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Biological Control of Cucumber Powdery Mildew Using A Hyperparasite,
Ampelomyces quisqualis 94013
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An isolate of Ampelomyces quisqualis 94013(AQ94013) was selected as an effective parasite for biological con-
trol of cucumber powdery mildew. In the greenhouse, occurrence of cucumber powdery mildew was signifi-
cantly suppressed for nine days by pre-treatment with 5.0x10%m/ and 5.0x10/m/ of conidial suspension of
AQ94013. The disease was effectively controlled within three to seven days by post-treatment with the
5.0x10%mi-conidial suspension of AQ94013. When AQ94013 was treated at concentration of 5x 10%/m/ three
times at seven-day interval in the vinylhouse, the control effect was higher than that treated twice at ten-day
interval and that treated with fenarimol twice. As the results, Ampelomyces quisqualis 94013 could be a pro-
spective biofungicide for biological control of powdery mildew of cucumber.
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81 7} 3Y I (Sphaerotheca fuscay= 2232 T 7] AZAANZ AZE A/EYFS o]F W¥eke ufg- w
Aele 402 F712 TeiA AEAUe] YRS ol 2 52 FA4ste] AEAd FaE YA HEndo, 1989)
ato] sl theksk AEAl 7|k, Q012 wEd  AVFEWE FA AEAE HiL Jor §UIERY 9
il A, 49, WS, FH, A, 2222 5 7P 7 ARG GHsto] /AR AEY] FIEH} TF5S A
ZW 97l ¥ By opal wajo] Alzts Hr 1 g ato] Fahatga SabEES A TH(Wright 5,

E I ATH@HAERE T, 2004). 20)0] WA= 1990). Lo] BrEEH tiF dAsis 7T At AR
AW 4 Fuo e AZolg WMAF 53 2 o W BRG] 20%d W AAAH Sdo] BT
& xS R Y ANRHI(S fusca)>EHE BIE O (Verhaar 5, 1993), HE T M= A7
BT A7} ol v o] Al e QoA EA e Wit WA Go] 50%Y W QolFFel 35% HAH
o AVIEHS o= Aoz delA Urh(Endo, 1989). UL siTH(Belanger 5, 1998). 3t 35l F7 7t
7o SANYERGEAN D) BAAAREAE  F Huk BEE0] 1%Y Hole thEF 0.02%8] sl
AL dod Hz ARt destel ZEol d ZAadthE Byt thBelanger 5, 1998). o8 =2
Z A= e AdedMes &8 A ZEAL Ao 4 371y WAE EA A ESFEE, FEAHEE, 95,
A S 2 S Q) BT AEA Y BAEW W dojRith, A, edi} A, wilt pruftt vapor guard
ol7} AZtEo] 59U Wx] 6QolH § Athrt SdETE B 9f 2 THAA 5o ARgo] HZ Al=HIL oy
(Belanger 5, 1998; Meanies %, 1991; Pasini 5, 1997),
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3ol weh B7EE el Wiek oA o] FitE ol 2}l Wbyl ol AEAE 25 F7|7HA AulEts

£ 5 a7t At L(Asari 5 1994; Erickson 5, 1997; T Q.0] AA] dd A7EHAS F457] Yl 2

HIEERZ 5, 1994, 1995), TS A MG GO o] fEE ZEJ oA o 2EA Fwol wjx] st

2 53] AMANAE o]8-sle AMAEY glojA FAE Q0] AVEWAE ALFor AN Qo] HVE

o] ZHF-gofel og H7F AR A BAR op7HIE 3 Wag ARE] 2] oz Wl AE 2o] g

of. mebA A7EEY EAle] EHoln] By} ohAEt A% R EAE doluli AlRe] FA4dE Al

S 5 U A sHE ALLE s BAVIE A A 2AE ARESTh

o] HasA =t A U FEIAF AQ940132] EAH e A
ool A= HA7FRE e AESHA WS Y &9 FH. A7 10cm ZE HEIAYES Hobx &

