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Interaction between entomopathogenic nematodes and the ring-legged
earwig, Euborellia annulipes (Lucas) against the rice moth larva,

Corcyra cephalonica (Stainton)

a Jd a o 1%
Hegnnos vinng' vaz o531y Hyam’

Niyaporn Khwanket' and Atirach Noosidum'’

UNAnga: mi‘wm@aqﬁiﬁﬁnmﬂﬁﬁuﬁuﬁ“ﬁwdwﬁ Wautleadngunas 3 18ia (Steinernema glaseri, Steinernema
siamkayai uaz Heterorhabditis bacteriophora) AlfeuL AT (Euborellia annulipes) Tun13dinnnang
wuautidadnagns (Corcyra cephalonica) mmaﬁnmmwmmmmmimmeauc]m@Tmmum”lumimmmﬂLLm\i
vnaviTiL nudn i evdessia 3 wiavinHezesingande 1-5 waziLEN T UL AWVELIRELRAEIYINTL 3-20%
nRsannaaedll 4-7 du mmnmmsmmmmmimLmﬂud@ﬂﬂmguumLL@zLLummwuwumwu@umLm@
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#1989 (Corcyra cephalonica) 4t 5 naawunisinans ineguaeduid wuduuaswnaiiugaunsoiueInuey

finndeliimeuden 3 wialdlduansinsiugaaiuay aafiAnsiuedtesssuding 40-80% uiufl 7 uas
TiFeudeeit 3 siladrasnsoidishanganmenfideinansfimeannusamnmiiuls 100% luszazinan
3 4w wenaniiunsAnns i lfAeurlee dngunasianiuuaanmiitlunsaupsienRidednansied
5 nudlfiFeudeeia 3 aliadvianevueniidednanslibivansraiunsli lfdewleeifiecetnaien di
981 3 5 SenameresmeuRidedinnansasszuing 95-100% wazuiasnaviiuanansouieuidetinnans
Bgj721919 50-75% atilsfinalfimeuenis 3 aladininanausaanaiiu L laifiu 25%

FdnAny: denelsaiunas, manauesiagdis, unasnaily, HiFeudesdngunas

ABSTRACT: This study was to evaluate the interaction of three EPNs (Steinernema glaseri, Steinernema
siamkayai and Heterorhabditis bacteriophora) to the ring-legged earwig (Euborellia annulipes) against
the rice moth larva (Corcyra cephalonica). The virulence study of the EPNs against £. annulipes found
that 1*-5" nymphal stages and adult stage of E. annulipes were infected by all three EPNs for 3-20% at
four to seven days after testing. The nematode infections or insect eating to the 5™ larval stage of
C. cephalonica which were prior killed by E. annulipes were examined. The numbers of infected cadaver
by the three EPNs which were eaten by E. annulipes were not different to control and ranged from
40-80% at seven days. The C. cephalonica cadavers which were prior killed by E. annulipes were all
infected by the three EPNs for 100% at three days. Moreover, the study of the combined application
between the three EPNs and E. annulipes to control 5™ larval stage of C. cephalonica found that the
infection to C. cephalonica larvae by the three EPNs from the combination treatments were not different
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from the only EPNs application. The mortalities of C. cephalonica larvae in all treatments were 95-100%
at three days. Numbers of C. cephalonica larvae were still eaten by E. annulipes for 50-75% at seven
days. However, E. annulipes were killed by all three EPNs less than 25%.

Keywords: insect pathogen, biological control, earwig, entomopathogenic nematode
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1.2 WNRIWNUUL E. annulipes
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4. M5IATIENLAYA
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Table 1 Percentage mortality (mean+SE) of different stages of E. annulipes when exposed to Steinernema

glaseri, Steinernema siamkayai and Heterorhabditis bacteriophora at a concentration of 100 IJs/

insect after 1-7 days.

