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Mass Cultivation of A Hyperparasite, Ampelomyces quisqualis 94013 for Biological
Control of Powdery Mildew
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An isolate of Ampelomyces quisqualis 94013(AQ94013) was selected as an effective agent for biological control
against cucumber powdery mildew. In order to develop mass production technique, six cereal media made
with barley, rice, mille and brown rice, sorghumand rice seed were tested. Among them, barley medium was
the best for the growth and conidial production of AQ94013. Optimum temperature for the mass production
of AQ94013 was 25°C and followed by 20°C and 30°C. Light radiation inhibited conidial production of
AQ94013 since number of conidia formed on barely medium under continuous light or 12 hrs alternative
light were much less than cultured in darkness. Tthe conidia produced on the medium at 30°C maintained the
parasitic ability to Sphaerotheca fusca for 30 days. A culture method of AQ94013 in barley liquid medium

with adding barely power(40 g/) in darkness for five days at 25°C using a 30 /-fermenter was very effective
for mass production of conidia.

Keywords : Ampelomyces quisqualis, Biological control, Cucumber, Hyperparasite, Mass culture, Powdery
mildew
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Table 1. Sporulation of AQ94013 on various cereal media

Cereal No. of spores (x107/g)*
Barley 2600 a”
Rice 2200 a
Millet 34b
Unpolished rice 28b
Sorghum 24b
Rice seed 0360

“Two-m/ of spore suspension (5.0x107/m/) of AQ94013 was inocu-
lated on each medium. Measurement was made after 15 days' incu-
bation at 25°C in darkness. “In a column, means followed by a

common letter are not significantly different at the 1% level by
DMRT.
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Fig. 1. Sporulation of AQ94013 cultured in barley medium in
500mi-flasks at different temperatures; “One-m/ of spore suspen-
sion (1.3x10"/ml) of AQ94013 was inoculated on each barely
medium in 500 mi-flasks. © In a column, means followed by a

common letter are not significantly different at the 5% level by
DMRT.
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Fig. 2. Sporulation of AQ94013 cultured on barley medium inoc-
ulated with spore concentrations; 9n a column, means followed

by a common letter are not significantly different at the 5% level
by DMRT.

AQ9401328] EAFA O] glojA A &3 HyE
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Table 2. Sporulation of AQ94013 on barley medium under alter-
native fluorescent light and darkness

No. of spores (x107/ml) produced®”
Light/Darkness” Darkness
2.4b? 229a

Y0ne-m/ of spore suspension (2.0x107ml) of AQ94013 was
inoculated on barley medium and cultured for ten days at 30°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.
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Table 3. Viability of AQ94013 spores to infect Sphaerotheca
Jusca on cucumber leaves at different temperatures

Incubation Hyperparasited lesion area of spore produced at

period different incubation temperatures™”
(day) 20°C 25 30

7 +++9 ++ -+

10 +++ +++ +++

12 +++ + ++

14 ++ - +++

16 + - +++
21 - - ++
30 - - +

9Spore suspension (5x10%ml) of AQ94013 was treated onto cucum-
ber leaves infected with S. fisca. “Infection area was examined after
8 days' treatment at 25°C. +++: above 71%; ++: 11~70%; +: below
10%; — no infection.

No. spores (x 107/ml)

10 20

2871 - 871
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Fig. 3. Sporulation of AQ94013 in barely liquid medium amended with different volumes of barely powder in 500 m/-flasks; “One-m/ of
spore suspension (5.0x10%mi) of AQ94013 was inoculated in each 100 m/-barely liquid medium in 500 m/-flasks and shaking-cultured
by 150 rpm at 25°C. "In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
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Table 4. Sporulation of AQ94013 in barley liquid medium TA/mMIE FREPTE R U Woly, AEE
cultures in 30 -fermenters Qe e okel Tek A At Ao ZQdk wake
- por - ——
No. of spores per mililiter produced after incubation™ of 2 WA 23 gE Aot}
ddays > o T AQUA0139] H A MiFEy FYPL GoE of #& ol
5.6x10°b 1.2x10°a 2.0x10°a 2.2x10°a %_5} 337}—«2,—33 Ho"zﬂgl U]*g%}“ﬂ]ﬂ% *or}% HH 0&27]% §’—|"
2220m! of spore suspension (1.0x10%ml) of AQ94013 was inoculated 2o PARE = o3ske mlax Ao e =g
in 121-barley liquid medium in a 30]-fermenter and shaking-cultured jﬂ—#i dastel & 9 v Jlew wel vt
by 200 rpm at 25°C. ¥ In a column, means followed by a common &k olm| 7} glrkar AzbET
letter are not significantly different at the 1% level by DMRT.
¥ e
zbo] A% E o] 1.2X10° ZAH/mIE FA A tH(Table 4).
2 %2 wjFdgrr AEus ZAFETFE ST Ampelomyces quisqualis 94013(AQ94013)= £.°] 217}
A, BAZA kg 5Pl A o s AEH AE st TAHY TR
Ampelomyces quisqalis®] ¥1Fe] A3k A7+ Davydove AarE ATk AQ940137-2) thEmg7lES i eyl 4

=(1985), Hofsteind} Fridlender S(1974), Puzanova(1977)  ato] g, &, 7|12, &v|, o5, WA <] 652 FHE
= Be ArAEe] sastgoy BEE WS Philpp  ol4-ste] ARATE 2T R AQU4013)
=(1990)0] PDBHIAE olgate] 1097 Wik Fo] 10° A3t EAFA 7P F wiAT digulee] H42

Fig. 4. Cultural and mycological characteristics of AQ94013 on various media; (A) pycnidia of AQ94013 produced in liquid culture, (B)
a conidial ooze from a pycnidium, (C) hyphae produced after long-term incubation in a liquid medium, (D&E) cultural features of

AQ94013 on barley medium, (F) cultural features of AQ94013 on PDA under alternating cycles of 12 hr fluorescent light and
12 hr darkness (F-1) and in darkness (F-2).



