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Measuring the damage of Leptoglossus occidentalis in Stone pine seeds 
in a pine nut production hot spot in Turkey

Mustafa Avci (1), 
Sükran Oğuzoğlu (1), 
Tuncay Can (2), 
Fikriye Öçal (3), 
I Meltem Özçankaya (3), 
Kahraman Ipekdal (4-5)

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.

Keywords: Damage Categorization, Pinus pinea L., Western Conifer Seed Bug, 
Seed Loss, X-ray

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 

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-Koçarli  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  (Cibrián-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 (Köse et al. 2025). However, the 
extent  of  L.  occidentalis’s  impact,  first  re-
ported in Turkey in 2009 (Arslangündogdu 
& 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 

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

Study 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. 2c).  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-
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Fig. 1 - Location of the 
study site, Bergama Kozak 
Plateau, Izmir, Turkey.
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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. 3a, Fig. 3e); (ii) “Type-I”: partially 
damaged  kernel  (Fig.  3b,  Fig.  3f);  (iii) 
“Type-II”: dry embryo with no endosperm 
(Fig.  3c,  Fig.  3g);  (iv)  “Type-III”:  empty 

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 
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Fig. 2 - Experimental 
design.

Fig. 3 - Seed damage cat-
egories according to Far-

inha’s scale obtained 
from X-ray image evalua-
tion: (a) Viable; (b) Type-
I; (c) Type-II; (d) Type III; 

and from naked-eye eval-
uation: (e) Viable; (f) 

Type-I; (g) Type-II (Type-
III is not included as this 
category has no kernel).
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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.

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-I 
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-II  seeds  between  Exc  and  Exp,  the 
percentage of  Type-II  seeds was lower in 
Exc (6.4%) compared to Exp (8.6% – Fig. 4a, 
Tab. S1). Similarly, the percentage of Type-
III  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 

was lower than in Exp, with the most no-
table  difference  observed  in  the  Type-I 
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-III,  36.6%  into  Type-II,  and 
17.7% into Type-I.  In Exp, 43.3% of all dam-
aged  seeds  fell  into  Type-III,  38.1%  into 
Type-I, and 18.6% into Type-II (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-II, and 
Type-III 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. 4c, Tab. S1). Overall, seed dam-
age in Exc was lower than in Exp, with the 
most  notable  difference  observed  in  the 
Type-II damage class (Fig. 4c, Tab. S1).

When only the damaged seeds were con-
sidered, 50.9% of all damaged seeds in Exc 
fell into Type-II, 25.1% into Type-I, and 24.0% 
into Type-III. In Exp, 59.0% of all damaged 
seeds fell into Type-II, 21.6% into Type-I, and 
19.4% into Type-III (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, Izmir, 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 

204 iForest 19: 201-208

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).

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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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-I,  Type-II, 
and Type-III) 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-Izmir 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 (Ozçankaya 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-

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 & Aletà 2013,  Calama 
et al. 2007, Calama et al. 2011, Correia et al. 
2017, Loewe-Muñoz et al. 2016, Mutke et al. 
2005). Köse 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-

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-I  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-I  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-II: 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-II  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-II  damage.  This 
suggests that Type-II 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-III:  Farinha et al. (2018a) and  Elvira-
Recuenco et al. (2016) reported no signifi-
cant difference in Type-III 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-III  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-III  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-III 
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-III  seeds,  as 
Type-II 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 

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.
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