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Abstract

The beet armyworm, Spodoptera exigua, is one of the most important polyphagous ubiquitous pests of the sugar beet.
Because of adverse effects of conventional pesticides, introduction of new safe control methods in beet army worm
management is essential. The aim of this study was evaluating compatibility of two EPN species, Steinernema
carpocapsae and S. feltiae with cypermethrin against beet army worm larvae. Contact and oral toxicity of EPNs and
cypermethrin was evaluated against six days old beet armyworm larvae. The recorded LCs values of S. carpocapsae and
S. feltiae were 6.63 and 4.41 1J/Larvae, respectively. This value for cypermethrin was 465.4 ppm. Combination effects
were tested at three concentrations of EPNs including 2, 4, and 6 1Js/Larvae and 160 and 320 ppm of cypermethrin.
Nevertheless, the negative effect of cypermethrin on EPNSs, synergistic effects on larvae mortality were recorded at
combination treatments 160 ppm Cyp+2 IJs/Larvae EPNSs, similar effect was also recorded at treatment contained 320
ppm cypermethrin and same level of 1Js of S. feltiae. Larvae mortality was enhanced by increasing the exposure time to
cypermethrin and also in combination with EPNs. This increasing trend was also recorded for 48 hours of post-exposure
to EPNs and then the curve became plateau.
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Table 1. Effect of entomopathogenic nematodes, S. carpocapsae, S. feltiae and cypermethrin on S. exigua larvae (6 days old).

e RP o o & <

S. feltiae 48 23 3 049 162£022 (0.2%-711.25) (1.1255-130.01) (3.0%?51.80) (18.531:}12.51)
(kenvee) 2 1313 072 1712024 (0.2%-711.24) (1.11i?2E;.85) (2.7%?51.28) (15.523;‘:1%2.64)

. carpocapsae 48 268 3 044 1682022 (o.slé-lfss) (2.03;-2238) (4.9%53;51) (zs.ggl%.ss)
(1kanvee) 2 223 3 052 154£023 (0.1%?13.02) (0.810'?25.53) (2.3?1'?41.92) (16.3%.85)
Cypermethrin 48 168 4 079 169:023 (39.1821-fz€)9.91) (148.2327%37122.08) (3442%5-'51250.74) (17152.811-252?14.80)
o ? 5% 4 023 203£027 (37.0781-f078.78) (11213%?'21275.47) (230?2026:':?954.07) (923.1538(3'2259.15)

*Confidence Limits.
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Table 2. Mortality of S. exigua larvae exposed to single and combined sublethal concentrations of S. carpocapsae and cypermethrin, at different exposure times.

Times after exposure (Hrs.)

24 48 72 96

(eenaeyC1)
gesdedodued g
(wdd)
urylswaedAD

Mortality ™ D™ Rezpf ns Mortality A D ResEons Mortality a D Resgons Mortality ya D Ressons
- 320 6.7x16 - - - 13.3+3.3 - - - 200+238 - - - 53.3+33 - - -
- 160 0.0+0 - - - 00x0 - - - 000 - - - 133144 - - -
8 - 33376 - - - 80.0+7.6 - - - 80.0+238 - - - 80.0+£238 - - -
4 - 333+44 - - - 66.7 £ 1.6 - - - 66.7 £ 6.6 - - - 66.6 £ 6.6 - - -
2 - 0.0+0 - - - 26744 - - - 33.3+6 - - - 46.6 £6 - - -
8 320 6.7%x16 256 -31 An 46.7 £6.6 15 -36 An 66.7 +4.4 3.6 -17 An 80.0+238 13 -10 Ad
8 160 20.0x28 5.3 -13 An 86.7 6.6 056 6.6 Ad 86.7 £6.6 056 6.6 Ad 93.3+6.6 14 10 Ad
4 320 6.7%x16 256 -31 An 33.3+6 20 -37 An 40.0+£5.7 152 -33 An 46.6£1.6 17 -37 An
4 160 13.3%3.3 12 -20 An 46.7+7.6 6 -20 An 46.7+£5 6 -20 An 60.0+5.7 174 -11 Ad
2 320 6.7x16 0.11 -09 Ad 133+16 14 -23 An 20.0x238 152 -26 An 40.0+£238 16 -35 An
2 160 6.7+£1.6 32 5.6 Sy 13.3+1.6 6.7 -13 An 20.0+2.8 5.3 -13 An 33.3+x44 7.7 -20 An

*Sy: Synergistic, An: Antagonistic, Ad: Additive

**Difference between observed and expected mortality, If ¥? value (df = 1) was statistically significant (df = 1), the negative amounts of D shows antagonistic and positive amounts shows
synergistic effects.

