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Abstract 

Background: Entomopathogenic nematodes (EPNs) have a great potential as a biocontrol agent for a wide range of 
insect pests. EPNs have attracted much interest around the world to study their distribution, virulence, and usage in 
the IPM programs. This research was conducted to identify the steinernematids M.22 and M.313, which were isolated 
during the survey of EPNs in different agricultural and ecological systems, in the Syrian coastal region between 2017 
and 2020. Additionally, to evaluate the virulence of these isolates against the last instar larvae of the greater wax moth, 
Galleria mellonella (Linnaeus 1758) (Lepidoptera: Pyralidae), three bioassays were carried out at 18 °C. The exposure 
time assay was performed by applying different times (15, 30, 45, and 60 min) using a specified concentration (400 IJs/
Larva). The concentration–response and one-on-one assays were conducted by using different concentrations of the 
infective juveniles (IJs) (5, 15, 25, and 40 IJs/L) and an individual juvenile, respectively, for 72 h of exposure.  LC50 and 
 LT50 values were calculated.

Results: The steinernematids M.22 and M.313 were isolated from 2 of 821 soil samples (0.24%). The positive isolates 
were identified as Steinernema affine (Bovien, 1937), based on morphological, morphometric, and molecular charac-
terization. Steinernema affine was recovered in the walnut orchard and grassland in AL-Kadmous area of Tartus gover-
norate, Syria. The soil type was silty loamy and silty, PH was slightly acidic, and organic matter content was 6 and 4.1%. 
In the exposure time assay, the mortality ratio increased gradually by increasing time, M.22 and M.313 achieved the 
highest mortality ratios at 60 min, which were 90.16 and 91.49%, respectively. In the concentration–response assay, 
complete mortality was achieved at the concentration of 40 IJs/L for both isolates. Low mortality ratios were observed 
in the assay of one-on-one, 20 and 23.6%, respectively. The  LC50 and  LT50 values were calculated and resulted in 
(11.7 IJs/L, 33.47 min) and (11.5 IJs/L, 32.43 min), respectively. Nonsignificant difference between both isolates was 
recorded.

Conclusions: The results showed that the isolates were identical and identified as Steinernema affine. This is the first 
report of S. affine in Syria. It could be an effective biological control agent.
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Background
The entomopathogenic nematodes (EPNs) from Stein-
ernematidae Travassos, 1927, and Heterorhabditidae Poi-
nar, 1976, families have proven to be effective biological 
control agents against different agricultural insect pests 
(Gozel and Gozel 2016). The specialized symbiotic rela-
tionship between nematodes and bacteria, Heterorhab-
ditis–Photorhabdus, Steinernema–Xenorhabdus, causes 
the rapid death of the insect host (Boemare 2002). Infec-
tive juveniles (IJs) of EPNs penetrate their hosts through 
their natural openings such as the mouth, anus, and spir-
acles. Also, Heterorhabditis sp. can penetrate through 
the cuticle of the host’s body (Poinar and Grewal 2012). 
Once EPNs reach the insect hemocoel, they will release 
the symbiotic bacteria, which begin to grow and release 
cytotoxic, exoenzymes and antibiotics, causing septice-
mia and often killing the insect within 24–48  h (Kop-
penhöfer 2007). EPNs have two to three generations 
inside the host depending on the size of the insect as a 
food source. When the insect cadaver begins to decom-
pose, the IJs emerge out, as dauer-juvenile to search for 
a new host in the soil. In IPM programs, the success of 
using EPNs is determined by the virulence of the EPNs 
species as well as the adaptation to the environment of 
the target insect (Shapiro et  al. 2006). For this reason, 
several surveys have been carried out around the world 
to isolate locally adapted EPNs species (Laznik and Trdan 
2012). These studies have found 102 Steinernema spe-
cies, 22 Heterorhabditis species, and one Neosteinernema 
species, (Hazir et  al. 2022). In Syria, eight species of 
valid EPNs include: Heterorhabditis bacteriophora Poi-
nar, 1976, H. zealandica Poinar, 1990, H. indica Poinar, 
Karunakar & David, 1992, H. megidis Poinar, Jackson & 
Klein, 1987, Heterorhabditidodes chonmingensis (Zahang 
2008), Steinernema cubanum Mráˇcek, Hernández & 
Boemare, 1994, S. feltiae (Filipjev, 1934), and S. carpocap-
sae (Weiser 1955) were recorded (Canhilal et  al. 2006; 
Mosalam, 2009; Jawish 2016; Zeini et al. 2019). A survey 
in Syria’s coastal area (Latakia and Tartus governorates) 
was conducted, which have not been sufficiently investi-
gated for EPNs species.

