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ABSTRACTS

Recently, the importance of management and cultivation of grasses has been
increased in Korea. Among these cultural practices, the appropriate control of diseases
is considered more important than other cultivation techniques such as fertilization
and irrigation. The damages of brown patch and large patch caused by Rhizoctonia
spp. and Pythium blight caused by Pythium spp. are serious in the major cultivation
area of turfgrass in Korea. Since these diseases are difficult to control by
agrochemicals, the damages are very serious if these diseases are occured. The
periodic spray of agrochemicals to protect and control these diseases could make
some problems of toxicity and environmental pollution as well as rising of non-target
diseases. Therefore, the biological methods to control diseases have been required to
decrease problems resulted from overuse of agrochemicals, to conserve natural
ecosystem, and to control effectively diseases of grasses in the long period. The
number of studies about bioclogical control using antagonistic microorganisms have
been increased for last half century. However, the application of biological control
method has been very limited.

In this study, thirteen isolates of R. cerealis, 8 isolates of R. solani and 3 isolates
of Pythym spp. have been isolated from diseased turfgrass in golf course and
grass-culture area that have patch and wilting symptoms of zoysia grass and
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creeping bentgrass. Isolation frequency of K. cerealis and R. solani was high in
especially zoysiagrass, while Pythym spp. was isolated from bent grass at low
frequency but showed high pathogenicity.

Totally, 205 isolates of soil microorganisms were isolated in this study as primary
antagonistic microorganism by Herr’s triple agar layer plate and dual culture method
using rhizosphere of grasses, soil of crop field as the source of antagonistic
microorganisms. Among the 205 isolates, 23 isolates were actinomycetes and 182
isolates were bacteria. All of the actinomycetes were isolated by Herr's method.
Antagonistic effect of primary isolated microorganisms was tested for in vitro
mycelial growth inhibition against pathogenic fungi isolated from grasses and for
inhibition of disease occurrence in 24 well tissue culture plate and pot experiment.

Then, four isolates of bacteria which are BG23, BG74, BG136 and BG171 were
selected as antagonistic microorganisms against soil-born pathogenic fungi of
bentgrass.

1.4 =

e 71%H FA(EYY ¢A 94 2 43 22 FF )Y 2FF SU(FH
F A71%9 &% &) E© FAASH JAA QI A vl¢ Fo} I8 L &
RoezAM, H2 8 dgidAz I7 Y FF9 FHoa e Aol F43 7t
3 Aot §3 JUE o|RF TY AU AF AU L FEAG9 dAd wE 3
teo] Auirt 43 Frtstg e, oo wE @Y Fadol FUFHAY I FAME
Hel FAg #Age A € g T o A JEAHQ] Hel vide d&y 8%
Roz A= Uvh(A, 1990).

FUA Z2AE JIYZE dfEe] dAY A &3t d= E3Y(Zoysia japonica)
ot ¥ Ao £33l creeping bentgrass(Agrostis spp.)o|™, Pythium spp., Rhizoctonia
spp., Curvularia spp., Gaeumannomyces graminis, Typhula spp. ¥ Fusarium spp. % °]
Zde] Hagor FEEHY Buyo] A F, 1992 ; AR} HAE, 1992 ; ©FY
I AR, 1992 ; A F, 1991).

9 Zol A= FE creeping bentgrass(Agrostis palustris)?t AvlE 1 Q) o™ Rhizoctonia
spp.ol 9% rhizoctonia blight(brown patch), Pythium sp.°l 9% pythium blight,
basidiomycotina®] 213 snow mold, Sclerotinia sp.9l 9% dollar spot disease %
Gaeurnannomyces graminis®l] 2% take-all blight 5¢ HWo] I AR 2 EA 7}
He Aoz BuyEol gthBurpee?t Goulty, 1984 ; Couch®t Smith, 1991 ; Kackley ¥,
1989 ; Schumann 5, 1994).

o|F oA Zoysia®x Ftlo] BAE = Rhizoctonia spp.o 2% large patchE B Z# %
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brown patch, yellow patch, 3% 3 Pythium spp.ol ¢ % pythium blight, Fusarium
spp.ol 9% fusarium patch ¥ Typhula spp.o] 23 HAEH & B3 Zu t] AQu)
Ao A Azg o2 BuHe it o] WATL F2 EYHAGAH T#EEAN dHF
Lol AqA3t7] 2ol FAe 38 Y F flo] WA} ul§ Zdsi. olE e =
& o] LAd olFoe= AL WA Y7 Wi F2 LA FFe AXEI} AA
Ha AT, 1992).

A AAHez ZY AHejA]d oA Z4F IS G 2 BAEr) % F5¢
B F18AA Y AlEL HAa FUEdA $vk(Goodman® Burpee, 1991). o] uwha}
AHREE $9%, =5Y § AAAH Fdo] Ao, ¥ AXo we IAF 54
o3 TA wi$ AGsich(Burpee 5., 1987). E£3 o) AuidlA F2 EA7 HE A
7] YT ES WA HEl AHVHoR FAE XY FS, FFL ALLA gL
ol A7 =2 @9 vjEdTde] ©de o8 Aol non target diseases?] A
2 T AHR o3 LAHE RrH g2 EAC HE Aoz vuHe Uy
(Couch® Smith, 1991 ; Smith, 1970). @&l ol & Well i HAHF wAgozA o
o Abg] E EAHE €9 Y, AGBHAE BAdY, FrHez AL &
Aoz HAY + e AEHPAHY =do] aF€

