHD
R BRES 80FE F&H AT EHR BLERBBAA #E

e Adsd REES SET T HEsd nEgw 809 2ol
ALkl Baxd el mEMNS BERSG T MEs st M
5} 3 o,

AE oA Ee Mo THE SEst Fol 96, HME 174,
B 5767 EHES Alfsld #uHS KEsdod #

o) Petri plateo] Potato Dextrose Agar & o]

X
fil

(b

Hke 9em
e
Folo} BM@MHe wEEmES Ao HEHEstd 28T HEBNA 5
A7k HES AANE FAsE EHEDT HABKCDE BEHSAT
o MBS Abdllol @S 28 ColAl 48 A7 HESE + oA
Lo

% M AT MEEE T2A7 3 MYt 2EERE

I S AT

rH
iy
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ol BRIEM HAGEE WS HHEoE B#k A

2) wRERrHol A RS EM4ER P Sporangiume] TR =
BH N
TEgEREel Wt Lol A SEESte B Lol A #FHFAC =
A JEbG 3 HES MEEHNS Lotir] st EREH 0 ME<
s EStd KBS AASIUT ME2 Potato Dextrose brotho

30 CollA] 397k xzgw]efr FPYxw, 53 A F Oat meal agard

28 Coll 4] 257 #&S] BEAE o2 A4 EHE FIAT F
28 ettt Al 37 wkshel MTFBKE AA @S m

wE APAY MEEEEY BEE 8m BEAI EoYE  test
tube o] ZEKRHE KFEES S X10*mME ZF3do 1nt
HMES 5~7.8x107Cells/m2] RBREZE FHstd 1xs HA

e Ime FEKe 1«2 gERE BRFIHAT 9o ols

2 28274l 2427 HEE KRE HEESEH (Papavizas

1o

1981 ) of 0.1m& FHElA i ozZ T wHITsle 28 CTHEHIEALZEA

7227k vl FF EHE ERES Colony 5% ZASHY o
3) g EE AT HMEd &6 B

Oat meal agarol+ 257 wWFH BFE HRAA A&

"E RFIA"gH S AT 8mlo] S99+ test tubeo] 1mF 4

7 P.D.brotholA 37} S AlfdAHY 1mwS EAESIT 28

ol
o
(b
Kl
al
Mo
-
<,
H
i
oiL
d
5.
e,
{0

Coll4a 24 Al 7}, 48 A1 7+ s < ]
S 27 FEESATH ow ALy mTEE 1.5 x 105wy &

Fiige 4.5~8 X 10%Cells /m o}
4) EEEKS FIHS BEFRE BRIFEFE AR




HEHAES Potato Dextrose brotho] 30 Col4 3d7k A
Buf 3] 7000 rpme] 156 27} JBELOLSHESIY ASHE HSFx A

SHLS milipore filtration (0.2#¢#m) St 10mé test tubeo] 4

7  Oat meal agarol4 237 HHEH# HTFE KHRANA Jd& Bk

B BEFAEY (5 x105/m) 1ms Y3, 15417k, 2447k, 30 A7
% Bl 200 Aokl 4 200489  Sporangiume ol gL
z AL 39 o}

5) EWRHWI HBIEFHAS ESEHEY ZFEF ZBH v[I+e 9

detol g zA e HHuMES 3Y7 P
sl 10me BEAEZT Hmsted dAgY S ks
olch. BEE W¥uE: T BHEeN <L 3K FFE oA

r-\l

]
2 N
2

Xl
i 3
il

2 A4S 7 Petri dish¥o] HAsm BRE IEAIAEY S5mz 7
A HEHR Sme 29 od, dETFE: kg ZAAEHA 5w
BEAK SmsSE Py 2dNAcRT HEBEAL FFEES I

. WE Pot RE

1) BEHaMs 2 #KmEd 9T FRmHyE
Oat meal agar 4ol A 257} H#ENZHE EHE FoAANZ Xk

ol A 37k #Esld 4 x 10V /m@Ere] EAASAS Jdz
MBS P.D brotholA 37k Aguldste HA=dd S Jdz, HH
MBS 3F7 HEE RTHBREHA H#ESd Hgds dglh
EREEEY Smd HHwdegd S5mE A RBA&S 24 A7, 48
A7k, 96 A7 Aoz Az gEI F o409® dHIF  YHE

