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Measuring the damage of Leptoglossus occidentalis in Stone pine seeds
in a pine nut production hot spot in Turkey
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The western conifer seed bug (Leptoglossus occidentalis Heidemann, 1910) is
an invasive alien species from North America that causes significant economic
losses by damaging cones and reducing seed yield in pines. The pest was first
detected in Turkey in 2009, coinciding with increasing seed losses in many
conifers, particularly Stone pine, Pinus pinea L. This study aimed to assess the
impact of L. occidentalis on seed loss in three-year-old P. pinea cones. Con-
ducted in 2020-2021 in P. pinea stands of the Izmir/Bergama Kozak Plateau,
the experiment involved 5103 seeds collected from 30 cones, both caged (ex-
cluded) and uncaged (exposed), on 15 trees over two years in a natural set-
ting. The seeds were first categorized by damage level using X-ray imaging,
then subjected to a flotation test to determine the floating and sinking ratios.
Subsequently, the kernels were manually examined to classify damage, and
their weights were measured. The results showed that seed loss in excluded
cones was significantly lower than in exposed cones, highlighting the impact of
a factor that cannot reach excluded cones, with L. occidentalis as the most
likely cause. X-ray, seed flotation, and naked-eye methods yielded similar re-
sults in assessing overall seed loss. Seed damage rates in the exclusion treat-
ments were 17.6%, 17.0%, and 17.0%, respectively, whereas in the exposition
treatments they were 46.2%, 48.0%, and 53.0%, respectively. As of 2021,
these levels of seed loss corresponded to an estimated economic loss of ap-
proximately €55 per kg of seed. When damage levels were categorized, X-ray
and naked-eye assessments produced inconsistent results. These findings sug-
gest that X-ray, seed flotation, and naked-eye methods can be used inter-
changeably to determine overall seed damage. However, the naked-eye
method appears to be more suitable for categorizing damage levels.
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Introduction

Seed loss in conifer species can result
from various factors, including pollination
failure, fertilization issues, seed develop-
ment defects, climatic conditions, fungal
infections, and damage caused by cone- or
seed-feeding insects, either individually or
in combination (Owens et al. 1991, Mutke
et al. 2017, Farinha et al. 2018a). While it is
often difficult to isolate the specific effects
of these factors in natural environments,
experimental studies have demonstrated
that seed insects can cause significant seed
losses (Farinha 2019, Boivin & Auger-Roz-
enberg 2016).

Due to the high economic value of its
seeds, seed loss in Stone pine (Pinus pinea
L.) has been a frequently studied topic (Fa-
rinha 2019). Turkey, along with Italy, Portu-
gal, and Spain, accounts for 94% of the
world’s Stone pine stands (Mutke et al.
2017). In Turkey, the area of Stone pine
forests increased from 89,028 ha in 2012 to
174,596 ha in 2023 (OGM 2024). The pine
nut trade is a vital source of income for
many rural communities in western Turkey,
where pine nut production has declined
significantly over the years. Production
dropped from an average of 4,385 tons per
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year between 2005 and 2011 to 1,916 tons
per year between 2012 and 2023 (Anony-
mous 2024). The key pine nut production
regions, including Aydin-Kogarli and Izmir-
Bergama’s Kozak Plateau, contribute al-
most 80% of the country’s total yield (Job-
an & Hepaksoy 2024). Notably, in Bergama,
Izmir, seed loss reached up to 70% between
2013 and 2017 (Oguzoglu & Avci 2018).

The western conifer seed bug, Leptoglos-
sus occidentalis Heidemann (1910) (Hem-
iptera: Coreidae), is a significant insect
species native to North America, known for
its damage to coniferous tree seeds. Within
its natural range, it is one of the primary
economic pests in seed orchards, causing
considerable seed loss (Koerber 1963,
Bates et al. 2000, Bracalini et al. 2013, Far-
inha 2019). The extent of damage caused
by L. occidentalis varies depending on sev-
eral factors, including the host species (De-
Barr & Ebel 1974), the developmental stage
of the bug (Hanson 1984) and the cone at
which feeding occurs (Schowalter & Sex-
ton 1990), the population density of the
bug (Farinha et al. 2021), and whether the
host species is mixed with none-host spe-
cies (Farinha et al. 2024).

Previous studies have reported varying
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levels of seed loss due to L. occidentalis
across different conifer species: 1% in Picea
abies (Lesieur et al. 2014), 2.1% in Pinus albi-
caulis, 70% in P. contorta (Strong et al.
2001), 75% in P. monticola (Bates et al.
2002b), 77.36% in P. nigra, 55% in P. pon-
derosa (Krugman & Koerber 1969, Pasek &
Dix 1988), 53.55% in P. sylvestris (Lesieur et
al. 2014), and between 5% and 50% in Pseu-
dotsuga menziesii (Schowalter & Sexton
1990, Blatt & Borden 1996). In Mediter-
ranean regions, studies conducted across
different countries and years have esti-
mated seed loss due to L. occidentalis in P.
pinea at around 50% (Calama et al. 2020,
Farinha et al. 2021).

Since P. pinea cones take three years to
develop, the period of exposure to seed
and cone pests is quite long. As a result,
damage caused by L. occidentalis, which
can produce multiple generations under fa-
vorable conditions (Cibridn-Tovar et al.
1986, Tamburini et al. 2012, Ipekdal 2022,
Avci et al. 2024), can be severe, making it
one of the most significant seed pests of
Mediterranean pines (Bracalini et al. 2013).
At the western end of the Mediterranean,
Farinha et al. (2021) (and references
therein) have previously demonstrated the
relationship between seed loss in P. pinea
and L. occidentalis. Moreover, it has been
suggested that the bug’s impact is exacer-
bated by climate change (Farinha et al.
2018a, Calama et al. 2020). At the eastern
end of the Mediterranean, research on the
effects of climate change on P. pinea has
shown that a significant limitation of radial
growth has been incurred due to drought
over the last 30 years, which may partly ex-
plain the recent decline in pine nut yield in
the region (Kose et al. 2025). However, the
extent of L. occidentalis’s impact, first re-
ported in Turkey in 2009 (Arslangiindogdu
& Hizal 2010, Fent & Kment 2011), remains
unclear. The insect has spread rapidly
across the country in a relatively short time
(Ipekdal et al. 2019, Avci et al. 2024), but
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how much of the observed seed loss is at-
tributable specifically to L. occidentalis re-
mains to be determined. Understanding
this impact is crucial to justify the need for
insect control measures.

