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Biological Control of Mycophila speyeri Barnes (Diptera: Cecidomyiidae) using Korean
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ABSTRACT : The potential of five entomopathogenic nematodes, Steinernema carpocapsae Pocheon
strain, S. logicaudum Nonsan strain, S. glaseri Dongrae strain, Heterorhabditis bacteriophora
Hamnyang strain, and Heterorabditis sp. Gyeongsan strain were evaluated as biological control agents
against a mushroom fly, Mycophila speyeri in the mushroom, Pleurotus ostreatus cultivation house.
Control effect of M. speyeri was significantly different according to nematode species. Heterorhabditis
was more effective than Steinernema. H. bacteriophora Hamnyang strain showed the highest control
effect representing 49.0% (7 days), 89.5% (14 days) and 89.1% (21 days post-treatment) at the rate of 1
X 10° and 46.5% (7 days), 76.6% (14 days) and 85.4% (21 days post-treatment) at the rate of 1.0 X 10°
Ijs/1.5m? in Changnyoung, Gyeongnam, respectively. In Jinju, Gyeongnam, control effects of the sa-
me species were 54.0% (7 days), 74.5% (14 days), and 79.8% (21 days post-treatment) at the rate of 1
X 10% and 49.0% (7 days), 76.6% (14 days), and 61.1% (21 days post-treatment) at the rate of 1.0 X 10°
Ijs/1.5 m?, respectively.

KEY WORDS : Mycophila speyeri, Oyster mushroom, Steinernema, Heterorhabditis, Biological
control

£ 5 =eEHAl AuiaelA WAl Zulel(Mycophila speyeri)ell W3t SHEAN TFWQAA A%
Steinernema carpocapsae X AL, S. logicaudum =AY A%, S. glaseri 8 A%, Heterorhabditis
bacteriophora 3} AE3} Heterorhabditis sp. 73AF AlE-2] ¥HA|&34-= Frlslgc) 5582 Ak
T2 AE = wAEIed] i3t WA= Steinernema < 3F XY} Heterorhabditis & 232]
#37) =9}t v &5} 7HAF B9k 22 H. bacteriophora $¢F AEolgle™, 1.5m? 3 1x 108
nlglz Al 74, 149, 2145 wkAl&sh= AgellA] 49.0%, 89.5%, 89.1%% 31, 1 X 10°n}2] 2 A
P& wE= 46.5%, 76.7%, 85.4%F k. T3 AFINE 1 x 102 223 7Y, 14, 2194
vlA &34 7) 54.0%, 74.5%, 79.8% ¢ o™, 1 X 105u}a]i 2] E "= 49.0%, 76.6%, 61.1%%c}.

MO : A E=), “ele]W A, Steinernema, Heterorhabditis, 53 v}
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A $fvtel AR Ao At IHE F2
U= WA F2E 99T (Lycoriella mali),
v Al Z5le](Megaselia tamiladuensis), B3} 2] £-o]
(Coboldia fuscipes), 7| -4 Mbycetophila sp. 3}2], Al
E3l2(Mycophila speyeri), B| 54 Bradysia sp. ¥}2]
= 64 620 B uEe] 9ltHLee et al., 1998, 1999a,
2001). o] & HAFE = el e fdelE A
wlshs B9t AR AAA S 22 F HAle] Aehe
2] So] @& 93]S F3 ITHClift, 1979; Lee and
Kim, 2003). HAlgle]le 3 AA-d ule} ohefsil
wgsted, WA ETe e A 2 hest A
€2 10-11e] Wz A3t &g F U
(Kim et al., 1999; Lee, 2002). WAle] ZA Fsj& 2=
Fu}2]) F(Cecidomyiidae) 2= A MAHo =2 Myco-
phila fungicola, M. barnesi, M. speyeri, M. pygmaea -5
6Z0] oda]x 9lvHPritchard, 1960; Chung and Snetsi-
nger, 1965, 1968; Clift, 1979; White, 1990). o]Z ¥HAl
ZabE]= 1986136l dEolA, 2003 $-=vet
A w7|EFe =z B HE¢H(Sanui and Yukawa,
1986; Yukawa, 1996; Lee and Kim, 2003). ¥ Al Z3}z]
+ o2 wAlgie e 2 ez wAEy] ol
o MY dxrt F43] F7ERe o2 WAA
wjAlel] At whAfe] HW FAlE IS E KR
L 29X S wn] FAle} wix]e] FYFEE FF
s, AHAA ) k2 del = Hste FslE doFl
o Z8]x wix|7} 2EAF R FHel WA Auirt &
7Vs3HA € 9HF AR g8 E o Lee, 2002).