34 Yn RELZS HAESI
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F2E R B HUEIRE

1. #XL+2 2 ##H

A gesi ol Eetel HEHifEMOl e LEBAEWS SE 9
shel b WEE, BE o, méW I4T, WEE ANT, Bl

ol A, WMES BERBEELES KEH BEEWHILE KRERN HAEHL
ol A ES REIAGD BRE} LES fFEc EM#S] ERoskA %

O
lo
X
l
=3
&
o
it
o
=
o
s
off
ot
-
s
aly
EH
i
o
+
Wl
a<)
atd
i

mustn Q= EmEole dmel BAs MW EE gmol B4l
Aoz orelxl MBS LS mESAT —®mel B4 R
wEstsl ARR AFEY KLKES A

= Aoy LR E HEY AFRe T BMEE RHE B

I

cHie ES BEsn 5~ 10eme AHolo

+EA K RS
S EESI ov A &R BEs MBAANE HES HL o E
+HERE RIS HREI LB RHHE KM 1hky BldESH
of ol E#EKSII o
FRRE®R #MAewS 7HESIar —elil A3t JlBdA #EDS
SEEstol o iy HERE BE#Hs —wdA e ¥ 30044
o +EHAHBE PRSI

R
e AP EEA Do EIA, sraEst K

2. +® WEM MEHH®
nEEgRES e Hmkoe=z SEstch

3. &M JTHREAL B
A Bl RS ANERE (P. nicotianae var. parasitica) 2
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wHE R BE#h+—= V—8 juice agar (V—8 juice : 200m¢, CaCO,; :2 &,

Agar:20 ¢, Distilled water:1.0 ¢) 9 OMA## (Oatmeal : 50%,

Sugar:15 ¢, Agar 20 ¢ Distilled water:1.0 ¢) , 2832 PDAH]

|

A2 F2 FMASIod, KEEY BETES BRI B3 Fi
oRE 2T+ 2TCoA Y9 mEHK £FEI KEHS 5d7  EE
gy HEEH X2 HKPFEH (Aerial Mycelia) & KBREsStn ©A

!

Cool white Fluorescent light Toll4 3B #&FE39c} 2} o

Z £ Petri-dish¥ W@EAK 152 Ho RKEsH Xz HERAE
WE @S BEF®E (Sporangia) & Fol Egrh 99 FHkoR KK
g mEES BT d99e MK (Haemacytometer) 2 = I
2 Hesld 4T HFHzol 3045 EEI H KRB FEIAcot

i

ot

4. +HRBEDDh BHEA EHR
7V, EAREE( in v.itro)

SO FEeER sEd +REAEHF FARKEC HI HHY
27 d= BHS BRI B3 —FWd HmEHkLE PDA (ZA
ERE) A FEET LEMAS HEE#HSS KESE] B
HFS MEsts HeE O EH ST ool EkEH EHMESH
AAEEF WHEA v EFEZS RKRPSZ BItd &£ #ME=S Nu-
trient Brotho]4 3 A 2 gulsksled wOSMMS FIA 5,000 rpmol
A 304M BOSbHSI oAl RBAE 1xwE #H 10° cfu /= = A
sttt & HaMEe dgd Smxy A BREe BETF 2 X

10° Sporangiam JIAENH 5Lbms RBEIHY 27T+2T HEHBENA 24

N

o

R EES T oAl o] BeWS WBKE FHoE 2L WEd

gelo] ¥z oz deo & AT FA BT 0KAS gold o




A 2T£2C fERB Yz JEF AAETY BHFEEE  HES
gt HEEZA WAEmEe d=d Smd REK SmE RAS
of depe Koz AAMTYI BHEES AR

