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ABSTRACT

Entomopathogenic nematodes (EPNs) are considered as potential biological control agents against soil-borne insect pests in the
world. There are also some studies on EPNs in Turkey. The purpose of this review is to clarify the current situation of EPNs in
Turkey. Initial study on EPNs has started in 1995 in Turkey and several survey studies have been performed primarily on the
extraction and identification of EPNs. Five steinernematid and two heterorhabditid species have been identified to date from
Turkey. There have been also studies examining the activity of EPNs against several insect. Furthermore, ecological studies
including host finding behaviour and reproductive potential of EPNs are also performed. In conclusion, the potential of EPNs in
biological control should be evaluated, and policies of government on EPNs should be also regulated in agricultural strategies.
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INTRODUCTION

Biological control had its scientific beginning in 1889 with the introduction of the vedalia beetle, Rodolia
cardinalis, and a parasitic fly, Cryptochaetum iceryae, from Australia to control the cottony-cushion scale,
Icerya purchasi, in California citrus groves (Ehler 1990; DeBach 1964). Since that time, arthropod predators
and parasites, the primary natural enemies have been used against insect pests. In addition to microbial
control agents (i.e. viruses, bacteria, fungi and protozoa), beneficial nematodes are also important in
biological control of pests (Tanada and Kaya 1993).

The entomogenous nematodes belonging to the families, Steinernematidae and Heterorhabditidae are
intensively infective for a wide range of insect hosts. The infective juveniles (IJs) of these families are
successfully used for the control of soil-borne insect pests (Ehlers 1996). 1Js enter the host larva, release their
symbiont bacteria, Xenorhabdus or Photorhabdus, and kill the insect larvae within 36-48 hours (Poinar 1979;
Griffin et al 1991; Brown and Gaugler 1997; Adams and Nguyen 2002). Following the two or three
generations in the host haemocoel, they emerge from the cadaver and search for new hosts in the soil.

Entomopathogenic nematodes (EPNs) possess also many desirable characteristics of, such as searching
ability of hosts, safety to non-target organisms and the potential to survive in the environment. EPNs show
considerable promise especially in the soil environment (Akhurst and Bedding 1986). Additionally, these
agents are produced commercially and used against a broad range of soil insect pests and insects in cryptic
habitats worldwide. Glaser and Fox (1930) discovered a nematode parasitizing the Japanese beetle (Popillia
Japonica) in 1929. This is the first field trial and culturing of EPNs worldwide. From 1930s to date, lots of
research was conducted, new species and strains were isolated. Today, many biological control studies by
EPNs have been planned in a lot of country (Mracek 1980; Blackshaw 1988; Hominick and Briscoe 1990;
Nguyen and Smart 1990; Ozer et al 1995; Miduturi et al 1996; Elawad et al 1999; Susurluk et al 2001; Hazir
et al 2003b; Mracek et al 2003).

Turkey has very suitable climatic conditions for cultivation, resulting in a broad range of insect pests on
plants. Farmers have difficulties with the control of these pests and need intensive control methods. In
addition to chemical control strategies, biological control has also an important role in [PM (Integrated Pest
Management). However, the roles and effects of microbial agents except Bacillus thuringiensis are not well-
known in such control strategies. On the other hand, several institutes and universities just started several
studies on this subject. However, these are in a start point and needs to be improved. Researches with the
Turkish EPNs have only recently been initiated. In this review, a general overview of the studies and the
current situation of EPNs research in Turkey are discussed.

Nematode sampling and identifications

Samples were collected from cultivation fields and several natural habitats in different regions of Turkey.
Positive soil samples varied from 1 to 11.5% of the collected samples (Susurluk et al 2001; Hazir et al
2003b). These results indicated that Turkish fields were very suitable for establishment of EPNs. In all
studies the nematodes were extracted according to the greater wax moths, Galleria mellonella L.
(Lepidoptera: Galleridae), bait technique. Extracted EPNs were then stored at low temperatures (3-4°C).
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Most of the isolated nematodes in Turkey were identified by molecular and cross-breeding methods using the
described species at University of Arizona-USA and University of Kiel-Germany.

Described Turkish nematodes
In Turkey, 5 surveys have been conducted to date. Ozer et al (1995) initially stated that they had recovered
Steinermema feltiae from the coast of the Black Sea.

Susurluk et al (2001) found two Heterorhabditis bacteriophora isolates and one S. feltiae from natural
areas in Ankara.

Kepenekei (2002) extracted and identified S. carpocapsae in a natural habitat of southern Turkey. This
species was described by the using of morphological characters.

The most detailed survey was performed by Hazir et al (2003b). Hazir and co-workers collected 1080
soil samples, resulted in 22 positive sites. The isolated nematodes were identified as H. bacteriophora, S.
feltiae, S. affine and a new Steinernema species. The new species was extracted from grassland in Kars (East
Anatolia) and described as Steinernema anatoliense (Hazir et al 2003a). The most commonly found species
was reported as S. feltiae, isolated from ten sites in six regions. On the other hand, H. bacteriophora was
isolated from seven sites in five regions, while S. affine was isolated from four sites in two regions.

