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ABSTRACT. The overall aim was to study the tolerance of some entomopathogenic nematodes. The
experiments were conducted at Laboratory of Nematology, Institute of Plant Protection, ARO, Israel. The
strains of Steinernema feltiae (SFG) - SFG-Besor, SFG-zeelim orange, HP-Besor, HP-Dvora, HP-Grofit
and Heterorhabditis bacteriophora (HP) were used in experiments. In control tests the SFG was used.
The nematodes were transferred to Petri dishes, where the distilled water was poured. Petri dishes with
nematode suspensions were placed at the room temperature during 24 hr; after that the alive nematodes
were calculated. The tolerance of entomopathogenic nematodes strains Steinernema feltiae (SFG-Besor,
SFG-Zeelim orange) and Heterorhabditis bacteriophora (HP-Besor, HP-Dvora, HP-Grofit) at 37°C is
presented. The higher tolerance of SFG strains - SFG-Besor, SFG-Zeelim orange in comparison with HP
(HP-Besor, HP-Dvora, HP-Grofit) is established. The aim of the present study was to isolate native
strains of EPNs from varied climatic regions in Israel and to evaluate traits which are important as
biological control agents. © 2015 Bull. Georg. Natl. Acad. Sci.
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Entomopathogenic nematodes belong to the ge-
nus Steinernema and Heterorhabditis, which are as-
sociated with the bacteria Xenorhabdus and
Photorhabdus, respectively [1]. The life cycle of in-
secticidal nematodes appears simple: infective juve-
niles (IJs) search for suitable insect hosts; infective
juveniles penetrate into the hemocoel using mechani-
cal and enzymatic means. Shortly after entering the
nematode the symbiotic bacterium releases. The

nematode and its bacterial partner work together to

overcome the immune system of susceptible insects
quickly causing their host’s death. The nematodes
feed upon the rapidly multiplying bacteria, mature,
mate and produce two or more generations within
the insect cadaver before emerging as infective juve-
niles in search of fresh hosts. The most limiting fac-
tor for nematode activity under laboratory conditions
is the heat tolerance. All nematodes are aquatic or-
ganisms and need a film of water surrounding their

body in order to move in dry conditions adversely
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affecting nematode motility and survival [2]. Some
free-living stages of several animal and plant-para-
sitic nematodes can survive exposured to desicca-
tion for long periods [3], which slow the rate of water
loss by reducing the area of cuticle exposed to air. On
exposed surfaces, Steinernematids and
Heterorhabditids can survive no longer than sev-
eral hours, depending on species, temperature and
relative humidity [4].

In the present study, we used both invasion rate
and dose response assays to compare the various
isolates. One of the major factors hindering the use
of nematodes as biological control agents is their
sensitivity to environmental stresses, such as extreme
temperatures and low humidity (for a review, see
Glazer) [4]. On exposed surfaces, Steinernematids
and Heterorhabditids can survive no longer than
several hours, depending on the species, ambient
temperature and relative humidity. In dry soil, EPNs
can persist for 2-3 weeks [5, 6]. It is assumed that this
survival is due to the nematodes’ ability to enter a
state of anhydrobiosis [7, 3]. Anhydrobiosis is usu-
ally reached by the slow loss of water from the body
of the nematode [8]. Some nematodes form tight coils
when exposed to desiccation [3]. This strategy slows
the rate of water loss by reducing the area of cuticle
exposed to air. Another environmental factor ham-
pering EPN activities is high temperatures [9]. Never-
theless, it has been reported that EPNs, isolated in a
region with a hot climate, can tolerate high tempera-
tures for extended periods [10]. In the present study,
the capabilities of the nematodes to withstand desic-
cation and high temperature were evaluated as part
of the overall evaluation of the populations. The aim
of the present study was to isolate native strains of
EPNs from varied climatic regions in Israel and to
evaluate traits which are important as biological con-
trol agents.

