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Abstract

Background: In India, application of entomopathogenic nematodes (EPNs) as a bio-agent against insect pests was
known since 5-6 decades with the application of the exotic species Steinernema carpocapsae (DD-136 Strain). EPNs
have a strong potential to control the soil-borne insect pests. In the present study isolated strain was identified as
Steinernema abbasi and docketed as CS-39. The efficacy of the isolated strain was tested against the American boll-
worm, Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae).

Results: Laboratory bioassay revealed that the median lethal concentration (LCs,=83.21 1Js) of the S. abbasi iso-
late CS-39 was quite sufficient to achieve 100% mortality after 24 h of exposure. Mean mortality percentage was
estimated > 75% at all concentrations, i.e,, 25,50, 100 and 200 lJs/larva, and 100% mortality was achieved at 200 lJs/
larva after 24 h of concentration exposure. Positive relationship was found at every concentration of exposure and %
mortality of the insect pest (H. armigera) after 36 (p <0.01) and 48 h of exposure (p <0.02).

Conclusions: Steinernema abbasi isolate CS-39 found to be highly virulent to H. armigera. As the result urged, 200 IJs
/ larva showed 100% mortality at 36 h, whereas 100 IJs / larva showed 100% mortality at 60 h. Difference in time dura-
tion might be because of action of bacterial symbionts which were the main precursor of pathogenicity. Extensive

study of secondary metabolites of the bacterial symbionts may extend the present study to the new dimension.
Keywords: Entomopathogenic nematode, Steinernema abbasi, Helicoverpa armigera, Pathogenicity, Virulence

Background

Cotton bollworm, the heliothine species Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae), is one of
the world’s most economic agricultural pest. It can feed
and complete its life cycle on more than 180 plant spe-
cies (Tay et al. 2013). Economic thresholds are usually
lower for heliothines compared with other defoliators
(Stacke et al. 2018). H. armigera is polyphagous (Tay
et al. 2013). The excessive use of chemical pesticides in
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agriculture causes serious damage to soil, air, water,
flora, fauna and human beings (Vos et al. 2000) and of
course development of resistance in the concern insect
pest. Therefore, it is necessary to develop environmen-
tally friendly alternatives (biological control) to control
such soil-borne pests. Biological control is the safest side
which may include bacteria, viruses, fungi and nema-
todes as biological insecticides. Among them, nematodes
are the most numerous multicellular animals on earth.
Some of the nematodes have a symbiotic association with
insect pathogenic bacteria and ability to kill insect pests
within a very short period. Such nematodes are called
as entomopathogenic nematodes (EPNs) which belong

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-6812-5067
http://orcid.org/0000-0003-0333-0198
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41938-022-00510-0&domain=pdf

Srivastava et al. Egyptian Journal of Biological Pest Control (2022) 32:9

to families Steinernematidae and Heterorhabditidae are
lethal obligatory parasites of insects.

Worldwide, the prevalence of EPNs reported to range
from 0.7 to 50% in soil samples (Benseddiq et al. 2020).
The range may be exceeded through repeated extrac-
tion technique and with different sampling methods
(Abd-Elgawad 2021). Recently, Abd-Elgawad (2021) has
reviewed the strength and shortcomings of nematode-
sampling and extraction methods. EPNs exist in many
habitats and have a wide range of tolerance to abiotic and
biotic parameters (Grewal et al. 1994). Infective stage of
these nematodes is third-stage infective juveniles (IJs)
that are the only life stage typically found outside the host
cadaver, which are non-feeding, resistant to environmen-
tal stress and are normally called as dauer larvae. These
non-feeding IJs of Steinermema locate host and enter
into the hemocoel through natural openings like mouth,
anus and respiratory spiracles. IJs after reaching upon
the hemocoel, ultimately release symbiotic bacteria into
the insect hemocoel. This symbiotic bacterium releases
insect toxins, exoenzymes and other metabolites to kill
the insect host by septicemia within 24 to 48 h after
infection. Released bacterial symbionts digest the host
tissues and provide suitable nutrient and environment for
nematode growth and development (Dillman et al. 2012).
The bacteria propagate and protect the cadaver from col-
onization by other micro-organisms also. EPNs play an
indispensible role as a biological control agent in the field
of agriculture for the management of major insect pests
(Yuksel and Canhilal 2018 and Maji¢ et al. 2019). It is the
very reason that there has been a tremendous scientific
interest in both obtaining EPNs and determining their
efficacy against the most damaging species (Canhilal
et al. 2016 and Kepenekci et al. 2018).