Therefore, the aim of this study was: (1) to identify 
Steinernema isolates based on morphological, morpho-
metric, and molecular characterization and (2) to evalu-
ate the virulence of both Steinernema isolates against the 
last instar of G. mellonella larvae.

Methods
Soil sampling and isolation of EPNs
The survey was conducted in the Syrian coastal region 
(4200  km2), which extends from the coastal line to 
1000  m above the sea line level, during the spring and 
autumn months between 2017 and 2020. A total of 821 

soil samples were collected randomly from different 
agricultural and ecological systems at the studied sites 
(Fig.  1). Each soil sample (approximate 2  kg) was com-
posited of five random subsamples taken with a hand 
shovel to a depth of 30  cm over an area of 10  m2. The 
mixed samples were placed in separate polyethylene 
bags to prevent water loss and kept in coolers, as recom-
mended by Kaya and Stock (1997), to be transported to 
the research laboratory, Department of Plant Protection, 
Tishreen University. EPNs were isolated from mixed soil 
samples using the “Galleria-bait method” (Bedding and 
Akhurst 1975). Ten larvae of G. mellonella were placed in 
each container, covered, turned upside down, and incu-
bated in the dark at the temperature of a laboratory for 
14  days. The larvae were checked every 48  h (Kaya and 
Stock 1997). Dead larvae, which exhibited marks of infec-
tion with EPNs, were collected and placed in a modified 
White trap after washing twice in distilled water (White 
1929). The emerged IJs were cleaned and used to confirm 
Koch’s postulate of pathogenicity, then they were stored 
in tissue culture flasks at 10  °C. The soil characteristics 
(type, organic matter, PH) and habitats of the positive 
sampling sites are indicated in (Table 1).

Morphological and Morphometric characterization
Ten G. mellonella larvae were exposed to ca 2000 IJs in 
a Petri dish (9  cm diameter) lined with two moist filter 
papers (Whatman No. 1) (Nguyen 2007a). G. mellonella 
cadavers were dissected in Ringer’s solution (Sodium 
chloride 9.0  g, Potassium chloride 0.4  g, Calcium chlo-
ride 0.4 g, Sodium carbonate 0.2 g, Sterile distilled water 
to 1000 ml), to obtain the males and females of the first 
and second generations after 5 and 7 days post-infection, 
respectively. The infective juveniles (IJs) were collected 
during the first two days after emerging from the cadav-
ers. For the light microscope observation and assess-
ments, 20 specimens were examined from each life stage 
(males, females, and infective juveniles) alive. Addition-
ally, specimens were killed and fixed in TAF (7 ml forma-
lin, 2 ml Triethanolamine, 91 ml water) (Kaya and Stock 
1997). Morphological traits and morphometric measure-
ments were observed under a light microscope equipped 
with software (OPTIKA PROVIEW, Italy) using 4X, 10X, 
and 40X objectives.

The following morphometric characteristics were stud-
ied and measured, as mentioned by Nguyen (2007b). 
Total body length (L), maximum body diameter (MBD), 
distance from anterior end to excretory pore (EP), dis-
tance from anterior end to nerve ring (NR), distance 
from anterior end to the base of the esophagus (ES), tail 
length (T), anal body diameter (ABD), ratios: a = L/MBD, 
b = L/ES, c = L/T, D% = EP/ES × 100, E% = EP/T × 100. 
Additionally, for males the testis reflexion (TR), the 
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Fig. 1 Map of the Syrian coastal region showing the sites sampled for entomopathogenic nematodes. Sampling sites marked with red denote the 
absence of Steinernema sp., while sampling sites marked with green were positive for Steinernema 
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length of the spicules (SL), the spicule width, the length 
of the gubernaculum (GL), the gubernaculum width, 
SW% = SL/ABD × 100, and GS% = GL/SL × 100 were 
measured. The number and arrangement of genital papil-
lae of males were studied.

Molecular characterization
In the Laboratory of Molecular Biology, total genomic 
DNA was extracted from a single female of first genera-
tion using a DNeasy® Blood and Tissues Kit (Qiagen.Inc), 
following the manufacturer protocol. The entire internal 
transcribed spacer region (ITS) of rDNA was amplified 
using the primer TW81 (5´-GTT TCC GTA GGT GAA 
CCT GC-´3) forward and AB28 (5´- ATA TGC TTA AGT 
TCA GCG GGT-´3) reverse (Hominick et  al. 1997). Pro-
tocol thermo cycler for the PCR was as: one cycle at 94 °C 
for 2 min, 35 cycles at 94  °C for 1 min, follow 55  °C for 
45 s and 72 °C for 2 min then 72 °C for 10 min. Ten μl of 
the PCR product was loaded on a 1.2% agarose gel stained 
with 0.5  μg/ml ethidium bromide, with 1X TBE buffer 
running solation and under voltage 80 v for two hrs. 100-
bp DNA ladder was used for approximant quantification 
of the DNA product. The gel was visualized under ultra-
violet light and photographed using a gel documentation 
system (Bio. Doc. Analyze). The target bands were puri-
fied using the gel purification kit NucleoSpin®Extract II 
Kit. The purified PCR products were sequenced by Mac-
rogen Inc. (Netherland).

