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Original article (Orijinal araştırma) 
New application method for entomopathogenic nematode 

Heterorhabditis bacteriophora (Poinar, 1976) (Rhabditida: Heterorhabditidae) 
HBH strain against Locusta migratoria (Linnaeus, 1758) (Orthoptera: Acrididae) 

 

Entomopatojen nematod Heterorhabditis bacteriophora (Poinar, 1976) (Rhabditida: 
Heterorhabditidae) HBH hibrit ırkının Locusta migratoria (Linnaeus, 1758) (Orthoptera: 

Acrididae)’ya karşı yeni bir uygulama yöntemi 
 

Yavuz Selim ŞAHİN1    Ahcen BOUHARI1    Tufan Can ULU1 
Büşra SADIÇ1       İsmail Alper SUSURLUK1* 

Abstract 
Entomopathogenic nematodes (EPNs) of the families Heterorhabditidae and Steinernematidae are being used 

as biocontrol agents against many soil borne insect pests in agriculture. Above-ground applications against the insects 
are usually unsuccessful due to the lack of humidity. Therefore, EPNs rapidly lose their effectiveness. In this study, 
conducted in 2018 under laboratory conditions in Bursa-Turkey, a new application method was developed for the use 
of Heterorhabditis bacteriophora (Poinar, 1976) (Rhabditida: Heterorhabditidae) HBH hybrid strain against the 
migratory locust, Locusta migratoria (Linnaeus, 1758) (Orthoptera: Acrididae). A new trap system is coated with 
hydrophilic cotton fabric to provide the necessary humidity to allow the use of EPNs above-ground. Three different 
application rates of H. bacteriophora (5000, 25000 and 50000 IJs) were applied to the trap system. The fabric was 
inoculated with the nematodes and combined with a reservoir containing 200 ml of ringer solution. The dead and live 
nematodes were recorded periodically to determine their persistence on the fabric. The mortality of L. migratoria were 
also recorded to determine the infectivity of H. bacteriophora. The infectivity and persistence of the nematodes was 
sustained for more than 4 weeks by this method. 
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Öz 
Entomopatojen nematodlar (EPN) Heterorhabditidae ve Steinernematidae familyalarına bağlı olan, toprak 

altında yaşayan zararlı böceklere karşı kullanılan biyolojik mücadele etmenleridir. Toprak üzerine yapılan uygulamalar 
nemli ortam sağlanamaması nedeniyle başarısız olmaktadır. Bu nedenle toprak üzerinde EPN etkinliği çok kısa sürede 
yok olmaktadır. Bursa’da laboratuvar koşullarında 2018 yılında yapılan bu çalışmada, Heterorhabditis bacteriophora 
(Poinar, 1976) (Rhabditida: Heterorhabditidae) HBH hibrit ırkının uygulaması üzerine yeni bir teknik geliştirilmiş ve 
Locusta migratoria (Linnaeus, 1758) (Orthoptera: Acrididae) üzerindeki etkinliği incelenmiştir. Yeni geliştirilen tuzak 
sistemi hidrofil bir kumaş ile kaplanmış ve bu kumaş sayesinde tuzak yüzeyinin sürekli olarak nemli kalması 
sağlanmıştır. Tuzak sisteminde H. bacteriophora’nın üç farklı uygulama dozu (5000, 25000 ve 50000 IJs) kullanılmıştır. 
Tuzak yüzeyindeki hidrofil kumaş üzerinde belirli dozlardaki nematod solüsyonları uygulanmış ve tuzak sistemi 200 ml 
Ringer solüsyonu içeren rezervuar ile birleştirilerek kullanıma hazır hale getirilmiştir. Belirli aralıklarla ölü ve canlı EPN 
bireyleri sayılarak kumaş üzerindeki kalıcılık hesaplanmıştır. Buna ek olarak çekirgelerin ölüm oranları da periyodik 
olarak hesaplanmış ve tuzağın etkinliği belirlenmiştir. Çalışma sonucunda bu tuzak sistemi sayesinde bu nematodun 
kalıcılığının artırıldığı ve toprak üzerine yapılan uygulama ile etkinlikte başarı sağlandığı tespit edilmiştir. 

