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Entomopathogenic nematodes are valuable biocontrol agents of pests. The use of
indigenous isolates compared to imported isolates has advantages including
compatibility with the environment and native pests and not causing adverse effects
on indigenous species. In the present study, the effect of native isolates of Steinernema
carpocapsae and Steinernema feltiae on model host, Tenebrio molitor was compared
with exotic commercial products by two bioassay methods (in Petri dishes and soil).
Probit analysis showed a significant correlation between the nematode concentrations
and the insect mortality (R2 > 0.90). The Iranian S. carpocapsae isolate showed the
lowest LCso value (5 IJ Larval) and the commercial S. feltiae isolate showed the
highest LCso value (7 1J Larva). However, based on the LCsp ratio values there was
no significant difference between the four nematode isolates. The comparison of the
mortality percentage of the pest in soil bioassay showed a similar effect of native
isolates with commercial isolates (P < 0.01). The impact of native nematode isolates
on par with commercial isolates which had been selected among numerous isolates,
showed their high potential Therefor, basic research with the aim of developing the
practical application of these valuable agents is suggested.
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Extended Abstract

Entomopathogenic nematodes (EPNs) form Steinernematidae and Heterorhabditidae are valuable
biological control agents of the insect pests. EPNs are effective against a wide range of insect pests, including
those that live in the soil, on plant surfaces, and in plant tissues. Those nematodes are a promising tool for
biological control of insect pests in various settings, including sustainable food production and turf
management. Exotic/imported and native/ indigenous isolates of entomopathogenic nematodes (EPNs) have
been studied for their potential as biocontrol agents against insect pests in various regions. The use of native
isolates compared to imported isolates has advantages including compatibility with the environment and native
pests and not causing adverse effects on indigenous species. In the present study, the effect of native isolates
of Steinernema carpocapsae and Steinernema feltiae on model host, Tenebrio molitor was compared with
exotic commercial products by two bioassay methods (in Petri dishes and soil). In Petri dish assay, based on
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preliminary experiments a range of 25 - 200 1Js per ml (i.e., 25. 50, 100, 150 and 200 1Js) was used. Infective
juveniles were added in 1 ml distilled water to the glass Petri dishes (9 cm diameter) lined with filter paper and
15 T. molitor larvae (average weight 100+2 mg) were placed in each petri dish. The control received 1 ml
distilled water without nematodes. A piece of fresh potato was used as feeding source which was renewed
daily. Soil bioassay experiments were conducted in Plastic cylindrical dishes (5 cm height and 3 cm diameter)
which were filled with 20 g autoclaved sandy soil. Infective juveniles (400 IJs i.e., 80 1Js cm™) were added in
500ul of water to the surface of the soil. Finally, four larvae (average weight 100+2 mg) were placed on the
soil and the dishes were covered with ventilated lids to avoid desiccation. Control dishes received 500ul
distilled water without nematodes. A total of 20 insect larvae (i.e. five dishes) were used for each treatment
and control in each replication. Both of the Petri dish and soil bioassays were conducted for all four nematode
isolates and repeated three times. The dishes were kept at 25+2 °C, 75 + 5% RH and 16:8 (L:D) photoperiod
for four days, then the mortality of the insects was recorded. All dead insects were collected and dissected to
ensure presence of nematodes inside the cadavers. LC1o, LCsoand LCqo values were obtained by Probit analysis
using SAS software. Analysis of variance was done and the means were evaluated by Duncan’s multiple-range
test (SAS Institute 2012). For comparison of LC values lethal dose ratios were used (Russell et al. 2007). Probit
analysis showed a significant correlation between the nematode concentrations and the insect mortality (R2 >
0.90). The Iranian S. carpocapsae isolate showed the lowest LCso value (5 1J Larva?) and the commercial S.
feltiae isolate showed the highest LCso value (7 1J Larva™). However, based on the LCso ratio values there was
no significant difference between the four nematode isolates. Analysis of variance of the results of the soil
bioassay showed a significant effect of all four isolates compared to the control (df=4, 8; F value=107.29, P <
0.01). However, comparison of the mortality percentage showed a similar effect of native isolates with
commercial isolates (P < 0.01). Although the comparison of the average between isolates indicated that there
was no significant difference between the lethality of different isolates. Similarity of the effect of native and
exotic isolates against pests has been confirmed in other studies. For example, Lacey et al. (2001) reported that
native isolates of EPNSs in the Azores archipelago in the Atlantic Ocean were as effective as exotic isolates
against the Japanese beetle. Although the yellow mealworm is one of the important pests of stored products in
Iran and other parts of the world, it is widely used as a model and laboratory host for microbial agents and
EPNSs (de Souza et al. 2015) that simulates the sensitivity of the wireworms to the pathogens. The efficiency
of Iranian isolates as much as commercial isolates in this study shows the high potential of native isolates in
controlling native pests of the country. The impact of native nematode isolates on par with commercial isolates
which had been selected among numerous isolates, showed their high potential and the results of this study
emphasize the necessity of basic research with the aim of developing the practical application of these valuable
agents.
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Figure 2. Mortality (probit-transformed) of Tenebrio molitor treated with different concentrations of

entomopathogenic nematode isolates; A: Steinernema carpocapsae-lranian isolate, B: Steinernema
carpocapsae-commercial isolate, C: Steinernema feltiae-Iranian isolate, D: Steinernema feltiae-commercial
isolate