Phylogenetic analysis
Evolutionary analyses were studied and the phylogenetic 
tree was conducted in MEGA X. for the 27 sequences of 
Steinernema spp. which were obtained from the NCBI 
database. Multiple sequence alignments of ITS gene 
among the extracted isolates and the existing sequences 
in the library were aligned using Clustal W. Caenorhabdi-
tis elegans (Maupas 1900) (accession number JN636099) 
was used as an out-group sequence. Ancestral states 
were inferred using the maximum likelihood method and 
Hasegawa–Kishino–Yano model (1000 bootstrap repli-
cates) (Kumar et al. 2018).

Bioassays
Three bioassay tests were carried out to evaluate the 
virulence of both isolates M.22 and M.313 using the last 

instar larvae of G. mellonella (Glazer and Lewis 2000). 
All bioassays were performed using 24-well plates (1.5-
cm diameter) as test arena, lined with filter paper discs 
(Whatman No. 1) at the bottom of each well. One-week-
old IJs suspensions were used in the experiments. After 
washing the suspensions with distilled water several 
times, the concentrations of the IJs were adjusted using 
the formula:

where Va = the amount of water (ml) to be added (if posi-
tive) or to be removed (if negative) from the suspension. 
V = volume of the suspension (ml). i = initial concen-
tration / 50 μl. c = final concentration/50 μl (Glazer and 
Lewis 2000). The last instar larvae of G. mellonella were 
reared on artificial diets (wheat flour 350  g, corn flour 
200  g, milk powder 130  g,backing yeast powder 70  g, 
honey 100 ml, and glycerin 150 ml) (Metwally et al. 2012). 
The larvae were used with an average weight of (0.2–0.3) 
g. Each concentration was separately applied to the wells; 
there were 24 replicates for each treatment. Four-well 
plates were used. Each experiment was repeated twice. 
The controls were identical to the treatment except that 
no IJs.

Exposure time assay
The nematode suspension was adjusted at 8000 IJs/ml. 
After shaking the suspension, 50 µl (had around 400 IJs) 
was transferred to each of the filter paper-lined wells 
using a micropipette. Single G. mellonella larva was 
added to each well and the plates were sealed with their 
lids. All plates were kept at 18  °C. After 15, 30, 45, and 
60 min, six insect larvae were removed from each plate 
and rinsed in water to remove nematodes from the sur-
face. Then, they were placed in a Petri dish (5-cm diam-
eter) lined with the moist filter paper and incubated at 
22 °C. The insect mortality was recorded after 48 h.

Concentration–response assay
Different concentrations of IJs (5, 15, 25 and 45) /Larva 
were used. Each one was applied separately, to the wells. 
Single G. mellonella larva was added to each well and 
the plates were sealed. All plates were kept at 18 ºC. The 
insect mortality was recorded after 72 h of exposure.

Va = Vx [1− ((i/c)]

Table 1 Locality, habitat, sampling date, and soil characteristics of positive samples

Site Location Coordinates Altitude Sampling date Habitats Soil types pH Organic 
matter

Amodeyha Al-Kadmous E ״N 36° 07´57״35°06′10° 759 m May 2020 Walnut orchard Silty loam 6.1 6

Fneitiq Al-Kadmous 35º06′02״N 36 º 08´51״E 604 m November 2020 Grass land Silty 6.4 4.1
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One‑on‑One assay
The nematode suspension was adjusted at 100 IJs/ml. 
An individual infective juvenile was transferred to each 
of the wells in 25 µl water. It was added another 25 µl 
of distilled water to wash the contents of the pipette 
tip into each well. Single G. mellonella larva was added 
to each well and the plates were sealed properly. The 
plates were kept at 18  °C. The insect mortality was 
recorded after 72  h. Two plates were used in this 
experiment (n. 48). Half lethal concentration  (LC50) 
and half lethal time  (LT50) were estimated.

Statistical analysis
Data of experiments were analyzed in a completely 
randomized design. Statistical analysis was done using 
a statistical package for SPSS software (SPSS 16.0; IBM 
Corp., USA) to study the significant differences among 
both EPNs isolates, the means were compared using 
LSD test at (P < 0.01).  LC50 and  LT50 values were calcu-
lated using the Probit analysis. Means were compared 
by analysis of variance (ANOVA) and Duncan’s test of 
multiple comparisons at a 1% level of significance.

