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Abstract

Survival rates of the infective juvenile stage (IJ) of three entomopathogenic
nematodes (EPN), Steinernema carpocapsae, Steinernema siamkayai and Steinernema
sp. isolate K8 (Thai isolate), plus a surfactant of 0.2% and 0.4% APSA-80™, a fire
retardant gel of 0.25% and 0.5% Barricade®, and tap water were investigated by
spraying the EPN suspensions (200 IJs) onto kale leaf discs. Three h after incubation,
the survival rates of the EPNs plus 0.25% and 0.5% Barricade® (80.2-85.0%) were
significantly higher than all other treatments (12.9-70.1%). The infectivity of three
nematode strains against the last instar larva of greater wax moth (Galleria mellonella
L.) at the rate of 100 IJs/50 microliters was tested and all cadavers were dissected to
count numbers of IJs. The results indicated that S. carpocapsae plus 0.25% Barricade®
showed the highest infectivity at 48 and 72 h after application (40.45 IJs/larvae) but was
not different to S. isolate K8 plus 0.25% Barricade® (34.58 and 34.90 IJs/larvae). The
infectivity of S. carpocapsae and Steinernema sp. isolate K8 plus 0.25% and 0.5%
Barricade® against third-instar larvae of common cutworm ( Spodoptera litura F.) and
diamondback moth (Plutella xylostella L.), which were evaluated by spraying 100 1Js/50
U onto a 1 cm kale leaf disc in the laboratory, were 82.5-100% 72 h after application.
In greenhouse tests, the infectivity of S. carpocapsae plus 0.25% and 0.5% Barricade®
against third-instar S. litura and P. xylostella was evaluated by spaying 2,500 1Js/15
ml/plant and assessing mortality after 72 h. The results showed that the mortality rates
of S. litura larvae in the S. carpocapsae plus 0.25% or 0.5% Barricade® treatment
(66.0% and 61.5%, respectively) were significantly higher than in the S. carpocapsae
plus tap water treatment (29.5%) and also resulted in significantly less leaf damage
(11.0-11.1%) compared to control treatments (33.8-61.6%). A significant difference
between the mortality rates of P. xylostella larvae (15.0-27.0%) and the percentages of
leaf damage (7.1-11.0%) were also recorded for the same two treatments.

Keywords : Steinernema, Spodoptera litura, Plutella xylostella, surfactant, Barricade

Project Code : MRG5580193



Project Title : An improved method for entomopathogenic nematode application to
control diamondback moth, Plutella xylostella L. (Lepidoptera: Plutellidae) and common
cutworm, Spodoptera litura F. (Lepidoptera: Noctuidae) larvae in vegetable crops.
Investigator : Atirach Noosidum

Department of Entomology, Faculty of Agriculture, Kasetsart University, Chatuchak,
Bangkok 10900, Thailand.

E-mail Address : fagrarn@ku.ac.th

Project Period : 2 years
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) I AANMIUBIURRINNAANY Barricade® i 60 w1

2) ¥ AANMIUBILRRINNAANY APSA-80° 1 60 Wi
o A o AAda

a) ldldourasdajuuainildinien

v A o A i Ada
9) ldifourlandazuuainlidsia
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4. mnagauilssansnmvasldidandasdasunasfinanny Barricade®
ﬂ”@Lﬁ'aﬂmsm’%mﬂizﬁﬂﬁmwﬁvlﬁwaamnmsmaaamsﬁmmqvlé"l,ﬁamlayﬁ@g
wwas uwluRoavinnmeaseulssansnwlunmsdnyinaiovuauinisie dau3% fiter
paper biocassay lag/lt 24 well-plates %asaaﬁummﬁ”’s ANTEANBNIBI Whatman® 1ua3 1
1w 2 udn PaFREIUgUENaN 1 wudiuas neassuinaeslfideoulaodag
WNAIBNEWUT S. isolate K8 WATA18WUT S. carpocapsae ANENND 0.25% W3a 0.5%
Barricade® Imlﬁﬁnﬂummuqu WoAanIIETuIuAa Id o uaudaguaag 100
1Js/50 1uTAsans asUnnIzanwnTad mnuulanneninianeswmn 1 AN (NTINADAE
20 519) LLazLﬁuﬁqm%Qﬁﬂizwﬁm 25+2 AL TALEUE WRTAMNTU 755 %RH Tuin
é’@mmimwamuauﬁu%’aﬁaLLa:mwﬁTmi’m’m"lﬁLﬁauNayﬁ'@]gl,l,mmmﬂwmﬂ%uau
WRINITNARDI 24, 48 Uaz 72 Talu9 lastinrueuund19daninngm 2 a%s fansiilusH
LLazmmﬁfuﬁhuauvlﬁLﬁauNaUﬁ'@]gumﬂummﬂuauﬁu{dﬁa noldnda
stereomicroscope TIHANIINARBINIIATIZHOATINNTIBATIA dreldsunsy SPSS®

version 15.0 for Windows (Jﬂ‘wﬁl 11 U8z 12)
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i 11 nanasevlsznnwaesldifendasdazuuasdaus fiter paper bioassay
n) woaldiaeudasdazunaslu 24 well-plates Nfinsza1¥nas Whatman®
[
\was 1
. o o X
) lanuaniniilendlu 24 well-plates
ae X A
A) wuauiussangnnasaulu 24 well-plates
a s :;’ ‘dl v Ada 1
3) AUAUAUTIRINGINTInat)
a s :;’ ‘dl v A o Y o
7) nuauiussksngnldifeudasdazuuasdivhay

= A @ o a v A >
Q) Qﬂ‘ﬁ’m‘ﬁuﬂuLWﬂuﬂﬁ]’]%i%@]'ﬂﬁma%ﬂﬂﬂﬂ@]ELLﬂJﬂG
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A a L AN % [ o LY o
5. Uszansnmzasldifondagdagunaslunisizviraranwannseyain
uaznuanlainluiasljianis

@”@Mmﬁwﬁﬁmmmuguﬁnmo 1 udwuas 19uwiuanududu 1 wesidud
ANNFITaITU 5 Taddas Lﬁaﬁ'nmﬂ'nu%uﬁmsﬁﬂuﬁangmaLLuaaLﬁuququﬁﬂaﬁa 3
irudla noamIuiuses ldideuandazuuaiaowus S. carpocapsae WaTEHWUT
S. isolate K8 finau U 0.25% W38 0.5% Barricade® 1o pltldidaudandazuaay 100
1Us/50 lulasdas woaasunluaziin aniwlannwausiuin 1 e/ ‘[@U‘L%ﬁ’uﬂuq@
AuAY (N378TDaz 40 ) LLazﬁﬂvlﬂLﬁuﬁqmwQﬁﬂizmm 2512 99ANLTALTUR WAL
AN 755 %RH Tufineanisansvasrnanlginnasnmanasiam 24, 48 uas
72 $2lus lagsivuananarsensinng 2 a3s dauinldiuazanag ldideudandns
wadnolusinvesnuanlonn n1uldndad stereomicroscope HIRANITNARBINT

JaziaasnIans aaslusunsn SPSS® version 15.0 for Windows (NNW# 13)
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msmaauﬂszﬁwﬁmwvlﬁlﬁamlaUﬁ'@guuaotﬁamquuaum:ﬁﬁmm:

wiawlodnluszauRaslfuanig
) ansusrsanlornIe 3
A Y = A
) I@spuhalfssuNadvaltlunsnazay
A v o A o o
a) lungnuuawidiaie 7 24 Falus waammasas

Aada
J) ABDUNUDINTDA
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=Y =Y Y N Qs v o
6. ﬂﬁﬂﬂﬂﬂi&ﬂﬂﬁﬂ’)ﬂl?]adZﬂlﬁEJ%BJE)EIFIWELL&IRJ?%n’)ﬂ?ﬂ?’l’lﬂ’lﬂﬁua%

[ 2% o =
nyzninuazinanlgdinluaninlsaian
o A v o o A o 9 A wa Aa
aaliananudnTuvaslfidendandazunasnnmsnasevluiosljudnny Na
ngadiwin 2 aAnaududu fe ldideudasdajunaianuWus S. carpocapsae NINFNTIL
0.25% W38 0.5% Barricade® lagyinmmasauninae 5 n3suit asde i
Aad A a . A | A
NITNADN 1 Sanwhnsaaiedainadae) (TaAILA)
N3INADN 2 DanwinTaINNaNNY 0.5% Barricade® (Barricade 0.5%)
ad A a \ o A @ o ¢
n3WatN 3 danuansuriusesldifondasdazuuassnunig S. carpocapsae
(miﬁ’l) (S. carpocapsae)
Aad A a | o A o o ¢ A
N3N 4 Sanusnsuiusesldifeulandazuuaisnuwug S. carpocapsae N
NEUNU 0.25% Barricade® (SC+Barricade 0.25%)
ad A a \ o A o o ¢ A
n3W3tN 5 Aanusnuriusesldideudasdaguuasaunus S. carpocapsae i
WRNNU 0.5% Barricade® (SC+Barricade 0.5%)
o v v Rt 6 A 1 ni
nasaunudunzinaty 6-7 dlanw luaniulsadeu lasddounuauszezi 3 un
GUNT 10 92/6% (NT703Taz 20 1) lasUsosnuanludr9ian 16.00 4. NBUAANY
NIIWATANN g 1w 15 Aadaav/en (2,500 I/Aa8AAT MNaATILKI 50 81ua2/40 20
807) lug291981 17.30-18.30 w. gnnduszanm 25:5 asauaalfos uazANTu
75+10% RH 3QUUNANLAZATIIRUEATINTANG 80INNN1IT0ATIAUDIR Y LAZATIAG
vl,é("lﬁamlaUé’@]guummaﬂwmnmamuau nulénaad stereomicroscope LLaztiwalgﬂlu
azihfgnuuaudinans iNaviinisianunniadiiaisvasnuan lasldldsunsy
Image J 1.48 UUANHANINARBINTINIAT 24, 48 WA 72 TALNI RAIN1INARDS TIHA
a 6 d‘f A ¥ o % ® .
MINABBINILATEROATIMNTANY wazRuNnTdvinanaludielysunsy SPSS® version

15.0 for Windows (MW 14 uaz 15)



26

2NN 14 maau"tﬁ@amlaUﬁ'@lguuaaLﬁamquuauns:ﬁﬁ'ﬂ wazAwanlynluanIw
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4 o A .
i 15 luazthignuuandhriae

n) lumﬁwﬁgﬂﬁuaunﬁﬁﬂmﬂ 1 48 T7lu4 BRINTNARDS

) ludsngniiuiliiduanidlaslsldsunsy Adobe Photoshop CS6 aw
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AanNIInaaag

1. msgnarglalnavdagaangunauluny

ninanadnitianeyvedldifeudasdaguuasansWus S. isolate K8, S.
siamkayai L8 S. carpocapsae lasfanua It luazil LAz IATZARANITNARBINLIAN
60, 120 a2 180 W7 RAINITAANH WU NMILANRITLRINUIZANTAIW APSA-80° 1380
Barricade® 1 dawa@iaéﬁ;mmiagia@maavlﬁl,ﬁauﬂayﬁmguuawuluﬁmmn@hoﬁu

1 v A [ qq/' o & di o . ® v v A
losmwnuildideudaodauuning 3 suwug Wanaunuany Barricade® uda didau
Hasdasunaslidannisetseafgs uazuandangaaiugy dwiuanianly APSA-80°
Lﬁawaummmuaauvl,é"l,ﬁam]auﬁ'mguuaawudwé’mwnmgia@"lajl,mﬂ@mﬁ'uq@muqu
A v A A = v, o A o A )

wazduwildunanss Goaziulditasuiusssvasididendasdagunasfinanny
Barricade® WU8AIINNI8E700N1§INT1 APSA-80° lastialdannisadsaavasididen
ﬁ'@gl,maovl,&iﬁm'mLmﬂ@mﬁ'm:wj'mﬂ';'ml,iuﬁumaoﬁa 2 ANNLTNTW V8 Barricade®
ez APSA-80°

é'mﬁmiagjiamlaa"l,f%"l,ﬁamlamﬁ'@lguwma’mw”uij S. isolate K8 WL41 INT91981
RRINIINARDY AILATIILIAN 60 ©19 180 U7l BAIN1TNAREY S. isolate K8 NNENNL
0.25% Waz 0.5% Barricade® idn31n1T0gs0add10InNd1 80 ofidud (80.20-85.03
wWadidud) liuandrmesiifidaToufisunugaaiuqun 60 uaz 120 w1l (83.20-
90.20 1UasiFue) LaTuANANNISFDANL APSA-80° 119 2 ANNLINTH (A1314971 1)

