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Abstract
In recent years, low germination rates have been a problem in the seeds of various coniferous species in
Turkiye, particularly Turkish red pine (Pinus brutia) and black pine (Pinus nigra), which are commonly
used species for afforestation activities. The increase in low germination rates corresponds to the
spread of Leptoglossus occidentalis in coniferous forests, suggesting an investigation of potential
correlation between the spread of this insect and the empty seed formation and germination rates. This
study aimed to investigate the main causes of empty seeds and low germination rates induced by
Leptoglossus occidentalis (Heidemann) in coniferous species in Turkiye. In the study, sample cones
from various coniferous species including Fir (Abies spp.), Stone pine (Pinus pinea), Turkish red pine
(Pinus brutia), Spruce (Picea orientalis), Cedar (Cedrus libani), Maritime pine (Pinus pinaster), Black pine
(Pinus nigra) and Scots pine (Pinus sylvestris) were collected based on their geographical distribution,
and then their seeds were extracted. The 1000-seed weights were determined for each species, followed
by germination tests conducted under controlled conditions. Statistical analysis revealed significant
variations in germination rates among species. Among the eight species examined, Scots pine (Pinus
sylvestris) had the highest germination rate at 37.9%, while fir (Abies spp) had the lowest rate at 0.4%.
Further statistical analysis revealed variations in germination rates based on aspects, with generally
higher rates observed in sunny aspects. The results indicated that Leptoglossus occidentalis caused a
significant decrease in seed germination ranging from 60–99% in coniferous species. Additionally,
reductions in 1000-seed weights ranging from 19–81% were observed in the species, except Scots pine.
The findings highlight widespread germination issues in seeds of majority of the coniferous tree in
Turkiye. As a result, it was found that L. occidentalis significantly contributes to empty seed formation
and lower germination rates in coniferous forests. Therefore, it is essential to develop strategies to
protect and conserve seed resources to mitigate any negative impacts on forest resources.

1. Introduction
Invasive insects like Leptoglossus occidentalis pose an economic threat to forests and seed orchards.
They damage natural forests and seed orchards, reducing the quality and quantity of seeds availability
for afforestation activities. L. occidentalis is known for destroying the seeds of coniferous trees and has
been found to harm 48 different species (Werner, 2011; Cranshaw, 2014). In coniferous forest in Turkiye,
a significant reduction in sapling production has been observed in recent years is due to low germination
rates of coniferous species' seeds. It is estimated that the germination rates have dropped from
60%-80% to only 10% which is mainly caused by the spread of L. occidentalis in coniferous forests,
leading to the production of empty seeds. This insect affects forest health by depleting seed resources,
reducing genetic diversity, and inhibiting natural regeneration and sapling growth (Parlak, 2017). Without
implementing effective strategies to combat L. occidentalis, forest regeneration in natural forests will
inevitably suffer from this damages. Additionally, the loss of seeds caused by this insect may hinder the
establishment of young trees in natural environments, posing even a long-term threat to sustainability of
forests (İpekdal et al., 2019).
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L. occidentalis is likely to compromise the health of seed stands and orchards of coniferous tree
species, impeding natural regeneration success, and potentially causing issues in sapling production by
reducing seed yield (Oğuzoğlu and Avcı, 2020). This insect feeds on cones and seeds, leading to the
premature dropping of newly formed cones and loss of seeds (Koerber, 1963; Hedlin et al., 1981; Cibrian-
Tovar et al., 1986; Strong, 2006; Santini, 2009). It has been also identified as a threat to all conifer
species in Europe and natural regeneration in pines (Sanchez et al., 2013; Lesieur et al., 2014). Thriving in
favorable climatic conditions and lacking natural predators, it spreads rapidly, inflicting damage on
natural coniferous forests and posing a significant threat to their natural regeneration (Roversi et al.,
2011; Tamburini et al., 2012; Bracalini et al., 2013; Lesieur et al., 2014). Previous researches have shown
that L. occidentalis significantly affects seed germination and natural rejuvenation by feeding on mature
seeds (Farinha et al., 2017). It has been reported that L. occidentalis causes damage various coniferous
species and potentially impact natural regeneration of host species (Rabitsch and Heiss, 2005;
Tamburini et al., 2012; Lesieur et al., 2014; Loewe-Munoz et al., 2021). It is estimated that single L.
occidentalis can damage 310 seeds in a one season (Bates and Borden, 2005). Particularly in pine
species, the insect pierces the endosperm of the seed with its long proboscis, showing a preference for
newly formed cones, and can reduce seed germination by up to 80% and seed loss may increase by up to
50% in natural stands (Gobbi and Lencioni, 2009). Its damages lead to the shedding of young cones,
reduction in seed quantity, or significant depletion of seed reserves by hindering germination (Bates et
al., 2001; Bates et al., 2002b). The decrease in seed resources resulting from insect damage disrupts
natural rejuvenation efforts and sapling production in coniferous species (Parlak, 2017).

Most sap-sucking insects, like L. occidentalis, belong to the order Hemiptera and possess long, needle-
shaped mouthparts (Gullan and Cranston, 2012). Newly hatched nymphs typically feed on needle leaves
and cone scales. After five nymphal stages, they reach adulthood in late August or early September.
Adult insects continue to feed on ripe seeds until cold weather arrives, overwintering in sheltered
locations. During this period, they remain in a semi-dormant state, abstaining from feeding or
reproduction while surviving on their fat reserves. The insect sustains itself by extracting the endosperm
from developing cones, leading to premature cone drop and failed fertilization. It is known to damage
approximately 40 coniferous species and exhibits a broad feeding preference (Galli, 1992; Negron, 1994;
Klass, 1995; Bates and Borden, 2005; Reid et al., 2009; Ogden, 2013; Bracalini et al., 2014; Cranshaw,
2014). Economic losses stem from both nymphs and adults consuming the endosperm portion of seeds,
resulting in diminished quality and quantity (Jucker, 2008). Feeding on the endosperm induces cone
abscission and inadequate fertilization (Mitchell, 2000; Bates and Borden, 2005). L. occidentalis feeds on
the seed endosperm after the second nymphal stage (Krugman and Koerber, 1969), damaging the ovary
and triggering conelet expulsion, subsequently reducing the number of viable seeds (Woods et al., 2015).
Such damage can lead to substantial conelet shedding and seed losses of up to 80% (Reid et al., 2009;
Resh and Carde, 2009; Bracalini et al., 2014). Even minor to moderate damage caused by insect feeding
can reduce sapling formation by as much as 80% (Bates et al., 2001). Mild to moderate damage to
Douglas fir seeds has been found to decrease seedling emergence by 80% (Bates, 1997). Additionally,
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even with mild seed damage severity, germination rates can drop to 20% in black pine (P. nigra) and
below 30% in other tree species (Lesieur et al., 2014).

Since plant seeds contain higher levels of nutrients compared to other tissues, insects that feed on
seeds exploit these resources (Gullan and Cranston, 2012). During reproductive periods, females require
more nutrients for egg production than males or nymphs, obtaining this nutrition by consuming nitrogen-
rich seed proteins (Bates et al., 2001). The insect inserts its sucking mouthparts directly into the seed,
penetrating approximately 2 cm, releases saliva, and then proceeds to suck the softened seed. Through
the absorption of oils and proteins from the seed, it can render the seed completely empty with varying
degrees of damage (Kozlowski, 1972; Bates et al., 2000, 2001, 2002). A characteristic symptom of
damage to mature seeds is the wilting and sponginess of the seed interior caused by insect feeding
(Hedlin et al., 1981; Bates et al., 2002a). In severe cases of damage, the entire endosperm can be
destroyed, resulting in the formation of empty seeds (Koerber, 1963).

During the seed maturation period, on average, adult males damage 1.4 seeds per day, while females
damage 2 seeds per day (Bates et al., 2002b). These damages collectively lead to significant seed loss.
It has been observed that adult females lay up to 80 eggs during the early stages of cone development
and can potentially damage around 320 seeds in a season. Reports suggest that a single adult L.
occidentalis can cause the loss of over 300 seeds, and in the absence of predators and parasitism, this
damage can escalate to 434 seeds (Bates et al., 2002a; Bates and Borden, 2005). The challenge in
understanding the damage caused by L. occidentalis lies in the fact that the insect does not damage the
cell wall of the plant tissues from which it absorbs sap, resulting in no visible structural damage (Gullan
and Cranston, 2012). By inserting its proboscis between the cone scales, the insect leaves no external
signs of damage on the seed's surface (Reid et al., 2009; Tamburini et al., 2012; Lesieur et al., 2014a).
Additionally, the insect is believed to favor the sunny upper parts of trees and is difficult to detect when
viewed from below (Hedlin et al., 1981; Richardson, 2013).