a}7] flste] 3559 FFo] FAX AZFEE e HH 7
A8l Ampelomyces quisqualis(Hijwegen 5, 1984; Holstein,
1996; Kiss 5, 1993, 2004; Shin 5, 19942} Verticillium
lecanii (Zimm.) Viegas(Belanger 5, 1998), I EA S A
*d8k+= Tilletiopsis minor Nyland, Tilletiopsis albescens
Gokhale, Sporothrix  flocclosa®t  Sporothrix  rugulosa
(Belanger &, 1998) 5ol &7F¢H whAo w9~ q242<l
o2 HI%o] ghriBelorger 5, 1994; Hijwegen %5,
1992ab; Klecan 5, 1990; Urquhart 5, 1994). < 317}
e HIRS AdFdoEE hwd T WA go=
AgraQuestl|*] W3t Bacillus subtilis QST 713 (Rhapsody®,
Serenade®), 779, =g L ol WA AR Bacillus
pumilus QST 2808(Sonata®)e] 7| & o] ALg-= 2 Qv
(Copping, 2004).
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Augcty] Qolg Ee ¥ 24 2 9§71 o
@S BF HAFsd. $E714879] Y2 PDB(potato
dextrose broth) ¥ <7} 200 m EFH 500 m/ AF2HE2}
279 AQ94013 FFF HET AL 24°C H| F7] oA
150 pm o2 1547k AR vkttt A7HEEaE AE
59 % 0] AQ94013ul%ko] 73 2o ExlHEN X
Aol Fol b wjed ol EX R LRSI 9 XE
A B Aeqth HyE FEE AEASHRE 25°C,
HFe 1227 F7NReA 87 wget v EVRH
o] ¥ HHE&S AR

ZEI)AHE AQ94013x]E] ) &% 2o /L2 o}

ZFEETT 30~50%] frEl2AA 2o) A 2 £
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A ENS 5.0X10°/ml, 5.0X 10%ml, 5.0X 107/mi<]
2 Azste] R st Mg FERH 997t
MEaS o2 FE5e & 20 9 A AAW
5, 199522 24°C 7| oNA 787 g & 3
2] Frpey Wl WA LS AL

AQ940133 Elef] 2j3t Qo) IV XE EF )
HFE7F 30~50%8] FEl Ao Q0] A 2 BEFo) Fr}
FHES ST g, 2e]ge o83k sk AQ94013
#7F9 TAHEGN (50X 10%m! BE), FA8, A7}
e E-57(4,0008)) X EE 9XEHN R o] Y
stk AE $ 39EEH 797K 7R 21H A
2 Wuhagg g 2ALEA Y.
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A5 AN 43R 39S 7+ 44 9eme] &
el 2z 4 Yz, 25°C Gl A
1427y F712 8jFAA M2 129 $9F uiy
19 H4=A9 Jedsts T 4es &
Fatodch

Z|EAFAQL0)7} Autsl FEI|AF AQI4013 FHF
o} 3719w WA &I} vl AQ94013759} EcogenAl
oA 1996l FESIeE AQIOAFS o83t 20] 3
7H A E s vt 4] e (5.0X
10°m/ §%)°] mineral oil& 0.05% 715t} A A g
< FHlsHA T 240l A 7o) 10% A= sy
RE 129712 20]do AQU40137EF9 AQL0 A2
FIAHGN G VF AET U, 10¢ Fol S
WYk WA S-S AT

" 3§20 4] AQ940132) ¥21 Fetey A e
20] 372 WA 53, A& vdesa
Fgo 2wy eolE st Ege] 150 A
H A2AE tdoE AJE-S 7SI AQY40139] L
A+ FEAL 50X 10%ml, 5.0X10%ml, 5.0X107/mie] =
2 ZAIstY 0] Yol HA e wWEk dFgo] 10% A
= IHEAS w Qo] Yo o} B
Aok FAEEY AX T gUdA o VMY
< AP dvEe] dHE A EA ) x
& AEAE FEte] AlET wWiAs ¢y 39kE
T 2054 7+ At

Hd3}9-20 4 AQ940132] XE] 2HE 1 35w ¢
o] 7Y WAl &}, AQ94013(5.0X10%m! H5)¢]
FAEEN S Qo] FypEy WA x| 7Y 7H4 33,
108 74 23|12 Rt Xstal, fzofA Y2
€ AU ERA 40000088 109 7H4 232 78t
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A U SEVIAFE AQ940132] EA R e 2z
2123 A", SEVAF AQ940139) A} HEhel A2t
A3, IAFEY Ao s Qo] A7HEY Wyt HA
0] 13.3%, FAEENT} mineral oilS EF A3k
M 33%, W A2 FolME 73.6%019L, B A
TN E 783%= A7) WAz x}ol7} st
(Table 1). ZAEEA ] mineral oilS H713ke] X2k

Table 1. Suppressive effect of spore suspension, culture filtrate
and mixed solution of AQ94013 on the development of the
disease after occurrence of cucumber powdery mildew

Treatment % lesion area®
Spore suspension (5.0x10%m/) 133 a%
Spore suspension+mineral oil 33a
Culture filtrate 73.6¢cd
Culture filtrate+mineral oil 51.7b
Spore suspension+culture filtrate 14.1a
Spore suspension+culture filtrate+mineral oil 30a
Mineral oil 65.0c¢
Water 78.3d

“Measurement was made eight days after treatment. ™In a column,
means followed by a common letter are not significantly different at
the 1% level by DMRT.