Anahtar sözcükler: Toprak üstü uygulama, entomopatojen nematodlar, hidrofil kumaş, Locusta migratoria  
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Introduction 
Locusta migratoria (Linnaeus, 1758) (Orthoptera: Acrididae) is one of the most destructive 

agricultural insect pests worldwide (Zhang et al., 2009; Wang et al., 2014). It is a polyphagous pest 
(Showler, 1995) that can migrate over thousands of kilometers (Zhang et al., 2009). Locusta migratoria is 
distributed over a larger area than any another locust or grasshopper and can spread over the entire eastern 
hemisphere (Australia, Africa, Europe and Asia) (Zhang et al., 2009). Locust invasions destroyed nearly 8 Mha 
of agricultural plants in 12 of the 30 provinces of China between 1995 and 2001 (Ma et al., 2005). Given 
the difficulty of predicting locust outbreaks, the affected countries use pesticides excessively, which are 
toxic to the environment and non-target organisms (Vos et al., 2000; Rai & Chavhan, 2015). Development 
of environmentally-safe alternatives to locust control using biological agents including nematodes, protozoa, 
bacteria, fungi and viruses have been reported (Rai et al., 2013; Rai & Chavhan, 2015). 

Entomopathogenic nematodes (EPNs) from the families Steinernematidae and Heterorhabditidae 
are used for biological control of insects instead of using insecticides (Cross et al., 1999; Lacey & Shapiro-
Ilan, 2008) to reduce the negative impact on the environment (Lewis & Clarke, 2012; Shapiro-Ilan et al., 
2014). They are mostly used against soil borne insect pests (Ehlers, 1996; Gaugler, 2002; Wright et al., 
2005). Various formulations have been developed to use EPNs against above-ground pests, (Schroer & 
Ehlers, 2005; Georgis et al., 2006; Beck et al., 2013). Some important factors that make the above-ground 
application unsuccessful are temperature, ultraviolet radiation and humidity. Of these, humidity is the most 
restrictive factor for EPNs because current formulations do not provide a moist environment for sufficient 
time (Georgis et al., 2006; Lacey & Georgis, 2012). It has been shown that some additives can improve 
EPN persistence and effectiveness on foliage, but this enhancement have not been adequate (Baur et al., 
1997; Schroer & Ehlers, 2005). Many laboratory studies have been conducted to test the persistence of 
EPNs on the foliage. The persistence of EPNs were usually hours rather than days (Schroer & Ehlers, 
2005). Although remarkable improvements have been made for the above-ground application up to date, 
they are still not sufficiently efficacious to be recommended for commercial use (Grewal, 2002). 

This study aimed to develop a method for above-ground application with the trap system using 
hydrophilic cotton fabric against the L. migratoria. For this purpose, the HBH hybrid strain of Heterorhabditis 
bacteriophora (Poinar, 1976) (Heterorhabditidae: Rhabditida) patented by Susurluk (TPMK Patent No: TR 
2013 06141 B) was used against L. migratoria in the new trap system. 

Material and Methods 
Insect, entomopathogenic nematode and trap 

The HBH hybrid strain of H. bacteriophora was selected for this study. The hybrid strain was obtained 
after hybridization of Turkish native H. bacteriophora isolates from different climatic regions of Turkey 
(including hot, cold, rainy and semi-arid). The HBH strain was patented due to its superior biological 
characters (high effectiveness, long persistence and high reproduction capacity). Under laboratory 
conditions, EPN populations were reproduced as infective juveniles (IJs) using in vivo methods according 
to Kaya & Stock (1997). The final instar of great wax moth, Galleria mellonella (Linnaeus, 1758) 
(Lepidoptera: Pyralidae), larva was used for EPN reproduction at 25ºC. The juveniles were extracted using 
the White trap method (White, 1927). Freshly-harvested 2-3 d-old IJs were used in the experiment. 
Commercially produced adult locusts, Locusta migratoria L. (Orthoptera: Acrididae), was purchased from a 
local store (Mira Limited Şti., Aksu, Antalya, Turkey) and divided into experimental groups before trap 
preparation. The trap consisted a hemispherical pot with a diameter of 10 cm and a surface area of 150 cm². 
The surface was covered with cotton fabric and no attractants were used for the locusts. 