In spring, adults emerge from their overwintering sites to feed, mate, and lay eggs (Ogden, 2013). Adult
females lay approximately 80 eggs on needles from mid to late spring. The eggs are about 2 mm long
and 1 mm wide, barrel-shaped, initially light brown, later turning dark brown (Fig. 1). The eggs hatch
about 10–14 days later. The severity of damage can vary depending on the insect's developmental
stages. The first generation feeds on needles and newly formed cones, then transitions to the second
nymph stage after a few days. The stiletto length of second-stage nymphs increases by 2.5 times, easily
reaching immature seeds in cones. The elongation of the stiletto indicates the increased need for food
during this nymph stage. Damage to the ovary due to feeding, which results in cone shedding, occurs at
the end of summer when nymphs feed. This phenomenon is observed in the nymphs' feeding period at
the end of summer (DeBarr and Kormanik, 1975; Jucker, 2008; EPPO, 2010; Fent and Kment, 2011; Taylor
et al., 2001; Pimpãp, 2014) (Fig. 1).

Figure 1. Egg (left), 2nd nymph (middle) and adult stages (right) of L. occidentalis (S. Parlak)
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The insect L. occidentalis causes damage to various coniferous species in Turkiye, including Pinus
sylvestris, Pinus nigra, Pinus halepensis, Pinus pinea, Picea orientalis, Larix decidua, Abies spp.,
Juniperus spp., Cedrus spp., and Pseudotsuga menziesii (Taylor et al. 2001; Fent and Kment 2011;
Tamburini et al. 2012). However, there have been no studies conducted on the sensitivity of these
species (Lesieur et al., 2014). L. occidentalis also damages coniferous species that are not native to
Turkiye, significantly affecting seed formation. While L. occidentalis was first identified in Turkiye in 2009
(Arslangündoğdu and Hızal, 2010), no comprehensive study has examined the extent of the damage it
causes to coniferous species in the country. The feeding behavior of the insect during both the nymph
and adult stages can cause significant harm to the seeds of coniferous trees. In 2010, when it arrived in
Turkiye, the initial sign of damage was premature cone drop in stone pine trees. Over the following years,
its population expanded and spread across the country, causing damage to various other conifer
species. This damage resulted in a notable decrease in germination rates and disrupted annual
production schedules in nursery studies. However, to date, no comparative analysis has been conducted
on species preference and the damage caused by L. occidentalis. Therefore, this study aims to
investigate the formation of empty seeds and germination rates resulting from L. occidentalis damage in
naturally occurring or plantation-established coniferous species across Turkiye.

2. Materials and Methods

2.1 Material
To determine the development of empty seeds, mature cones were collected from natural coniferous
species and maritime pine in sufficient quantities from the previous year. Various pieces of equipment
were utilized for different stages of the study, including an automatic control seed extraction chamber
for removing seeds from the cones, a temperature and humidity controlled climate cabinet (Growth
chamber GC 500) for germination tests, a refrigerator for storing the extracted seeds, scales for
weighing, germination petri dishes, a drying oven, and a stereo microscope for imaging any damage on
the seeds. In addition, sodium hypochlorite was used as a disinfectant, blotting papers, and fungicide to
prevent infections.

2.2 Method

2.2.1. Collecting pine cones and assessing their physical
attributes
Location and elevation factors were considered when collecting sample cones (Table 1). The newly
matured and collected cones were carefully handled to ensure they were not opened. At least 5 kg of
cones were collected from each location to obtain enough seeds from Turkish red pine (Pinus brutia)
and black pine (Pinus nigra) which are the most common species in Turkiye. Additionally, cones were
collected from stone pine (Pinus pinea), Scots pine (Pinus sylvestris), cedar (Cedrus libani), fir (Abies
spp.), spruce (Picea orientalis), and exotic maritime pine (Pinus pinaster) to study the formation of
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empty seeds. The number of cone collection locations was determined based on the distribution of tree
species in the area. Cones were collected from various locations and elevations to cover the distribution
area of each species. The location, elevation, and coordinates of the collection sites were recorded,
along with information about whether the area was natural or afforested, and the proximity to the forest.
Seeds were extracted from the collected cones using machines set at a temperature of + 50°C. After
extraction, seeds from each location were stored in fabric bags at a temperature of + 4°C. The weight of
1.000 seeds and the germination rates of the extracted seeds were calculated to reveal the relationship
between seed characteristics, germination rates, species, elevation, and aspect.

Table 1
Elevations and number of localities where cones were collected

and seeds were extracted.
Species Number of

locations (N)

Average

Elevation (m)

Maritime pine (Pinus pinaster) 27 183

Scots pine (Pinus sylvestris) 64 1630

Black pine (Pinus nigra) 104 991

Stone pine (Pinus pinea) 101 474

Turkish red pine (Pinus brutia) 259 619

Cedar (Cedrus libani) 35 1443

Spruce (Picea orientalis) 5 1567

Fir (Abies spp.) 5 1134

Total 600  

2.2.2. Germination tests and statistical analyzes
Germination tests were conducted according to ISTA (1999) rules. Four replicates of 100 seeds from
each location were placed in petri dishes, and a solution of 750 ml/0.75ml of fungicide was sprayed on
the seeds. A mixture of 8.6 ml of sodium hypochlorite and a liter of water was prepared and kept for 5
minutes, followed by rinsing with pure water. To protect the germinating seeds from fungal
contamination, they were treated with a fungicide before being placed in petri dishes. The seed spraying
was performed by using Syngenta's Maxim XL 035 FS which contains 25g/L of Fludioxonil + 10g/L of
Metalaxyl-M as the active substances, and do not affect germination. The seeds were then placed on
Whatman filter papers, moistened with sterilized water, and placed in petri dishes with a diameter of 9
cm. The petri dishes were placed in an incubator with a temperature of 25°C and humidity of 70%. During
the germination tests, seed counts were taken every 5 days, depending on the species. The germination
time was 50 days for maritime pine, 40 days for stone pine and Scots pine, and 25 days for black pine,
spruce, fir, Turkish red pine, and cedar. Seeds that developed 2 mm roots were considered germinated.
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Arc-sin transformations were performed on seed germination rates and other percentage values
obtained based on damage categories to ensure normality. One-way analyses of variance and Duncan
multiple comparison tests were conducted using the SPSS 20 statistical program. Correlation analyses
were performed to explore the relationship between aspect and elevation in germination and the
formation of empty seeds.

3. Results and Discussion
Seed losses can occur due to various factors, such as climatic conditions, inadequate pollination, failed
seed development, and infestation by fungi and seed-feeding insects (Owens et al., 1991; Owens, 1995).
Biological factors, including irregular flowering, lack of synchronous development and flowering, failed
flower or embryo development, and immature seeds and fruits, can also impact seed formation. For
example, newly formed conelets may be prematurely shed if fertilization is absent or insufficient.
Research on stone pine pollen viability has shown that early conelet shedding is unrelated to pollination
and fertilization. Insect damage can also contribute to seed losses and low germination rates. Insects
feeding on seeds can consume nutritional stores and embryos, preventing germination (Boivin et al.,
2019). L. occidentalis damages seeds by sucking the embryo and endosperm, leading to the discarding
of young cones (Bracalini et al., 2013; Farinha et al., 2021). Damage to larger cones can result in empty
or pathogen-infected seeds (Tamburini et al., 2012). Feeding by L. occidentalis on developing cones can
result in the formation of visually undamaged yet empty or damaged seeds (Lesieur et al., 2014a; Bates
et al., 2001). Therefore, insect damage can be detected through cone expulsion, presence of empty
seeds in mature cones, and wrinkled or spongy seed endosperm. Cone set can be affected by various
stresses, including climate changes, rainfall patterns, pollination, cone diseases, and abiotic factors.
However, the recent decline in cone set and germination rates in Turkiye has coincided with the spread of
L. occidentalis. Previous investigations into seed formation decline in coniferous species have not
identified any abiotic factors that could explain abnormal seed decline in all species. These findings,
along with logical inferences, support the thesis that L. occidentalis is the primary factor contributing to
the formation of empty seeds. In fact, studies by İpekdal et al. (2019)d uzoğlu and Avcı (2020) have
highlighted the widespread presence of this insect in Turkiye and the significant decrease in germination
rates compared to previous years. The feedback received from the General Directorate of Forestry
management and nursery directorates further supports these findings.