Estimation of LCg, is a relative measure of perceptiv-
ity of a host population and is convenient and commonly
used index of relative efficiency (Epsky and Capinera
1994). For any biological control program, virulence
against the target pest is considered as the most promi-
nent factor. In screening EPNs as potential candidate
against insect pests, probit regression model can be of
a great value as suggested by Cabanillas and Roulston
(1994). The significance of this model is that it describes
not only the statistical relationship between the insect
mortality response and the nematode concentration but
also provides a value for the slope which estimates the
change in activity or pathogenicity per unit change in
concentration of nematodes. H. armigera cannot be con-
trolled by insecticides alone even after the repeatedly use
of them because of its rapid resistivity against the insec-
ticide, particularly in cotton and vegetable fields. Obvi-
ously, once resistance develops, that active ingredient will
likely fail to control H. armigera in agricultural crops of
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the same geographical area, minimizing the choices of
products available to manage this pest. Hence, an attempt
was made to identify and investigate the virulence of the
present EPN isolate CS-39 at different concentrations
against H. armigera under laboratory conditions adopt-
ing regression probit model.

Methods

Maintenance of H. armigera in laboratory

Eggs of H. armigera were purchased from ICAR National
Bureau of Agriculturally Important Insects (NBAII), Ban-
galore (National Accession No. ENBAII/PME-03/2020-
21/7177), and reared in the laboratory on chickpea-based
diet as described by Nagarkatti and Prakash (1974),
modified by Kalia et al. (2001). The larvae reared were
transferred to 12-well plates containing a small piece of
semi-synthetic diet. The 4th larval instar of the targeted
pest was surface sterilized with 0.1% sodium hypochlo-
rite before experimentation; after sterilization, these lar-
vae were ready to use for bioassays.

Isolation and culture of EPNs

For the isolation of EPNs, a survey was conducted to
collect the soil samples from the field of Beta vulgaris
of the district Saharanpur, village Puwarka (29.9888°
N, 77.5870° E; 276 m elevation), Uttar Pradesh, India.
Soil samples were collected by adopting the technique
of Wallace (1971) and were brought to the Nematology
Laboratory in well-labeled polythene bags. The type of
positive soil sample was sandy loam with pH 5.7. EPN
was isolated from the soil samples using the Galleria
baiting technique as described by Bedding and Akhurst
(1975). Ten larvae of the baiting insect were placed at
the bottom of each jar (250 ml, Borosil) containing 250 g
moistened soil and covered with tissue paper and muslin
cloths. Further the jars were placed in biological oxygen
demand (BOD) at temperature (27 £2 °C). The jars were
checked every day for larval mortality. Dead larvae from
soil bait were collected, washed with double-distilled
water (DDW), disinfected with 0.1% sodium hypochlo-
rite solution and then placed onto White trap (White
1927) to collect the emerging IJs. The emerged IJs were
harvested from White trap and stored in 175-ml culture
flasks (75 cm? Canted neck, Polystyrene, Non-pyrogenic,
DNase/RNase, free sterile flask, Cat. No. 708001, Torson)
in BOD at 15 °C for future use. Freshly emerged IJs were
further used for experimentation.

Morphological characterization

To obtain the different generations of EPN for morpho-
logical studies, fully grown larvae of G. mellonella were
infected with isolated IJs. Dead larvae were dissected
on 3rd and 5th day after infection to collect the male
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and females of different generations. Adults of 1st and
2nd generation were collected separately, killed with hot
Ringer’s solution, fixed in TAF solution (2 ml triethan-
olamine, 7 ml formalin, 91 ml distilled water) (Courtney
et al. 1955), dehydrated in Seinhorst (Seinhorst 1959) and
then kept in glycerol. To prepare slides, nematodes were
mounted onto a drop of glycerin and covered with cover-
slips which were sealed with paraffin wax. For morpho-
logical study, 20 IJs, 15 males (3’s) and 15 females (@’s)
of each generation were observed under light compound
microscope (Magnus MLX) and phase-contrast micro-
scope (Nikon Eclipse 50i). Morphometric analysis was
carried out with the aid of in-built software of the phase-
contrast microscope (Nikon DS-L1).