1781 60 WM RAINIINANBY WU S. siamkayai NNRNNU 0.5% Barricade®
% ' v A 6 & 6 ' 1 a o o s e
dnynagiaavadldifendas (91.56 waiidud) uandsedsdipddyivranis
NARBIA Y S. siamkayai LWTAAILAY, 0.4% APSA-80° Uaz 0.25% Barricade® 486171
msagjiamvlajl,l,mmmﬁ'ummﬁa (77.26-80.15 11asigoua) N1Ia1 120 w17l RRININARDI
#doudasauWut S. siamkayai NHENTAY 0.25% WAz 0.5% Barricade® 6@ 31N30¢]
380 (75.38-85.69 iafifud) uandanunuafdnugaaiugy (65.71 wasidud) uaz
APSA-80° (50.75-65.71 Llasidud) uazfitaa1 180 w1l wasnsnanas ldidaurondng

o ¢ B LA o . ® & v o Aw '
WNAIENINWUT S. siamkayai TWaNNY Barricade® 119 2 auldudn daainiiagsaa
~ d ] 1 aaAa 4 s

(54.27-65.91 1 a3 Tua ) mvl,mmnmammnmLﬁaLﬂ’%ﬂmﬁﬂunuq@muqu (59.63
\asiFud)

NNTAIILINIRAININARDY S. carpocapsae NHANNY 0.25% LAz 0.5%

[ | = & ' aa A

Barricade® #18@11N170¢/300 (84.38-92.90 Wailfud) TauandranestdiiailTouisy
NULAAIUAN (51.40-55.10 LlasiFud) uazuand9nIaidny APSA-80° 19 2 A1

[T (32.70-62.90 tWadifud) (13190 1)



4' > ' v A o o 6 . . . . . .
M99 1 amﬁmiagia@madvlamamlaUﬂ@lgLL&Jadmﬂwuq Steinernema sp. isolate K8, Steinernema siamkayai \\8s Steinernema carpocapsae

NNauNy APSA-80° %38 Barricade® AU NTHeN99 N11281 60, 120 Laz 180 W17l BAININARSY

WG — anMsagianvasldifondasdazunaitSE

Tldideudosdaguaas (w1 7AAILAN 0.2% APSA-80° 0.4% APSA-80° 0.25% Barricade® 0.5% Barricade®

S. isolate K8 60 90.20+0.80 ¢* 84.40.£3.50 bc 54.30+3.30 g 82.02¢2.20 p 84.90+1.80 bc
120 83.20+1.20 b 63.60£5.60 g 57.60£5.20 g 83.47£1.70 b 80.50£1.10 b
180 64.60+1.90 p 12.90+5.50 g 70.07£7.26 b 85.03+x1.50 ¢ 80.20+0.90 ¢

S. siamkayai 60 80.15:4.94 p 61.444.07 a 80.13:2.92 b 7726357 b 91.56£3.57 ¢
120 65.71£541 ab 54204755 a 50.73:6.67 a 75.384.12 b 85.69:2.88 ¢
180 59.63+x4.52 p 34.19+5.80 b 30.68+5.10 g 54.27+3.77 bc 65.91+4.53 b

S. carpocapsae 60 55.10+1.00 p 49.30£1.80 p 36.60+1.70 g 87.16x0.70 ¢ 92.90+0.50 (g
120 53.30x2.70 g 48.30+2.40 g 43.70£2.10 a 87.79x1.30 b 92.70+1.10 b
180 51404110 p 62.9045.90 ¢ 32.7043.30 g 84.38+0.90 85.00¢1.70 ¢

Uiudtayalanld Arcsine ga3 SQRT(X/100)

o o a o ' ' % aad o A < ¢ = & LY ,
*@]?aﬂl“lﬁl.(ﬂﬂ')ﬂuiuLLu’JuauLLa@ﬂﬂ’JquLNLL@]ﬂ@nGﬂuﬂ’]ﬂaﬂ@‘ﬂi:(ﬂu@'ﬂqulfﬁawu 95 Lia3LTue I(ﬂﬂl"ﬁjﬁ Tukey’s test
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Aa A L A Qo
2, minﬁaamlszanﬁmwwaameam]ayﬂmguum

miv‘hmna’%mﬂs:?m%mwﬁmmmﬁ@awq"l,ﬁLﬁauNaUﬁ'@gumauﬂuﬁﬂﬁﬁﬁa
Barricade® snaaulteansainlunisidiinanonwouinsids dau57 fiter paper
bioassay I8 24, 48 Uaz 72 TAla9 WUT1 8@TINTANLVB IR WARSIAILNNTIEN
ﬁflmwaa"l,éhaamlamﬁ'@guuaw&o 3 81UWUS Aa S. isolate K8, S. siamkayai Uaz S.
carpocapsae ﬁé“mwmsmUaaulﬂfyjmamuauﬁu%’oﬁovlajLmﬂ@mﬁuq@mugu
VLéf”LﬁachasJéngLLma S. isolate K8 fingumiy Barricade® namadanutudn &
ST ITNA B wARTIA L LA N a1 wazlddsnuiuranivqulunnranis
nanad wazfinan 72 talusrnlvvueninisfisans 100 Wosidud didourandnguuad
suWUT S. siamkayai WAINIINARDINLIAT 48 Uz 72 T2l wudﬁvl,ﬁl,ﬁamlayﬁmg
WURIEEWUT S. siamkayai AnauRU Barricade® NagasnnuLuTurin I nuo winsang
anelaiuandnuganiuga s'fiaag;s:mw 77.50-82.50 1ulosiEud (a13197 2)
fwnivldifeurandazunassuWus S. carpocapsae ANFNTL 0.25% waz 0.5%
Barricade® §80T1N130N0 VDI wABIIAIAS 90.00-100.00 tlafidud fiaan 24 T2lus
Iumm:ﬁ'wmuquﬁﬁmﬁmsmm 85.00 1Uast5ud wazliuand19n19gd@iny 0.5%
Barricade® INU8A31N13018 90.00 tafifud 1do/3uuiisunan1snasasniig 48
waz 72 $2109 WRININARBS WU S. carpocapsae ANFNTL 0.25% Barricade® V89113
aad"ﬁ’sdnmwué’mwmsmwamuauﬁu%’aEfa"l&iLL@]ﬂ@mﬂyuLLaz"LsJ@mﬁ'ummuqu GR
sansnaiugwldia 100 wWasidud lummzﬁvlﬁl,aamlaﬂﬁ'mgl,mmwaw 0.5% Barricade®
sannaIugw e 95 wasidud (@797 2)
miﬂ@1aaafﬁﬂummﬂaaumwmmsmaa'léﬁﬁauﬂaUﬁ'@gumaﬁwauﬁu
Barricade® Lﬁial,ﬂ’%‘ﬂmﬁﬂuﬁ'uq@muqu BINANINARDINLIN Barricade® lifnanszny
%%aﬂ'uéﬁimsmﬁﬁﬁmwuauﬁu%’oéﬁwaﬂ&ﬁaudaﬂﬁ'@guma WO NN AUNREIND

v . ' A o a o X v v
LL%’JI%QJ’N Barrlcade® ﬁ"l&l’]iﬂ“ﬁ’lElL‘WNﬂ@]ﬁ']ﬂ’ﬁf@ﬂU%uﬂuﬂuiﬂﬂﬂvl@]aaﬂ(ﬂ'lEl



H s a a ‘&‘ v o v g et . . .
A19199 2 am’m'ﬁmmlamuauﬂmamﬁ]’mmwmmmwaﬂmﬁauﬂaﬂﬂmgl,madamwuf Steinernema sp. isolate K8, Steinernema

siamkayai s Steinernema carpocapsae ANFNNY 0.25% Waz 0.5% Barricade® 711381 24, 48 Laz 72 731309 RRINTNARDI

mgﬁ’uﬁﬂg’;‘ga‘au 1987 S ATINITANHVDINHD W TINIESE
Hasdnzuaag (fi’l'a‘[&i\‘i) ZAAILAN 0.25% Barricade® 0.5% Barricade®
S. isolate K8 24 27.50£12.50 a* 25.00+£0.00 a 22.50x17.5 a
48 92.50+7.50 a 72.50+2.50 a 70.00£10.00 a
72 92.50+7.50 a 100.00+£0.00 a 100.00+£0.00 a
S. siamkayai 24 40.00+£0.00 b 25.00+£0.00 a 40.00+£0.00 b
48 82.50£2.50 a 77.50£2.50 a 82.50+2.50 a
72 82.50£2.50 a 77.50£2.50 a 82.50+2.50 a
S. carpocapsae 24 85.00+5.00 a 100.00+£0.00 b 90.00+5.00 ab
48 100.00+£0.00 b 100.00£0.00 b 95.00£0.00 a
72 100.00+0.00 b 100.00+£0.00 b 95.00+0.00 a

Uiudtayalanld Arcsine ga3 SQRT(X/100)

o o

*aranuIfnulusmnensaasnny lluandsnunegdanszauanugass 95 Wasidua laulsis Tukey's test

L€
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A =) v o a Q é’ U L g
ﬂs:awﬁmwluﬂ'ﬁw']mmwuauﬂmammaovl,mﬁamlaUﬂ@gl,mmm 3 &y
o ¢ A @ . ® - 9 v ' ' o o [ v A
Wi Ninaudas Barricade mu‘l%mﬂv\Navl,mwm@mﬂuﬂummuqm aniwlsiAaukas
aww”uf S. carpocapsae AWENNU 0.25% Barricade® NT1491781 24, 48 Uag 72 S RIEE
> = a =) v o a Q &/ dl A &
WaINMAaed JaEnImwnmadiasnnauiniINgInga Ao 40.45 lUs/muan o9
Lmﬂ@mﬁ'ummqu lunﬂﬁ’mnmm‘f&msﬂ@aaa Vl&ﬁauﬂasﬁmgumaaww”uf S.
isolate K8 NN&NNU 0.25% Barricade® 17291781 48 Was 72 Tlud Juvzansniwlunig
v o A o & @ o o A ' ' 'Y
NI ERUAWAWIING LYY 34.58 LAz 34.90 IJs/muat ANAAL GNVL&ILL@m@I’NﬂU?g@
AR (23.10 Us/muau) fnidlddeudondaguuasaonus S. siamkayai lunngans
NARDI LLaznﬂﬁNnamﬁamiﬂ@aao VLéTLﬁauNamﬁ'@]gumaﬁﬂi:ﬁw%mwhmiwﬁ
o a o X ' ' o =& a a
mmwuauﬂmam"luLmnmoﬂuq@muqm FINUTLANTANWLIN S 1.28-9.43 1Js/HA1D
1 oq: = a a c', ni d'l = =1 > v A ™ a (d'l
LYINThe Lmzwﬂsmwﬁmwqu@maLﬂmumnunu"LamamJaUﬂmgumamﬂwugaue]
(139N 3)
di a 1 A 1 &’ = Q/' v A %
WaN T lauTIuNLI NN aa Wi I wna 72 T2 lus "Lamauﬂaﬂmg
H ) a a v o Aa o & A
LURINWRNNY 0.25% Barricade® A1U32ANTAIN WAL 18R WA WA WITINITIN
o dff A , 4 .
LLqumﬁgoﬂ'ﬂﬂg@muqu U8z 0.5% Barricade® Iunﬂq@ﬂWiﬂ@aao %9 0.5% Barricade®
Aa a £2 o a v d' ; 1 A s 6 ni
ﬂi:a‘nﬁmw‘lumﬂmmmﬂmLqummmm@muqm TIFUWUE S. carpocapsae N
[ . a a v o a o X v {
NRUAE 0.25% Barricade® ﬁﬂimﬂﬁmwiumﬂmmmmuauﬂmamvl,@ﬁuazgaﬁq@ﬁa
40 Us/Auath (113190 3)
uanmnﬁﬂ'awudﬂéﬂﬁaudaﬂﬁ'@lguwaaaww”uf S. isolate K8 kas S.
A A v o A o X 'y ' o<
carpocapsae AUszAnTA1nlun1sdina e nnoninIIng e @ lug91981 48-72 T2 19
d'l = = L d'l a 5 v A a o 6 .
WanlTuuAsunuTan1ThaaeIau muu"lm@amlaﬂﬂwgl,maamgwuﬁq S. isolate K8