AEALAYE ol &8 i) Ao #F By, o8 FF2 23HF< bacteria
¢} fungi€ sand-cornmeal®] ZZ} WY ¥ Sclerotinia homoeocarpa® A HH o2 HFE
& potoll A28t dollar spot disease® 25-90% 7+X] ¢ AA1Z) Goodman® Burpee
(1991)¢] AT, Enterobacter cloacae® ©] 43t dollar spot diseaseE 63%71A] 9 A A|
71 Nelson#} Craft(1991)9] d+, v¥UA Typhula phacorrhizaE ]88 Typhula
blight(snow mold)& %A A1zl Lawton®} Burpeed ¥ 1(1990)9)°l Smith(1980)¢] fairy
rings°ll W& A7, Burpee 5(1987)9] snow moldell ™% &7, Burpee®t Goulty(1984)
9] brown patcholl W& A3, Wong® Worrad(1989)9] take-all patchel th3t d7 Zo
Atk Tl E v F(1995)0] A4 HaH gy A& uPEAE o] &3 FU
Pythium blight, brown patch ¥ large patchell & WA EHE 24 2L AR AgA =
Abste] Haghul glow, 3 F(1996)& YU vAWEAE Algse, 3] Pythium blight
o f ETFNNE =& HAEHS USE B

ol R E A+ AT A/ ZF ¥ HEGHOE AAY &£ Uxe WEHY v}
A4S AAE F2 glov, & AE HYdTe AESHLA B AF B v}
o F3| afd AU gow, Az AR oA tPEAANZAN AL £ de FE
A FHHA Gt Tl A JAoye] FF ATFE 19898 IYATAI HEE
olF ZF ol E v AN HATY 54 A 2 WA #I AAHY A7
F o] gt ey AR AU BAe FFY MY FF A MEE ALg
gt ZhEdl A e AL gEST e AdAoH, AESFH WA B} AFE F
2ol v BEAE o] &7 ¥ (19957 F F(1996)9) B 7} o

Y EGFAGAE ] wAld A FF AR @WE AW FAHFE FAANE F



36 Korean Journal of Organic Agriculture 6(December 1997) Copyright 1997 Korean Society of Organic Agricuiture
1

Fdoje] FHAHY A AAS dPo=2A IYe EFHGAHATY A BEG
FAYE =98t7] A & ATFE FHEAAT. o] Azt oY N EF
4 BeE g £ tE, ol HAddl dF AyvYE e ey A¥aAE
dtx, ¥d A7l ¢ AP ELS ALY, in vivodlH o€ ZPUAEES &
#E HAAs AU EALA AP AYPEL HF ALt FUEg &
AHoz HAT & Ae WHE B2 A

B
=
%

1. Mg 9 944y

Hade 28 € HAA HAA - &3 =Y (Zoysia japonica)9t bentgrass(Agrostis
palustris)2 A Y JYE L FALE o o, A, TEA A o] LAstd i} 3
ZMog WEAY gy Moz HAad T 4y Huldgy, BT WugE Bol:
FollA ol AEE AAAC. oW 99 F& Z2E FEEZ 443 AAF d&
A 2 33 MAHF ¥ paper towelZ2 E7]E WA 05em 2712 ZE 1.0% NaOCl
SdoA 187 B AT g Aot o|RAE BFE filter paperdl 3027+ T H 15%
water agaro] ¥ 27C 2704 2-34zt g F HF A A3 A o =37
ol A 2@ FAME potato dextrose agar(PDA)o w3l HAeFE 2elagoy, oy 3
= E£21¢ 9 creeping bentgrassol Al 223 Rhizoctonia spp. 2133, Pythium spp. 3%
o HAAZE FAsAY. HEFLLS 500m AZrEerAA] 200g9 sand-cornmeal-water
(97:3:15, w/w/w)E B2 & I¥ZF7IET7A 121TE 6083 47 F, PDAS comn
meal agar(CA)olA Z2z 2-797y A wi%¥§ Rhizoctonia spp.2t Pythium spp.® #%(10
mm) 5/W¥E& 774 FHEsH 2BColA 253N wiYgsd AL FA AER
creeping bentgrass®} =5 SR E AlgdHod, dd $88 327(28%X56X6em) Sk
g trayoll =&, &, TKS2 (Floragrad Vertriebs GmbH, Oldenburg, Germany)& 10:2:1
(W/W/W) vl &2 E33td Y3, FA4§ 339 Auisidc. 35 ¥ 30-60¢ Aol 2z
71& 7 thg plated] 7 F(56X56X6em3 2g4 ) HEYL EY HUH 2T HEF
I 3BA TG FAAET G AE AUFE 0% ol F2dgAe Aujgo] A
gHe fxilgon HF 1F F5H ¥ 248 FFsH
Aguj Yo By @ oHFE AYse TY AGY Ao AHE ACrt e
A2E FAHOE DTUEYST, Avt A2 ARA EYE 7 20-50g8 FAZ A s
2 pEe] EEldoz AlL3Hch AFuAE9 13 EelE Herr(1959)9 triple agar
layer W3 dual culture®¥¥ol 234 3t¥ ot Herrd] WA+ Fusarium oxysporum
% R. solani(B-9581)& target@ 2.2 Al&3te ohg3 ol At AT EG 5g&
50mle) Aol @erd thg 10-10°2 A<l 548t ImlE petri dishol 258 th
€ 9ml9) tryptic soy agar(TSA)$t E#3le] 23k oF 421 F 5mle] water agar& 2
Aol =23 g 27°Col A 4821 Wi et vig ¥ F. oxysporum® EA7T E¥E