***|f v2 values (df = 1) were statistically significant (P value = 0.05) or non-significant, the effects will consider as non-additive (synergistic or antagonistic) or additive respectively.
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Table 2. Mortality of S. exigua larvae exposed to single and combined sublethal concentrations of S. feltiae and cypermethrin, at different exposure times.

0 i
To § Times after exposure (Hrs.)
Cz 83
2= 33
S8 T5 24 48 72 96
o =)
=]
Mortality > D™ Response* Mortality ¥> D Response Mortality ¥> D Response Mortality ¥> D Response
- 320 0.0x0 - - - 6.7+3.3 - - - 60.0 £2.8 - - - 80.0 £5.7 - - -
- 160 0.0=x0 - - - 00x0 - - - 26.7+£6.6 - - - 73.3+£3.3 - - -
8 - 26.7+3.3 - - - 73.3%£6.6 - - - 80.0+6 - - - 80.0 £5.7 - - -
4 - 26.7+£3.3 - - - 73.3+£3.3 - - - 73.3+£3.3 - - - 73.3+£3.3 - - -
2 - 1.0+0 - - - 20.0+£5.7 - - - 26.7+4.4 - - - 26.7+£3.3 - - -
8 320 200+0 1.7 -6.6 Ad 53.3+5.7 6.3 -22 An 73357 3.8 -18 Ad 80.0+£5.7 2.7 -16 Ad
8 160 13.3+3.3 6.7 -13 An 40.0 +6.6 15 -33 An 60.0 £6.6 7.5 -25 An 66.7 £ 6.6 8.3 -28 An
4 320 20.0+£57 1.7 -6.6 Ad 46.7 £6.6 11 -28 An 53.3+3.3 145 -36 An 60.0£5.7 12.7 -34 An
4 160 13.3+3.3 6.7 -13 An 26.7+£5.7 29 -46 An 33.3+£57 27.6 -47 An 46.7£3.3 23 -46 An
2 320 13.3+6.6 152 12 Sy 40.0+3.3 8.5 15 Sy 60.0 £6.6 1.6 -10 Ad 86.7 £6.6 0.02 1.3 Ad
2 160 6.7+3.3 32 5.6 Sy 13.3+3.3 2.2 -6.6 Ad 20.0+£3.3 14.8 -26 An 33.3+£3.3 27.6 -47 An

*Sy: Synergistic, An: Antagonistic, Ad: Additive

**Difference between observed and expected mortality, If ¥? value (df = 1) was statistically significant (df = 1) the negative amounts of D shows antagonistic and positive
amounts shows synergistic effects.

***|f v values (df = 1) were statistically significant (P value = 0.05) or non-significant, the effects will consider as non-additive (synergistic or antagonistic) or additive
respectively.
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Table 4. Effect of different concentrations of cypermethrin on entomopathogenic nematodes.

EPN Cypermethrin

%Mortality

(ppm) 24 48 72

400 100 100 100

200 65.75+1.01 99.30 +0.29 100

S. carpocapsae 100 51.67+241 99.29 £ 0.32 100
Control 0 4.23 +0.86 2.15+0.38

400 99+15 100 100

S, feltiae 200 51.32+23 99.89 +0.08 100

' 100 10.21+1.2 63.95+4.81 100
Control 0 477 £1.24 3.42 £0.67
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4o ax s ol (Head et al. 2000) cuslys 5w sbbasles 5
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05 1 e ol oad 155 wiles calises (slaaylas
Geili o) 50 T So3sls52d Comdg 5 (gm0 y50 T a8
sl g Syt S e slawlei b (ploond S35 Jolse
Sladss 4o oud ovslive lacsglas (Laznik & Trdan 2014)
rya 5 455 ;0 Sglil 5 ASCAl geage)d 4y il
5 el o0l ools Ly, 5 lew clowile cilie claaslas
Sailos b o 5SSl 5ol )0 3 e amts Sy o Sl
Sondy cJole 90 Gl eslinul by 4 Sliie S len
S8 3 oy Al a5 55 Y o w0pi St
G )] G 5o slo s SL L g wiled 095 plidicans s
Koppenhofer et al. 2002; Laznik et al. ) ol ool ools