K A A ° Lt o = '
LRz S. carpocapsae mummmmzawm:mvlﬂﬂmadﬂuLmam@lgwmavl,ﬂ



A1519% 3 a‘hmuvlﬁl,ﬁauwaylwmnLmaamﬁ'waavl,ﬁl,ﬁamlaﬂamw”uf Steinernema sp. isolate K8, Steinernema siamkayai W8 Steinernema

carpocapsae NWNENNY 0.25% WAz 0.5% Barricade® MLIAN 24, 48 LAz 72 THLU9 HAIN1INARDS

o ¥ A o A ¥ o a [ 49'
mwmlamaudaawmguuaammmmﬂwua%nusam

e W AN
F1NWS AL an 2
o (@ 1a19) (Us/vnan)
Hogdaagunag o o
2 ZANIVAN 0.25% Barricade 0.5% Barricade
S. isolate K8 24 3.78+1.16 a* 8.88+2.81 a 6.95+3.36
48 23.10£2.98 b 34.58+4.92 b 16.68+3.84
72 23.10£2.98 b 34.90+4.87 b 20.104£3.67
S. siamkayai 24 1.70£0.46 b 1.28+0.40 a 3.231£0.76
48 6.68+1.07 a 6.80£0.96 a 9.43+1.14
72 6.68+1.07 a 6.80+0.96 a 9.43+1.14
S. carpocapsae 24 23.15+4.59 a 40.45+5.01 b 16.50£2.20
48 26.5514.21 a 40.4525.01 b 18.40£2.26
72 26.5514.21 a 40.455.01 b 18.40£2.26

Uiuedayalasld Logarithm gas LOG(X+1)

*

o

9

o

n

a o . \ o aad o A o & & & waa ,
l“l’iL@]ﬂ']ﬂuluLLu')uauLLa@@ﬂjquLﬁJLL@]ﬂ@nGﬂuVﬂ@ﬁﬂ@ﬂﬁz(ﬂUﬂ'}’]NL%auu 95 LU 3ILTUe I@]Ulaﬂ'}ﬁ Tukey’s test
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a a LY AN % i o [- 7%
3. Useansmmaslaidoundesdazusaslunisizrrinaignuannsepinuas
o L A eAa
wnanlganluiasljianis

nmaseudszininiwvesldifeudesdagunaiaruwug S. isolate K8 uas
S. carpocapsae MNEWND 0.25% Waz 0.5% Barricade® 1uﬂ13L°ﬁﬁﬁ1awﬂ%uauﬂszﬁw°ﬂ
Imﬁﬁnﬂummuqu a0 24, 48 uaz 72 Tala KaIMINARI WU sulwagizans
m‘maavlﬁl,ﬁam]aﬂﬁ@gl,maaﬁwauﬁ'u Barricade® §sz@nTmwlunsaiuqunuaunszy
AnlduandnuranIugulugn g 129amaINIINanas GAﬁavlﬁLﬁamJaﬂéT@ngam’m
Wus S. carpocapsae HidszEnTainlunisaiuquuuauludn’ldgafie 95.20-100.00
WasiFue audiIa 24 52109 RAININARDS %aﬁﬂs:ﬁw%quan'jw didauranday
LNAY S. isolate K8 ﬁﬁﬂizﬁw%mwiumimuqwuauﬂszﬁw‘“ﬂﬁnm 72 Falag 1winny
82.50-92.50 1asiFud luanief Barricade® v1s 2 anutudnlddnaldnuaunseyiin
ane (A397 4)

mimaauﬂizﬁﬂ%mwmaﬂ&ﬁauﬂaﬁhgumow&o 2 mmw”ufﬁwawﬁ'u 0.25%
wae 0.5% Barricade® lumsitnvinanawnuawlunn wuin nng@]mimaaﬂ&ﬁauﬂaﬂﬁ'@q
uwuasdsziniawlunminiuquunanlodnlduandranuganiugulunn g Tr9ama
NNINANDI %avl,z%“l,ﬁauﬂayﬁ'@gumammw“unf S. carpocapsae AlszAntnmwlunisniugu
nuwaulodnldgafia 90.00-100.00 tasiFud P1291987 24-72 Falag waIMINaaad Dai
UsendnIwgIndn "La??l,ﬁauﬂaﬂé'mguwm S. isolate K8 ﬁﬁﬂizﬁﬂ%mwhmsmuqu
wuaulgsn 1WA 60.00-87.50 1Wasidud fnan 72 $2lus luwme? Barricade® 114 2

v @ A [ ') . @ ~
ANt lidnalinnewladnana iy (a13199 4)
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A135191 4 ﬂi:ﬁﬂfn’lwmaﬂﬁlﬁam\laUﬁ'@lgLL&Jad mmw"’uﬁ Steinernema sp. isolate K8

Wae Steinernema carpocapsae NNFNNY 0.25% Waz 0.5% Barricade® tunny

Lﬁwﬁﬁmwuaumzﬁw‘"ﬂLLa:%uau’LUﬁﬂﬁnm 24, 48 UaY 72 TAlaUd BaINT

Nnanas
SATINIAYIRALVDINWD (GISE)
BANIINARDY LRNARINTBAN (F21819)
24 48 72
UHBWNILHN
i{'lL‘JJéi’l 0.00£0.00 a* 0.00£0.00 a 0.00£0.00 a
0.25% Barricade® 0.00£0.00 a 0.00£0.00 a 0.00£0.00 a
0.5% Barricade® 0.00£0.00 a 0.00£0.00 a 0.00£0.00 a
S. isolate K8 5.00£2.89 b 70.00+15.81 b 92.50+4.79 b
S. isolate K8 + 0.25% Barricade® 7.50£4.79 b 72.50£7.50 b 87.50+6.29 b
S. isolate K8 + 0.5% Barricade® 7.50+4.79 b 77.50+10.31 b 82.50+10.3 b
S. carpocapsae 57.50£7.50 c 100.00+£0.00 ¢ 100.00£0.00 b
S. carpocapsae + 0.25% Barricade® 82.50+8.54 d 100.00+0.00 ¢ 100.00£0.00 b
S. carpocapsae + 0.5% Barricade® 37.50+2.50 c 92.50+2.50 bc 97.50+2.50 b
nwawlain
‘&’nﬂ&h 0.00+0.00 a* 0.00+0.00 a 0.00+0.00 a
0.25% Barricade® 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a
0.5% Barricade® 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a
S. isolate K8 5.00+2.89 b 15.00+9.13 b 60.00+14.72 b
S. isolate K8 + 0.25% Barricade® 15.00+5.00 bc 45.00+11.90 b 82.50+8.54 bc
S. isolate K8 + 0.5% Barricade® 15.00+6.45 bc 50.00+10.80 b 87.50+2.50 bc
S. carpocapsae 35.00+6.45 c 90.00+2.50 c 97.50£2.50 ¢
S. carpocapsae + 0.25% Barricade® 35.00£13.23 ¢ 92.50+4.79 c 100.00+0.00 ¢
S. carpocapsae + 0.5% Barricade® 25.00+6.45 bc 95.00+£2.89 c 100.00+0.00 ¢

Uiuddayalasld Arcsine ga3 SQRT(X/100)

*AANHILAIINUIHLWIAILRAIAN BN LANANUNIIRD AN ITZAUAMNITD A 95

Wasidud laulddT Tukey's test
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4. nagaviszansnmzasldifondagdngunas lumagraigvnan
nszninuazinanlgdnluaninlsaian

nmnaseudszAnininveslfidendasdagunassanug S. carpocapsae g
U 0.25% Uz 0.5% Barricade® lumaiiniasnuannizinn lugninlsaiaunasas
wuin lddaudasfinguny 0.25% was 0.5% Barricade® fidszEntawlunisaiugu
%uaumzﬁﬁﬂmﬂﬂiwmsﬁ@‘w'u@i”aszl,ﬁLﬁamJamﬁmasmlﬁmglmgo 3 TARLIRIRAINT
naned laousadtzininmwganindy 2 iy wazrdonarwly 72 $alus wodnldiden
Nae S. carpocapsae #'linan Barricade® ﬁﬂi:ﬁﬂ%ﬂﬁwiuﬂﬁﬁ’]mUﬂuauﬂi:ﬁﬁ'ﬂ
Winnu 29.50 Lasigua lumm:ﬁ"g@mm@aao S. carpocapsae fNFUNL 0.25% Uaz
0.5% Barricade® ﬁﬂizﬁw%ﬂﬂwluﬂﬂiﬁﬁaﬂwuauﬂs:ﬁw‘”ﬂwhﬁ'u 61.50-66.00 1Ua3L5ua
(@397 5)

Lﬁaﬁmsmwamsrﬁ"}ﬁwmﬂuﬁmamuaum:ﬁw‘”ﬂ WudnafigoanaaIny
0ATINIANDVBIRUBUNIYINN Tagfla 72 T2 lu9naInMINaaasas WUAMNLEI R B
luArluganinaseasaruquildtadszning 56.06-61.58 iasidud LL&&‘I;@]T]’]SY]@&E]G“?II
Sanuas S. carpocapsae LR dag9Laga 33.76 1asidud luameiniinasas S.
carpocapsae TNFUTU 0.25% WAz 0.5% Barricade® finnuidawigvasluisivany 11
Wasifud (@139 6)

fwiummaseudzaninmaeslddeudasluganimaaastnsduluniadd
arpnuanlodn wudilunnnimudsddszdntamlunindiiarenueulodn’ls
wanaann laafiiaan 72 1alud MaIn1INaaes "Lﬁ?fl,ﬁauﬁslgummzd 3 gan1Inaaaddl
Uszansnwlumsghvhaswsanlodniesndt 27 Wesidud (@199 5)

HaRansannamInaaasanmsvanalusasmwouladn wudn lunnnswis
wuanlorndsamnmadiinaewsedului liwandrsiunssiaussdanuaansalvns

Wvinanely 5-10 1Wasidud RainInaasdn 72 33 la9 (13191 6)
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A15199 5 ﬂs:ﬁﬂﬁmwmaﬂﬁlﬁauﬂamﬁ'@gl,maamﬂw”uf Steinernema carpocapsae 1

NEUNU 0.25% Waz 0.5% Barricade® 1umsvﬂ1ﬁ’1mwuaum:ﬁﬁmmwuau

ToEnNT19987 24, 48 LA 72 TALNI KAINIINARDI ILFATN LTI UNARD

Qs dl Qo
AAIINIMNYLRAYVDIVI DY (AIXSE)

ANIINANDI ATEINITAAN (32189)
24 48 72

AHBWNILANN

NETRILS 0.00£0.00 a* 0.00£0.00 a 0.00£0.00 a
0.5% Barricade® 0.00£0.00 a 0.00£0.00 a 0.00£0.00 a
S. carpocapsae 16.00£3.56 b 16.00£3.56 b 29.50+6.29 b
S. carpocapsae + 0.25% Barricade® 39.50£3.10 ¢ 39.50£3.10 ¢ 66.00£2.83 ¢
S. carpocapsae + 0.5% Barricade® 33.00£1.04 c 33.00+£1.04 c 61.50+2.99 ¢
nwawlann

s 400£160 a*  4.00:169 a 4.00+1.69 a
0.5% Barricade® 4.00£1.34 a 4.00£1.34 a 4.00£1.34 a
S. carpocapsae 7.00+1.28 a 12.00+2.36 a 15.00£3.47 b
S. carpocapsae + 0.25% Barricade® 10.00£1.97 a 20.00+3.36 b 24501420 b
S. carpocapsae + 0.5% Barricade® 12.00£1.86 a 23.00+3.24 b 27.00+3.00 b

Uiudtayalasld Arcsine gas SQRT(X/100)

*AANEILAUINW LW IBOBLFAIAINN LU LANG NN UNIIRD ANT

Wasidud lasltdd Tukey's test

AR

AN NLTaNY 95
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M131971 6 ANULTENRIEY adluNTALANANTENYInaN Y amuauﬂszﬁﬁﬂ WAL

NN NTI9LI87 24, 48 WA 72 T2laUd WaINIIH AW U Steinernema

carpocapsae NH&NAL 0.25% Waz 0.5% Barricade® lugnwlsdiSeunaasd

<
anudarnavadluiy (1asiEud +SE)

BANIINANDI ARRINITDAN (F2189)
24 48 72

UWOUNIZNAN
s 595:0.73 b* 2331247 c 6158586 G
0.5% Barricade® 4.80+£0.77 b 21.98+2.44 ¢ 56.06£5.50 ¢
S. carpocapsae 4.56£0.59 b 14.9320.92 b 33.76x1.44 b
S. carpocapsae + 0.25% Barricade® 2.02+0.07 a 5.57+0.40 a 11.04+0.96 a
S. carpocapsae + 0.5% Barricade® 2.44+0.24 a 6.26+0.32 a 11.29+0.87 a
nwanlann
ﬁ’ll,‘i_lé’l 1.46+£0.21 a* 3.42+0.58 a 10.95+6.08 a
0.5% Barricade® 1.76£0.35 a 3.91+0.79 ab 5.64+0.82 a
S. carpocapsae 2.48+0.47 a 6.81+1.07 ab 8.06£0.99 a
S. carpocapsae + 0.25% Barricade® 2.53+0.57 a 6.89+0.83 b 7.10+1.29 a
S. carpocapsae + 0.5% Barricade® 2.33+0.55 a 7.54+1.09 b 8.02+1.06 a
Uiuedayalanld Arcsine §a3 SQRT(X/100)
ssrsnwadsinuluuninenuaasainlduandrsnunissfanizauniTann 95