]

X
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PDA(10* spores/ml) 5mi¢t R. solani®] #A} @eteist £3te PDA(FAF @Y : PDA,
1:9, v/v) 5mlE 2 Yol 2zt =88] 27°Col A 2-3U 7t widg oS AR LE A
e nAES ZgnHER (ALY FAEE RS eF Fgo] BEUT. PDA )
I3 R solani®l T3 (5mm) 571 & 25g¢9 sand-cornmeal-water (97:3:15, W/W/W)7t &
71 100 ml flaskoll HF3te] 27°Coll A 4Yzt vl F A4F4 I0miE H7isle ZE3) &
e ¥ 2789 d7dd AZE AHfste ALY Dual culture}H2 343 ELFE
#(10*-107) 0.2miE TSAMIZ ] % F 27°CAA W Fe th& < colonyE A3 R,
solani(B-9581)& targetd &.2 A}&3lo ATt

Herr ¥el £3te 1z 283 ZFUAEL in vitrolA R solani(B-9581)°% o] &
AgEHE HAAFozM 23 EY3H) Petri dish®) ¥ZFel 13 223 2P ES
dem A2 F #FE ME dAHA HF F 25°C F27]0A 4BAI sjgd gL, F
Stoll PDACA 3€ZF A 9% R solani(B-9581)¢] ¥ (dia. 50mm)E HFEd o 25°C
F27ol A wgFE it 4841 Wi F target MU T FAIAAE AAA T E FFE
Agu Y EZA 23 Adsldo

Agu|BEe] §7E AA : In vitrodlX ZIAPAEY] FTFHLE WHUHol Y R
solani 27 F(BR-9581, ZR-9571), R. cerealis 275(BR-9531, ZR-9564), P. aphanidermatum
175(BP-9571), P. graminicola 175 (BP-9573) % 675 W3] dual culture Y o) )3
FAFA tHLee T, 1995).

A0 YE9] in vivo Y : Invitro AFAA e EGAGAAHAA T A3 2
237} S8l 5 E(bacteria 26 T F, actinomycetes 10 ¥5)& At jn vivoedl
A 8 A H e ZAEATH A EAEE creeping bentgrass(Agrostis palustris)& A}
28t92e9, P. aphanidermatum (BP-9571) 2 P. graminicola(BP-9573)%} bentgrass®il 4]
a3 R solani(BR-9581)o] thgt & #HE Nelsond} Craft(1992)9] Wl 8o multi
well tissue culture plate® AH-8-3te] ¥ 24 AANENE ZAISH Y, potoll A9 ¥ &
A AT 2AHAA g Fo] HAA AT 327 Y& fRB ETgAH trayE 2%
25t 1672 TEY AlLdHon, FFHL HAAAR APNAMY FUEA DENU
t} olHEE R#:FH: TKS2:con meal(1993g:400g:200g:7g) & T3t 121 TColA 1A
B nAFINAE} F 329 HELE EFEY WHESUY. Plated] wig 7L v)d
tape® LE-F b, 17(56X56X60em)F °1HE < 160gE W1, AejH A, g
oA celld ¥, crude extract, ¥ $)Z 30ml ¥ BFF ¥ creeping bentgrassE 2t
04g& 3bgd R} st 1670 F1F FFaEct RYgE BEES F 78 +
2N 7171 $18td Hgd PFoz & F AL FAG 724 F PFE WD g Ag
Ay Festgon, fF 2FY FFEH ¥ YHAIEE AU
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1. Haze 22 ¥ 53

1995 3¥5¥E 1996 4972 5 ERT(Zoysis japonica) L bentgrass(Agrostis
palustris) & ZAE FE=A 2 A AulA 2] o|HRAE JFEANCE AE 12cm, ZHo] 10
m AEQ AZR AP APFAE &A oHFAHOZRE Rhizoctonia spp. 21T F,
Pythium spp. 6358 E839th R ceredlis 13 TF F &= EJ3UddA 494 10
Yol AA 117, bentgrassoll A 3¥] 2 #F4 4t s e, R solanies =
LA 6-89ol 6T, bent grassolA 89d 2¥F T 8TFE ¥Ist4rh
Pythium spp.© 7€l bent grassolA 3¢F& FsAvl. £33 2 Hdve HdA
€ bent grass¢ FFEZCC i YA S FAR AH, RE FF7} bent grassol o
g HdAdo =& AL B £8d &4 TFE PDA HFIA 25TANAM wjtsta
A RAREE FAY HE, d¥Y 54 T& XAEIY o] $(199%)9 wael AYATA
ol | ¥k ¥r& Rhizoctonia spp. L Pythium spp.&t vla3ted E7/38 Aul Table 13
2. R cerealis® R, solani®]l W E7t E3] 33 EddeA Zew, st
F2H o2 #YHE bent grassdl M= Al og Beulers e A 29

Table 1. Isolates of Rhizoctonia spp. and Pythium spp. from turfgrasses
in several places in Korea