2012; Khan et al. 2018; Chavan et al. 2018; El-Ashry et
.@l. 2020

J Appl Res Plant Prot

el 4l 0 50 Wl alas g S8l AgS (lej p ogdle
maisS g baaglaz 13U g 5 S5 50 gl lgieds aiius oo
Capnodis  ade olis 3l slwle @t g
3o &5 Al asin g ow) O, 90 tenebrionis (L. 1758)
&yt 55U S, feltiae a5gS alies gladslas 55, Ve clldS
Morton ) wisls yLis <l ade S. carpocapsae b awslis ;o
756 a5 (6,50 wyp o b pl b (& del Pino 2008
o S g8 e Jolie il 5 jlen slawiles
S. Carpocapsae aisS 45 o astiv 39 00 gy )
O gy b (ogas g 009 S. felliae «5 5l 5 e
S92 pgd w595 I yiien (b Jol 4355 50 (dejre S by
Ozdemir et al. Oeer (Hassani-Kakhki et al. 2013)
e g U e ) sl il o 2S5l aus 36 (2020)
H. bacteriophora 4 S. feltiae &l o> (5 Lo wiled 45gS g0
Sglaie oaisS ol )15 aS sl lad zls wssls 1,8 oy 0,90
b5 15 pSesl U cou eSS, feltiae 4 004

2 090 55 e Sladilel &5 b asie o)z (0l o
madale o hasd g aijls YL Cowlas (g e ynbe 4 S
)‘ Gy J}‘ celw Y )0 B UT r"g';’u;’ Yoo 9 Yoo 6[&
S. Sl a5 0l asine g .iaile 05 () =FOY) Cores
E3o90 (o § 09 yidon S. feltiae aisS 51 o> carpocapsae
9V Jguz aunlin) ol pdvin oo Jule g0 5.ali ams o
Dgs yiden S. Carpocapsae b auwglio o

mdl 4 cas Olpie 5 e slaaile Calus oglas
S0 el 00l pwy (g0 Sladon jo el gl 1S
Liriomyza ;e ade S. feltiae )5 ,len wiles oI5 bz
sl isesl jga> o huidobrensis (Blanchard, 1926)

$




OF )V F ()Y Lf@ﬂowjocg.)ﬂ)[rd&u&ﬂjj

Sl rielanyy £955 5l an Sl AF o 9 S pe 0 iy
IRV 4
B iSe i b 5l )5 (9,5 JyS Jolse 3l eslic
JrsS con jo 58l pley Gials g 3l (Ralidl o 55l
S pSedl b cou cdl Ol ol i il ol
S3952508 53, ol oo 5 55 5 428, 1,3 opias
Jelss ool 515 438,55 55 o Ll o] s (5 5
S Belse lnolo g L g 5 50 Lo Jalse 9999 o],
iy Gl JS IS ki dute b ot |y (9,500
aS conl gh90 40 pl Js (Pelizza et al. 2018) 5,5 aaly>
2 2o 1y Bt (gl oy 355 glrans S8 Jale
9 Sl et pf Ojgods Wlgee 5L cnl wans I8
e 5 Sl IS L osd pgane (slag,Y
Do 558 36 Lo Gy g JB o 1 5 e slawsles
055 93 L 308l )0 (n el sllasl 30 Lol (ow) 5o
Wl oo 0 0,L81 L3 slalaws o oS goaxie LYo & wiles
Wles (5,55l Dhiman & Seth (2012) .0gi ools o
@l glacdale b oo jlos slog,Y L1, S. glaseri 5 Lo
olis o) Slidss gmbs ol 1,3 asllhae 590 (s yie b
Slod ol lom oy A B oasaS 8 slacdale (o aS ols
il sgw b YL lacdale (s Jo canl ouds Laa>
P2l oz 53 S92 o dxe iled @l Lo 9 ae 5 S e
B mip 09 (n e mle oS é glacals wix e
s s Sl 1 5las (VL ozl o pgazy Jy )8
basles 5 o] wslash Sl ay wls T Jds a8 wzs sanliw
2 b piiee) Cowl ools 2l 1) LT LIS a8 wsl bogy ye
sosile b eyiae gloiSopts il cute ol
Khan sl oals )58 (goanie oldlas o olpis 5 las
5 e wiled 55T 55 1, awsnloal 36 et al. (2018)
ol @l s S o, » S. carpocapsae ¢ H. indica ol o>
Oley cusdS L ao )] o5 (L5 laasles a5 ols lis b
oS ogr ol Al 5 08 T 15 5 Cos (el YY) i
g deaginll 00155 o8 slajo L 55 oy slawiles Bodls
=G el Pino & Jove (2005) .ol 055 (s i I 51
S. ¢ H. Bacteriophora &l o> )3 Lews wiled 4565 as lows
9 20,5 gwyp |y Jdg s L arenarium (Artyukho vsky)
Sl bt sbaieS g pmd il aS ol olas mbs