WasiFud lasltdd Tukey's test
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a 6
AI1TMAINTIINAABDY

A v A L =} v & 1 lﬂl 1
msmaaamsmmﬂamauﬂaUﬂmguuaauﬂuwma@ﬂ%mu’n Liataanew bl
g/ Qs 1 U Q { v Qs Qs
m’smuwam’m’ﬁagsamaﬂmﬁamam@lgumaﬁwawmUaﬂsﬁ]ﬂu APSA-80° Jaa
QRERHEREERER Lﬁam%’ﬂmﬁguﬁ'wg@muqu a'mLﬁaamﬁlfmQmauﬂ'ﬁmaamﬁuluﬁ*’msl
o o a & a va A P . . A A A & oA
N3ENURITIANIUS A RAL ldAuadaunila (viscosity) N61 Taaanunitanud
Qmauﬂ”ﬁﬁﬂi’sy@T’lumumi"lmmawaomm A1UILARIBUT AR AT Azrinlw
wWasnudasgunildie wiafizUiefivnas Mldiianszmeldieg (Somvanshi et al,
{ v o L 1 { J
2006; Mukheriee et al., 2009) lurmzf lfidoucasdazunaiidnsiniregsaangidu
WAINNINAIE Barricade® Liataa7H1s 11 I@waammmaaﬂwoﬁﬁmmﬂﬁ@ga ¥
= A d o A o ) o o & o . v
1%wﬂﬁsLﬂaﬂuLLﬂad3ﬂiﬁa"L@zrm wadaaltiiawinluniIvinlvuneas deansauludleny
3L R3VUIEANTNW Barricade® LLazﬂﬁLsﬁa%'uﬁﬁmwamﬁ@agjiz‘mha 1,400-50,000 mPa-
s (Millipascal-seconds) (Barricade International, 2013) hana1n % Barricade® ¢4 #
sodium polyacrylate (Aadoy Indeza3ian) emLﬂuwaamasﬂﬂummmumﬁmu \fa
WUAINaILUNa AT waRiNaTzduinlaas 100 i lasazwassdwdmdadunasne
AULNaaAN (Sodium-polyacrylate, 2014) wawag’mnﬂudmﬂs:naﬂumwﬁ@sTﬁé”aw
A X o a A ° & f a Y o ' X
warshahaadIouiadansiuninuszniielnuasfedne g ndasnueg wananiari
v { v g U Q v A a Qs AI v = U
nin e uswaarenuNden GoduwiaInuiiniaaal Lacaaua2 lataIaal
533016 (Barricade International, 2013) @T’mmqwaﬁ Barricade® 810130615900 1T
Vlﬁa:ﬁwlﬁwlﬁl,ﬁauﬁaﬂﬁ@ﬁ”aamimﬁw%ulumi@iﬁo%ﬁm:mmmagia@uuluﬁ'ﬂoﬁ’mu
X o 4 ¥ o a
WAL (Lacey et al., 2010; Shapiro-llan et al., 2006, 2010) NINARDIHIAAARAINUANT
A A A 4 ' A o A o A A '
NAABIAK Y NAUTBITWIN mﬂugmmmaamsJmmqmaa"l,amauﬂasm@gummmwu
uuluisuazliinenuldideudasdagunns (Lacey et al., 2010; Sasnarukkit, 2003;
Schroer and Ehlers, 2005; Shapiro-llan et al., 2006, 2010) LRZNANIITNARIHIRAAARE
Audys wazams (2542) inuildideudasdaguuas S. carpocapsae fidasnatisaa
v ' A a Ao A A = 2
vL@@‘lummuqm'ﬂnummua:ﬂmnma lummmqmwgwga 35 adALTALBaE T %
a A o A o a '
aanpiiadsludszinalng lddeudondazunas S. carpocapsae dszuziaanlunisag
300 LA FUad asmvlsﬁmmfmmimaaawudﬂéﬂﬁauﬂaﬂﬁ‘@gl,maomsw”uf S. siamkayai
wu foannsegreandiniirfiadusg SasstunuiunImenueas 173 (2544) Tale
o v oA o a oA 3 LA v A o P
msmwuvl,m@amlauﬂmgl,mawu@‘lﬁw fa S. siamkayai mﬂuvl,amamlaﬂmgummm
Indvasdsznelng LLa:ﬁmwmmmﬂu@iaaqqu]ﬁvlﬁgaﬂdﬁ 35 AIANTALTOR
Vlé"tﬁauﬂaﬂﬁ'@]guuamwﬁuf S. carpocapsae NWENNU 0.25% Laz 0.5%

Barricade® 1@ Uﬁﬁ%ﬁuq@muqu wué’mwmiagﬁamaﬂéﬁﬁaudayé’l’mguuamé’ami
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NARDIN 180 WITILYINAD 84, 85 uaz 51 1osiFud aus16L TexoanfoINUNIINARDS
283 Jin et al. (2004) nanrinfiwaIusunindaegvasifidoudasdaunadle lay
wuinlfidaudas S. carpocapsae AnsunuNaLmasH 0, 0.2, 1 uas 2 Wasifud asvil
VLéTLﬁauNazJﬁéTm’m’ﬁagmﬂ 0.3, 4.5, 11.0 uaz 18.5 Wasifud nainsaanudoiasas
Wussad 24 T2l wazwudwanldideudosdazunasuuluie 0.03, 0.30, 0.90 uaz

v @
v A o

1.60 1JS/ANFNILTUHALNAT ANNE1AU N uamwmiagia@maavl,ﬁl,ﬁamlaﬂﬁmgumaafﬂzﬁ
USRI NT U N ANV T UT WU INRLTOIU HANINHNINARIRIIFAAARAINUNNT
NARBIVEY Sasnarukkit (2003) NTNEIUIN TIFEaAI1 L lataatiinnyeInawlIwNaNg
(302 nm) WAZLEILAA LUFAIWTTINTIA BT WA 15 w1fl Anadelsz@nTaiwns
daldifialinvay S. siamkayai Waz S. carpocapsae uazwuinldidaunandaguuad S.
. LA o a a v @ ¢ & & | an o
siamkayai NNRNNUNALTOIWTNTY 2 L11a3LTua mmsnaguusluluamwmswm%
NN 12 TN
a =Y v o a Qo J v & 1 v

NNINARAIUITRNT NN IR BARARTINILRAI AR ddauay

ANFUNRIRNUWUT S. carpocapsae NHFNTU 0.25% Uaz 0.5% Barricade® A1inLduya
Q = 5 &, H Ql = 1 =
AILAY WUBATINNIANLVBINBOUNUTIHINIINT 24 1139 BadIn1INaaad Ny 100,
~ & =) a =) 09” v v 1 1

90 WAz 85 LUasiTud TIRITRINUILANTAIN Barricade® 119 2 AN NT 1 LURINA

1 g a o 3 [ 1 1 a v o
NILNUFADDATINITANLYDIR WA WAUTIN memymmml‘ﬂmﬁauﬂaﬂﬂmgu,maﬁ

a Aa U ) a % &’ nl J £ A £ Qs
ﬂizammwhmmmmmwuauﬂmomwagwuﬁﬂmﬂ FIRDANFDINUNNTNARDIVDI
Schroer and Ehlers (2005) 1319 winflonauldidaudandazunaianuwus S.
carpocapsae INNUATIUIULAZE1TAAE7 (0.3 1WasiFud Rimulgan®+ 0.3 tasiFud
polymer-xanthan; SPF) I@Uﬁﬁ’uﬂu"g@ﬂ’mqu 48931 75 U/ uFLuaT Wuin
vl,a%"l,ﬁamlaﬂﬁ'@]gl,l,uadﬁwauﬁ'u SPF ﬁﬂﬁﬁuauﬁé'mwmsmﬂqaﬁa 80 1asiEua wazn
AMNDY 60 LU aTITUGR "Lfé?l,(ﬁamlayﬁ'mgl,l,mmag;sa@vl,ﬁmnﬂdﬁ 20 T2 149 LAZLIaAINTY
QI ~ 1 U =3 1 U g 0; %

WL 80 Lasibue amawﬂﬂmﬁauﬂaﬂﬂmgumaagsam%gwuﬁd 58 T34 LA
ROANSBINUNIINAREIVEI Somvanshi et al. (2006) WU ansLasuUTeanTawnuld
a'aNamzwum’aﬂs:ﬁwﬁmwiummﬁﬁﬁmzmao"l,z%“l,ﬁamlauﬁ'mguummﬂw”uﬁ: H. indica

. . P2 o A o & A
Wae Steinernema thermophilum m%mauﬂammguuaom 2 TUR FINNIDAIVANR R Y
a o &’ v { & % o a
ﬂmamvl,@qaﬁa 100 tasLEwd N12a1 48 TAlN9 RAINIINAADY LAUNRUNLURITLRTA
13zANTNIN APSA-80° NAaLTNT% 0.033, 0.3, 1 %38 2 Lasidud laadinasasing
a a A ) v o o A ) o
woduraniugw LLazLﬂmumﬂunumﬂﬁmwamu"l,amamlaﬂﬂ@;;l,l,uao WUBATINNT

A o X v o . . [
ANUVBIRWAUAWITININNNNTNYINA18Va9 H. indica Winny 100, 100, 25, 25, 0 L&z 100
6 = (3 o a Y o v A (5 .

1 asIEUE ausIaU LLazmﬂmimmmwaa"l,amau&lammguwaa S. thermophilum
WinAU 100, 100, 100, 100, 0 L&z 100 vasidud aNa1aU
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ANSNARBIVBY Shapiro-llan (2010) leT189718737 mmawvléﬁﬁauﬂaﬂﬁ'@guum
mslw”uf S. carpocapsae Lﬁ‘amqu Synanthedon pictipes (Grote & Robinson) W13
st lddeuasnaunuintissasruaed ldaunsarilwdSumaes S. pictipes aAa3
16 uazledn1310 Barricade® mwamﬁ”’sUﬁawmﬂéﬁﬁauﬂaUﬁ@guummmsagsaﬂvlﬁ 30
wasisua ﬁqm‘ﬁgﬁ 28 AIANLTALTUE WAL 11 adA L TaLdes 1ull a.¢. 2008 Laz 34
AIFLTALTUR LAz 19 adruaaldas ui a.a. 2009 wazUSu1mwauTwn 60 tasiduwe
Tud a.¢. 2008 uaz 53 tlastFued ui a.@. 2009 LALFIAARAINUNITNANAIVA
Hussein et al. (2012) ld@nisz@ninnvasldifoudasdnguuns S. feltiae NWauL
agar gel Lﬁamuqu@?”;éaumaoﬁ’m Colarado potato beetle, Leptinotarsa decemlineata

1 v A % dl s a o 6 & 6

(Say) wmw"l,m@am]ayﬂmgummwamu agar gel 18031N130 188089 70 1UBSITUG
A = = o o A o A S A N a ' ) o A

LSJE]L‘L]iEl‘lJL‘HUUﬂUvLﬁTL@]E]uBJaUﬁ@IELLNmﬂE]QI%W]LW?NE]U’NL@EJ’J lassulngual lfidon

ﬁlasﬁ'@guwm%mmmﬁ%%agljiaﬂvlﬂ’luﬁﬁﬁmm%ugd (30 LUasiTue) LLazluﬂitﬁﬁag

a A o ! H A A i 0 & AT . v & a

uumlm:uamwmiagsamm st’lzwmﬂﬂgnmummzagluanﬁwwuwiaaLLm GREY

a A 1 [ Al v A s 6 . .
oMM AVBILFILAANF amavhﬂmuﬂwvl,amamlayﬂ@lgumalmaﬂ Steinernematidae

|d' L™ {ci s s v ' ai A :/ A A va 1
vl,uﬂmﬂwug‘ﬂmmmﬂiumlmgia@vl,@ﬂuamwﬂuummauuiuwﬂm % S
carpocapsae fNaNIANUGdasNMNLIaRaNNTLTILAaia ldaninlfdeudesdaunasziia
a1 (Kung et al., 1991)

ms‘n@aauﬂizﬁﬂﬁmwvlﬁfﬂ,ﬁaudaﬂé’@]gumalummﬁﬁ'}mwuaum:ﬁﬁmm:
nuaulopnib vLéTLﬁauNaﬂﬁ'@gLLmdmﬂﬁuf S. carpocapsae mmmmquuaﬂﬂﬁﬂ

o = o 4 < & g o o
vl,(ﬂgaﬁo 100 1asiFud HaINIINARAIN 72 TILUY FININAAAIRFAAAFDINLNIINARDI
Ganguly and Gavas (2004) nagaulasld’ S. thermophilum luminuguwuauludn uaz
saInaIugunsanlagaiiy 100 wWesidudiruni luanin Sasnarukkit (2003) Wi
mﬂ"ﬁ”[z?fl,aam]aUﬁ'@guuaalué'mﬂ 10x10* @/UARANT NRNNUNALTATH 2 LUasidua a2
ﬁﬂﬁé’mnmsayjia@maa%uaulw‘"ﬂa@aa 67.65 L1astFud N11287 96 TLU9 wazn1y
NARDIVAI u,azmﬂm‘sﬁﬂmﬂ‘%’aﬁﬁﬂﬁmm’j’]"l,a”tﬁamlaUﬁ'@lguma UNTRARINITD
auquruauluinluszauiasl judnislead

nnnasaulugninwliaSon wuinGauwlauNNauny 0.25% was 0.5%
Barricade® ﬁﬂszﬁ‘nﬁmwiumimuquﬁuaum:ﬁw‘”ﬂ"l,@ﬁﬂuaamﬁ walszANSAWlnnIg
mqu%uaulmﬁnﬂ'&hi%’mw ﬁLﬂuL*’ﬁuﬁmmﬁaammnL%@;Na%awﬂs:ﬂﬁ LT
AMNTUIADIaUVAIFNINLTITaN USHIETIREAAIT I LaLaa NNITRELRIlasTITNTG

