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ABSTRACT

This study was conducted to develop an integrated disease management system against large
patch disease. Attempts were made to estimate the effect of calcium hydroxide, silicate fertilizer
and urea on the mycelial growth of Rhizoctonia solani AG2-2 and the development of large patch in
vitro and in vivo, and to establish the most promising combination of fertilizer, fungicide and antag-
onistic microbes.

1. The mycelial growth of Rhizoctonia solani AG2-2 were completely inhibited at 2,000, 1,000 and
3,000ppm concentration by calcium hydroxide, silicate fertilizer and urea, respectively. Inhi-
bition effect of silicate fertilizer was the highest, but that of urea was the lowest compared
with other treatments,

2. Treatment of calcium hydroxide at rate of 100g /m? was the most effective, and control ef-
fect appeared from 30 days after treatment in spring, which was better in autumn than in
spring. Silicate fertilizer treated at rate of 100g /m?, 200g /m? in spring and 50g /m? in
autumn were very effective. Urea at rate of 30g /m? was more effective than 60g /m? and
120g /m?,

3. The efficacies of mepronil and toclofos-methyl, applied twice in spring and once in autumn,
were 83.8% in spring, which persisted to 70% in autumn compared with untreated plot.

4. The efficacies of Trichoderma harzianum were the highest by 55% in spring, but those of Bacil-
lus amyloliquefaciens BL-3 and Peudomonas putida were the highest by 80% in autumn among
other antagonists tested, when two organisms were applied twice in spring and once in
autumn,
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5. The most promising co-treatment against large patch was toclofos-methyl with Bacillus
amyloliquefaciens BL-3 and calcium hydroxide at rate of 300g /m?, silicate fertilizer 100g /m?
and urea 80g /m? This combination treatment was more effective against autumn
epidermics than spring epidermics and resulted in the efficacies of 93.1% suppression over
the untreated plot as of October 21th.

Key words: Large patch, Bacillus amyloliquefaciens BL-3, Trichoderma harzianum, Calcium hy-

droxide, Silicate fertilizer, Urea, Mepronil, Toclofos-methyl, Integrated disease
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HARHE L felvel ST oM B E el 713 2 HslE 2dste EGAAGA
HEW dFoltt. HZoe AFHQ HAYF0]E Hol1 glon ok o8 wAst 27 o
FolA I o}, Ao B3 RHQ AxAnrt 2R 7] WE ] A=A WA I} o)
FolAA a1 Ae AA oIk, w3 W AT Rhizoctonia solani AG2-2E EF Foll A2 810 7]
A g0l glolx #AHo g F437] fEo] FHF WA AP, HE AELSEE HYR
227t AR FriEy Harl sMEEe] FxaLs s AlFln o A $(1994,
1995a, 1995b)& £ Wl B <l @ A& W om, WA oA @ An)PEe sy 1,
FEEEH A g 5 PALAE AT £ e 7H5AS 33 b Q) ojgld dpAnE
< EXE 3358, F2A 9 AP0 PSS o] 8T AEH LAY S 2PHo g o83 I A
€ ABE AAEta, 2 Ao £ 4F £ S S Adstaa) S

Mz A Wy

1 d@gd U HE/ A=

A3V EE BN FHNS FAESIAX EPFDL Trichoderma harzianum,
Pseudomonas putida CHA94, Bacillus amyloliquefaciens BL-3& Al 85191 B F & r]te]
2o H Hdto g Be Bal 3 Rhizoctonia solani AG2-28 ALt YT HEY A2
sand-oatmeal ¥ F7](MztE et 109 = 380g, Oatmeal 20g, Z=F 4 76ml) S 1207 o A
302 19 A2 A4 23] A3}, potato sucrose agarol A 57 vk #E S =g
Hotg Zabr 5784 o] sted 25T ol A 21Uzt Wi GFE E o] HESAT. 7w 57 A
(A7 3cm, o] 2cm)oll HEYS At datdo) 42 Y AZE 9o Buo] 2ago
o m*F 300g9] HI&E SR A sl ow (100%cfu /g soil), AT HEA 2=
King B, =& Luria®}#] v 7] wj F3le] #5225t vh(10%fu /g soil).

