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Abstract

Entomopathogenic nematode (EPN) is one of the important biological control agents for controlling key
agricultural insect pests, ensuring safety for non-target organisms and the environment. This study was conducted
to screen the effective local EPNs from soil samples collected from four provinces in southern Thailand. The results
found that EPN from Pattani province ultimately killed 100% of the tested larvae, wax moth (Galleria mellonella),
within 2 days. From the visible symptoms of infected wax moth and the morphological characteristics of selected
EPN under a microscope and morphometric study, it could be identified that the selected EPN was Heterorhabditis

sp. Subsequently, Heterorhabditis sp. was developed into an EPN-based bioproduct. Regarding the
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Plackett-Burman design, evaluating the solubility of the product, viability of EPN, and host infection ability resulted
in selecting high-affected formulation components, including kaolin, Tween 20, CMC, formalin, and sodium
polyacrylate.
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Table 1 The 12 treatments of gel formulation of entomopathogenic nematode-based bioproduct according to the

Plackett-Burman design

Treatment Ingredients
Kaolin Tween20 CMC Glycerol Formalin Starch Sodium Water

(9) (ml) (9) (ml) (mU) (9 polycrylate (g) (mU)
1 2 0.018 2 2.2 0.002 5 0.4 20
2 2 0.072 0.5 8.8 0.002 5 0.1 20
3 0.5 0.072 2 22 0.008 5 0.1 20
4 2 0.018 2 8.8 0.002 20 0.1 20
5 2 0.072 0.5 8.8 0.008 5 0.4 20
6 2 0.072 2 2.2 0.008 20 0.1 20
7 0.5 0.072 2 8.8 0.002 20 0.4 20
8 0.5 0.018 2 8.8 0.008 5 0.4 20
9 0.5 0.018 0.5 8.8 0.008 20 0.1 20
10 2 0.018 0.5 22 0.008 20 0.4 20
11 0.5 0.072 0.5 2.2 0.002 20 0.4 20
12 0.5 0.018 0.5 22 0.002 5 0.1 20
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Figure 1 Cumulative mortality percentage of wax moths to entomopathogenic nematode collected from soil

samples in Pattani, Phatthalung, Songkhla, and Surat Thani Provinces
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Figure 2 Host (wax moth) infection ability of entomopathogenic nematodes (EPN) from soil samples at 2 days

post infection; (A) control treatment (water), (B) EPN from Pattani, (C) EPN from Phatthalung, (D) EPN from

Songkhla, and (E) EPN from Surat Thani province
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Snwasdoruduiuiumdordunse (Silty clay loam) Ausulunse (Clay loam) wag Ausiumiervunsie (Sandy
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dngunasinnuluAudill pH Uszana 6.0 Wesananmmnadeniiinnuiunsaseumnzaniunisissdinuagnsauiiug
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Skwiercz, 2018; Sharmila et al., 2018) wazanNn1sANY1VeY Alekseev et al. (2006) wudwﬁuﬁﬁﬁamqgaLﬂuﬁﬁaﬁﬁwa
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Table 2 Soil chemical properties

Soil sample pH Organic Organic Particle size

(Province) matter carbon % Clay % Silt 9% Sand Texture
(%) (%)

Pattani 5.37 1.34 0.78 9.91 8.33 81.76 Loamy sand

Phatthalung 5.65 3.86 2.24 36.88 48.98 14.14 Silty clay loam

Songkhla 54 5.32 1.74 35.51 29.27 35.22 Clay loam

Surat Thani 5.7 6.48 3.77 24.94 20.94 54.33 Sandy clay loam

4. msszyvialdinousleernzuuasirganvasnNaalguame)
nuanTsnaessuafildnaudaiy Tdoudesdnguasiuenldandogaiiludmiatanifgndadon
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W3BTANALAS SnVENsaNARasAiY (toxin complex protein) §wiildwadveuniaiinnisunnia wazsildszuy
Q:ﬁﬁuﬁu‘uaaLwﬁamauauaﬂmEJmim?ammaaLﬁmﬁLLamﬁaL?ja (Cimen, 2023)
nsAnudnuardugiuineedldideudosdnguadluiuil 2 wuin Mgeulidinsaersn danuendii
\ady 648.03 luasou AmNIvAdIRLRds 37.00 Tunseu Yanemaldnwaurenuan linvetegduiug alsdis
(cuticle) Feusmvunuivaes Yoanswilin (anus) in wazwauueaiuldenn (Figure 3) dufuiomagiivuindidagn
niwnadle drdasinnueninasarmnaeds 952,82 luaseu way 57.33 luaseu mudidu Mvaremaidnuusadegdla
74 (peloderan) waznuaiezdusiuginear (spicule) 1 ¢ Fusenun dnvazadenzve (Figure 4) drududuiomeded
yunddaluaninnar lnedanuenneds 1,821.56 luaseu mnunirswundiieds 11053 luasou fimades ofoay