Molecular characterization

DNA isolation, amplification and sequencing

For molecular studies, freshly emerged IJs were used to
extract the Genomic DNA through Qiagen Blood & Tis-
sue Kit (Hilden, Germany) according to the manufactur-
er’s protocol. Internal Transcribed Spacers (ITS) and 28S
ribosomal DNA (D2D3) were used for PCR amplification.
The Internal Transcribed Spacers regions (ITS1, 5.8S,
ITS2) of the rDNA were amplified using primers 18S:
5-TTGATTACGTCCCTGCCCTTT-3' (forward) and
26S: 5-TTTCACTCGCCGTTACTAAGG-3' (reverse)
(Vrain et al. 1992). The rDNA fragment containing D2D3
regions of 28S rDNA were amplified using primers (D2F):
5'-AGCGGAGGAAAAGAAACTAA-3 (forward) and
(D3R): 5-TCGGAAGGAACCAGCTACTA-3' (reverse)
(Joyce et al. 1994). Briefly, PCR master mix consisted of
Dream Taq Green PCR master mix 2X (Thermo Scien-
tific) 15 pl, Nuclease free distilled water 10 pl, 1 pl of each
forward and reverse primer, and 3 ul of DNA extract con-
tributing to a total volume of 30 ul. The cycling param-
eters were used as follows: for ITS: 1 cycle of 94 °C for
5 min, followed by 35 cycles of 94 °C for 1 min, anneal-
ing at 50 °C for 1 min 30 s, primer extension at 72 °C for
1 min and a final extension at 72 °C for 15 min, and for
D2D3 fragment of 28S rDNA: 1 cycle of 94 °C for 3 min,
followed by 35 cycles of 94 °C for 30 s, 52 °C for 30 s,
72 °C for 1 min and a final extension at 72 °C for 10 min.
PCR was followed by gel electrophoresis (45 min, 100 V)
of 5 pl of PCR product in a 1% TAE (Tris—acetic acid—
EDTA)-buffered agarose gel stained with ethidium bro-
mide. The amplified products were purified and Sanger
sequenced in both directions by Bioserve Technolo-
gies Ltd. (Hyderabad, India). The obtained forward and
reverse sequences were aligned, edited and assembled
using BioEdit (Hall 1999). Obtained sequencing results
were submitted to the GenBank with accession numbers,
MN527410 and MN528022 for ITS and D2D3 regions of
Steinernema spp. isolate CS-39, respectively.
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Phylogenetic analyses

Sequences of ITS and D2D3 regions of rDNA were
matched with those already present in GenBank employ-
ing a Basic Local Alignment Search Tool (Altshul et al.
1990) of the National Centre for Biotechnology Informa-
tion (NCBI). D2D3 region of 28S and ITS is conserva-
tive in nature which helps in resolving the closely related
Steinernema species. Their alignments created by default
Clustal W parameters were figured using MEGA 7.0
(Kumar et al. 2016). The phylogenetic trees of the ITS and
28S rRNA were produced by the maximum likelihood
method in MEGA 7.0 (Kumar et al. 2016). C. elegans was
used as out-group taxa to root the trees.

Median lethal concentration (LCs,) at time period against H.
armigera

To determine the LCy, of nematode, an experiment was
conducted using different concentrations of IJs viz., 25,
50, 100 and 200 IJs/larva along with the control group
against the target pest H. armigera. To evaluate the path-
ogenicity of Steinernema spp. isolate CS-39, healthy lar-
vae were used in bioassay experimentation. Tarson 6-well
plates (well size 3.5 cm) were used to conduct the experi-
ment. Each well of these well plates was lined with double
layer of Whatman Filter Paper No. 1. Different concen-
trations of IJs (25, 50, 100 and 200 IJs/larva) along with
DDW were used to prepare the solution having a final
volume of 400 pl. Prepared solution was poured into each
well of well plates. For each concentration, 10 replicates
were used along with a control group having DDW only.
One larva per well was placed in above-prepared well
plates and kept in BOD at 2742 °C. The larval mortal-
ity was recorded at different time intervals i.e., 36, 48 and
60 h after inoculation. In order to confirm the exact cause
of death, the dead larvae were dissected in Ringer’s solu-
tion. Time mortality response of isolated Steinernema
spp. CS-39 against the insect pest H. armigera was cal-
culated by inoculating different concentrations, viz., 25
IJs/larva, 50 IJs/larva, 100 IJs/larva and 200 IJs/larva, and
observations were recorded at 12-h interval up to 60 h.