Spemes of No. of Host Isolated Place of Collection
isolate Isolates Month
R. cerealis 2 Bentgrass  March Kyungsan and Keumkang
R. cerealis 11 Zoysiagrass April-October Chungju and 10
other places
R. solani 2 Bentgrass  August Yusung and Kyungsan
R. solani 6 Zoysiagrass June-August Kyungju and 5
other place
P. aphanidermatum 2 Bentgrass July Yusung and Kwanak
P. graminicola 1 Bentgrass  July Kyungju

2. dEu|ME9 22

Ao ZREST it FEY X L ANEY T& FEUAEe EYYoE A
& Herre] ©F wigdgol oz FAolHAEoA Fejd AESEHTY  Fusarium
oxysporum$E target@ O 2 Al&3a] 7270 isolate, ©]® bent grasslA ¥&3F Rhizoctonia
solaniE targetT 2.8 AM&-3t 9570 isolate 5 & 1677} isolate® E st =% EF
Hetd g wjksted FAY G colony 620718 Fdd AH dual culturedl 93] R. solani
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o ths) ZAgaAE HAsA 387 isolateE ¥, £ HHANA 2067} isolateE 13+
aojdgg B2Esgct 20570 #F FolA actinomycetes’t 23 isolate, bacteria’} 182
isolate 2.8, actinomycetest EF T3 wlgdyolA EHATH Herrd o3 vyl
o]& Z&uj AR EalAl filamentous soil microorganisms’t water agar 712 AA&}
o targetd €& HEFA 2ddez ALsE AL WAy A3, TSAS ESEEAS
g5t 23 F 4N AE FFAAA petri dishel 748 ¥ A= Go] ¥& AeoiA
k7] EHE $As AzxA7 ohg, 2 ol water agarg =3 W F target T
o2 F oxysporum 2 R. solani® AZ&th old F oxysporume 3 AR EA9
Fre YA HEZ F o FHEA AALE gAse vAEE 2T F UdH
(Fig. 1). R. solanit #AAEHAE HEo] ALS3A7] Ao 4 43T =2 4Fol
o] 2o A A Aoy F oxysporumB.this Agu|AEe 2§ Az de] A FAHHI o
o AALE JAHAIE HAIUAEL £ U Lolddth EGdEH AL BHEY
TSAol =% widste] HAME @Y colonyE Fded A dual culture el ol&f 23
D PEE Bedts whEe foladoy, Alzto]l ol AaHAUT B AHdA 1xEAT
Z 20570 isolate®] Z&EHE PDAY TSASA bent grassollAl ¥&8® R solanio| dlst
FAAAAAAEE dual cultureod o3 HA3IA bacteriat 35%°]14, actinomycetest
60% oA R. solania® TAFEAE A A]F]= bacteria 45 ¥ 5, actinomycetes 10 7§
27 §EAFuPEZ Mg HTable 2). R solaniaoll ¥ A3 E e 537 zpolzt
Aok, 12k BEAl AFRE 2wy 2 targetdol WE 53 ol AT AYS
Bolzl erskct Dual cultureol A actinomycetes®] A&7} bacteria Bvf dul¥o=
=2 AHS Bt TSAS PDAd w& Aoles A9 gleouy, BG2l, BG23, BG24,
BG46 #F = TSAAAM #Aaaart PDABT oW, actinomycetes® Aol EE TF
7} TSAA AFaA7t & A3E B

Fig. 1. Halo forming antagonistic microorganisms against Fusarium
oxysporum on modified Herr’s triple layer agar plate.
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Table 2. Inhibition rates of mycelial growth of Rhizoctonia solani (BR-9581) on the
two media by various antagonistic microorganisms isolated from soils®

Antagonistic Inhibition rate(%) on the media
Microorganisms Tryptic soy agar Potato dextrose agar
BG 1 43.4° 431
BG 4 56.7 431
BG 7 377 353
BG 8 575 50.0
BG 11 56.6 56.7
BG 12 469 46.9
BG 16 53.6 56.7
BG 19 484 484
BG 23 56.7 438
BG 25 431 434
BG 28 475 35.3
BG 34 442 43.1
BG 36 56.7 56.7
BG 37 344 375
BG 39 53.6 56.7
BG 41 536 56.7
BG 49 51.6 53.6
BG 50 387 38.7
BG 52 46.9 46.9
BG 54 46.7 46.7
BG 61 56.7 46.7
BG 62 40.0 375
BG 74 61.5 58.4
BG 76 437 437
BG 87 35.3 35.3
BG 88 344 35.3
BG 93 455 434
BG101 344 35.3
BG112 40.0 35.3
BG123 431 377
BG124 432 377
BG136 50.0 438
BG137 485 437
BG139 437 353
BG150 46.9 437
BG152 50.0 46.9
BG163 51.6 48.4
BG164 375 437
BG171 60.0 488
BG176 50.2 453
AG 1 61.8 56.7
AG 6 746 75.0
AG 13 77.2 75.0
AG 18 80.5 71.9
AG 27 80.3 719
AG 28 78.1 71.0
AG 34 61.8 67.8
AG 53 73.2 719
AG 54 76.4 65.6
AG 59 76.7 65.6

*The antagonistic microorganisms were streaked(40mm) on one side of plates of the test media, and 48 h
after incubation 27°C myecelial disk(5mm in diameter) of Rhizoctonia solani was placed at a 35mm distant
from the antagonistic microorganisms. They incubated at 27°C.

