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Control potentials of some entomopathogenic nematodes against
Asian chestnut gall wasp, Dryocosmus kuriphilus Yasumatsu, 1951
(Hymenoptera: Cynipidae)’

Asya kestanesi gal arisi, Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera:
Cynipidae)'ya karsi bazi entomopatojen nematodlarin mucadele potansiyelleri

Yavuz Selim SAHIN?2 Nimet Sema GENGER? ismail Alper SUSURLUK?
Abstract

The Asian chestnut gall wasp, Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera: Cynipidae), has spread
rapidly worldwide and can cause 80% product loss in chestnut. In the chemical control insecticides are ineffective
because the larvae of the insect are well protected inside the chestnut galls. Various parasitoids of D. kuriphilus have
been reared in Europe. However, native European parasitoids cannot keep the D. kuriphilus population below the
economic threshold. The purpose of this research was to determine the potential of some entomopathogenic
nematodes (EPNs) as an alternative biological control agent. Although EPNs have not been studied on D. kuriphilus
until now, it is known that EPNs can infect some above-ground pests. In this study, two strains of Steinernema feltiae
Filipjev, 1934 (Rhabditida: Steinernematidae) and one strain of Heterorhabditis bacteriophora Poinar, 1976
(Rhabditida: Heterorhabditidae) with the four dosages were applied against D. kuriphilus adults in both chestnut shoots
and petri dishes. The study was conducted in 2019 under laboratory conditions in Bursa (Turkey). The results of the
study indicated that the EPNs can infect D. kuriphilus adults. In addition, the numbers of egg laying of D. kuriphilus
adults exposed to the EPNs decreased.
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Oz

Asya kestane gal arisi, Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera: Cynipidae) diinya ¢apinda
hizla yayiimaktadir ve kestane icinde %80 urtin kaybina neden olabilmektedir. Dryocosmus kuriphilus larvalari kestane
galleri iginde iyi korundugu i¢in kimyasal micadelede, insektisitler etkisiz kalmaktadir. Dryocosmus kuriphilus'un gesitli
parazitoidleri Avrupa'da yetistiriimektedir. Ancak, yerel Avrupa parazitoitleri D. kuriphilus populasyonunu ekonomik
zarar esiginin altinda tutamamistir. Bu arastirmanin amaci, D. kuriphilus'a karsi alternatif bir biyolojik miicadele ajani
olarak bazi entomopatojen nematodlarin (EPN) potansiyelini belirlemektir. Simdiye kadar D. kuriphilus Gizerinde EPN'ler
ile ilgili calisilmamis olmakla birlikte EPN'lerin toprak Usti zararlilarini enfekte edebilecedi bilinmektedir. Bu galismada
4 dozda Steinernema feltiae Filipjev, 1934 (Rhabditida: Steinernematidae)’nin iki irki ile Heterorhabditis bacteriophora
Poinar, 1976 (Rhabditida: Heterorhabditidae)'nin bir irki hem kestane filizlerinde hem de petri kabi deneylerinde D.
kuriphilus erginlerine uygulanmistir. Bu calisma, 2019 yiinda Bursa (Tirkiye)da laboratuvar kosullarinda
gergeklestiriimistir. Calismanin sonuglari, EPN'lerin D. kuriphilus erginlerini enfekte edebildiklerini kanitlamistir. Ayrica,
EPN'lere maruz kalan D. kuriphilus erginlerinin yumurtlama sayisi azalmigtir.
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Introduction

Chemical pesticides used in agricultural fields are a major cause of environmental pollution.
Consequently, the importance of the biological control agents as an alternative to chemical pesticides has
increased (Olson, 2015). Entomopathogenic nematodes (EPNs) in the families Steinernematidae and
Heterorhabditidae are effectively used in place of some insecticides providing environmentally friendly
control (Lacey & Shapiro-llan, 2008). EPNs, which have a symbiotic relationship with Photorhabdus and
Xenorhabdus bacteria, enter insect hemolymph through natural openings. After penetration, the EPNSs,
release their symbiotic bacteria and the infested insects die from septicemia within 24 to 48 h (Stock &
Blair, 2008). EPNs are naturally present in soil so are especially used to control soil-dwelling insect pests
(Wright et al., 2005). Also, they have the potential to suppress above-ground insect pests such as
grasshoppers and cockroaches (Morton & Garcia-del-Pino, 2013; Sahin et al., 2018). The spectrum of
insects susceptible to the EPNs is quite broad. Insects from 17 orders and 135 families have been found
to be vulnerable to the EPNs (El-Kady et al., 2014).