Results
Nematode recovery from soil samples
The steinernematids were isolated from 2 of 821 soil sam-
ples (0.24%), from the walnut orchard and grassland in 
Amodeyha and Fneitiq village, respectively, in Al-Kad-
mous area belonging to Tartus governorate (Fig. 1). Soil 
characteristics of the positive sites were classified as silty 
loam and silty, respectively, more details are mentioned 
in (Table 1). ITS sequences analysis supported the mor-
phometric and morphological studies for both isolates 
M.22 and M.313. The isolates were identical. They were 
identified as Steinernema affine.

Morphometric measurements
All morphometric examination results of the males and 
females of the first and second generations, and the infec-
tive juveniles for both isolates are shown in (Tables 2 and 
3). The morphometric characteristics of the Syrian iso-
lates were matched with the original description of the 
species by Poinar (1988) and Nguyen et al. (2007b). The 
Syrian isolates showed a variety of measurements. In the 
case of the first and second generations, males in all their 
measurements were similar to the original description, 
except some values, like E% and NR values in the first 
generation and NR, EP, and ES values in the second gen-
eration which were higher than the original description. 

Table 2 Morphometrics of Steinernema affine M.22.

All measurements are in micrometers (except n, ratio, and percentage). Data are expressed as mean ± SD (range)

Character Infective juveniles (IJs) First generation Second generation

Male Female Male Female

n 20 20 20 20 20

L 759.8 ± 47.6 (655–835) 1539 ± 98.2 (1373–1773) 4941 ± 390 (3567–5500) 1397.5 ± 152 (1178–1645) 1691 ± 85 (1451–1845)

MBD 32.2 ± 1.9 (29–34) 106 ± 14 (75–141) 272.8 ± 10.5 (264–285) 76.1 ± 6.6 (70–89) 80.5 ± 5 (72–88)

EP 67.76 ± 3.3 (62 -72) 108.5 ± 5.9 (95–122) 145.8 ± 11.1 (135–168) 110.7 ± 6.2 (100–119) 106 ± 2.6 (103–111)

NR 95 ± 6 (87–107) 124.8 ± 7.4 (114–144) 170.6 ± 10.4 (156–191) 131.2 ± 7.3 (126–1147) 135.2 ± 12.2 (120–140)

ES 118.3 ± 6 (110–132) 170.43 ± 6.1 (160–178) 238.7 ± 14 (242–278) 175.7 ± 6.2 (162–184) 185.8 ± 3.7 (179–190)

ABW 19.3 ± 1.0 (18–21) 60.1 ± 5.3 (53–70) 90.5 ± 7.1 (78–100) 46.3 ± 4.2 (40–49) 48.7 ± 7.7 (42–58)

T 65.1 ± 4.8 (59–69) 51.1 ± 4.8 (42–57) 57.6 ± 4.4 (53–66) 46 ± 2.8 (39–50) 64 ± 3 (58–69)

a 23.6 ± 1.4 (22–26.1) 14.8 ± 2.4 (11.33–19.5) 18.1 ± 2.7 (13.2 − 21.5) 18.4 ± 2.4 (15.2–23) 20.8 ± 2.6 (16.8–24)

b 6.4 ± 0.5 (5.1–7.4) 9 ± 0.6 (7.7–10.3) 20.7 ± 2.8 (14.2 − 23.7) 7.9 ± 0.8 (6.9–9.7) 9 ± 1.3 (7.2–11.1)

c 11.7 ± 1.2 (10.2 − 13.3) 30.3 ± 3.3 (26.6–36.6) 85.8 ± 10.2 (61.5–98.8) 29.4 ± 2.6 (24–32.6) 26.4 ± 4.8 (20.6–33.8)

D% 57.4 ± 3.9 (48.4–62.7) 63.5 ± 2.1 (56.3–68) 61 ± 3 (54.6–62.8) 63 ± 4.1 (55.5–70) 57.2 ± 1.6 (55.7–60.6)

E% 104 ± 10.4 (93.7–106.5) 214 ± 4.6 (182–271) 253 ± 18.6 (204–287) 236.5 ± 21.3 (208–264.4) 166.4 ± 8.1 (155–179.3)

TR – 513 ± 13 (483–519) 210 (188–290) –

Spicule Length – 69 ± 6.9 (60–80) – 67.5 ± 4.4 (60–74) –

Spicule width – 13.3 ± 1.4 (9–15) – 10.5 ± 1 (9–12) –

GL – 45.1 ± 6.6 (33–54) – 39.3 ± 4.3 (31–42) –

GW – 8.8 ± 0.6 (8–10) – 8 ± 0.6 (7.1–9.8) –

SW% – 115.2 ± 10.9 (92–123.3) – 146 ± 6.2 (109–168) –

GS% – 65.8 ± 11.1 (55–90) – 58.3 ± 8.1 (48—68) –
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For females, the measurements of the first generation 
were higher than the reported description. While, in 
the second generation most of the measurements were 
within the reference range, except the values of ES, MBD, 
and ABD, which were higher than the original descrip-
tion. The Infective juvenile’s measurements were within 
the range of the reported description.