Direct observation of bug damage is chal-
lenging. Its feeding activity does not leave
visible traces on cones (see Lait et al. 2001,
2003 for detectable traces of L. occiden-
talis), no effective trapping method cur-
rently exists, and observing bug activity in
the canopy is difficult due to tree height
(Farinha et al. 2021). Consequently, further
studies are needed to confirm the extent
of bug damage. Radiographic analysis of
harvested seeds has been successfully
used to classify seed damage in Douglas fir
(Bates et al. 2000) and P. pinea (Farinha et
al. 2018c). However, this method alone
cannot differentiate between seeds emp-
tied by seed bug feeding and naturally un-
filled (aborted) seeds (Bates et al. 2002a).
When combined with controlled bagging
experiments, radiographic methods can fa-
cilitate the rapid detection of seed damage
(Farinha et al. 2018c).

The aim of this study was to quantify
seed loss caused by L. occidentalis in the
Bergama Kozak Plateau, one of Turkey’s
two major pine nut production hotspots.
Specifically, we aimed to: (1) determine the
seed loss in P. pinea in Bergama, (2) com-
pare the effects of excluding and exposing
P. pinea seeds to L. occidentalis damage,
and (3) evaluate the reliability of radio-
graphic analysis in assessing seed damage
levels.

Material and methods

Studly site

The study area is located within the bor-
ders of Karaveliler Village in the Bergama
Kozak Plateau of Izmir Province, Turkey
(Fig. 1). This location was selected because
it is the largest habitat of P. pinea and has
the highest pine nut production in the

country. The site is situated at an elevation
of 787 m a.s.l., with central coordinates of
39° 15" 23" N, 27° 08’ 42" E (Fig. 1). The cli-
mate is typically Mediterranean, character-
ized by mild, wet winters and hot, dry sum-
mers. The total annual rainfall is 720 mm,
and the average annual temperature is 16.0
°C. The site was established through plant-
ing in 1997 and is owned by the Karaveliler
village community. The Stone pine trees
within the study area have diameters rang-
ing from 36 to 52 cm and heights of 7 to 8
m. The forest has a general coverage of 80-
90% and is surrounded by P. brutia forests.

Experimental design

The experiment was conducted over two
consecutive years, 2020 and 2021. In May
2020, we selected and marked 15 trees
with red spray paint, ensuring each tree
bore at least six branches with third-year
cones. A hydraulic lift mounted on a truck
was used to provide access (Fig. 2a). On
each tree, we selected two third-year
cones and marked them with red and
white hazard tape. We selected the cones
at the same height and aspect to create a
homogeneous trial as much as possible.
One of the selected cones per tree was en-
closed in a protective bag (hereafter:
“Exc”, short for “exclusion treatment”) to
prevent insect damage (Fig. 2b). The bag,
made of 0.5 mm mesh and measuring 35-
60 cm in length depending on the branch
size, covered the cone-bearing branch
from the fork base to the tip, allowing
room for growth. The wire supports inside
the bags kept the cones from touching the
mesh, preventing insect feeding from the
outside. The other selected cone per tree
was left exposed (hereafter: “Exp”, short
for “exposition treatment”) to allow natu-
ral insect interaction (Fig. 2¢). The experi-
ment continued until December 2020, the
pine nut harvesting period in Turkey, when
all marked cones were collected and trans-
ferred to the laboratory for further analy-

Fig. 1- Location of the
study site, Bergama Kozak
Plateau, Izmir, Turkey.
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Fig. 2 - Experimental
design.

sis. The same experiment was repeated

from June to November 2021.

All sampled third-year cones were dried in
an incubator at 40-55 °C in the laboratory
until they opened (Fig. 2d). We then
counted the number of seeds per cone. To
assess seed health status, we employed
the following methods:

* X-ray evaluation of seeds — we randomly
selected 25 seeds per cone from 15 trees
over two years, for a total of 1,475 seeds.
X-ray images were taken using a Siemens
Mammomat Inspiration imager (32 kV, 50
mAs, print range: 1 cm - Fig. 2e, Fig. 2f).
Each seed was visually scored from x-ray
images for damage based on Farinha et
al. (2018a) (Farinha’s scale hereafter), cat-
egorizing them as: (i) “Viable”: intact ker-
nel (Fig. 33, Fig. 3e); (ii) “Type-I”: partially
damaged kernel (Fig. 3b, Fig. 3f); (iii)
“Type-1I”’: dry embryo with no endosperm
(Fig. 3¢, Fig. 3g); (iv) “Type-llI”: empty

Fig. 3 - Seed damage cat-
egories according to Far-
inha’s scale obtained
from X-ray image evalua-
tion: (a) Viable; (b) Type-
I; (¢) Type-ll; (d) Type llI;
and from naked-eye eval-
uation: (e) Viable; (f)
Type-l; (g) Type-ll (Type-
lIl'is not included as this
category has no kernel).

Seed loss in Stone pines of Turkey
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shell without an embryo (Fig. 3d).

* Seed floating test — we tested the buoy-
ancy of 2,516 Exc and 2,587 Exp seeds by
floating them in water and recording how
many seeds floated or sank.

* Naked-eye evaluation of kernels - we
cracked open all 5,103 seeds, extracted
the kernels, and classified them visually
into damage categories using Farinha’s
scale (Fig. 3e-Fig. 3g).

* Kernel weighing — after visual examina-
tion, we weighed the kernels with 0.1 g
precision (Fig. 2g).

Statistical analysis

To test differences in seed health status
between the two treatments, Exc and Exp,
we used the Student’s t-test or the Mann-
Whitney test based on the data’s normal-
ity, with a statistical significance level of
0.001 (p < 0.001). Tested variables were the
scores for damage visualization by X-ray

and naked eye, the number of seeds that
floated and sank, and seed weight. The sta-
tistical analysis was performed in R (R Core
Team 2024).

Results

Stone pine seed damage in Bergama
Seed yield was 2,117 seeds in 2020 (ap-
proximately 71 seeds per cone) and 2,986
seeds in 2021 (approximately 100 seeds per
cone), based on 30 cones sampled from
the same 15 trees each year. Despite differ-
ences in total seed counts, no significant
difference was found between the two
years in the percentage of viable seeds (t =
0.013, df = 28, p > 0.05). However, a statisti-
cally significant difference was observed
between the percentage of viable seeds of
bug-protected Exc and unprotected Exp (t
=-6.485, df = 40, p < 0.05). In the Exc treat-
ment, the percentage of viable seeds

iForest 19: 201-208
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Fig. 4 - Results of (a) X-ray image evaluation of seeds, (b) seed floating test, (c) naked-
eye evaluation of kernels, and (d) kernel weighing in each treatment (Exc and Exp).

ranged from 82.4% to 83.0%, whereas in the
Exp treatment, it ranged from 47.0% to
53.8% (Tab. S1 in Supplementary material).
Accordingly, seed damage ranged from
17.0% to 17.6% in Exc and from 46.2% to
53.0% in Exp. Thus, excluding P. pinea seeds
from insect damage significantly increased
the number of healthy seeds.