The Asian chestnut gall wasp Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera: Cynipidae),
native to China, is the only member of the Cynipidae family that attacks the Castanea genus (Stone et al.,
2002; Abe et al., 2007; Gehring et al., 2018). Originally from China, D. kuriphilus was the first identified in
Japan in 1941 and then in Korea. It was transmitted to Nepal in 1999 and to the USA with plant material
imported from China in 1974. It was first identified in Europe in northern Italy in 2002, and then in Slovenia,
France, Switzerland, and Hungary (Panzavolta et al., 2012). The first record of the D. kuriphilus in Turkey
was made by Cetin et al. (2014). Over the past 20 years, the pest has spread to 25 countries in Asia,
Europe and North America. Its rapid spread across different regions has resulted in considerable ecological
and economic damage making D. kuriphilus one of the most important chestnut pests worldwide (Avtzis et
al., 2019).

Dryocosmus kuriphilus females lay eggs in axillary buds of Castanea spp. during the summer. The
eggs generally hatch in 30-40 days and the first instar of larvae overwinter inside the buds until spring
comes (Avtzis et al., 2019). Larvae, which feed inside the bud during the spring, cause flower abortion and
the inhibition of female flower formation (Gehring et al., 2018). Thus, fruit yield of the chestnut, Castanea
spp., can decrease by 80% (Battisti et al., 2014; Avtzis et al., 2019).

The first attempts to limit the damage of D. kuriphilus were to develop resistant chestnut cultivars
that were initially effective (Avizis et al., 2019). In chemical control, contact-effect insecticides are
ineffective, because the larvae of D. kuriphilus are well protected inside the chestnut gall (Bosio et al.,
2009). Another problem that makes insecticide use unsuccessful is the difficultly of determining the best
control time because D. kuriphilus adult emergence date can change and the adults die within 10 days
(Germinara et al., 2011; Bernardo et al., 2013). For biological control, 44 species of parasitoids of D.
kuriphilus in six families have been reared in Europe (MatoSevi¢ & Melika, 2013; Quacchia et al., 2013;
Kos et al., 2015). Although the parasitoid Torymus sinensis Kamijo, 1982 (Hymenoptera: Torymidae) is
known to be effective against the D. kuriphilus in some countries (Moriya et al., 2003; Yara, 2006; Quacchia
et al., 2014), the parasitoid cannot keep the D. kuriphilus population below the economic threshold,
especially in Europe and Middle East (Santi & Maini, 2011; MatoSevi¢ & Melika, 2013; Quacchia et al.,
2013; Askew et al., 2013; Kos et al., 2015; Francati et al., 2015).

Nevertheless, EPNs can be a successful alternative for biological control of D. kuriphilus because,
EPNs have potential to be effective against above-ground insect pests (El-Kady et al., 2014; Sahin et al.,
2018). The purpose of this study is to determine the potential of some EPN strains, two strains (TURS3
and STEb) of Steinernema feltiae Filipjev, 1934 (Rhabditida: Steinernematidae) and one strain (HBH) of
Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae), against D. kuriphilus as the
biological control agents.
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Materials and Methods
EPNs production and application dosages

Three different strains of the EPNs, Steinernema feltiae TURS3, S. feltiae STE5, Heterorhabditis
bacteriophora HBH, were used in this study. The 2 or 3-day-old infective juveniles (IJs) of these strains
obtained by in vivo production were used against D. kuriphilus. The final instar larvae of great wax moth,
Galleria mellonella (Linnaeus, 1758) (Lepidoptera: Pyralidae) were used for in vivo production of the EPNs
used (McMullen & Stock, 2014).