2. Rhizoctonia solani AG2-22| FAM YA O[XE AAM 8|, FAFH|2 3 2240] Ha=A}

AWA AN 2438, FarauE, 249 Fxd e S HHYF FAES] o X =
BIFE 2] st &3, FarAv g, 828 Zhzh 500, 1,000, 2,000, 3,000ppme] EE 2
37}8 potato dextros agarol] ztzt FAIFE o[l sted 28 Coll Al 3URE HRFE F FE o Hlx
& A8

3. TXAIH
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ZRANFEL A IFA i FA 24 FAREE AN E AP FFNA AAEE AET
HAe gAYl My 3wEor sFon His FFHQ Aoz £43 @8Te
100g /m?, 300g /m?, 500g /m?, T#itEA¥E ©&7E 50gm?, 100g /m?, 200g /m?, &4 &
T 30g /m?, 60g /m?, 120g /m?E z+zt =23t} &3 whAl g o2 mepronil (5004, 12
/m?), toclofos-methyl(5008), 12 /m*)& dslden, AEH}H WAHe=z ZIgd
Pseudomonas putida, Bacillus amyloliquefaciens, Trichoderma harzianum< ZYZ} el stdch. &
A A A2 2433 300g /m?, A 100g /m?, 8.4 80g /m*E VB L2 A dtn
FAE Foy 287E 2 Aelsideh A wA Au xS aostd e goh

@ 4413](300g /m?), 7F4H&(100g /m?), 84:(80g /m?)

®@ AA43(300g /m?), 72+ (100g /m?), 24(80g /m?) + Mepronil + Pseudomonas sp.

® £23)(300g /m?), 742 (100g /m?), 84 (80g /m?) + Mepronil + Trichoderma sp.

@ 2413 (300g /m?), #AHA(100g /m?), £4(80g /m?) + Mepronil + Bacillus sp.

® 2213 (300g /m?), F2+8(100g /m?), £.2(80g /m?) + Toclofos-methyl + Pseudomonas

sp.

® £43(300g /m?), 22 (100g /m?), 84(80g /m?) + Toclofos-methyl + Trichoderma

sp.

@ 243)(300g /m?), #2+A(100g /m?), £4(80g /m?) + Toclofos-methyl + Bacillus sp.

AJH A7) 1996 5911, 1996 9€ 179 23] A3 st en, Fobx 8]+ 1996 59 11,
59 214, 99 179 33, 287 M3+ 19963 5€ 13¢, 59 239, 9¥ 25¢ 33 A stAoh
N gE 242 e 7o AHEE ZA e 238 B

4 o

1. 24 %{(Ca(OH),)2| H&

w7 el A SR FH HAFe] FARO v X £248(Ca(OH),) 9] &S =4S 2
3}, A3 B2} BolAFE FA K] dAIH RN 53] 1,000ppmo]F] TR E W
A7 FARSE ZatA dAsATHFig. 1). oldl i grle] dx& &7 pH 4.59 H3t4
pH 9~102 #H9IAh w71zt & <o pH 65 AEE ZAFHUCT ERGeANA £4 3
100g /m?, 300g /m?, 500g /m*& &, 7} 23] X2l 3t et F de] v X & FFS A
A, 100g /m>g # 2] F Fol A Al a3t 7 $£3kow 549 2wl M F 649 3ol
ol ZFH7E Yehd7) A Fste] 9 o] 39 7H2E Al B & WA ERE YRS
(Fig. 2).

ol st AFZ Hol 243 A F F IME~471E Fx= 9] 7|7te] AHshor 77t YERY
RS ¢ F Uk o8 T AL 243 A7 AHH oz AT ASS AR v
£ Caoleg 4 Eo] o] &3l Arje] Hajo dg APl okl HEL Aoz FHHAT
aglox 243 xaol st EYe pH X AL F om, A7) HHE £Fsto
g2 AT AL B ol EY F FEUAE(FE ATH) Y FAE FANA ES
Zo] $AFo M HYF ] BSL AAAHE Ao Aot wEtA oz Ag ol
Hgohd 259 Ae)H 2712 (849 st&)ol Zz 243 100g /m*E A ste Rl 7

& ez Hago)
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Fig. 1. Response of mycelial growth of large patch pathogen to calcium hydroxide, silicate fertilizer
and urea concentration 4 days after incubation at 28°C i vitro.
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Fig. 2. Effect of calcium hydroxide on the large patch by Rhizoctonia solani AG2-2 in field experiment
in May to October, 1996.
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1,000ppm ©]42] Ex ol e FAMES o] #atA Ao Aol M3 BrlFstdn AN
o F4 43 FANS JAEAE 29chFig. 1). TR 742 ¥ 50g /m?,
100g /m?, 200g /m*E B, 718 23] A2 sl A3 Lol vX = TS A 27, &
Holl & 100g /m?, 200g /m? X3 77} A9} hon Mg Hd e 23]9 50g /m? A+ &
7} o FAHFig. 3). FAAVEE §FY o 40% F =7 dZeel7] Qo Y EFS
NFEHR7 -8 Bt ope} Av) e FAS AZTIAHE FXAIA SAHHA S Y= &
d F AL Ao s A7

