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Biological Control of Cotton Caterpillar, Palpita indica Saunder
(Lepidoptera: Pyralidae) with Entomopathogenic Nematodes
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Abstract - Entomopathogenic nematodes were effective in the control of the cotton caterpillar,
Falpita indica Saunder, P. indica mortality was significantly different depending on nematode
species, treatment concentration, and instar. S. carpocapsae Pocheon strain was more effective
against P. indica than S. glaseri Dongrae strain, S. longicaudum Nonsan strain, Heterorhabditis sp.
Gyeongsan isolate, and H. bacteriophora Hamyang strain. When S. carpocapsae was treated with
the rate of >20 infective juveniles (ijs)/larva, mortality was ca. 100% at the 1st-4th instars of P.
indica in 72 h. LCsp of entomopathogenic nematodes were significantly different depending on
nematode species. The lowest LCs value was obtained by S. carpocapsae with 4.9-8 2 ijs in the 1st-
prepupa while the highest LCso by Heterorhabditis sp. with 5.5-21.9 ijs. the shortest LTsg value of P.
indica was induced by S. carpocapsae when 20 ijs/larva were inoculated. The LTsqs were 3.4-92h
against the Ist-prepupa. The mortality of P. indica in fields was significantly different depending on
field condition, nematode concentration, and leaf location. Mortality of P. indica by S. carpocapsae
was higher at greenhouse, 3 x 10° ijs/ha and upper leaves than at field, 1 X 109 ijs/ha and lower and
middle leaves, respectively.

Key Words - Steinernema carpocapsae, S. glaseri, S. longicaudum, Heterorhabditis sp., H.
bacteriophora, LCso, LTso
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- WA ARAZRE S, carpocapsae®] 79 F71el| wE) 34~9.24)7k0 gl E3hulE e
S. carpocapsael) It AAREL AL, HEF e, 0] A2 QX wel 2]z} siodet. S
carpocapsae?] hatd 1x10°0}2] g FHel 3 x 10°w}2] ol A, mx| ¥} Al 3}-Iuof A, Abd

3 FGuTH ARG Abge] R

ZAMO] - Steinernema carpocapsae, S. glaseri, S. longicaudum. Heterorhabditis sp. B2 AP,

WF | APAI 2

2 spuh s b (=52 2P A S5, Palpita indica
Saunder)2 1932y B3} sjEFeo= $a iviglA
AL 7Bt 1990 o) A7 = s sjol] #Hgt
AE7F AL @A BluEl &) e Hek(Kim er al.,
1993; Shin et al., 2000). 28} 2 W} (Cucur-
bitaceae) A A o] HHHT dujA2T o
FA el whel 1990 o] FRE w2 HFrl B
TE Y (Kim er al., 1993). H, 19999 &z 9=
Jebel A4tz 3 AuEALS 100461 ha, A4
A7} 86,200haz A €} A|Adz+E<e] 34=(3,100 ha)}
219 (4,900 ha) 2o} Auiwiade] HEa wow] Al
27 ZoppEaue) 72 A2 Ao}
5964 ha, A)A:29)7} 10,045 ha, AlAd<=ute] 21299
hag s A A2 Auiw Ao 37.1%2F A A
2 AeHAe] 433%E AstT o} (Ministry of
Agriculture and Forestry Republic of Korea, 1999). v}
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Supto} st Pyraustinac)ol] $31e A Fo)ch F2
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928 AuA @n B3t be AW el )
e Fx 9lem 53], 7 2ol F3r} 4
#}=}(Kim and Baek, 1971). £ 7} 282 w3z}
E 2 A5, B3 (Gossypium indicum), o3}
(Malvaceae)4] 8, 2T (Morus alba) S-o|™ T+,
ThE, o7 Zof FE8EH(Choi et al., 1990). e
= 59 vt AdellA st As A o] s
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Son) Aafae] s Qe @ln AR A6
9ot 2o ne ds) xAF FelHe) 4EV
x)2 o)) T (Choi et al., 1990), =2 | A &
Ashalo] Qolg @A) 2ol vk HHulER
o] TAE AEA = A o 2Rl T F AL (etho-
fenprox 10%), B €]<=2}A| (Bacillus thuringiensis var.
kurstaki 16 BIU/kg) 5 6%o] sich 9iHE F=2 ¥
ool e]@slm e o] dFe JiE AN A=
% opish Aol =215 QB ol @

wallell s zAo] ot ety Fobg HAE 2=
el "k eyt Bedtd, TR YA MEL 7]
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g 4 gloh.