Y. HmE FER®

oS Az pot (16XTXTem) o] K+E 3w

25
S 1 1 ¢% 107 cfu/gram soilo] HA EALE oL MM
AAh#ES pot ¥ 344 B 5HKo s KT A=
(2 X103 /mt) & FEto}+ 2 x 10° sporangia pot 7} HA BHEIH

¥ REW #HE 33H®FH 2H MREoLZE B/RES HAAESAC

FI3E BwEd #HY #HHE SRAE

1. $EFH 351

IF O EiREC BT BRE 226 EHY A EREA BT &
bied 2018 BEEH FEEp HE EES AR Bx ZERER
» @Epot REGER 714 AFAES A HEL =& 108 MEH
S #£5)3le] Nutrient agar #:#s ko4 ==e2t= #MESY Colony 9
By ERERH mHEs 109 MHBEBRSICE BEHACO

2. BFEHSE BR

®AE 108 HHEMESY MR 2F% =27 2 EE (Fla-
gella) o H 3 EAUS BAEHGHEF mERA FEd BT
eSS FIHSH 29%PTA (Phospho tungustic acid) & Nega-

tive #efmt BESFA o

3. Ry W A HEHa #BE BAE

_40—



1) 2336

Aol HEE MES 4SEEE KA HAHAAH SOl

GA #HE BRAEANVz GERZHE 3~4E #@EAA

% Jensenjko 2 H@mdfk 1,000 fFoll A EAMEC =
2) M A
Nutrient £ifacl] A L5 7kell  Higd HME<=

-
:\\\
%
S

E ol wEAES Fr1A Nutrient B EE Eol A

48 K fa] LA

Fobe 9ol

HEA 7 o

Bz 53l ol

Slide

BEAZ =, REAZ 0§ d2ALZ EEstd 290 M
te green W< wWolmals #£x %A Alcohol lamp 2§ 5 4

gem Al Aok E2 2~3%27F H#kstE  Safraningigo i t)

3k oS R

b sl oAl ZEE EE OKHSIz BEE B R

chite greenof Zufaxlo] FHS statdl 2 et

R BFA X3t M Safranino] Hefaxof F2H S

e 1,000 g FolA wmEstd meEstAd Wi BmEE

g A

glass o

alachi-

Al 30

N

e

Mala-

X

— =
J =

e

LL'I

A Tt

AgEol 0.5% %Kol EmE PEE Nutrient f5is 10

12 B [E] B =

mX  SESTy BEeHoRE MBS Stab culture Sho

) 1

of 3k 38

VY

gLl
R MEe] e Eos R -
R o
4) MEe LS A7

T

AL,
1100

ity

BEHEE AR (AR) 22 MEY =7z 2y 2

(Flagella) %35 ®2% 3% o}
) BEE ERE

cresol purple: 0.014 ¢, Distilled water: 1.0 ¢g) =

-q] -

B

4 BFHEedh (Glucose:b ¢, Beef extract: 5%, Agar: 5 ¢ ,Brom

2 5 <]




REEEo]  10mx  5HiEste mEetw 45 TR AE 24 Wy |
e REEFLS wkEA=A S 2«44 Hmstyd &AW HBES e

28 C+2C MEHERAA kx3t & 2H, 4H, 6H 1o MEY #

i FREE HES] ReaoczZ  ABrstid o

6) Catalase

48 FrEI Aol HEX MEe 3% H,0, BEKAA O,gas 5 #
EAA RBEER FEEZA ABSHA O

7) Oxidase

WESE EHEHEKSE 19% N-Dimethyl-p-phenylene diamine dihy-

drochloride %o AHAzm REFd HZHEE HES “wsdsHEHZER 3

R el F3m 30 ZPMe 23S YehExe HEZ 2
A et

8) fHFE

YDCEzHh (Yeast extract: 10 ¢, Dextrose: 5 ¢, Calcium

AN\

I

Carbonate: 20 ¢, Agar: 20 ¢, Distilled water:1.0 ¢) ¢ King’s B
ey (MgS0O,:1.5¢, K,HPO,.3H,0:1.5 %, Glycerol:10¢4, Pro-

teose peptone:20 ¢, Agar: 20 ¢, Distilled water:1.0 ¢) o] HI&FH =

EEStd @RS FHESHA o
9) o W FI A
spErza (NH,H,PO,:1.0 ¢, KC1:0,2 ¢, MgSO,.7H,0:

