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Comparison of hermaphrodites of hybrid Heterorhabditis
bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae) HBH
strain and its parents on reproduction capacity?

Hibrit Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae) HBH
Irki ve ebeveynlerinin hermafroditlerinin Greme kapasitelerinin kargilastiriimasi

Tufan Can ULUZ Gizem OZBUDAK?3 Elif Ozge DUZENLI?

Seyma Himeyra CAKIR? Ismail Alper SUSURLUK?3
Abstract

Entomopathogenic nematodes (EPNs) are microscopic roundworms used in biocontrol. EPNs are obligate
insect parasites, they live in soil, and they are especially effective against soilborne insects. They are a good alternative
to chemical pesticides thanks to their advantages, such as prolonged longevity, broad host range and mass production
suitability. However, EPNs cannot compete with chemical pesticides due to high production costs and short shelf life.
The aim of this study was to determine the reproduction capacity of the Turkish hybrid Heterorhabditis bacteriophora
Poinar, 1976 (Rhabditida: Heterorhabditidae) HBH strain and then compare it with its parents to improve its liquid
culture yield. In this way, it is aimed to reveal the effects behind the high reproduction potential of the hybrid HBH strain.
All experiments were performed at Bursa Uludag University, Faculty of Agriculture, Department of Plant Protection, in
2020. All cadavers were periodically dissected, hermaphrodites were counted and their body lengths were measured.
Compared to its parents, the hybrid HBH strain had greater hermaphrodite counts, with mean 66 individuals within 12
days, and hermaphrodite body length, with mean 3.88 mm. The results obtained from this study should provide
information for commercial EPN production development.
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Entomopatojen nematodlar (EPN) biyolojik miicadelede kullanilan mikroskobik 6l¢ulerdeki yuvarlak
solucanlardir. EPN’ler zorunlu bdcek parazitleri olup, toprak altinda yasamakta ve toprak kokenli bdceklere karsi etkili
olmaktadirlar. Uygulamalarinin kolay olmasi, uzun surekli etkinligi, genis konukgu araligi ve kitle tretimi yapilabilmesi
gibi avantajlari sayesinde kimyasal ilaglara iyi bir alternatif olmaktadirlar. Bununla beraber, yiksek tretim maliyetleri
ve kisa raf d6mrii nedeniyle EPN’ler kimyasal ilaclar ile rekabet edememektedir. Bu galisma, sivi kiltrdeki Gretim
verimini artirmak amaciyla Tirk hibriti Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae)
HBH irkinin ireme kapasitesini belirlemek ve ebeveynleri ile kargilastirmak amaciyla yapiimistir. Bu sayede hibrit HBH
irkinin yiiksek Ureme potansiyelinin arkasinda yatan etkilerin ortaya gikariimasi hedeflenmistir. Tum denemeler Bursa
Uludag Universitesi Ziraat Fakiltesi Bitki Koruma Bélimi'nde 2020 yilinda gergeklestiriimistir. Bitin kadavralar
periyodik olarak disekte edilmis, hermafroditler sayilmis ve vicut uzunluklar Olgtimustiur. Ebeveynleri ile
karsilastirildiginda, hibrit HBH irki, 12 giinde ortalama 66 hermafrodit birey ile hermafrodit sayisinda ve ortalama 3.88
mm ile hermafrodit viicut uzunlugu agisindan daha yiiksek degerlere sahip olmustur. Bu calisma ile elde edilen
sonugclar, ticari EPN Uretim ¢alismalarina bilgi saglayacaktir.