NE 23T M5

1999 94 1edelA] 94 54 A Sk A
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B9z 35X25X 10cm FekE Fell o] AP
2 7bH 9T} Kim er al. (1993)8] vl &£l 8
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t
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vk (Galleria mellonella) 422 1]7] 2 (Bedding and
Akhurst, 1975) 28] el =okellA] 283 S. carpo-
capsae, S. longicaudum, H. bacteriophora$} 5953
9 o] (Exomala orientalis) 422 A £&]3t 8. glaseri
9 Heterorhabditis sp. & ©]-&-3tw} =304 A
F2 FHRA 2555533 A Dutky er
al. (1964)e] wjom e FAAA o &3t
225 A%-L White trap o] -8-3le] 4835 on
Age= 25 F 3F ofg] HEFE o &St
(Woodring and Kaya, 1988).
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“—, 7] 9138k polyethylene film.e.
= ’3‘]/‘1 25£2°C ggrlel Y. A2 107
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2l 24 8416 A}s}ed 5 % Eqb ATAA
E3ptEwhal Al 74 0] 208 Ak F, 3§
e o 7 91208 20) Yol 100kl 347
& 2AAYD 02mm Pk A9 $59 S
< ARG AT 39 F aake] W 10wl 9
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= FFohe Apgeig.
Petri dish® £7] 4« .ZE“HE-} g =2
of F ArgFE AR Astl A 2 AR
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A e Ak, 8 A7 3999 dS 1HhE-o g 8o
% SdbRo= AFsiEd A¥7)2 F<) b —E—ET_—
18.8~32.0°C (HF 249°C)d 7 7F8= qic}. A ¥
T e selRes WA ses

Nskeod 4 e AFA B3l sle 400
m* (5 X 80m) 7] 9] L e]Afef A]AHE}- Lol 4] 4=3]
stvh 7 949 1079 AH o) (TrE
27 AAA s 12m2(10x1.2m)e] HAE 3
T2 At wA A %‘?:1%}7‘1] 7r7ke] Azl
Al A SATE Fbe] LE: 218
30°C (Hg- 26 8°C)HEh. A9 fi %l-?ﬂ%—lﬂﬁﬂltﬁ 5
dEos SAsiEn

e

SAHEH

AN petri dishe] ZE2EUA A2 Hexws) =
FatErvpy F7)el BE AAR-2 LCso¥ LTl
2 probit #A8ke] EFulsduyt g oleje] &
AFee AFel =&3A7) 59| AAAZT-E BA )
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%218k Glazer (1992)¢] ub-& whe} A&31%c). =
A9} A A A Y EFlETUE X AF
22 Tukey testz A7z} 44 2}o] &, t-test (o=
0.05)2 97t zpo)ls BAslycl v & AL &
A Az P<0.05 HYolA] o] % oqziq. 7+ 2=
Z2] 2el®A.2 PROC GLM2o 2 BA3}eiv}(SAS
Institute, 1996).
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+£0,90.0+7.1, 85.0+£6.5%% 7, M| A&7} 712t
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80.0+4.1,700+4.1,55.0+29, 475+2.5%2] =|A}
2& JehlRsFig. ). eb TapulEu e
G BERAL AR WUAE By
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E3ptEmgupel] digt ZEHAA A& ukp
A Pe= (LCso)e E3utsguidke] 27]7 Wd7]
o ZW7E4E 50%E XAMA ) HBeg dEe
TE7; FbstE e o#E oFAbE 55 AF =
FoAlA FAREA VERG R (Table 1), B3hulsmuiat
o] WAAe] 713k Helukwl S carpocapsaeﬁl ]S
Al 1832 4901=], 280 % 5.3u)g], 383 56
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Fig. 1. Mortality of the Palpita indica by Steinernema and Heterorhabditis at different concentration.
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Table 1. Lethal concentration at 50 and 95% fiducial limits (FL)
as determined by petri dish bioassay for the infective juveniles
of entomopathogenic nematodes against Palpita indica