196 ol - A7) - A3V

EE 25°Colg e, 20°CS} 30°C ol ey B
Fg 3T 1247 FIIE AR B oA 3
7} HojA B AQ940139] EAFAS AT 1
2 30°CollM EAE EA= Qo] 7 (Sphaerotheca
Suscapll thated 307 718 RIS B2l AQ94013
o] mi g 3012 ERE o] 5t BELU0 ¢S A
74t Bt g x| o A 25°Cell 4] 5Y7F Gl ol
RO ) ol g EFF o)At

D28

Beuther, E., Philipp, W. D. and Grossman, F. 1981.
Untersuchungen zum Hyperparasitismus von Ampelomyces
quisqualis auf Gurkenmehltau (Sphaerotheca fuliginea).
Phytopath. Z. 101: 265-270.

Davydova, E. P, Rudakov, O. L. and Ganovskaya, L. A. 1985.
Spore production of mycophilic fungi, Ampelomyces
quisqualis Ces. ex Schlecht. in submerged culture. Mikol.
Fitopatol. 19: 9-11(In Russian).

Galper, S., Sztejnberg, A. and Lisker, N. 1985. Scanning electron
microscopy of the ontogeny of Ampelomyces quisqualis
pycnidia. Can. J. Microbiol. 31: 961-964.

Gu. Y. H. 1998. Liquid culture of Ampelomyces quisqualis, a
mycoparasite for biological control of powdery mildews. Ann.
Phytophathol. Soc. Jpn. 64 458-461.

Hijwegen, T. and Buchenauer, H. 1984. Isolation and
identification of hyperparasitic fungi associated with
Erysiphaceae. Neth. J. Plant Pathol. 90: 79-84.

Hofstein, R. 1996. Ampelomyces quisqualis, a new biofungicide
to control powdery mildew in grapes. in Brighton Crop
Protection Conference-Pests and Diseases, Vol. 1: 34-40.
British Crop Protection Council, Farnham, UK.

Hofstein, R. and Fridlender, B. 1994. Development of production,
formulation and delivery systems. In Brighton Crop Protection
Conference-Pests and Diseases, Vol. 3: 1273-1280. British
Crop Protection Council, Farnham, UK.

Jarvis, W. R. and Slingsby, K. 1977. The control of powdery

mildew of greenhouse cucumber by water sprays and
Ampelomyces quisqualis. Pl. Dis. Reptr. 61: 728-730.

Kiss, L. and Vajna, L. 1993. Biological control of powdery
mildew fungi using their Ampelomyces spp. hyperparasites.
Abstracts of the 3rd Crop Protection Conference, Keszthely, p.
26(In Hungarian).

Kiss, L. and Vajna, L. 1995. New approaches in the study of the
genus Ampelomyces, hyperparasites of powdery mildew
fungi. In : Environmental Biotic Factors in Integrated Plant
Disease Control (ed. M. Manka), pp. 301-304. Polish
Phytopathological Society, Poznan, Poland.

Kiss, L., Russell J. C., Szentivanyi, O., Xu, X. and Jeffries, P.
2004. Biological and biocontrol potential of Ampelomyces
mycoparasites, natural antagonist of powdery mildew fungi.
Biocontrol Science and Technology 14(7): 635-651.

Lee, S. Y., Ryu, J. D. and Kim, H. K. 2005. Cultural
characteristics of a hyperparaite, Ampelomyces quisqualis.
Research in Plant Disease 11(2): 173-178.

Philipp, W. D. and Kirchhoff, J. 1983. Wechselwirkungen
zwischen Triadimefon und dem Mehltauhyperparasiten
Ampelomyces  quisqualis in vitro. Z. Pflanzenkrankh.
Pflanzensch. 90: 68-72.

Philipp, W. D., Beuther, E., Hermann, D., Klinkert, F.,
Oberwalder, C., Schmidtke, M. and Straub, B. 1990. Zur
Formulierung des Mehltauhyperparasiten Ampelomyces
quisqualis Ces. Z. Pflanzenkrankh. Pflanzensch. 97: 120-132.

Puzanova, L. 1977. Method for mass culture of hyperparasites
from the genus Ampelomyces for the control of powdery
mildews of agricultural crops. Trudy Kubanskogo S. Kh. Inst.
148: 20-22.

Sundheim, L. and Amunden, T. 1982. Fungicide tolerance in the
hyperparasite Ampelomyces quisqualis and integrated control
of cucumber powdery mildew. Acta Agri. Scand. 32: 349-355.

Sztejnberg, A., Galper, S., Mazar S. and Lisker, N. 1989.
Ampelomyces quisqualis for biological and integrated control
of powdery mildews in Israel. J. Phytopath. 124: 285-295.

Sztejnberg, A., Galper, S. and Lisker, N. 1990. Conditions for
pycnidial production and spore formation by Ampelomyces
quisqualis. Can. J. Microbiol. 36: 193-198.