3.1. Statistical results on germination rates in coniferous
species
The germination of seeds can be influenced by the amount of protein and oil consumed by the seed. This
consumption is affected by damage caused by L. occidentalis during cone development. Even with the
same degree of damage, the germination of the seeds may vary (Bates, 1997). The one-way analysis of
variance was conducted to compare germination rates among different species. The results indicated a
statistically significant difference in the formation of empty seeds based on species (Table 2). It can be
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inferred that the insect's feeding preferences vary across species when it is assume that the presence of
empty seeds is due to damage caused by L. occidentalis. Duncan tests were performed to determine the
differences in germination rates. The tests revealed that fir, stone pine, and Turkish red pine had the
lowest rates, while black pine and Scots pine had higher rates (Table 3). The severity of damage caused
by L. occidentalis varies among coniferous species. The rate of damage varies depending on the
developmental stage of the seed (Krugman and Koerber, 1969). It has been noted that Pinus engelmannii
experiences a high rate of empty seed formation due to damage caused by L. occidentalis during the
embryo stage (Bermudes, 2012). The insect's damage to young cones increases cone drop by five times,
and when it damages mature cones, it significantly reduces the percentage of viable seeds. Specific
temperature thresholds are required for egg-laying and hatching, making temperature the most crucial
climatic factor influencing the number of offspring. Higher numbers of offspring are produced at lower
elevations (Jung et al., 2023). The extremely low germination rates observed in Turkish red pine and
stone pine may be attributed to their ecological adaptation to lower elevations, where the higher number
of offspring of the insect could have increased the damage.

L. occidentalis is an insect that feeds on the cones of conifers, particularly pines, and causes significant
damage to pine forests. It has also been known to cause damage to other species such as Pseudotsuga
menziesii, Juniperus, Tsuga, Picea, Cedrus, and Calocedrus. Studies on Pseudotsuga menziesii have
shown that a two-week feeding period by female L. occidentalis during the late season can reduce seed
production by 70% (Koerber, 1963; Cambell and Shea, 1990; Bates et al., 2000a, b; Lait et al., 2001; Bates,
2002; Mjøs et al., 2010). The damage rate of Pinus echinata in seed orchards has been reported to reach
as high as 83% (EPPO, 2010), and it causes 41% damage to Douglas trees (Koerber, 1963). Controlled
studies have shown that nymphs of L. occidentalis can reduce seed production in Pinus strobus by 75%
(Bates et al., 2002a). Second instar nymphs have been found to feed on Pinus echinata cones for only
four weeks, resulting in 100% cone shedding due to the destruction of the ovary. Similar damage occurs
at the end of summer when the nymphs are feeding (DeBarr and Kormanik, 1975). L. occidentalis has
been reported to cause up to 75% seed loss in annual cones of Pinus contorta and Pinus monticola
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Dougl. (Bates et al., 2000; Strong et al., 2001; Bates et al., 2002b). It has also been observed to reduce
seed and seedling formation by 50% in some coniferous species (Blatt, 1994; Bates et al., 2000; Bates et
al., 2001). It has been found in various coniferous species such as Pinus halepensis, Pinus laricio, P.
pinea, P. nigra, Pseudotsuga menziesii in Sicily, and Pinus strobus, P. sylvestris in northern Italy (Rice et
al., 1985; Hellrigl, 2006; Maltese et al., 2009). Damage percentages reported include 26% for Pinus
monticola, 41% for Pseudotsuga species, and 30% for P. cembroides (Mitchell, 2000; Bustamante-García
et al., 2012; Gapon, 2013). Additionally, it has been found to cause 55% damage to Pinus ponderosa
(Krugman and Koerber, 1969; Pasek and Dix, 1988). In laboratory studies, it has been reported to cause a
50% decrease in empty seed formation in Douglas and a 90% decrease in seed formation in Pinus
contorta (Schowalter and Sexton, 1990; Strong et al., 1998). Seed loss is generally less in coniferous
species such as spruce and larix compared to others (Hedlin et al., 1981; Strong et al., 2001).

3.1.1. Aspect and germination
The results indicate that there is no statistically significant difference in germination rates between the
slopes (Table 4). However, according to the Tukey tests germination rate of 12.3% was observed in flat
areas, while a germination rate of 25% occurred on the southern slope (Table 5). The reason for the lack
of statistical difference is thought to be the wide variation in germination exhibited by seeds collected
from the same slope. Further studies are necessary to uncover the reasons for the insect's preference
for certain appearances.

Table 4
Anova analysis of variance for germination rates according to aspect

  Sum of Squares df Mean Square F Sig.

Between Groups 2878.68 8 359.84 1.473 .167

Within Groups 64011.68 262 244.32    

Total 66890.36 270      
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Table 5
Tukey tests for germination rates according to

aspects
Aspect N Subset for alpha = 0.05

Flat 9 12.294

East 27 15.410

Southeast 25 18.832

Northwest 33 18.930

North 33 19.182

West 32 19.212

Southwest 28 22.941

Northeast 43 23.202

South 41 25.006

Sig.   0.103

3.1.2. Slope and germination
The study analyzed the correlation between slope and germination rates, considering the potential
impact of slope and sun angle on insect spread and damage (Fig. 2). The correlation analysis revealed a
correlation coefficient of R² = 0.9336 for slopes ranging from 10–50%, and R² = 0.7455 for slopes
ranging from 50–100% (Fig. 3). Due to the significant relationship between slope and germination,
further research is necessary to investigate the feeding behavior of insects and the influence of
microclimate. In a similar study conducted by Lee et al. (2023), it was discovered that slope had a strong
positive effect (R2 (??) > 0.5; p < 0.05) on insect dispersal.

The body temperature of insects is crucial because they are poikilotherms and highly influenced by
external conditions. When temperatures are low, their activity is restricted, and they are unable to fly. It
has been observed that male flowers have a higher temperature and greater heat reflection ability.
Objects with higher temperatures emit more infrared radiation, which can be detected by L. occidentalis.
Furthermore, higher temperatures lead to an increased release of volatile compounds like
monoterpenes. Therefore, male flowers, with their high reflectance, high temperature, and high
concentration of volatile compounds, may be more appealing to L. occidentalis (Kitajima et al., 2022).
Previous research has shown that first-stage nymphs feed on male flowers during the spring season
(Schaefer and Panizzi, 2000). Sloping areas allow both male and female flowers to receive more light
and solar radiation compared to flat areas. This may help explain why sloping areas have a greater
impact on insect density in terms of feeding the first nymphs and adults, rather than flat areas.
Additionally, since eggs require a certain temperature for hatching (Jung et al., 2023), the slope of the
area may influence the insect's preference for warmer spots on the tree for egg-laying.
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3.2. Germination rates and weights of 1000 seeds of the
species.
Germination rates and 1000 seed weights of different tree species were compared using the data
collected prior to the insect's arrival in Turkiye. Among the species, fir seeds had the lowest germination
rate at 0.4%, followed by Scots pine seeds at 37.9% and black pine seeds at 25.1%. Stone pine, which has
been experiencing empty seed formation for many years, had a germination rate of 2.6%, while Turkish
red pine had a rate of 3.7%. The germination rate for maritime pine, commonly used in fast-growing
afforestation, was found to be 22.1%, and, it was 16.5% for spruce. These results highlight the significant
variation in germination rates across different tree species (Table 6). This difference suggests that insect
damage may vary depending on factors such as seed size, reproductive cycle, sensitivity of the host tree,
and tree species (Bates, 1999). Studies have shown that insects are capable of distinguishing between
different conifers and selecting hosts in a versatile manner. They first choose the tree, then the cone, and
finally their feeding place. Robust insects tend to select trees with dense crowns and long needles.
Nutritional status and cone size may also play a role in the selection process, particularly for
polyphagous species like L. occidentalis. Additionally, irrigated and fertilized trees are more likely to be
preferred by these insects (Blatt, 1997; Lesieur et al., 2014; Farinha et al., 2018a).