Table 2. Lethal time at 50 and 95% fiducial limits (FL) as
determined by petri dish bioassay for the infective juveniles of
entomopathogenic nematodes against Palpita indica

Nematode Stage  SlopeXSE LCs (95% FL)* Nematode Stage  Slope£SE LTso (95% FL)*
Steinernema Istinstar 4.7x1.1 4.9 (3.7~5.7) Steinernema Istinstar 1.8£03 34 (2.4~4.5)
carpocapsae 2nd nstar  3.4+0.7 5.3 (3.8~6.4) carpocapsae 2nd instar  1.84+0.2 3.8(2.7-49)
Pocheon strain 3rd instar 49409 5.6 (4.7~6.6) Pocheon strain 3rd instar  1.9+02 4.9 (3.7~6.2)
4th instar  4.4+0.3 6.3 (5.2~7.3) 4th instar 2.2+0.3 6.1 (4.8~74)
Sthinstar  3.3x£0.5 7.1 (5.6~8.5) 5thinstar  1.8+£0.2 73(5.7-92)
Prepupa 32405 82(6.7~9.8) Prepupa 1.6+02 9.2 (7.1~11.9)
S. glaseri Dongrae  Istinstar 3.84£0.7 5.5(4.2~6.6) S. glaseri Dongrae  lstinstar 2.010.2 5.4 (4.2~6.8)
strain 2nd instar 3.2+0.5 6.1 (4.6~7.4) strain 2nd instar  1.7+£0.2 6.2 (4.7~79)
3rd instar  3.4+0.6 6.5(5.1~7.7) 3rd instar 19402 74(5.3~9.2)
4th instar  1.8+0.3 7.2 (4.7~9.6) 4thinstar  1.940.2 8.3 (6.6~10.4)
Sthinstar 1.7£0.3 9.7 (6.6~12.8) Sthinstar 1.7+0.2 10.7 (8.4~13.8)
Prepupa 14102 124 (84~16.9) Prepupa 13+02 17.7(13.0~26.2)
S. longicaudum Istinstar 3.240.6 54 (3.9~6.6) S. longicaudum Istinstar 1.7+0.2 5.1 (3.7~6.5)
Nonsan strain 2nd mstar  2.9-4+0.5 58 (4.2~7.2) Nonsan strain 2nd instar 1.7+£0.2 6.8 (5.1~8.6)
3rd instar 24104 6.2 (4.3~7.9) 3rd instar  [.7+0.2 8.1 (6.3~104)
4th instar  1.6+£03 7.1(4.3-9.8) 4th instar 1.7+0.2 93 (7.2~11.9)
Sthinstar 14+02 9.9 (6.1~13.8) Sthinstar 15+£02 14.3(109~19.4)
Prepupa 1.1£02 151 (9.4~22.0) Prepupa 1.1+02 341 (22.1~72.2)
Heterorhabditis lstinstar 2.1%+04  52(2.1~7.9) Hererorhabditis Istinstar 2.1£02  7.0(56~8.6)
bacteriophora 2nd instar 2.74+04 6.3 (4.6~7.8) bacteriophora 2nd instar  2.1+£0.2 9.2 (7.5~11.3)
Hamyang strain 3rd instar  2.0+0.3 6.5 (4.3~8.6) Hamyang strain 3rd instar 22103 13.7(11.2~16.8)
4thinstar  1.6+0.3 94 (62~12.6) 4thinstar 19402 19.3(15.3~25.3)
Sthinstar 1.1£02 13.0(7.7~19.0) Sthinstar 1.84£0.2 237 (18.5~32.5)
Prepupa 1302 21.7(153~31.2) Prepupa 1703 354 (263~55.7)
Heterorhabditis sp.  lstinstar 34406 5.5(4.0~6.7) Heterorhabditis sp.  1stipstar  2.24£0.3 6.6 (5.3~8.1)
Gyeongsan isolate 2nd instar 2.0£0.3 5.6 (3.5~7.5) Gyeongsan isolate 2nd instar  2.1£0.2 8.5(69~104)
3rd instar  1.7£0.3 6.3 (3.8~8.0) 3rdinstar 2.1+£02  11.6(9.4~142)
4thinstar 17403  10.9(7.6~14.3) 4th instar  2.0+0.2 14.5(11.7~184)
Sthinstar 1.14+02 16.1 (10.3~23.3) Sthinstar 14202 28.6(20.8~45.2)
Prepupa 1.2£02  21.9(15.0~32.7) Prepupa 1.7+03  33.1 (24.7~50.6)