Morphological characterization of male
Cuticle smooth, head rounded, not offset from rest of 
body. Six lips united at the base but distinct at the tips. 

Each lip bears a single labial papilla forming an inner 
circle of six. The outer circle of four cephalic papillae is 
located at the base of the dorsolateral and ventrolateral 
papillae. Stoma partially collapsed, a posterior portion 
surrounded by pharyngeal tissue. Cheilorhabdions are 
represented by a thick ring of sclerotized material lin-
ing the fused area of lips. Lateral fields and phasmids are 
inconspicuous. The pharynx is muscular with a cylindri-
cal procorpus followed by a slightly swollen, non-valvate, 
metacorpus. The isthmus joins a nearly spherical basal 
bulb containing a reduced valve with refractive ridges. 

Table 3 Morphometrics of Steinernema affine M.313

All measurements are in micrometers (except n, ratio, and percentage). Data are expressed as mean ± SD (range)

Character Infective juveniles (IJs) First generation Second generation

Male Female Male Female

n 20 20 20 20 20

L 765 ± 45.2
(663–820)

1557.7 ± .99
(1390–1677)

4954 ± 289
(3465–5700)

1399.6 ± 111
(1154–1630)

1702 ± 99.1
(1451–1845)

MBD 32.5 ± 1.8
(27–35)

106.5 ± 17.2
(73–139)

274 ± 9.4
(264–285)

76.2 ± 6.3
(68–89)

83 ± 4.8
(75–88)

EP 67.9 ± 3.4
(62 -72)

107 ± 6
(97–119)

146.2 ± 11.1
(131–169)

110.5 ± 6.2
(101–117)

106.5 ± 2.3
(104–112)

NR 95.1 ± 6.2
(87–105)

125.6 ± 7.3
(118–146)

170.5 ± 10.2
(158–191)

131 ± 7.3
(125–140)

134.7 ± 12.6
(119–136)

ES 118.4 ± 5.6
(113–132)

172 ± 5.75
(160–180)

238.9 ± 14.2
(222–253)

175.2 ± 6.5
(165–184)

186.4 ± 3.2
(178–189)

ABD 19.4 ± 1.0
(18–23)

61.3 ± 5
(52–73)

90.8 ± 5.2
(83–102)

48.2 ± 4.2
(42–51)

49.2 ± 7.2
(42–55)

T 64.8 ± 4.6
(61–69)

52.6 ± 2.9
(48–57)

57.7 ± 3.8
(50–64)

40.7 ± 2.8
(34–44)

64.5 ± 6.8
(58–65)

a 28.2 ± 1.4
(22–29.8)

15 ± 2
(11.-17.5)

18.1 ± 2.6
(12.8–21.5)

18.3 ± 2.4
(15.2–23)

21.6 ± 2.4
(16.2–24)

b 6.2 ± 1
(5.4–8.7)

9 .2 ± 0.6
(7.9–10.1)

20.7 ± 2.8
(13.6–23.4)

8 ± 0.8
(6.9–9.7)

9.1 ± 1.1
(7.1–10.8)

c 11 ± 1.2
(10 -12.2)

29.6 ± 2.5
(26.4 -35)

85.8 ± 3.8
(71.1–97.5)

29.9 ± 2.6
(23.6- 31.5)

26.5 ± 5.2
(20.6–33.8)

D% 56.3 ± 2.9
(48 -62.3)

62.4 ± 3.3
(56 -66)

61.2 ± 3.1
(55.1–65.3)

62.1 ± 3.9
(55–68.4)

57.1 ± 1.8
(55- 61.2)

E% 104.1 ± 10.4
(94.3- 106.2)

204 ± 16.1
(186–242)

254 ± 16
(209–286)

231.5 ± 21.3
(208–264.4)

165.1 ± 8.1
(155–179.3)

TR – 537 ± 11.7
(479–566)

210
(188–290)

–

SL – 69.2 ± 6.5
(64–79)

– 67.5 ± 4.4
(60–74)

–

SW – 13.4 ± 1.1
(9.7–15)

– 10.5 ± 1
(9–12)

–

GL – 44.8 ± 5.4
(33–51)

– 36.8 ± 3.2
(30–38)

–

GW – 8.4 ± 0.8
(8 -10.5)

– 7.6 ± 0.8
(7 -8.2)