Treatments Stages of Mortality of E. annulipes (%)™
E. annulipes 1°-3" day 4" day 5" day 6" day 7" day

S. glaseri 1* nymph 0.0+£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0
2 nymph 0.0+0.0 0.0+£0.0 0.0+£0.0 39+39 39+39

3¢ nymph 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0

4" nymph 0.0£0.0 0.0£0.0 5.0+5.0 10.0£5.8 10.0+5.8

5" nymph 0.0+0.0 0.0+0.0 0.0+0.0 10.0+5.8 20.0+8.2

adult 0.0+0.0 0.0+0.0 50+5.0 50+5.0 10.0+5.8

S. siamkayai 1* nymph 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+£0.0
2" nymph 0.0+0.0 3.9+39 3.9+39 39+39 13.2+87

3“ nymph 0.0+0.0 0.0+0.0 3.9+39 39+39 39+39

4" nymph 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+£0.0

5" nymph 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 5050

adult 0.0+£0.0 0.0+£0.0 0.0+£0.0 0.0+0.0 50+5.0

H. bacteriophora 1° nymph 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0
2M nymph 0.0+0.0 79+46 79+46 79+46 79+46

3“ nymph 0.0+0.0 3.9+39 3.9+39 39+39 39+39

4" nymph 0.0£0.0 5.0+5.0 5.0+5.0 20.0+ 0.0 20.0+ 0.0

5" nymph 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0

adult 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+£0.0

Control all stages 0.0+ 0.0 0.0+0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0

"'Means+SE in the same column are not significantly different by Duncan’s multiple range test at P > 0.05.
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- P Y
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2014) waziluuanIaIngns (scavenger deterrent
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o dl v ] v A E%
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etal., 2012)
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Table 2 Percentage consumption (mean+SE) of E. annulipes to C. cephalonica cadaver which was prior

infected by Steinernema glaseri, Steinernema siamkayai and Heterorhabditis bacteriophora at

a concentration of 100 IJs/insect after 1- 7 days.

ns/

Treatments Consumption of E. annulipes (%)
1° day 2" day 36" day 7" day
C. cephalonica infected by S. glaseri 25.0+18.9 40.0 £ 14.1 40.0 £ 141 40.0 £ 141
C. cephalonica infected by S. siamkayai 45.0+£22.2 60.0 £16.3 60.0 £ 16.3 60.0 + 16.3
C. cephalonica infected by bacteriophora 20.0+8.2 40.0 £ 141 50.0+17.3 50.0+17.3
Control (untreated C. cephalonica) 65.0+17.1 65.0 £17.1 70.0 £19.1 80.0 +15.0

"'Means+SE in the same column are not significantly different by Duncan’s multiple range test at P > 0.05.

nsudninanamtevasldifeudandng
LNRIMAINIMEeNgnuNAIIuTiuiAAne

dlathmnmevildedinnansfignuaaanaiiy
fomenfluna 24 gu. andhuviie WHiFeulesdng
wnad nudnldipeudes S. glaseri uaz S. siamkayai
L%v‘iﬁmwmﬂuu@uﬁLﬁy@"’ﬁ’]qm’]avl,msiLLmr]ﬁiNrTum
wReueudsdmenfidednaannininlignusas
WNATRLAAANENI DY LL&iLLmnﬁmﬁummu@wﬁ%Luﬁi
Fuusn (F = 13.5; df = 6, 27; P < 0.01) Taendinvinane
snvseufliae 1§ 40-100% uaziiieanslanidn
TiFeurlansia 3 aliadinianemnuveniideinigns
WANFNNANTIARILAN (F = 98.7; df = 6, 27; P < 0.05)
Taellusudi 2 [diFeuslee S. glaseri, S. siamkayai U8z
H. bacteriophora ¥nsnanemnvueuilidedinians
gnusamsutiuAneenIiewyingy 60, 100 uay
100% ANANS FaAnlaiumnsna U ld Ao g

a A ¥ o P PR

3 gRanamnsadininaeuueuiidadinnansilaign
UNAMNURUA AR BN AR 100% Ayl
Fui 3 1&meuelasia 3 olla aunadinvinaneTn
WUAUNNUNAIMWUHLARAE LA ULAUTEINTR f
1% 100% (Table 3) #8AARBIALNNINAABIUDI San-
Blas et al. (2008) WU 1@Lm@uﬂlﬂﬂﬂmiLLu@qiu1m
Lﬂw,wmﬂmm@mummmu quu@unummuu
TAAa UL a1 N NIAIETINVDILNAIWAE
annsndunugidignuanuls uaziiel&imeurdasidn
1 dl [~] d‘ % b2 ¥ A o
gienmeunasiilumitielfuda lneulanazyingu
sanfuLLATEaNaAe S AN WA RN Ts

dl U o a a ¥ A
wilalfmunzaniunisasAuinaesléinaudas
LATLUATITY waEaaseansdudariafafiiu
NN9gNIULIANIsITHT ATHARUBNA e (Ehlers
etal., 1998; Kaya, 2002; Lewis et al., 2015)

Table 3 Infectivity of Steinernema glaseri, Steinernema siamkayai and Heterorhabditis bacteriophora at

a concentration of 100 IJs/insect to C. cephalonica cadaver which was prior killed by E. annulipes

after 1- 7 days.

