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Abstract

In this study, the distribution, life cycle and associations with fungi
of the alien invasive species Leptoglossus occidentalis Heidemann,
1910 (Hemiptera: Coreidae) in Tiirkiye were investigated. During
the study, conducted between 2019 and 2021, the pest was found to
have spread across 35 provinces in Tiirkiye. The biological data ob-
tained in the study were divided into ecologically similar sub-regions
(Ankara-Cankiri-Kirsehir, Artvin, Isparta-Burdur, Izmir-Aydin-
Manisa-Mugla-Antalya) in order to reveal the life cycle of the spe-
cies. Additionally, host plant and insect samples were examined for
the presence of Diplodia sapinea (Fr.) Fuckel (pine shoot blight agent)
and entomopathogenic fungi species through morphological and mo-
lecular identification methods. Consequently, it was found that Lep-
toglossus occidentalis has two generations in Tiirkiye. The timing of
the first flight was in early May-mid June and the second generation
was from mid-July to late August. Although Diplodia sapinea was
detected in some of the sampled host plant tissues, it could not be iso-
lated from Leptoglossus occidentalis individuals. Accordingly, it did
not find any evidence that Leptoglossus occidentalis vectors Diplodia
sapinea although the insect and the fungus cooccurs in sampling ar-
eas. Although it was detected 25 fungal species isolated from Lep-
toglossus occidentalis adults, none of them were entomopathogenic
fungal species. It has been revealed that the pest has spread almost all
over Tirkiye and has become an important risk factor affecting seed
yield and quality in coniferous species.

Keywords: Western conifer seed bug, alien invasive species, biology,
Diplodia sapinea, Tiirkiye

Oz

Bu ¢aligmada yabanci istilaci bir tiir olan Leptoglossus occidentalis
Heidemann, 1910 (Hemiptera: Coreidae)’in Tiirkiye’deki yayilisi, bi-
yolojisi ve funguslarla iligkisi aragtirtlmistir. 2019-2021 yillar1 ara-
sinda yiriitiilen bu ¢alisma boyunca 35 ilde zararlinin yayilis1 tes-
pit edilmistir. Calismada elde edilen biyolojik veriler, yogun olarak
ornekleme yapilan yerlerde ve ekolojik olarak benzer alt bolgelere
(Ankara-Cankiri-Kirsehir, Artvin, Isparta-Burdur, Izmir-Aydin-Ma-
nisa-Mugla-Antalya) ayrilarak tiiriin biyolojisi ortaya konulmustur.
Ayrica, konukgu bitki ve bocek ornekleri Diplodia sapinea (Fr.)
Fuckel (¢am siirgiin yanikligi etmeni) ve entomopatojenik fungus
tiirlerinin varligr agisindan morfolojik ve molekiiler tanimlama
yontemleriyle incelenmistir. Sonug olarak Tiirkiye’de tiiriin iki gene-
rasyona sahip oldugu belirlenmistir. Birinci ugma zaman1 mayis basi-
haziran ortasi, ikinci generasyonun ise temmuz ortasindan agustos
sonuna kadar oldugu tespit edilmistir. Orneklenen bitki dokularinin
bazilarinda D. sapinea tespit edilmis olmakla birlikte, Leptoglossus
occidentalis’ten izole edilememistir. Buna gore, 6rnekleme alanla-
rinda bocek ve fungus birlikte bulunmasina ragmen Leptoglossus
occidentalis’in Diplodia sapinea’nin vektori olduguna dair herhangi
bir kanit bulunmamustir. Leptoglossus occidentalis’ten izole edilen
25 mantar tiirli tespit edilmesine ragmen, tamaminin entomopatojen
fungus olmadigi belirlenmistir. Zararlinin Tiirkiye’nin hemen hemen
tamamina yayildigi ve ibreli tiirlerde tohum verimi ve kalitesi {izerin-
de dnemli bir risk etmeni haline geldigi ortaya konulmustur.

Anahtar Kelimeler: Cam kozalak emici bocegi, yabanci istilaci tiir,
yasam dongiisii, Diplodia sapinea, Tiirkiye
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1. Introduction

The course of spread, life cycle, damage, and ad-
aptation to new ecosystems of a newly introduced
species may differ from the insect’s native area. Fa-
vorable climatic parameters in the new ecosystem
can lead to changes in the life cycle characteristics
of the alien insect species, such as the number of
generations and ovipositions, mortality because of
warmer winters and/or lower natural enemy pres-
sure. As a result, establishment success and dam-
age level of the alien insect species can significant-
ly increase in the new ecosystem (Richardson and
Rejmanek, 2011; Liebhold et al., 2017).