Comparative evaluation of methods for
assessing seed damage

Since no statistically significant differ-
ences were found between 2020 and 2021
across X-ray, naked-eye, seed weight, or
flotation trials, the data from both years
were combined for further analysis.

- @ = Exc-X

Exp-X  ——@=— Exc-N

X-ray image evaluation of seeds

The percentage of seeds per treatment in
the Viable category in Exc (82.4%) was sig-
nificantly higher (p < 0.05) than in Exp
(53.8% — Fig. 4a, Tab. S1). The percentage of
seeds per treatment categorized as Type-l
in Exc (3.1%) was significantly lower (p <
0.05) than in Exp (17.6% - Fig. 4a, Tab. S1).
Although there was no statistically signifi-
cant difference (p = 0.10) in the number of
Type-ll seeds between Exc and Exp, the
percentage of Type-ll seeds was lower in
Exc (6.4%) compared to Exp (8.6% - Fig. 4a,
Tab. S1). Similarly, the percentage of Type-
IIl seeds in Exc (8.0%) was significantly
lower (p < 0.05) than in Exp (20.0% - Fig.
4a, Tab. S1). Overall, seed damage in Exc
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Fig. 5 - Partitioning of damaged seeds in each treatment (Exc and Exp) into damage
categories of Farinha’s scale according to each evaluation method (X: X-ray; N: naked-

eye).
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was lower than in Exp, with the most no-
table difference observed in the Type-l
damage class ( Fig. 4a, Tab. S1).

When only the damaged seeds were con-
sidered, 45.7% of all damaged seeds in Exc
fell into Type-lll, 36.6% into Type-ll, and
17.7% into Type-l. In Exp, 43.3% of all dam-
aged seeds fell into Type-Ill, 38.1% into
Type-l, and 18.6% into Type-ll (Fig. 5).

Seed floating test

The percentage of floating seeds per
treatment in Exc (17%) was lower than in
Exp (48%), and this difference was statisti-
cally significant (p < 0.05 - Fig. 4b).

Naked-eye evaluation of kernels

The percentage of seeds per treatment in
the Viable category in Exc (83.0%) was sig-
nificantly higher (p < 0.05) than in Exp
(47.0% — Fig. 4c, Tab. S1). The percentages
of seeds categorized as Type-I, Type-Il, and
Type-lll in Exc (4.2%, 8.5%, and 4.0%, respec-
tively) were significantly lower (p < 0.05)
than in Exp (11.5%, 31.4%, and 10.3%, respec-
tively — Fig. 4¢, Tab. S1). Overall, seed dam-
age in Exc was lower than in Exp, with the
most notable difference observed in the
Type-ll damage class (Fig. 4¢, Tab. S1).

When only the damaged seeds were con-
sidered, 50.9% of all damaged seeds in Exc
fell into Type-ll, 25.1% into Type-l, and 24.0%
into Type-lll. In Exp, 59.0% of all damaged
seeds fell into Type-Il, 21.6% into Type-l, and
19.4% into Type-IIl (Fig. 5).

Kernel weighing

Mean kernel weight per treatment in Exc
(0.15 g) was higher than that in Exp (0.11 g),
and this difference was statistically signifi-
cant (p < 0.05 - Fig. 4d).

Discussion

Seed damage in P. pinea

The seed loss in our study plot in Ber-
gama, |zmir, in 2020 and 2021 was between
46-53% in cones that were not bagged.
Calama et al. (2020) found that seed loss in
P. pinea in Spain was around 50%. Farinha et
al. (2021) reported that seed loss in Portu-
gal varied significantly from year to year,
ranging from 2% to 50%. Ponce-Herrero et
al. (2024) reported a seed loss rate of 35.6%
in Spain. Differences in seed loss rates
across studies may be due to fluctuations
in L. occidentalis population size (Farinha et
al. 2021) and various uncontrolled factors
affecting seed yield, such as temperature,
drought, stand composition (pure vs.
mixed, in line with the theory of biotic re-
sistance - Farinha et al. 2024), as well as
tree genotype and age. Without account-
ing for these factors, comparing seed loss
rates across years and locations may be of
limited significance.

Impact of L. occidentalis on seed
damage in P. pinea

Exclusion experiments are a crucial meth-
od for demonstrating the impact of insects

iForest 19: 201-208



on seed yield (Strong et al. 1998, Strong
2015). In this study, seed loss in exposed
cones ranged from 46% to 53%, whereas in
excluded cones, it ranged from 16.6% to
17%. Likewise, the percentage of viable
seeds was significantly higher in excluded
cones, while the proportion of damage
across all damage classes (Type-l, Type-ll,
and Type-lll) was lower. Indirect methods
such as X-ray and seed flotation provided
results consistent with the more direct
naked-eye assessments, suggesting they
can serve as proxies when direct evalua-
tion is not feasible. Collectively, these re-
sults strongly suggest that the primary
cause of low cone yield in Bergama-lzmir is
an agent that is prevented from accessing
the excluded cones, most likely L. occiden-
talis.

Besides L. occidentalis, Camptomyia pini-
cola Mamaev, 1971 (Diptera: Cecidomyi-
idae), Dioryctria pinea (Staudinger, 1859)
(Lepidoptera: Pyralidae), and Ernobius pini
(Sturm, 1837) (Coleoptera: Anobiidae) are
also known to feed on P. pinea cones in the
study region (Ozgankaya et al. 2010). How-
ever, the damage patterns of these species
differ significantly from those of L. occiden-
talis, and they can hardly be confused. No
damage by these species was found on
cones left in the exposition treatments.
Moreover, Strong et al. (2001) and Strong
(2015) have shown that the hypothesis that
cone closure can change microclimatic con-
ditions in favor of the seed and positively
affect seed health is incorrect. All this
strongly suggests that the most important
reason for the high seed yield in the exclu-
sion treatment is the exclusion of L. occi-
dentalis.

Based on the seed loss (ca. 40-60%) ob-
served in the present study, the potential
economic impact in Turkey was estimated
at approximately €55 per kg (April 2021 val-
ues), highlighting the potential economic
significance of the damage. On the other
hand, the actual impact is likely to be con-
siderably greater than this estimate. Al-
though this study demonstrated the dam-
age caused by L. occidentalis on 3-year-old
cones, it likely underestimates the impact
of abortion in 1- and 2-year-old cones in-
duced by L. occidentalis (Mutke et al. 2014),
which was not accounted for in the pres-
ent study. Moreover, this study does not
capture fluctuations in L. occidentalis popu-
lations or their impact on kernel yield, as
shown by Farinha et al. (2021). While these
questions have been explored across the
Mediterranean, from Lebanon to Portugal
(Elvira-Recuenco et al. 2016, Calama et al.
2020, El Khoury et al. 2021, Farinha et al.
2021), further research is needed in Tur-
key’s primary pine nut production region
to assess these factors under its specific cli-
matic and vegetation conditions.