& w6 a

duiuginendle (vulva) agisnansdds fdnvarBuyussnesnanuilsdii voulaveseterzmadndusesuen fiinungy
I3 videdsaundvegluii (Figure 5) annmsAnyvmnauesiniunin (morphometric study) Wesiudaszuduldifourlos
?nguuaaaqa Heterorhabditis @oaAAADINUNITIIBIIUVBY Poinar (1990); Hominick et al. (1997); Stock and Kaya

(1996); Adams and Nguyen (2002); Nguyen and Hunt (2007) saugnslu Table 3
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Figure 3 The juvenile of entomopathogenic nematode; (A) entire juvenile body, (B) anterior end, (C) tail region,

and (D) cuticle

Figure 4 Adult male of entomopathogenic nematode; (A) entire body, (B) anterior end, and (C) tail region with

a pair of spicules (S)
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Figure 5 Adult female of entomopathogenic nematode: (A) entire body, (B) anterior end, (C) tail region, and (D)

vulval region (V) with matured egg (ME), young egg (YE), and juvenile inside female body

Table 3 Morphometric study of entomopathogenic nematode in this study and Heterorhabditis spp.

Parameter This study Heterorhabditis spp.”
(average) H. bacteriophora  H. megidis "**  H. indica®*  H. zealandica’®*
/1,3
Juvenile
Body length (um) 648.03 556-720 580-650 510-660 590-680
Body width (um) 37.00 25-35 28-38 22-32 26-36
L/W ratio” 17.50 18-22 16-20 17-21 18-22
Adult Male
Body length (um) 952.82 850-1100 900-1200 800-1050 920-1150
Body width (um) 57.33 45-60 50-65 40-55 48-62
L/W ratio 16.60 17-22 16-20 18-22 17-21
Spicule length
(o) 56.50 42-52 48-58 40-50 45-55
Adult Female
Body length (um) 1,821.56 1,500-2,200 1,600-2,400 1,400-2,000 1,550-2,100
Body width (um) 110.53 85-120 95-130 80-110 90-125
L/W ratio 16.50 15-20 14-19 16-21 15-20
Vulva position
from head tip (%) 50 48-52 49-53 47-51 48-52
Vulva position (%) 50 50+2 51+2 49+2 50+2

“ min-max value, ™ body length (L) to body width (W) ratio, /* Poinar (1990), /2 Adam and Nguyen (2002), /> Stock and Kaya (1996), /4

Hominick et al. (1997), and /> Nguyen and Hunt (2007)
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fatinsfnundnuagmsmeveunieusrdnuarduguinendosiureddifoulosdnsuunafissetiafies aunsn
syyanavasldifourlesdngunadldivindu iesnnldifeudssdmguuasivuadnuazdaulndiAsstu Tadidosting
SuunvilaseiBnsen@luanafisidy Weszyviavesldifeulssdnsusadldenagniesuazisiug (Onwong et al,
2021)
5. nrsamdanaunanuFasauaiiduansenunan (main effect) dopauauTAvasT s
Pl A ounosdngunasgnaaatunisinuadsildandunanniuni1snunun1svaaesuuy Plackett-
Burman design (Plackett et al., 1946) %qwudmﬂqmﬁﬁma ieazidun llanunsoavarvauduiodersutui didfiss
Qmﬁ 2 fifidunaves CMC, formalin uag sodium polycrylat Tuu3unasin fiannsoazaneihldunsdaulunan 5-10 il
dnTrfusigsi 9 Jefidrunauves formalin way starch g4 fdnnuldifeulesdngunasifiiin (active nematode) i
(111.11 + 100.09 #) Faunnsneaingnsi 12 uaz 3 JedidruauldifeulesdnguuasiifTin 777.70 + 242.16 uay 833.34
+ 96.22 ¢ pglItdAAYNI9EDaA Lwiﬁ”’ﬁﬁﬁi”]mum'iﬁ%”?mamsuaﬂé’tﬁauﬂasmﬂLwiasqjmi"Lﬂ,ﬂ,é'ﬂw%uaﬁwis?m%mwiumi

Wvinaewuad (Table 4)

