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A survey was conducted in Walkerville, south of Johannesburg (Gauteng, South Africa) between 2012
and 2016 to ascertain the diversity of entomopathogenic nematodes in the area. Entomopathogenic
nematodes are soil-dwelling microscopic worms with the ability to infect and kill insects, and thus serve
as eco-friendly control agents for problem insects in agriculture. Steinernematids were recovered in 1 out
of 80 soil samples from uncultivated grassland; soil was characterised as loamy. The entomopathogenic
nematodes were identified using molecular and morphological techniques. The isolate was identified as
Steinernema australe. This report is the first of Steinernema australe in South Africa. S. australe was first
isolated worldwide from a soil sample obtained from the beach on Isla Magdalena – an island in the Pacific
Ocean, 2 km from mainland Chile.
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Entomopathogenic nematodes are only parasitic to insects and are therefore important in agriculture
as they can serve as eco-friendly biopesticides to control problem insects without effects on the
environment, humans and other animals, unlike chemical pesticides.

Introduction
Entomopathogenic nematodes are one of the most studied microscopic species of nematodes because of their
potential to act as biological control agents.1,2 Entomopathogenic nematodes are soil-dwelling obligate parasites
of insects and have a symbiotic association with insect pathogenic bacteria.3 Three genera of entomopathogenic
nematodes have been identified thus far: Heterorhabditis, Steinernema and Oscheius, which are symbiotically
associated with the insect pathogenic bacteria Photorhabdus, Xenorhabdus and Serratia, respectively.4-6
Entomopathogenic nematodes are found in a variety of soil habitats and demonstrate considerable differences in
terms of host range, infectivity, symptomatology, reproduction, distribution and conditions for survival.7,8
Entomopathogenic nematodes have been successfully applied as effective biological control agents against some
significant lepidopteran, dipteran and coleopteran insects of commercial crops.9 The effectiveness of entomopathogenic
nematodes depends on both the nematodes’ capability to locate, recognise and invade a host, and the virulence of
the bacteria to susceptible hosts.9
Entomopathogenic nematodes infect vulnerable insect hosts while in the free-living, non-feeding infective juvenile
arrested developmental stage. Once in the gut of the host, they regurgitate or release their associated pathogenic
bacteria into the haemocoel, resulting in septicaemia or toxaemia in the host within 24–48 h.4 Upon infection,
Steinernema infective juveniles develop into either feeding males or amphimictic females.10 The infective juveniles
use the invaded insect cadaver as a source of nutrition and proliferate inside the insect host for 2–3 generations.11
Once the entomopathogenic nematodes have depleted their resources, third-stage infective juveniles are produced
and emerge from the cadaver, and remain in the soil while searching for a new host to infect (Figure 1).8,12
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Life cycle of entomopathogenic nematodes.
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Collection of nematodes

With respect to ecological compatibility, the selection of specific species
of entomopathogenic nematodes to be applied as biological controls
depends on their geographical distribution patterns.13 Many species of
entomopathogenic nematodes are cosmopolitan in distribution and have
been isolated from a diversity of edaphic habitats throughout the world
and are able to survive under a range of environmental and climatic
conditions.14 Thus locally adapted species or isolates from native habitats
need to be identified and their unique characteristics documented in
order to evaluate their suitability as effective biological control agents
against problematic insect pests within specific biogeographical regions.
We aimed to isolate and identify entomopathogenic nematodes from
South Africa to determine which, if any, nematodes were available in the
area for potential use as biological control agents for insect pest control.

Dead larvae were collected after 48–72 h and kept at room temperature
on White traps to await the emergence of nematodes. Modified White
traps as described by Kaya and Stock15 were used for the isolation
of infective juveniles from dead larvae suspected to be infected with
entomopathogenic nematodes. White traps were placed on a bench
at room temperature during warm summer days and, during cold
winter days, a heater was used to keep the room temperature at 25 °C.
Emergence of infective juveniles from infected cadavers into the water
(Figure 2) was greatly favoured by room temperatures of 25–30 °C.
Precautions were taken to ensure that the Whatman filter paper disc was
not too moist so as to introduce excess water into the insect cadaver
whilst on the trap, which would lead to the death of entomopathogenic
nematodes before they could emerge. Surface-sterilised nematodes
taken from White traps were used for molecular17 and morphological
identification18.