Impact of other factors on seed loss in
P. pinea

In their exclusion experiment, Farinha et
al. (2021) found that the percentage of vi-
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able seeds in exposed cones ranged from
70% to 86%, while in excluded cones, it av-
eraged 92%. Other studies reported similar
rates, with 94% viable seeds in excluded
cones (Elvira-Recuenco et al. 2016, Farinha
et al. 2018b). We found that the percent-
age of viable seeds in excluded cones (ca.
83%) was lower than in exposed cones (ca.
50%). These results align with those of
Ponce-Herrero et al. (2024), who reported
73.6% viable seeds in excluded cones and
35.6% in exposed cones in their exclusion
experiment on P. pinea in Valladolid, Spain.
The lower percentage of intact seeds in ex-
cluded cones in our study, compared with
other studies, may be due to climatic fac-
tors, such as drought, which can reduce
overall seed yield. Spring and summer
droughts in the Mediterranean region, ex-
acerbated by climate change, have been
suggested as key contributors to the re-
cent decline in pine nut yield (Mutke et al.
2017, Farinha et al. 2018b). Indeed, Stone
pine is known for its drought resistance.
However, trees in arid sites tend to have a
lower leaf area index and reduced cone
production compared to those grown un-
der irrigation (Bono & Aleta 2013, Calama
et al. 2007, Calama et al. 2011, Correia et al.
2017, Loewe-Mufoz et al. 2016, Mutke et al.
2005). Kose et al. (2025) reported a signifi-
cant increase in winter temperatures and
drought in the Kozak Plateau-Bergama,
particularly after the late 1990s. Thus, cli-
mate-related factors, mainly high air tem-
peratures and drought, appear to contrib-
ute significantly to seed loss in P. pinea.

Categorization of seed damage in P.
pinea and reliability of X-ray images
Among the four evaluation methods used
to assess and categorize damage levels in
P. pinea kernels, naked-eye evaluation and
kernel weighing were direct methods fo-
cused on kernels, whereas X-ray evaluation
and seed floating were indirect methods
focused on seeds. Kernel weight is a vari-
able characteristic influenced by locality
and growing year (Afonso et al. 2020). Al-
though kernel weighing effectively distin-
guished between exclusion and exposition
treatments, it may not reliably categorize
damage without these treatments unless
the average kernel weight for the specific
locality and year is known. The other direct
method, naked-eye evaluation, can be con-
sidered a reference method due to its low
error rate, as it involves the direct and indi-
vidual assessment of each kernel. Using
this method, we found that approximately
17% and 53% of seeds were damaged in ex-
clusion and exposition treatments, respec-
tively. The indirect methods, X-ray evalua-
tion and seed floating, yielded damage ra-
tios similar to naked-eye evaluation:
around 18% and 17% in the exclusion treat-
ment, and approximately 46% and 48% in
the exposition treatment, respectively.
These findings suggest that naked-eye
evaluation, X-ray evaluation, and seed
floating can be used interchangeably to de-

Seed loss in Stone pines of Turkey

termine overall kernel damage. However,
while the seed floating test can indicate to-
tal damage, it cannot categorize damage
types, unlike the naked-eye and X-ray
methods. Notably, there was a discrepancy
between the latter two methods when cat-
egorizing damage according to Farinha’s
scale, as detailed below.

Type-I: Farinha et al. (2018a), using a com-
bination of X-ray and naked-eye methods
(though without directly comparing them),
reported that Type-l damage was nearly
absent in excluded cones and approxi-
mately 7% in those exposed. Similarly, El-
vira-Recuenco et al. (2016), using naked-
eye evaluation, found no Type-I damage in
excluded cones. However, our findings dif-
fered, as we detected Type-I damage in
both treatments, with higher levels in ex-
posed cones than in those excluded.
Among the damaged seeds, X-ray analysis
revealed that approximately 18% of seeds
in protected cones and 38% in exposed
cones exhibited Type-l damage. In con-
trast, the naked-eye evaluation identified
around 25% and 22%, respectively, signifi-
cantly different from the percentages ob-
served in the X-ray evaluation.

Type-ll: Ponce-Herrero et al. (2024), using
naked-eye evaluation, reported Type-II
damage rates of 4.6% in excluded cones
and 20.6% in exposed. Our study found sim-
ilar results with the naked-eye evaluation,
identifying Type-ll damage in 8.5% of ex-
cluded cones and 31.4% of exposed cones.
However, in the X-ray evaluation, these
rates were 6.4% in excluded cones and 8.6%
in exposed cones, with no statistically sig-
nificant difference between them. Among
the damaged seeds, approximately 37% in
excluded cones and 19% in exposed cones
were categorized as Type-Il damage. This
suggests that Type-l1l damage was the least
common type among damaged seeds in
exposed cones but the second most com-
mon in excluded cones. In contrast, the
naked-eye evaluation indicated that Type-II
damage was the most frequent damage
type in both excluded and exposed cones,
with rates of 51% and 59%, respectively. A
similar result was reported by Farinha et al.
(2018a), who suggested that the high prev-
alence of this damage type in protected
cones could be attributed to climatic, phys-
iological, or other biotic factors affecting
cone development in its early stages.

Type-lll: Farinha et al. (2018a) and Elvira-
Recuenco et al. (2016) reported no signifi-
cant difference in Type-lll damage between
excluded and exposed cones, concluding
that this damage type was unrelated to L.
occidentalis and likely linked to fertilization
issues. However, our study found a signifi-
cant reduction in Type-lll damage in ex-
cluded cones, decreasing from 20% to 8% in
the X-ray evaluation and from 10.3% to 4% in
the naked-eye evaluation. These findings
align with those of Ponce-Herrero et al.
(2024), who reported Type-lll damage
rates of 14% in excluded cones and 19% in
exposed cones. Similar patterns have also
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been observed in P. ponderosa and P. men-
ziesii (Pasek & Dix 1988, Schowalter 1994).
According to the X-ray evaluation, Type-ll|
damage was the most common damage
type in both excluded and exposed cones.
In contrast, the naked-eye evaluation iden-
tified it as the least common type of dam-
age in both cases. This discrepancy further
highlights the differences between the two
evaluation methods in how they categorize
damage types.