Table 6
Comparison of germination rates found in this study and at literature by species

  Average germination rate at (%)  

Species literature in this study Decrease rate (%)

Scots pine (Pinus sylvestris) Giray (1993) 96.8 37.9 61

Black pine (Pinus nigra) Varol (1968) 82.0 25.1 69

Maritime pine (Pinus pinaster) Marques et al. (2012);

Alía et al. (1996)

80.0 22.1 72

Cedar (Cedrus libani) Eler et al. (1992) 76.4 17.9 77

Spruce (Picea orientalis) Erkuloğlu (1989) 66.7 16.5 75

Turkish red pine (Pinus brutia) Öktem (1992) 81.6 3.7 95

Stone pine (Pinus pinea) Saatçioğlu (1967) 85.0 2.6 97

Fir (Abies spp.) Saatçioğlu (1967) 82.0 0.4 99

L. occidentalis not only causes damage during seed formation and development but also affects mature
seeds, resulting in decreased seed germination. Research shows that seed loss due to L. occidentalis
can exceed 70% in natural regeneration studies. It has been found that when more than one-third of the
seed content is consumed, its ability to germinate is lost (Lesieur et al., 2014). Only 18% of the seeds
consumed by L. occidentalis in a germination experiment were able to sprout (Blatt and Borden, 1998).
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Certain clones of the species are preferred by L. occidentalis (Blatt and Borden, 1996). In a study on
Pinus contorta, 86% of the insects were found in only 10% of the clones, indicating that certain clones
were more attractive to the insects. Among conifers in the same plantation, certain species were found
to be more preferred. Factors such as cone weight and temperature influence the insect's choice (Strong,
2010; Richardson, 2013; Loewe-Muñoz et al., 2019), and the insect uses infrared sensors to locate the
cones (Takács et al., 2009). Comparing the results of the study with previous studies revealed significant
decreases in germination rates. While Scots pine had the lowest decrease at 61%, fir species
experienced up to a 99% reduction. Turkish red pine (95%) and stone pine (97%) had the highest
germination losses (Table 6). A study on pine species reported that if one-third of the seed was
damaged by L. occidentalis, germination dropped below 30%. Moderate damage resulted in germination
rates below 5% (Bates et al., 2001; Lesieur et al., 2014). Even slight damage to the seed leads to failed
germination (Mitchell, 2000).

The effect of elevation on 1000 seed weight and germination was determined by grouping based on
elevation stage. The data revealed that seed weight and germination rates were concentrated at specific
elevation levels, particularly in Turkish red pine and Scots pine (see Fig. 4). It is necessary to investigate
in detail whether this difference in germination is due to insect damage or inadequate seed development
depending on elevation. No significant difference in germination was observed depending on elevation in
other species (Additional Table 1). The study reported that damage in high elevation species like Pinus
albicaulis was as low as 2.1%. While the insect tends to prefer species growing at lower elevations in
their natural distribution areas, it may choose species residing at higher elevations in forced conditions
such as food competition or lack of sufficient cones (Anderton and Jenkins, 2001). Elevation has a
strong positive effect (r > 0.5p < 0.05) on insect spread, and modeling indicates that the probability of
spread increases when elevation is below 345 m or slope is less than 200% (Lee et al., 2023).

The study compared the weights of 1000 seeds with previous studies conducted before the insect first
detected in Turkiye. It was found that, except for Scots pine, the 1000 seed weights of other species
were lower than in the previous studies (Fig. 5). Only the 1000 seed weights of Scots pine were
consistent with the literature data. However, the 1000 seed weights of other species showed decreases
ranging from 15–75%. Turkish red pine had the smallest decrease (12%), while fir seeds had the largest
decrease (75%) (Table 8). This decrease in seed weight can be attributed to damage to the endosperm
and embryo. Previous studies have demonstrated that coniferous species, which serve as hosts for L.
occidentalis, not only experience a decrease in seed germination but also a decrease in seed weight
depending on the amount consumed (Lesieur et al., 2014). These studies highlight that the severity of
damage varies between locations (Bustamante-García et al., 2012) and that local climatic conditions
may influence the population and, consequently, the damage (Schowalter et al., 1985; Tamburini et al.,
2012).

Table 8. Comparison of seed weights of different species between literature and present study
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3.2.1. Formation of empty seeds in stone pine (Pinus pinea)
In stone pine, the average weight of 1000 seeds in cones collected from 87 localities was determined to
be 529.4 g. The lowest recorded weight for 1000 seeds was 88.1 g, while the highest was 847.4 g.
Interestingly, there is a noticeable increase in seed weight as elevation increases. For instance, the
weight of 1000 seeds was found to be 466.1 g in the 0-250 m range, but it increased to 644.4 g in the
1000–1250 m range. This represents a 29.4% decrease in average seed weight compared to previous
studies where the average weight was 750 g (Saatçioğlu, 1967; Kılcı et al., 2011). Although stone pine is
known to have high germination rates, this study revealed low germination rates, suggesting that the
seeds may have lost their germination feature. The highest germination rate observed in stone pine trees
was 14.7%, while the average germination rate was 2.6%. In contrast, Ganatsas et al. (2008) reported an
average germination rate of 88% in stone pine. Interestingly, the varying elevations did not show a clear
correlation with germination rates. The lowest germination rate was recorded at 2.3% in the 750–1000 m
elevation stage, whereas the highest germination rate was observed in the 0-250 m elevation range,
reaching 3.3%. The statistical analysis revealed a low correlation (R² = 0.1227) (Fig. 6).

The feeding behavior of insects, larger size, and higher nutrient content of stone pine seeds contribute to
increased damage. Germination rates for stone pine seeds are lower compared to those of other
species, likely due to the seed insect L. occidentalis. Suction holes caused by L. occidentalis were
observed on the seed shells. Farinha et al. (2021) found a strong positive correlation (R2 = 0.98) between
high insect densities and seed loss in stone pine trees, providing evidence for the impact of L.
occidentialis on seed loss. It is still unknown if L. occidentalis is the cause of empty seeds in stone pine
trees (Strong, 2006). Cone shedding in the Mediterranean Basin significantly impacts pine nut production
(Bracalini et al., 2013). Major crop losses due to L. occidentalis were observed in stone pine trees in the
Mediterranean basin. From 2011 to 2014, the rate of empty seeds increased to 50% in countries such as
Portugal, Spain, Italy, and Turkiye (Mutke et al., 2014). In Italy alone, pine nut production decreased by
95% (Bates et al., 2002b). Prior to the damage caused by L. occidentalis, the rate of healthy seeds was
70%. However, three years after the insect was detected, this rate dropped to 6% (Innocenti and Tiberi,
2002).
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Calama et al. (2020) found that the rate of damage in cones exposed to L. occidentalis varied between
67% and 100%. It caused a 70% loss of stone pines in the Iberian peninsula (Farinha et al., 2017). It was
reported that if L. occidentalis damages one-year-old cones, it leads to 86% cone shedding, and if it
damages two-year-old cones, it causes 100% cone shedding (Ponce-Herrero et al., 2017). Feeding during
the first cone period and completed cone development can still result in a 47% decrease in seed amount
(Bates et al., 2002b). Low damage severity significantly reduces seed germination (Sanchez et al., 2013).

Stone pine seeds are larger than those of other host trees (Sorensen and Miles, 1978), making them
more attractive for feeding by L. occidentalis. Bigger seeds result in shorter feeding times for the insect,
making stone pine seeds more advantageous in terms of benefit/cost (Farinha et al., 2018b). Regardless
of natural stand, plantation, elevation, and aspect, Parlak (2017) found that empty seed rates in cones
collected from 42 localities in stone pine areas in Turkiye varied between 14% and 98%. In Farinha et al.'s
study (2018b), it was determined that the damage rate of L. occidentalis adults on stone pine trees was
0.014 seeds/day per individual. Examination of damaged seeds revealed that multiple insects feed from
the same hole, suggesting cooperation among the insects to feed and benefit from the same feeding
hole instead of drilling new holes. This feeding tactic reduces feeding time in stone pine trees and
intensifies the damage severity.

In Mediterranean countries, particularly in Europe, damage from L. occidentalis significantly reduces the
yield in natural stone pine areas by approximately 95%. In Italy, the annual production of stone pine seeds
was 40 thousand tons; however, production sharply declined by 95% in 2009 due to insect damage
(Bates et al., 2002b; Roversi et al., 2011). Damaged seeds wither inside and cones are discarded
(Brambila, 2007). The invasive insect in Europe is considered the main factor contributing to the
significant decrease in stone pine production in the Mediterranean Basin (Roversi et al., 2011; Bracalini et
al., 2014). It has been observed that L. occidentalis consumes approximately 1/5 of mature stone pine
cones every month (Farinha et al., 2017). Early sowing leads to the shedding of conalets, while late
period feeding causes the formation of empty seeds and destruction of the endosperm (Mutke et al.,
2015). Many of the cones damaged by L. occidentalis exhibit resin exudates (Bracalini et al., 2013).

3.2.2. Formation of Empty Seeds in Cedar (Cedrus libani)
According to Saatiçioğlu (1967) the average weight of 1000 cedar seeds to be 76.4g. Another study
found the weight of 1000 seeds to be 88.0 g in seeds taken from two elevations and 10 dominant trees
(Özdemir et al., 1986). In this study, the weight of 1000 seeds was found to be 15% lower compared to
previous studies. The damage rate in cedar seeds was lower compared to other species. Besides, there
was no significant difference in the germination rates of cedar seeds based on elevation. A low
correlation was observed between elevation and germination rate, and the correlation was calculated to
be very low for 1000 grain weight (Fig. 7).