Susurluk and Toprak (2006) detected two steinernematids and one heterorhabditid species from 130 soil
samples collected in Ankara according to the PCR-RFLP technique. While the Steinernema species were
identified as S. feltiae and S. carpocapsae, the Heterorhabditis species was identified as H. bacteriophora.

Unlu et al (2007) isolated and identified S. weiseri by the using of cross-breeding and molecular method-
PCR-RFLP in Ankara.

Distribution of the nematodes was shown in Figure 1 and the identified Turkish nematodes were
summarized in Table 1.

Ecological studies

Susurluk et al (2001) performed an ecological characterization of 3 Turkish EPNs (2 heterorhabditis and 1
steinernematid isolates) isolated from the Experimental Field of Ankara University Agricultural Faculty
Campus. Heat tolerance and the infectivity at different soil moistures of these isolates (TUR-H1 and TUR-H2
of H. bacteriophora and S. feltiae TUR-S3) were compared. Infection rate was found significantly higher for
either isolate at 10% water-soil content. Moreover, S. feltiae invaded the host insects higher than that of two
Heterorhabditis strains at 7% upwards water content. Additionally, the isolates were exposed to 28, 32 and
36 °C in water suspension, in order to detect their heat tolerance. S. feltiae was reported as the most tolerant
nematode at 32 °C. However, no nematodes were able to survive at 36 °C 4-5 hour post exposure.

Hazir et al (2003b) compared the development of 5 geographic isolates of S. feltiae at different
temperatures. While one of the species was from Sinop (North Turkey), other species were from SN-France,
Monterey-California, Rafaela-Argentina and MG-14-Hawaii. Isolates were exposed to 5, 8, 10, 15, 20, 25
and 28 °C in greater wax moth, G. mellonella larvae. Mortality and progeny of the isolates were examined.
All isolates caused 100% mortality of wax moth larvae and produced a progeny between 8-25 °C. Mortality
was found 100% at 28 °C. However, no progeny was detected. The highest infective juvenile production was
found at 15 °C for all isolates. Emergence of infective juveniles from the host cadaver varied in different
times. The Turkish Sinop isolate emerged earlier than the other species.

Oguzoglu and Ozer (2003) compared the emergence time of H. bacteriophora TUR-H2 (isolated in
Ankara) and a S. feltiae (isolated in Rize) from G. mellonella cadavers. The results of the experiment
revealed that the isolates emerged from the hosts in 6-9 days at 25 °C. In opposite, Poinar (1979) and Woust
(1984) reported that steinernematids emerge earlier than heterorhabditids at the same temperatures. On the
other hand, reproductive potentials of the H. bacteriophora and S. feltiae were also found approximately
141,600 and 13,800 1JS/cadaver, respectively. The reproductive potential is based on exposing G. mellonella
larvae that weighing 200 mg to 100 infective juveniles. In competition studies between the two species, their
results indicated that the first species inoculated was responsible for the highest mortality rates.

Susurluk et al (2003) examined the host finding behaviours of two different H. bacteriophora isolates
(TUR-H1 and TUR-H2) isolated in Ankara. Both species revealed a significant movement towards G.
mellonella larvae. 0.26, 3.20, 52.38, 12.52, 8.20 and 3.73%, of the IJs of TUR-H2 moved towards the G.
mellonella larvae at 24, 48, 72, 96, 118 and 148 h at 25 °C, respectively. However, 0.52, 3.28, 28.16, 4.34,
3.90 and 1.82% of the 1Js of TUR-H1 moved towards the G. mellonella larvae at the same time intervals,
respectively. An interesting result of this study was that although these nematodes belong to the same
species, they appeared to have different foraging strategies on the same host.
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Table 1. EPN species described in Turkey.

Nematodes Isolation regions Authors

Steinernema feltiae Ankara, Kirsehir, Eskisehir (Central Anatolia), Rize and Sinop Ozer et al (1995); Susurluk et
(North of Turkey), Burdur (South of Turkey), Van (East of al (2001); Hazir et al (2003b)
Turkey), Canakkale (West of Turkey).

S. anatoliense Kars (East Anatolia) Hazir et al (2003a)
S. carpocapsae Antalya and Icel (South of Turkey) Kepenekei (2002)
S. affine Icel, Adana (South of Turkey), Mardin (Southeast Anatolia), Hazir et al (2003b)
Tokat (North of Turkey), Tekirdag, Kirklareli (Northwestern
Turkey)
S. weiseri Ankara (Central Anatolia) Unlu et al (2007)
Heterorhabditis Ankara, Aksaray (Central Anatolia), Istanbul, Kirklareli, Susurluk et al (2001); Hazir et
bacteriophora Tekirdag (Northwestern Turkey), Kayseri (Central Anatolia) al (2003b)
H. megidis Eastern Black Sea Region Yilmaz et al (2007)
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Figure 1. Distribution of Entomopathogenic Nematodes in Turkey.

