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Original article (Orijinal arastirma)

Efficiency of temperature and storage duration on some morphological
measurements and reproductive capacity of the entomopathogenic
nematode Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida:

Heterorhabditidae)’s Turkish HBH hybrid strain?

Entomopatojen nematod Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida:
Heterorhabditidae)’'nin Turk HBH hibrit irkinin bazi morfolojik 6zellikleri ve Greme kapasitesi
tizerinde sicakhgin ve depolama suresinin etkisi

Alperen Kaan BUTUNER? ismail Alper SUSURLUK?
Abstract

Entomopathogenic nematodes (EPNs) are successfully used in the biological control of agricultural insect pests. This
study aims to determine the body length of hermaphrodite individuals, egg diameter and reproductive capacity obtained from
Infective Juveniles (1Js) stored at different temperatures and durations. Heterorhabditis bacteriophora Poinar, 1976
(Rhabditida: Heterorhabditidae)’s Hybrid Strain HBH was used in the study. IJs stored at 15, 25 and 35°C for 7, 14 and 21
days were inoculated onto Galleria mellonella L., 1758 (Lepidoptera: Pyralidae) last instar larvae at a dose of 100 IJs. On the
2" day of infection, hermaphrodite individuals and eggs were obtained by dissecting the larvae. The reproductive capacity
was determined 10-12 days after infection. The study was conducted in Bursa Uludag University, Faculty of Agriculture, Plant
Protection Department, Nematology Laboratory in 2023. In conclusion, the longest hermaphrodite individuals and egg diameter
were obtained as 6207.22 pm and 55.65 pm, respectively from the IJs stored for 7 days at 15°C. The highest reproductive
capacity was also observed as 167.500 1Js per G. mellonella larva in 1Js stored under the same conditions with respect to
temperature and time. This study is important for assessing the morphological effects of different temperature values and
storage durations on EPNSs.
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Entomopatojen nematodlar (EPN), tarimsal zararllarin biyolojik micadelesinde basariyla kullaniimaktadir. Bu
calismanin amaci farkh glin ve sicakliklarda depolanmis olan Infektif Juvenillerden (13) elde edilen hermafrodit bireylerin viicut
uzunlugunun, yumurta ¢apinin ve Ureme gicinin belirlenmesidir. Bu galismada Heterorhabditis bacteriophora Poinar, 1976
(Rhabditida: Heterorhabditidae)’'nin Hibrit Irki HBH kullaniimistir. 15, 25 ve 35°C'de 7,14 ve 21 giin depolanmigs olan IJ’ler 100
IJ dozunda Galleria mellonella L., 1758 (Lepidoptera: Pyralidae)’nin son dénem larvasi Gizerine inoktle edilmistir. Enfeksiyonun
gergeklestigi 2. giin sonunda larvalar disekte edilmig, hermafrodit bireyler ve yumurtalar elde edilmistir. Ureme giicii ise
enfeksiyon gergeklestikten 10-12 giin sonra belirlenmistir. Bu galisma 2023 yilinda Bursa Uludag Universitesi, Ziraat Fakiiltesi,
Bitki Koruma Bélim, Nematoloji Laboratuvarr’'nda yuritilmastir. Sonug olarak, en uzun hermafrodit bireyler ve yumurta gapi
15°C’'de 7 gin muhafaza edilmis olan IJ’lerden elde edilmistir. Bu degerler sirasiyla 6207.22 um ve 55.65 um olarak
belirlenmistir. En yiksek Greme giicide ayni sicaklik ve giinde tutulmus olan 1J’lerde gorilmustir. Bu deger 167.500 1Js/G.
mellonella larva olarak belirlenmistir. Bu ¢alisma farkli sicaklik degerlerinin ve depolama siresinin EPN’lerin Uzerindeki
morfolojik etkilerin belirlenmesini iceren énemli bir calismadir.

Anahtar sézcikler: Viicut uzunlugu, yumurta ¢api, hermafrodit, Heterorhabditis bacteriophora, tireme giici
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Efficiency of temperature and storage duration on some morphological measurements and reproductive capacity of the entomopathogenic
nematode Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae)'s Turkish HBH hybrid strain

Introduction

Entomopathogenic nematodes (EPNs) are highly effective biological control agents against insect pests.
These organisms are natural enemies of many economically important insect species, and in recent years,
restrictions on pesticide usage have increased the importance of these organisms in the control of pests (Ehlers,
1996; Shapiro-llan et al., 2006; Susurluk & Ehlers, 2008; Dede et al., 2022).