The germination rates of cedar seeds have shown a significant decrease. In this study, the average
germination rate was 17.9%, with the highest rate recorded at 41.7%. Previous studies on the
germination percentages of cedar seeds have reported higher rates. For instance, Odabaşı (1967) found
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a germination rate of 75.9% in seeds collected from 15 different sources. Eler et al. (1992) determined
an average germination rate of 76.4%. In this study, the germination rate recorded in this study was 76%
lower compared to the average rates reported in previous studies. Furthermore, although there are
limited studies, it has been determined that L. occidentalis also causes damage to cedar (Nemer et al.,
2019).

3.2.3. Formation of empty seeds in Turkish red pine (Pinus
brutia)
The study analyzed seeds collected from cones at 259 locations in Turkish red pine within an elevation
range of 0-1500 m. The average weight of 1000 seeds in Turkish red pine was found to be 45.8 g.
Previous studies reported average seed weights 51.9 g. In the current study, a seed weight loss of 12%
was observed. To assess the impact of elevation on empty seed formation, germination rates were
analyzed based on elevation levels. It was observed that as elevation increased, there was a
corresponding increase in 1000 seed weights, but germination rates decreased by approximately half.
The average germination rate from the study was determined to be 3.7%. In this study, a germination
loss of 95% was observed. There was no correlation found between 1000 seed weight and elevation in
Turkish red pine seeds, and a low correlation was observed between elevation and germination rate.

3.2.4. Formation of empty seeds in black pine (Pinus nigra)
Studies on black pine were conducted using seeds from 104 different locations. The average weight of
1000 seeds ranged from 6.4 g to 59.6 g, with an overall average of 17 g. Deligöz and Gezer (2005) found
that the weight of 1000 seeds was 21.8 g in their study. Comparing these results to previous studies, a
75% reduction in seed weight was observed. In black pine, a weak correlation (R² = 0.0241) was found
between 1000 seed weights and elevation (Fig. 9). The average germination rate was 25.1%. Germination
rates varied depending on altitude, with rates of 19.6% and 16.1% at 0-500 m and 1500–2000 m,
respectively. Rates of 24.4% and 25.4% were observed at 500–1000 m and 1000–1500 m, respectively.
Kalkan et al. (2021) reported a germination rate of 13.9% for seeds damaged by L. occidentalis. In terms
of altitude, there was no statistically significant relationship (R² = 0.0401) between germination rates.
Previous studies have indicated that 25% of P. nigra seeds, of which more than half are consumed by L.
occidentalis, have the potential to germinate (Lesieur et al., 2014). It has been reported that adults of L.
occidentalis can consume between 0.7 and 1.7 seeds per day in P. nigra, with another study reporting a
rate of 0.7 seeds per day (Lesieur et al., 2014; Farinha et al., 2018b). The insect is responsible for a 25%
seed loss in black pine seed orchards and up to 70% in natural stands, with damage reaching as high as
77.4%. In P. nigra and P. sylvestris, the potential for natural regeneration is reduced by over 70%, resulting
in seed yield reductions ranging from 24.2–44.2% in subsequent years. Seeds exposed to slight damage
by L. occidentalis in black pine trees had a germination rate seven times lower than intact seeds (Lesieur
et al., 2014).

3.2.5. Formation of empty seeds in Scots pine (Pinus
sylvestris)
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Sample cones were collected from 64 different locations in Scots pine to obtain seeds. The weight of
1000 seeds ranges from 2.6 g to 20.1 g, with an average weight of 10.6 g. Previous studies conducted by
Giray (1993), Eliçin (1970), and Saatiçioğlu (1967) reported the weight of 1000 seeds as 9.2 g, 9.7 g, and
10.3 g, respectively. Gezer and Yücedağ (2006) found the average weight of 1000 seeds to be 9.6 g in
their study. A noteworthy finding of this study was that the weight of 1000 seeds was discovered to be
10% higher than the average weight observed in previous studies. The correlation coefficient between
1000 seed weight and altitude in Scots pine seeds was very low (R² = 0.0095). However, there was a
slight decrease in germination rates associated with higher elevations. This relationship was also
observed in the correlation tests (Fig. 10), with an R² value of 0.1578.

In this study, the average germination rate for Scots pine was found to be 37.9%, which is higher than
that of other species. Giray (1993) reported the average germination rate for Scots pine as 96.8%. The
higher germination rates in Scots pine compared to other species suggest that it experiences lower
insect damage. Lesieur et al. (2014) found that P. sylvestris seeds, with more than half of their content
consumed, did not germinate at all. The damage rate of L. occidentalis adults in P. sylvestris ranged from
0.8 to 1.7 seeds per day per insect, while another study reported it as 0.8 seeds per day (Lesieur et al.,
2014; Farinha et al., 2018b). In Scots pine natural areas, insect damage causes a seed loss of 70%, and
sometimes up to 54% in seed orchard (Lesieur et al., 2014). Additionally, the insects cause further
damage to the seeds by feeding on adult females (Bates et al., 2002b). The damage rate in P. sylvestris
seeds provided to mating females reached 99% (Lesieur et al., 2014). In the natural distribution areas of
Scots pine, it can be inferred that low winter temperatures affect the vitality of seed insects and reduce
their damage, thereby contributing to higher germination rates. Another factor may be the shorter
vegetation period in Scots pine growing environments due to higher altitudes, as insects prefer lower
altitudes for wintering. Several studies have identified temperature, humidity, precipitation, and wind
speed as the most important environmental factors influencing the survival and development of insects
(Stanton, 1983; Berryman, 1986; Córdoba-Aguilar et al., 2018; Dent, 2000). Temperature plays a crucial
role in the wintering site selection of many insects, while photoperiod promotes overwintering (Leather
et al., 1995). A study on this subject suggests that low temperatures, especially in high-altitude
mountainous regions, limit the spread of insects (Jung et al., 2023).

3.2.6. Formation of empty seeds in maritime pine (Pinus
pinaster)
Seeds were collected from cones at 27 different locations in maritime pine trees. The average weight of
1000 seeds was determined to be 59.2 g. When compared to existing literature data, it was found that
the weight of 1000 seeds decreased by an average of 26%. Additionally, there was no correlation (R² =
0.0001) between elevation and 1000 seed weight (Fig. 11).

The average germination rate was measured to be 22.1%. When compared to existing literature data, it
was found that germination rates decreased by an average of 72%. The average germination rate in
maritime pine varies between 82.5% (Marques et al., 2012) and 77.5% (Alía et al., 1996). Similarly, there
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was no correlation (R² = 0.0046) between elevation and germination rates. Some studies have reported
that seed germination in maritime pine is hindered by L. occidentalis (Ribeiro et al., 2022).

3.2.7. Formation of empty seeds in spruce (Picea orientalis)
and fir (Abies spp.).
The number of cones collected from areas where spruce and fir trees are found is lower compared to
other species. Cones were collected from 5 locations in these areas and the seeds were removed. The
average weight of 1000 spruce seeds was found to be 2.9 g. Erkuloğlu (1989) reported that the weight of
1000 seeds of eastern spruce ranged from 7.2 g to 8.9 g. Compared to previous studies, there was a 64%
decrease in the weight of 1000 seeds determined in present study, while the average germination rate of
spruce was 16.5%. When compared to previous studies, it was found that there was a 75% decrease in
germination rates. Göktürk et al. (2019) reported in their study on spruce that the highest germination
percentages ranged from 57.0–62.7%, while the lowest germination percentage was 14.1%. According to
Erkuloğlu (1989), the germination percentage of spruce seeds was generally over 80%.

The weight of 1000 fir seeds was found to be 15.0 g, which was lower than the average values reported
in previous studies. For example, Yüksel and Dirik (2021) found the weight of 1000 seeds of Kazdağı fir
(Abies nordmanniana subsp. equi-trojani) to be 82.7 g. In other studies conducted on Kazdağı fir, Aslan
(1982) found the weight of 1000 seeds to be 63.2 g, Velioğlu et al. (2012) reported an average of 71.8 g,
and Yılmaz et al. (2011) found it to be 94.9 g. In studies on seeds of other native fir species, the weight
was determined as 82.9 g in Uludağ fir (Abies bornmulleriana) (Turna et al., 2010). Altun (2011) reported
an average 1000-seed weight of 79.0 g for three origins of Eastern Black Sea fir (Abies nordmanniana),
while Sevik et al. (2012) found it to be 81.6 g. In present study, the weight of 1000 seeds was found to be
75% lower than that of found in previous studies. It was found that the average germination rate in fir
was 0.4% in present study. When compared to data obtained from previous studies, it was determined
that germination decreased by 99%. For example, in the study conducted by Yılmaz et al. (2011),
germination rates in seeds taken from different origins ranged from 30–65%. The highest germination
rate was 79.2% in Taurus fir. Varsamis et al. (2014) also found the highest germination rate of 91.8% in
fir. Velioğlu and Arslan (2000) reported an average germination rate of 42.4% in the Eastern Black Sea fir
(Abies nordmanniana), while Schopmeyer (1974) found average germination rates of 83% in the fir
species of Abies bornmulleriana and Abies nordmanniana, respectively.