g, wAlgle] o] wAlE BHor Fulo] 5355
e A2 EopxlAe EVl= S3pAe} TF
AR zAA ] U £33, xBE JAIeEA] § 3
2579 Fofo] 5] 9l AlA| HAA 5T}
M o] gHEA#Y] 31A] Est3 AlokKim, HH,
observation data). &3], A2 4402 o|&H7| u
Foll A7kl e $2je} P AR AAbel dfEt &
u|zle] &7Fd] Ho= Qlsled AR Axe] @y
AL 7R glek =3 A A7)z HA
)7} A& o Ay wjEel yHEAl A
A A= AT 2919 shto|wt. upEtA ALEAlE
A & ol WS Ay side] HAF
Al A o). i A vy © = = Hypoaspis miles g0} 9} =
2994 A% (Kim et al., 2001), Bacillus thuringien-
sis & o]43F wl] o] 9)Edl(Duso and Vettora-
zzo, 1991), 5 AAAETL WAlste] R WAl &

43(3), September 2004

$8 & A= S 42 P ArolkRichard-
son and Grewal, 1991; Gauge and Hague, 1994, 1995).
AlA $-ejvel A ALl #4171 =3 e 24
wHAs e 22w see] digt E5HAgASe] &
P AFY F7Y e s T DA o
g xpol7} 7)1 BAIEE, EANA T0% o] 4de] &3}
2 Ro|3 ¢ tHKim et al., 2001, 2003). &r#, »j A=}
ZR7E M= HAADNHA 2] FKSciaridae)ol] &
3= Bradysia sp\} Lycoriella sp. 52 394X
ZZ Z Steinernema feltiae?7} &34 (Tomalak and
Lipa, 1991; Grewal er al., 1993)¢]l ¥bdH, Z.3}2]7HCe-
cidomyiidae)®] 78 Heterorhabditis heliothidae7}
S. feltiae ¥} &37} 948 7l o2 el HRichardson
and Hughes, 1986) MjA 2] ] Fol e} HZ9] &3}
7} g2A Yehda o

getd 2 Q7 sabd wAe e
s70A A qgo) s B A WA
2 A Aoz feiveleln BAR 229
4 NZE o8 WAl FPsAel skl el
AALE Aoz EFNTE Sekc

)

ke
Coyx e
-
fl

WaE o Uy

EHAY U5

rk

o ze}l =okllA] Beld) S. carpocapsae EZ A
E(ScP)#} S. longicaudum =X A Z(SIN), Hetero-
rhabditis bacteriophora &<} AE{(HbH), 121 FA
SN F=A fFIZAe] FASF l(Exomala
orientalis) -§-Zo| A 22} B8t S. glaseri ¥ A%
(SgD) 2 Heterorhabditis sp. 734t A S{HG)< A el
ol g-3tgirt. TEHHUA AFLE FHEAHY x5
428 o]43ted Dutky et al. (1964)2] v o= o=t
ZAXF) 2415 22 White trap2 o] &8l 5
galgieon 10°C WAz RAsGH Ajeles 4
3] 21 oW AZF& ]33 cH(Kaya and
Stock, 1997).

