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Cultural Characteristics of a Hyperparasite, Ampelomyces quisqualis 94013
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Ampelomyces quisqualis 94013 (AQ94013), a hyperparasite, was selected as an effective biological control
agent against cucumber powdery mildew. Optimal temperature for mycelial growth of AQ94013 was 26°C,
and the optimal pH was 6.5. Conidia of AQ94013 were more produced on potato dextrose agar (PDA) in
darkness than under alternating cycles of 12 hr fluorescent light and 12 hr darkness. Temperature range for
spore germination of the fungus was 10~35°C, and optimal temperature was 20°C. Conidial germination of
the fungus began 8 hr after incubation at 24°C. Germination rate of conidia at concentration of 5 x 10°spores/
m/ and 5 x 10° spores/m/ was higher than at concentration of § x 107 spores/m/. The best source of carbon and
nitrogen for mycelial growth of the fungus were dextrin and neopeptone, respectively.
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g8 7N 71T Wright 5, 1990). 87454
Solel e =9 W HrEule] Wuid
&0] 20% W FAH Sdo] AT HIHGS
Ur(VerhaarQ‘r Hijwegen, 1993), Eli=Ela=ts PO R
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W Fd 500 thsto] AT W% Sz s &
A7 BAZRA A viAle %, pHS} W F71e] F
Foll ek SF2AL, 2F 5 Aol WHe 2=, i
F717F 2 EAEEC] WE EApole] G RAIA
or, o] Al SH7|Ae] FAMY G 3t o2 g
o3 dage) ol eted Buspaat gt
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LE9} pH. 4. quisqualis 94013(AQ94013) Al wt#3
o #AHMIE 2= AE A8 st ZRpE A
(PDA)NA wiget 435 27 Smm ZE2AHHZE w0
Wl V8 juice agar WAl &2 g, &7} 5, 10, 15,
20, 22, 24, 26, 28, 30, 32, 35°CE & ¥ L7 31
A7ZF g & #2-9 AL SA A dAMS0] 7t
5% pH ®HS 2AM8H7] 9iste, pH 3.0%H 0.5 744
22 9074 -3 PDAY =49l ZLo] FF
S &7 O, 25°C F27)0A 2047 w3 F2 &
S8} 259} pH AgS X2g wEo2 g5k

W . FA FEVAEY] FAMIE 2 2R
= Fste SRS 27 f3te, AAuA 5 10
WA S AHEste] 3RER O R ¢z B 20W FFF
N7 F R ZAMEE ZA0E Uro] 25°C &
oA 3747t wige & FAGL o9} WAz A3
& XA =3 PDAUIA o ZALE el (6.0 10°
ores/m/yS 0.2 mM¥ SHHE-OZ RFdle] GOy &
%10, 15, 20, 24, 28, 30, 32°C 27|94 F2S&
12717 712 ZAI 747 vl & sl ERUAE 10
mi HH45E EF3t XA<E hemacytometerS ©]-&
st 3ptE.0 2 Fstrt.
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=2E o 4, 10, 15, 20, 25, 30, 35°CA 19, 24,
39, 497 vigatanh. =3 s gAIZEE olg g A}
at71lsted driet ol XEdt WY& 24°C 270l
A 5,8, 11, 13, 16, 20, 24, 26, 48X17F W%k & ZALEIIT).
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%9} pH. AQ94013% 5~32°CollA] AAsIR o H
2 FAMES LEH9E 20~30°CHTHTable 1). T8 26°C
ANA gAY A5 7Y Ssskdoh WA 20~-30°C
oA FAHAL, 26°CANN 7HE B WArzto] A
ATk °] F2 26°ColA 319 7F wjFste] FAE 41.8
mm Yo AAstA 23 FE2 Ago] ul$ =& o
t}h o] & FAPE ASE FHEA viE WAg At
22 d#¥o| 72N e 5402 Bt} Shindt Kyeung
(1994)% ©] o] 25U7t wjeFste] AL 37.6 mm A7
son, H3 A7) 26°CeHL B E o). Kisse)
Vajna(1994)2] vioFdgoMs 7k S B3 om, Philipp
#} Criiger(1978), Sundheim(1986), Sztejnberg 5(1989)-2
o] &9 FAMA HA X7t 20~25°CEaL BT

AQ94013¢] pHE #AMY A=E =AM A4, pH
3.0~9.0914 s, pH3.0& A st pHE #
AAEed s & Zolzt figlen, pH 6.5904 7T & 2
Zth(Fig. 1). ©]& Shin(1994)0] B g A=} A3t

Table 1. Mycelial growth and pycnidial formation of Ampelomyces
quisqualis 94013 at different temperatures

Temperature Diameter of colony Formation of

°C) (mm)* pycnidia®
5 8.2h° -

10 200¢g -

15 2651 -

20 315d +

24 39.8b +

26 41.8a +++

28 36.7¢ ++

30 29.0e ++

32 7.6h -

35 501 -

*Measurement was made 31 days after cultivation on V8 juice agar.