Western conifer seed bug, Leptoglossus occiden-
talis Heidemann, 1910 (Hemiptera: Coreidae) is
native to western North America. Its first record
out of North America was from Italy in 1999 (Villa
et al., 2001). It expanded its range in Europe rap-
idly (Barta, 2009; Petrakis, 2011; Putshkov et al.,
2012). It was found in Asia in 2008 (Japan, Ishi-
kawa and Kikuhara, 2009), Africa in 2011 (Tu-
nisia, Ben Jaama et al., 2013) and South America
in 2017 (Chile, Faundez and Rocca, 2017). It was
first recorded in Tiirkiye in September 2009 in Is-
tanbul-Sariyer (Arslangiindogdu and Hizal, 2010)
and October 2009 in Edirne (Fent and Kment,
2011). It spread rapidly in Tiirkiye and has been
found so far in Afyonkarahisar, Ankara, Antalya,
Artvin, Balikesir, Bilecik, Bolu, Burdur, Bursa,
Corum, Denizli, Diizce, Edirne, Eldzig, Erzin-
can, Eskigehir, Giresun, Isparta, [zmir, Karabiik,
Kastamonu, Kayseri, Kirklareli, Kiitahya, Manisa,
Mugla, Ordu, Osmaniye, Sakarya, Samsun, Sinop,
Tekirdag, Tokat, Usak, Yalova, Yozgat and Zongul-
dak (Hizal and Inan, 2012; Yildirim et al., 2013;
Cerci and Kocak, 2016; Dursun, 2016; Ozgen at al.,
2017; Oguzoglu and Avci, 2020; Cergi et al., 2021;
Kalkan et al., 2021).

Voltinism of L. occidentalis seems to be deter-
mined mainly by temperature (Tamburini et al.,
2012). In North America, it has one generation per
year; however, it can have up to three generations
per year in Central America and Europe (Ipekdal et
al., 2019 and references therein). In Tiirkiye, it has
two generations in the southwest (Oguzoglu and
Avet, 2020). However, Ipekdal (2022) showed the-
oretically that L. occidentalis can potentially have
one to five generations per year depending on the
locality and altitude in Tiirkiye. The host plants of
the species recorded so far in Tiirkiye are Abies sp.,
A. concolor, Pinus brutia, P. nigra, P. pinea, P. ra-
diata and P. sylvestris (Arslangiindogdu and Hizal,
2010; Hizal and Inan, 2012; Hizal, 2012; Dursun,
2016; Ozek and Avci, 2017; Parlak, 2017; Ozgen et
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al., 2017; Oguzoglu and Avci, 2020).

The damage of the species has come to the agen-
da with the decrease in pine nut yield especially
in Bergama, Izmir. Feeding on conifer seeds, it is
not only an important economic pest due to pine nut
loss, but it reduces the rate of natural regeneration
potential of coniferous forests. It is also known to
vector some fungal agents, especially the pine shoot
blight agent, Diplodia sapinea (Luchi et al., 2012).

2. Material and Methods

2.1. Studies on the distribution and life cycle of
L. occidentalis

In order to determine the distribution of the pest,
we carried out field studies at a total of 366 points
in 35 provinces in Aegean, Black Sea, Central
Anatolia, Marmara, and Mediterranean Regions of
Tiirkiye. Field visits were conducted in forest are-
as, urban parks and gardens between April and No-
vember from 2019 to 2021. We checked the cones
on coniferous hosts for the presence of adults and
nymphs, and needles for eggs. We recorded the lo-
cation, date, coordinates (WGS84), elevation (m),
and host tree species.

In order to determine the life cycle and voltinism
of the pest, we carried out field observations in Ae-
gean, Marmara, and Mediterranean Region (An-
talya, Aydin, Izmir, Manisa, Mugla), Black Sea Re-
gion (Artvin), Central Anatolia Regions (Ankara,
Cankiri, Kirsehir) and Inner Western Mediterrane-
an Region (Burdur, Isparta). During regular field
visits two to three times per month between April
and November from 2019 to 2021, we recorded the
number of eggs, nymphs, and adults along with the
locality and date.