The EPNs were applied to adult (female) D. kuriphilus both in Petri dishes and chestnut shoots
(Figure 1). The dosages of the EPNs applied in Petri dishes were 20, 50, 100 and 200 IJs per cm?. The
numbers of the IJs per D. kuriphilus adult in Petri dishes were about 57, 141, 283 and 564, respectively.
Plain water was applied for the control.

Dryocosmus kuriphilus
adult

1t axillary
bud

2" axillary

Dryocosmus kuriphilus
adults

Figure 1. a) Dryocosmus kuriphilus adults in a plastic Petri dish; b) gall-free shoots with three axillary buds.

The solution of EPNs diluted with distilled water and were applied on the chestnut shoots by spraying
(Shapiro-llan et al., 2006). For this, gall-free shoots containing three axillary buds were used (Figure 1).
The application dosages on the shoots were 20, 50, 100 and 200 [Js/10 pl. (Susurluk, 2008). About 10 pl
of the used dosages accumulated on each bud. Distilled water was applied as a control.

Dryocosmus kuriphilus adults

In spring 2019, 2-year old-shoots with galls (30-40 cm long) (a total of 50 shoots) and current shoots
with buds (30-40 shoots) were collected from chestnut orchard in Bursa Province (Cumalikizik Village,
40°10'21” N, 29°10’16” E) in northwestern Turkey, between May and June at weekly intervals. In order to
obtain D. kuriphilus adults, we separated the galls from shoots and placed them in cardboard culture boxes.
The emergence of the adults that reproduce by thelytokous parthenogenesis (Zhu et al., 2007) was
checked daily and were used as soon as after hatching.
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Mortality of Dryocosmus kuriphilus in Petri dishes

Plastic Petri dishes with a diameter of 6 cm were used for D. kuriphilus inoculation. Sterile moist filter
paper (80% RH) in the Petri dishes were inoculated with the EPNs at the doses give above. Then 10 of D.
kuriphilus adults were placed on the filter paper (Figure 1a). The lid of the Petri dishes was closed and it
was incubated at 24°C in the dark. Water was applied for the control. The D. kuriphilus adults that died
after 5 days were dissected to determine, whether they were infected by the EPNs. This experiment was
repeated three times for each EPN strain and dosage (Figure 2).

Effects of EPN on Dryocosmus kuriphilus egg number in buds

As soon as D. kuriphilus adults emerge from the chestnut galls they begin to lay eggs in the buds
and die within 7 days (Germinara et al., 2011; Bernardo et al., 2013). Even if these adults are infected by
EPNs when they reach the buds, it can take up to 1 or 2 days for EPNs to kill the insects (Stock & Blair,
2008). For this reason, an egg counting method was used to determine the effectiveness of EPNs in
controlling females of D. kuriphilus. The gall-free shoots were put in plastic bottles (100 ml) filled with water
and then the EPNs were applied by spraying the shoots (Shapiro-llan et al., 2006). As control, distilled
water was applied. Only one D. kuriphilus female was released on each shoot, then immediately the shoots
in the bottle were covered with tulle (Figure 1b). These shoots were kept at 25°C under laboratory
conditions with a 10:14 h L:D photoperiod. After 10 days, the tulle was removed and the numbers of eggs
laid in buds counted. Five shoots were used in each batch. The batches were run for each EPN strain and
dosage (Figure 3).

Statistical Analysis

The mortality and spawning rate of D. kuriphilus were examined using analysis of variance, as of the
data was normally distributed. LSD test (P<0.05) was used to determine the difference between means in
JMP®7.0 software.