Anahtar sézcukler: Vicut uzunlugu, hermafrodit, Heterorhabditis bacteriophora, in vitro, ireme kapasitesi
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Comparison of hermaphrodites of hybrid Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae) HBH strain and
its parents on reproduction capacity

Introduction

Many insect pathogens occur in the phylum Nematoda, but species within the families
Steinernematidae and Heterorhabditidae have gained significant importance as biocontrol agents in plant
protection. Entomopathogenic nematodes (EPN) are important biocontrol agents, and they can be especially
used to control soil-dwelling insect pests (Lacey & Georgis, 2012). They have a high potential on a broad
host range of insects thanks to their host-seeking ability (Divya & Sankar, 2009; Lacey & Georgis, 2012).
These nematodes are associated with bacteria in the genus Photorhabdus Boemare et al., 1993
(Enterobacteriales: Enterobacteriaceae) for Heterorhabditis Poinar, 1976 (Rhabditida: Heterorhabditidae)
and Xenorhabdus Thomas & Poinar, 1979 (Enterobacteriales: Enterobacteriaceae) for Steinernema
Travassos, 1927 (Rhabditida: Steinernematidae) (Boemare et al., 1996). The life cycles of EPNs are quite
similar. The only stage living outside the host is the infective juveniles (1Js). The 1Js carry cells of the
bacterial symbiont in their intestine. When the IJs find a susceptible host, they invade and penetrate the
host’'s hemocoel through natural openings (i.e., anus, mouth or spiracles). The IJs then release the
symbiotic bacterium that kills the host within 48 h by septicemia (Kaya & Gaugler, 1993). The bacterium
produces antibiotics to prevent other microorganisms from colonizing the cadaver (Bode, 2009; Sajnaga &
Kazimierczak, 2020). Besides serving as a food source for the nematode, the bacterium also provides
proper nutrients for nematode development. After 2-3 weeks, the food resource depletes in the cadaver,
and |Js disperse through the soil to find new hosts.

EPNSs can be applied with standard spray equipment used for pesticides, they can resist shear stress,
they can be applied simultaneously with many pesticides, and they can be mass-produced to manage with
a broad host range (Wright et al., 2005; Garcia-del-Pino et al., 2013; van Niekerk & Malan, 2014; Sabino
et al., 2019). Although they have many advantages, high production costs and limited shelf life are still
significant obstacles to the large-scale application (Grewal, 2000; Perry et al., 2012). Therefore, there are
many studies focused on reducing production costs. Previous research has established that, many local
strains of EPNs have better infectivity and reproduction capacity than commercial ones (Malan & Moore,
2016; De Waal et al., 2018; James et al., 2018; Mokrini et al., 2020), and can be used to increase mass
production yield and lower expenses. Another way to improve beneficial traits of EPNs is genetic selection
and hybridization. Over the past two decades, considerable research has focused on improving some
beneficial traits by selection (Johnigk et al., 2002; Ehlers et al., 2005; Mukuka et al., 2010; Salame et al.,
2010; Anbesse et al., 2013).

Between 2010 and 2013, several hybrid Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida:
Heterorhabditidae) strains were obtained from hybridization of Turkish isolates of H. bacteriophora. Among
these strains, HBH had superior genetic traits, such as high reproduction capacity, high virulence, high
resistance to stress conditions, and prolonged longevity (Susurluk et al., 2013). EPNs have been registered
in Turkey, and they have an increasing market share. Since Turkey does not have any commercial EPN
strain and liquid production technology, imported commercial EPN products are used. The HBH hybrid
strain has superior features, and it has the potential to be a commercial strain. Consequently, it is important
to understand the reason of the hybrid strain's characteristics to optimize and improve mass production,
longevity and stress tolerance.

This study aimed to compare the reproduction capacity and hermaphrodite length of HBH hybrid
strain with its parents. There may be a positive correlation between body length and ovary size, which can
also mean longer individuals have higher reproductive potential. The study also collected data to determine
the reason for its higher reproduction capacity. It is hoped that the results of this study will contribute
information for future in vitro liquid culture experiments.
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Materials and Methods

This study was conducted at Bursa Uludag University, Department of Plant Protection, Nematology
Laboratory, in 2020.