2.2. Studies on the fungal associations of L.
occidentalis

In order to determine the role of L. occidentalis as
a vector of D. sapinea, and to identify entomopath-
ogenic fungal species associated with the pest in-
sect, we carried out the following studies.

2.2.1. Plant and insect sampling

We carried out the samplings in the summer of
2020. The locations where the samples were col-
lected and information about the samples are given
in Table 1. Among the shoots with cones on which
L. occidentalis was detected, at least four shoot
samples per tree were collected from one to three
different trees. We took care to collect healthy
shoots with last year’s needles and one or two old
cones. If tip blight or desiccation was observed on



the shoots, cone samples (symptomatic samples)
were collected from the shoot and the tree or from
the ground in order to determine whether these
desiccations were caused by D. sapinea.

For fungus isolation, three shoot samples and im-
mature cones were separated per tree in the labo-
ratory. For molecular studies, only one shoot and
one immature cone were separated from each tree,
placed in a ziplock bag and stored at -20 °C. Symp-
tomatic specimens and opened cones were allowed
to dry, then placed in paper bags and stored in a
dry, moisture-free environment until examination.

2.2.2. Morphological detection of D. sapinea
from plant samples

We carried out fungus isolation studies from shoot,
cone and seed samples by using classical cultur-
ing method in a tannic acid medium through the
following steps: surface sterilization, culturing in
medium, and examination of isolated fungi.

Shoot samples were cut into 10-15 cm lengths and
the needles were cleaned (Figure la). The surface
was then subjected to sterilization (Figure 1b). Dur-
ing this process, the samples were firstly soaked in
4% NaOCl for 10 min, then washed twice for 5 min
each in sterile distilled water and allowed to dry
on blotting paper under aseptic conditions. After
surface sterilization, approximately 1 cm pieces
were cut from the shoots, vertically cut in half and
placed in the medium. Buds were subjected to the
same treatment. One- and two-year-old cones were
first vertically cut in half and then cut into as small
as possible slices and transferred to the medium
(Figure 1c). Seeds were extracted from the cones
under sterile conditions and placed on the medi-
um (Figure 2). Mycelia emerging from seeds were
subcultured to fresh PDA and cultures incubated at
22°C for morphological and molecular identifica-
tions. Isolates were examined under a compound
microscope and grouped according to morphologi-
cal characteristics of Diplodia species.

2.2.3. Molecular detection of D. sapinea from
plant and insect samples

In order to detect D. sapinea in plant and insect
samples by molecular methods, we carried out the
following studies: surface sterilization of plants
and insects, DNA isolation from plants and insects,
and PCR.

Surface of L. occidentalis adults and healthy shoot
samples on which the insects were found were ster-
ilized following the methods described by Stanosz
et al. (2001).
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Figure 1. Preparation of shoot samples for surface
sterilization (a), soaking the samples in NaOCl (b),
dividing the shoots, buds and young cones into small
pieces under aseptic conditions and culturing in media
©
Sekil 1. Siirgiin 6rneklerinin yiizey sterilizasyonuna
hazirlanmasi (a), 6rneklerin yiizey sterilizasyonu igin
NaOC[I’de bekletilmesi (b) ve siirgiin, tomurcuk ve geng
kozalaklarin aseptik kosullarda pargalanmasi ve besi
ortamina ekimi (c)

Figure 2. Extraction of seeds from surface sterilized
cones under aseptic conditions and culturing in media
Sekil 2. Yiizey sterilizasyonuna tabi tutulan kizilgam

kozalaklarindan tohumlarin aseptik kosullarda
c¢ikarilmasi ve besi yerine ekimi

DNA extraction was performed on the powdered
branch and insect samples using the QIAamp DNA
Stool Mini Kit (Qiagen, Germany). The DNA was
cleaned with GeneJET Genomic DNA Purifica-



tion Kits (Thermo Fisher Scientific). The amount
and purity of DNA obtained were measured at 260
nm wavelength in spectrophotometer. The average
amount of DNA obtained from plants and insects
was determined as 110 ng/ul.