Our findings revealed different distribu-
tions of damage types between X-ray and
naked-eye evaluations, despite no signifi-
cant difference in the percentage of viable
seeds identified by either method. This dis-
crepancy may be due to sampling errors
since the naked-eye assessment was per-
formed on the entire seed sample (2,986
seeds), while the X-ray evaluation was con-
ducted on a randomly selected subset
(1,475 seeds). Alternatively, it may indicate
that radiographic methods are not entirely
reliable for detailed damage classification.
For example, the method may overesti-
mate the proportion of Type-lll seeds, as
Type-ll seeds are prone to misclassification
due to limitations in detecting subtle inter-
nal opacity differences that can only be dis-
cerned through naked-eye inspection. X-
ray damage assessment has been success-
fully applied in various conifer species
(Bates et al. 2000, Lesieur et al. 2014, Far-
inha et al. 2018a, 2018b). This method al-
lows for rapid damage diagnosis; however,
previous studies have reported that it may
underestimate damage (Farinha et al.
2018b). Our study further suggests that
while X-ray evaluation is consistent with
the naked-eye method in identifying
healthy seeds, it may yield different results
when categorizing specific types of dam-
age.

Conclusion

In pine nut-producing regions of Turkey,
the pine nut trade has become the back-
bone of the local economy, and the Stone
pine plays a significant role in cultural tradi-
tions. Pine nuts have been consumed as
food since the Paleolithic era (Mutke et al.
2005, 2012). In the Bergama region, they
hold such significance in local culture that a
groom's skill in climbing pine trees to col-
lect cones plays an important role in mar-
riage selection. The decline in pine nut
yields has far-reaching socioeconomic con-
sequences, pushing producers to seek al-
ternative sources of income. This shift ac-
celerates the decline of pine nut ecosys-
tems, further threatening both the econ-
omy and cultural heritage tied to these
forests.

Our results suggest that L. occidentalis is
a major contributor to the ongoing yield
loss in Stone pine in western Turkey. There-
fore, the severity of the problems caused
by this pest should be carefully evaluated,
and decision-makers and producers should
be adequately informed to implement con-
crete management plans to mitigate the
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impact of L. occidentalis. Furthermore, con-
tinuous monitoring of its populations and
the associated seed losses should be estab-
lished in western Turkey. Seed damage can
be quantified using various evaluation
methods, though their sensitivities differ.
Depending on the objective, they can be
used individually or in combination to mon-
itor annual seed loss in Stone pine, ulti-
mately helping to develop improved man-
agement plans and ensuring the sustain-
ability of pine nut production in a changing
environment.

Acknowledgements

This study was conducted in 2020-2021 as
part of the project “Determination of Lep-
toglossus occidentalis Damage in Stone
Pine Cones in Izmir-Bergama Kozak Re-
gion” under the broader initiative “Causes
of Decreases in Cone and Seed Yield in
Stone Pine and Other Conifers and Control
Possibilities Integrated Project” funded by
the Turkish General Directorate of Forestry.
We also thank Ferudun Giirkaya, the chief
of Karaveliler Village, and the personnel of
the Bergama Forest Department for their
support during the field studies, as well as
the anonymous reviewer who contributed
to improving the manuscript.

Author contributions

MA, SO, and Kl developed the study idea;
MA, SO, TC, FO, MO, and Kl carried out the
field studies; MA, SO, and Kl carried out the
statistical analyses; and Kl wrote the manu-
script.

References

Afonso A, Gongalves AC, Pereira DG (2020). Pi-
nus pinea (L.) nut and kernel productivity in re-
lation to cone, tree and stand characteristics.
Agroforestry Systems 94 (5): 2065-2079. - doi:
10.1007/510457-020-00523-4

Anonymous (2024). Bergama Kozak pine nut.
Website. [in Turkish] [online] URL: http://turk
iyeturizmansiklopedisi.com/bergama-kozak-ca
m-fistigi

Arslangiindogdu Z, Hizal E (2010). The western
conifer seed bug, Leptoglossus occidentalis
(Heidemann, 1910), recorded in Turkey (Het-
eroptera: Coreidae). Zoology in the Middle East
50 (1): 138-139. - doi: 10.1080/09397140.2010.
10638426

Avci M, Oguzoglu S, Ipekdal K, Can T, Selek F,
Hizal E, Aksu Y, Oskay F, Aday Kaya AG, Dog-
mus Lehtijarvi T, Lehtijarvi AT (2024). Lepto-
glossus occidentalis Heidemann, 1910 (Hem-
iptera: Coreidae) in Turkey: its distribution, life
cycle, and fungal associations. Ormancilik Ara-
stirma Dergisi 11 (2): 131-140. [online] URL:
http://dergipark.org.tr/fen/pub/ogmoad|/article/1
497445

Bates SL, Borden JH, Kermode AR, Bennett RG
(2000). Impact of Leptoglossus occidentalis
(Hemiptera: Coreidae) on Douglas-fir seed pro-
duction. Journal of Economic Entomology 93
(5): 1444-1451. - doi: 10.1603/0022-0493-93.5.14
44

Bates SL, Lait CG, Borden JH, Kermode AR
(2002a). Measuring the impact of Leptoglossus

occidentalis (Heteroptera: Coreidae) on seed
production in lodgepole pine using an anti-
body-based assay. Journal of Economic Ento-
mology 95 (4): 770-777. - doi: 10.1603/0022-
0493-95.4.770

Bates SL, Strong WB, Borden JH (2002b). Abor-
tion and seed set in lodgepole and western
white pine conelets following feeding by Lep-
toglossus occidentalis (Heteroptera: Coreidae).
Environmental Entomology 31 (6): 1023-1029. -
doi: 10.1603/0046-225X-31.6.1023

Blatt SE, Borden JH (1996). Evidence for a male-
produced aggregation pheromone in the west-
ern conifer seed bug, Leptoglossus occidentalis
Heidemann (Hemiptera: Coreidae). The Cana-
dian Entomologist 128 (4): 777-778. - doi:
10.4039/Ent128777-4

Bono D, Aleta N (2013). Cone yield evaluation of
a grafted Pinus pinea L. trial. Options Méditer-
ranéennes A 105: 35-42. [online] URL: http://om.
ciheam.org/om/pdf/a105/00006779.pdf

Boivin T, Auger-Rozenberg MA (2016). Native
fruit, cone and seed insects in the Mediter-
ranean Basin. In: “Insects and Diseases of
Mediterranean Forest Systems” (Paine TD,
Lieutier F eds). Springer International Publish-
ing, Cham, Switzerland, pp. 47-88. - doi:
10.1007/978-3-319-24744-1_4

Bracalini M, Benedettelli S, Croci F, Terreni P,
Tiberi R, Panzavolta T (2013). Cone and seed
pests of Pinus pinea: assessment and character-
ization of damage. Journal of Economic Ento-
mology 106 (1): 229-234. - doi: 10.1603/EC12293

Calama R, Madrigal G, Candela JA, Montero G
(2007). Effects of fertilization on the produc-
tion of an edible forest fruit: stone pine (Pinus
pinea L.) nuts in south-west Andalusia. Forest
Systems 16 (3): 241-252. - doi: 10.5424/srf/2007
163-01013