Entomopathogenic nematodes which belong to the families Heterorhabditidae and Steinernematidae, are
organisms that predominantly spend their life cycles searching for hosts in the soil (Boemare et al., 1996). The
life cycle of individuals belonging to the Heterorhabditidae family is expressed as egg, juvenile 1, juvenile 2,
juvenile 3 (Infective Juvenile), juvenile 4, and adult stages. In the first generations of this family, the adults are
composed of hermaphroditic individuals (Johnigk & Ehlers, 1999). EPNSs, in their Infective Juveniles (1Js) form,
possess the ability to search for hosts for months without feeding (Susurluk & Ehlers, 2008). The 1Js penetrate
the host tissue through natural openings such as the mouth, spiracles, anus, or through wounds formed on their
bodies. After entering the host tissue, the 1Js release the symbiotic bacteria with which they live in a symbiotic
relationship into the host tissue, leading to host septicaemia and eventual death within approximately 36-48 hours
(Kaya & Gaugler, 1993; Ehlers, 2001; Ehlers & Shapiro-llan, 2005; Ulu & Susurluk, 2014). The EPNs Kkill their
hosts with the help of gram-negative bacteria belonging to the Enterobacteriaceae family, with whom they have a
symbiotic relationship within their bodies, and they are able to multiply within the host (Ehlers, 2001; Lewis et al.,
2006). The 1Js of the Heterorhabditidae family carry scattered gram-negative bacteria belonging to the species
Photorhabdus spp. in their hemolymph, whereas the 1Js of the Steinernematidae family carry Xenorhabdus spp.
within a specialized vesicle inside their bodies (Boemare et al., 1996; Forst & Nealson, 1996; Susurluk, 2008).

Environmental factors significantly affect the lives and activities of EPNs. Additionally, they determine the
distribution, mobility, infection potential and population dynamics of these organisms. Among these environmental
factors, temperature is one of the most crucial factors for EPNs (Kahel-Raifer & Glazer, 2000; Shapiro-llan et al.,
2006; Ulu & Susurluk, 2014). The increase in temperature can enhance the metabolic rate and infective abilities
of EPNs while reducing their developmental periods. However, excessively high temperatures can have a
detrimental effect on the activity and survival capabilities of these organisms. Similarly, low temperatures can also
reduce the activity and slow down the development of EPNs (Bilgrami & Gaugler, 2007; Shaurub et al., 2015;
Lillis et al., 2023). Temperature tolerance can vary among each EPN species, often being associated with their
geographic distribution. While some species are more easily adapted to hot climate regions, others are better
suited to cooler areas. This adaptability allows EPNs to achieve more successful results on hosts in their natural
habitats and in agricultural applications (Kahel-Raifer & Glazer, 2000; Stuart el al., 2006; Vashisth et al., 2013;
Lillis et al., 2023).

The main objective of this study is to determine the length of hermaphrodite individuals of H. bacteriophora
HBH hybrid strain after its 1Js are stored at different temperatures (15, 25, and 35°C) and specific time intervals
(7, 14, and 21 days). Additionally, the aim is to determine the length of egg diameter and reproductive capacity.

Materials and Methods
Entomopathogenic nematode species

In this study, a single species of EPN was employed. The species under investigation was Heterorhabditis
bacteriophora, specifically the HBH hybrid strain, which was developed and patented (TPMK Patent No: TR 2013
06141 B) at the Nematology Laboratory, Department of Plant Protection, Faculty of Agriculture, Bursa Uludag
University. HBH hybrid strain was harvested on Galleria mellonella L., 1758 (Lepidoptera: Pyralidae) last instar
larvae and subsequently stored at a temperature of 4°C (Kaya & Stock, 1997; Ulu & Susurluk, 2014) until further
utilization. For this study, three-day-old isolates were utilized. The HBH hybrid strain is described as a specially
adapted strain to the climatic conditions of Turkiye (Ulu & Susurluk, 2014, 2021; Sahin et al., 2018). 1Js of the
HBH hybrid strain were incubated at temperatures of 15, 25, and 35°C for durations of 7, 14, and 21 days.
Subsequently, their reproductive capacities were determined. Additionally, the body lengths and egg diameters
of the hermaphroditic individuals derived from the incubated 1Js were measured. A temperature of 4°C was
designated as the control group.
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Experimental design