Entomopathogenic nematodes (EPNs) from
Steinernematidae and Heterorabditidae families are
effective biological control agents because of their
ease of culture, high lethality against key pests and
safety.
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Materials and Methods

The experiments were conducted at Laboratory of
Nematology, Institute of Plant Protection, ARO, Is-
rael. The strains of Steinernema feltiae (SFG)— SFG-
Besor, SFG- zeelim orange, HP-Besor, HP-Dvora, HP-
Grofit and Heterorhabditis bacteriophora (HP) were
used in experiments. The strains were obtained in the
north part of Israel, Golan Mountain, 700 m above
sea level. In control tests the SFG was used. The
filtration of tested strains (SFG-Besor, SFG-zeelim
orange, HP-Besor, HP-Dvora, HP- Grofit) was done
in the device Buckner, each filtrated nematode strain
(S.feltiae) was kept at 22.5°C and H.bacteriophora
strains - at 17.3°C during 24 hr. After that the strains
were put in water bath at 37°C; then 1 ml suspension
from each strain was transferred to Petri dishes in
every 2 hr during 6 hr, where previously the distilled
water was poured. Petri dishes with nematode sus-
pensions were placed at the room temperature dur-
ing 24 hr; after that the alive nematodes were calcu-
lated.

Results

The results were expressed in graphical forms show-
ing the tolerance of nematodes at 37°C temperature.
Survival range for SFG in 120 minutes was 78%, SFG-
Besor 65% and SFG - Zeelim orange 61%. Survival
range for SFG in 240 minutes was 69%, SFG- Besor
53%, SFG- Zeelim orange 48%. Survival range for
SFG in 300 minutes was 65%, SFG- Besor 47%, SFG-
Zeelim orange 45%. Survival range for SFG in 360
minutes was 58%, SFG-Besor 44%, strain SFG-Zeelim
41%. The survival range of SFG after 2 hr at 37°C was
higher than its other strains (SFG-besor, SFG-zeelim
orange). The data are presented in Fig. 1.

Survival range for HP-Besor in 120 minutes was
62%, HP-Dvora 78% and HP- Grofit 58%. Survival
range for HP- Besor in 240 minutes was 55 %, HP-
Dvora 63%, HP- Grofit 51%. Survival range for HP-
Besor in 300 minutes was 48%, HP-Dvora 55%, HP-
Grofit was 40 %. Survival range for HP-Besor in 360
minutes was 39%, HP- Dvora 52 %, HP-Grofit 34 %.
The survival range of HP-Dvora after 2 hr at 37°C was
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Fig.1. Steinernema feltiae.

higher than its other strains (HP-besor, HP-grofit).
The data are presented in Fig. 2.

Nematode viability was recorded for each popu-
lation by observing nematode motility and response
to probing under a stereomicroscope 24 h later. In
each sample 200 individuals were randomly exam-
ined for viability. Control treatment consisted of
nematode suspension shaken at room temperature.
Each treatment consisted of eight replicates. The
experiments were repeated three times. The tested
strains exhibited different levels of tolerance to a
harsh temperature regime (Fig. 3, 4). Several
Steinernematid and Heterorhabditid strains were
able to survive at levels higher than 78%, whereas

the population obtained in Besor and the reference
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Fig. 3. Survival of infective juveniles SFG after exposure
to 37 °C.
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Fig.2. Heterorhabditis bacteriophora.

populations (S. feltiae SftG and H. bacteriophora
HP88) did not do well under conditions of exces-
sive heat (>39% survival at 37°C; Fig. 3, 4). Most
populations showed moderate levels of heat toler-
ance (40-78% survival at 37°C).

As a result of investigations the more tolerance
of SFG strains (SFG-Besor, SFG-Zelim orange) in com-
pare with HP strains (HP-besor, HP-grophit, HP-
Dvora) was established.
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Fig. 4. Survival of infective juveniles HP strains after
exposure to 37 °C.
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