0.2 ¢, Agar:20 ¢, 0,0059% Bromthymol Blue solution:1.0 ¢,

Carbohydrate: 10.0 ¢) &1 pHE 7.2~7.454A H#HE Stz R

SEE 10mee]  Ez#ho)l 0,.19% Bromthymol Blue 0.3 & Milipore
EBRE EBAT BKRS 1 %EA it & MES B2 & oF A
fEol 4o @MEY 4 KE < Beod %34 BTBS #f HEZ 45 RF

- )=



S AR S o
10) Gelatin 4

.

"Nutrient agar £:#ho] H=elEelS 0.4% SHANA TR E#Hb

Z uwtEw dhgo] HHES Yo 3 HM mEI o Mecuric
Chloride 15 & C - HC1 20mo] =2 o5 ZHBEK 100az g

® 8~ 10mS Fhy HHid ¥ BESIH Gelating 5
et B2 TR HhRe HHE (Clear zone ) & BRI
11) 4% HE AR
Nutrient Rt ol 48 Kefdl A2t & #HH HME
Single Colony & REKel MBSt B THRESLE BE WMEE

NN

B (1077 —10~% ) o] Suspension 0.25m£-& Nutrient 7B B2 Hh o

T35 H oS £4% 10CH 40CY EEBEIAA #HESIH Colony
IR FES AR Z  HEsHA o




FIE LTFRRE HBY HHE TR

1. =EBFAEMe Mok
Bt A ¥ 6 M HolA HEIF LEABEZFEH O EE 96

B B, M ST6 A ik, mimE 174 EH& BF 846 Wik
S o SHch (E1)

2. TEHAEYMF ERE #FHK

7F. A B
ek et 846 E#TFA A FEREA WSt HEfFH
T~ WHE FEHrl ¢t PDA FEERE b HEHES S+ KR
FE ol A= FEmgel weolted Hiitk, 5 EREe HHRERS A
HWeby w7 BREA FAUAS Yy S METFAA S &
7t BEREY ERERS HEStes ReE UEY HEBEoOE ER
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Table 1. Isolation of soil microorganisms and selection of antagonists to Phytophthora

capstcte
Soil samples Number of isolates Number of antagonistic isolates
from Fungi Bacteria Actino . Total Fungi Bacteria Actino . Total
Kyungpuk , Euiseong 0 204 0 204 0 1 1 2
Kangweon , Kangreung 30 84 51 165 0 1 3 4
Kangweon , Samcheok 15 87 39 141 0 1 4 5
Kangweon , Jinbu 18 114 51 183 0 1 3 4
Chungnam, Cheonan 18 18 3 39 0 0 3 3
Chunbuk , Imsil 15 87 39 141 0 1 3 4

Total 96 D76 174 846 0 d 17 22




Table 2 . A list of microorganism isolated from soil showing

antagonistic effect on the growth of Phytophthora

capsice

Microoganism

Isolates

4a/

Inhibition of growth

Bacteria
17
/7
1/
/7

Actinomyces
/7
/7
/7
/7
/7
77
1/
1/
/7
77
17
77
/7
17
r/

/7

JC-4
S-9
LH-3
UB-7
KB-7
AT-4
BD-1
AD-7
KB-11
BC-1
JB-2
AC-4
DC-2
DC-12
DC-13
UA-2
AC-3
At-2
UB-3
Y-5
MC-2
MB-4

a/ Inhibition of mycelial growth of
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Hx e HHEL MRl HEEAES SEE 92 AS @il
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EHk=°l % . (Photo 7)