In the experiments, the hybrid strain HBH was preserved in 60 ml of Ringer's solution (Ringer, 1882) within
a 250 ml culture flask with a filter cap, capable of accommodating approximately 1000+20 1Js. The study
encompassed different temperature conditions, namely 4, 15, 25 and 35°C, with storage durations of 7, 14 and
21 days for each temperature setting. Specifically, designated days were assigned for the storage periods at each
temperature. Typically, EPNs are stored at 4°C due to their ability to maintain viability over an extended period
(Ehlers, 2001). Hence, 4°C was utilized as the control temperature in this study to establish a baseline reference.
The reproductive capacity, hermaphrodite length, and determination of egg diameter were assessed using last
instar (6" stage) larvae of G. mellonella, which were employed to be hosts during the inoculation stage. The larvae
were placed in 24-well tissue culture plates, with each well measuring 1.5 cm in diameter and 3 cm in depth. The
plates were covered with 10% moist alluvial soil, and the inoculation process was conducted.

Measurement of hermaphrodite length and egg diameter

Heterorhabditis bacteriophora HBH hybrid strain was kept in incubators with the specified temperatures
and selected days then applied to 24-well tissue culture plates containing G. mellonella larvae. The plates were
covered with 10% moist alluvial soil, and the inoculation process was conducted. Three days after this treatment,
insect larvae were transferred from 24-well tissue culture plates to white traps and two days later, the infected
larvae were dissected to obtain the hermaphrodites contained within. The lengths of hermaphrodites were
measured. The sizes of the eggs were also measured. The identification of obtained hermaphrodite individuals
and eggs was conducted using the Leica DM500® Binocular microscope. The images captured from the
microscope were instantly transferred to a computer using the integrated Leica DFC295® Digital Color Camera.
Subsequently, the analyses performed on the real-time images were conducted using the Leica Application Suite
Version 3.6° (LAS V3.6°) software.

Determining the reproductive capacity of HBH hybrid strain

Heterorhabditis bacteriophora HBH hybrid strain was kept at the specified temperatures (15, 25, and 35°C)
for the indicated days (7, 14, and 21 days) and the reproductive capacity of these strains on G. mellonella was
determined. This phase of the study was generally conducted as follows. Firstly, infection was performed on the
last larval stage of G. mellonella and 1Js obtained as a result of infection were stored at 4°C for 3 days.
Subsequently, these IJs were removed from the storage condition and kept in an incubator at 15°C for 7 days,
after which infection was performed by applying 100 1Js on G. mellonella. After 10-12 days, the reproductive
capacity was determined on white trap. At other temperature values, these strains were kept in incubators for the
specified days and experiments were implemented in the same way. The reproductive capacity was assessed
using last instar G. mellonella larvae, which had an average weight of approximately 300+£10 mg and a length of
approximately 2 cm. The quantity of emerging 1Js was determined as the total number obtained from the larvae
with these characteristics.

Statistical analyses

JMP® Pro 16 software was used to perform analysis of variance on hermaphrodite body length, eggs
diameters and reproductive capacity. Furthermore, the least significant difference test (p < 0.05) was used to
determine the difference between means. All assessments were performed four times, with five measurements
taken at each repetition.

Results
The length of hermaphrodite and eggs diameters of the HBH hybrid strain

According to the results of the study, the longest body length value observed in hermaphrodite individuals
of H. bacteriophora HBH hybrid strain was found in hermaphrodite individuals derived from IJs incubated for 7
days at 15°C. This length value was determined to be 6207.22 um. On the 14" and 21t days at 15°C, these
values were obtained to be 6199.29 um and 5637.46 um, respectively. When the body lengths of hermaphrodite
individuals derived from 1Js incubated for 7, 14, and 21 days at 25°C in the incubator were examined, these values
were found to be 5336.15 um, 5335.98 um, and 5433.51 um, respectively. The body lengths of hermaphrodite
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individuals derived from IJs incubated at 35°C for the specified days were examined, and the longest length value
was observed in hermaphrodite individuals derived from 1Js kept at 35°C for 7 days, and this value was determined
to be 5268.51 um (Figure 1). The body lengths of hermaphrodite individuals derived from 1Js incubated for 14 and
21 days at 35°C were found to be 5213.63 um and 4898.82 um, respectively. Finally, the body lengths of
hermaphrodite individuals derived from 1Js stored at 4°C as a control were determined as a reference. This value
was obtained to be 5253.41 um. Based on all the obtained data, a statistically significant difference was observed
among the values (F=12.79; df= 9,190; p <0.0001) (Table 1).