“After 48 h incubation at 27C, the mycelial growth of R. solani in distance(mm) of toward toward
antagonistic microorganisms(a), and distance in the opposite direction from antagonistic microorganism(b)
were measured. The fungal growth inhibition rate(IR) was determined as follows; IR(%)=100-(a/b %X 100).
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3. WEDIMRES| &P ZA}

2 Aagt AYn|AE FolA AFAIAI}L vlEd FUY bacteria 16 FF 9 actinomycetes
10 #F& Adste oj#Av oA Eel¥ Rhizoctonia spp. £ Pythium spp. 242t &3 713
of gt 1 FF¥ AYg 6 #Fol thd dual culture ¥gell &3] A3} wjgoiNe] gF 7
g FAE A= Table 3 2 Table 49 2th.

Dual culturedlX Z3v| A& o3 FAZF dig FAYAAANEZAE TYT &
FolME Y HAITY TARASE we & 238 BAth HF 3623 Fd
3BemAE A petri dishE @443 @& =2 At Pythium spp.ol diAE
AgaR7t DA JERon, petri dishollA &A3] zeted 64-740] 2858+ R
cerealis®l WA YA og AFEANY ¥ AIFL BYY. F FTAl Rhizoctonia
spp.ol ¥ ZFEIAE A ZE FF7 50%0]4 FAZZAAH L HPgon, &3 &
I ERYA A 28§ R cerealis (ZR-9564)°] dia] 2 a#A7 B AL B 1
#H1} BGIl1, BG36, BG39 2 BG41¥F+= 247 bent grassoix 28 ® R cerealis
(BR-9531)c thaf] 46.9, 42.2, 43.7, 407%2 Y& TFFo vjs) ¥e AYL waay. P
aphanidermatum (BP-9571)3 P. graminicola (BP-9573)o] W3 ZAdgasies T4
bacteria®l 7% BG23% BGl171&F 7o) 26.7%1A 400%A =3 Ve NS B g #F
Fv Hund P HAFPL HAth AAHOE  actinomycetesyE FA] BRE F=7}
bacteria® ot ¥ ZIEAH/E BT

Pythium spp.o g A9 AE gAY FFAIAE dual cultured A2t F-ALS
2L B R bacteriavs HH gAY o}F wmimsldd. @y BG23, BG 36,
BG 136, BG 171 ¥#F+ ZtZ} P. aphanidermatume] W&l 6.7, 45, 10.0, 4.0, 52.7%, P.
graminicola®l &) 705, 4.0, 19.7, 67.2, 49.2%¢) ‘ﬁ"*]”‘g%ﬁ Ag2DE BT Pythium
spp.ol W actinomycetes®] Bl Bl dqdF AIE bacteriabth ¥ AFL HPO
o, P. graminicola®l 3] AG 13 AG 59 #Ft ZZ 84.0% 2 83.0%9 =& 3#F7
€ R AT Dual culturedl M= Rhizoctonia spp.ol W3 AYu|AEE] AFan= F
T3t 2 i Rhizoctonia spp.2tell FRHE o]zt glo] iR FFI) 50% o4 #F -
AR ZAAZHE ROt gAYy FFAAE FF7 Aol7l AT 53] ojg s
TF74e) 2ol & bacteria #F3tol FRH3dlen, BG 8 BG 11, BG 36, BG 41, Bg 61
9 BG 1528F 52 R cerealisol W3] ulud 73L& vy a8y BG 4, BG 16,
BG 23, BG 39, BG 49, BG 74, BG 136, BG 171 ¥ BG 176 ¥F §& o =A% dA%
FoEE BT o9 2] dual culturedol A Wi HAF i A A7 FUEH
Ad 2Egn| Y] A de gaFol B Ao A gAY vivlaA vegd Ax
© AYA wFA ARG FHeo PDAC 1/108 s AFgaxng ZAEIY7) HEos
Atg €
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Table 3. nhibition rates of mycelial growth of grass pathogenic fungi on the tryptic
soy agar by various antagonistic microorganisms isolated from soils®

Grass Pathogenic fungi

lsolate Rhizoctonia Rhizoctonia Rhizoctonia Rhizoctonia Pythium Pythium
cerealis cerealis solani solani aphanidermatum graminicola
(BR-9631) (ZR-9564) (BR-9581) (ZR-9572) (BP-9571) (BP-9573)
BG 4 61.6° 69.3 56.7 534 18.2 125
BG 8 539 50.0 515 57.2 12.1 6.2
BG 11 469 66.7 56.6 53.1 6.1 32
BG 16 53.6 625 53.6 56.2 3.0 125
BG 23 75.0 615 56.7 61.7 26.7 28.1
BG 36 42.2 50.0 56.7 50.0 0.0 00
BG 39 437 54.2 53.6 53.1 3.0 31
BG 41 40.7 45.8 536 53.4 12.1 31
BG 49 50.0 62.5 51.6 53.3 152 94
BG 61 56.3 70.8 56.7 46.9 121 156
BG 74 719 79.2 61.5 719 133 25.0
BG136 56.3 83.3 50.0 53.2 20.0 219
BG152 59.4 75.0 50.0 56.2 9.1 188
BG163 56.3 79.2 516 5.2 9.1 156
BG171 81.3 75.0 60.0 63.4 40.0 43.7
BG176 53.9 62.5 50.2 534 6.1 188
AG 1 61.6 65.3 61.8 56.8 26.7 25.0
AG 6 80.9 83.2 74.6 61.7 314 28.1
AG 13 209 84.8 712 80.0 53.2 31.2
AG 18 65.4 69.3 80.5 735 28.4 19.7
AG 27 7.2 65.6 80.3 80.0 487 344
AG 28 71.0 83.6 78.1 876 22.4 187
AG 34 74.7 73.2 61.8 60.5 60.0 437
AG 52 65.8 61.2 732 59.6 448 315
AG 54 829 81.4 76.4 67.2 374 25.0
AG 59 81.8 85.7 76.7 71.8 416 344

“The antagonistic microorganisms were streaked(40 mm) on one side of plates of the test media, and 48
h after incubation 27°C mycelial disk(dia. 5 mm) of tested fungi were placed at a 35 mm distant from the
antagonistic microorganisms. They incubated at 27°C.