HERE £ HENREH BEHoiEso TFEREY HEMRERS HHS
= BE2 —BeE #H4gHol SWwdc fHiEtE WEA A3 Ao
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Table 3 . Recovery of Phytophthora capsici after mixed incuba-
tion of P. capsici with each of antagonistic bacte-

rial culture suspension 24 hrs after mixing and in-

cubation
b/
Mixed incubation Number of P. capsici colony by
as
wi th 17100 dil 110 dil . QOriginal
P. capsict
P. capsice
+ S5-6 0 0 1
P. capsicit
P. capsict only 1 g 57

a” Mixed inoculum was prepared by mixing one ml of P. capsict
and one ml of bacterial suspension with 8 ml of sterilized
distilled water . Dilution was made with sterilied water .

b The selective media for Phytophthora spp. were used .
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Table 4 . Development of symptoms in pepper seedlings caused
by Phytophthora capsici suspension after incubation

mixed with each antagonistic bacterium culture sus-

pension
P. capsici culture Symptom(+) and no symptom (-)
suspension mixed development after incubation
a /

with suspension 24 hr 48hr
JC-14 — —

S—-9 — —
UB-7 + —
KB-7 + —
LH-3 + -+
P. capsici
only + 4
a/ The P. capsici suspension was prepared by washing the

mycelium off grown on oatmeal agar for 2 weeks at 28 C
and by incubation under light conditions for three days

to induce sporangium formation. The bacterium was
cultured for three days in potato dextrose broth.
Mixed suspension was prepared by mixing one ml of P.
capsict , 8ml of sterilized distilled water , and one
ml of bacterial suspension . Pathogenicity test was
conducted in 10 m! test tube by putting one 40 -day old
seedling in a test tube . The experiments were three

replicated .
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Table 5. Effects of culture filtrate of antagonistic bacteria

on germination of sporangium of Phytophthora capsici

a/s
Source of % of germination after incubation for
b
culture filtrate 15hr 24 hr 30hr
JC-4 0 0 0
S-9 34 48 61
UB-7 27 33 57
KB-7 29 54 58
distilled water 22 53 58

a/”~ The suspension of P. capstci sporangium was prepared by
brushing off mycelium cultured for two weeks and incubated
under 1ight conditions for three days .

b/ The culture filtrate of each antagonistic bacterium was
prepared by centrifuging the 3-day old culture 1n potato
dextrose broth. One ml of P, capsici suspension was

added to 9 ml of bacterial culture filtrate .,
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Table 6 . Effects of antagonists suspension on germination of
pepper seeds when each suspension was mixed with
suspension of Phaytophthora capsici

b7
Suspension of Number of rotten pepper seeds % of
Phytophthora a after treatments(day) infection
with suspension 2 4 6 8
S>S—-9 1 2 2 2 20
UB=-7 2 3 6 6 60
KB=-7 3 4 5 6 60
UB-3 0 0 7 7 70
JB-2 1 3 7 7 70
DC-13 0 3 8 8 80
DC=-2 D 7 8 8 80
AT-14 1 4 9 9 90
AT-2 2 2 9 9 90
KB-11 2 4 7 9 90
BC-1 9 9 9 9 90
UA=-2 2 2 9 9 90
DC-12 3 4 10 10 100
LH-3 2 6 10 10 100
AC-14 0 10 10 10 100
AC-3 3 4 10 10 100
BD-1 0 7 9 10 100
AD-7 ¢/ 3 10 10 : 10 100
Phytophthora
only S 10 10 10 100
a/ The mixed suspension was prepared by mixing 5 ml of P.