Results and Discussion
Mortality of Dryocosmus kuriphilus adults in Petri dishes

At 25 IJs/cm?, TURS3 caused 20% mortality of D. kuriphilus adults and was statistically more
effective than the control. Mortality of D. kuriphilus adults caused by STE5 and HBH was not significant at
13% and 6.7%, respectively. The effect of HBH was not statistically different from the control. At 50 IJs/cm?,
TURS3, STE5 and HBH caused 60, 47 and 33% mortality, respectively, differences between the mortality
rates being statistically significant. At 100 IJs/cm?, HBH and TURS3 caused 67 and 60% mortality,
respectively, but these values were not statistically different. The highest mortality was 87% with STE5. At
200 IJs/cm?, STE5 and TURS3 gave 100 and 93.3% mortality, respectively, but these values were not
statistically different. However, with HBH at this dosage was 73% being significantly lower than STE5 and
TURSS3, and higher than control (Figure 2).
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Figure 2. The mortality of Dryocosmus kuriphilus adults in Petri dishes. TURS3 and STE5 are strains of Steinernema feltiae, and HBH
of Heterorhabditis bacteriophora. Mean * SE followed by the same letter are not significantly different (F=95.0, df=12,26,
P<0.0001).

Mean number of Dryocosmus kuriphilus eggs in each bud

At of 25 IJs/cm?, the mean numbers of eggs in the buds with TURS3, STE5 and HBH applied were
not significantly different from the control (34, 36 and 36, respectively). At 50 IJs/cm?, the mean numbers
of eggs in the buds with STE5 and HBH applied were not significantly different from the control (34 and 35,
respectively). At 100 IJs/cm?, the highest number of eggs determined was 37. The lowest egg number was
22 with TURS3 were applied. At 200 IJs/cm?, the mean numbers of eggs in the buds treated with TURS3,
STE5 and HBH were 15, 30 and 25, respectively, with the differences between these values being
statistically significant (Figure 3). Steinernema feltiae TURS3 and STES were generally found to be more
effective than H. bacteriophora HBH in terms of killing D. kuriphilus.
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Figure 3. The average numbers of Dryocosmus kuriphilus eggs on each shoot [TURS3 and STES5: Steinernema feltiae, HBH:
Heterorhabditis bacteriophora. Means (Means + SE) followed by the same letter are not statistically significant (F=25.3,
df=12,176, P<0.0001)].
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Dryocosmus kuriphilus, an important pest of Castanea spp., continues to spread worldwide (Avtzis
et al., 2019). The first attempts to suppress parasitism of D. kuriphilus initially focused on using resistant
cultivars of Castanea crenata Siebold & Zucc. in the world. Although the use of resistant cultivars is not a
sufficiently effective solution, some resistant chestnut cultivars are commercially used by some growers
(Nugnes et al., 2018; Avizis et al., 2019). However, for the control of D. kuriphilus recent studies have
focused on biological control agents that may provide an alternative to insecticides (Avtzis et al., 2019),
because of insecticides are not effective against D. kuriphilus larvae, since larvae of the insect are well
protected inside the chestnut galls (Bosio et al., 2009).

In the application made on the chesnut shoots in this study, even if D. kuriphilus adults are infected
by used EPNs as soon as they reach the buds, D. kuriphilus death occurs within 2 days. As the EPN
dosages increased, the average number of eggs laid in the galls by D. kuriphilus adults decreased. These
results show that the infected D. kuriphilus adults can continue to lay eggs until their death. However, the
decrease in the mean numbers of eggs laid compared to the control is promising in terms of biological
control. As the viability of the D. kuriphilus adults decreased with infection by EPNs, the amount of egg
laying decreased. Thus, in the shoot experiment, numbers of laid eggs were recorded rather than the
lifespan of the adults.