Treatments Nematode infection (%)"
1* day 2" day 3“ day
S. glaseri® 40.0 + 14.1bc 60.0 + 14.1bc 100.0 + 0.0b
S. siamkayai * 100.0 + 0.0c 100.0 + 0.0c 100.0 + 0.0b
H. bacteriophora * 15.0 + 9.6ab 100.0 £ 0.0c 100.0 £ 0.0b
S. glaseri 100.0 + 0.0c 100.0 + 0.0c 100.0 + 0.0b
S. siamkayai ”' 100.0 + 0.0c 100.0 + 0.0c 100.0 + 0.0b
H. bacteriophora * 100.0 + 0.0c 100.0 + 0.0c 100.0 + 0.0b
Control (untreated C. cephalonica) 0.0 £ 0.0a 0.0 £0.0a 0.0 £ 0.0a

"Means+SE followed by the same letters in the same column are not significantly different by Duncan’s multiple range test at P > 0.05.

“EPN was applied to C. cephalonica cadaver which were prior killed by E. annulipes.

° EPN was applied to live C. cephalonica larva.
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Ujfunuiradldinaudeadnsuaniuazuang
WNUBUNNAaLUERLNANNFLESINNY
&nauclae S. glaseri Wa¥ H. bacteriophora '171
VgauiuunaaeantiuRlsy@nsnnwluniadinnnans
= dﬁl v val el 1 o
wuauridadinans i gaas liiaNuansneiy
Ny A ~ ' P o A
sl e uelasieaasinamanludun 1-2 299013
Naaad laglAINITEINIa8De 100% wenns
&meutles S. siamkayai 3ANALWNAIINTLITAY
ANFENNNAETANTU 85% TIRAINLANANNNADA
ANl mauelasineaatinaden (F = 1128.9; df =
3,15: P <0.01) asinalsfinnu 1udui 3 ve9n1smnaed
Wusuly Mdeeutlasiia 3 aianlEdauiuLNamng
a Yy A = 1 = U
i warns 1 & meuelasiNe aasinamenannnsadin
Panerueuiiaednnanslé liunnseiy (P > 0.05)
TedlAnajszdne 95-100% tnel&ineunas S. glaseri
WAy H. bacteriophora dvinaeviueutidednagns
15 100% &inaudes S. siamkayai invanevuaw
Riaadn9an9 U095 3-5 naaNIMARBLIWINAL 95%
WAZENANANEANTUD 100% 115U 6 (Table 4)
A7 AN mtiaraalNasrantiuie N
o Ny A o a \ P
Aul&neuelansia 3 0in wudnuNaIeutiunlgEsan
o Ny A L a a Ay =
fuldimeueles S. glaseri Nunueulidadnaansiies
15% BILANFAINAINNTT LT BN AU NN DUTINAL
H. bacteriophora WaxnN K asvinaviiLieaginauRe )
(F = 11.3; df = 3, 15; P < 0.05) A&NN30NLUUauElEe
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Snanawinty 65% Tudusn et
fulHiRauslaenia 3 100 Auvaufidetiniansiniy
il 2 sesmimmeaedugull Tnefleetszuing
45-75% uaziAnlduansreiulunganimaaes
(P> 0.05) diananeinwlyl 7 44 wawn Uil
fulkiAeudasvi 3 9iln Aunueudldedinanser
329319 50-75% 3 lumnsinsfuns Husaanamthy
Wenasinaien (P > 0.05) FRumueuiAetinaansls
80% (Table 5)