capsict sporangium suspension and 5 ml of each bacterial
suspension.
b/ Ten seeds of pepper cultivar Hanbyul was used for tests .
c/ The suspension of P. capsicsi sporangium was diluted as
that of mixed inoculum by adding 5 ml of distilled water .
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Table 7, Suppressive effects on the Phytophthora blight in
pepper caused by Phytophthora capsici when three
40 -day old seedlings were planted in mixed suspen-
sion of P, capstci and each antagonistic bacter ium
Inoculum Number of diseased plants % of
mixed with after inoculation time Chr) infection
suspension
24 48 96
Y -5 0 0 0 0
KB-11 0 0 0 0
LH-3 0 0 0 0
KB-~7 0 0 0 0
S-9 0 0 1 33
AT-2 0 0 1 33
DC-13 0 0 1 33
UB-7 0 0 1 33
BC-1 0 0 1 33
BD-1 0 1 1 66
AT-4 0 1 2 66
AC-3 0 0 2 66
UA-2 0 0 2 66
DC-12 0 1 3 100
UB -3 0 0 3 100
AD-7 0 2 3 100
Phytophthora
only 1 1 3 100
A Mixed suspensions were incubated for two days around 25 C.

Then pepper seedlings, cultivar Hanbyul were placed in the

test tub.
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Table 8., Isolation of soil microorganisms and selection of antagonists to Phytophthora

nicotinae var . parasitica

...gg-

Soil Samples Number of isolates Number of antagonisti¢ iselates
from Fungi Bacteria Actino. Total Fungi Bacteria Action. Total
Chungbuk, Cheongweon 30 9 6 45 2 0 0 2
Chungnam, A san ol 68 0 119 0 0 0 0
Kyunggi, Hwaseong 35 21 0 56 0 1 0 1
Kyunggi, Pyungtaek 10 5 0 15 0 0 O 0
Kyunggi, Suweon 49 24 0 73 0 1 0 1
Kyungbuk, Yecheon 46 40 0 106 0 0 0 0
Jeju 25 21 27 73 4 12 0 16

Total 246 188 33 487 6 14 0 20




Table 9 . Antagonistic effects of microorganisms isolated from

soil on the growth of Piyiophthora nicotianae Var .

parasilica

Inhibition of

Microorganism Isolate
growth(mm)

Bacterium JA-1 5.3
/7 JA=-2 6.3
4 JA -3 5.6
It JA~-4 5.3
4 JA-5 3.6
1 JA~-6 3.0
17 JB~-1 4 .6
1 JB=~2 9.3
17 JB~-3 o .0
U JB~4 4 .6
n JB~-5 3.0
" JB-6 3.6
1 B-2-3 5.0
1 HI 10-3 2.0

Fungus CF-4 5.6
1 CF-7 5.0

—hfm



Photo 5. Suppressive effects on development of Phytophthora
blight in pepper (The left was inoculated with P,
capsici, the center and the right were inoculated with
a mixture of P, capsici and antagonists).

Photo 6. Suppressive effects on development of Phytophthora
blight in sesame(The left and the 2nd were inoculated

with a mixture of P. mnicotianae var. parasitica and
antagonists. The 3rd was inoculated with PAytophthora
only. The 4th was uninoculated).
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Photo 7. Antagonistic inhibition of Phytophthora mycelial
growth. The round circles are antagonistic bacteria.

Photo 8. Cultural characteristics of antagonistic bacteria on
potato dextrose agar.
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Table 10 . Suppressive effect of soil microorganism on patho-
genicity in sesame by Phytophthora nicotianae var
parastitca

Germination of sesame seeds ( % )

Test isolates

without pathogen with pathogen
JA-1 50 . 0 8 . 3
JA-2 8l.. 8 0.0
JA -3 50 . 0 0.0
JA-4 54 . 5 0.0
JA-5 70 . 0 0.0
JA-6 45 . 5 0.0
JB-1 90 . O 33 . 3
JB=2 90 . 0 77 . 8
JB-3 90 . 0 0.0
JB-4 70 . 0 18 . 2
JB-5 81 . 8 81 . 8
JB-6 91 . 7 0.0
B-2-3 00 .0 0.0
HI-10-3 90 . 9 90 . 0
Control (Water) 90 . 0 0.0
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Table 11 . Effect on disease suppression of sesame Phytophthora
blight when inoculated with antagonistic bacteria

isolated from soil

Treatment with Diseased Tr.eatlmen_t- Diseased
the pathogen plant(%) aﬁtagonist only plant(%)
Phytophthora 97 .2 Water control . 0
HI 10-3 16.7 HI 10-3 0
JB-1 100.0 JB-1 0
JB-2 92.0 JB-2 0
JB-5 52.8 JB-3 0

- ]~
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Table 12 .