EPN strains and Galleria mellonella larvae

Two parent strains, H. bacteriophora HB4 and HB1138, and one hybrid HBH strain patented by
Susurluk (TPMK Patent No: TR 2013 06141 B) were used. Parent strains were isolated from two different
regions of Turkey. The hybrid strain was obtained from hybridization of those parent strains. H.
bacteriophora is one of Turkey's most abundant EPN species, and our hybrid strain has superior genetic
traits (Susurluk et al., 2001, 2013; Kongu & Susurluk, 2014). The last instar of Galleria mellonella L., 1758
(Lepidoptera: Pyralidae) larvae are used for the production of EPNs. Larvae are reared with a modified diet
consisting of 200 g bran, 150 g maize flour, 100 g soy flour, 100 g milk powder, 50 g yeast, 200 g glycerin
and 200 g honey. All larvae were kept in glass jars and incubated around 30-32°C.

Experimental design and inoculation of the strains

For determining reproduction capacity, 30 last instar larvae were inoculated with EPNs and divided
into five replicates, consisting six larvae per Petri dish. Prior to inoculation, 10 yl samples were taken from
EPN cultures and counted under a microscope. Inoculation dose were adjusted to 100 1Js/larva, and a total
of 600 IJs were applied per Petri dish. After inoculation, Petri dishes were sealed with Parafilm and incubated
at 24°C. Cadavers were dissected on 4, 6, 8, 10 and 12 days after inoculation (DAI). For dissection, dead
larvae were transferred to a bigger Petri dish containing a thin layer of Ringer’s solution. All cadavers were
dissected with a needle and all extracted nematodes transferred to a fresh Ringer’s solution.

Reproduction capacity criteria

Hermaphrodites of Heterorhabditis spp. are positively correlated with the offspring and reproduction
capacity. Namely, higher numbers of hermaphrodites are the sign of higher yield. Moreover, the longer
body length of the hermaphrodites leads to longer ovaries, which also results in more reproduction yield.
Thus, after each dissection process, hermaphrodites of each strain were counted under stereomicroscope,
and body lengths of the individuals were measured using Leica Application Suite 3.2 software (Leica,
Weztlar, Germany). Body lengths of 15 hermaphrodites were measured for each strain.

Statistical analyses

Statistical analysis for both the reproduction capacity and hermaphrodite body measurements was
performed using JMP 7 software (SAS Institute, Cary, NC, USA). One-way ANOVA analysis was performed
on data obtained from experiments.

Results and Discussion
Reproduction capacity

Reproduction capacity was determined based on periodic counts of hermaphrodites. For all strains,
the first hermaphrodites were observed 6 DAI. Among the three strains, the hybrid HBH strain had the best
results for overall hermaphrodite number over the 12 days (Fz15 = 23.8, p < 0.001). The hybrid strain had
almost two times more hermaphrodites than its parent HB1138. As evident in Figure 1, reproduction
dynamics of the same species can differ between strains. HB4 strain reached its peak total hermaphrodite
number 8 DAI, while it was 10 DAI for HBH and 12 DAI for HB1138 (Figure 1). There was clear decrease
of the hermaphrodites in all strains following their peak day, which was related to their second or third
generation in the cadaver.
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Figure 1. Daily changes in the number of hermaphrodites.
Body length measurement

The reproduction capacity of the strains is also related to hermaphrodite body length. The longer
body length leads to a longer ovary, which increases the number of eggs. The HB1138 had the shortest
hermaphrodite body length (2.07 £ 0.21 mm, mean + SD, n = 15), while HB4 and HBH lengths were closer
(3.61 + 0.26 and 3.88 + 0.29 mm, respectively), with HBH being the longest (Fz,15 = 204, p < 0.001).