Material and methods
Soil sampling
Samples of soils with a sandy loam texture were collected from
uncultivated grasslands near Walkerville, south of Johannesburg in the
Gauteng Province of South Africa over a period extending from 2012 to
2016. Soil sampling was done during both autumn and winter months
from various habitats and site locations. A total of 80 soil samples,
comprising approximately 2 kg of soil, were kept in separate plastic
containers and stored at 22–25 °C during transport to the laboratory.
Sampling details and results are indicated in Table 1. A hand shovel
was used to collect the soil in accordance with Kaya and Stock15; soil
was collected to a depth of 15 cm.11 Water was added to soil samples
to give a moisture content not greater than 8% and the samples were
then stored at room temperature overnight.15 Soil samples were then
baited with Galleria mellonella (Lepidoptera: Phyralidae), the greater wax
moth.16 A total of 10 Galleria larvae were placed on top of each container
of soil and the container was inverted and then stored in an incubator
at 25 °C. Observations were done daily to monitor for infected and dead
larvae. The signs of infection in dead larvae were recorded and used for
diagnosis of entomopathogenic nematode induced infection.

Morphological identification
A total of 20 nematodes of first-generation males and infective juveniles
were fixed with 3–4 mL of 100 ºC triethanolamine formaldehyde (TAF)
and left for 24 h. TAF was then replaced with double-strength TAF and
the nematodes were stored at 4 ºC to relax them for up to 1 h, whereafter
65 ºC TAF was added and the fixative was allowed to infiltrate for at
least 24 h. Fixed nematodes were transferred to a Petri dish containing
0.5 mL Seinhorst I solution (20 parts 95% ethanol, 1 part glycerine and
79 parts water). A volume of 5 mL of 95% ethanol was placed into the
watch glass containing the nematodes and the watch glass was placed in
the desiccator. The desiccator was placed in an oven preheated to 35 ºC
for 12 h. The watch glass with nematodes was then removed from the
desiccator, filled with Seinhorst II solution (95 parts 95% ethanol, 5 parts
glycerine) and placed in a glass Petri dish. The Petri dish was left partially
open to allow for slow ethanol evaporation. The Petri dish containing the
watch glass was placed in an oven preheated to 40 ºC for 3 h. Nematodes
were then mounted on glass slides carefully to avoid crushing them
before analysis under the microscope. Morphological analysis was done
using an Olympus microscope at different magnifications. Morphometric
measurements of the nematodes are presented in Table 2.

Molecular identification
The following primers were used for molecular identification:
TW81 (F) 5’-GCGGATCCGTTTCCGTAGGTGAACCTGC-3’; AB28 (R)
5’-GCGGATCCATATGCTTAAGTTCAGCGGGT-3’. A polymerase chain
reaction (PCR) was done using 25 µL PCR master mix, 22 µL nucleasefree water, 1 µL forward primer TW81, 1 µL reverse primer AB28 and
1 µL DNA (ng). Total reaction volume was 50 µL. Samples were mixed
gently and placed under the following conditions to amplify the internal
transcribed spacer (ITS) region found between the 18S and 28S rDNA:
(1) initial denaturation before cycling: 94 °C for 5 min; 25 cycle
amplification series; (2) denaturation at 95 °C for 60 s; (3) annealing at
64 °C for 60 s; (4) extension at 72 °C for 120 s; and (5) final extension
after cycling: 72 °C for 10 min.
A 0.5% agarose gel was prepared in order to confirm the presence and
quality of the extracted DNA. An amount of 0.25 g of agarose power
was dissolved in 50 mL of 1 x TBE (Tris-borate-EDTA) buffer and 1 µL
of ethidium bromide was added and the contents mixed gently. The gel
was left to solidify with the well comb inserted. For each 10 µL sample,
only 5 µL of the samples were loaded into the wells and separated on

Figure 2:

White trap showing infective juveniles emerging from the
insect cadaver.

Table 1:

Locality, habitat and date of sampling and soil characteristics of samples
Sampling
Location

Walkerville, South Africa

Coordinates: Positive site

26°28’12.1”S
27°56’33.0”E

Research Article
https://doi.org/10.17159/sajs.2019/6008

Soil characteristics

Coordinates: Negative sites
26°28’12.8”S
27°56’33.2”E
and
26°28’12.1”S
27°56’32.8”E

2

Sampling dates

May 2012
August 2016

Habitat

Soil type

pH

Uncultivated grassland

Sandy loam

6.1
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the gel for 30 min at 90 V immersed in 1 x TBE with constant current.
A 2% agarose gel with ethidium bromide was used for visualisation of
the DNA (Figure 3).

than the pharynx length of S. australe (186 μm). The male tail length of
S. australe TEL is 27 µm, which approximates that of S. australe which
has a tail length of 29 μm.

Successful PCR products were sent to Inqaba Biotechnical Industries
(Pty) Ltd (Pretoria, South Africa) for sequencing. The nucleotide sequence
alignment website (BLAST) of the US National Center for Biotechnology
Information (NCBI) was used to identify the unknown species of nematodes.
Phylogenetic analysis was done using sequences obtained from the
NCBI’s GenBank database. Sequences were aligned using MUSCLE on
MEGA6 before generating phylogenetic trees.19 The maximum-likelihood
method based on the Tamura–Nei model was used to construct the trees.