Tenebrio molitor lag,¥ ale clpis (gliis,lon sl calisee slaalis (gl LCo0 5 LCs0 LC10p3lis .Y Jgua
Table 1. LCyo, LCso and LCy Vvalues for different entomopathogenic nematode isolates against Tenebrio
molitor larvae

Nematode species Isolate Chi-Square LC?%p LCso LCwp
(df, P value) (95% CL"Y) (95% CL) (95% CL)
Steinernema Iranian 0.46 1.27 5 19.66
carpocapsae (3,0.92) (0.71-1.82) (4.05-6.06) (14.32-32.80)
Steinernema feltiae  commercial 6.57 143 5.84 23.88
(3, 0.086) (0.79-2.03) (4.76-7.15) (16.78-43.09)
Steinernema Iranian 0.38 1.23 5.14 21.37
carpocapsae (3,0.94) (0.66-1.79) (4.15-6.27) (15.22-37.38)
Steinernema feltiae commercial 2.32 1.04 6.99 46.91
(3,0.51) (0.38-1.72) (5.41-9.52) (26.05-153.73)
Sbl o 0 i )Y (gl 4 wled oaiiS’ o>9ﬂ 9 bl p LC ):\.JLSAa
uLu.o.bl Dgd> b

a_C values are based on 1J Insect larva!
b confidence limits
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Treatment Isolate” Mortality (%+SE)
Steinernema carpocapsae Iranian 9052
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Duncan’s multiple range test. N = 60 insects for each treatment
* Nematode concentration was 80 1J cm™ for all isolates
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clasles og slaalis 45 3405 5,155 Lacey et al. (2001) o (¢lp .cowl odd 1ol 15,50 slaadllas )5 I
dg Fge (Al Sergu dde cog it laaslin ojlil 4 ulbl wgildl )3 3l eVl gece > Syt (lics)len
& oS pl )b Jaaxe b awslis y> H. bacteriophora s 4l 55 Noujeim et al. (2015) adles wluly
Cephalcia tannourinensis «sleyl 3,055 y305 J5S 0 3V oS (b 5 e b (550581 ()55 Juds
oy salis (YU ks samd ol cdllas cpl )0 (oo slaaslis ojlul 4 Sl slaals e sl .cusly
Al e ypdS oog b 1S
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SJsae slap,S ale Metarhizium anisopliae olyis slilew z)B 136 ) sl Shah et al. (2023) ¢ Jke
93905 2yl Je o clyie & T.molitor ade SIS 5 olfialosl 3 1y )6 cpl 51 il 33 oy ywd (oao jicams
ol dn g bog el e S T g el S AVE lise 0 S )0 0y 1095 e odimd i ol
o39) Cawd 4y g Wl 3929 dljan (SladisS ) S 5 Oyge 4 el Cannl o ady) (Jgthe OIS g Jythe slap S &S
wcals b T.molitor ;S5 Gl jl g ail o Hlaubd Suwwcum  plodl slp 4555 SO slag, Y jl oS Cunes
s § 53 03l Cge CE19S Cunen (409l Cawd 4 g 0l B ygp el gl GBS g sl Jgho slap ST
Shah .5 o 5,5 eslatul 5)50 lyis (sl lew Jolge 156 obs)) 55 Jdo opin lgie 4 coplpls il o palyd
S Gles & Tomolitor ale 1) wluds gliglon sl oliglen o obadlas Jb ol L (et al. 2023)
Blos 0aiiS o3gll §,¥ A+ clale > S, feltiae K1 alis Roy& Kim (2020) obj,l 55 .81 03905 gy (6ylsl <l
kl§ d)l.wb.)&] u»g) & )l.o...: )l = Celw VY U T. molltor dl.bg)y X;\» )...05«5)40 & ).’><...o o).u.o- 9)Y o dl)‘ 4
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5 (Roy& Kim 2020) cusl oss 5,155 S. feltiae ade juiie 11558 p o pews b duslio ;o T. MOILOr ios) pit
S. 4isS 5 Slpto elilon sales ade HISIpll b anslie )3 baBall cous anuly Slts 5 el glos
Sl a4 T.molitor (slag,Y «ply ogMe (Ebrahimi et al. 20118) cuwl o aob 10 (6,50 slaadllas > feltiae
slradlas 3gy 0 5 4 bXsles ! INVIVO 395 yiay cpitmed o Sl i)l sl &kl b
oon ) Mg @S g lilen olie 3 See Jelos 9 gy (nl 9y 1) Gt il lasles ags b
Ylois! ol Jdo oy Sl opl & ol & 4595 L (Christen et al. 2007; Prabowo et al. 2019 ) . o3403
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