* LCsn expressed as number of infective juveniles per £. indica larva.

obel, 453% 63vtel, 593 7112, M) 8201
24 A% AFELS AAH0E 129w}
Frhshe P4E nET SRR $34 o
@ 23YUY HFY DRAEE 22 23}
Zouiel 18 &6) W3t S carpocapsaes] 499}z e)
A BEwbsauial 5830 NWE Heterorhabditis
sp.2] l16.1m}e]lggxr, W™ 7)ol W&k S. carpocapsae
&) 8.2wlE]el| A Heterorhabditis sp.2] 21.9vw}2] 2.4
BalERY 50%7) ANSE A3 S
$2 Visted AN 29 o1 ek b
EoulEEpe) B U S
Hze] E(F=71.0,df =4, P<0.0001), 5% (F=
33472, df =5, P<0.0001)¢} = shulsuiiupe] =)
(F=202.1,df=5, P<0.0001))] wha} Zpo]7} 919l
23394 H3e SAEENY 193,093,
3 F, 492, 59 %, 7ol AEst 48417 F A
Abgo) 7R =9ke) A2 8. carpocapsae 24 1000,
100.0, 1000, 100.0, 925, 87.5% %] Al&4-2 }e}
W WbR  Heterorhabditis sp.= 97.5,95.0, 90.0, 85.0,

* LTsn. the time of cxposurc required to bring about 50% mortality of P.
indica after infective juveniles treatment.

57.5,550%2 XAFgS e 9o (Fig. 2). £330}
SRl g E5EUA A YA AR
(LTsp)2 F2hupsuiule] #2721 o248 50%5
AN F1 = AQ¥ = AlZbe] Hhel(Table 2). g%
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$=2)AbA 7] 34472k ez A F1A @k e, H. bac-
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Ztez 744 71 Azre] efE W 283 588
TEEYA AFE F YAl ¥4 S carpo-
capsae®] EFISETHLRY LA wiE A
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& I A7be] ozl om, o] d AL HHTL A
QW H. bacteriophoras| M %= Esteich ety &
Fupsmuple] W ZHHSAA] S whex|A)
AL FTHEAA AFY F(F=2494, df =4,
P<0.0001), E&pul5vgdvii} 27| (F=306.0, df =5,
P<0.0001)8} =ZA|7H(F=3063.9,df=6,P<0.0001)
off we} 2e]7l gl%iet.
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Fig. 2. Mortality of the Palpita indica by Steinernema and Heterorhabditis depend upon exposure time after inoculation,
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Fig. 3. Mortality of the Palpita indica by Steinernema carpocap-
sae Pocheon strain (ScP) and Bacillus thuringiensis var kurstaki
(Bt). Same kind with the same lower case letter beside bars for a
given date is not significantly different (P<0.05).

&

YiH ez Ssphrdple 2o, 49 £ s
el WS Be Ao B F2 Ak o) 9%
A= F2 e EA (B. thuringiensis var. kur-
staki) % W1FE 659] Fepolut oesfy 9vth 2
2t of dixe) WAle Eged, A FelM
AkS Al 5o Haka-e %"3‘17} slel WA 7t
a2 A side] AAs] 27T e
o]u] }H] E-(Lepidoptera)$] ‘ﬂ'”ﬁﬂﬂlulq‘% (Choo
et al., 1995, 1998; Lee et al., 1997), I8} (Han er
al., 1999), ¥} %Z1}1} (Choo ef al., 1995, 1998) o]
Madel Helgd AN e Tawns
ol Ageed a3tE der Aok A3
Ash 7o) 22 W) x93 JeRjRert =)
AME B2 525 3832 sgvk Ade ]88 5
29 B3N YUY N3 F A2 ) ¢
4 S. carpocapsae$3 =} (Fig. 1), B-3ha}-=-
Al AT WEAEEE W} pess 2
Pebg o m (Table 2), W3l 524715 Alzko] 2