Q A =) v { 1 1
LRSAN S HEUDI bW T ‘ﬁd’l%ﬂ’]iﬂizﬂqﬂ@ﬂ%ﬁaﬂ’liaﬂwulu%’mL’JE\]’] 17.00-18.00 %.
FIIAIAINENIRITRINIINTILAATIROAAIN I LOLAG LASNITILLALLAS Ler AILIAGHA

o ' & o @ o Ao P & v A o prgy
@ﬂﬂa']')ua'ﬁ]'ﬁ]zvnlﬁﬂuaulﬂNﬂlla@’li']ﬂ']i@]']EW]Q\?U% LLavaaL@au&lﬂUﬂ@]ELLﬂJa\‘]Na@]T‘]
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' 1Y X ' @ . ' & < &
miagmﬂvl,@mmumuﬂu (Somvanshi et al., 2006) 8814 13AANNHANITNARDIATIH
ROANABINUNITNARBIVBY Navon et al. (2002) Anuinlddeuntasazitvinasuuad
dagiondvmaiinisu wuaulodn lddeunirslianfawadilnand isunuaunszy
W Spodoptera littoralis (Boisduval) # SonuowlIzaNane Helicoverpa armigera
(HUbner)

HANIINARBIBIANAATITINALAITNARBIVAd Schroer et al. (2005) Lo
° = A A v A [ o ¢ A
mmmﬂmﬂ‘szawﬁmwmaa"l,amamJam@gl,maamuwug S. carpocapsae va M lung
Cd v A [ %
mquuaulwn I@swammmmuaasjvl,al,@amlasm@gl,l,moﬂumi SPF naaadln
g lsgiSan wudﬂéﬁﬁauﬁlaslﬁ'@guuadﬁmﬁ11mmﬂuma*muQwuaulﬂw”ﬂvlﬁlﬂu
o = A 2 1 6 & 6 04 all >3
NRA1LSD Gmmminmuquvl,@ 1NN 50 1 asiFud WAIN1INARDIN 7 11 WAz 45
1 asiiud RRINITNARDIN 14 1% LAZHILANAIIAUNIINARAIVAI Somvanshi et al.
(2006) laplFldifaucandazunaiauwug S. thermophilum 3134 3 AATUTH Aa
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ABSTRACT

Survival rates of the infective juvenile stage (IJ) of two entomopathogenic nematodes (EPN), Steinernema
carpocapsae and Steinernema sp. isolate K8 (Thai isolate), plus a surfactant of 0.2% and 0.4% APSA-80™, a
fire retardant gel of 0.25% and 0.5% Barricade®, and tap water were investigated by spraying the EPN sus-
pensions (200 IJs) onto kale leaf discs. Three hours after incubation, the survival rates of the EPNs plus
0.25% and 0.5% Barricade® (80.2-85.0%) were significantly higher than all other treatments (12.9-
70.1%). The infectivity of the two EPNs plus 0.25% and 0.5% Barricade® against third-instar Spodoptera
litura F. and Plutella xylostella L., which were evaluated by spraying 100 IJs/50 pl onto a 1 cm kale leaf disc
in the laboratory, were 82.5-100% 72 h after application. In greenhouse tests, the infectivity of S. car-
pocapsae plus 0.25% and 0.5% Barricade® against third-instar S. litura and P. xylostella was evaluated by
spaying 2500 IJs/15 ml/plant and assessing mortality after 72 h. The results showed that the mortality
rates of S. litura larvae in the S. carpocapsae plus 0.25% or 0.5% Barricade® treatment (66.0% and 61.5%,
respectively) were significantly higher than in the S. carpocapsae plus tap water treatment (29.5%) and
also resulted in significantly less leaf damage (11.0-11.1%) compared to control treatments (33.8-
61.6%). A significant difference between the mortality rates of P. xylostella larvae (15.0-27.0%) and the
percentages of leaf damage (7.1-11.0%) were also recorded for the same two treatments. Overall results
were similar to previous studies which showed that fire retardant gel (Barricade®) can improve EPN vir-
ulence when they are applied to control these two insect pests. Barricade® could protect EPNs from rapid
desiccation for at least 3 h following application.
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1. Introduction

The common cutworm or tobacco cutworm, Spodoptera litura F.
(Lepidoptera: Noctuidae) and the diamondback moth, Plutella
xylostella L. (Lepidoptera: Plutellidae) are two economically impor-
tant insect pests worldwide, especially in the tropics, temperate
zones, and other warm environments (Ahmad et al., 2007;
Choudhary et al., 2014). These pests are specialists on vegetables
in the family Brassicaceae such as cabbage, broccoli, cauliflower,
collards, kale, and radish, as they are adapted to overcome the
mustard oil and glycosides produced by these plants (Ahmad
et al, 2007). Controlling these insect pests currently depends
mainly on chemical insecticides. However, outbreaks of both pests
and field control failures have been documented frequently in Asia,
mainly due to insecticide resistance (Kranthi et al., 2002; Satpathy
et al., 2005; Ahmad et al., 2007). The larval stage of Plutella xylos-
tella was the first insect pest to develop resistance to Bacillus
thuringiensis-based products (Kirsch and Schmutterer, 1988).

Biological control methods to reduce reliance on chemical
insecticide applications are continuing to be developed
(Shapiro-Ilan et al., 2010, 2015; Choudhary et al., 2014). Ento-
mopathogenic nematodes (EPN) (Heterorhabditidae and Stein-
ernematidae) have been commonly used as biological control
agents (Grewal et al., 2005; Shapiro-Ilan et al., 2010, 2015),
and they are commercially available (Grewal et al., 2005). Ento-
mopathogenic nematodes in the genera Steinernema and
Heterorhabditis, and their symbiotic bacteria (Xenorhabdus spp.
and Photorhabdus spp., respectively) are lethal endoparasites of
soil-borne insects. They are found in soils as non-feeding infec-
tive juveniles (IJ) (Poinar, 1990; Lewis and Clarke, 2012). These
I[Js enter the insect host through natural body openings or
through the host cuticle, then penetrate into the host hemocoel,
and release their associated bacteria that kill the host within
24-48 h of infection (Poinar, 1990; Lewis and Clarke, 2012). Sev-
eral species of EPNs have been used commercially for biological
control of insect pests and they are harmless to vertebrates and
plants (Grewal et al., 2005).

In most cases, EPNs are formulated in various commercial prod-
ucts and applied mixed with water, and sometimes combined with
other biological control agents or insecticides, to protect several
crops (Grewal, 2002). However, EPN applications to foliage have
several limitations that have limited their efficacy. Inconsistent
results may be attributed to inappropriate handling of these living
organisms, but they are also sensitive to diverse abiotic and biotic
factors that affect their infectivity and persistence, including UV-
light exposure and desiccation (Georgis and Gaugler, 1991; Kaya
and Koppenhofer, 1996; Shapiro-Ilan et al., 2006; Hussein et al.,
2012; Lewis et al., 2015).

Applications of EPNs to foliage would greatly expand their use,
and work on specialized formulations and application methodolo-
gies may increase their efficacy against foliar-feeding pests. In
Thailand, vegetable production relies on chemical pesticide appli-
cations, which have resulted in insecticide resistance, environmen-
tal damage and hazards to natural enemies and other non-target
organisms, including humans. Currently, approximately six
imported EPN species, (Steinernema carpocapsae (Weiser) is the
most common) and few endemic strains of Thai EPNs are being
used in Thailand to control insect pests in organic farming
(Noosidum et al., 2010). Although numerous species of insect lar-
vae are susceptible to EPN infection, the larvae of S. litura and P.
xylostella have not been targeted for EPN application because they
are foliar feeders and EPN application against foliar pests has been
largely unsuccessful in field trials (Grewal and Georgis, 1999;
Shapiro-Ilan et al., 2006).

Protective formulations and anti-desiccants have been pro-
posed to increase EPN survival on foliage. For example, EPNs
applied together with an array of adjuvants (MacVean et al.,
1982; Glazer et al., 1992; Baur et al., 1997; Schroer and Ehlers,
2005; Beck et al., 2013), including the surfactant Rimulgan and
0.3% polymer xanthan, the surfactant-polymer formulation (SPF)
(Schroer and Ehlers, 2005), an alginate gel (Navon et al., 2002)
and a fire retardant gel (Shapiro-Ilan et al., 2006, 2010, 2015) have
been proposed to enhance EPN efficacy in foliar applications. Our
objective was to compare EPN persistence and effectiveness when
combined with various concentrations of two anti-desiccants
(APSA-80™ and Barricade®).

2. Materials and methods
2.1. Nematode preparation

Two EPN strains were used in this study: a commercial strain of
S. carpocapsae (Nema-DOA, DOA, Thailand) received from the
Department of Agriculture, Ministry of Agriculture and Coopera-
tives, Thailand, and a new Thai strain (Steinernema sp. isolate K8)
(Noosidum et al., 2010) maintained at the Department of Entomol-
ogy, Faculty of Agriculture, Kasetsart University, Thailand.

Steinernema sp. isolate K8 was maintained in the laboratory by
cycling through Galleria mellonella L. larvae every 4 weeks (Kaya
and Stock, 1997). Approximately 500 IJs were applied to a 4.5 cm
diam Petri dish lined with filter paper containing five last-instar
G. mellonella. The Petri dishes were incubated for 3 days at
25+2°C; 75+5 %RH. The infected larvae were then transferred
onto a modified white trap (White, 1927). The IJs emerging from
the insect cadavers were collected in distilled water and stored
in tissue culture flasks between 15 and 20 °C. The IJs were used
for subsequent studies within 2-4 weeks of emerging from their
host.

2.2. Persistence of S. carpocapsae and Steinernema sp. on leaf discs

One kale leaf disc (4.5 cm diam) was placed into a 9 cm diam
Petri dish lined with moist cotton. Nematode suspensions were
prepared by mixing with tap water or a surfactant (0.2% or 0.4%
APSA-80™, 80% Nonionic Surfactant, Amway (Thailand) Co., Ltd.)
or a fire retardant gel (0.25% or 0.5% Barricade®, Barricade Interna-
tional, Inc. Hobe Sound FL) to prevent desiccation. Each EPN sus-
pension contained 200 IJs/250 pl, and was applied to a kale leaf
disc with a manual plastic sprayer and held at 25+2°C; 75+5 %
RH. Ten replicates were set up for each treatment and this experi-
ment was conducted twice. The numbers of living EPNs in all treat-
ments were recorded after 60, 120, and 180 min.

2.3. Effect of a fire retardant gel on the infectivity of S. carpocapsae and
Steinernema sp. IJs on S. litura and P. xylostella larvae under
laboratory conditions

2.3.1. Insect cultures

S. litura and P. xylostella larvae were originally collected from a
cabbage field in the Nonthaburi province, Thailand. The resulting
colony of S. litura was maintained on an artificial diet and the col-
ony of P. xylostella was maintained on clean cabbage leaves
(renewed daily) under laboratory conditions at 25+2°C; 755 %
RH with a photoperiod of 12:12 (L:D). The adults were fed 20% glu-
cose solution through a cotton wick and eggs laid by the adults
were transferred to separate rearing containers. Third-instar larvae
of the insects were used for these studies.
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2.3.2. Test procedure

Both concentrations of the fire retardant gel were selected to
study further since the two concentrations of Barricade® were
more effective than APSA-80™ in the prior test. The effects of the
selected anti-desiccants (0.25% and 0.5% Barricade®) on the infec-
tivity of S. carpocapsae and Steinernema sp. isolate K8 against
third-instar S. litura and P. xylostella were assessed using a leaf disc
bioassay. An EPN suspension containing 100 [Js/50 pl was sprayed
into an insect rearing cup (3.5 cm diam) containing a thin layer of
2% agar and lined with a 3.5 cm diam kale leaf disc. One third-
instar S. litura or P. xylostella larva was placed into each cup, after
which the dish was covered and held at 25+2°C; 75+5 %RH.
Ten replicates were conducted for each treatment and this experi-
ment was conducted four times. Mortality rates of insect larvae
were recorded after 24, 48, and 72 h.