Primers (DpF, DpR) and probes (DpP), and PCR
conditions given by Luchi et al. (2005) were used.
All PCRs were conducted by using a BioRad Mini
Cycler and 300 nm from each primer, 200 nm
fluorogenic probe, 12.5 ul TagMan Master mix and

Sul DNA (totally 25 ul). For each DNA sample,
three replicates were amplified.

DNA sample from D. sapinea TrPb0l isolate avail-
able in the laboratory was used in the standard
curve. The standard DNA concentration was meas-
ured as 90 ng/ul at 260 nm. Using eight dilutions
of this DNA, standard spots (100, 20, 4, 0.8, 0.16,
0.032, 0.0064, and 0.0013 ng) were generated. In
RT-PCR cycles, the Ct value was defined as the
point at which the reporter fluorescence signal was
first recorded.

Table 1. Sampling localities where insects, pine shoots and cones were collected for the detection of Diplodia
sapinea (n.a.: not available)
Tablo 1. Diplodia sapinea’nin tespiti amaciyla toplanan ¢am siirgiin ve kozalak 6rneklerine ve 6rnekleme
lokasyonlarina ait bilgiler (n.a.: bilgi yok)

g L. occidentalis Number of Sample
:I)D Province Coordinates  presence -den-  Host species Date sampled nop
~ sity trees
L 38°27°82” N . ,
_ Izmir 28°02°92” E present —n.a. Pinus brutia 25.06.2020 7 1-7
[+ o ) E2)
) [zmir, Foga, Kozbeyli 38042 ,35,, N present - high  Pinus brutia 07.08.2020 3 17-19
<qt) 26°53’48” E
L 39°15°24” N . .
[zmir, Bergama, Kozak 27°08°42” E present - n.a. Pinus pinea  08.08.2020 4 20-23
R . 40°30°51” N . .
é § Cankiri, Eldivan 33926°06” E present - low Pinus nigra  08.09.2020 3 24-26
<
o = 40°35°45” N
@) i . . ]
< Cankiri, Central 33936'28" E present - low Pinus nigra 02.09.2020 2 27-28
37°53’47” N . Pinus nigra,
Isparta 30°23°03” E present - medium Pinus brutic 26.07.2020 5 8-12
= Antalya, Manavgat, 36°47°54” N . .
§ Sarilar 31°04°46” E present - n.a. Pinus brutia 28.07.2020 1 13
g Antalya,Aksu, 37°02°51” N . .
2 Kursunlu 30°48°10” E n.a. Pinus brutia 28.07.2020 1 14
5 o212
é) Antalya, Aksu gz)ogg,g,, I]::I n.a Pinus brutia 28.07.2020 1 15
Antalya,Aksu, 37°06’13” N . .
Yesilkaraman 30°48°33” E n.a. Pinus brutia 28.07.2020 1 16

2.2.4. Molecular detection of entomopathogenic
fungi from insect samples

Dead and unhealthy insects were brought to the lab-
oratory in separate sample containers. In the labo-
ratory, their surfaces were sterilized in 1% NaOCl
for 5 min, then rinsed three times with distilled wa-
ter and placed in Petri dishes containing moist filter
paper. The insects were incubated at 25°C for one
week and during the incubation period, the adults
were checked daily for fungal growth.

Prior to DNA isolation, fungal isolates were grown
on Malt extract agar medium with a cellophane
membrane for one week at 24°C. The mycelia were
scraped with a sterile scalpel and lysed with liquid
nitrogen and DNA extraction was performed with
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a commercial kit (E.Z.N.A Plant Mini Kit Omega).

Twelve fungal DNA extracts were amplified for
their ITS1-5.8S-ITS2 regions between 18S and
23S rRNA subunits by using 5- TCCGTAGGT-
GAACC TGCGG-3’ and 5TCCTCCGCTTATT-
GATATATC G- 3’ primers (White et al., 1990).
The PCR reaction mixture for amplification was
prepared as 200 uM of each dNTP, 100 pmol of
each primer, 2.5 units of Tag-DNA-polymerase, 5
ul of 10X Taq DNA polymerase reaction buffer, 50
ng of genomic DNA and 50 pl of final volume of
ddH20. 5 pl of the products obtained as a result
of the PCR reaction were electrophoresed in 1%
agarose gel with 0.5 pg/ml ethidium bromide for
45 minutes at 90 V and visualized in BioRad gel
imaging device.