oS g S.arenarium a5e8 1) SU o mion g 09w LSS

J Appl Res Plant Prot

2z o3 e S slag, Yy wiled aigS 90 U A lie o
LCso L S. feltiae 435S el TA 51 o caS ol aseio i3
S. carpocapsae 455 ssles 51 seansS 1J/Larvae F/FY Jolao
S. w5 Wled 5 039 wSe et Celus VY 51 G g 02
asS 5l y,iee IJ/Larvae Y/#) Jolse LCso L carpocapsae
telie 23U pley S b wiled aisS g0 ke 05y S0
G P fge 4595 uad 53 (e 0L ley 5 W)l
e Slpie 5 jle lawiled 3550 50 (ke 3l (bl
Dglite Wi oo LA 0)90 ye 9 S pe Jpax sln Y Ol
Obsee i slag)¥ (592 G 3l sln Wles 35 52 5 WAL
395 o Ay WilgF o a5 .5l 5L Gglaie laley 4 095
9 &9 S yod slagg Sl ;355 Sy oyl oy 4 Wil
sl b aS Lok £95 5 sl Lawss (s0dgs slocadslio o)l 5ee
Glazer et al. 2001;) ail bgye &5)ls oyt 0 S
el (Alonso et al. 2018; Salgado-Morales et al. 2019
Solay 5 el oul OLI 55 6,500 Sldlas (o gasee
s lapsedl Sl Gl gladsnl 5 aisS (5330
Sl pi g og)¥ e 9 S ye sl oY Oloj Cenlond (el
Xanthogaleruca luteola (Muller, ;9,0 )55 5 Swge JolS
S. carpocapsae 4ig5 ;| .S S. feltiae 4545 wiles L 1766)
) <o 4o (Zeinolabedin Fard et al. 2020) wo 5 <o
S. , S.carpocapsae 5 len wiled alize gladslos 30
Vo cdale jo celu FA 5l oS 0l astie g o, ¢ litura
999 2o, Vol S e 9 5 e s o 0 NLarvae
(Yadav et al. 2017) o) o0 Yo 4 celu YY b 4o
el Qb b ol i 5 e slassles 6,85k 3525 L
liss Gla iSedT L Wil 6,058 (oyme 5o ooy oS
S5 o J(Baje et al. 2017) o,ls 156 leasled o 9 S e o
iz b Syt Sl wlas 055 dw Bodls il Boos
b e el el a5 ol oL bt 5 oad (g 0 251
Il g 005 Jge ome Oyged S.ocarpocapsae Wl
009y Dglaie alitre sleils jo alizes sl iScdl Sanis
oAt Grizred (8L Gl Bl 55 e 9 S e c0les (Rl L
Sl (K Sl £ g Wiled AigS A Guali s 0l
oley CldS L 5 ol aaxs o (Negrisoli et al. 2010b)
e &S Ghis Sl gbsile po (Sais ol
sz 1558 2 05 slagyY oo o (F Jooz) wogs n ye s
9 Ol 5 ilo slawiled ;8 (gm)p )0 2l Sl Bl 03
O Jooz) a8 jausz 1550 )5 slag¥ p onyesmle