Table 4 Properties of entomopathogenic nematode-based bioproduct

Treatment Partial solubility" Viability (active nematode/ml)¥ Host mortality (%)
1 - 611.11 + 277.78 abc 16.67 a
2 ++ 500.00 + 346.95 abc 16.67 a
3 - 833.34 + 96.22 a 16.67 a
4 - 333.33 + 192.45 abc 16.67 a
5 + 388.88 + 242.16 abc 16.67 a
6 - 444.40 + 55.56 abc 0.00 a
7 - 166.67 + 100.67 bc 3333 3
8 - 222.22 + 55.55 abc 0.00 a
9 + 111.11 + 100.09 ¢ 0.00 a
10 - 388.89 + 111.10 abc 0.00 a
11 - 499.99 + 166.67 abc 0.00 a
12 + T777.70 + 242.16 ab 16.67 a

Y _ refers to not soluble, + refers to partially soluble within 5-10 min, and ++ refers to soluble in less than 5 minutes
% Data shown as mean + standard error of 3 replicates and values with the same letter within a column are not significantly different

(p > 0.05) according to Duncan multiple range test

devhmnnevidunanifinanseundn (main effect) AonmantRivesdaiamiasfinnsanaiuansolunisd
Finsenvetldifoudosdnguuandundn wuidn kaolin wag tween 20 fA1 main effect Wauan wirdu 9.25 uag 27.75
awaiu uandlifiiiuindlefivinadudseneufinaninndsdmafiseanuannsalunsiidiavesldifiouslesdnguaag
woilun1ansaiutunudn glycerol Uag starch dein main effect luigaaugavinfiu -157.42 uay -111.08 M1Ua16U Fait
FofiUnadunansnanannazdamalsinssesdinvesldifoudosdnsusaduniasianas (Table 5) 91nxanMAaDs

v v a Ao o v o o = Y= ' o . a v .
VNAU ﬂ?iwaﬁl‘lﬁﬂm%ﬂlﬁLﬂE]‘LJDJ@EJﬂG]ELLJJ@ﬂUEULL“U‘ULT\]ﬁ PWAITAALADNAIUNFUNUAT main effect LWUIN 191LLﬂ kaolin e
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tween20 uagdunauila1 main effect Weautse laun CMC, formalin uag sodium polycrylate lUmdnsaIueN

WALNZENAIYID mixture design faly

Table 5 Main effects of each ingredient according to the Plackett-Burman design experiment for EPN-based

bioproduct production

Ingredient Solubility Viability
CMC 4.83 -9.25
formalin 0.5 -37.08
glycerol -2.17 -157.42
kaolin -0.17 9.25
sodium polyacrylate 2.5 -55.58
starch 2.83 -111.08
tween 20 -0.17 27.75

Fasusiluguuvueadundadasitannsadaegmsiiuinuldideudosdnguuas Inedifaslusuuuuiaatisia
UsyAnsnmedldifoudesdnsuuas ilesaniaafinnuviinannsodnifuaraduldd shlvldFesresdngusateg uuii
figldunuiomeroniswumde wasilewadufatuanutulufuieuiluiivasiianisgaduiuaninmsuansaindu
lalaswaiiianisuanudeeldifeurosdnguuatetng o (Hiltpold, 2015; Kagimu et al., 2017; Fallet et al., 2022) lng
sodium polycrylate uansnawanaziiinauwialiuidasast formalin ﬁﬂmauﬂ’aL{‘lumiezhL%atﬁaammiﬂmﬁau
Bun3duiindu 9 (Martinez et al,, 2017) d9u kaolin uag tween20 Wudunauiidenldlunisnandadasignsdse
iosnnuiifinaandinisdeslumuauunasdnsiiy Wy wuasidvn (Nimkingrat et al, 2014) wagSsiionlHidudrunas

maﬁaﬁmmugmwuﬁu 9 Wu sUkUUaLUsE (Bamel et al., 2021)

GEIL

&founlosdnsuuasiinenlsnndiegwiivandmiatamiiivssansamlunsdvharevuesunaaey Tnefiu
vinanufidnuunduiunnesu &\ foudosdnguuasiinudnegluana Heterorhabditis sp. wazanmsAndondussy
Tuihfariguuuuia wuihdunaufifinansznundnderuansalunissendinvesldifiounlesdnguuas Teua kaolin,
Tween20, CMC, formalin Way sodium polycrylate wazazldidrunausanalUmenTduimLNTaua183s mixture
design LiteWmundugnsdniasiely

AnAnssuUsENA
MAeilasunmsatvayuanduatvayunsissunsaeuseindymiiey @193 uInnIsun1sInNIsNens

WAZNITINNTT AENSNYINTETTUIRANRINGNAVATUATUNS
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