T A

HAETele] Y ZAARS WA 0a
o) AR 09 sholl A AT AT Qe =
eheluial A ALl Zh2 S sile At EE-

=AY 2F 7.0x15.0mgdx, ¥4 HAL 1.2x
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120mglem, AA 35k, 4F =2 o|Fo)x st A=
I8 AL 27 AE F 52UA 9} 48UA 2 A
2 27) S8 Foigith A ol FY 19z} 25k
AE FANAM 1.0x1.5mE 1] AYPT2 3]
Ao x| o2 SHHE et Al ARS-gE
2w A3 ScP, SIN, SgD, HbH, HG:= 742} 1.0
x 10°0}2)/m*¢} 1x10°}el/m® Fx=2 Aesigo
619 AFHgAE ExyE Az, FAF
= B9 61 Azt 430 aREAE 3t A
2 A% A A 7, 14,219 Zo] wAulA] 10x 10
x10cmE 7+ A|g72] 32 A dolz FHled A
YAz 719 T2 AL oL, Lee ef al. (1999b)2)
ez MAETE] £58 Eulsld 1 5 3ol
o Ag7ZF F AulAL Bl 5716 3o,
Alg F AujAbi e i 2= 2345°C ()9} 24
+4°C (AFgen, st 72+£8% ()<} 83
+7% (A5}

EA A

A B3 M A §5 dxs) AE £ 3 U=
E vlwstd 2R ES 73 o P<0.05 Wl
A1 Tukey test® F-AFREA 5} THSAS Institute, 1996).

A o &

WA 430l e ¥R 23YLAFE

Zo] wret WAA A 2pe]F B TKTable 1, 2). 7
A3t AFe Ae HAANAL 2R A Steinerne-
a’l 30| wv|sle] Heterorhabditis’dZ2] ¥ {Ade] =
gt HAEsE 459 HFE=rt 1535047207
Ym*ed 7 3 el Aujael 22
AAZe X2 A7, A8 149 F HbHS} HG g
TFoll M 89.5%9} 87.6%2] ¥ HAASEE Ve
AdrhAel 793k F=36.99, df =9, 40, P=0.0001; 2]
1492} F=196.09, df =9, 40, P=0.0001; x]2] 214}
F=191.21, df =9, 40, P =0.0001) (Table 1). ¥, ScP,
SIN, SgDA] 8] el M= 247t 31.4%2} 13.1%, 15.6%2]
@& v &S Boh 28y A sxed oeEtre
2 Rolg ol sk

g, HAESY §39 HFE=ET 5650k
1,603/m*gwl 7Ad 252} melejiAl AulAfel] 2
HAAAES A3 Ax AddlA 3 AdAEG
o} $A18 AdE Ryd S3HAAAEF Ae 7d
F9) BA RS A 1447 21Y Fof v]sle] @
k(X 7Yk F=24.79, df =9, 40, P=0.0001; %]
1412} F=124.95, df =9, 40, P=0.0001; x2] 214z}
F=71.06, df=9, 40, P=0.0001) (Table 2), 2] 142 3
9} 219 ¥ RAAEEL HbHe} HG A& TolA
Eouch 2y 2 e Wtk ZEln X el
wlebr = HbHe} HGAHE 21Y F& A &3tz =}
o]7} 9lich

SEuetollA eleHAE 19729 RE QlF Au)
7] Al=bsted 20023 A AuHA 2,147,000, A

3

Table 1. Effect of Korean Steinernema and Heterorhabditis on Mycophila speyeri larvae in the oyster mushroom houses in Changnyeong,

Gyeongnam

Entomopathogenic nematode Concentration (Ijs/mz)

% corrected mortality +SD

7 DAT* 14 DAT 21 DAT
Heterorhabditis bacteriophora 1.0x 10° 49.0+3.8 a** 89.5+19a 89.1+3.0a
Hamyang strain 1.0x10° 46.5+6.0a 76.6+4.8 be 854+£2.5a
Heterorhabditis sp. 1.0x 10° 472+87a 87.4+3.0ab 87.6+48a
Gyeongsan strain 1.0x10° 38.7+50a 72.5+58¢ 83.0+32a
Steinernema carpocapsae 1.0x 108 21.1£9.1b 314+£734d 26.5£9.6b
Pocheon strain 1.0x10° 9.0+8.7bc 309+11.8d 26.7+9.3b
Steinernema glaseri 1.0x 10° 9.1£6.2 be 142+36e 15.6+7.1bc
Dongrae strain 1.0x10° 6.7+4.8 bc 6.2+4.7e 28+3.1c
Steinernema longicaudum 1.0x 10° 11.1+8.5bc 1244+22e 13.1+90¢
Nonsan strain 1.0x 10° 52+55¢ 57+3.0e 43+20c¢

*Days after treatment.