°+++, abundantly produced; ++, moderately produced; +, rarely pro-
duced; —, no formation.

‘In a column, means followed by a common letter are not signifi-
cantly different at the 1% level by DMRT.
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30 r

Diameter of colony (mm)
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pH

Fig, 1. Mycelial growth of Ampelontyces quisqualis 94013 incu-
bated on potato dextrose agar with different pH for 20 days at
25°C.

w71 3. AQU40139] WA FAS EX13k= )
AE st uiokat AT ARG R o]
’é‘i‘d?ﬂ a3, 12A7F FFSE AR 2 2 g o]
T AMEE SRR oY AN B Ao)
7} %}%‘\E]-(Table 2). #AHEE-E V8 juice agaroll A 71
W5k, WAZEEE -2 Leoninan agar, PDA, V8 juice agar
dlA ol FAHAY. Y AlzwE e B 5
33t PDA7F o]&-8l7]el By} H st A o)
S 2o TN E 308 = GV GS slefok
sk, olol) whEbA Wi ke W TA} Q&5 o)
7b Aste] 3 AEHU AWM E WEAte] moka 84y
o zto]7F 1= ATt

Shin#} Kyeung(1994) 12A17F F712 ¥25& At
g X7t kR WAkzh PAo] EX AT 5
RO}, & Ao FA 2 Fet G T WAzt
P F AoAA zo]7t LT Sztejnberg 5-(1989)2
Czapek Dox agaroll A&l Wz} AL 25°ColA] 71 &
P EHey, AR 2ETE IAFAAF] B
of B AgAze} 2 A3gg Yeidllth 252 Ed A
EFEoA e LA vesicular cell2 FASA FF AH
wolste] #AE A E T Bt o, A uf R
synthetic mucor¥jA], bran extracttf =], PDATO.Z W x}7}
71 AA A AT A Fernandes £(1996) malt
extract BIR| oA A, quisqualis®] ZAE o] FZshfal
H3gk v itk

Sundheim(1986)& V8 juice agar®ll A. quisqualis®] Ez}
dE]—ou o] Zlﬁo}oq 22°C°ﬂ}\’1 ?s:]J,L ‘4, :L;q_g}ﬂ;é-
AbelH ZAE Aol EETL stgith Zevt E A3
A= PDAY] AQ940139] A2 Tdslel = 79
Zh kS A A3, FRAEY G4 2u) A
FARE A Fo) Wokon, 30°ColA 7MY Be ZA ¥
S AT Table 3). A E]FAX = WAz o] F4& W
on, FAgFd e wA 7 & Aol o, XA
AYe Hn. o] Ad= #5355 et ¥Azt I
AEE AN Ao} dutsEls A 2oy A5 uiA
Saket Aol EAgolE AR AL WAz A
AT = &42& %ﬂw} ojde] Az "‘E‘H
bl A% S s
freld Ao Azt %‘:‘r.

Table 2. Mycelial growth and pycnidial formation of Ampelomyces quisqualis 94013 on various media under fluorescent light and in

darkness
. Diameter of colony (mmy)* Formation of pycnidia®
Medium ; .
Darkness Light" Darkness Light®

Rice polish agar 38.0 de” 37.2¢ +4 +
Wheat bran agar 403 ¢ 397 cd + ++
Elliott's agar 400 cd 213h - -
Glucose mineral agar 14.01j 13.3] - -
Macrophomina sporulation agar 303¢g 300¢ - -
Septoria nodorum sporulation agar 16.01 6.3k - +
Leoninan agar 340f 21.5h +++ +4++
Neopeptone glucose agar 403 ¢ 41.0¢ ++ ++
V8 juice agar 522a 505a +++ +++
Potato dextrose agar 460b 44.0b +++ +++

*Examined 37 days after incubation at 25°C.
" Alternating cycles of 12 hr fluorescent light and 12 hr darkness.

‘In a column, means followed by a common letter are not significantly different at the 1% level by DMRT.

4+++, abundantly produced; ++, moderately produced; +

, rarely produced; —, no formation.
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Table 3. Effect of temperature and fluorescent light on sporula-
tion of Ampelomyces quisqualis 94013 incubated for 7 days on
potato dextrose agar

No. of spore (x 10%mi)*

Temperature

°C) Fluorengl?t light/ Darkness
10 03¢ 02d°
15 04c 05d
20 1.0c 87c
24 25¢ 87¢
28 2140 42.6b
30 272a 1014 a
32 08¢ 06d

*Average of three replications.