\Y

e i Syl Wilad 455" 90 (6,500 / 1 (Can g (505

slas e g GBS ax 5 aBisle] Slalllas jo 4z 4 ol
G et e ) DI 5 ol 53 5ol pllas il
L sl £gose S ol ol jols ado mls Jy canl oo
9 5 ke Wlod oz 4 4z i b g (69,90 O )jgon 9 bl
5905 oy p Jule g0 5l eolinul oloj 5 T e al> e
il Copde co jo 1Sl g wlix g ley e
lize glacdale ol adlas cpl o 00,5 bl
ooy S o doy Voo el T YL slacdale ey ooyl
(¥ Jguz) w5uls S. feltiae 4 S. carpocapsae slasiles o

Sly oo oS 5 Glgreas Wb 1S0 i ool s 45 cplplo
YL slajs 4o S. feltiae 4 S. carpocapsae 4isS slaasled

9 lylom 5o Ll oS pu &l Sl asly og ass 3 L
ST o e sloasl o LT pleol 51 L3 aub lawsles 18

S 58 azgi )90

&3 Sl
Al w5 aslibly bl 5l s Jols> allae oy
S gt g LRyl piome Ciglae Coles b aS ol Jgl oainn 5
5 sy s el 0 ool ol 31 ke daged olSiils

References

Abbott WS, 1925. A method of computing the effectiveness
of an insecticide. Journal of Economic Entomology 18:
265-267.

Ahmad M, Arif MI, 2010. Resistance of beet armyworm
Spodoptera exigua (Lepidoptera: Noctuidae) to
endosulfan,  organophosphorus and  pyrethroid
insecticides in Pakistan. Crop Protection 29: 1428-
1433.

Alonso V, Nasrolahi S, Dillman AR, 2018. Host-specific
activation of entomopathogenic nematode infective
juveniles. Insects 9(59): 1-10.

Amizadeh M, Hejazi MJ, Niknam G, Askari-Saryazdi G,
2019. |Interaction between the entomopathogenic
nematode, Steinernema feltiae and selected chemical
insecticides for management of the tomato leafminer,
Tuta absoluta. Biocontrol 64: 709-721.

Bajc N, Drzaj U, Trdan S, Laznik Z, 2017. Compatibility of
acaricides  with  entomopathogenic ~ nematodes
(Steinernema and Heterorhabditis). Nematology 19:
891-898.

Blumel S, Matthews GA, Grinstein A, Elad Y, 1999.
Pesticides in IPM: selectivity, side-effects, application
and resistance problems. In: Albajes R, Gullino ML,
van Lenteren JC, Elad Y, (eds.), Integrated Pest and

J Appl Res Plant Prot

-0 iz pl 5 H. bacteriophora (Poinar 1976) «is3 1, ,.5b
S5 l8 Py o Olej a5 Al (atiie (izran 5 L85 A
39 9 0355 S bwslad plas jo  Sasas ol jl ulidl je
Shas Ol 41 0 5 S e oyl a8 L S, arenarium a5
Ve Soop celw VY 5l G oS (g p5bar <8l alidl ook
38 (oS LT Sl 31T BV 51 (SO o, oy 5l asles auo o
L bales bli,l SYeb by Goe wlgh oo ol Gudos
a8 5515 oolitul 3550 lajen joboas (92 WAL (n el
S iSeria g Ol S jlen lawle m B3
Slge pla b Jud oole com 56 Judoay cunl (S (lord
Jbd oole (S Copoms 08l Wil s LiST0 pi o0t eSS
1 basles bls ol (e i 5 lay sloiles s,
(Amizadeh et al. 2019) wias ol Goa by Sogll ;o
Ol 5 ple as wsls o,)35 Hara & Kaya (1983) ¢ yioren
OSon B iSe,ia (gl slagsemYge,d 5o oolitul o)
Sl lailel Cugjen GlasSL e S el
Cuthbertson et al. w3y e 4 oL alils ol
S ober slaailel Cuslus a5 W) a5 (nl 42 (2003)
b o cwl Ses b iSeis 4 Cos Olpis
2l 5 5 890 (2S0pd (Y ge 8
P obes slawiles YL (6)55ke (soumie Blalllas iz 52
03l Lii | alisee slaos 5 5l calisee sla Sl b ol im

Disease Management in Greenhouse Crops, pp:150—
167.