**Means within a column followed by the same letter are not significantly different by Tukey’s Studentized Range test (P = 0.05).
Corrected mortality; [(Treatment mortality —Control mortality)/(100--Control mortality}] X 100.

Control mortality was 6.3+3.4 on 7 DAT, 8.71+2.2 on 14 DAT, and 12.9+2.8 on 21 DAT.

Pre-treatment density of Mycophila speyeri larvae in the oyster mushroom bed was 15,350 +720/m?.
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Table 2. Effect of Korean Steinernema and Heterorhabditis on Mycophila speyeri larvae in the oyster mushroom house in Jinju,

Gyeongnam

Entomopathogenic nematode Concentration (Ijs/mz)

% corrected mortality +SD

7 DAT* 14 DAT 21 DAT
Heterorhabditis bacteriophora 1.0x 10° 54.0+5.6 a** 745%163a 798+t7.6a
Hamyang strain 1.0x10° 490£18.7a 76.6x48a 61.1+14.5bc
Heterorhabditis sp. 1.0x 10° 499+34a 74.1+£2.7 a 76.7+3.8 ab
Gyeongsan strain 1.0x10° 535+125a 742+70a 60.3+39¢
Steinernema carpocapsae 1.0 x 10° 2291260 379+19b 40.2x5.24d
Pocheon strain 1.0x10° 17411040 40.9+40b 304+7.2d
Steinernema glaseri 1.0x 108 9.1£6.2b 11.2+46¢ 132+72e
Dongrae strain 1.0x10° 89+7.7b 127£93¢ 9.7+86¢
Steinernema longicaudum 1.0x 106 14.6+3.6b 13.1+£46¢ 59+7.1e
Nonsan strain 1.0x 10° 99+4.7b 105+£79¢ 9.1+65e¢

*Days after treatment.

**Means within a column followed by the same letter are not significantly different by Tukey’s Studentized Range test (P = 0.05).
Corrected mortality; [(Treatment mortality —Control mortality)/(100 —Control mortality)] X 100.

Control survival was 110.9+7.8 on 7 DAT, 113.4+14.2 on 14 DAT, and 111.5£6.0 on 21 DAT.

Pre-treatment density of Mycophila speyeri larvae in the oyster mushroom bed was 5,650 + 1,603/m?.

Abef 723480008 0.2 1986%d div] 2z} 5.4u)e) 4.7
w7} 278} o Ministry of Agriculture and Forestry,
2002). 19953 1Bl Ele]¥Ae] THTE & o]A}o]
v AatE gl o, 7 QAR #A7EA] BlLstA A
453 Qe =eheHAE BEs WA A 71
t HeFe A s Helen, o|F wAlg
2ol gt Iz} sinie Frbstar qioh WA &
7191 19709 ko] Aulstel B3 HAlg
2]%-2 sciarid®} phorid A }e] {9 Z-a}2] 3 (Ceci-
domyiidae)ell <3} Mycophila spp.®} Heterorpeza
spp.9te] H.37=¢) ©v}(Han et al., 1977), sciarid ¢}
phorid WAT}2 F a7} Aulsted whale) B
o wasiA edskeh Zeivt Fobelstel 4ahe A
Helf 258 Hals Asled WAl 2okt dFos
»ztg)gdh. gt 198039 R el = sciarid®} phorid
Al Rl A= Zoba] Alskstel WAlE okl
£ AbgsHA =is el 199099 HE #H27kA
el A Aufate] A HATE R 54 65
o] B =gl om(Kim ef al., 1999), T A =} 3]s f
Aol cheksiAl viehtar gle] wAle] HaAle] HF
31 9l