2.4. Effect of a fire retardant gel on virulence of S. carpocapsae against
S. litura and P. xylostella larvae under greenhouse conditions

Individual 6 week-old kale plants were held in nylon cages
(15 x 15 x 30 cm), and 10 third-instar S. litura or P. xylostella larvae
were placed on each plant. Approximately one hour after the larvae
were released, the selected EPN suspension was applied to the foli-
age with a manual plastic sprayer after sunset at 25+5 °C; 70 £ 10
%RH. Ten replicates were conducted for each treatment and this
experiment was conducted twice. Mortality rates of S. litura or P.
xylostella larvae were recorded at 24, 48 and 72 h after application
and a photograph of each damaged leaf was taken every 24 h using
the Image] program version 1.48 to record the amount of damage.

2.5. Statistical analyses

The numbers of IJs from the persistence experiment (Sec-
tion 2.2) were analyzed by two-way ANOVA (SPSS® version 15.0
for Windows); the main effects were nematode species and anti-
desiccant treatment. Insect mortalities and the amount of leaf area
damage (Sections 2.3 and 2.4) were subjected to one-way ANOVA,
after which Tukey’s multiple range tests was employed to compare
the treatment means when significant differences were reported
overall. Arcsine transformation was used on all proportional data
before statistical analyses.

3. Results
3.1. Persistence of S. carpocapsae and Steinernema sp. on leaf discs

Sixty minutes after spraying, IJ persistence was significantly
influenced both by the EPN species (F=58.6; df=1, 160;
P<0.001) and the anti-desiccants (F=366.8; df=3, 160;
P <0.001), with a significant interaction between the two factors
(F=111.5; df=3, 160; P<0.001). Significant differences in EPN
survival rates were detected among the EPNs plus surfactant, fire
retardant gel, and tap water treatments (F=242.0; df=9, 190;
P<0.001) (Fig. 1A). The survival rates of S. carpocapsae plus
0.25% and 0.5% Barricade® (87.2% and 92.9%, respectively) were
significantly higher than EPNs plus tap water alone, 0.2% and
0.4% APSA-80™ (36.6-55.1%, respectively). All survival rates of
Steinernema sp. isolate K8 exceeded 82.0%, except when mixed
with 0.4% APSA-80™ (54.3%).

After 120 min, I] persistence was significantly influenced by the
anti-desiccants (F = 215.8; df = 3, 160; P < 0.001) whereas both EPN
species responded in the same way (F=0.3; df=1, 160; P=0.612).
There was also a significant interaction between the two factors
(F=34.2; df =3, 160; P<0.001). Differences in nematode survival
rates among treatment combinations were also observed

(F=110.9; df =9, 190; P < 0.001) (Fig. 1B). Treatments of EPNs plus
0.25% and 0.5% Barricade® had significantly higher survival rates
(80.5-92.7%, respectively) than other treatments which, ranged
from 43.7 to 63.6%, except Steinernema sp. isolate K8 plus tap water
(83.2%).

(A) 60 minutes

Survival (%)

(B)

Survival (%)

©)

Survival (%)

Fig. 1. Survival rates of Steinernema carpocapsae and Steinernema sp. isolate K8 plus
APSA-80™ and Barricade® sprayed onto kale leaf discs (A) 60 min, (B) 120 min, and
(C) 180 min after application. The same letters above the bars indicate no significant
difference among means at P=0.05. Bars show standard error of the mean.
SK8 = Steinernema sp. isolate K8; SK8 + 0.2A = Steinernema sp. isolate K8 plus 0.2%
APSA-80™; SKS8 + 0.4A = Steinernema sp. isolate K8 plus 0.4% APSA-80™; SK8
+0.25B = Steinernema sp. isolate K8 plus 0.25% Barricade®; SK8 + 0.5B = Steinernema
sp. isolate K8 plus 0.5% Barricade®; SC =S. carpocapsae; SC + 0.2A = S. carpocapsae
plus 0.2% APSA-80™; SC + 0.4A = S. carpocapsae plus 0.4% APSA-80™; SC +0.25B =S.
carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5% Barricade®.
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At 180 min after incubation, IJ survival was significantly influ-
enced by the anti-desiccants (F=155.9; df=3, 160; P<0.001)
while EPN species responded in the same way (F=2.7; df=1,
160; P=0.101). There was also a significant interaction between
the two factors (F=83.1; df = 3, 160; P < 0.001). The survival rates
of EPNs plus 0.25% and 0.5% Barricade® were significantly higher
than all other treatments (F=100.9; df=9, 190; P<0.001) with
80.2-85.0% while survival rates in the other treatments were
<70.1% (Fig. 1C).

3.2. Effect of a fire retardant gel on infectivity of S. carpocapsae and
Steinernema sp. IJs against S. litura and P. xylostella larvae under
laboratory conditions

No larval mortality of S. litura and P. xylostella was observed in
control treatments sprayed only with tap water, 0.25% Barricade®
or 0.5% Barricade®. Twenty-four hours after spraying, mortality
rates of S. litura larvae differed significantly among treatments
(F=23.7; df=8, 27; P<0.001) (Fig. 2A). The mortality rates of S.
litura larvae treated with S. carpocapsae plus 0.25% Barricade®
(82.5%) were significantly higher than all other treatments (5.0-
57.5%). After 48 h, only S. carpocapsae plus 0.25% Barricade®
(100%) and S. carpocapsae plus tap water (100%) induced signifi-
cantly higher mortality rates in S. litura larvae than Steinernema
sp. isolate K8 treatments (70.0-77.5%) (F=36.9; df=8, 27;
P<0.001) (Fig. 2B). After 72 h, no differences in mortality rates
were observed among EPN treatments but EPN treatments all
caused significantly more mortality than the controls (F=34.3;
df=8, 27; P<0.001) (Fig. 2C). Mortality rates of S. litura larvae
infected by Steinernema sp. isolate K8 plus Barricade® increased
from 70.0% earlier at 48 h to 82.5-87.5% at 72 h after application,
while the mortality rates of S. litura larvae infected by S. carpocap-
sae plus Barricade® increased from 92.5 to 100% at 48 h to 97.5-
100% at 72 h after application.

Twenty-four hours after application, significant differences in
mortality rates of P. xylostella larvae were detected among treat-
ments (F=5.2; df =8, 27; P<0.001) (Fig. 3A). Mortality of P. xylos-
tella larvae induced by S. carpocapsae and S. carpocapsae plus 0.25%
Barricade® (35.0%) were significantly higher than mortality
induced by Steinernema sp. isolate K8 plus tap water (5.0%),
whereas the mortality rates in other treatments were 15-25%.
After 48 h, the mortality rates of P. xylostella larvae in all three S.
carpocapsae treatments (90.0-95.0%) were significantly higher
(F=25.8; df =8, 27; P<0.001) than all three Steinernema sp. isolate
K8 treatments (40.0-50.0%) (Fig. 3B). Similar results were observed
at 72 h after treatment, where significant differences in mortality
rates were detected (F=45.2; df =8, 27; P<0.001). The mortality
rates of P. xylostella larvae in all three S. carpocapsae treatments
(97.5-100%) were significantly higher than Steinernema sp. isolate
K8 plus tap water treatment (60.0%) (Fig. 3C).

3.3. Effect of fire retardant gel on virulence of S. carpocapsae against S.
litura and P. xylostella larvae under greenhouse conditions

Differences in mortality rates of S. litura larvae 24 h after appli-
cation were detected among S. carpocapsae plus Barricade® and S.
carpocapsae plus tap water treatments (F=33.1; df=4, 95;
P <0.001). The mortality rates of S. litura larvae in S. carpocapsae
plus 0.25% and 0.5% Barricade® treatments (39.5% and 33.0%,
respectively) were significantly higher than S. carpocapsae plus
tap water (16.0%) (Fig. 4). The percentages of leaf damage caused
by S. litura after they were sprayed with S. carpocapsae plus
0.25% and 0.5% Barricade® treatments (2.02% and 2.4%, respec-
tively) were significantly lower (F = 9.9; df =4, 95; P < 0.001) when
compared with control treatments (4.6-6.0%) (Fig. 5). Forty-eight
hours after application, the mortality rates of S. litura larvae treated

with S. carpocapsae plus 0.25% and 0.5% Barricade® treatments
(62.0% and 57.5%) were significantly higher (F=50.9; df =4, 95;
P<0.001) than S. carpocapsae plus tap water (27.5%) (Fig. 4). In
addition, treatment with S. carpocapsae plus 0.25% and 0.5% Barri-
cade® treatment resulted in significantly less leaf damage caused
by S. litura larvae (5.6% and 6.3%) than when compared with con-
trol treatments (14.9-23.3%) (F=18.8; df=4, 95; P<0.001)
(Fig. 5). The same result was observed 72 h after treatment
(F=55.9; df=4, 95; P<0.001); mortality rates of S. litura larvae
induced by S. carpocapsae plus 0.25% and 0.5% Barricade® were
66.0% and 61.5%, respectively, which were significantly higher than
S. carpocapsae plus tap water (29.5%) (Fig. 4). Moreover, S. car-
pocapsae plus 0.25% and 0.5% Barricade® resulted in significantly
less (F=21.15; df=4, 95; P<0.001) percentage of leaf damage
(11.0% and 11.1%) when compared with control treatments
(33.8-61.6%) (Fig. 5).

The mortality rates of P. xylostella larvae in greenhouse tests
24 h after application showed no treatment effects (F=1.5;
df=4, 95; P=0.218). Forty-eight hours after application, there
were treatment effects: EPN treatments caused significantly higher
mortality rates of P. xylostella larvae than control treatments
(F=17.5; df =4, 95; P=0.001) (Fig. 6). The percentages of leaf dam-
age after treatment with S. carpocapsae plus 0.25% and 0.5% Barri-
cade® (3.9-7.5%) were significantly less than water treatments
(F=4.4;df=4,95; P<0.001) (Fig. 7). The same result was observed
72 h after treatment, where the differences in mortality rate
(F=9.3; df =4, 95; P<0.001) of P. xylostella larvae using S. car-
pocapsae plus 0.5% Barricade® (15.0-27.0%) were greater than both
control treatments (Fig. 6), but leaf damage did not differ signifi-
cantly among treatments (F = 0.9; df = 4, 95; P=0.4) (Fig. 7).

4. Discussion

Nematode survival and pathogenicity depend upon various fac-
tors including temperature, moisture content, relative humidity,
nematode foraging strategies, insect species, host location, soil
conditions, climate (Glazer and Lewis, 2000) and application meth-
ods (Shapiro-llan et al., 2006). Thus, ecological studies to describe
the potential attributes and liabilities of EPN application methods
before field trials can increase the odds of successful pest manage-
ment (Shapiro-Ilan et al., 2006). For example, warm temperatures
can reduce EPN survival due to an increased rate of desiccation
and inhibited EPN development. This, in turn, can affect negatively
EPN success controlling foliage-feeding insects in the field where
temperatures often exceed 30 °C (Shapiro-Ilan et al., 2006, 2010;
Hussein et al., 2012). Relative humidity also affects nematode sur-
vival; Steinernema glaseri and S. carpocapsae 1Js survived for 32 days
at 100% RH whereas at 25% relative humidity their survival rates
decreased to 4 h and 2 days, respectively (Kung et al., 1991). Effi-
cacy of EPNs in foliage applications can be limited due to harmful
effects of UV radiation and desiccation (Shapiro-Ilan et al., 2006;
Hussein et al., 2012), but anti-desiccants and some adjuvants have
been reported to decrease UV damage and desiccation
(Hollingsworth, 2005; Somvanshi et al.,, 2006; Mukherjee et al.,
2009; Hussein et al., 2012).