Calama R, Mutke S, Tomé J, Gordo J, Montero G,
Tomé M (2011). Modelling spatial and temporal
variability in a zero-inflated variable: the case of
stone pine (Pinus pinea L.) cone production.
Ecological Modelling 222 (3): 606-618. - doi:
10.1016/j.ecolmodel.2010.09.020

Calama R, Gordo J, Mutke S, Conde M, Madrigal
G, Garriga E, Arias MJ, Piqué M, Gandia R, Mon-
tero G, Pardos M (2020). Decline in commercial
pine nut and kernel yield in Mediterranean
stone pine (Pinus pinea L.) in Spain. iForest -
Biogeosciences and Forestry 13 (1): 251-260. -
doi: 10.3832/ifor3180-013

Cibridn-Tovar DB, Hebel BH, Yates HO, Méndez-
Mondiel JT (1986). Leptoglossus occidentalis
Heidemann. Cone and Seed Insects of the Mex-
ican Conifers. USDA Forest Service, Southeast-
ern Forest Experiment Station, Ashville, NC,
USA, Vol. 40, pp. 55-58. [online] URL: https://
www.researchgate.net/publication/38993463

Correia AC, Mutke S, Silva J (2017). Variability of
specific needle area in Pinus pinea L. with envi-
ronment resources availability: light, water and
nutrients. Options Méditerranéennes A 102: 43-
47. [online] URL: http://om.ciheam.org/om/pdf/
a122/00007240.pdf

DeBarr GL, Ebel BH (1974). Conelet abortion and
seed damage of shortleaf and loblolly pines by
a seedbug, Leptoglossus corculus. Forest Sci-
ence 20 (2): 165-170. - doi: 10.1093/forestscien
ce/20.2.165

El Khoury Y, Noujeim E, Bubici G, Tarasco E, Al

iForest 19: 201-208


https://doi.org/10.1007/s10457-020-00523-4
https://doi.org/10.1093/forestscience/20.2.165
https://doi.org/10.1093/forestscience/20.2.165
http://om.ciheam.org/om/pdf/a122/00007240.pdf
http://om.ciheam.org/om/pdf/a122/00007240.pdf
https://doi.org/10.3832/ifor3180-013
https://doi.org/10.1016/j.ecolmodel.2010.09.020
https://doi.org/10.5424/srf/2007163-01013
https://doi.org/10.5424/srf/2007163-01013
https://doi.org/10.1603/EC12293
https://doi.org/10.1007/978-3-319-24744-1_4
http://om.ciheam.org/om/pdf/a105/00006779.pdf
http://om.ciheam.org/om/pdf/a105/00006779.pdf
https://doi.org/10.4039/Ent128777-4
https://doi.org/10.1603/0046-225X-31.6.1023
https://doi.org/10.1603/0022-0493-95.4.770
https://doi.org/10.1603/0022-0493-95.4.770
https://doi.org/10.1603/0022-0493-93.5.1444
https://doi.org/10.1603/0022-0493-93.5.1444
http://dergipark.org.tr/en/pub/ogmoad/article/1497445
http://dergipark.org.tr/en/pub/ogmoad/article/1497445
https://doi.org/10.1080/09397140.2010.10638426
https://doi.org/10.1080/09397140.2010.10638426
http://turkiyeturizmansiklopedisi.com/bergama-kozak-cam-fistigi
http://turkiyeturizmansiklopedisi.com/bergama-kozak-cam-fistigi
http://turkiyeturizmansiklopedisi.com/bergama-kozak-cam-fistigi
https://www.researchgate.net/publication/38993463
https://www.researchgate.net/publication/38993463

Khoury C, Nemer N (2021). Potential factors be-
hind the decline of Pinus pinea nut production
in Mediterranean pine forests. Forests 12 (9):
1167. - doi: 10.3390/f12091167

Elvira-Recuenco M, Sanchez-Moreno J, Calama
R, Pardos M, Mutke S, Gordo FJ, Pascual S, Ra-
poso R (2016). Damage assessment in pine nuts
from stone pine caused by Leptoglossus occi-
dentalis and pathogenic agents. In: Proceed-
ings of the “EFIMED Conference Wild Forest
Products in Europe”. Barcelona (Spain), 13-14
Oct 2016. European Forest Institute Mediter-
ranean Facility, Barcelona, Spain, pp. 13-14.

Farinha ACO, Silva JEP, Correia AC, Sousa EMR,
Roques A, Branco M (2018a). Is Leptoglossus
occidentalis entirely responsible for the high
damage observed on cones and seeds of Pinus
pinea? Results from a fertirrigation trial in Por-
tugal. Forest Ecology and Management 429:
198-206. - doi: 10.1016/j.foreco.2018.07.014

Farinha AOC, Branco M, Pereira MF, Auger-Roz-
enberg MA, Mauricio A, Yart A, Guerreiro V, De
Sousa EMR, Roques A (2018b). Micro X-ray
computed tomography suggests cooperative
feeding among adult invasive bugs Leptoglos-
sus occidentalis on mature seeds of stone pine
Pinus pinea. Agricultural and Forest Entomol-
ogy 20 (1): 18-27. - doi: 10.1111/afe.12225

Farinha AOC, Durpoix C, Valente S, Sousa E,
Roques A, Branco M (2018c). The stone pine,
Pinus pinea L., a new highly rewarding host for
the invasive Leptoglossus occidentalis. NeoBiota
41:1-18. - doi: 10.3897/neobiota.41.30041

Farinha ACO (2019). Impact and ecological adap-
tation of Leptoglossus occidentalis (Hemiptera,
Coreidae) on Pinus pinea. PhD thesis, Forestry
Engineering and Natural Resources, Universi-
dade de Lisboa, Portugal, pp. 164. [online] URL:
http://www.proquest.com/openview/45e28147
976e4bdatcoaefed16cd6376

Farinha AOC, Carvalho C, Correia AC, Branco M
(2021). Impact assessment of Leptoglossus occi-
dentalis in Pinus pinea: integrating population
density and seed loss. Forest Ecology and Man-
agement 496 (6): 119422. - doi: 10.1016/j.foreco.
2021.119422

Farinha AOC, Castagneyrol B, Van Halder I,
Branco M, Meredieu C, Jactel H (2024). Reduc-
tion of damage by the exotic invasive conifer
seed bug Leptoglossus occidentalis in mixed
pine-birch plantations: a case of biotic resis-
tance. Forest Ecology and Management 569
(4): 122193. - doi: 10.1016/j.foreco.2024.122193

Fent M, Kment P (2011). First record of the inva-
sive western conifer seed bug Leptoglossus oc-
cidentalis (Heteroptera: Coreidae) in Turkey.
North-Western Journal of Zoology 7 (1): 72-80.
[online] URL: http://www.researchgate.net/pu
blication/228493133

Hanson PD (1984). Comparison of damage to
Douglas-fir  Pseudotsuga menziesii (Mirb.)
Franco seed, by each life stage of Leptoglossus
occidentalis Heidemann (Hemiptera: Coreidae).
B.Sc. thesis, University of British Columbia, Van-
couver, Canada, pp. 28.