–

SW% – 113 ± 11.6
(92–123)

– 140.8 ± 8.7
(111–169)

–

GS% – 66.8 ± 10.32
(49.7–84.3)

– 54.5 ± 3
(46- 59)

–
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The excretory pore is anterior to the nerve ring, which is 
located at the anterior portion of the basal bulb. The gen-
ital system monorchic, reflexed. The spicules are variable 
in shape, tend to be strongly curved and sometimes mod-
erately, tips narrowed but blunt. The Capitulum (manu-
brium) is broadly rounded and with a small rostrum at its 
base. The velum is extending obliquely from the rostrum 
almost to the tip of the lamina. The gubernaculum was 
forked with the proximal portions curved upwards and 
overlapping the spicule lamine. The distal portion is as 
hook-shaped. There is the basic complement of twenty-
three genital papillae consisting of eleven pairs and a sin-
gle adanal ventral one (S). A row of five subventral pairs 
is located anterior to the cloacal aperture. Three pairs 
are in the region posterior to the gubernaculum. And 
three pairs occurred near the tail tip surrounding the tail 
mucron.Tip of tail bearing minute mucron. Males of the 
second generation are similar to the first generation but 
smaller in size and mucron is absent (Fig. 2).

Females
Cephalic extremity and cuticular structures similar to the 
male. The nerve ring is located more toward the center 
of the isthmus; in some females, it is also located toward 
the anterior portion of the basal bulb, as we observed. 
The excretory duct is cuticularized; the excretory pore is 
more anteriorly located than in male. The vulval aperture 
is located posterior to the mid-body; lips protrude by 
20 μm (11–22 μm). The postanal swelling is present. The 
tail ends with one or two papilla-like mucrons. Females 
of the second generation are similar to the first genera-
tion, but smaller in size. The vulva lips protrude by 3 μm 
(0–4) μm. The postanal swelling slightly developed. The 
tail is straight, conoid, and ends in a fine mucron (Fig. 3).

Infective juvenile
Cephalic extremity fine rounded, offset from rest of body. 
Oral aperture and anus closed, the excretory pore located 
anterior to nerve ring in mid-pharynx region. The intes-
tine collapsed. Tail sharply pointed. The existence of a tail 
terminal spine is the most significant trait of the infective 
juvenile (Fig. 4).

Molecular characterization
Using the ITS region of the two isolates (M.313 
and M.22) resulted in a 900  bp amplicon which was 
sequenced and submitted to GenBank (Accession num-
bers: OM350119.1 and OL437016). Homology search 
results for Ma.313 isolate using BLAST search showed 
similarity to Steinernema affine strain isolate STP43/2 
(Accession: MN861028.1) with a query coverage of 97 
and 97.66% identity, but M.22 isolate homology search 
results showed similarity to the same isolate (STP43/2) 

with a query coverage of 99 and 97.47% identity. The 
unrelated species, Caenorhabditis elegans (JN_636099.1) 
formed an out-group during sequence alignment and 
phylogenetic tree construction (Fig.  5). Maximum like-
lihood phylogenetic (MP) tree was constructed for the 
two studied isolates, and 27 sequences and one C. elegans 
sequence were aligned to study phylogenetic relation-
ships among them. MP analyses showed two main clades, 
viz., Clade I: ‘affine-intermedium’ group; Clade II: other 
sequences. The studied isolates positions revealed that it 
is distantly related to Steinernema affine species.

Bioassays
In the exposure time assay (Table  4), the mortality rate 
increased gradually as the time exposure lengthened. 
Despite that, one hour of exposure was insufficient to 
cause 100% mortality, during this test period, M.22 
and M.313 achieved 90.16 and 91.49% insect mortal-
ity, respectively, with nonsignificant difference (P < 0.01). 
A similar pattern was observed in the Concentration–
response assay (Table 5), but the mortality rate was 100% 
for both isolates, at the concentration of 40 IJs\L after 
72 h of exposure. In the one-on-one assay, a low mortal-
ity rate was recorded, for both M.22 and M.313; the rate 
was 20.0 and 23.6%, respectively (Table 5), with nonsig-
nificant difference (P < 0.01). The  LT50 values indicated 
that M.22 and M.313 could kill half of G. mellonella lar-
vae in 33.47 and 32.43 min, respectively, while the  LC50 
values were 11.7 and 11.5 IJs\L for M.22 and M.313, 
respectively, (Table 6).