"After 1-7 days incubation at 27°C, the mycelial growth of tested fungi in distance(mm) of toward toward
antagonistic microorganisms(a), and distance in the opposite direction from antagonistic microorganism(b)
were measured. The fungal growth inhibition rate(IR) was determined as follows; IR(26)=100-(a/b % 100).
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Table 4. Antifungal activity of cell-free culture filtrates of antagonistic

microorganisms isolated from soils®

Grass Pathogenic fungi

lsolate Ahizoctonia Rhizoctonia Rhizoctonia Rhizoctonia Pythium Pythium
cerealls cerealis solani solani aphanidermatum graminicola
(BR-9631) (ZR-9564) (BR-9581) (ZR-9572) (BP-9571) (BP-9573)
BG 4 43.7° 139 19.0 86 0.0 45
BG 8 4.0 0.0 10.7 29 0.0 45
BG 11 0.0 0.0 6.3 5.7 0.0 0.0
BG 16 20.7 25.7 34.2 25.7 4.0 35
BG 23 65.0 80.0 76.0 64.3 6.7 705
BG 36 6.2 3.6 165 14.3 45 4.0
BG 39 30.8 314 29.2 14.3 0.0 0.0
BG 41 4.0 114 24.1 25.7 34 43
BG 49 20.7 25.7 29.2 28.6 0.0 0.0
BG 61 0.0 2.6 16.5 14.3 0.0 0.0
BG 74 14.3 327 15.2 100 0.0 19.7
BG136 60.0 584 74.7 58.6 4.0 67.2
BG152 6.7 20.0 34.2 25.7 0.0 2.0
BG163 13.3 21.0 34.2 286 14 0.0
BG171 83.3 5.7 65.8 58.6 52.7 492
BG176 26.7 30.7 41.8 438 0.0 0.0
AG 1 65.4 62.1 58.3 60.0 424 84.0
AG 6 61.6 62.7 56.7 543 26.4 304
AG 13 84.7 84.7 30.6 772 46.7 68.2
AG 18 843 20.8 80.6 778 48.1 70.0
AG 27 69.3 55.4 74.2 822 26.7 67.2
AG 28 85.4 55.2 71.0 675 36.8 66.7
AG 34 84.7 30.8 86.7 774, 36.7 84.7
AG 52 63.4 64.6 65.3 77.4 124 65.3
AG 54 65.4 50.0 65.3 70.3 12.8 64.6
AG 59 63.0 759 83.8 70.3 53.4 83.0

*A mycelial disk(5mm in diameter) of the activity growing culture of the test fungi was placed

on a

potato dextrose agar plate(15ml/plate) which contained 10m] of cell free-culture filtrates of antagonistic

microorganisms mixed with 90ml molten potato dextrose agar.

“After 2 or 7 days incubation at 27°C, depending on species, the diameter of the tested fungal
mycelium(a) was measured, and the inhibition rate(%) was caculated from mycelial growth on the potato

dextrose agar(control) as follow: Inhibitory rate(%)=100-(a/control) X 100.

4. Multi well tissue culture platel® 0|28t ZiC|t Wi HMEDI XA}

AEFHAYAYRE =dst=d UM FF EA7F HE AL in vitrodl A £
u g Ee af%EJ—V} in vivodl A8l B ZAAANHIR =X AR deEve

AR Eoltt WA B AFANME in vitrool A dual culture R vjdode] A7 FH

Xé°ﬂ*1 zal o}'i“‘]’j}‘ AAE AP AEE FAA invivod A E EFH Je F5F

]

N

i
i

mz

33

A

F3l71 918t in vivoAEE AASAEE In vivoAddS Yt 22 growth
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chamber =& 249 A potoll A EE AujstAA AAsY, £ AP wE
ARl Bo g 739 ¥ YAAAHEZE FAHE & e PHSZ Nelsond
Craft(1992)¢] #ol £8ed multi well tissue culture plate® A8t Ezj® Z23n|
AEY ARE ZAEED In vitrodl A AYHE AT A3l AFEHAI} e Aoz g
9l ¥l bacteria 16 T F 9} actinomycetes 10 ¥ & ¥ 26 ¥59 Pythium blighto] o3k
W gdddA JEE FAE A} Table 59 2.