Caccia MG, Valle ED, Doucet ME, Lax P, 2014.
Susceptibility of Spodoptera  frugiperda and
Helicoverpa gelotopoeon (Lepidoptera :Noctuidae) to
the  entomopathogenic  nematode  Steinernema
diaprepesi  (Rhabditida :Steinernematidae) under
laboratory conditions. Chilean Journal of Agricultural
Research 74(1): 123-126.

Capinera JL, 2001. Handbook of Vegetable Pests.
Academic Press, San Diego. 729 pp.

Chavan SN, Somasekhar N, Katti G, 2018. Compatibility of
entomopathogenic nematode Heterorhabditis indica
(Nematoda: Heterorhabditidae) with agrochemicals
used in the rice ecosystem. Journal of Entomology &
Zoology Studies 6: 527-532.

Cuthbertson AGS, Head J, Walters KFA, Murray AWA,
2003. The integrated use of chemical insecticides and
the entomopathogenic nematode, Steinernema feltiae,
for the control of sweet potato whitefly, Bemisia tabaci.
Nematology 5: 713-720.

Del Pino FG, Jove M, 2005. Compatibility of
entomopathogenic nematodes with Fipronil, Journal of
Helminthology 79: 333-337.

$




OF )V F ()Y Lf:‘j)‘;"oé-”)')cg"’ﬂ)[rd&u&ﬂ;ﬁ

Dhawan AK, Singh S, Kumar S, 2009. Integrated pest
management (IPM) helps reduce pesticide load in
cotton. Journal of Agricultural Sciences and
Technology 11: 599-611.

Dhiman A, Seth RK, 2012. Compatibility of
entomopathogenic nematode, Steinernema glaseri with
cypermethrin. Indian Journal of Entomology 74:16-3.

Eivazian Kary N, Sanatipour Z, Mohammadi D,
Koppenhoéfer AM, 2018. Developmental stage affects
the interaction of Steinernema carpocapsae and
abamectin for the control of Phthorimaea operculella
(Lepidoptera, Gelechidae). Biological Control 122: 18-
23.

El-Ashry RM, Ali MA, Ali AA, 2020. The joint action of
entomopathogenic nematodes mixtures and chemical
pesticides on controlling Helicoverpa armigera
(Hubner). Egyptian Academic Journal of Biological
Sciences, F. Toxicology & Pest Control 12(1): 101-116.

El-Wakeil N, Gaafar N, Sallam A, Volkmar C, 2013. Side
effects of insecticides on natural enemies and possibility
of their integration in plant protection strategies. In
Insecticides, Development of Safer and More Effective
Technologies; InTechOpen: London, UK, Pp. 1-56.

Glazer I, Alekseev E, Samish M, 2001. Factors affecting the
virulence of entomopathogenic nematodes to engorged
female Boophilus annulatus Ticks. The Journal of
Parasitology 87 (4): 808-812.

Hara AH, Kaya HK, 1983. Toxicity of selected
organophosphate and carbamate pesticides to infective
juveniles of the entomogenous nematode Neoplectana
carpocapsae (Rhabditida: Steinernematidae).
Environmental Entomology 12: 496-501.

Hassani-Kakhki M, Karimi J, Hosseini M, 2013. Efficacy
of entomopathogenic nematodes against potato tuber
moth,  Phthorimaea  operculella  (Lepidoptera:
Gelechiidae) under laboratory conditions, Biocontrol
Science and Technology 23: 146-159.

Head J, Walters KFA, Langton S, 2000. The compatibility
of the entomopathogenic nematode, Steinernema
feltiae, and chemical insecticides for the control of the
South American leaf miner, Liriomyza huidobrensis,
BioControl 45: 345-353.

Jagodi¢ A, Trdan S, Laznik Z, 2019. Entomopathogenic
nematodes: can we use the current knowledge on
belowground multitrophic interactions in future plant
protection programmes? — Review. Plant Protection
Sciences 55: 243-254.