4. Conclusions
According to studies conducted on seed and germination rates, L. occidentalis cause significantly
decreases on germination and 1000 seed weights. In recent years, sapling production has been
disrupted due to low seed germination rates. Typically, 15–20 seeds are planted in a tube. To determine
the severity of damage and germination rates of coniferous species, a comprehensive study was
conducted on seeds distributed in Turkiye. Cones were collected from 600 locations and eight species,
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including natural coniferous species and maritime pine. Seeds were then extracted, and the 1000 seed
weights and germination rates were determined.

There was a significant difference in the average germination rates of seeds among different species.
The highest germination rates were found in Scots pine (37.9%) and black pine (25.1%), while the lowest
germination rates were observed in fir (0.4%). Turkish red pine and stone pine had germination rates of
3.7% and 2.6%, respectively. The low germination rates expressed by the planting units were supported
by numerical data. When comparing the data from this study with previous studies, it was found that
germination rates were very low and decreased by 60% (Scots pine) to 99% (fir) depending on the
species. The data obtained reveals that coniferous species seeds in natural forests are severely
damaged. Similar trends were observed for 1000 seed weights, with decreases ranging from 26–81% for
all species except Scots pine. Moreover, a correlation was found between slope and aspect factors and
germination rates.

This study highlights the significant reduction in germination rates of coniferous species seeds in natural
forests due to L. occidentalis. This situation will impact natural regeneration and nursery work. The
success of forestry activities relies on sufficient and healthy seed resources, which should be protected
from abiotic and biotic factors. In recent years, L. occidentalis has threatened seed resources of
coniferous species in Turkiye and worldwide. Considering the insect's rate of spread, biology, and
population balance, it is predicted to continue negatively affecting forest health and regeneration
activities in the long-run. Thus, urgent strategies must be developed to secure, protect, and store seed
resources to minimize these impacts. For example, different light and color traps, pheromones, newly
developed biochemicals under the control of the insect, and studies with feeding inhibitory or repellent
substances should be conducted. Systemically effective organic substances that are not harmful to
human health should be developed. Biotic or abiotic factors that cause population fluctuations should be
examined in detail.

Declarations
Acknowledgments This study was funded by General Directorate of Forestry

 Declarations, Competing interests The authors declare no competing or financial interests.

 

References
1. Alía R; Martín S; De Miguel J; Galera R; Agúndez D; Gordo J; Salvador L; Catalán G; Gil A (1996)

Regiones de Procedencia Pinus pinaster Aiton; Dirección General de Conservación de la Naturaleza:
Madrid, Spain; p. 75.

2. Altun Ü (2011) Şavşat yöresindeki Doğu Karadeniz göknarı (Abies nordmanniana subsp.
nordmanniana) tohum meşcerelerinin tohum özellikleri, Y. lisans Tezi, A.Ç.Ü Fen Bil. Enst., 43s



Page 19/33

3. Anderton LK, Jenkins MJ (2001) Cone entomofauna of whitebark pine and Alpine larch (Pinaceae):
potential impact of Leptoglossus occidentalis (Hemiptera: Coreidae) and a new record of
Strobilomyia macalpinei (Diptera: Anthomyiidae). Can Entomol 133, 399–406.

4. Arslangündoğdu A, Hızal E (2010) The Western Conifer Seed Bug, Leptoglossus occidentalis
(Heidemann, 1910), recorded in Turkey (Heteroptera: Coreidae) Zoology in the Middle East 50, s.
138-139.

5. Aslan S (1982) Abies equi-trojani Aschers Et.Sinten’den üstün özellikte tohum sağlama ve Abies
bornmülleriana Mattf. ile hibrid yapma olanakları, Ormancılık Araştırma Enstitüsü Yayınları, Yayın No:
106, Ankara.

6. Bates SL (1997) Damage to common plumbing materials caused by overwintering Leptoglossus
occidentalis (Hemiptera: Coreidae) Department of Entomology, New York State Agricultural
Experiment Station, Cornell University, 630 West North Street, Geneva, New York 14456, United
States of America.

7. Bates SL (1999) Impact of feeding by the western conifer seed bug, Leptoglossus occidentalis
Heidemann (Hemiptera: Coreidae), on yield, seed storage reserves and seedling vigor in Douglas-fir.
Master (Pest Management) Thesis, Simon Fraser University, pp. 59, Ottawa, Canada.

8. Bates SL (2002) Detection, impact and management of the western conifer seed bug, Leptoglossus
occidentalis Heidemann (Heteroptera: Coreidae), in lodgepole pine seed orchards. Ph.D. thesis,
Simon Fraser University, urnaby, BC, Canada

9. Bates SL, Borden JH (2005) Life table for Leptoglossus occidentalis Heidemann (Heteroptera:
Coreidae) and prediction of damage in lodgepole pine seed orchards. Agricultural and Forest
Entomology, 7: 145-151.

10. Bates SL, Borden JH, Kermode AR, Bennett RG (2000) Impact of Leptoglossus occidentalis
(Hemiptera: Coreidae) on Douglas-fir seed production. J Econ Entomol 93(5):1444– 1451.
doi:10.1603/0022-0493-93.5.1444).

11. Bates SL, Lait CG, Borden JH, Kermode AR (2001) Effect of feeding by the western conifer seed bug,
Leptoglossus occidentalis, on the major storage reserves of developing seeds and on seedling
vigour of Douglas-fir. Tree Physiology, 21(7) 481–487.

12. Bates SL, Lait CG, Borden JH, Kermode AR (2002a) Measuring the impact of Lepfoglossus
occidentalis (Heteroptera: Coreidae) on seed production in lodgepole pine using an antibody-based
assay. J. Econ. Entomol. 95: 770-777. 10.1603/0022-0493-95.4.770.

13. Bates SL, Strong WB, Borden JH (2002b) Abortion and seed set in lodgepole and western white pine
conelets following feeding by Leptoglossus occidentalis (Heteroptera: Coreidae). Environmental
Entomology, 31(6): 1023–1029.

14. Berryman AA (1986) Forest Insects Principles and Practice of Population Management. Plenum
Press, New York.

15. Blatt SE (1994) An unusually large aggregation of the western conifer seed bug, Leptoglossus
occidentalis (Hemiptera: Coreidae), in a man-made structure, Journal of the Entomological Society



Page 20/33

of British Columbia Vol. 91, 71-72.

16. Blatt SE (1997) Host selection, impact and chemical ecology of the western conifer seed bug,
Leptoglossus occidentalis Heidemann (Hemiptera: Coreidae). PhD Dissertation, Department of
Biological Sciences, Simon Fraser University, Canada

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

18. Blatt SE, Borden JH (1998) Interactions between the Douglas-fir seed chalcid, Megastigmus
spermotrphus (Hymenoptera: Torymidae), and the western conifer seed bug, Leptoglossus
occidentalis (Hemiptera: Coreidae). The Canadian Entomologist, 130: 775–782.

19. Boivin T, Doublet V, Candau JN (2019) The ecology of predispersal insect herbivory on tree
reproductive structures in natural forest ecosystems. Insect Science, 26(2): 182-198.

20. Bracalini M, Matteo C, Francesco C, Tiziana P, Riziero T, Stefania T (2014) DNA based markers to
characterize insect pest damage: diagnostic trials on Leptoglossus occidentalis (Hemiptera:
Coreidae), Entomology, ESA 62ND Annual Meeting November 16-19, Portland OR.

21. Bracalini, M., Stefano B, Francesco C, Perla T, Riziero T, Tiziana P (2013) Cone and Seed Pests of
Pinus pinea: Assessment and Characterization of Damage. J. Econ. Entomol. 106(1): 229Ð234; DOI:
http://dx.doi.org/10.1603/EC12293

22. Brambila J (2007) Heteroptera of Concern to Southern U.S S. Invasive Arthropod workshop,
Southern Plant Diagnostic Network, 7-9 May 2007 - Clemson, South Carolina

23. Bustamante-García VJA, Prieto-Ruíz R, Álvarez-Zagoya A, Carrillo-Parra JJ, Corral-Ruíz, Merlín-
Bermudes E (2012) Factors affecting seed yield of Pinus engelmannii Carr. in three seed stands in
Durango state, Mexico. Southwest. Entomol., 37(3): 351-359.