Table 5. Suppression of Pythium blight by antagonistic microorganisms
isolated from various soils in multi tissue culture plate test®

Antagonistic Pythium aphanidermatum Pythium graminicola
microorganisms (BP-9571) (BP-9573)
BG 4 200082 f-i° 250£058 c-e
BG 8 250+058 d-h 250*+058 c-e
BG 11 450058 ab 225050 d-f
BG 16 3751096 a-d 225%09 d-f
BG 23 1.25x050 g-i 1.25+050 fg
BG 36 3751096 a-d 3.25%£0.96 b-d
BG 39 425109 a-c 22509 d-f
BG 41 450058 ab 475150 ab
BG 49 375050 a-d 250x058 c-e
BG 61 300082 c-f 22509 d-f
BG 74 1.00£0.00 i 1.50£1.00 e-g
BG136 150+£1.00 g-i 125050 fg
BG152 225096 e-i 275050 c-e
BG163 250058 d-h 275096 c-e
BG171 150058 g-i 125050 d-f
BG176 250*+1.00 d-h 22509 fg
AG 1 275096 d-g 275050 c-e
AG 6 350058 b-e 225050 d-f
AG 13 3252050 b-f 225109 d-f
AG 18 350+058 b-e 275050 c-e
AG 27 3.25*%096 b-f 325050 b-d
AG 28 3.00£0.82 c-f 350+0.58 b-d
AG 34 350£058 b-e 325050 b-d
AG 52 3.25%£096 b-f 325096 b-d
AG 54 300141 c-f 425050 ab
AG 59 250*1.29 d-h 275050 c-e
Untreated” 500000 a 4751050 a
Uninoculated 1.00£0.00 i 1.00£0.00 g

*Rate on a scale of 1-5, for which 1=no disease and 5=100% of the seedlings nonemerged or necrotic.
Determined 7 days after inoculation. Numbers are averages of 3 replications.

“Inoculated with P. aphanidermatum, P. graminicola and R.solani but not treated with antagonistic
microorganism.

“Numbers in each column followed by the same letter are not significantly(p=0.05) different according to
the Duncan-Waller Bayesian least significant difference test.
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HATS HESA &S FxYe WolHRE 12 FAs 2 AT S T8 FH
3 o] ol AER(AH o wolH A @kS)E 52 BAIFAE ), Z2Fu BB X TolA
= 1A RE 4507k2 YvEldo] AU AED ¥ DAY HolE QA & F
ot E38) P. aphanidermatume) tial BG73, BG74, BG136 ¥ BGlI71#5 9 Ao+
Zvz} 1.25, 1.00, 1.50 ¥ 15002 =XAIEUS™, P graminicola® t™halX e 1.25 150,
125 2 1252 HYdS HFA ¥ FAHY T KA HorH = E dErdo] B 24
AANEB WS $4aac. 28 in vitrodl A e bacteria Bt A EII} v ¥
k' actinomycetesol A= ©]E bacteeria Bt & H#H 2AAA ARE Yehle FF
7t fdew, AG 13 AG 597 F o] 2759 25002 AU o|9} #& AfRIo R

= AT in vitrodl el AFAIe} FAAHE F43] HAFE & AL, bacteia
A in vitrodlA AEEHI =24W FF7 vy B 24 JdAEA} & AYE =2
il

5. Pot A¥

Pot A8l AE multi well tissue culture plateE ©]-&3% Joiy WA A g3 A}
ol HlwA =& v B JAERE BYW bacteria 8 TF ¢} actinomycetes 2 TFF
Awrdte] A A EH Y 2eedHo o HAEZAE ZAEACT. AR EY
cell BetAE HHSHUS o JASAvEEH B dis ¥ 2 dAEHE
A uAE FFIo] zo)7t QAATHTable 6). F FA] P. aphanidermatum(BP-9571)¢
sl BG 233 BG 136 #3<9 ¥ 2A JAAZAV FHIHey, vt ¢FE &%
7} vlojst AT P. graminicola(BP-9573)9 W&+ BG 23, BG 74, BG 136 ¥ BG 171
Fre ¥ B4 gAEH} Eged, FA OG& FFE AW 2%t R solani
(BR-9581) th3lA+= BG 23, BG74, BG136 ¥ BG171T4F $9 ¥ 24 JA& 77 3
t}. Actinomycetes 21 AG 13 AG 597 F & A3 thdge] gk ¥ 2 AAFZHA}
ojol sttt AT E Y AEe ¥ B JAEHAE AolE BHA 53] BG
136 #3+ P. aphanidermatumd] A3 AM e &7 nngH oy, P graminicola®t R.
solaniol] el E A7} Edth Pot Aol A9 multi well tissue culture plate
E o]&3% Iy A AA &3 XAl AFAE HaE o ¢¥ay 2 FA4HE B
t} = plate A8NA =L ¥ 24 JAEZAE HHd BG 73, BG 74, BG 136 ¥ BG
171 59 3 24 JAAHR7} pot APeNME 2 FHEE 2t 28y plate 43
A o AE ¥ WA AAAARE AW BG 4, BG 8 BG 61, BG 176 R AG 1,
AG 6 TF T2 nud ¥ 24 AAEARE BA oled A#AE= Nelson Craft
(1992)2] AEAFHS} S8t o, pot AHAA ALEF TKS2 AE, & € ZHE £
o] AlE3 SRS EYo] plate AFA AHEEAY RefEds HATFY A fE
7] wWEolet Atg€ETh

olAre] A¥AI ol BG 73, BG 74, BG 136 ¥ BG 171 #F

olrt

4 FF

i
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vitro¢t in vivodl A e B¢ AP AT disf] 5 2 JAAA} e AF
2 Ao

Table 6. Suppression of soil-born diseases of turfgrass by antagonistic
microorganisms isolated from various soils in pot test®