Khan RR, Rameesha A, Abid Ali A, Arshad M, Majeed S,
et al. 2018. Compatibility of entomopathogenic
nematodes (Nematoda: Rhabditida) and the biocide,
spinosad for mitigation of the armyworm, Spodoptera
litura (F)(Lepidoptera: Noctuidae). Egyptian Journal of
Biological Pest Control 28:1-8.

Koppenhdfer AM, Brown IM, Gaugler R, Grewal PS, Kaya
HK, et al. 2000. Synergism of entomopathogenic
nematodes and imidacloprid against white grubs:
greenhouse and field evaluation. Biological Control
19:245-251.

Koppenhéfer AM, Cowles RS, Cowles EA, Fuzy EM,
Baumgartener L, 2002. Comparison of neonicotinoid

J Appl Res Plant Prot

insecticides as synergists for entomopathogenic
nematodes. Biological Control 24: 90-97.

Koppenhdfer AM, Kaya HK, 2001. Entomopathogenic
nematodes and insect pest management. In: Advances
in Biopesticide Research, Vol. 2 (O. Koul, (Ed.),
Harwood Academic Publishers, Amsterdam, The
Netherlands. Pp: 277-305.

Laznik Z, Trdan S, 2014. The influence of insecticides on
the viability of entomopathogenic nematodes
(Rhabditida: Steinernematidae and Heterorhabditidae)
under laboratory conditions. Pest Management Sciences
70: 784-789.

Laznik Z, Vidrih M, Trdan S, 2012. The effects of different
fungicides on the viability of entomopathogenic
nematodes  Steinernema  feltiae  (Filipjev), S.
carpocapsae Weiser, and Heterorhabditis downesi
Stock, Griffin & Burnell (Nematoda: Rhabditida) under
laboratory conditions. Journal of Agricultural Research
72: 62-67.

McMullen JG, Stock SP, 2014. In vivo and in vitro rearing
of entomopathogenic nematodes (Steinernematidae and
Heterorhabditidae). Journal of Visualized Experiments
91:1-7.

Morton A, del Pino FG, 2008. Effectiveness of different
species of entomopathogenic nematodes for biocontrol
of the Mediterranean flatheaded rootborer, Capnodis
tenebrionis (Linne) (Coleoptera: Buprestidae) in potted
peach tree. Journal of Invertebrate Pathology 97: 128—
133.

Musser FR, Nyrop JP, Shelton AM, 2006. Integrating
biological and chemical controls in decision making:
European corn borer (Lepidoptera: Crambidae) control
in sweet corn as an example. Journal of Economic
Entomology 99: 1538-1549.

Negrisoli AS, Garcia MS, Negrisoli B, Bernardi, D. da Silva
A, 2010a. Efficacy of entomopathogenic nematodes
(Nematoda: Rhabditida) and insecticide mixtures to
control  Spodoptera  frugiperda  (Smith, 1797)
(Lepidoptera: Noctuidae) in corn crops. Crop
Protection 29: 677-683.

Negrisoli AS, Garcia MS, Negrisoli CRCB, 2010b.
Compatibility of entomopathogenic  nematodes
(Nematoda: Rhabditida) with registered insecticides for
Spodoptera frugiperda (Smith, 1797) (Lepidoptera:
Noctuidae) under laboratory conditions. Crop
Protection 29: 545-549.

Ozdemir E, Inak E, Evlice E, Laznik Z, 2020. Compatibility
of entomopathogenic nematodes with pesticides
registered in vegetable crops under laboratory
conditions. Journal of Plant Diseases & Protection 127:
529-535.

Pelizza SA, Schalamuk S, Simén MR. Stenglein SA,
Pacheco-Marino SG, et al. 2018. Compatibility of
chemical insecticides and entomopathogenic fungi for
control of soybean defoliating pest, Rachiplusia nu.
Revista Argentina de Microbiologia 50: 189-201.

Peters A, 2003. Pesticides and entomopathogenic
nematodes - current status and future work. IOBC/wprs
Bulletin 26:107-110.