  



Şahin et al., Türk. entomol. derg., 2018, 42 (4) 

307 

Experimental design 

Ringer solution (200 ml) was placed into the hemispherical pots to provide a liquid reservoir for the 
nematodes. The fabric used in this study was a 100% cotton gauze bandage with about 40 threads per cm 
and was applied with folds to cover the entire water reservoir. After nematode inoculation of the fabric, it 
was combined with the reservoir and the pot was closed with a plastic lid (Figure 1). As evaporation 
occurred from the trap surface, the hydrophilic fabric absorbed liquid continuously from the reservoir. 

 

Figure 1. The trap system that contains the reservoir and fabric inoculated with the EPNs. 

Three different doses of nematodes (5000, 25000 and 50000 IJs) were inoculated to three different 
traps and 10 adult L. migratoria transferred to each trap. The dead and alive locust adults were recorded 2 d 
after each locust placement. All locusts were removed from the trap after mortality was recorded. On days 
15 and 30, a further 10 locusts were placed on the same traps. Thus, each trap had three cohorts of locusts 
that were transferred 1, 15 and 30 d after nematode inoculation. The timeline is shown in Figure 2. As a 
control, 10 locusts were transferred to the trap systems with no nematodes applied. 

In addition to the effectiveness of H. bacteriophora HBH against the migratory locust, locust-free traps 
were used to detect persistence of the nematodes on the fabric. The mortality of the nematodes (persistence) 
in the traps was recorded 1, 15 and 30 d after inoculation. All experiments were repeated three times under 
laboratory conditions at 25ºC in the Nematology Laboratory in Department of Plant Protection, Faculty of 
Agriculture, Bursa Uludağ University, Turkey in 2018. 

 

Figure 2. Trap experiment timeline. 

Statistical analysis 

Statistical differences of the mortality of EPNs were analyzed using one-way ANOVA with JMP®7.0 
software. LSD test (P ˂ 0.05) was used to determine the difference between means.  
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Results and Discussion 
Infectivity of Heterorhabditis bacteriophora HBH against Locusta migratoria 

The highest mortality of L. migratoria was recorded on day 3 of the experiment with 50000 IJs per 
trap. The effect of 25000 and 50000 IJs on day 17 was not statistically significant. On day 32, the highest 
mortality of L. migratoria was detected with 50000 IJs. On day 1, the effect of 5000 IJs was not statistically 
significant compared to 25000 IJs, but it was significantly lower than other doses on days 17 and 32 (F = 35.3, 
df = 11; 24, P > 0.0001). 

 
Figure 3. Mortality of Locusta migratoria in the doses of 5000, 25000 and 50000 IJs of Heterorhabditis bacteriophora HBH strain on 

days 3, 17 and 32 (F = 35.3; df = 11, 24; P > 0.0001). 

Persistence of Heterorhabditis bacteriophora HBH on the traps 

On day 1, the mortality (persistence) of IJs of H. bacteriophora HBH was not significantly different 
between inoculation rates. On day 15, the mortality of H. bacteriophora HBH with 25000 IJs dose was 
statistically higher than with 50000 IJs. On day 30, it was the opposite of this situation. The mortality of H. 
bacteriophora HBH with 5000 IJs was not significantly different from the other doses at any assessment 
time. The results of the persistence experiment are given in Figure 4 (F = 66.7; df = 8, 18; P > 0.0001). As 
expected, dead individuals increased over time. However, peak of the mortality was mostly below 40% of 
the population after 30 days, which meant that persistence of the nematode at the end of the experiment 
was nearly 60%. This result indicates that the new trap was effective persistence of the nematode over an 
extended period. 
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Figure 4. Mortality of Heterorhabditis bacteriophora HBH strain in the doses of 5000, 25000 and 50000 IJs per trap (F = 66.7; df = 8, 18; 

P > 0.0001). 