3. 229 FE

g7 gl A et A A BAdde FA AR vlAE 849 9FE 2AE A, 849 B
=7} oA FE A o] 3t AAH AL 3,000ppmol M= FAF Ko FF o] Foix]A|
ZtHFig. ). 2439 g nde W A axE deph Aok (Fig. 1). 2339
A 8o Algo] BAHH B mXE FFE AR A3, 30g/m? A2 77} 60g /m?,
120g /m? A& 7ol wate] ¥ LA 78 Yehl AtH(Fig. 4).

4 AZA o ool 28t afx|nfH Ux| &

AFAE B 23, 71LE 13 A HAaRE FA2 e vnse FAG T oA
(mepronil, toclofos-methyl) 2.5 E3Hd| H i1 83.8% 2 WA 718 Biow 7S FF3]
WA A3} {25 o] 70% 2] ¥ A 7HE ER ATHFig. 5)

A87S 23 23], 7143 13 Meste S FH FAAZRE ZAE A, 2 e TAE
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Fig. 3. Effect of silicate fertilizer on the development of large patch by Rhizoctonia solani AG2-2 in field
experiment in May to October, 1997,
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Fig. 4. Effect of urea on the development of large patch by Rhizoctonia solani AG2-2 in field experiment
in May to October, 1997.
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Fig. 5. Effect of fungicides on the development of large patch by Rhizoctonia solani AG2-2 in field ex-
periment in May to October, 1997.

30 FF Trichoderma harzianumo)l 7}F E37) 531900 1 tb20 2 Pseudomonas putida,
Bacillus amyloliquefaciens 2.2 JElGT). 712l AdF 25 v$8 44 572 Jeh)
At T2 el ek v ste] B Aol Trichoderma harzianum©) 55% 2 714 =& WA & B2 e}
WAL 7V& Aol = Bacillus amyloliquefaciens®}t Pseudomonas putida?} 80% 2] 94718 Rt}
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Fig. 6. Effect of antagonistic microbes on development of large patch by Rhizoctonia solani AG2-2 in
field experiment in May to October, 1997.

(Fig. 6).

ARl e HAERE vind) 2 AFA Y Fedle HAEA} vl § SEAHIN
on Hu FAAYAHAE HFHez FAHJCH, AT F¥Ae B 23 A Fo|
= B3t @A Jebgov Ajte] e A H HAARE YEhi L USE & 7
tH(Fig. 5, 6).

5. 4l2, MEH, AYOIWE FEHA0) s AR/ YHEY

B Ao e AEA A (424 3] 300g /m?, 7FAHE 100g /m?, 84 80g /m?), §18HA
HhA| - (mepronil -2 toclofos-methyl), ¥ WE A WA = Pseudomonas sp., Trichoderma
sp. &2 Bacillus sp.) & THH L2 Xt A EZAE S & F e MRS ZAS
A3 AAM 3 300g /m?, 7238 100g /m?, 8.4 80g /m? + toclofos-methyl + Bacillus sp.
277t 71 A ZE 7 F3o) E2 248 300g /m?, 4 100g /m?, 84 80g /m? +
toclofos-methyl 3} Trichoderma harzianumX8]7} EFH oY1 I & 243 300g /m?, 7+
A4 100g /m?, 84 80g/m? + mepronil# Trichodermaxjg] o] &7} 1A= AH Table
1.

A g Ay zgtel a9 vjudt Fy, B3 @y r)d e Toclofos-methyl® Pseudom-
onas putidaxe) 7} 7} 53tA L mepronil & Pseudomonas B toclofos-methyl @ Bacillus>]
g7t Loz ¢4 AES BErh 23 W rlde g3} o "olA | toclofosmethyl 7
Bacillus A7t 7+2E EH e 74 8 BAAHE U, I 952 toclofos-
methyl®} Trichoderma X8 FAcl &, 71&o AA F&£F HYgadrt dF=EE AL toc-
lofos-methyl®} BacillusA 2]+ .2, vlx= ZAAZ] (109 21d)ol FX=l9 v wste
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Table 1. Effect of co-treatment of antagonist with fungicides and fertilizers on the development of
large patch by Rhizoctonia solani AG2-2 in field experiment in May to October, 1997