3. Results and Discussion
3.1. Distribution

To determine the distribution of L. occidentalis in
Tiirkiye, 366 observations were recorded, and 3114
individuals were counted in 35 provinces. With the
present study, the current distribution of the pest
includes 51 provinces in Tiirkiye (Figure 3). The
highest number of individuals was recorded in Is-
parta (2036), Izmir (497) and Mugla (108) (Table

2). It was found at elevations ranging from sea level
to 2016 m (Table 3). The highest number of indi-
viduals (30.8%) was found between 501 and 1000
m, followed by 1001-1500 m (28.7%) and 0-500 m
(22.3%)).

The host species on which L. occidentalis individu-
als were recorded were Abies nordmanniana, Picea
pungens, Pinus brutia, P. halepensis, P. mugo and
P. nigra.

e 2
ds
- New records
o e S G A
i I -
( 0 96 192 288 km|
. ISR A Y

Figure 3. Turkish provinces where Leptoglossus occidentalis has been recorded so far
Sekil 3. Leptoglossus occidentalis’in Tiirkiye’de yay1lis yaptigi tespit edilen iller

3.2. Life cycle

The beginning and end of overwintering of the
adults were observed in Artvin, Bursa, Diizce,
Isparta, Istanbul, and Kastamonu provinces (Ta-
ble 4). Generally, the end of overwintering was in
April and May 2019, and the beginning of overwin-
tering was in October 2019 and November 2020. In
all our observations, the overwintering individuals
were adults. We found two main oviposition peri-
ods in the observed localities. Thus, we concluded
that L. occidentalis has two generations per year
in Tirkiye (Figure 4). Depending on the altitude
and latitude, the first oviposition period was be-
tween early May and mid-June, and the second one
was between mid-July and late August. First instar
nymphs were observed in the second week of May
and second, third, and fourth instar nymphs were
observed in mid-June. Fifth instar nymphs were
observed in mid-July. There was no clear distinc-
tion between the nymphal stages, and they all had
intertwined. Thus, we found all nymphal stages
together both in the first and second generation.
Nymphal stages of the second generation were
completed at the end of October, and the adults
moved to the overwintering sites.

The time-dependent changes of egg and nymph
numbers in the Central Anatolia Region, Artvin,
Isparta and Burdur provinces, Marmara Region,
Izmir, Aydin, Manisa, Mugla and Antalya prov-
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inces are given in the graphs (Figure 5). When the
biological periods of the species by regions are ex-
amined; it is seen that the egg period of the first
generation starts in April in Artvin and Aegean
and Mediterranean Regions, and in May in other
regions. The egg period of the second generation
was found to be from mid-July to early August in
Artvin, throughout August and early September in
the Inner West Mediterranean Region and in Au-
gust in the Marmara, Aegean and Mediterranean
Regions.

Leptoglossus occidentalis has one generation per
year in its native range, western North America.
However, it adapts to the climate in its introduced
ranges. For example, it has three generations in
Mexico (Koerber, 1963; Cibrian-Tovar et al., 1986;
Mitchell, 2000), one to three generations in Italy
and Spain (Bernardinelli et al., 2006; Maltese et
al., 2009; Tamburini et al., 2012; Mas et al., 2013).
In Tirkiye, two generations were detected with
the data collected from Afyonkarahisar, Bilecik,
Burdur, Kastamonu and Mugla, and mostly Ispar-
ta (Oguzoglu and Avci, 2020). Similar results were
obtained in the present study. However, based on
degree-day calculations, ipekdal (2022) showed
that up to five generations are possible in south-
ern Tiirkiye. Therefore, open field experiments are
needed to solve this hypothesis which remains a
topic of future studies.



We found that L. occidentalis is active between
April and October which is compatible with Farinha
et al. (2018) who determined the activity between
May and November. Barta (2016) found the highest
number of eggs in early June. We found two peaks
of egg laying, in mid-May and late August.