Mycelial growth and sporangium formation of Phvthophthora nicotianae

var . parasittca on media under different light conditions at 27 + 2C

Culture Days after Colony diameter (cm) Degree of sporangium abundance
media incubation light dark uv light dark uv
V-8 juice
3 7.0 7.2 3.5 b C b
agar
O 9.0 9.0 7.3 a C b
PDA 3 5.0 5.2 3.5 d d C
5 7.7 742 5.5 d d C
OMA 3 6.8 7.0 4.6 d d C
5 9.0 9.0 g8 0 d d C
a/ The colony size represents the average cm of five replicates.
h”  The light was under 60 watts cool white fluorescens bulbs .,
c/ The symbol of sporangium abundance signifies from abundant to never sporulated

(a———— d)
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Table 13 Cultural characteristics of the selected antagonistic bacteria to Pkytoph-
thora capsict and P, mnicotianae var. parasitica on nutrient agar media
after 48 hrs incubation at 28 + 2 C
Isolates Origin Colour Colony form Elevation Margin SCiozleo(r;:m)
JC-1 No disease Milky white Punctiform Convex Undulative 0.5-1.5
field
JC—-4-2 No disease Light yellow Punctiform Convex Undulative (0.5-1.5
field Milky
UB7-1 Organic soil Yellow white Circular Flat Entire 2.5-3.5
UB7~2 Organic soil White Irregular Flat Undulate 3.0-5.0
LH-3 No disease Yellowish Circular Convex Entire 1.5-2.0
field soil
KB7 -1 Rhizosphere Yellow white Circular Flat Entire 2.5-3.5
KB7 -2 Rhizosphere Yellow Irregular Raised Curled 3.0=-5.0
KB7-3 Rhizosphere White Irregular Umbonate Lobate 5.0-10.0
S-9 Lime soil Hyaloid Irregular Umbonate Undulate 1.5-2.0
HI10-3 No disease Yel lowish Circular Convex Entire 1.5-2.0

field soil

green
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Table 14. Physiological and morphological characteristics of antagonistic bacteria to
Phytophthora capsici and P. nicotianae var, parasitica

Characteristics

Endospore-forming rods Regular, nonsporing rods

UB7-2 KB7-3 JC4-1 JC4-2  S-9 UB7-1 KB7-1
Gram reaction T + -+ + v* + +
Endospore + + - + — —
Cell shape rod r od rod rod rod rod - rod
length(#m) 3~17 2-3 2~ 4 2-4 3~-6 2~ 3 2-3
Motility W * + 1 + + + -+
Oxygen
requlirement F* K E F F F F
Catalase -+ + + +- ~+ +- -1-
Oxidase — + — — — — —
Urease — + — - — — +
Hydrolysis of
caseiln + +- + + + + +
starch W W + - — W W
gelatin — + -+ — — -
Acid from
glucose — — — + — + —
lactose — + + + -+ — —
sucorose — — — — — — —

* V : Variable,

W:weak, and F: facultative anaerobic
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Table 15, Pnysiological and morphological characteristics of
the selected gram-negative aerobic rods antagonis
tic to Phytophthora capsici and P, nicotianae Var,

parasitica

Characteristics Reactions of antagonistic bacterium
LH-3 KB7-2 HI10-3 NIR 2112

Gram reaction — — __.. _

Gell shape size Rod Rod Rod Rod
Motility -+ + 4 +
Strictly aerobic + + + +
Anaerobic growth —_ — -~ —
Catalase w W W +-
Oxidase — + '...... +
Pigment + + 4+ —
Fluorescent on KB — — — +
Denitrification — + + —
Hydrolysis of

starch - — 4+ 4

gelatin — — —_ _

casesin + e — —
Fermentation of

sucorose + — + —

glucose 4+ — + +

lactose — — + —
Growth at

10 C + + + 4+

40 C + }- + 4
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