Diameter of patch(cm)
5/17 6/18 6/29 9/9 9/18 9/30 10/10 10/21
Fertilizers only* 158 26.1 445 104 10.9 9.1 8.3 7.9

Treatments

Fertilizer +mepronil4+antagonists

Pseudomonas putida CH A94 101 179 253 175 265 142 124 82
Trichodeyma harzianum 223 342 373 9.6 7.1 5.9 8.1 2.0
Bacillus amyloliquefaciens BL-3 151 241 289 7.9 16.2 1.8 5.7 4.6

Fertilizer +Toclofos-methyl+antagonists

Pseudomonas putida CH A94 6.5 131 192 158 243 167 9.2 4.5
Trichoderma harzianum 187 274 46.6 6.2 5.5 2.7 2.4 1.3
Bacillus amyloliquefaciens BL-3 11.7 231 191 2.9 0.5 0.7 0.5 0.6
Control(Untreated) 1756 219 374 86 161 134 85 8.7

* Calcium hydroxide 300g /m? + Silicate fertilizer 100g /m? + Urea 80g /m?

Hlamste] 63,1%¢) WAl 7HE Mol A4 & EH 02 Lehykeh(Table 1),

'S

|

Aegel HERHAA ATE e EFAGHAYL DH2 ool Ak Tl A

H =
X Rhizoctonia®l WS ZABAFOE Trichoderma, Gliocladium™ Z &M T O 2 Pseudomonas

asu, olEe FE YW FHES AR ool on Ao MBS wA| A7
= "¢ P& Adeeltt. Burpeest Goulty(1984)2 HIW A Rhizoctonia Al g o] &3
Brown patch®¥ 2A& JAlst= Q78 YL, £3 Burpee group{Burpee e al., 1987;
Mawton et al., 1990)2 Typhula phacorrhiza® F5 22 A)# creeping bentgrass® ZA ¥
FZdol Z+2} 100g /m?, 200g /m?*E A2 3k Typhula incarnata®t Typhula ishikariensiso)
o5 Bo| Bl EE MU%, 70% WAt A% 28 M A, A3 1671 7R
BlolEetEetol EE WAl a9t A&E AT, £ v E A 284 Rhizoctonia®] M2 B
SEAHe] BEE 70%7HA AAARAT. IR NHANA B3 Enterobacter cloacae=
Pythium aphanidermatumol] °|& m Al g-Eelo|EM S 100% A3 &7} 9on weleby
I £ a3E PN AT, Fusarium heterosporum-& Wi EA | Edstey 228 27 gapx
& W0%LAT 5 UNSE Bsyrt,

Hj 7] A FAME S A aE BE FAHRHE(SI0,) o FAMES oA &yl Holutn
£245(Ca(OH).) 9 &3= AARFHY, a2 o WolA 3,000ppmeyEd A A = Ak,
s Ay dEse g8 23S JAstE 58S 24(30g /m?) 7t M S5Etgon,
243 (100g /m?) = 69 sholl v 24 ofzhe] 37} A S, 7L w v} 7 EI} o
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ojytth TFAMAH|EE E Aot 100g/m2o] 2M 39 & Al7jd aFFHeln FHEEAE
50g /m27t EapAolieh. weld 2438 pH 2P Aot BHAQL G Aol 711
7 B ohE o2 2 HHQ Caolo] 7139 BAEY EHY 7ol Eohal B, old tid 4
F% gtoz Futglojol & Aojth Q40 I A AN BTl e HHFH AAETRE
Aol AAYSE 2AS7] qEoz Badn, FaAAbs adga] e P sH A
Aol AMAES FA0 Udehlle Roz Byt uely F59 FAAdTE 243
100g /m?, 744 50g /m? ¥ 84 50~100g /m2EEd A FasEo] 2 Anel vludts Ax
dasteety £,

Bloom® Couch(1960)% RAA ¥ o] &4 E seaside bentgrass®] Rhizoctonia brown
patchut & zAscia stdom Ax, A4 718, pH € F8 FolA Aagge] e
748 2 A% nxe gelolatx sk B AFolA Ak 30g/m? M)Al LA AR}
74 = UEhd Re HA AAAurL Aol Hajol dE dE5HE ST HELR
B T 60g /m?, 120g /m2s} o] #rid ALA) & o E WEE 2HANLE & F Ut
whalA] w7 el Tr}alx] 9 F A2 (50g /m?) Q] AaAlHlE Hoie] Haje i EEH S
Z7INA L E2Y 7 UAE Ao ddEn