Table 2. The number of Leptoglossus occidentalis eggs,
nymphs, and adults according to provinces
Tablo 2. illere gore Leptoglossus occidentalis’in
yumurta, nimf ve ergin birey sayilar1

Provinces OI;;T\?;ESES Eggs Nymphs Adults Total
Isparta 167 154 1052 830 2036
Izmir 59 0 390 107 497
Mugla 13 0 53 55 108
Kirgehir 7 8 42 29 79
Artvin 19 21 23 24 68
Antalya 12 0 29 17 46
Istanbul 8 16 9 12 37
Bursa 8 0 2 31 33
Diizce 9 0 25 7 32
Denizli 2 0 0 31 31
Afyonkarahisar 2 0 18 4 22
Manisa 9 0 15 4 19
Burdur 8 0 9 8 17
Aydin 3 0 11 1 12
Canakkale 4 0 8 3 11
Usak 1 0 6 3 9
Bolu 2 0 3 5 8
Cankiri 6 0 0 8 8
Kirklareli 2 6 0 2 8
Ankara 5 0 1 3 4
Balikesir 2 0 1 3 4
Mersin 2 0 0 4 4
Konya 1 0 2 1 3
Sakarya 1 0 0 3 3
Eskisehir 2 0 0 2 2
Kastamonu 2 0 0 2 2
Nigde 1 0 1 1 2
Tekirdag 1 0 0 2 2
Corum 1 0 0 1 1
Kahramanmaras 1 0 0 1 1
Karaman 1 0 0 1 1
Kocaeli 1 0 0 1 1
Kiitahya 1 0 0 1 1
Samsun 1 0 0 1 1
Trabzon 1 0 0 1 1
Total 366 205 1700 1209 3114

Table 3. Distribution of Leptoglossus occidentalis
individuals in altitude groups
Tablo 3. Leptoglossus occidentalis’in yiikselti
basamaklarina gére yayilist

Altitude groups (m) Ez?\}]:(;;;ii %
0-500 697 22.4
501-1000 957 30.7
1001-1500 892 28.6
1501-2000 565 18.1
>2000 3 0.1
Total 3114 100

Table 4. The beginning and end of overwintering of
Leptoglossus occidentalis adults in Tiirkiye
Tablo 4. Leptoglossus occidentalis’in Tiirkiye’de
kislaktan ¢ikis ve kislamaya giris zamanlari

End of Beginning of

Location Alg;‘)‘de 2018-2019 2019-2020
overwmterlng OVCI‘WIIlteI‘IIlg

istanbul 120 06.04.2019 -
Artvin 180 15.04.2019 -
Artvin 550  22.04.2019 -
Diizce 150 27.04.2019 -
Bursa 1400 - 14.10.2019
Kastamonu 750 - 14.10.2019
istanbul 124 - 30.10.2019
Isslﬁzﬁfe ; 995 ; 19.11.2020

Figure 4. Life cycle of Leptoglossus occidentalis
Sekil 4. Leptoglossus occidentalis’in yagsam dongiisii
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Figure 5. Life cycle of Leptoglossus occidentalis in
Central Anatolia (a), Eastern Black Sea (b), Inner
Western Mediterranean (c), Marmara (d), Aegean and
Mediterranean regions (e)

Sekil 5. Leptoglossus occidentalis’in I¢ Anadolu (a),
Dogu Karadeniz (b), i¢ Bat1 Akdeniz (c), Marmara (d)
Ege ve Akdeniz bolgelerindeki yasam dongiisii (e)
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Tamburini et al. (2012) showed that L. occidentalis
emerged from overwintering sites at 220-390 m in
early April, at 1040 m in early May, the first gen-
eration at 220-390 m emerged in early July and the
second generation in early September and at 1040
m a single progeny emerged in September, whereas
overwintering started in early October at 220-390
m and in early September at 1040 m. They also
found that another generation started between Sep-
tember and November at 220-390 m, but nymphs
could not complete the development. In the pres-
ent study, we found second generation adults in
buildings and tree trunks during the overwintering
period which showed that the pest completed the
second generation.

3.3. Fungal associations of L. occidentalis

3.3.1. Morphological detection of D. sapinea
from plant samples

We obtained 287 fungal isolates from 19 trees in
eight locations in the Aegean (Izmir), Central Ana-
tolia (Cankiri) and Western Mediterranean (An-
talya, Isparta) regions (Table 5). Among them, 24
isolates were found to have colony growth charac-
teristics similar to those of D. sapinea (Table 5).
These isolates were obtained from four tree samples
in Antalya-Manavgat (tree no. 13), Antalya-Aksu
(15), izmir-Kozbeyli (18), [zmir-Kozak-Karaveliler
(22) (Table 5).