24. Calama R, Gordo FJ, Pardos M, Madrigal G, Pascual S, Raposo R, Elvira-Recuenco M, Mutke S (2020)
Caídas en el rendimiento en piñón de las piñas de Pinus pinea L. y evidencias acerca de la
causalidad de Leptoglossus occidentalis. Rev Foresta. N.o 78.

25. Cibrian-Tovar DB, Hebel BH, Yates HO, Mendez-Montiel JT (1986) Leptoglossus occidentalis
Heidemann. In: Cone and Seed Insects of the Mexican Conifers (Eds Cibrian-TovarDB, HebelBH,
YatesHO, Mendez-MontielJT), pp. 55–58, USDA Forest Science, Southeastern Forest Experiment
Station, Ashville (US).

26. Córdoba-Aguilar A, González-Tokman D, González-Santoyo I (2018) From mechanisms to ecological
and evolutionary consequences. Oxford University Press., pp 410.

27. Cranshaw WS (2014) Conifer seed bugs. Colorado State University Fact Sheet No: 5.588.

28. DeBarr GL, Kormanik PP (1975) Anatomical basis for conelet abortion on Pinus echinata following
feeding by Leptoglossus corculus (Say). Can. Entomol. 107:81-86.

29. Deligöz, A., Gezer, A., 2005. Anadolu Karaçamı (Pinus nigra Arn. subsp. pallasiana (Lamb.)
Holmboe)’nın Bazı Tohum Meşcereleri, Klonal Tohum Bahçeleri ve Plantasyonlarında Kozalak ve
Tohum Özellikleri. Süleyman Demirel Üniversitesi, Orman Fakültesi Dergisi, A1: 1–16.



Page 21/33

30. Dent D (2000) Insect Pest Management 2nd Edition. CABI Publishing is a division of CAB
International USA, Pp 425.

31. Eler Ü (1992) Sedir, El Kitabı Dizisi 6, Ormancılık Araştırma Enstitüsü Yayınları, Muhtelif Yayınlar
Serisi: 66. Ankara

32. Eliçin G (1970) Türkiye Sarıçam (Pinus sylvestris L.)’larında Morfogenetik Araştırmalar. İ.Ü. Orman
Fakültesi Dergisi, Seri A, Cilt 20, Sayı 1, sayfa 144-186.

33. EPPO (2010) Leptoglossus occidentalis: an invasive alien species spreading in Europe. EPPO
Reporting Service 1: 8–12.

34. Erkuloğlu ÖS 1(989) Doğu Ldini, El kitabı dizisi, Ormancılık araştırma enstitüsü yayınları, muhtelif
yayınlarserisi: 58. Doğu ladininin tohum özellikleri. Atasoy, H.,59-68.

35. Farinha AO, Carvalho C, Correia AC, Branco M (2021) Impact assessment of Leptoglossus
occidentalis in Pinus pinea: Integrating population density and seed loss. Forest Ecology and
Management 496 119422, https://doi.org/10.1016/j.foreco.2021.119422

36. Farinha AO, Branco M, Pereira MFC, Auger-Rozenberg MA, Mauricio A, Yart A, Guerreiro V, Sousa
EMR, Roques A (2018a) Micro X-ray computed tomography suggests cooperative feding among
adult invasive bugs Leptoglossus occidentalis on mature seeds of stone pine Pinus pinea.
Agricultural and Forest Entomology, 20: 18–27. DOI: 10.1111/afe.12225

37. Farinha AO, Durpoix, CV, Sousa S, Sousa E, Alain R, Branco M (2018b) The stone pine, Pinus pinea L.,
a new highly rewarding host for the invasive Leptoglossus occidentalis. NeoBiota. 41. 1-18.
10.3897/neobiota.41.30041

38. Farinha AO, Branco M, Pereira MFC, Auger-Rozenberg MA, Maurício A, Yart A, Guerreiro V, Sousa
EMR, Roques A (2017) Micro X-ray computed tomography suggests cooperative feeding among
adult invasive bugs Leptoglossus occidentalis on mature seeds of stone pine Pinus pinea.
Agricultural and Forest Entomology (2017), DOI: 10.1111/afe.12225

39. Fent M, Kment P (2011) First record of the invasive western conifer seed bug Leptoglossus
occidentalis Heteroptera: Coreidae) in Turkey. The North-Western Journal of Zoology, 7: 72-80.

40. Galli WK (1992) Further Eastern Range Extensıon and Host Records for Leptoglossus occidentalis
(Heteroptera: Coreidae): Well-Documented Dispersal of a Household Nuisance, The Great Lakes
Entomologist, s 159-172.

41. Ganatsas P, Tsakaldimi M, Thanos C (2008) Seed and cone diversity and seed germination of Pinus
pinea in Strofylia Site of the Natura 2000 Network. Biodivers Conserv,17:2427–2439.

42. Gapon DA (2013) First records of the western conifer seed bug Leptoglossus occidentalis Heid.
(Heteroptera, Coreidae) from Russia and Ukraine, regularities in its distribution and possibilities of
its range expansion in the palaearctic region. Entomol Rev 93:174–181.

43. Gezer A, Yücedağ C (2006) Orman ağaçları ve tohumlarından fidan yetiştirme tekniği ders kitabı,
Süleyman Demirel Üniversitesi Orman Fakültesi Yayınları, 57: 69-70.

44. Giray N (1993) Sarıçam. El kitabı dizisi 7, Ormancılık araştırma enstitüsü yayınları, muhtelif yayınlar
serisi: 67. Bölüm 4. Sarıçam tohum özellikleri, Sevimsoy, M., 1993.



Page 22/33

45. Gobbi M, Lencioni V (2009) Alieni a sei zampe - Insetti “esotici” in Trentino, Natura Alpina 1-2, 2009
[In Italian].

46. Göktürk A, Solhan İ, Temel F, Ölmez Z (2019) Saklama Süresinin Doğu Ladini (Picea orientalis L.)
Tohumlarının Çimlenme Yüzdesi Ve Hızı Üzerine Etkisi. Bartın Orman Fakültesi Dergisi, 21(1): 182-
190. DOI: 10.24011/barofd.471183

47. Hedlin AF, Yates HO, Tovar DC, Ebel BH, Koerber TW, Merkel EP (1981) Cone and seed insects of
North American conifers. Environment Canada, Canadian Forestry Service, Ottawa, Canada.

48. Hellrigl K (2006) Rasche Ausbreitung eingeschleppter Neobiota (Neozoen und Neophyten)-
Amerikanische Koniferenwanze Leptoglossus occidentalis Heidemann, 1910.- Forest Observer, 2/3:
363-365.

49. Innocenti M, R Tiberi (2002) Cone and seed pests of Pinus pinea L. in Central Italy. Redia 85: 21-28.

50. İpekdal K, Oğuzoğlu Ş, Oskay F, Aksu Y, Doğmuş Lehtijärvi HT, Lehtijärvi AT, Can T, Aday Kaya AG,
Özçankaya M, Avcı M (2019) Western Conifer Seed Bug Leptoglossus occidentalis Heidemann
(1910) (Hemiptera: Coreidae) Current Situation in the World and Turkey. Turkish General Directorate
of Forestry, Ankara, Turkey.

51. ISTA (1999) International Seed Testing Association (1999) Amendments to 1999 edition of ISTA
Rules.

52. Jucker C, Quacchia A, Colombo M, Alma A (2008) Hemiptera recently introduced into Italy Bulletin of
Insectology 61 (1): 145-146.

53. Jung Jae‐Min, Byeon Dae‐Hyeon, Lee Dong‐Hyeon, Nam Youngwoo, Jung Sunghoon, Lee Wang‐Hee
(2023) Spatial analysis of the occurrence of the western conifer seed bug Leptoglossus occidentalis
(Heteroptera: Coreidae) in Europe based on multiple environmental variables. Ecology and Evolution.
13. 10.1002/ece3.10104.

54. Kalkan M, Arık G, Çiçekçi GŞ, Yılmaz M, Parlak S (2021) Çam kozalak emici böceği (Leptoglossus
occidentalis Heidemann)’nin Anadolu karaçamı ve sarıçam tohumlarının doluluk ve çimlenmesine
etkisi. Ağaç ve Orman, 2(1), 29-34.