Table 2:

Comparative morphometric data of Steinernema australe
(South African isolate and 167 known species20)
S. australe
(n=167

S. australe TEL
Male
Body length

1598±30.9. (1382–1899)

1606±31.8 (1401–1937)

Tail length

27±0.8 (19–32)

29±0.9 (20–35)

Spicule length

70±1.1 (52–74)

72±1.2 (55–78)

Pharynx length

181±2.3 (158–198)

186±2.4 (167–205)

D%

68±1.2 (57–83)

71±1.3 (59–87)

E%

–

–

MUC

–

–

Body length

1301±20.9 (1155–1480)

1316±21.4 (1162–1484)

Tail length

99±1.4 (90–111)

103±1.6 (92–114)

Spicule length

–

–

Pharynx length

163±2.7 (138–189)

169±2.9 (140–194)

D%

62±1.1 (56–74)

65±1.3 (57–78)

E%

104±1.8 (91–119)

107±1.8 (94–122)

MUC

–

–

Infective juveniles

All measurements represent mean and range in μm.

a

b

c

d

e

f

M, 100 bp plus molecular weight marker; C, control lane (no DNA); 1, unknown; 2,
replicate of unknown

Figure 3:

18S rDNA internal transcribed spacer (ITS) region PCR
products resolved on a 2% agarose gel.

Animal handling
All relevant national regulations and institutional policies on the care and
use of invertebrates in research were complied with.

Results
Steinernematids were recovered in 1 out of 80 (1.25%) soil samples
obtained from uncultivated grassland in Walkerville, south of
Johannesburg, South Africa. The soil positive for steinernematids was
classified as sandy loam.
Morphometric analysis showed that the isolates obtained from infective
juvenile and male nematodes belonged to the family Steinernematidae;
the isolate (TEL) is conspecific with Steinernema australe.20 Compared
to that previously described for S. australe, the infective juveniles of TEL
appear smaller in all measured characteristics – body length, tail length
and pharynx length. S. australe TEL is characterised by the length of the
male (1598 µm), which is slightly shorter than that previously described
for S. australe,20 which have a total body length of (1606 µm). The total
body length of infective juveniles of S. australe TEL is 1301 µm, which is
close to that of S. australe with a total body length of 1316 µm. S. australe
TEL male spicule length is 70 µm and resembles S. australe spicule length
of 72 µm. The S. australe TEL pharynx length is slightly smaller (181 μm)
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Figure 4:

3

Steinernema australe: (a) male and female adult nematodes,
(b) the head, highlighting the mouth, stylet, oesophagus and
metacorpus, (c) tail of a female adult, (d) thick cuticle of an
adult body, (e) intestines and (f) pointed female tail.
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a

and Nguyen21. Scanning electron microscopy provides an understanding
of the surface structure of the nematodes (Figure 5).

b

Phylogenetic analysis of the studied isolate of S. australe and
homologous sequence of the same genus from GenBank is presented
in Figure 6. The phylogenetic tree reveals that the South African isolate
is grouped with the strain S. australe and thus supports that the isolate
identified in the study is S. australe. The sequences were deposited in
GenBank under accession number 165 MH453881 (TEL).

Discussion

c

This is the first record of a specific species from the family
Steinernematidae, namely Steinernema australe, found in South Africa,
thus confirming the extent of its geographical occurrence in the
southern hemisphere, for comparative purposes with previous studies.
The prevalence of steinernematid isolation from soil samples in our
study was 2%, which is similar to previous reports by Edgington et al.20
S. australe was recovered from uncultivated grassland only, and all
positive samples were from locations in close proximity.

d

Soil samples were collected between autumn and winter in South Africa and
recovery of entomopathogenic nematodes from the positive site suggests
that the nematodes are able to survive in both seasons. S. australe was
found in sandy loam soil collected from uncultivated grassland on Road
Number 6 in Walkerville whereas Road Number 7 and Boundary Road
were negative sites, that is, no entomopathogenic nematodes were
recovered from these sites, which were one block apart.

Figure 5:

Our survey was conducted in Gauteng which is in the north of
South Africa. In previous surveys conducted in various provinces in
South Africa, a novel undescribed steinernematid was recovered only
from the Free State and KwaZulu-Natal Provinces where humid subtropical
environments predominate and the entomopathogenic nematodes reside
in soil which has a high clay content and is less acidic.22

Scanning electron microscopy of Steinernema australe:
(a) infective juveniles, (b) tessellate anterior region with the
mouth and papillae, (c) radial symmetry and tessellate body
and (d) pointed tail of a female.

The effectiveness of entomopathogenic nematodes as biocontrol agents
is affected by the type of soil in which they reside. Soil properties such
as particle size, organic matter, texture and several other traits influence
their foraging abilities and dispersal.23
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