Aydin and Susurluk (2005) examined the competitive abilities of S. feltiae and H. bacteriophora in meal
worm, Tenebrio molitor L. (Coleoptera: Tenebrionidae) at different temperatures. Mortality rates of host
larvae due to EPNs infections were reported at separate or mixed inoculations. Experiments were conducted
in sterile-sand at 12, 18 and 25 °C for 5 days. According to the results, efficiency of the H. bacteriophora was
found 52.5, 93.5 and 97.5% at 12, 18 and 25 °C, respectively. While, efficiency of S. feltiae was found 85,
95.6 and 97.5% at the same temperatures, respectively. In mixed infections, these rates were 3 and 72% at 12
°C; 8 and 85% at 18 °C and 12.5 and 80% at 25 °C for H. bacteriophora and S. feltiae, respectively.

Susurluk (2008) studied that the vertical movement of Turkish isolates of Steinernema feltiae (TUR-S3)
and Heterorhabditis bacteriophora (TUR-H2) was compared at different temperatures in the presence and
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absence of larvae of the host insect, G. mellonella. The nematodes that had migrated different distances were
compared for their infectivity to G. mellonella and the positive correlations between distance travelled, and
infectivity indicate that there is a link between host searching behaviour and infection behaviour in S. feltiae
and, to a lesser extent, also in H. bacteriophora.

Efficiency studies

The current information on the effectiveness of EPNs is limited studies in our country. The effects of two
Turkish S. feltiae strains (isolates from Rize and Ankara) were examined on mealy plum aphid, Hyalopterus
pruni, in the first one, and on Cherry Fruit Fly, Rhagoletis cerasi and Mediterranean Fruit Fly, Ceratitis
capitata, in the second study. Both experiments were conducted at 10, 15 and 25 °C and the following doses
were used: 25, 50 and 100 IJs/larva. The highest mortalities of H. pruni at 25°C were 83.3 and 74.9% for
Ankara and Rize isolates, respectively. Mortalities varied from 38.8 to 83.3%. S. feltiae from Ankara was
found more effective than the S. feltiae from Rize (Kepenekci and Susurluk 2006).

In the other study, R. cerasi and C. capitata pupae were used. Mortality rates were very lower than that
reported in the first study mentioned above. As a result of this, pup stage could not be useful for EPN
penetration. Mortalities varied from 0 to 40% at these experiments. S. feltiae from Ankara was found more
active than the one from Rize also in this study. Both efficiency studies indicated that ecologic variability
could play an important role in the infectivity abilities of EPNs (Kepenekci and Susurluk 2006).

Susurluk (2006) examined that reproduction capacities and effectiveness of S. weiseri and S. feltiae
isolated from Turkey were compared in variable conditions. The reproduction capacities were examined at
the following temperatures; 10, 15 and 20 °C and the doses of 10, 50 and 100 IJs in the last instar larvae of
greater wax moth, G. mellonella. The results showed that S. weiseri was more productive than S. feltiae in all
experimental conditions. Effectiveness of the both species on the last instar G. mellonella larvae as was
calculated 48 h after penetration. According to the results, S. weiseri was more productive than S. feltiae in
all experimental conditions, and S. weiseri was more effective (LDsy= 25.68 1Js) than S. feltiae (LDss= 80.70
1Js).

Susurluk (2006) investigated that the efficiency of S. feltiae TUR-S3 and H. bacteriophora TUR-H2,
against larvae of 7. molitor L. was studied in different soil type and temperature conditions. Sterilized and
non-sterilized silver sand, clay-loam soil, and compost soil were tested, each at 12, 18, and 24 °C.
Temperature had the greatest effect on the mortality of 7. molitor larvae caused by both nematode species.
The efficiency of the 2 nematodes was greater in sterile than in nonsterile conditions, and was greater in
sandy soils than in clay soils. The results showed that S. feltiae was more efficient than H. bacteriophora at
all temperatures tested, especially at 12 °C.

Unlu et al (2007) studied that the efficacy of S. weiseri (BEY) against last instars of the black cutworm
Agrotis segetum Denis & Schiffermiiller (Lepidoptera: Noctuidae) was compared with S. feltiae (TUR-S3)
and S. carpocapsae isolated in Turkey (Kepenekci 2002). Each nematode species was applied at 10, 25, 50
and 100 1JS per larvae of the pest in 10 ml water. The results showed that S. weiseri (BEY) was more
effective than S. feltiae (TUR-S3) at doses of 50 and 100 1JS per larva but was less effective than S.
carpocapsae.

CONCLUSIONS

Researches on EPNs in Turkey have been just initiated. Species found in Turkey could provide an important
potential for biological control strategies. Therefore, on their ecology, pathogenicity and efficiency studies
should be described in Turkey. Especially, field-application of these isolates should be tried in selected pilot
regions. Growers should be informed about the EPNs, their application, advantages and disadvantages. In
addition to scientific studies, regulatory policies of the government should also aim at supporting the further
introduction of EPNs based products into biological control practices.

The interplay between environment and economic forces in agriculture is creating a tremendous demand
for products that are effective and economical, while at the same time safe and compatible with the
environment. EPNs are ideally suited to fit this need. After the required coordination in government, EPNs
having a great potential for insect biological control should be improved and adapted with IPM strategies in
Turkey.
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