Entomopathogenic nematodes are useful for biological control of insect pests. Management of soil-
dwelling insects still a significant problem due to the low activity of pesticides into soil. Therefore, EPNs are
a good alternative to chemicals. In addition, their application is relatively easy, they have a broad host
range and they are a safe solution compared to chemicals. However, even though they have many
advantages, they still need more development to become a commercial substitute for chemical pesticides.
EPNs have high mass production costs, expensive commercial products and short shelf life. For this
reason, many studies have been conducted over several decades to reduce production costs, directly or
indirectly. Optimization of in vivo and in vivo culture is one of the most studied topics (van Zyl & Malan,
2014; Ferreira et al., 2016; Ulu & Susurluk, 2018; Dunn et al., 2020).

Mass production of EPNs in liquid culture is the most common and feasible way for commercial
production (Dunn et al., 2021). There are many commercial EPN strains with optimized liquid culture
parameters. However, new endemic species or strains, which may have positive genetic traits, are
important for mass production yield, effectiveness, host range, resistance to stress factors and other
factors. Thus, considerable research has attempted to optimize in vitro liquid culture production of local
species or strains (Upadhyay, 2015; Ramakuwela et al., 2016; Dunn et al., 2020). High liquid culture yield,
high effectiveness or longer shelf life lowers commercial product expenses indirectly and contributes EPNs
to compete with chemicals (Grewal, 2000; Shapiro-llan et al., 2012; Devi & George, 2018).

Another way to improve EPNSs is genetic selection or hybridization. With these tools, it is possible to
obtain superior strains, which have the potential to improve on current strains and to become a commercial
product. There are many studies focused on the genetic selection of EPNs. The main idea of these studies
is to improve the resistance of EPNs to several stress factors, longevity or effectiveness (Shapiro-llan et
al., 1997; Ehlers et al., 2005; Mukuka et al., 2010; Nimkingrat et al., 2013a, b; Santhi et al., 2016). Likewise,
in a project between 2010 and 2013, many hybrid strains of H. bacteriophora were obtained from hybridization
local Turkish isolates from different regions. Among these hybrid strains, HBH was the superior strain
compared with its parents and other hybrid strains (Susurluk et al., 2013; Kongu & Susurluk, 2014). To
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understand the reason for the high reproduction capacity of HBH, we counted hermaphrodites of all strains
periodically and measured their body length. Although there are very few similar studies, Ferreira et al.
(2014) aimed to determine in vitro liquid culture production yield of a South African EPN isolate of
Heterorhabditis zealandica (Wouts, 1979) (Rhabditida: Heterorhabditidae). As they mentioned, it is
important to monitor the body length of different life stages to improve mass production. Another study by
Hirao et al. (2010) aimed to characterize the population development of Steinernema carpocapsae (Weiser,
1955) and Steinernema feltiae (Filipjev, 1934) (Rhabditida: Steinernematidae). They measured the body
length of adults and recorded significant differences. They found that even in the same species, the body
length of parental adults was doubled in F1 adults.

EPNs have a considerable market share around the world (Glare et al., 2012). However, they still
need to overcome some obstacles to increase their market and become preferable. The main problems of
EPNs are high mass production expenses, high commercial product cost, and short shelf life (Ali &
Wharton, 2013; Ramakuwela et al., 2016; Kagimu & Malan, 2019). The present study was designed to
determine the reproduction capacity of HBH hybrid strain and compare it with its parent strains.
Reproduction capacity is an important genetic trait for in vitro mass production yield, and it is closely related
with hermaphrodites in Heterorhabditis species. The results of this research support the idea that Turkey
can have its own hybrid strain with better reproduction capacity. It also provides the first comprehensive
assessment of the reproduction capacity of local Turkish strains and a hybrid strain. EPNs are registered
in Turkey, and their market share is increasing gradually. Local strains, which are adapted to local
conditions, have been shown to have better success. In the future, we think that Turkey should use a local
EPN species or strains instead of foreign commercial ones for more effective insect management. We hope
that determining the reproduction capacity of this hybrid strains will contribute to future liquid culture
optimization studies in Turkey. However, it is recommended that further research should be undertaken on
liquid culture methods.
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