The use of parasitoids as biological control against D. kuriphilus as an alternative control method
has been studied by many researchers (Speranza et al., 2008; Quacchia et al., 2013; MatoSevi¢ et al.,
2014; Avtzis et al., 2019). According to their results, the use of parasitoids against D. kuriphilus has not
been effective to the needed level (Santi & Maini, 2011; Askew et al., 2013; MatoSevi¢ & Melika, 2013;
Quacchia et al., 2013; Kos et al., 2015; Francati et al., 2015). However, no study on the use of EPNs in the
controlling of D. kuriphilus has been undertaken to date. Although EPNs have the potential to infect above-
ground pests, they are mostly used to control pests of soil borne insect pests (Wright et al., 2005; Sahin et
al., 2018) because there are important factors such as temperature, ultraviolet radiation and humidity that
mostly make the above-ground application unsuccessful (Georgis et al., 2006; Lacey & Georgis, 2012).
Despite all these factors, many studies are underway to enable the use of EPNs for the control of above-
ground insect pests and remarkable results have been achieved (Maketon et al., 2010; Beck et al., 2013;
Sahin et al., 2018; Platt et al., 2019). Similar to our study, Cutler et al. (2017) have achieved control of
adults of some cockroach species [Blaptica dubia (Serville, 1838), Gromphadorhina portentosa Schaum,
1853) and Nauphoeta cinerea (Olivier, 1789)] using Heterorhabditis and Steinernema spp. In addition, H.
bacteriophora were successfully used against adults of Locusta migratoria by Sahin et al. (2018). Schroer
& Ehlers (2005), used EPNs Steinernema carpocapsae (Weiser, 1955) with a formulation containing 0.3%
of the surfactant Rimulgan and 0.3% of the polymer, xanthan gum, on cabbage foliage to control the
diamondback moth, Plutella xylostella (Linnaeus, 1758), larvae. With these formulations, 80% of the larvae
of the insect died within 58 h. Similarly, in the present study, at a dosage of 200 IJs/cm?, S. feltiae STE5
and TURS3 caused more than 80% mortality of D. kuriphilus adults. Also, Van Damme et al. (2016)
reported that foliar application of EPNs S. feltiae, S. carpocapsae and H. bacteriophora to tomato leaf for
control of Tuta absoluta (Meyrick, 1917) larvae were effective with mortality of fourth instars being between
77 and 97%. Also, in the same study, S. feltiae and S. carpocapsae were more effective than H.
bacteriophora against T. absoluta. Also, Hussein and El-Mahdi (2019) formulated three EPNs strains (H.
bacteriophora BA1, S. carpocapsae BA2, S. feltiae OBIIl) using mixed polymer based on calcium alginate
to control Thrips tabaci Lindeman, 1889, on onion plants. Significant differences were observed in the
mortality of the T. fabaci population. The highest mortality was caused by S. carpocapsae BA2 and S.
feltiae OBIII, and the lowest mortality was with H. bacteriophora BA1. Consistent with these two studies, in
the present study, S. feltiae STE5 and TURS3 were more effective against D. kuriphilus adults than H.
bacteriophora HBH especially at 200 1Js/cm? in both Petri dish and shoot experiments. Considering studies
that had been reported, in general Steinernema spp. appears to be more effective than Heterorhabditis
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spp. in above-ground applications. According to the results of the present study, as similar result was found
for D. kuriphilus and perhaps if protective formulations were used the effectiveness of the EPNs tested
would be improved.

In the future, the use of EPNs against above-ground targets will become more effective. Efforts to
develop the above-ground application techniques, which are currently underway, will continue to increase
the effectiveness of EPNs. Control potential of used EPNs in the study against D. kuriphilus supports
improvement of these above-ground applications.

Conclusions

This study is the first attempt to control of D. kuriphilus by using of EPNs. In this study, EPNs sprayed
on the gall-free shoots were effective in reducing egg numbers of D. kuriphilus in the buds. With the EPN
strains (TURS3, STE5 and HBH) used, the mean numbers of D. kuriphilus eggs in the buds decreased
statistically as dosage increased. This study shows that the EPNs can cause a reduction in the numbers
of D. kuriphilus eggs, which is important for reducing D. kuriphilus damage in chestnuts. One of the
important implications of this study is that EPNs might be successfully be used for controlling of D. kuriphilus
in the future. It is suggested that the present study will contribute to the development of the above-ground
EPN application techniques.
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