Discussion
The present study documented S. affine in Syria, as a first 
report. It was isolated from Al-Kadmous area, which has 
a moderate to cold climate. Simultaneously, this research 
showed that this genus was not common or widely dis-
tributed in Syria’s studied areas. Although this study 
included different agricultural and ecological systems, 
Steinernema was recovered at a low ratio (0.24%). The 
reasons could be (1) Excessive use of conventional and 
novel chemical pesticides in several agricultural sys-
tems, which may have an impact on the viability of IJs, 
as mentioned by Laznik and Trdan (2013). (2) The cli-
mate changes that have occurred in Syria in the last years 
were accompanied by rising temperature and decreased 
precipitation drop, had a negative impact on the vegeta-
tive cover. As a result, the insect hosts may have become 
limited. Furthermore, the temperatures (Tarasco et  al. 
2015), as well as the soil moisture (Grant and Villani, 
2003), had a direct effect on the infectivity of EPNs and 
their survival. (3) Using only laboratory temperature dur-
ing isolation could affect the success of the isolation pro-
cess of some EPNs species (Hazir et al. 2003) (4) Using G. 
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Fig. 2 Steinernema affine male. A: first generation entire body. B: the anterior portion, right arrow refers to nerve ring position while left arrow 
refers to excretory pore. C: arrows refer to velum of spicule. D: lateral view of the five pairs of papillae anterior to cloaca opening, addition to the 
two pairs of papillae (1st, 2nd) posterior to the gubernaculum. E: lateral view of adanal ventral one papillae (S), and two pairs of papillae posterior 
to the gubernaculum (2nd, 3rd). F: two pairs of papillae (1st, 2nd) posterior to the gubernaculum, the arrows refer to three pairs of papillae near 
the tail tip, G: arrows refer to mucro of tail which surrounded by three pairs of papillae. H: lateral view of spicules and gubernaculum. I: ventral view 
of gubernaculum. J: moderately curved spicules. K: second generation tail male without a mucro. A: 1481 µm. B: EP = 119 µm, NR = 126 µm. H,I: 
SL = 65 µm. GL = 50 µm. J = SL = 68 µm, GL = 51 µm. K = 41 µm.
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Fig. 3 Steinernema affine female. A: first-generation entire body B: second-generation entire body. C: anterior portion, right arrow refer to nerve 
ring position and left arrow refer to excretory pore of first generation. D: right arrow refers to nerve ring which located toward the anterior portion 
of basal bulb. E: vulva of first generation female. F: vulva of second-generation female. G, H: tail region with one and two papilla structure of 
first generation, respectively. I: tail region with papilla structure of second generation. Scale bar: A = 4245 µm. B = 1460 µm, C: EP = 122 µm, 
NR = 160 µm. D: NR = 167 µm, EP = 118 µm. F = 0.9 µm. G = 1 µm. H = 1 = 2.1 µm, 2 = 1.2. I = 4.3 µm. E = 19 µm. F = 2 µm. G:1 = 2.1 µm, 2 = 1.3 µm. 
H: 4.3 µm. I = 0.9 µm
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mellonella as a trap insect could be not a susceptible host 
for all EPNs species as reported by Spiridonov & Moens 
(1999). In general, the prevalence of the EPNs was low in 
the neighboring countries as Türkiye (Hazir et al. 2003), 
Jordan (Stock et  al. 2008), and Lebanon (Noujeim et  al. 
2011).

Globally, S. affine was isolated from Denmark (Bovien 
1937), the Alpin region in Switzerland (Steiner 1996), 
Spain (Pino and Palomo 1996), Italy (Tarasco et  al. 
2015) Belgium (Miduturi et  al. 1997), Slovak (Sturhan 
and Lišková 1999), Czech Republic (Mráček et al. 1999), 
Türkiye (Hazir et  al. 2003), British Colombia Canada 
(Mráček et  al. 2005), China (Wang et  al. 2014), and 

Pakistan (Tabassum et  al. 2017). So, this species’ geo-
graphic distribution might be considered to span three 
continents.

In this research, S. affine was recovered from wal-
nut orchard and grassland. The global studies referred 
that S. affine was isolated from different habitats such 
as apple orchard (Mráček and Bečvář 2000), woodland 
(Midituri et al. 1997), riverbanks (Sturhan and Lišková 
1999), a roadside verge (Midituri et al. 1997) cultivated 
areas (Sturhan and Lišková 1999), a fallow fields (Hazir 
et  al. 2003), fruit crop (Wang et  al. 2014), and cherry 
orchard (Tabassum et al. 2017), but the most frequently 
of them was the grassland (Mráček et  al. 2005; Hazir 

Fig. 4 S. affine infective juvenile A: infective juvenile, entire body B: anterior portion, arrow refers to basal bulb. C: anterior portion, arrow refers to 
excretory pore. D: arrow refers to a minute spine on tip of the tail. Scale bar A: 791 µm. B: ES = 130 µm C: 66 µm D: T = 67 µm
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et  al. 2003), this is similar to our finding. Originally, 
Bovien described this species from diseased bibionid 
fly larvae in Denmark. The larvae of this fly feed on 
roots and decaying organic matter, in our research, we 
were unable to determine the insect’s host. But we can 

expect the presence of insect larvae such as bibionid fly 
larvae in grassland and walnut orchard.