Zamir(1989) 5o <3t Ca(NO;),Z 26~336kg /ha H X3RS, 17~77%9] dH AR %
7} AAEYon e Rz A NA Ca(NOy) & A7} gict &3th CaSO A& 4%
Z3 gy A co] wets tekstA vebgens NHHCO:¢ CaSOE Z%3te 215kg /ha 24X
HAS o 67%2) WA E2r AR = QT st F=Z Y 1Al CaNOsE 26kg /ha A 3t
@} 23 (Dollar spot) € 17% WAIsHE EHE B %O, Sclerotium. volfsii®] T &otel = Ca
v EA40] gle Aoz WAt

B A7 e AFH, 359 2 A2F SASGe T 4F HeaHs S g F
Qe Ao zFzre] Ane RadAch. B38| Trichodermat mepronil 2 toclofos-methyl9] =
g7 7tsAL BYT, Pseudomonass 2R, Bacilluss A&7 A3}E LR & AE A
2l 23e A A BT}, Pseudomonas B 77k 7+ i vlel] A st Bl A 1L Bacillus A€ &3}
7} BolAle Re BUE B Yl Fol) 53] FE QoA Bk Pseudomonase TEO| F
23 2yt e 21kl A Z4lo §8)5E A, Bacilluse WA EAS JASHFME FAFH 0
HoluA 71g el Az 2ASME F A& 5 Jde EAL 7MY Weo g fddd. & 2
7 EE Aduby A A A& A SRS Fate] HFHA A AN S FT
o M) LA EHe] B3 AV HuEd B Je A9 228 4 oty udd
=3

H 2

2 Ao BASE AN BAWE Adstag 2N, FadNE R 829 F

g9 AW 2 TAIA FESDL, ot AFH, stad, 48Y $AATE ¢ A% Be
2.

L W Aol B AT FAEY A EHE vlm@ F3t, 24 3(Ca(OH),) E 2,000ppm,

F4H2 4] 2(Si0,) & 1,000ppm, £ 3,000ppmol oA FAF A S AR

W, FaNEE 2489 asd Hate] 7Hg 29 AAMEANE Yehlon aaE /13
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1.

. ATFE, D Eat. 1995b, =G Ar)o)] WS DO = Rhizoctoniad 3

B2 2] 31 8] 7 A1lAAIZ

e A aHRE e A

L EFANFAN 243 100g /m*E Mg FoA A FAZATL HF Fhon, M2 30YF R

B 237 vEelhr] Al &ste 9gol 39 42E whAldl B2 & WAl 98 Jeh
A vl g B3 s 100g /m?, 200g /m? AHE 7t A 5%on st HE 23
¥ 50g /m? Mgl axrt o U 24 30g /m? A& T} 60g /m?, 120g /m?
gl ol Hlate] & WA Z3E Vel

. Mepronil# toclofos-methyl& 23 23], 7}-&3 13] 2dsl9S o} $AEHE= Exa ¢

o wjaste] F ofA] mF wHo| I 83.8%2 WAHIE BYoH, S HE EE)
A&7 FASH o] 70%2] BA7E Jehl ATt

- AYTE BE 238, 712E 18 MYades o YAaTdEs T e} vaste BH)

Trichoderma harzianum®] 55% 2 7} £ WA &2%E JelHAUD 7}SHolE Bacillus
amyloliguefaciens®} Pseudomonas putida”} 80%2) A 718 R AT}

AR MY 2L FEREYA MRS 243 300g /m?, FAHE 100g /m2, 84

80g /m? + toclofos-methyl + Bacillus sp. A& At} 23 247wt} 7183 vl 7)o
HAEH7Y A Vel e sy vhxlut AR 71 (1049 219) 9 e o} vl aste 93,1%9)
WA 7HE Ve o)

ABEH

AtE, HFY, 335t 1994, Occurrence of Rhizoctonia blight of zoysiagrass in golf
courses in Korea. 3t 81 21 3}H3] 2] 10(1) : 54-60.

=

AT, 19952, 2= o) W& A0 TN = Rhizoctonia®] 7 LA EN 2 oAl wA}EHY

=5 AN . 107 pp.

N

B4,

&

=7

e

T3} 3) %] 9(3):235~252.
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