®Alternating cycles of 12 hr fluorescent light and 12 hr darkness.

‘In a column, means followed by a common letter are not signifi-
cantly different at the 1% level by DMRT.

Exptol2s,  EAAEN(2.0X 107 spores/mlyg =3
AR (WA 025 mi¥ E=23bo] 244 7F =}t wleF &
of 259 Iapdols AN A3, 4°Co|ME wols ]
ko n, 10°CAX = 1% Holalsd th(Fig. 2). 53k 32°C
M E 1.4% WolstA I, 35°C o] e A& wroly
A gl HA ol == 20~28°Col T PDAHIA o)
A A"gE A3} 10°C7HA = golE R @i 15°Co) A
5.4% TotElom, 35°CAA 0.2%vro] TolxE ). A

A or TAoR= 10~35°CoA 7H58HA.2m, 20°C0]
Al ole] HA o9t o] AAE 2 uf AQ94013

= A W £33 2rxe] A & 4FE 1)
2 Aoz AztE}, Sztejnberg 5(1989)2 H 2 xZApdk
ol w7l 20°CE Y. HAEA oY, B AdAFRgHE

35 r

Spoore germination (%)

4 10 1520 22 24 2 28 30 32 35
Temperature (°C)

Fig. 2. Spore germination of Ampelomyces quisqualis 94013 on
WA and PDA at different temperatures.
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Fig. 3. Spore germination of Ampelomyces quisqualis 94013 at
different spore concentrations on WA and PDA at 25°C.

AQ940139] Ao} HH %Eﬂ Hjx] o] A x}om
AAUA T 20~28°Co|ER o= AT LW} 9=
AzAANME o] 9] A2o] 2 o] FojA] 22} *ﬂﬁ!ﬂt‘r.

Fzpatole)] w)x|= wopAIZE.  EARHEN(2X 107 spores/
m)S E=LF 24°CollA 5A17F <t skt ey A7t
23 dolER] ko m, SAIZH ulF Folle WASIA 1.3%,
PDASA 3.6% Lol= . om, wlgFA|7ke] gl what
Al drolgo] F7HstATHEFig. 3). 48A17F vl g F WAO
e ZAolEo] 24.8%0] 3, PDAMIR| A& 42.5%%
t}. Sztejnberg 5(1989)2 Fapo}l F L] 20°Col| 4] HY
F 1Y Fof ZAIL AE dolsx] Bk, vl 2d F
HE @olslr] Alzbste] wolgo] Frhsttiz wiek 4
FoE 90% Lolstvia Bwissdd.

FAFsEEY ERpdel, IAFTEE 5X10°/ml, 5X10%
m/, 5X107/miE Vo] 25°CoA 24X 7F 2 48417F Tt
Hjefsle] 2AEE A, IAFE 5.0X10%ml X 2ol A]

100
Il 24nr
801 [] 48hr
60T

407

Spore germination{%)

0.5 1 5 10 20 30 40 50

Spore concentration(x10°/mé)

Fig. 4. Spore germination during incubation of spore suspension
of Ampelomyces quisqualis 94013 on WA at 24°C.



SEIVYT Admpelomyces quisqualis 940132) B 54 177

= Tol&o] 90% o}AFo)R ot 5.0X 107 spores/m!
TFolM e wolgo] 17.3%Ath ety AT w8
T5 EAdolgo] TasE AES Yet(Fig. 4). ¢
23t A3 Sztejnberg 5(1989)F Gu(1997)-°4 ﬁz}%t
W woldd Aot Xt I ix}%} & WA
AME Ze AT B & IAFENME ixmiﬂ

2 A7) A (diffusible self-inhibitor)ol] 2JsfjA] wol-&
o] ZHAHE Ao gAMLY wE B FHI)BFS
g W IFERTE Ixpgolgo] =L 50X 107
mloIt} 5.0X109mle) EAEEZ HBsHs Aol s
Warol e AQ940139] 71AE S F7EA = UE A
sz A7t

Table 4. Effect of carbon source on mycelial growth of
Ampelomyces quisqualis 94013 on Czapek Dox agar