Ipekdal K, Oguzoglu S, Oskay F, Aksu Y, Dogmus
Lehtijarvi HT, Lehtijarvi A, Aday Kaya AG, Can T,
Ozcankaya M, Avci M (2019). Western conifer
seed bug Leptoglossus occidentalis Heidemann
(1910) (Hemiptera: Coreidae). Current situation
in the world and Turkey. General Directorate of

iForest 19: 201-208

Forestry, Ankara, Turkey, pp. 70.

Ipekdal K (2022). Estimating the potential threat
of increasing temperature to the forests of Tur-
key: a focus on two invasive alien insect pests.
iForest - Biogeosciences and Forestry 15 (6):
444-450. - doi: 10.3832/ifor3960-015

Joban HDS, Hepaksoy S (2024). Aydin | Kogar-
l’da fistik cami agaglarinin bazi ibre 6zellik-
lerinin belirlenmesi [Determination of some
needle characteristics of stone pine tree in Ay-
din / Kogarli]. Mustafa Kemal Universitesi Tarim
Bilimleri Dergisi 29 (1): 62-70. [in Turkish] - doi:
10.37908/mkutbd.1354056

Koerber TW (1963). Leptoglossus occidentalis
(Hemiptera, Coreidae), a newly discovered pest
of coniferous seed. Annals of the Entomologi-
cal Society of America 56: 229-234. - doi: 10.1093
[aesa/56.2.229

Kose N, Tirkes M, Celik H, Akkemik U (2025). Is
Pinus pinea growth affected by climate change
in western Anatolia? iForest - Biogeosciences
and Forestry 18 (2): 93-101. - doi: 10.3832/ifor
4641-018

Krugman SL, Koerber TW (1969). Effect of cone
feeding by Leptoglossus occidentalis on pon-
derosa pine seed development. Forest Science
15 (1): 104-111. - doi: 10.1093/forestscience/15.1.
104

Lait CG, Bates SL, Kermode AR, Morrissette KK,
Borden JH (2001). Specific biochemical marker-
based techniques for the identification of dam-
age to Douglas-fir seed resulting from feeding
by the western conifer seed bug, Leptoglossus
occidentalis Heidemann (Hemiptera: Coreidae).
Insect Biochemistry and Molecular Biology 31
(6-7): 739-746. - doi: 10.1016/S0965-1748(00)001
76-4

Lait CG, Miller DR, Bates SL, Borden JH, Ker-
mode AR (2003). Biochemical assay detects
feeding damage to loblolly pine seeds caused
by the leaf-footed pine seed bug (Hemiptera:
Coreidae). Journal of Entomological Science 38
(4): 644-653. - doi: 10.18474/0749-8004-38.4.
644

Lesieur V, Yart A, Guilbon S, Lorme P, Auger-
Rozenberg MA, Roques A (2014). The invasive
Leptoglossus seed bug, a threat for commer-
cial seed crops, but for conifer diversity? Bio-
logical Invasions 16 (9): 1833-1849. - doi: 10.1007
/s10530-013-0630-9

Loewe-Mufoz V, Balzarini M, Alvarez-Contreras
A, Delard-Rodriguez C, Navarro-Cerrillo RM
(2016). Fruit productivity of Stone pine (Pinus
pinea L.) along a climatic gradient in Chile. Agri-
cultural and Forest Meteorology 223: 203-216. -
doi: 10.1016/j.agrformet.2016.04.011

Mutke S, Gordo J, Gil L (2005). Variability of Me-
diterranean Stone pine cone production: yield
loss as response to climate change. Agricultural
and Forest Meteorology 132 (3-4): 263-272. -
doi: 10.1016/j.agrformet.2005.08.002

Mutke S, Calama R, Gonzalez-Martinez SC, Mon-
tero G, Javier Gordo F, Bono D, Gil L (2012).
Mediterranean Stone pine: botany and horticul-
ture. Horticultural Reviews 39 (1): 153-201. [on-
line] URL: http://www.researchgate.net/publica
tion/279416755

Mutke S, Martinez J, Gordo J, Nicolas JL, Herrero
N, Pastor A, Calama R (2014). Severe seed yield
loss in Mediterranean stone pine cones (Pinus
pinea). In: “medPINES5 - 5t International Confer-

Seed loss in Stone pines of Turkey

ence on Mediterranean Pines”. Solsona
(Spain), 22-26 Sep 2014, poster abstract. - doi:
10.13140/2.1.2267.6806

Mutke S, Calama R, Neaymeh EN, Roques A
(2017). Impact of the Dry Cone Syndrome on
commercial kernel yield of stone pine cones. In:
“Mediterranean Pine Nuts from Forests and
Plantations” (Carrasquinho I, Correia AC, Mut-
ke S eds). Options Méditerranéennes 122: 79-
84. [online] URL: http://om.ciheam.org/om/pdf/
a122/00007245.pdf

OGM (2024). Forestry Statistics 2023. Turkish
Forest General Directorate - OGM, website.
[online] URL: http://www.ogm.gov.tr/tr/e-kutu
phane/resmi-istatistikler

Oguzoglu S, Avci M (2018). Isparta ve Burdur II-
lerinde Leptoglossus occidentalis Heidemann,
1910 (Hemiptera: Coreidae)’e Ait Gozlemler ve
Turkey’deki Durumu [Observations of Lepto-
glossus occidentalis Heidemann, 1910 (Hem-
iptera: Coreidae) in the Provinces of Isparta
and Burdur and Its Status in Turkey]. In: Pro-
ceedings of “Ill Turkish Forest Entomology and
Pathology Symposium”. Artvin (Turkey), 10-12
May 2018. Faculty of Forestry, Artvin Coruh Uni-
versity, Turkey, pp. 10-12. [in Turkish]

Owens JN, Colangeli AM, Morris SJ (1991). Fac-
tors affecting seed set in Douglas-fir (Pseudot-
suga menziesii). Canadian Journal of Botany 69
(2): 229-238. - doi: 10.1139/b91-033

Ozgankaya IM, Balay NS, Kilci M, Bucak C (2010).
Kozak Yéresindeki Fistik Camlarinda (Pinus
pinea L.) Biyotik Faktorler ile Besin Element-
lerinin Kozalak Kayiplarina Etkileri [The effects
of biotic factors and nutrient elements on cone
loss in Stone pines (Pinus pinea L.) in the Kozak
Region]. Ege Ormancilik Arastirma Mudurlugu,
Teknik Biilten Serisi No. 47, Izmir, Turkey, pp.
56. [in Turkish]