This study tested EPN persistence on leaf discs when combined
with APSA-80™ or Barricade® under laboratory and greenhouse
conditions. When applied to foliage, the survival rate of EPNs plus
Barricade® exceeded that of EPNs plus APSA-80™. Our results with
Barricade® support the idea that EPN efficacy on surfaces can be
enhanced using this material (Lacey et al., 2010; Shapiro-Ilan
et al.,, 2010, 2015). Barricade® is an anti-desiccant polymer with
water swelling capacity and can provide EPNs with moisture for
an extended period (Hussein et al., 2012). Moreover, the concen-
tration of Barricade® (0.25% and 0.5%) used in this study had no
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Fig. 2. The infectivity of Steinernema carpocapsae and Steinernema sp. isolate K8 plus Barricade® against Spodoptera litura larvae (A) 24 h, (B) 48 h, and (C) 72 h. The same
letters above the bars indicate no significant difference among means at P = 0.05. Bars show standard error of the mean. Water = tap water; 0.25B = tap water plus 0.25%
Barricade®; 0.5B = tap water plus 0.5% Barricade®; SK8 = Steinernema sp. isolate K8; SK8 + 0.25B = Steinernema sp. isolate K8 plus 0.25% Barricade®; SK8 + 0.5B = Steinernema
sp. isolate K8 plus 0.5% Barricade®; SC = S. carpocapsae; SC + 0.25B = S. carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5% Barricade®.
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Fig. 3. The infectivity of Steinernema carpocapsae and Steinernema sp. isolate K8 plus Barricade® against Plutella xylostella larvae (A) 24 h, (B) 48 h, and (C) 72 h. The same
letters above the bars indicate no significant difference among means at P = 0.05. Bars show standard error of the mean. Water = tap water; 0.25B = tap water plus 0.25%
Barricade®; 0.5B = tap water plus 0.5% Barricade®; SK8 = Steinernema sp. isolate K8; SK8 + 0.25B = Steinernema sp. isolate K8 plus 0.25% Barricade®; SK8 + 0.5B = Steinernema
sp. isolate K8 plus 0.5% Barricade®; SC = S. carpocapsae; SC + 0.25B = S. carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5% Barricade®.
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Fig. 4. Mortality rates of Spodoptera litura larvae killed by Steinernema carpocapsae plu

s Barricade® after 24, 48, and 72 h under greenhouse conditions. The same letters above

the bars (within the same exposure period) indicate no significant difference among means at P = 0.05. Bars show standard error of the mean. Water = tap water; 0.5B = tap
water plus 0.5% Barricade®; SC = S. carpocapsae; SC + 0.25B = S. carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5% Barricade®.
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Fig. 5. Percentages of leaf area damaged by Spodoptera litura larvae after being sprayed with Steinernema carpocapsae plus Barricade® after 24, 48, and 72 h under greenhouse
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Fig. 6. Mortality rates of Plutella xylostella larvae killed by Steinernema carpocapsae plu

s Barricade® after 24, 48, and 72 h under greenhouse condition. The same letters above

the bars (within the same exposure period) indicate no significant difference among means at P = 0.05. Bars show standard error of the mean. Water = tap water; 0.5B = tap
water plus 0.5% Barricade®; SC = S. carpocapsae; SC + 0.25B = S. carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5% Barricade®.

deleterious effects on EPNs. Shapiro-Ilan et al. (2006) also demon-
strated that Barricade® can enhance the efficacy of aboveground
EPN applications and showed no toxicity to the EPNs.

Somvanshi et al. (2006) and Mukherjee et al. (2009) suggested
that the commercial dispersant APSA-80™ could be used as an
effective adjuvant for fungicides, herbicides, and insecticides.
Hollingsworth (2005) reported that adding 0.5% APSA-80™ to

insecticides improved control of mealy bugs, scale insects, white-
flies and aphids. APSA-80™ is a surfactant that might increase the
dispersion of EPN suspensions on the plant leaf after spraying, thus
enhancing efficacy (Wright et al., 2005), but our study shows nei-
ther an increase in EPN survival nor a decrease in leaf damage
when they are applied with this material. Somvanshi et al.
(2006) indicated that APSA-80™ at 0.3%, 1%, or 2% induced a low
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Fig. 7. Percentages of leaf area damaged by Plutella xylostella larvae after being sprayed with Steinernema carpocapsae plus Barricade® after 24, 48, and 72 h under greenhouse
condition. The same letters above the bars (within the same exposure period) indicate no significant difference among means at P = 0.05. Bars show standard error of the
mean. Water = tap water; 0.5B = tap water plus 0.5% Barricade®; SC = S. carpocapsae; SC + 0.25B = S. carpocapsae plus 0.25% Barricade®; SC + 0.5B = S. carpocapsae plus 0.5%

Barricade®.

mortality rate in IJs 24 h after incubation. Such studies revealed
that increased incubation time of IJs resulted in a slight reduction
of nematode survival but a significant difference was not observed.

Studies on other adjuvants, including Triton X-00, Glycerol, Cro-
duvant, Crovol L27, and Crovol L40 at 2% and 4%, demonstrated
that their effects on survival of IJs were not significant after 24 h
(Mason et al., 1998). However, higher mortality of IJs was found
at higher concentrations and increasing the duration of observa-
tions might reveal increased direct toxicity of the adjuvant to IJs
(Somvanshi et al., 2006). Infectivity assays showed no negative
effects on infectivity of Steinernema thermophilum Ganguly & Singh
and Heterorhabditis indica against G. mellonella larvae, but Mason
et al. (1998) observed a significant reduction in infectivity of S. car-
pocapsae and Heterorhabditis sp. to G. mellonella larvae in combina-
tion with adjuvants. The reduction in infectivity of H. indica might
be attributed to the significant mortalities in IJs due to the direct
toxicity of APSA-80™ at higher concentrations than recommended
(Somvanshi et al., 2006).

Both treatments of S. carpocapsae plus Barricade® were chosen
for subsequent greenhouse testing because of the pathogenicity
and higher survival rates when exposed to desiccation on a leaf
surface in the laboratory test. This study showed that Barricade®
significantly increased the efficacy of EPN against S. litura larvae.
In contrast, EPN plus Barricade® did not affect mortality rates when
applied against P. xylostella larvae on plant leaves under green-
house conditions. Navon et al. (2002) reported that smaller insects,
such as P. xylostella, suffered lower mortality rates due to EPN
exposure than Spodoptera littoralis (Boisduval) or Helicoverpa armi-
gera (Hiibner) larvae. However, Miller and Bedding (1982) tested
the potential of a wetting agent, Arlatone®, in combination with
Steinernema feltiae (Filipjev) for controlling the currant borer,
Synanthedon tipuliformis (Clerck) and concluded that the adjuvant
did not enhance the effect of the EPNs.

In summary, the results of this study were similar to previous
studies that tested the ability of Barricade® to extend the duration
of EPN virulence when applied to surfaces such as bark or leaves.
Barricade® protects EPNs from rapid desiccation after application
at least for 3 h. Therefore, EPNs formulated with protective com-
pounds before application can have improved survival and efficacy
in foliar applications.
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Abstract

This study examined the survival rates of infective juvenile stage (1)) from 3
entomopathogenic nematodes including Steinernema sp. Isolate K8, Steinernema siamkayai
and Steinernema carpocapsae which were mixed with a surfactant of 0.2% and 0.49% APSA-
80° and a novel gel of 0.25% and 0.5% of Barricade” gel. Approximately 200 1Js/250 ul of all
prepared suspensions were sprayed onto 4.5 cm diameter Kale leaf disc and then counted
the living nematode. After applied for 180 min, the survival rates of
S. isolate K8 in 0.25% Barricade” gel was the highest (85.03+1.54 %) and did not differ for S.
carpocapsae in 0.25% and 0.5% Barricade” gel which were 84.38+0.88 and 83.02+1.61 %,
respectively. Whereas, S. isolate K8 in 0.2% APSA—80® showed the lowest survival rate which
was only 12994552 %. However, all treatments of S. isolate K8 and
S. carpocapsae mixed with Barricade” gel were higher survival rates than control and APSA-
80°. Additionally, we evaluated the nematode infectivity of two selected strains against the
greater wax moth (Galleria mellonella L.) by using 100 IJs/50 ul of prepared suspensions and
then all cadavers were dissected to count numbers of IJs. The results indicated that S.
carpocapsae mixed with 0.25% Barricade” gel presented the highest infectivity after applied
at 48 and 72 hours (40.45+3.50 Js/larvae) and was not different for S. isolate K8 in 0.25%
Barricade” gel at 48 and 72 hours (34.58+4.92 and 34.90+4.87 |Js/larvae). After applied for 72
hours, the infectivities of two species were mixed with Barricade” gel in all treatments was

not differ for control except, S. carpocapsae and in 0.25% Barricade” gel.
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n1snAaednIInIsegsenvaldifieurosdnsuuaiszey Infective Juvenile (1)) wadany
WUﬁ: Steinernema sp. Isolate K8, Steinernema siamkayai Wag Steinernema carpocapsae Firay
Fuansdulu APSA-80° Wudu 0.2% waw 0.4% wazivavieluy Barricade” gel Wudu 0.25% uaw
0.5% Tndaniu 200 s/t 250 lulasans vuluagtduriiugudnats 4.5 wufms wuiiuau
& founles@ifidinsoavdsnisdaudinan 180 uil vesldifounssaoiiug S. isolate K8 Mnauiy
Barricade” gel 0.25% nsnnsegsongeiign Wiy 85.03+1.54 % waglsiumnsnafuaneiiug s.
carpocapsae Tinaufiu Barricade” el 0.25% Way 0.5% Winfu 84.38+0.88 waw 83.02+1.61 %

o o PN Y . N 9] ® ) | [y
AIUAINU IUGUQJS‘VI?HEJWU@ S. isolate K8 niNaunu APSA-80 0.2% W‘U@@iqﬂqﬁagsafﬂmaﬂlﬁLfﬂQUN@EJ

'
o

fnam WiBe 12.99+5.52 % egslsinu diieunlasiinassne Baricade” gel fignsnisogsenuuly
flwganingnniuny uay APSA-80° dwidu S. isolate K8 WA S. carpocapsae WONIINEU WANTT
fnidoniiiafinennassmuszavsninuadldifouresdnguuasis 2 wia Adivharenueuiufai
(Galleria mellonella L) TngldlAeustoanududu 100 Ds/d1 50 lalasans uazkisinuuoutiy
Fruuldifourles wuin ldifeunosaeiiug S. campocapsae neuiy Barricade” gel 0.25% i
tsian 48 uaz 72 Falus SSamnsdvhaenuouAussisgeiian fo 40.45£3.50 s/muau warlsl
uanaafuaewus S, isolate K8 fianriy Bamicade” gel A midudy 0.25% Aivaanan 48 uay 72
Flaa oty 30.58:4.92 uay 34.90+4.87 ls/musy uonnbuiionainuluenunidui 72
Flua wuin Wieurosfinaudae Baricade” cel waosnududu f8nsinisidhanevuouiugs

L vay ' v a Y . ®
miﬂmimmﬂmﬂmﬂ‘qquu gNIU S. carpocapsae NNENNU Barricade  gel 0.25%
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léouroefmsuuas (entomopathogenic nematode) dnogluid Steinemematidae wag
Heterorhabditidae  fluafitlsesiuendy (symbiotic  bacteria) ‘Luaqa Xenorhabdus — Way
Photorhabdus #M3&a19u (Akhurst and Boemare, 1990; Gaugler, 2002) lﬁLﬁauﬂJaamﬁ'&Jagﬁuau
wazivhaeluameglnsssund 1w suiela Uin nnmdh vseuissieanunsaianzidiniemds
din uazanusaviiliusasnneldinnglu 24-a8 $lus (Kaya, 1990) ldiFeudesdnsuuaaduldifon
Noefifiusylovd ffnenmlunsmunuusasdngieldd wazlidmansenusedaunaden Jaiifumnld
AIUANLUAIRAFIYOE1UNTIAY (Schauff and LaSalle, 1998; Grewal et al., 2005) ag19lsfinny
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Wdo (Moore, 1973)
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ﬁaamauﬂéadaﬂqwﬁu Aou Shapiro-llan et al. (2010) dnldReurey Steinernema carpocapsae
wanfulaavinluidodn Baricade” gel wazmaaouUszandawlunIIMUANUBLLIIN AT
(Synanthedon pictipes Grote & Robinson) lu a.A. 2008 Waz 2009 WU A10130PIUANNUDULINY
Fufigldifutuain 70 Wy 100 Wesidud ndunddsliiilafnynaresnisliaasinduioansiu
Tuiitednengvesldifeunosfngusuasdn
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< 19 a a a o v a o Y o A
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Lm‘%ammﬁLmuaasjlﬁtﬁawlaamsﬁuﬁj Steinernema siamkayai, S. carpocapsae Wag S.
isolate k8 Tnenaufuansiulu APSA-80° (0.2% %38 0.4%) Wipansiasuuszanian Barricade”
el (0.25% w30 0.5%) iasuiuassfinandaildiioules szavdvhatsuuas (Infective
juvenile = 1) $1uau 200 Us/tih 250 lulasans Sanuvuluagth duriuguinas 4.5 wufansds
mwuéhaL?JaﬂmﬁﬂummgmL%amumé’umugméﬂmﬂ 9 LURUAT (INUNUNITNABDILUVEY
auysal (Completely Randomized Design: CRD) wuailu 5 n35uisy az 3 %19 aw 3 u Buduya
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Hogviavun uagduIunTeninfilaan 60, 120 way 180 urivaenisdanu lagdaldinoulosnineg
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stereomicroscope UINANIINAABINIATIZHENTIN1TT0ATINLALTY 3 Way-ANOVA (Analysis of