V¥

e Dt 5 loo Wiled g5 90 (6,05l / ) (S0 g 5y

Sabino PHS, Sales FS, Guevara EJ, Moino A, Filgueiras
CC, 2014. Compatibility of entomopathogenic
nematodes (Nematoda: Rhabditida) with insecticides
used in the tomato crop. Nematoda 1: e03014.
http://dx.doi.org/10.4322/nematoda.03014.

Salgado-Morales R, Martinez-Ocampo F, Obreg6n-
Barboza V, Vilchis-Martinez K, Jiménez-Pérez A, et
al., 2019. Assessing the pathogenicity of two bacteria
isolated from the entomopathogenic nematode
Heterorhabditis indica against Galleria mellonella and
some pest insects. Insects 10(83): 1-14.

Sanjta S, Mehta PK, Chandel RS, 2020. Interaction effects
of entomopathogenic nematodes and insecticides for the
management of grubs of Holotrichia longipennis and
Brahmina coriacea. Journal of Environmental Biology
41: 637-643.

Shapiro-llan DI, Gouge DH, Piggott SJ, Fife JP, 2006.
Application technology and environmental
considerations for use of entomopathogenic nematodes
in biological control. Biological Control 38: 124-133.

Singh P, 1977. Artificial diets for insects, mites, and
spiders. IFI/Plenum. 594 PP.

Sobhy HM, Abdel-Bary NA, Harras FA, Faragalla FH,
Husseinen HI, 2020. Efficacy of entomopathogenic
nematodes against Spodoptera littoralis (Boisd.) and
Agrotis ipsilon (H.) (Lepidoptera: Noctuidae). Egyptian
Journal of Biological Pest Control 30: 1-8.

SuJ, Sun XX, 2014. High level of metaflumizone resistance
and multiple insecticide resistance in field populations
of Spodoptera exigua (Lepidoptera: Noctuidae) in
Guangdong Province, China. Crop Protection 61: 58—
63.

Ulu TC, Sadic B, Susurluk IA, 2016. Effects of different
pesticides on virulence and mortality of some
entomopathogenic nematodes. Invertebrate Survival
Journal 13:111-115.

Vashisth S, Chandel YS, Sharma PK, 2013.
Entomopathogenic nematodes-A review. Agricultural
Reviews 34 (3): 163-175.

Viteri DM, Linares AM, Flores L, 2021. Use of the
entomopathogenic nematode Steinernema carpocapsae
in combination with low-toxicity insecticides to control
fall armyworm (Lepidoptera: Noctuidae) larvae.
Florida Entomologist 101(2): 327-329.

White GF, 1927. A method for obtaining infective
nematode larvae from cultures. Science 66: 302-303.

Yadav S, Patil J, Sharma HK, 2017. Bio-efficacy of
Steinernema carpocapsae against Spodoptera litura
under laboratory condition. International Journal of
Pure & Applied Biosciences 5 (2): 165-172.

Yan X, Moens M, Han R, Chen S, Clercq PD, 2012. Effects
of selected insecticides on osmotically treated
entomopathogenic nematodes. Journal of Plant
Diseases and Protection 119 (4): 152-158.

Yan X, Shahid Arain M, Lin Y, Gu X, Zhang L, et al, 2020.
Efficacy of entomopathogenic nematodes against the
tobacco cutworm, Spodoptera litura (Lepidoptera:
Noctuidae). Journal of Economic Entomology 113(1):
64-72.

Zeinolabedin Fard N, Abbasipour H, Saeedizadeh A,
Karimi J, 2020. Laboratory assay of entomopathogenic
nematodes against the elm leaf beetle, Xanthogaleruca
luteola Miiller (Col.: Chrysomelidae). Journal of Forest
Science, 66 (12): 524-531.

Zhang P, Gao M, Mu W, Zhou C, Li XH, 2014. Resistant
levels of Spodoptera exigua to eight various insecticides
in Shandong, China. Journal of Pesticide Science 39(1):
7-13.

Zhong XL, Cong XP, Wang XP, Lei CL, 2011. A review of
geographic distribution, overwintering and migration in
Spodoptera exigua Hubner (Lepidoptera: Noctuidae).
Journal of Entomological Research Society 13(3): 39—
48.

@ @ @ This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-
nc/2.0/)


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

