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ABSTRACT: The tobacco cutworm (Spodoptera litura) and beet armyworm (S. exigua) are economically significant
insect pests affecting various crops. Applying entomopathogenic nematodes (EPNs) is an effective biological control
method against these pests. This study aims to develop an alginate gel formulation containing Steinernema
siamkayai EPNKU70 for controlling S. litura and S. exigua larvae. Various formulations with different concentrations
(0.5-2%) of sodium alginate and calcium chloride were evaluated for their ability to form spherical gel structures.
Among these, formulations with 1.0-2.0% sodium alginate and calcium chloride successfully produced a spherical
shape. An alginate gel formulated with a 1.0:1.0% ratio of sodium alginate to calcium chloride demonstrated high
nematode persistence (93.23+2.80%) and survival (93.06+2.31%) after seven days. The alginate gel containing S.
siamkayai EPNKU70 and supplemented with sugar as an attractant induced mortality in third-instar S. litura and S.
exigua larvae at 88.33+£9.83 and 81.66+14.72%, respectively, within 72 hours. These findings suggest that the alginate
gel formulation of S. siamkayai EPNKU70 could serve as an effective alternative for managing S. litura and S. exigua
larvae.

Keywords: biological control; nematode application; noctuid moth; sodium alginate; infective juvenile

umin

Hagtutlgmanuuasdngiviuuliugdununaddounamostiaderin q vulan dmaliszrienamzugnd
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Figure 1 Alginate gels were formed from sodium alginate solutions and calcium chloride solutions at different

concentrations (0.5-2.0%,).
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\dlethaueaiiuniindnsiuansazansludounoadiun 0.5-1.5% uazussqldifieudsedaguuas S. siamkayai
EPNKU70 9uau 1000 Us/wdlawaa Tuinusnwlunan 1 dUami wuin nmsseadinvesldiourlesdnguuatlumaeadiumu
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whasnInndeuiisantinmaueadiunlusuinduiindosgmeusnidaald dansaseguedldifoudandnsusadlumauead
LaLsazyANITRaelANULANAsiueE 1 ldudARY (Fs 114 = 748.29, p < 0.01) (Figure 2b)
wakeadluniiliarsazarslufiouusaiiug 0.5% swfuarsazasunadonnaslsd 0.5 uaz 1% liaunsaifiv
Téfounosdnguuas S. siamkayai EPNKU70 1ineluidiowals deifldifouresdngunasavdosgnelusinnatosndn
5.47+5.92% uariiléifeudodnsunassondintosnin 44.21+4.41% luvaivaueaiiuniildansazanslafounoaiium
1% sauivansazaeupadeunaslsd 0.5 waz 1% fldifewlesdnguuatludananiniu 73.56+11.81 uay 93.23+2.80%
mudiy warilldifourosdnguuassendinminiy 93.60+2.19 uag 93.06:2.31% muddu Wellwansazaneluifivuuead
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Tuogfuanuiduturesansaraslefounendiun Fannsasegvasldifoulosdnsuuasdiinminduionududuves
asaranelefsunoadiunuazansaraisunaifounaslsdifiuanniu aenndasiu Kim et al. (2021) fisreeuin 1didoudes
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Wisadndesiindy warldifoudosdnguuasaziedeuiioansinnaueadiundiuiumnniiondnaanoaiiunanaisazais
Toifsuueaiium 0.5% lngldiieudosdngunasiiussgegneluwaaunsand sufieananniinals osniaveasinia
woadiundamnuuniudlelinnuduiuvesasararslnfouueaiiuniitfosndn lumwssiudmanududuvesasazane
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Figure 2 (a) Survival rate (mean + SE) and (b) persistence rate (mean + SE) of the infective juvenile of Steinernema

siamkayai EPNKU70 in various formulations of alginate gel after 7 days of storage. Bars with the same letter do not

differ significantly at P = 0.05.
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finunismevesmuauiionaruly 72 Flus (Rajagopal et al., 2006)

ogdlsfinu manevesisastuagfunatetad Téun vin S wereuuduswosiusaar | difeurosdng
wasiusraaneluas suludsdadeduaudnuasuasnuamussaailiussgldifoulssdnguuasiae Sdduntsmnassi
wuimueudliAusaneaiiunfiussyldifeulasdnguuasagiivaninsfnifouasline wiazkiunavaassnuds 72
Halus srzmusunaaevarlilsignidvinaeisldideudosdnsunaadesanléifoudosdnsuuasedoeg neluioeg
winiu aeandasiu NanGong et al. (2021) fi51891u31 wefnssunisideniuaateaiiunveamueuiaduldseuninmnis
nagaU Ingnueunseyian Agrotis ipsilon (Hufnagel) Benfumaneadusitinisuamimamnnninsdenivludnine waz