Variance) waglliguiiisumnuuanaisuesanadslagld Tukey’s test (Multiple Comparisons of
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Means: Tukey Contrasts) NszAUALITBLU 95% ealUsunsu R 386 version 3.0.0 (R

Development Core Team, 2012)
nsnagaulszansnmvasldineuresdnguuasinauiuinasialvg

FndonansidSuusyansandilinafiannisneassusnuyinisnageudseansanlunisidi
yhanenueuiudaits #1693 filter paper bioassay Tngld 24 well-plates Fes0efuiIenszaIunsas
Whatman® we$ 1 $7u7u 2 wi nenasuviuassldifoulsuaieiug S. carpocapsae waray
fiug S. isolate K8 Minauiy Barricade” gel Anaidiudu 0.25% wie 0.5% laglddnasuviuasy
Tfeourlen 100 Us/50 lulasans venasuunszaiunses Mntuldvueuiudaiednau 1 f/mau
(uou 20 fu/mnuituty) wazthluifuiionmgll 2542 ssmiwaldoa (NsusUIMARBILUTFY
auysel i1 3 naudsq az 20 91 WHugeeauaw) Sufindnsinismevesuouiinaauuaznsaaiiy
Srnuldinoudsenielusnrueundsnisvaasy 24, 48 way 72 lua T mueuag1adie
ndu 2 afq reuhluiuazaseuswauldieudeslushuiaieléndes stereomicroscope Yna
NSNARDINTIATILNENTIN1STOATINLAELY 3 Way-ANOVA (Analysis of Variance) wagiUsauifiau
anuuanisvesAnadslagld Tukey’s test (Multiple Comparisons of Means: Tukey Contrasts)

sedupadesiu 95% felusunsu R 386 version 3.0.0 (R Development Core Team, 2012)

NANISNAABILAZIT

wansifisasduly (APSA-80°) vi3elvauiinlul (Barricade” gel) dsnansznusiedniinised
senvasldifoutlesunndiaiy uenaniunanisvasosansiidiuirtiates 3 ola léun aesiug
vosldfourpeAnIiaat 1ian kasanudutuYeIEs demasiuiusenisegsenvedldiiourosuuly
fludhe (df= 16, F= 22.41, P<0.05) Weiansanuenauudazdasenuin S1uruldifourlesiidin
seAndanisdamuii 180 unfl vesldieunosaewus S. isolate K8 fineauiy Barricade” gel
0.25% fidmsnsogsengaiign (85.03+1.50 %) dalsiumnsinsnsadia (P>0.05) fu Barricade” gel
0.5%  (80.19:0.99 %) Way APSA-80°  0.4%  (76.41:7.07 %) druangiug
S. carpocapsae Tinaufu Barricade” gel 0.25% wag 0.5% fwuldifeulauagsen 84.38+0.88
uay 83.02+1.61 % audu Tuvagianesiug S. isolate K8 Ainauiu APSA-80° 1udu 0.2% wu
Snansegsonvasldifourleninanifies 12.99+5.52 % wiiu sisldidoutosaneius S. isolate K8
uay S. carpocapsae Mnause Barricade” gel dnmmsegsenvlufivgeniiyamuny wagasdu
Tu APSA-80° Tunnenuidiudu eglsfnauasiuluvdonaliamnsatisdnoigvesldifeures
S. siamkayai ¢ (11519 1) Mnmsmeaesuanslfifivindonarhulusmuuiusasnisegsentes
ldouslesiinauseasivluanas oraiflesninauanifvesnsiuluitisnssaaslihuinm

& a ] N Ao = 1w a a a . ® = a  aa = I
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S¥1I19 1400-50,000 Pa-s (Barricade International, Inc., 2013) uananuu Barricade® gel &9

¥
N o

sodium polyacrylate ew@g Fududmusznovlunswaninden (Vidreira, 1998) 1aavilnilds
Wisuiatouiunstusenindliluardsingg fidestuoy uananidaiminiflienutuadretudi
Jon Fadufinsfuisnndoy uazaaoiilalonusssusi@ (Barricade International, Inc., 2013) &4
f51891uiaslugluuuiaatisdnengvedldideulssidanuuuluiivualdfifiuiuldifoures
(Sasnarukkit, 2003; Schroer and Ehlers, 2005; Shapiro-llan et al., 2010) %di%ﬁ'ﬁ’ﬁumamﬁlﬁau
Hopdnguuadluaed Steinemematid Liifanewiugfiannsausuiiliegsonldluanmitlifidviouy
Tuiialad uidmsuaneug S. carpocapsea tu S51891un @wnsanuseanmuIndeuitiuaan
Soldrnildourdosuindug (Kung et al, 1991) wenaniu Jin et al (2008) nuindwesy
aunsadnengvesldneuresls Inenuinisuan ldfewlss S. carpocapsae fundiwasiu 0, 0.2, 1
way 2 wWesidud sxhlildifowdeslidnsinisegsen 0.3, 4.5, 11.0 uaz 18.5 wWesidud ndn1sin
Wuseseauasatl 24 Fluswaznuswauldieudssuuluiia 0.03, 0.3, 0.9 way 1.6 Us/ms1s
Wufms mudiy addnsnisegsenvedlditeulenasiiuiinanfissnntunuenuidudurena
WO ULAYNIINAABIYEY Hussein et al. (2012) ladnwiussansanvesldifourosdnguuas S.
feltice Tiwaufiu agar gel LﬁamUﬂu@fﬁéau%dﬁN Colarado potato beetle, Leptinotarsa
decemlineata (Say.) wuildifeuresinauiu asar cel F8nsn1smeanas 70 Wesidud e
Wsuideuiuldideuresiioglutnifissesaien Tuvasfl Sasnarukkit (2003) nuiTlddeurdasans
Wiug Steinernema siamkayai finanfundweIuituty 2 Wesidud vilildiFoudosanunsneguuly

TuannsssuAlauinnan 12 Falus

UseAvdamnisdhansvesldifeudsednguuasisaosans Wusfinaudie Barricade” gel
wuidulnglinalaiunndafugaiuauy uenantunansnaassssuandifiuintadossnineans
ugldieunsadngiuasiuim wavaneiugldifouresiuanududuresans dmasiuiudenisidn
YanevuauAuSIRg (df= 2, F= 14.23, P<0.05 wag df= 2, F= 4.50, P<0.05 audnsu) daldifoudes
aeus S. carpocapsea kAU Barricade” gel 0.25% fivaaiian 48 uay 72 Falua d8ns1nsidn
vhanevuouiusilageign Ao 40.45+3 50 s/muau uagliunndnsognaideddymeada (P>0.05)
fuaneiug S. isolate K8 inauiy Baricade” gel mmidiudu 0.25% ATraaan 48 uay 72 lus
Wiy 34.58+0.92 Way 30.90+4.87 Us/yueu (15137 2) Weiarsanlaesaumuindenaviuly
gmunutuds 72 $alus Tdfoudesiinane Barricade” gel 0.25% Tunnyanismanos F8ns1n1aidn
yhanenueuAuareldR Faunnsannyamuau sniiu S. isolate K8 finaniy Barricade” gel 0.25%
finan 24 $lus (15197 2) oe1slsfin1n Schroer and Ehlers (2005) s1eeuidlonaldifoudes
a1eWug S. carpocapsae  Saufvasulukazatsiniled (0.3% Rimulgan® + 0.3% polymer-

xanthan; SPF) taefunduganiuau Tudns 75 Us/msnawuiuns wuildideudosfinauiu SPF
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yilivueuidnsinisniogeis 80 Wedidud uenaniuldifouesiinantu SPF finauiu 60
Wosiwud Tdfeundanagsanlduinnit 20 $2lus uasiilonrududiudu 80 Wosidud wdsnali
Aeurlovogsonldgstuds 58 $2lus Tuwmedl Sasnarukkit (2003) wuih nisldldieurlasludng
1x 10" f/fladans naufundiwedu 2 wWesiud swlisnsnisogsenvesnueuleinanas 67.65

Wasidud Mian 96 Talue wufu

dyunan1maaeg

Tafourleslugnmunuuagldifounosiinaniu APSA-80° Tuthliiuvesdninissendin
AREY anad 21NTIIA1 60-180 writ ndsnsaanuldiieuresunluiiy luvaediflonauldifourdss
fu Barricade” gel WNUINBNIINTTenTInvedbdiiourosaeug S. carpocapsae wax S. isolate
K8 ifingetiuaghadfiuldtn iWodsuifiouduis 2 yanismasesdadu TnedspanulAifoudosiddin
1nnin 80% lutaesmnundadundinisdaniusuly 180 undl wazidlednidenldidoureaiios 2
%iin (S. carpocapsae wa S. isolate K8) finauifu Barricade” gel ilansa9aauUseanEAmMAI54
yhanenuouAuais nui dnlnglléideudoedts 2 anewus inausy Baricade” gel Tf1uau
TRourosfidwinansnueuiudsisgeuasliunndrsfugaaua snifu S, carpocapsae finauu
Barricade” gel 0.25% Wwava1nn1sAnwINUl Barricade” gel ﬁmmmmzamﬁwﬂwmﬂizqﬂm‘w

=

sufuldieulosdmzuuas iveiiudseansnmlunisdesiumdnuuasdngiviansuas onfeaguu

Y

Tuitwsaly

AYBUAL

vovounuuiaudngamlunsvhddsvesorasdiulul Bes maiamuisnsldldfou
NosfmusaaiiomurmusylfnuasvusunsyyinluLUaingvan (s¥alasans MRG55-0551% myd
a1 lagn1satuayuan @y, @ne. wag anan)  yuaduayunisinideseaudadinfned u.
nensAans Usednd 2556 wasnguauldfourosdmsuuad nguauddenisusiudngiianisdanim
nesiguazdminet nsadvnsinens dsldeyinseiléiieudesdngunasaneius Steinemema

carpocapsae Tun3vinideaseil
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Table 1 Survival rates of entomopathogenic nematode mixed with APSA-80° and Barricade” gel sprayed onto Kale leaf discs after 60, 120 and

180 minutes.
Treatments (Yonematode survival rates)*
Nematodes Times B B 5 5
Control APSA-80 0.2% APSA-80 0.4% Barricade 0.25%  Barricade 0.50%
S. isolate K8 60 90.25+£0.76 b 84.42+3.50 b 54.33+3.33 a 82.02+2.21 b 84.90+1.75 b
120 83.20+1.24 b 63.61+5.61 a 57.57+5.25 a 83.47+1.65 b 80.47+1.14 b
180 64.63+1.99 b 12.99+5.52 a 76.41+7.07 bc 85.03+£1.54 ¢ 80.19+£0.99 bc
S. siamkayai 60 53.03£1.39 a 55.58+2.35 ab 69.34+1.18 ¢ 60.95+4.66 ab 64.99+2.36 bc
120 37.31+1.44 a 42.89+3.27 a 38.12+3.45 a 65.63+3.55 b 63.88+3.88 b
180 35.94+2.87 a 54.56+3.87 b 33.42+3.95 a 41.63+3.04 ab 44.98+5.33 ab
S. carpocapsea 60 55.06+1.03 ¢ 49.32+1.87 b 36.60+1.66 a 87.16+0.67 d 92.96+0.54 e
120 53.35+2.70 b 48.29+2.45 ab 43.70+2.10 a 87.79+1.25 ¢ 92.68+1.09 ¢
180 51.43+1.12 b 62.92+5.88 b 32.71+£3.03 a 84.38+0.88 ¢ 85.02+1.71 ¢

*Means+SE followed by the same letters were not significantly different at the 5% level as determined by Tukey’s test (a=0.05).
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Table 2 The infectivities of nematode mixed with APSA-80° and Barricade” gel against the

greater wax moth (Galleria mellonella L.) at 24, 48 and 72 hours.

Nematode Treatments (nematode of IJs/larvae)

) Times ® ®
species Control Barricade 0.25% Barricade 0.50%
S. isolate K8 24 3.78+1.16 a 8.88+2.81 a 6.95+3.36 a

48 23.10+2.98 ab 34.58+4.92 b 16.68+3.84 a
72 23.10+£2.98 ab 34.90+4.87 b 20.10+3.67 a
S. carpocapsea 24 23.15+£3.20 a 40.45+3.50 b 16.50+1.53 a
48 26.55+2.94 a 40.45+3.50 b 18.40+1.58 a
72 26.55+£2.94 a 40.45+£3.50 b 18.40+1.58 a

*Means=SE followed by the same letters were not significantly different at the 5% level as

determined by Tukey’s test (a=0.05).
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