dsunsdindnanasesldieurlesiilrousa
ynaviinvhs Reuressia 3 1lingnansadinvnans
srazfneausef 5 TesuNawnTiL LN Tes
NsNAgAL WAZEIANNSANEILEN 5-15% S liuansing
AuLAAILAN (F = 2.0; df = 3, 15; P = 0.17) Satan
rnlinudn KR ewusessta 3 48in gnansadinvinans
svtisaenTET 5 reauan T L RusnnaL o
Ui 2 uaz 3 1eamsmnaes ideusles S. glaseri
WA S. siamkayai @ NNIOENNNANTELLFIER RS
uaaaviUlE 25% Feieuansinaiuldideules
H. bacteriophora Wa¥gARILANEENIHIE1ATY
(F = 14.6: df = 3, 15; P < 0.05) uaziitaiaandnulyl
5-7 Suwudnldheuden S. glaseri, S. siamkayai Wae
H. bacteriophora @ 130dinvinaeszessaaaiand
LA I uANANY (P > 0.05) Saildnwinu
25, 25 Uaz 20% AINANAL (Table 6)

Table 4 Percentage mortality (mean+SE) of C. cephalonica larva when exposed to a combination between

E. annulipes and EPN (Steinernema glaseri, Steinernema siamkayai or Heterorhabdlitis bacteriophora)

at a concentration of 100 lJs/insect after 1- 7 days.

Nematode infection (%)"

Treatments <t ond

1727 day 35" day 6"-7" day
S. glaseri + E. annulipes 100.0 £ 0.0c 100.0 £ 0.0b 100.0 + 0.0b
S. siamkayai + E. annulipes 85.0 £5.0b 95.0 £ 5.0b 100.0 £ 0.0b
H. bacteriophora + E. annulipes 100.0 £ 0.0c 100.0 £ 0.0b 100.0 £ 0.0b
S. glaseri 100.0 £ 0.0c 100.0 + 0.0b 100.0 + 0.0b
S. siamkayai 100.0 £ 0.0c 100.0 £ 0.0b 100.0 + 0.0b
H. bacteriophora 100.0 £ 0.0c 100.0 £ 0.0b 100.0 £ 0.0b
Control (untreated C. cephalonica) 0.0 £0.0a 0.0 £0.0a 0.0 £0.0a

Means=+SE followed by the same letters in the same column are not significantly different by Duncan’s multiple range test

at P > 0.05.
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Table 5 Percentage consumption (mean+SE) of E. annulipes to C. cephalonica cadaver when exposed
to a combination between E. annulipes and EPN (Steinernema glaseri, Steinernema siamkayai
or Heterorhabditis bacteriophora) at a concentration of 100 IJs/insect after 1- 7 days.

Treatments Consumption of E. annulipes (%)"
' day 2" day 3°-6" day 7" day
S. glaseri + E. annulipes 15.0 £ 5.0b 45.0 £ 15.0b 50.0+17.3b 50.0+17.3b
S. siamkayai + E. annulipes 35.0 + 12.6bc 60.0 £ 8.2b 65.0 £ 9.6b 65.0 £ 9.6b
H. bacteriophora + E. annulipes 65.0 £5.0c 75.0+5.0b 75.0 £5.0b 75.0 £5.0b
E. annulipes 65.0 £5.0c 65.0 £ 5.0b 70.0 £ 19.1b 80.0 + 15.0b
Control (untreated C. cephalonica) 0.0 +0.0a 0.0 £0.0a 0.0 +0.0a 0.0 +0.0a

"MeanszSE followed by the same letters in the same column are not significantly different by Duncan’s multiple range
testat P > 0.05.

Table 6 Percentage mortality (mean+SE) of E. annulipes when applied together with the EPN (Steinernema
glaseri, Steinernema siamkayai or Heterorhabditis bacteriophora) at a concentration of 100 IJs/

insect after 1- 7 days.

Treatments Mortality of £. annulipes (%)"
1* day 2"-3" day 4" day 5"-7" day
S. glaseri + E. annulipes 15.0 £5.0a 25.0+5.0b 25.0+5.0b 25.0+5.0b
S. siamkayai + E. annulipes 10.0 £+ 5.8a 25.0+5.0b 25.0+5.0b 25.0 £ 10.0b
H. bacteriophora + E. annulipes 5.0+ 5.0a 5.0+5.0a 10.0 £ 5.8a 20.0 £ 8.1b
Control (untreated E. annulipes) 0.0 £0.0a 0.0 £0.0a 0.0 £0.0a 0.0 £0.0a

"Means=SE followed by the same letters in the same column are not significantly different by Duncan’s multiple range

testat P > 0.05.
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