Pasek JE, Dix M (1988). Insect damage to cone-
lets, second-year cones, and seeds of ponde-
rosa pine in southeastern Nebraska. Journal of
Economic Entomology 81 (6): 1681-1690. - doi:
10.1093/jee/81.6.1681

Ponce-Herrero L, Ponce Diaz A, Pando Fernan-
dez V, Alves-Santos FM, Pajares Alonso JA
(2024). Damage caused by Leptoglossus occi-
dentalis Heidemann (Hemiptera: Coreidae) on
Pinus pinea L. cones varies with feeding season.
Agricultural and Forest Entomology 26 (3): 386-
400. - doi: 10.1111/afe.12621

R Core Team (2024). R: a language and environ-
ment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. [on-
line] URL: http://www.r-project.org

Schowalter TD (1994). Cone and seed insect phe-
nology in a Douglas-fir seed orchard during
three years in Western Oregon. Journal of Eco-
nomic Entomology 87 (3): 758-765. - doi:
10.1093/jee/87.3.758

Schowalter TD, Sexton JM (1990). Effect of Lep-
toglossus occidentalis (Heteroptera: Coreidae)
on seed development of Douglas-fir at different
times during the growing season in western
Oregon. Journal of Economic Entomology 83
(4): 1485-1486. - doi: 10.1093/jee[83.4.1485

Strong W (2015). Lodgepole pine seedset in-
crease by mesh bagging is due to Leptoglossus
occidentalis (Hemiptera: Coreidae) exclusion.
Journal of the Entomological Society of British
Columbia 112: 3-18. [online] URL: http://journal.

207

>
(S
)
wv
]
S
o
L.
e
c
(1]
wv
]
19}
c
AL
194
w
o
)
B0
2
0
I
)
w
)
S
)
=



http://journal.entsocbc.ca/index.php/journal/article/view/886
https://doi.org/10.1093/jee/83.4.1485
https://doi.org/10.1093/jee/87.3.758
http://www.r-project.org/
https://doi.org/10.1111/afe.12621
https://doi.org/10.1093/jee/81.6.1681
https://doi.org/10.1139/b91-033
http://www.ogm.gov.tr/tr/e-kutuphane/resmi-istatistikler
http://www.ogm.gov.tr/tr/e-kutuphane/resmi-istatistikler
http://om.ciheam.org/om/pdf/a122/00007245.pdf
https://doi.org/10.13140/2.1.2267.6806
http://www.researchgate.net/publication/279416755
http://www.researchgate.net/publication/279416755
https://doi.org/10.1016/j.agrformet.2005.08.002
https://doi.org/10.1016/j.agrformet.2016.04.011
https://doi.org/10.1007/s10530-013-0630-9
https://doi.org/10.1007/s10530-013-0630-9
https://doi.org/10.18474/0749-8004-38.4.644
https://doi.org/10.18474/0749-8004-38.4.644
https://doi.org/10.1016/S0965-1748(00)00176-4
https://doi.org/10.1016/S0965-1748(00)00176-4
https://doi.org/10.1093/forestscience/15.1.104
https://doi.org/10.1093/forestscience/15.1.104
https://doi.org/10.3832/ifor4641-018
https://doi.org/10.3832/ifor4641-018
https://doi.org/10.1093/aesa/56.2.229
https://doi.org/10.1093/aesa/56.2.229
https://doi.org/10.37908/mkutbd.1354056
https://doi.org/10.3832/ifor3960-015
http://www.researchgate.net/publication/228493133
http://www.researchgate.net/publication/228493133
https://doi.org/10.1016/j.foreco.2024.122193
https://doi.org/10.1016/j.foreco.2021.119422
https://doi.org/10.1016/j.foreco.2021.119422
http://www.proquest.com/openview/45e28147976e4bda1c0aefed16cd6376
http://www.proquest.com/openview/45e28147976e4bda1c0aefed16cd6376
https://doi.org/10.3897/neobiota.41.30041
https://doi.org/10.1111/afe.12225
https://doi.org/10.1016/j.foreco.2018.07.014
https://doi.org/10.3390/f12091167
http://om.ciheam.org/om/pdf/a122/
http://om.ciheam.org/om/pdf/a122/

>
—
-
wv
(V)
S
(e]
L.
o
c
T
w
v
v
c
=
v
w
o
(]
o0
=
o
|
s
w
()
S
(e]
=

Avci M et al. - iForest 19: 201-208

entsocbc.ca/index.php/journal/article/view/886

Strong WB, Bates SL, Stoehr MU (2001). Feeding
by Leptoglossus occidentalis (Hemiptera: Corei-
dae) reduces seed set in lodgepole pine
(Pinaceae). The Canadian Entomologist 133 (6):
857-865. - doi: 10.4039/Ent133857-6

Strong WB, Bennett RG, Hales G (1998). Lep-
toglossus and low seedset in Lodgepole Pine
seed orchards. Seed and Seedling Extension

208

Topics, BC Ministry of Forests 11: 11-13.

Tamburini M, Maresi G, Salvadori C, Battisti A,
Zottele F, Pedrazzoli F (2012). Adaptation of the
invasive western conifer seed bug Leptoglossus
occidentalis to Trentino, an alpine region (ltaly).
Bulletin of Insectology 65 (2): 161-170. [online]
URL: http://hdl.handle.net/10449/21533

Supplementary Material

Tab. S1 - Percentages (seed %) in each dam-
age category according to Farinha’s scale
(Viable, Type-l, Type-ll, and Type-lll) and
each treatment (Exc and Exp) revealed by
X-ray and naked-eye evaluations.

Link: Avci_4854@supploo1.pdf

iForest 19: 201-208


http://hdl.handle.net/10449/21533
https://doi.org/10.4039/Ent133857-6
http://journal.entsocbc.ca/index.php/journal/article/view/886
http://iforest.sisef.org/pdf/Avci_4854@suppl001.pdf

	Measuring the damage of Leptoglossus occidentalis in Stone pine seeds in a pine nut production hot spot in Turkey
	Introduction
	Material and methods
	Study site
	Experimental design
	Statistical analysis

	Results
	Stone pine seed damage in Bergama
	Comparative evaluation of methods for assessing seed damage
	X-ray image evaluation of seeds
	Seed floating test
	Naked-eye evaluation of kernels
	Kernel weighing


	Discussion
	Seed damage in P. pinea
	Impact of L. occidentalis on seed damage in P. pinea
	Impact of other factors on seed loss in P. pinea
	Categorization of seed damage in P. pinea and reliability of X-ray images

	Conclusion
	Acknowledgements
	Author contributions
	References
	Supplementary Material