4% A B wobAchEg. 2). 1o B
EAZHE oﬂ &} LTso: 34~7.3A)7hel| = E-TF-
Bl1 S. carpocapsae= T AAEE Hej E3u)
Sviile} Zhe XA A4 &g wAskeT
el m8 2% HHow e £ 9l A
A=} 849, Saunders} Webster (1999)= ZH B
Aeviel g2 8l S. carpocapsaed] HIE| AFA]
7ke]l 24°Cel| A 404 7kolel 3 3t o), Glazer
(1992)= whas]AbAZEo] 14 (05~2.0)A7k02 3}
o7} wol LTso%t AE-= HAAuAE AHF =
Ap t‘dﬂ] ute} —n--V‘q-—i Aol 7t ole& & Sl
Qe LA MT—] Ve fdl i’k E
A2 ‘H’I}'ﬁﬂ ot} AE Fo] wal vioksr AAE
viehl 1 gleh. &, AM nEHA. segerum) T Rl 7
(2 (S, litura) &3 A S, feltiae (DD-136)
(=S. carpocapsae)7} ¥ ) A-e el 9l
(Kondo, 1987; Kondo and Ishibashi, 1987). #3} Choo
et al. (1995, 1998)& AMu) pa}a} o] 2Zaful, 2o
o} Liulol| A}, Fuxa et al. (1988), Epsky#} Capinera
(1993)= S. frugiperda®] §-Zol|+], Kaya and Hara
(1980, 1981) 772 37 Kaya®} Grieve (1982)% ohili
uhe] HH 7oA WA ool AT Steiner-
nema A3} Heterorhabditis ;%2 A&l 52
S 3710 ek HAAS) Aol lalea A
9, A AL =oksSont AZA sE
o) &HA o] A%k 7‘1"“‘ B Foll s AR Aot Az
off 23t 33k wjiol] g RAA |t 2t A
HWAHAA Zsulsvhiel] 73 &37F £50d
S. carpocapsaes A9 wA)2] Qo] Aul A
of A2l A}, zARZ Y HEFE, o] U
2l wat ZFol= R A G, A DS Bl el
o] HApge] 62~733%2 viehilo] A&l Bt
23)A) 9} o)zt ARTH(Fig. 3). B3fulET}uol
W E3EUA AEe] A aR = B3NS
uhe] AA HALxr} 25.0~32.5°C (Shin et al.,
2000024 T2HUAN A= HA WA HL-&]_Q_
=(20.0~30.0°C) (ChOO el‘ al 1995)8} &-A}EI &

°] el ﬁP"S—rF—i F71 Alzhsted 4}"3.‘1
2 A2 s Y f_}tﬁaﬂ7}7] o Foll 7] LA
Al A=l m E3be w)g ¥& Ao 47

Ak wetA gez ANE AUl AEe A
SRE AT 2 A dite] mtRALEE 23
2y A3 AEAA IRZA FEEE o
¥osjel AAHE o ge A7} Asde=
seHelol & Roz 2o



252 Korean J. Appl. Entomol.

A A}

B 472 e 59 doy BAE =

B AL, 2E| 2 4EE Age] o]FojH S

= PI2Z oA g2 A2AYPA] Z4AM, 3

b A2, FE oA e 2 d3e dF

st et B 72 A 24 (97-0402-02-01-3)
% dH-Folc},

2 o3

2]
32,

]

-

¢

e
=

2

iO j,'*ioﬁ"..f‘l'l

Literature Cited

Bedding, R.A. and R.J. Akhurst. 1975. A simple technique for
the detection of insect parasitic thabditid nematodes in soil.
Nematologica 21: 109~110.

Choi, KM, S.C. Han, M .H. Lee, W.S. Cho, $.B. Ahn and S.H.
Lee. 1990. Color handbook of vegetable insect pests: Ecology
and control. 224 pp. Agric, Sci. Inst. Suwon.

Choo, H.Y., SM. Lee, B K. Chung, Y.D. Park and H.H. Kim.
1995. Pathogenicity of Korean entomopathogenic nematodes
(Steinernematidae and Heterorhabditidae) against local agri-
cultural and forest insect pests. Korean J. Appl. Entomol. 34:
314~320,

Choo, H.Y., HK. Kaya, SM. Lee, HH. Kim and D.W. Lee.
1998. Biocontrol research with nematodes against insect pests
in Korea. Japanese Journal of Nematology 28: 29~41.