Statistical analysis

Median lethal concentration (LCs,) was statistically ana-
lyzed by probit analysis using SPSS (version 20). The
treatments of concentration and time were calculated
using two-way ANOVA and means of treatment effect
were compared by using Tukey multiple comparison test.
To resolve the relationship between percent mortality
and different concentrations of IJs/larva linear regres-
sion analysis was interpreted using the linear regression
equation: y=a+bx where y is dependent variable (the
percent mortalities of H. armigera at 24, 36, 48 and 60 h
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after different PIP) and x is independent variable (con-
centration of infective juveniles of Steinernema spp. iso-
late CS-39) with a as constant and b represents the slope.
Linear regression analysis was performed using Graph-
Pad Prism software.

Results

Morphological characterization

Morphological characters of different generations of
present isolate were compared to original described
species of S. abbasi (Elawad et al. 1997). The morphol-
ogy was similar to the type population with only differ-
ence being the presence of mucron in second-generation
male and female which was not observed in original
description. It is considered as a member of “bicornu-
tum group” due to the presence of two horn-like struc-
ture on cephalic region. Third-stage IJs were observed
smaller in size when compared to IJs of already described
species (Table 1). On comparing the present specimen
with already described species of S. abbasi (Elawad et al.
1997), dissimilarity was observed only by presence of
mucron in 2nd-generation male and female. The nerve
ring in 1st- and 2nd-generation male of the present
isolate was found to be at less distance above the basal
bulb as compared to the described species (Table 1). As
far as morphometry is concerned, a little alteration was
observed in measurements, while most measurements
were in close vicinity. The present isolate can be charac-
terized by the third-stage IJs length 496 (344—552) pm,
“a” ratio 17 (14-19), “b” ratio 5.3 (4.5-6.7) and tail 50
(33-63) um (Table 2). The species was also recognized
by 1st-generation male characters of D% 69 (60-96) and
E% 307 (261-447) and 1st-generation female characters
of D% 45 (24—-64) and E% 183 (70-379), respectively
(Table 2). First-generation male of the present specimen
is characterized by slender and ventrally curved J-shaped
body marked by lateral fields. Pharynx muscular with
cylindrical procorpus, slightly swollen metacorpus and
narrow isthmus. Distance from anterior end to excretory
pore is always more than body width at excretory pore.
Paired spicules and boat-shaped gubernaculum were
observed. Tail short, bluntly conical without any termi-
nal mucron, whereas second-generation male differed
from the 1st generation by having smaller body size and
presence of short mucron in tail region. First-generation
female possesses prominent cheilorhabdions beneath the
lips, smooth cuticle, indistinct lateral lines and phasmids.
Well-developed cardia and nerve ring are just above the
basal bulb. Vulva guarded with double-flapped epip-
tygmata and has transverse slit-like opening. Tail short,
conoid with a pointed tip without mucron; on the other
hand, 2nd-generation female possesses similar characters
as of 1st-generation female except smaller length and tail
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more longer and sharply pointed with ventral post-anal
swelling ending with a well-developed fine mucron. The
little difference in morphological characters might be due
to the diverse habitat and different climatic conditions.
Morphometrics and comparative morphometrics with S.
abbasi of all generations of present strain CS39 are pre-
sented in Tables 1 and 2, respectively.

Molecular and phylogenetic analysis

The phylogeny of the present isolate based on ITS rRNA
does not show any variation with type populations of S.
abbasi. In the flanking D2D3 domain of the 28S rDNA
gene sequences also, the present isolate CS39 varies from
the already described gene sequences by 4 bp and exhib-
ited a clear monophyly of the group formed by the pre-
sent isolates and described as S. abbasi MN527410 and
MN528022, respectively (Figs. 1 and 2). BlastN analysis
also showed that present isolates showed 99.89% simi-
larity with type population. ITS and D2D3 evolutionary
trees showed that the species of the ’bicornutum’ group
and present isolate CS39 formed a sister clad with all
known species of ’bicornutum’ group and formed a clear
monophyletic clade of the group formed by the isolate
CS39 with the S. kandii and other described species of S.
abbasi.