t%

waneadiwaitlifiniswasniiina luvasil Kaya and Nelsen (1985) wuin wiusunseifuesannsafuaueadunillsiléimg
Wnansfiduina uazsilinuounaaowmeamald fy mMeWaRaueadweiinsinansiganisiureangumuey
nsgyiluguuuusng 9 W mMsldansnsedunisiiy (phagostimulant) fiusznousie s19end + thanalaun + udl + Y
Uzn317 (Shahanaz et al., 2019) Mslnguansduvsdseimedneainia (plant volatile organic compounds = plant VOCs)
WU 1-hexanol, hexanal, cis-jasmone, benzaldehyde, indole, (3E)-4,8-dimethyl-1,3,7-nonatriene (DMNT) (De
Fouchier et al., 2018) uazn15lslauumne (sex pheromone) W Z9,E11-14:0Ac (Poivet et al., 2012) Wudunanlunis
wAmaauendunIzdunafisloniafsgavusunselunAumbelduniy

nmsaradmsuussldifeulesdnsuuatialinsaueJagmadenuenmiiearnnislduradennaslsd 1y Tag

Q

v '
°o o 4 % Ay ay £% o

gaduLhdans1zi (hydrogel) Sedifofdnudunusm wanldieluiinauann uarduaiunsegsenvedldifiourosfnguuasld
7 oghdlsfinny Yandunamiidediinduanunumusiessdsansllemnuarnisgyded sufsmadoyaiidaauiety
grgmafivinyiluszesens dauaaiu (agar gel) wianusamldieuazsossunsiidinveldiiounesdnguuadlad us
Tnssadauszuns linuseanimunden waniiusnuldldiiu 6 dUansi (Nxitywa and Malan, 2023) vaizfinedeseian
nieneadmes (polyacrylate/polymers) U’N‘Uﬁﬂﬁ’]ﬂ]iﬂ‘ﬁuﬁ@uu’]Lﬁuwamﬁm‘mﬁﬂ"]FJLL@%ﬁﬁﬂEJﬂ’]WIiJmigﬂaﬂEJﬂ’]iLﬁ‘U%JﬂHW
wigandayan siauTlugangivg (Shapiro-llan et al., 2025; Zulu et al., 2025) lunenduiu n1slduaadeuneadiun
198 (Calcium-alginate gel/beads) Ssnaduuumsiilésuanude Lﬁaamﬂmmmmgﬂlé’ﬁ Jesiussddansililoanuas

M3seneraIll Presnwanimuindeufiuvnzauionsnsadinvesldiiouds ednguuat uasdnengnisiuinwilivane



KHON KAEN AGRICULTURE JOURNAL 53 (6): 1222-1234 (2025)./doi:10.14456/kaj.2025.83. 1231

wiaulngldanusydnsnmlunisaivauwtastvune (Kim et al, 2015; Ruiz-Vega et al., 2018; Nxitywa and Malan, 2019)
oehdlsinnu Fdfdesiindiddny 1Hud mmdudouresnszuiumandn wararmudweadinaafionaifuguassasions
avanouarmsiluldenlunieauy fufu wisiammaunuiiidnenmlufumisazninuasiumusi wiasueadeuuos
Jwnnadumadeniimmumnsaludmuamdmiunafuinuldifeulosdnguuadusseren falnsingide
dufuiileusulgsnszuiunmsndnlimnzausunmsUssgndldlussdunnsy wasifmumalulagmstugidanaiiannseld

nulsegeliusz@nsnmluanintinasuas

a) c b) c b
100 o b 100 - .|.

3 I S I
S 80 A 1 5 807

o 5

2 )

= 60 A S 60 A

vi ui

“

o )

40 A 40 -

2 ¥ >

E B

&

G 20 o £ 20 A

= =

a a
0 0
EPN Gel without EPN Gel with EPN EPN Gel without EPN Gel with EPN
Treatments Treatments

Figure 3 Mortality (mean + SE) of third-instar Spodoptera larvae after 72 hours of exposure to infective juveniles of
Steinernema siamkayai EPNKU70 under different application methods: (a) S. litura and (b) S. exigua [EPN = S.
siamkayai EPNKU70 without alginate gel, Gel without EPN = alginate gel without EPN, and Gel with EPN = alginate
gel containing S. siamkayai EPNKU70]. Bars with the same letter do not differ significantly at P = 0.05.
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