Dutky, SR., I.V. Thompson and G.E. Cantwell. 1964. A techni-
que for the mass propagation of the DD-136 nematode. J.
Insect Pathol. 6: 417~422.

Epsky, N.D. and J.L. Capinera. 1993. Quantification of invasion
of two strains of Steinernema carpocapsae (Weiser) into three
lepidopteran larvae. Journal of Nematology 25: 173~180.

Fuxa, JR., AR. Richter and F. Agudelo-Silva. 1988. Effect of
host age and nematode strain on susceptibility of Spodoptera
Sfrugiperda to Steinernema feltiae. Joumal of Nematology 20:
91-95.

Glazer, 1. 1992, Invasion rate as a measure of infectivity of
steinernematid and heterorhabditid nematodes to insects.
Journal of Invertebrate Pathology 59: 90~94.

Han, S.C., §.S. Lee and Y.G. Kim. 1999. Pathogenicity and
muliplication of entomopathogenic nematode, Steinernema
carpocapsae Weiser, on beet armyworm, Spodoptera exigua
(Hiibner) and tobacco cutworm, Spodoptera litura (Fabricius).
Korean J. Appl. Entomol. 38: 255~260.

Kaya, HK. and A.H. Hara. 1980. Differential susceptibility of

40(3). September 2001

lepidopterous pupae to infection by the nematode Neoaplec-
tana carpocapsae. Joumal of Invertebrate Pathology 36: 389~
393,

Kaya, HK. and A H. Hara. 1981. Susceptibility of various
species of lepidopterous pupae to the entomogenous nematode
Neoaplectana carpocapsae. Journal of Nematology 13: 291~
294,

Kaya, HK. and B.J. Grieve. 1982. The nematode Neoaplectana
carpocapsae and the beet armyworm Spodoptera exigua:
Infectivity of prepupae and pupae in soil and of adults during
emergence from soil. Journal of invertebrate Pathology 39:
192~197.

Kim, L.H. and W.H. Bak. 1971. Atlas of agro-forest insect pests.
pp. 172~173. Hackchang Press. Seoul.

Kim, 5.G. M.H. Kim, §.5. Hong and J.S. Yang. 1993. Control
and life history of Palpita indica in cucumber. Annual report-
Gyeonggi Agricullural Research and Extension Service pp.
490~502.

Kondo, E. 1987. Size-related susceptibility of Spodoptera limura
(Lepidoptera: Noctuidae) larvae to entomogenous nematode,
Steinernema feltine (DD-136). App. Ent. Zool. 22: 560~569.

Kondo, E. and N. Ishibashi. 1987. Comparative infectivity and
development of the entomogenous nematodes, Steinernema
spp., on the lepidopterous insect larvae, Spodoptera litura
(Noctuidae) and Galleria mellonella (Galleridae). Japanese
Tournal of Nematology 17: 35~41.

Lee, SM_, D.W. Lee, HY. Choo, D.W. Kim and J.B. Kim.
1997. Pathogenicity of entomopathogenic nematodes to some
agro-forest insect pests. Korean J. Soil Zoology 2: 76~82.

Ministry of Agriculture and Forestry Republic of Korea. 1999.
Local cultivation trend of major crops. National Agricultural
Products Quality Management Service. 153 pp. Suwon.

SAS Institute. 1996. SAS 6.11 for Windows SAS Institute, Cary,
NC.

Saunder, I. and J.M. Webster. 1999. Temperature effects on
Heierorhabditis megidis and Steinernema carpocapsae infec-
tivity to Galleria mellonella. Journal of Nematology 31: 299~
304.

Shin, W.K., GH. Kim, C. Song, JW. Kim and K.Y. Cho. 2000.
Effect of temperature on development and reproduction of the
cotton caterpillar, Palpita indica (Lepidoptera: Pyralidae).
Korean J. Appl. Entomol. 39: 135~140.

Woodring, J.L. and HK. Kaya. 1988. Steinernematid and hete-
rorhabditid nematodes: A handbook of techniques. Southern
Coop. Ser. Bull. 331, 30 pp. Arkansas Agri. Exp. Stn. Fayette-
ville, AR.

(Received for publication 27 September 2000; accepted 18 May
2001)