Table 1. The lengths of hermaphrodite individuals were obtained from the incubation of 1Js at the specified days and temperatures
(MeanzS.E.). There is no statistically significant difference between the values represented by the same letters

EPN Temperatures (°C) Time (day) Hermaphrodite Length (um)+SE F (df); p
4 5253.41+44.32 c
15 6207.22+164.20 a
25 7 5336.15+71.11 bc
35 5268.51+97.51
Heterorhabditis 15 6199.29+225.04 a
bacteriophora HBH 14 F (9,190)=12,79; p <0.0001
Hybrid Strain 25 5335.98+71.10 bc
35 5213.63+111.51 cd
15 5637.46+103.33 b
25 21 5433.51+94.43 bc
35 4898.82+97.04 d

The diameters of the eggs within the hermaphrodite individuals derived from the stored IJs at the specified
days and temperatures were also determined. According to the obtained results, the longest egg diameter was
found within the hermaphrodite individuals derived from 1Js kept for 7 days at 15°C. This diameter value was
determined as 55.65 um. When all the specified days and temperatures were examined, a statistically significant
difference was only observed between the 7" day at 15°C and the 215t days of all temperature values used in the
experiment. No statistically significant difference was found among the other temperature values and days
(F=1.71; df=9,190; p=0.089).

Figure 1. The microscopic image of a hermaphroditic individual derived from 1Js (infective juveniles) stored for 21 days at 35°C.
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The reproductive capacity of the HBH hybrid strain

The 1Js of HBH hybrid strain were kept at the specified temperatures for the indicated days and
subsequently, the reproductive capacity of these individuals was determined on the last instar larvae of G.
mellonella. According to the results, the reproductive capacity was found to be higher in IJs stored for 7 days at
15°C. This value was determined to be 167.500 IJs per G. mellonella larva. At 15°C, on the 14" and 21t days,
these values were obtained to be 157.750 and 149.500 1Js, respectively. The highest reproductive capacity at
25°C was observed in individuals kept in the incubator for 7 days, with a value of 144.500 IJs. The amounts of 1Js
obtained on the 14" and 215 days, at 25 °C were found to be 139.000 and 129.000 1Js, respectively. In this study,
the lowest reproductive capacity was observed in individuals kept for 21 days at 35°C. This value was determined
to be 103.750 1Js. For individuals incubated at this temperature for 7 and 14 days, these values were obtained to
be 133.500 and 118.750 1Js, respectively. Finally, when examining the reproductive capacity of 1Js stored at 4°C
as a control, this value was found to be 119.250 1Js. Statistically significant difference was found between the
obtained values (F= 57.78; df=9,190; p < 0.0001) (Table 2).

Table 2. The reproductive capacity of H. bacteriophora HBH Hybrid Strain 1Js were obtained from the incubation of IJs at the specified days
and temperatures (MeanzS.E.). There is no statistically significant difference between the values represented by the same letters

EPN Temperatures (°C) Time (day) Reproductive Capacity 1J+S.E. F (df); p

4 119.250+2839.50 ¢
15 167.500+3213.86 a
25 7 144.500£2111.99 cd
35 133.500+2812.09 ef

Heterorhabditis 15 157.75042129.83 b

bacteriophora HBH 14 F (9,190)= 12,79; p <0.0001

35 118.7504+2711.45 ¢
15 149.500+1810.06 ¢
25 21 129.000+2039.09 f
35 103.7504£3262.12 h