HAIs | & 9AlEl7] 93 eto g 71 wol o4
Hi e wHE AFAIE o83 e uiA| ot}
(Han et al., 1977; Jhun et al., 1990; Grewal et al.,
1992). zelm Aol skt el Aat S
Z7he A3 Aee vlgesA A3 A
Abel A olgo] AT Ik Schee-

pmaker et al. (1997)& wWAle] 7]|qsl= s}g]al
Lycoriella mali®} Megaselia halterata?] ZZHQAA
% S feltice® m* % 107215 A% A3} 14 %
AT oA IS 97%, 79 F 249 95% 7t
A3l sl em, Grewal et al. (1992)-2 S. feltiae
& L auripila®] 0.56m* T 3x10°}2)2 j2lsr 2
3}, diflubenzurong X3 Fo] WATA L} 3L
Z42t 6%} 14.6% 748 ) wlske] AZF]E]FelA)
+ 19%2} 28.5%7} Z4ETR sof TEEALA
29 B4 A e ANHR S 22
HUHAZE MR A3 SR Lycoriella
mal) &} zH-2-¥a)sla)(Bradysia agrestis)dl] H)dle] =
2 #2348 Jepdeh =, Kim et al. (2001)-& el
WA Qe Akl S. carpocapsaed 1.5m? F 2.25x 10°
olg)e} 45x 10°me] 2 Hesle] A 149 F 24
WA Te]e] §E20AEL 422%9) 81.6%E Ag
o} S RA A= S carpocapsae 2]@)7} diflubenzuron
o]i} chlorpyrifose]l W]3le] zh2¥eiste] 5 Lx=9
AAlellM &= | 3HARE ofsligle] AewelglelE
aRAo =z vkAE 4 JgvHKim et al., 2003). AA)
bl A AR B3 AAAFS SR oFR
2 ojske X% PcHKim e al., 2001).

45 A2 (Kim et al., 2001 #hewe]ste)
(Kim et al., 2003)oll A= S. carpocapsae 7 AF-0]
H. bacteriophora &°F A B vl &7} 43}

o), £ A wA S HaiME vide] 7
ke el glet. Lycoriella sp.2] 7% S. feltiae7} &
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4 o) ¢) | 9H(Grewal et al., 1993; Tomalak and Lipa,
1991), Richardsons} Hughes (1986)%= H. heliothidis
(=H. bacteriophora)7} S. feltiae R v} Esle] o= o]
' olgtal st B Ao Azpel dX|3l= A
ol xiet.

TEHAAAFTL 715 Yol IE, 71EH 22
AdN R 29E 3 F Y3 (Woodring and
Kaya, 1988). Wietx 7|30 =7+ 38 IAA
52 Aoyt WA 3L vjA S 9ok Z3u)
E- v MK Palpita indica)e v} Aeihgul(Spodoptera
depravata) 52 =& §%5°] €45 TEAAAE
o il ZFAde] YeHKim et al., 2001; Kang et al.,
2004). ¥, 2@l s} 71pguAlTe] 52
5§35 s T3HAAAF 7B
] 32 #eoltiKim et al., 2001 Kim et al., 2003). ©]
f52 Z7)el W pelz AR A9 FA 9
17} 7kl w2t 552 =717} wi$- Sesled
A AFY FAM Tl A d9ge] 215t
132 (Park et al., 2003), ¥x}2] 7A9= 820 =777}
71l wel EFH AR AT F4)q 52
3157] dEo =2 A7 welr Steinernema A% o)
Heterorhabditis 1%l ¥]|3}e] A7 Al g)e] o
B3 o] ARk £ ATl A E dhd 9] AskS B,
WA EslE]e] 7)o} ARe] & Aoz AR
F, WAEIE e =)= 4HY AFe] 1.2-1.13mm
Y ¢] 2(Lee and Kim, 2003) A @i Az 5] 21
v Alata] o] 3.4-3.77 mm (Lee et al., 1999} =&
ma)gle]e] 1.1-2.4 mm (Park ef al., 1999)¢] n)3}e] &
A3 A 529 e WAZTY ofr 53
1.55-2.75 mm, oJu] 82l A] 7 Lk of@g22 0.52-
0.87 mm (Lee and Kim, 2003)2. z&ma]sle] &8
Z2] 4mmy] &le)] H]8led 2K Park et al., 1999). 18
v MEe] =7|E= H. bacteriophora 8] §-%0)
512-671 um, S. carpocapsae A YJe] $E2& 438-
650um= 1]45=8t B o]ti(Adams and Nguyen, 2002).
et 71FAL] 277} Ao} Aol ATRE D A
dol AgAAd ZANME BIHY]l 75T
Heterorhabditis 41Z(Bedding and Molyneux, 1982)9]
Z3Ho]9l & Aoleta A} Kim er al. 2001)=
25°CellM ZeduAae]y HlaXrAPesE 2AE
23, 38 2717 2 3833 43 FMe ScPr}
HbHej| ¥]3led WbX|ARs%7) 5u) A= Yepedd) u
3led, Z7)7} 242 27 FolA = HbHE| MeAA s =