The chemical and physical characteristics of the soil 
affect the longevity and persistence of dauer juveniles 
of EPNs (Shapiro et  al. 2000). So our soil samples were 

Fig. 5 Maximum likelihood phylogenetic tree of Steinernema nematodes based on ITS sequences. The evolutionary relationships were computed 
using the Hasegawa–Kishino–Yano model. The tree with the highest log likelihood (− 8485.52) is shown. Numbers at nodes represent bootstrap 
values higher than 70% based on 100 replications. A discrete gamma distribution was used to model evolutionary rate differences among sites (5 
categories (+ G, parameter = 2.1835)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis 
involved 30 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + Noncoding. There were a total of 1184 positions in the final 
dataset. Evolutionary analyses were conducted in MEGA X. The obtained isolates in this study are marked with star

Table 4 Mortality of Galleria mellonella by Steinernema affine (M.22 and M.313) in the exposure time assay at (P < 0.01)

Entomopathogenic nematode (EPN) 
Isolates

T1 (15 min) T2 (30 min) T3 (45 min) T4 (60 min)

Steinernema affine (M.22) 8.33a 40.6a 66.5a 90.16a

S.affine (M.313) 11.8a 42.7a 69.74a 91.49a

Control 0.0b 4.16b 8.33b 8.33b

SE 0.9 1.0 2.5 3.1

LSD 7.92 5.6 8.4 15.4
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analyzed, and the results showed that the positive soil 
samples were silty loam and silty, and this is similar to the 
study of Mráček et al. (2003). As well as the organic mat-
ter content was 4.1 and 6%, which were within the range 
mentioned by Miduturi et al (1997). PH of both samples 
was slightly acidic, this result agrees with other studies 
which found the PH range of EPNs positive soil samples 
was 5.6–7.9 (Hazir et al. 2003). Recently, Khathwayo et al 
(2021) found the highest infective juvenile survival was 
obtained from PH 3 to 10.

The morphometric measurements and the morphologi-
cal characteristics for first and second generations’ males, 
consider helpful and very important to identifying the 
EPNs species. In this research, some variations in meas-
urements of males compared to the reported description 
were observed. Even so, the values of E and SW% in the 
second-generation male were still higher than in the first 
generation. This is a distinguishing feature of S. affine 
males, as reported by Nguyen et  al. (2007b). The mor-
phological traits were similar to the original character-
istics, except for the location of the nerve ring in some 
females, which is located toward the anterior basal bulb. 
This characteristic was not mentioned in the reported 
description, which only indicated that the nerve ring is 
located toward the center of the isthmus. The differences 
of morphometric and morphological traits are thought to 
result from both intraspecific genetic variations and envi-
ronmental factors.

Traditionally, species definition in steinernematids has 
been based on morphology and cross-breeding experi-
ments (Hominick et  al. 1997). Stock et  al. (2001) noted 
the absence of autapomorphies for four species during 
the analysis of the LSU domain for Steinernema. Our 

ITS rDNA analysis showed sequence divergence might 
be considered an indication of independent evolutionary 
history in steinernematids, which revealed that S. inter-
medium and S. affine were in the same clade. The phylo-
genetic analyses in this study showed that the molecular 
relationship between the tested isolates and the reported 
ones in NCBI which were isolated in Belgium, Nether-
lands, and UK were 95% query coverage and 96% iden-
tity (Spiridonov et  al. 2004), as well as S. affine isolates 
in Georgia mentioned by Gorgadze et al. (2015) showed 
92% query coverage and 97% identity with the Syrian 
studied isolates. There was non-alignment between our 
isolates and the Pakistani ones which were reported by 
Tabassum et al. (2017).

In Syria to date, the use of EPNs as biological con-
trol agents is unknown among farmers, who are wholly 
dependent on chemical pesticides. So in the present 
research, some bioassays to get an initial thought about 
the pathogenicity and virulence of Syrian S. affine iso-
lates, were conducted, and had given good results and 
achieved high mortality, this result is considered to be 
equal to the effect of some chemical pesticides.

Conclusion
Distribution of Steinernema spp. in the Syrian coastal 
region is low. For the first time in Syria, S. affine was 
recorded in grassland and walnut orchards in Tartus 
governorate. S affine isolates achieved a high mortal-
ity against G. mellonella larvae at 18  °C. The promising 
results obtained from bioassays encourage extending the 
assays to other important insect pests in different condi-
tions; in order to use them in the Syria’s IPM programs in 
the future.
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