Diameter of colony (mm)*

Carbon source

1% 2%

Dextrin 31.0a° 30.0 a°
D-Mannitol 230a 170a
D(+)Cellobis 23.0a 18.0a
Sucrose 22.0a 200a
Esculin 210a 120a
B-D(+)Glucose 150a 180a
D(—)Fructose 14.0a 16.0a
D-Sorbitol 14.0a 19.0a
myo-Inositol 140 a 90a
D(+)Galactose 13.0a 18.0a
Inulin 13.0a 140a
Starch 13.0a 100 a
D(+)Glucose 120a 17.0a
a-Lactose 12.0a 110a
L(-)Sorbose 12.0a 80a
Fumaric acid 11.0a 100a
D(-)Rinbose 10.0a -10.0a
D(+)Xylose 10.0a 8.0a
Dextrose 100a 210a
D(+)Raffinose 9.0a 13.0a
Citric acid 9.0a 60a
D(+)Mannose 8.0a 120a
L(+)Arabinose 8.0a 11.0a
Maltose 7.0a 80a
L(+)Ascorbic acid 7.0a 50a
D-Galacturonic acid 60a 50a
Arbutin 50a 50a
Control 70a

rs‘l

29, 9298 Nxo FZE $A 51 %—’Fﬂ
=9 §Ado Qs AFEL XY

o

Zd) YAtk AQ940132) B4 o8-S 5}\}6}7] 9
&3 Czapek Dox agardll dextrin 5 2759 ©49e A

7Vshed 43U 7F wiSE - AL A3, dextrin, D-mannitol,
D(+)cellobios, sucrose, esculing 1% &7}k H] 7] o) A
2% 7kst A Boh AR o] wgton, 53] ©@adl ¥
oA dextring 7HF & o] 8EE ALR YEutort F
AR o2k UATHTable 4).
A9, AQ94013°]) X17€] amino acid, purine, nucleoic

Table 5. Effect of nitrogen source on mycelial growth of
Ampelomyces quisqualis 94013 on Czapek Dox agar

Diameter of colony (mm)*

Nitrogen source

1% 2%
Neopeptone 46.0 a° 4202°
Casein enzymatic hydrolysate 41.0b 27.0 ab
L-Asparagine 33.0bc 29.0 ab
L-Proline 23.0bc 27.0 ab
Gelatin 20.0be 22.0 ab
L-Valine 20.0be 12.0 ab
Glycine 18.0bc 15.0 ab
L-Serine 16.0bc 16.0 ab
L-Alanine 16.0bc 21.0ab
L-Arginine 16.0be 16.0 ab
DL-Citrulline 15.0bc 13.0ab
L-Aspartic acid 14.0bc 13.0 ab
DL-Phenylaanine 13.0bc 16.0 ab
L-Glutamic acid 13.0bc 12.0 ab
Ca(NO;), - 4H,0 13.0bc 11.0 ab
L-Threonine 120bc 12.0 ab
6-Benzylaminopurine 11.0bc 11.0 ab
L-Isoleucine 10.0be 12.0 ab
L-Histidine 10.0bc 10.0 ab
Tris(hydroxymethy!) 10.0 be 11.0 ab

aminomethane

L-Tyrosine 10.0bc 7.0b
L-Leucine 9.0be 8.0 ab
(NH,), - SO, 9.0 bc 11.0 ab
L-Tyrosine 8.0bc 9.0 ab
KNO, 6.0c 6.0b
NaNO; 50¢ 70b
Urea 50c 50b
CoH;NO; 50c 50b
Control 60c 6.0b

*Measured 43 days after incubation at 24°C.
°In a column, means followed by a common letter are not signifi-
cantly different at the 5% level by DMRT.

*Measured 50 days after incubation at 24°C.
®In a column, means followed by a common letter are not signifi-
cantly different at the 5% level by DMRT.
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acid, chitin, vitamin $HAlo] B3 J%4
a9l o] &S Yot 95l @AY ol g4t
< WPH O E neopeptone 5 289 AAYE FAEHS 50
U7 Wi F A A, FA DAY SOl
neopeptone, casein enzymatic hydrolysate, L-asparagine,
L-prolines 1% H7e wiFrlolM 2% #7138 A nor
dAMYge] wgkom olE FolM AQ94013-S neopeptone
= 7P 2 o)l&ds ALE BAFH F3t AFH
SAtH(Table 5).
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Ampelomyces quisqualis 940132 FE7IAFCE #7t
FH AEF PAE SFaFFE sty o] 7o &8
2 o] &S AT viNH EAL AT A quisqualis
9401394 &A}*g 5 A2 260°Co| e, FAMS H A

Rt FAFHMR)(PDAMN FA) F2A(B2S
12/&17PT71)EE}5 A4 EJ B A5 JAIA
t}. o] #o] EApo }%Eﬁd £ 10~35°Co| 3, HAHLx
£ 20°Co| ). ZApolE= 24°coﬂﬂ SAIZE HRF & A
2HE) Q.o ix}%ﬂgt EAYEN FE7t 5X107/
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