Antagonistic  Pythium aphanidermatum Pythium graminicola Rhizoctonia solani

microorganisms (BP-9571) (BP-9573) (BR-9581)
BG 4 45205 ab’ 48%*05 ab 35X05b
BG 8 4205 b 3.7£05 cd 32xX050b
BG 23 1.0x00 ¢ 20x00 g 1.0x00 ¢
BG 61 42x05 b 3.2x05 de 35*X05 b
BG 74 4705 ab 1000 h 12205 ¢
BG136 1.0£00 ¢ 27109 ef 12+05 ¢
BG171 3505 ¢ 22x05 fg 1705 ¢
BG176 45%x05 ab 42+05 be 3505 b
AG 1 47x05 ab 50%*00 a 35*10b
AG 6 42*05 b 47%05 ab 4705 a
Untreated” 50+00 a 5000 a 50+00 a
Uninoculated 1.0£00 ¢ 1.0x00 h 1.0£00 ¢

“Rate on a scale of 1-5, for which 1=no disease and 5= 100% of the seedlings nonemerged or ecrotic.
Determined 14-21 days after inoculation. Numbers are averages of 3 replications.

“noculated with P. aphanidermatum, P. graminicola and R.solani but not treated with antagonistic
microorganism.

¢Numbers in each column followed by the same letter are not significantly(p=0.05) different according to
the Duncan-Waller Bayesian least significant difference test.

V. 3 2

e EgnadAdwys AMEsdoz wAdlux FFEJ(Zoysis jponica) B
bentgrass (Agrostis palustris)® ZA® ZTZF 2 2] AujA 9 o|HIJTERE EY
AEAELT L BYstd, ol HAT dF AFuAEE EXA & F in vitro
9} in vivool A Z4Zk ZEiatel ¥ LAY S FAEIY FEAINAERNLS FE
L "“ﬂéhla 893 oS5 Zrh

. #ZERATY 2 creeping bentgrass® A ®E FTIXA 2 iy AYuixe o IYZ R
E1 Rhizoctonia spp. 2173, Pythium spp. 305 & #239 . R cerealis 1375 % %

= aYe| A 1173, bentgrassdl Al 2854 44 #8929, R solaniv =5 g%
Oﬂ/ﬂ 673, bent grasselA 2¥¢F 5 8738 £ 3}93‘4 Pythium spp.£ bent grassol
N 3F3E 2Ysdn. 2 7 979 HYXA S bent grasst FIZEIJHAA =
Argt A3} ®E 757} bent grassol tha HEA °l 2 3% S 2Ath R cerealis®



o EFAAE AT A Y AEe] v R AGEAH

147

R. solani®) EHl=7l 53] I3 E3doA BRew, JYrt JFHoE BYHE
bent grassdiA & ddid ez EawlrErt @& AES BRI

2. Ao EGAAE AT e A BEY ET Herrd] thEvidzm 284
o2 HE ©d colonyE BAAZL F dual cultured] 28| &R 2057 isolateE 13k
famAER2 2astgot 20570 #F FdAl A actinomycetes?t 23 isolate, bacteria’} 182
isolated &9, actinomycetes® Z5F tEujdHolA Bz sHArk PDASY TSAOA bent
grassol A E2® R. solanio] WFT TAYAAAAEE dual cultured] <3 A3
bacterias 35%°l4, actinomycetest 60% ©]4 R solania® TAAEE JAA I =
bacteria 45 isolate, actinomycetes 10TFE& 23 HFEZIv|AERE AL R
solanigol Wg AFETIE FF o7 YUou, 1AEEHAl ALEE Feiwy 2
targettol] W& FFIHe Hole dAF HFTE Holx Fodthk Dual culturedl A
actinomycetes®] Z & & 77} bacteriakth ARt o2 & AL BT TSA9 PDA
of W zloj= A 1oy}, actinomycetesE A2l RE #F7} TSAA ZAgFx A5}
=& B%E A '

3. Dual cultureol X ZZuBE 7 FAZTA i FAAZFAEZAE FA
dFME 4 9107 gAAFE R wEt & 48 By HE 36AT ¥
of 3BecmA = AA3te petri dishE $#43] ¥& AE2 AetE Pythium spp.ol thalA
= Agaart @A Jeld o, petri dishollA &3] Agled 6dU-7do] 28 5E R
cerealis®] WM e dutd oz AYFHRI} & AFE B it Qe Faanes
aF37F 2o}z Al e, bacteria FF 7ol T35t

4. AFYmABES] ¥ dA JdAEARE EHAHeE HAY & U WHE multiwell
tissue culture plate® AF8-3te] FY3Hch 2 Wi ols] AguAEe] ¥ 2P A
#e FgnHor FAY £ AN
5. In vitro$t in vivoollA AA % A& HA L multiwell tissue culture plate A
,potd & ZaiE LAJAMEAE xAEl BG 23, BG 74, BG 136 € BG 171 #F
4 ¢FE FYY ESHEAE LRI A3 ¥ 2 JAZHI de TF2 Ads
o}, A3 BG 23, BG 74, BG 136 2 BG 171 ¥3% E£3| P. aphanidermatume| o
3 2zt pot APl ¥ A AAAst 125 1.00, 150 2 15008 ZAIEYLoH, P
graminicola®l tajAE 125 150, 125 % 1252 HAFE HESA &L £z +9
FALS ol =E Yehgio] ¥ A AR o %

¥ on o2
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