o

i 13]1 rlr

o

7} ScPell w)sle] 238 2gket. 3t ScPi 2R
27| 3,433 vzl 23 FM AUt Hgle
v HbHE: 2712 Hdgeol A Aol glsieh

Aol u|sled g WA AL A WA B
o] WA &7t Ga e, ol F WA AR
o] #74A 29 7 wAEslEe U dRosg
A F, A AR AL 2e] A WAlEs)e)
Uxl= 15,350+ 720/m*2, AZ3=2] W AIA el A} 5,650+
1,603/m’e] Bv]ste] 3uiA = Eohvh ubzos %
8] dxrt B4 TEHUAASE] a9 Z1d
tHMrétek et al., 1999).

el A Al Alel]l A sl WAL Sl F
Agedaistely A2 ses 5 /e 7 3
of F=2 WA= v, WA ESEE e F
2 g J2l3 fEles WAEe BAe=
A3l F2 A= H=E F7P) ZA delddh w
A WA EgeE|7) dAsE AujAlels B Fo] 3
&7 ekLee er al., 1998). AlA| HAFgde} 714
W Alste], ztewesle], WA W S9)e](Megaselia
tamiladuensis), Coboldia fuscipes 5-0] A= &}
A Qe rtell M HASTE] ] 2Tl 8Y F
THE 2 Fo] g3t an(Lee eral,, 1998), £ A9
g AIFAL F WA AIAM = 5Uet kel
Ty AR BT 8Y P At
g A|7le] w2 WA EHE AANRAE Ax de
& 7oz A7 53], WA uiAbel] Alxd 23
HAAEY A4S =AM 533 25 F9 3]
E Holx ¢elkgri(Kim et al., 2001), $HAL] HA})
Ax 6% E9tolt A&FH g eHKim et al., 2003). o] &
e WA ZEe|e] A 2o TEHUAANE
& AZIE Ao vistAE Aoz Y4Ee B AY
o X#gt THHAGAF] = wAlSue] v
el 23 el HeolR| gsivh aEln A%
o] B ZFHAAFY ASK = Z X}o]E Hol
A k7] wj-Eol(Kim ef al., 2001), WA Z3e] 4lAE
A3t ZFHAYAAZE AT A duFa 22
HeA Mo AR A7 =< 10°Ijs/m? (Thomson,
1992)5t Aejsld = S8 Ao Altag

A A Z2UAAES )43 HAE
sele] FAREH 9A JPsAS AL Sl B
3], A AR A fFSEAE 22 Sreiner-
nema A1ZX= Heterorhabditis A&o] &34 o))
AL v B d), meleA AulAlel] HAZs}
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g7} WAl =7} SelEw Heterorhabditis A1
qre) o5 AMElax adAQ WAE 719 4 3
Roez Aztge}

=

-3

L
=

Ab A

2 A7 393 WA BIded
AR ANATAY AP Fe) YRz U
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