< wizb SR Wak WA go] b Wted ole
mineral oilo] Q2.0]¢ T
357 HAA ste] HAvpFHe B
ZH 3tk AQ94013S PDBHIA| oA 102 7% vl g3k of o
& Agst FlME FAES Zfolzt gldddh

A. quisqualis®) 3 dFAA Ampelomycin®| 2= Hi
& B3ty A7EEES JAStATA Bst =
(Puzanova, 1988; Yakushkina, 1994), B o}& A+A=
o o8l A. quisqualises 45 YA e AoZ W
& A tHEmmons, 1930; Buether %, 1983; Philipp =,
1979; Sundheim %, 1982). ¥ AHAMEZ 4. quisqualis]
Hjofal S xelgt Aol A HA7FEH ol ik A E
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Fig. 1. Symptom of powdery mildew fungi infected with AQ94013. A, original symptom of powdery mildew caused by S. fissca on a
cucumber leaf; B. colonies of S. fisca infected with AQ94013 on a cucumber leaf surface.
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1 2 3 4
Days after treatment with AQ94013

5 B 7 8 9

Fig. 2. Preventive control effect of AQ94013 against powdery mildew on cucumber leaves in the greenhouse. “Spore suspension of
AQ94013 was treated onto cucumber leaves everyday to nine days before inoculation with Sphaerotheca fusca. "Measurement was made

seven days after inoculation with S. fusca.

AA = THFig. 2). e 5.0X10°%ml HE]T-olM = 3
AR = A7HEE el o] wi-e- A E Qo 59 o
TR 2 A&t FAEUJTE o= AQ94013 A
=7t AvkEy ool 3t Qe Aol ENEHUN, =
g AQY4013 EAHE N 9] FLTt ST E
A AAERE =2 A 81T F It F
oAuhg eiM e FE/AFe] XA45E T o) 50X
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AtEE AT
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Fig. 3. Control effect of AQ94013, fenarimol EC and wate:
against cucumber powdery mildew in vinylhouse.

AQYO13FFE AE|E o] I |FAe Fadzd
"7 (TEM) 32, Qo] 3ypgo] AIgh Ao AQ94013
S AT A AP & Yo AEA Wi E R
AW Z(TEM)S. 2 #2e 23, AQ940139] xA+d
gl g Helgh 9] AEA= AAAR] 2ol J=EA
9} viwsled A IH(ICW), GEAT(CE), grana lamella(GR)
2 osmiophile granule(OG) &< FE7} H Zpol7l U
A7H(Fig. 4A,B) AQ 940132 X Js}A] 22 ¢le] A%
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Fig. 4. Morphology of chloroplast in the cucumber leaf infected by powdery mildew fungi observed by a transmission electron micro-
scope (CE; chloroplast envelope, CW; cell wall, GR; grana lamella, OG; osmiophile granule, SG; starch grain). A, normal leaf; B, leaf
treated with spore suspension of A. quisqualis 94013; C, infected leaf by powdery mildew fungi.

HCW)lA 88 953 898 2Y9o= Hyy
o™, grana lamella®] 7327} 3o &4 U3,
osmiophile granule(OG)9} -2+ (starch grainy 444
A FEANN e A G vdEiA sl gEHE W
FHATHFig. 4C). o]8igh 2 AQI40I3HEFE 2.9
Sl A2k AQY4013 w57t A7HFH et 7] sl
7RSS Fo AR o] 20] Yol ¢S
AR Z3l A GEALTL GAEHE AR ¥
Laezpel=y

71EAFAQINF Atd FEIAF AQ4013 5
2] A7} WA wiE. AQ940133} AQLoSl ZA
£ 77t 5.0X109mi0) w52 A ste] 1043 vt
A3, 5 AT BF AU EfA Roe @A o
A PTH(Table 2). AQ94013 A& F=o s 7139
wek WA go] 2.5%, AVHERAE A tollr=
04%= el E fA A WA EH37F o #=%e
W FAA] 93 AR HA AT AQ10 M=
go] 32 59%% =A UERt AQ94013 A 2|2
Hlsiste] FAX o2 Foa7t A HA o™ AQ94013
A+ Aotk a7t w2 o2 FRIHEATH AQY4013
o] WHAI7FE AQIORYF 9.6% AL Eol &7t $-dke,
AR AL nAETGOEA A8TEAS B T
At
Table 2. Comparison of control effect of AQ94013, AQ10 and

Fenarimo! EC against cucumber powdery mildew in the green-
house

Treatment % lesion area® % control effect
AQ94013 (5x10%m/) 2.5a 929
AQI0R (5x10%m/) 59b 83.3
Fenarimol EC (x4,000) 04a 989
Control 353¢ -

“Measurement was made ten days after treatment. YIn a column,
means followed by a common letter are not significantly different at
the 5% level by DMRT.