Median lethal concentration (LCs) at 24 h against H.
armigera

LCy, is the number of nematodes required to cause
half mortality of host (H. armigera). In probit analysis,
the value of LC;, of present strain against H. armig-
era was 83.21 IJs/larva after exposure at 24 h, slope
0.2041+0.1260. Mean mortality percentages of H.
armigera larvae infected with S. abbasi isolate CS-39
at different concentrations are shown in (Table 3). The
effect of the concentration (IJs/larva) (F 3 5=17.39,
p=0.002) and exposure of time (F 3 4=28.526,
p=0.014) (Table 4) and interaction among each other
(F (o, 18=2.816, p=0.029; 2-way repeated-measure
ANOVA) were found significant. It has been found that
the 24-h post-infection period (PIP) of all the concen-
trations shows significantly less mortality than 36, 48
and 60 h (p<0.0001, Tukey’s multiple comparison test,
2-way RM ANOVA). After 24 h of PID, it was found that
there were non-significant differences in percent mor-
talities of H. armigera larvae between concentration of
25 and 50 IJs/larva, while it was found significantly dif-
ferent from groups of one another. Mortality percent
of larva at the concentration of 100 and 200 IJs/larva
was significantly different from each other. After 36 h of
PIP, the 25 IJs/larva was not significantly different from
50 and 100 IJs/larva concentrations. Also, 50 IJs/larva
concentration was non-significant from 100 IJs/larva;
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Table 2 Morphometric of all generations of isolate Steinernema abbasi CS-39. All measurements are in micrometer (um)
mean = standard deviation (range)

Characters no. (um) First generation Second generation Infective Juveniles (1Js)
158 159 1538 15¢ 20

Total body length (L) 1027 +106 (825-1241) 382043070 (1033- 10524229 (762-1390) 11434222 (685-1586) 496455 (344-552)

9324)

Maximum body width ~ 80+33 (40-151) 156 +63 (81-318) 70£8.7 (57-89) 70£7.2 (59-86) 30426 (25-33)

(MBD)

Excretory pore (EP) 704838 (59-89) 72+£23(34-112) 58418 (29-92) 41+£13(30-67) 39486 (23-53)

Nerve ring (NR) 79+£10 (62-95) 108 +40 (48-189) 67 423 (29-109) 76 £ 16 (55-110) 59474 (47-70)

Pharynx length (ES) 118413 (100-140) 160433 (127-245) 1024+84 (74-111) 122417 (93-151) 94412 (73-120)

Anal body width (ABD)  39+6.4 (30-54) 54426 (30-127) 40449 (32-50) 25462 (13-33) 18+1.8 (14-20)

Tail 2342.0(20-28) 47 £30 (24-143) 22+3.1(18-28) 354+8.8(21-50) 5048.5(33-63)

a=L/MBW 15412 (13-17) 22411 (7.4-45) 1443.1 (9-20) 1643.0 (8.7-20) 174+£13(14-19)

b=L/ES 104+1.1(86-13) 22414 (7.4-47) 9+2.0(6-13) 94+14(74-12) 53+06(4.5-6.7)

c=L/Tail 47476 (37-67) 8873 (26-274) 45457 (37-57) 34+£92 (24-61) 10.14+£13(7.8-12.9)

Vulva (V) - 1584114 (25-347) - 1643 (8.7-20) -

D% =EP/ES x 100 69+ 10 (60-96) 45+ 11 (24-64) 50413 (22-69) 34489 (23-48) 43+ 11 (20-57)

E% =EP/Tail x 100 307 £50 (261-447) 183485 (70-379) 264472 (158-402) 123435 (71-185) 81£23(37-123)

Spicule length (SPL) 64+5.0 (52-73) - 60174 (43-73) - -

n=no. of specimens

70, MN527410 Steinernema abbasi CS39
70| Mkg55429 Steinernema abbasi
29 AY230158 Steinernema abbasi

100 MK641593 Steinernema abbasi
93

KY228997 Steinernema kandii

-AY748450 Steinernema yirgalemense
499[:A F440765 Steinernema ceratophorum
AF121048 Steinernema bicornutum

20 —————KR781038 Steinernema goweni

KJ913707 Steinernema papillatum
08 <|_7GU174001 Steinernema riobrave
47 KP036472 Steinernema ralatorei
KT373857 Steinernema biddulphi
99 rAY748449 Steinernema pakistanense
100 ' 1X989267 Steinernema bifurcatum