D. sapinea-like fungi isolates were obtained from
the seeds of the healthy-looking one-year-old cones
from tree 13 in Manavgat, from shoots and buds in
Aksu, and from healthy-looking shoots and buds
in Kozak (Karaveliler). However, the isolates ob-
tained from Kozbeyli were obtained from a cone
damaged by the pine cone butterfly (Dioryctria
mendacella).

3.3.2. Molecular detection of D. sapinea from
plant and insect samples

As aresult of RT-PCR analyses, no CT value could
be obtained for the presence of D. sapinea in the
DNA of both extracted from plant tissues and in-
sect samples.

3.3.3. Molecular detection of entomopathogenic
fungi from insect samples

In total, 25 fungal colonies developed from 50
insect samples (Table 5). We morphologically
identified Alternaria alternata, Aspergillus niger,
Penicillium sp., and Phoma sp. none of which are
entomopathogenic species.

Leptoglossus occidentalis can damage its hosts not



Table 5. Diplodia sapinea-like isolates obtained from asymptomatic shoots, buds, cones and seeds
Tablo 5. Asemptomatik siirgiin, tomurcuk, kozalak ve tohumlardan elde edilen Diplodia sapinea benzeri izolatlar

g T Number of Diplodia Number of Diplodia
.S . ree ) o . o
& Province Tree no species sapinea-like isolates from sapinea-like isolates
e shoots, buds, and cones from seeds
8 Pinus nigra 5/0 -
9 Pinus nigra 4/0 -
= & Isparta 10 Pinus nigra 16/0 10/0
2 % 11 Pinus nigra 13/0 -
E E, 12 Pinus brutia 12/0 -
g § Antalya, Manavgat, Sarilar 13 Pinus brutia 6/1 8/4
“ 3 Antalya, Aksu, Kursunlu* 14 Pinus brutia 8/0 -
Antalya, Aksu 15 Pinus brutia 14/3 -
Antalya, Aksu, Yesilkaraman 16 Pinus brutia 7/0 -
17 Pinus brutia 14/0 -
Izmir, Foga, Kozbeyli 18 Pinus brutia 14 /4 -
= 19 Pinus brutia 18/0 -
gn 20 Pinus pinea 9/0 -
< . 21 Pinus pinea 25/0 -
Izmir, Bergama, Kozak* -~ Pinus pinea 20/12 i
23 Pinus pinea 34/0 -
= .8 24 Pinus nigra 17/0 5/0
% é Cankiri, Eldivan 25 Pinus nigra 12/0 -
O < 26 Pinus nigra 7/0 -

* In these locations, samples of fallen cones were also collected and D. sapinea pycnids and spores were detected on them.

**[solates obtained from a Dioryctria mendacella infested cone.

only by feeding on the seeds but also by transmit-
ting some fungal disease agents such as D. sapin-
ea (Luchi et al., 2012; Tamburini et al., 2012). The
presence of Diplodia spp. in Tiirkiye was first re-
ported in 1993 (Unligil and Ertas, 1993; Siimer,
2000). In the present study, although we found D.
sapinea-like fungi on the host plants by morpho-
logical methods, we did not find it on host plant and
insect samples by molecular methods. We also did
not find any entomopathogenic fungi on the insect
samples.

4. Conclusions

Tiirkiye is an important pine nut seed producer
(Awan and Pettenella, 2017; Ozden et al., 2022).
However, a significant decrease has been seen since
the early 2000s (Kilc1 et al., 2013), which causes
great economic concern in pinenut economy-de-
pendent communities. Although the introduction
of L. occidentalis in Tiirkiye coincides with this
decrease in pine nut production, it is not clear if it
is the only causing agent. Nevertheless, as a seed
feeder, it must have some effect on seed yields as
shown by Farinha et al. (2018). The impact of the
pest is not only pinenut production as it feeds on
almost all conifer seeds. Thus, it threatens the nat-
ural regeneration of forests. In Tiirkiye, seed stands
and gardens are the most important sources of
seeds required for basic forestry activities such as
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regeneration of forests, establishment of new for-
ests, and reforestation of post-fire areas. It should
not be ignored that any biotic and abiotic factors
that may affect the productivity and continuity of
these resources are a threat to the continuity of
our country’s forests. Therefore, finding efficient
control methods against L. occidentalis is of par-
amount importance. It is also important to reveal
the introduction pathways of the pest in order to
prevent new introductions.
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