81489204 AQ94013 EAAEY A 5 £
o] As}2Y WA EY. TN FEE 50X10%m/
2 s 79 IA7EE HHEY 8L 3.0%, 5.0X109
ml HE TN E 1.0%, 5.0X107/ml AT 03%=
T 25.1% i8] Es WA E37F UK Table 3).
AN Frd BA a2 R/ 2275 A
TA7} 2o, AQ940132] Helwwete] FAA
Ao oy apgols, 2HAAR I 24 =
233t 78T W AQI4013:F2] A&7 EAHE
A ET= 5.0X100me] A AR AZHHAT

o,
(T
T

Table 3. Effect of AQ94013 concentrations against cucumber
powdery mildew in the vinylhouse

Concentration % lesion area® % control effect
(spore/m/)
5.0x10%m/ 304" 88.0
5.0x10%m/ 10a 96.0
5.0x10"/ml 03a 93.8
Control 25.1b -

“Measurement was made eight days after treatment. “In a column,
means followed by a common letter are not significantly different at
the 5% level by DMRT.

Hd et 2o 4 715y HAlE $138 AQ940139] A
2 74 9 5 Qo] 3R WAET. AQ94013
4FE 79 7H40 R 38 AT e FolA T WRE A&l
0.2%, 104 7+A°e 2 23 A)e FofAE 0.8%= It

E4A2 A3 79 0.5% sty fod e
zFo] 7} ¢l tH(Table 4). Endo(1989)9 <]3tH 2ol 871+

o

WE 25°Cell A otste] B271E FAT v, §7)
E ol HEAdA FERE Frdha, AR 34
sto] Az 2 A4S FAste BE sd-6d A= 7]

Zbo] o9y St A FEIA T AQI4013¢
F7} 25°ColA] 3o BvFER o] 7St B A
7+e- gAdsted el AEALE GEHATH! T, 2001)
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Table 4. Suppressive effect of AQ94013 on cucumber powdery
mildew when it was treated at different application intervals and
times in the vinylhouse

Treatment Day interval  Treated times % lesion area”
AQ 94013 7 3 022"
(5x10°m)) 10 2 08a
Fenarimol EC »
(x4,000) 10 2 05a
Control - ) - 2020

“Measurement was made seven days after final treatment. ¥In a col-
umn, means followed by a common letter are not significantly differ-
ent at the 1% level by DMRT.

FE e o Qo] HrIREe] WA AQ94013E
7%1 Aoz 33 Agste Zun 104 AL 23] A
g3l o] BHo} AAH R AT

oA A, quiqualiss ©)E3F Q0] JAIEH AEF
FA| ol A Jarvis®} Slingsby(1977)y> 2ol X A. quiqualis
AN g 43] A3, S 83 Hste] At
W S 5700 RSP e, =L oF 60% HAx
FHUYEZ BIEHT. Sundheim S(1982) 4
quiqualis®] EAEEA I} 1/3 triforineE A 2] st 2.0]
F7Fo] 50% F7FEATEIL SR, Sztejnberg 5(1989)&
o|zgtd A Qo] ATIFHE AFS] FRAAXN FF
o] °F 50% Z7FHATHY B 393, Elad 5(1998)S
A. quiqualis AQI0AF A Aol Qo] A7FFH ol wj
5 EFHelgal Bastnt.

o]Fe] AQU4013HFF ol-&3t] FE 24 Hdsy-
2 oA Qo] AVMEH tigk AEH WA I A

OlN i 1o, o”:

AQ94013T7F+= 3ehset HuUdE FAE gAY TEF
72 gt 2 M8 a7 W St njAE

Foro 2 Juet Barl oz BEE

)

Ampelomyces quisqualis 94013(AQ94013)¢] L.°0] &7}
o] AEH YAE 98l E34FQ) 7AFoE A
ﬂi’iv}. 2494 AQ940139] EAAE NS 5.0X10%ml
EE 50X107/miE dEes A Axste] 947 @
o] Byt WAS FFs] GAAFT Q0] HIEH
o] WAYZ Fof] AQ940132] EAHEN(5.0X 10%ml)S A
23S ol % 3Uolr 79l AR S aFHo
2 AAAH
Qo)Au) BY a0l AQ940132] EAE B (5X
106/ml)2 794 7H4 33] A2E AQ940138] FEAIEEN 9
0d 7H4 23] xeje} 3EokA AV EFAE 23] A
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