X03680 C. elegans

98

0.1
Fig. 1 Phylogenetic relationships in the “bicornutum” group of Steinernema based on analysis of ITS rDNA regions. Caenorhabditis elegans was used
as outgroup taxa. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (10,000 replicates) is shown
next to the branches. Branch lengths indicate evolutionary distances and are expressed in the units of number of base differences per site

however, both 25 and 50 IJs/larva was significantly dif- respectively (p<0.05, Tukey’s multiple comparison
ferent from 200 IJs/larva as it showed 100% mortality as  test). After 48 h of PIP, percent mortalities of H. armig-
compared to 76.66 and 83.33 under 25 and 50 IJs/larva, era larvae at different concentrations of 25, 50, 100



Srivastava et al. Egyptian Journal of Biological Pest Control (2022) 32:9

Page 7 of 10

34
100

99| <o

80

100

99
93

62

84' MG198916 Steinernema abbasi
0 _,7JQ838179 Steinernema bifurcatum
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KP036475 Steinernema ralatorei
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0.05

Fig. 2 Phylogenetic relationships in the “bicornutum” group of Steinernema based on analysis of D2D3 regions. Caenorhabditis elegans was used as
outgroup taxa. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (10,000 replicates) is shown
next to the branches. Branch lengths indicate evolutionary distances and are expressed in the units of number of base differences per site

X03680 C. elegans

Table 3 Mean mortality percentages of Helicoverpa armigera
larvae infected with isolate Steinernema abbasi (IJs) CS39 at
different concentrations

Concentrations lJs Mean mortality percentage of Helicoverpa
per larva armigera larvae after different time of
infection (hrs)

24 36 48 60
25 36.67 76.67 86.67 96.67
50 36.67 83.37 90.00 96.67
100 56.67 90.00 96.67 100
200 70.00 100 100 100

Table 4 Parameters assessed Mean mortality percentages of
Helicoverpa armigera larvae infected with isolate Steinernema
abbasi CS39 at different concentrations

Parameters DF F p value

Infective juveniles (lJs) 3 F@3,6)=17.39 p=0.0023
Time 3 F(3,6)=8526 p=0.0139
Interaction of (IJs) and time 9 F (9,18 =2816 p=0.0294

DF =degree of freedom; F =ratio of mean square

and 200 IJs/larva were found 86.67, 90.00, 96.67 and
100, respectively. At 60 h of PIP, non-significant differ-
ences were found in percent mortalities of H. armigera
larvae at all the concentrations. Percent mortalities of
H. armigera larvae at each concentration at 24, 36, 48
and 60 h after infection were compared. It was found
that percent mortalities at 25 and 50 IJs/ larva at 24 and
60 h were same and also, after 60 h of exposure 100%
mortality achieved for the two concentrations 100 and
200 IJs/larva (Table 3). After 24 h of infection, percent
mortalities at the concentrations of 25, 50, 100 and
200 IJs/larva were lower as compared to those at 36,
48 and 60 h after infection, while these percentage at
36 h after infection were significantly lower than at 48 h
and higher than those at 24 h of infection for each of
the tested concentrations 25, 50, 100 and 200 IJs/larva,
respectively. Similarly, at 48 h after infection the con-
centrations of 25, 50, 100 and 200 IJs/larva were signifi-
cantly lower than those 60 h and higher than the 36 h
of infection at the different concentrations, respectively
(Table 3).

According to % mortality (in Table 4) calculate only
lcs, iat 24 hrs and mention it in text and then delete
Table 3.
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Linear regression analysis

Results are obtained from linear regression analysis, and
positive relationship was found between the concentra-
tion gradient and % mortality at 36 and 48 h (p<0.05).
However, no significance was found after 24 and 60 h
(p>0.05 (Table 5 and Fig. 3)). Average to strong relation-
ship existed between the concentration of IJs and expo-
sure time at different PIP (coefficient of determination,
R?, varied from 0.1409 to 0.4717).

The study of the present findings assessed the coef-
ficient of determination (R?) that the 36 h (0.4717) and
48 h (0.4452) of exposure the infective juveniles of S.
abbasi showed the moderate effect size, whereas 24 h
(0.2078) and 60 h (0.1409) of exposure the infective juve-
niles of S. abbasi showed a very weak effect size and low
effect size, respectively. The regression lines of percent
mortality at various concentrations between 25 and 200
IJs per larva were:

24 hrs Y = 0.2041 X + 30.87(r = 0.2078)
36 hrs Y = 0.2041 X + 75.65(r = 0.4717)
48 hrs Y = 0.0742 X + 86.38(r = 0.4452)

60 hrs Y = 0.0209 X + 96.38(r = 0.1409)