Although there is a demand for foliar applications, EPNs are rarely used against above-ground 
insects because of the inability to achieve the desired success above-ground (Arthurs et al., 2004). For 
above-ground application, various formulations have been developed to protect EPNs from ultraviolet light 
and to prevent desiccation (Georgis et al., 2006; Beck et al., 2013). However, the effect of these 
formulations lasts only a few hours or days and the EPNs rapidly lose their effectiveness (Glazer, 2002; 
Arthurs et al., 2004; Schroer & Ehlers, 2005). The most critical feature of the trap system used in this 
experiment is the maintenance of humidity which allows it to provide a sustained effect of EPNs in above-
ground application over an extended period. 

In this study, the moist environment, which is necessary for EPNs, was maintained using hydrophilic 
cotton fabric. In several other studies, it was found that some additives usually enhanced the persistence 
and effectiveness of EPNs on foliage, but this improvement was insufficient (Baur et al., 1997; Schroer & 
Ehlers, 2005). Many laboratory studies have been conducted to test the persistence (mortality) of EPNs 
above ground. These demonstrated that persistence of EPNs lasted only for hours rather than days 
(Schroer & Ehlers, 2005). However, in the present study, the persistence of H. bacteriophora HBH strain 
extended for over 4 weeks. By day 30, the mortality of H. bacteriophora had reached about 40%, however, 
might be possible to improve persistence using better fabrics or having a larger fluid reservoir. 

The method of storing and transporting EPNs in a polyether-polyurethane sponge-based formulation 
inspired for this work. EPNs require a thin layer of water for movement and cannot move effectively under 
waterlogged conditions (Grewal, 2002). The cotton fabric selected for this work provided a thin layer of 
water to facilitate nematode movement and also maintained a moist environment. In a study to improve the 
efficacy of entomopathogenic nematodes for above-ground application, Dito et al. (2016) used a protective 
gel covers that lasted for 8 h. In some other studies, Steinernema feltiae (Filipjev, 1934) was used weekly 
against damaging above-ground pests, Thrips tabaci Lindeman, 1889 and Trialeurodes vaporariorum 
Westwood 1856 (Trdan et al., 2007; Laznik et al., 2011; Beck et al., 2015). 

Steinernema carpocapsae (Weiser, 1955) is considered to be more suitable for foliar application than 
H. bacteriophora because the former is more resistant to desiccation, inclined to stay in the upper soil layers 



New application method for entomopathogenic nematode Heterorhabditis bacteriophora (Poinar, 1976) (Rhabditida: Heterorhabditidae) 
HBH strain against Locusta migratoria (Linnaeus, 1758) (Orthoptera: Acrididae) 

310 

and has an ambusher host-finding strategy (Salame & Glazer, 2015). Although H. bacteriophora has a less 
active host-finding strategy and is prone to go deeper into the soil (Grewal et al., 1994), it is evident from 
the current study that H. bacteriophora can also be used for above-ground application using hydrophilic 
cotton fabric. Also, the chemical-physical nature of the soil may not be suitable for EPNs when they are 
applied inundatively (Kaya, 1990; Barbercheck, 1992; Koppenhöfer & Fuzy, 2006), so deployment of EPNs 
using this trap system would avoid this problem. 

With the method developed in this study, H. bacteriophora HBH strain remained active for over 4 
weeks on an above-ground surface and infected L. migratoria. For more realistic results, the trap system 
needs to be tested under field conditions, which is a more challenging environment then laboratory. Our 
trap system serves as a basic prototype for initial assessment, but could be modified using different fabrics, 
trap shapes, and different substances to protect EPNs or attract hosts. Through evaluating such 
modifications, application of EPNs with a trap system has a reasonable likelihood of becoming an effective 
option for field applications. 

Conclusions 
The trap system developed in this study enabled H. bacteriophora HBH strain to be successfully 

used against the L. migratoria above ground under laboratory conditions, with the infectivity and persistence 
were maintained for more than 4 weeks. In order to be successful in the field, a fabric must be selected that 
protects the EPNs from ultraviolet radiation and slows evaporation. In addition, enhancements such as 
pheromone or color could be combined with the fabric to attract target pests to the traps. Through this 
approach, more economical control might be achieved without the need to apply the EPNs over a large 
area. The findings presented here indicate that this method could be a solution to rapid desiccation of EPNs 
applied above ground, if confirmed by field studies. 
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