Discussion

Entomopathogenic nematodes are commonly used in agricultural fields for the purpose of pest control
through biological control (Gaugler, 1988; Gaugler et al., 1997; Shapiro-llan et al., 2006; Campos-Herrera et al.,
2012). However, due to their physiological and morphological characteristics, EPNs are highly susceptible to
extreme temperature and humidity conditions (Kung et al., 1991; Grant & Villani, 2003; Lillis et al., 2022; Lillis et
al., 2023). Such environmental factors can significantly impact their various attributes, including their efficacy on
the host, thereby weakening their overall effectiveness (Shapiro-llan et al., 2011; Ulu & Susurluk, 2014; Zhang et
al., 2019). Temperature, being one of the most prominent environmental factors, plays a crucial role during the
storage and transportation of EPNs. These conditions can greatly influence the survival and quality of the
nematodes; therefore, temperature is recognized as one of the most influential environmental factors affecting
EPNSs (Susurluk & Ehlers, 2008; Ulu et al., 2016; Dede et al., 2022; Dziegielewska et al., 2023).

Recent studies have mainly focused on the effects of temperature on the efficacy of EPNs on the host, their
survival abilities under different temperature conditions, optimal temperature ranges, and longevity at different
temperatures (PGza & Mracek, 2007; El-Lakwah & Yousef, 2013; Ulu & Susurluk, 2014; Lephoto & Gray, 2020;
Ulu et al., 2021; Nouh, 2022). However, there is limited research on the effects of long-term exposure to different
temperatures on their reproductive capacity, the characteristics of hermaphroditic individuals, and eggs (Griffin,
1996; Boff et al., 2000; Mejia-Torres & Saenz, 2013).

Similarly, in a study conducted by Boff et al. (2000) changes in the characteristics (including activity,
reproductive capacity, and body length) of 1Js belonging to a specific strain of Heterorhabditis megidis (Rhabditida:
Heterorhabditidae), stored at different temperature values for nearly 70 days, were determined at biweekly
intervals. The results revealed that individuals kept at 10 and 15°C exhibited the highest activity, reproductive
capacity, and body length. Mejia-Torres & Saenz (2013) conducted a study in which 1Js derived from a specific
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isolate of the Heterorhabditidae family were incubated at different temperatures for up to 16 weeks. Subsequently,
the reproductive capacity, viability, and efficacy of these 1Js were determined. It was determined that the optimal
temperature range for this isolate was between 20 and 25°C. This finding appears to be in line with the results of
the present study.

In the study conducted by Fitters et al. (2001), a specific isolate belonging to the species H. megidis was
incubated at different temperatures for up to three weeks. This study focused on the efficacy and reproductive
capacity of IJs on Otiorhynchus sulcatus (Coleoptera: Curculionidae). The findings of this study revealed that
species stored below 20°C exhibited higher efficacy and reproductive capacity compared to those stored at or
above 20°C. Similarly, in a study conducted by Wang & Grewal (2002), a specific isolate of H. bacteriophora was
exposed to stress factors such as temperature and drought. Subsequently, the reproductive capacity and viability
of the IJs in stock were examined. Based on the obtained data, it was determined that H. bacteriophora is sensitive
to environmental conditions such as high temperature and drought. A decrease in the reproductive capacity of
this species was revealed when exposed to prolonged periods of high temperatures. The results obtained in the
present study are in accordance with these findings. The study conducted by Butliner et al. (2023) the effect of
high temperature and storage duration on H. bacteriophora, Steinernema carpocapsae, and S. feltiae (Rhabditida:
Steinernematidae) isolates was examined. The results of the study revealed that prolonged storage at high
temperatures led to a decrease in the efficacy of these species on their hosts. Additionally, it was observed that
the mortality rates in the 1Js (infective juveniles) increased proportionally with the duration of exposure to high
temperatures. Particularly, the 1Js of H. bacteriophora were significantly negatively affected by high temperatures
and extended storage durations. The results obtained in the present study align with these findings.

According to these results, it has been observed that high temperatures and long-term storage have a
negative effect on the body length of hermaphrodite individuals and egg diameters obtained from IJs preserved
at different temperatures and days. However, it has been determined that the body lengths of hermaphrodite
individuals and egg diameter values obtained at certain temperature values and days are longer than those values
in the control group. While there have been studies examining the impact of high temperatures and long-term
storage on the reproductive capacity of I1Js, no study has been encountered to date regarding the effects of high
temperatures and long-term storage on hermaphrodite individuals and eggs. In this respect, the present study
has provided valuable data for future studies.
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