Discussion

The findings of the present investigation demonstrate
the difference in perceptivity of H. armigera at different
concentrations of CS-39 IJs/larva. The pathogenicity of
EPNs in agreement with that of Sasnarukkit (2003) who
reported that LCy, values for S. carpocapsae, S. siam-
kayai and H. bacteriophora after 60 h were 1.8, 52.5 and
59.1 IJs/larva against diamondback moth, respectively.
EPNs isolate belonging to the same species showed
marked differences in pathogenicity have been previously
documented by Tarasco et al. (2013). These differences
in pathogenicity may be due to the soil habitats of these
nematode species which play significant role in efficacy
of EPNs isolates. This was quite obvious from the present
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Fig. 3 Relationship between concentration of infective juveniles
of Steinernema abbasi CS-39 and percent mortalities of Helicoverpa
armigera at 24, 36,48 and 60 h after infection.

study compared to the studies of earlier workers since
the different type of nematode with different capacity to
penetrate the insect would cause different results. It also
showed that increasing the concentration and exposure
time helped to increase the effective searching and infec-
tion chances of nematode. Glazer and Navon (1990) also
reported the pathogenicity of EPNs against H. armigera
larvae under laboratory conditions and found that the
complete mortality was first achieved at 200 IJs/larva, fol-
lowed by other concentrations. The efficacy of S. abbasi
on larvae of 3 different insect pests, viz., G. mellonella,
H. armigera and Spodoptera litura, was tested under the
laboratory conditions where the complete mortality was
recorded at all the concentrations within 48 h of infec-
tion and it was found to be an excellent biocontrol agent
against all these lepidopteran pests (Heena et al. 2021).
Molecular study of the present findings reveals that
Steinernema kandii (Godjo et al. 2018) is much close
to S. abbasi and in both trees sequences of S. abbasi
populations, and this pair was sister to the Stein-
ernema yirgalemense Nguyen et al. (2004) and Stein-
ernema bifurcatum Fayyaz et al. (2014). However, S.
abbasi showed clear demarcation from the S. kandii
in the D2-D3 region and similar results were obtained
in the ITS region also. Thus, based on morphological
and molecular data supplemented with ITS and D2D3

Table 5 Mortality responses of Helicoverpa armigera larvae against an entomopathogenic nematode (Steinernema abbasi CS-39) at

different time intervals

R? Co-efficient of F

Time (hrs) Regression equation 95% Cl p value
determination

24 Y=0.2041X+30.87 —1477t063.22 0.2078 2624 (1,10) 0.1363

36 Y=0.1264X+75.65 64.79 t0 86.51 04717 8.93 (1,10)** 0.0136**

48 Y=0.07420X +86.38 79.65 10 93.10 04452 8.025 (1,10)** 0.0178%**

60 Y=0.02087X+96.38 92.19to 100.6 0.1409 1.64 (1,10) 0.2293

Bold values represent statistical significance (p < 0.05)

**Significant
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rDNA gene sequences proved the position of the isolate
CS39 species of S. abbasi according to the phylogenetic
and evolutionary species concept (Adams 1998).

Linear regression analysis showed that the IJs concen-
tration of S. abbasi CS-39 was in positive correlation
with percent larval mortalities of H. armigera larvae. This
meant that percent mortality of H. armigera increased
with increasing the concentrations of nematode. The
results revealed that longer exposure of IJs made possi-
ble for more nematodes to penetrate in G. mellonella lar-
vae and more release of the bacterial metabolites inside
the insect body. The results validated with the finding of
Caroli et al. (1996) in which they reported the complete
mortality of G. mellonella within 24-72 h of exposure.
Mortality (100%) of H. armigera larvae was achieved at
the inoculum level of 100 IJs/larva at 60 h of exposure.

Conclusions

It was concluded that H. armigera larvae were highly
perceptible to different concentrations of S. abbasi
CS-39 infection, causing complete mortality of the
insect pest. More IJs per larva was required to kill the
pest in less time; on the other hand, more exposure
of time was required to achieve the 100% mortality at
less concentration. It is inferred from the study that
the described species of entomopathogenic nematode,
S.abbasi is pathogenic and more virulent to H. armigera
larvae which shows that the isolate CS39 has good bio-
control potential on insect pest H. armigera. This study
opens the new parkway to work on utilization of this
potent biocontrol agent in field trials against various
lepidopteran pests infesting field crops, which is mostly
chemical dependence. Further researches are still
needed before recommending the strain to be applied.
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