55. Kılcı M, Sayman M, Akkaş ME, Bucak C, Parlak S, Boza Z (2011) Kozak Havzası Fıstık çamı (Pinus
pinea L.) Ormanlarında Kozalak Verimini Etkileyen Ekolojik Faktörler. Ege Ormancılık Araştırma
Enstitüsü Yayınları Çeşitli Yayınlar Serisi No: 5.

56. Kitajima R, Matsuda O, Mastunaga K, Hara R, Watanabe A, et al. (2022) Evaluation of
thermoregulation of different pine organs in early spring and estimation of heat reward for the
western conifer seed bug (Leptoglossus occidentalis) on male cones. PLOS ONE 17(8): e0272565.
https://doi.org/10.1371/journal.pone.0272565

57. Klass C (1995) Leptoglossus occidentalis Heidemann; Family: Coreidae Senior Extension Associate,
Dept. of Entomology, Cornell University, Insect Diagnostic Laboratory Cornell University, Dept. of
Entomology, 2144 Comstock Hall, Ithaca NY 14853-2601.

58. Koerber TW (1963) Leptoglossus occidentalis (Hemiptera, Coreidae), a Newly Discovered Pest of
Coniferous Seed. Annals of the Entomological Society of America 56: 229–234.



Page 23/33

59. Kozlowski TT (1972) Seed Biology Volume III Insects, and Seed Collection, Storage, Testing, and
Certification. Academic PRESS New York.

60. Krugman SL, Koerber TW (1969) Effects of cone feeding by Leptoglossus occidentalis on ponderosa
pine seed development. Forest Science, 16: 104–111.

61. Lait CG, Bates SL, Morrissette KK, Borden JH, Kermode AR (2001) Biochemical assays for
identifying seeds of lodgepole pine and other conifers fed on by Leptoglossus occidentalis
Heidemann (Hemiptera: Coreidae) Canadian Journal of Botany. 79(11): 1349-1357, 10.1139/b01-
119

62. Leather S, Walters K, Bale JS (1995) The Ecology of Insect Overwintering.
10.1017/CBO9780511525834

63. Lee DS, Lee TG, Bae YS, Park YS (2023) Occurrence Prediction of Western Conifer Seed Bug
(Leptoglossus occidentalis: Coreidae) and Evaluation of the Effects of Climate Change on Its
Distribution in South Korea Using Machine Learning Methods. Forests 14, 117. https://doi.org/
10.3390/f14010117

64. Lesieur V, Yart A, Guilbon S, Lorme P, Auger-Rozenberg MA, Roques A (2014) The invasive
Leptoglossus seed bug, a threat for commercial seed crops, but for conifer diversity? Biological
Invasions, 16: 1833–1849.

65. Lesieur V, Yart A, Guilbon S, Lorme P, Auger-Rozenberg MA, Roques A (2014a) A simple staining
technique for assessing feeding damage by Leptoglossus occidentalis Heidemann (Hemiptera:
Coreidae) on cones. Biological Invasions, 16, 9, pp 1833-1849 Springer, Amsterdam, Netherlands.

66. Loewe-Muñoz V, Balzarini M, Delard C, Álvarez A (2019) Variability of stone pine (Pinus pinea L.) fruit
traits impacting pine nut yield. Annals of Forest Science 76:37 https://doi.org/10.1007/s13595-019-
0816-0

67. Loewe-Munoz V, Delard C, Del Río R, Balzarini M (2021) Western conifer seed bug (Leptoglossus
occidentalis) challenging stone pine cropping in the Southern Hemisphere. Forest Ecology and
Management 496: 119434. https://doi.org/10.1016/j.foreco.2021.119434

68. Maltese M, Caleca V, Carapezza A (2009) Primi reperti in Sicilia su diffusione e biologia di
Leptoglossus occidentalis Heidemann (Heteroptera: Coreidae), cimice americana dei semi delle
conifere. pp. 1413-1418. In: Atti del Terzo Congresso.

69. Marques H, Pinto G, Pinto P, Teixeira C (2012) De proveniência, Portugal; Autoridade Florestal
Nacional: Lisbon, Portugal, 2012; p. 87.

70. Mitchell PL (2000) Leaf-footed bugs (Coreidae). Heteroptera of Economic Importance. CRC Press,
Boca Raton. 852 pp.

71. Mjøs AT, Nielsen TR, Odegaard F (2010) The Western Conifer Seed Bug (Leptoglossus occidentalis
Heidemann, 1910) (Hemiptera, Coreidae) found in SW Norway. Norwegian Journal of Entomology
57: 20–22.

72. Mutke S, Calama R, Montero G, Gordo J (2015) Pine nut production from forests and agroforestry
systems around the Mediterranean - a short view, Workshop and MC Meeting Zagreb 18. – 20.



Page 24/33

February.

73. Mutke S, Martínez J, Gordo J, Nicolas JL, Herrero N, Pastor A, Calama R (2014) Severe Seed Yield
Loss In Mediterranean Stone Pine Cones, 5. İnternational Conference on Mediterranen Pines
(medpine5) Salsona, Spain september 22-26.

74. Negron JF (1994) Cone and Seed Insects Associated with Pifton Pine, Desired Future Conditions or
Pinon-Juniper Ecosystems, United States Department of Agriculture, Forest Service, August 8-12,
Flagstaff, Arizona s. 97-106.

75. Nemer N, Khoury YE, Noujeim E, Zgheib Y, Tarasco E, Heyden TVD (2019) First records of the
invasive species Leptoglossus occidentalis Heidemann (Hemiptera: Coreidae) on different
coniferous species including the cedars of Lebanon. Revista Chilena de Entomología 45 (4): 507-
513.

76. Odabaşı T (1967) Lübnan sediri (Cedrus libani Loud.)’nin kozalak ve tohumu üzerine araştırmalar.
İ.Ü. Orman Fakültesi Dergisi, A, XVII (2), s. 136-174.

77. Ogden J (2013) Western Conifer Seed Bug, Insectary Notes, NS Dept. of Natural Resources Forest
Health, October / November s. 2-3.

78. Oğuzoğlu Ş, Avcı M (2020) Türkiye’de Leptoglossus occidentalis Heidemann, 1910 (Hemiptera:
Coreidae) üzerine biyolojik gözlemler, parazitoitleri ve yayılışına katkılar. Ormancılık Araştırma
Dergisi, 7 (1), 9-21. DOI: https://doi.org/10.17568/ogmoad.548950.

79. Öktem E (1992) Kızılçam el kitabı. El Kitabı Dizisi 2, Ormancılık Araştırma Enstitüsü Yayınları,
Muhtelif Yayınlar Serisi: 52. Bölüm 4. Arslan, S., Kızılçamın tohum özellikleri.

80. Öktem, E., 1987. Kızılçam. El Kitabı Dizisi 2, Ormancılık Araştırma Enstitüsü Yayınları, Muhtelif
Yayınlar Serisi: 52. Ankara

81. Owens JN (1995) Constraints to seed production: temperate and tropical forest trees. Tree
Physiology, 15(7-8): 477–484.

82. Owens JN, Colangeli AM, Morris SJ (1991) Factors affecting seed set in Douglas-fir (Pseudotsuga
menziesii [Mirb] Franco). Can. J. Bot. 69, 229–238.

83. Özdemir T, Yeşilkaya Y, Usta HZ, Neyişçi T (1986). Lübnan Sediri (Cedrus libani A. Rich.)
Tohumlarının Olgunlaşma Zamanının Saptanması Ve Erken Toplanan Kozalaklarda Ekim Zamanına
Kadar Bekletilen Tohumların Olgunlaşmasının Araştırılması. Ormancılık Araştırma Enstitüsü
Yayınları, Teknik Bülten Serisi No.156.

84. Parlak S (2017) An invasive species: Leptoglossus occidentalis (Heidemann) how does it affect
forestry activities? Kastamonu University Journal of Forestry Faculty, 17 (3): 531–542.

85. Pasek JE, Dix ME (1988) Insect damage to conelets, second-year cones, and seeds of ponderosa
pine in southeastern Nebraska. Journal of Economic Entomology 81(6), 1681-1690.

86. Pimpãp MLC (2014) Leptoglossus occidentalis: bioecologia e previsão de impacte económico em
Portugal. Lisboa: ISA, 105 p.



Page 25/33

87. Ponce-Herrero L, Ponce-Díaz A, Sacrist´ an-Velasco A, Pajares-Alonso J (2017) Danos estacionales a
pinas pinones de Pinus pinea de diferentes edades causados por Leptoglossus occidentalis
Heidemann (Heteroptera, Coreidae). 7 Spanish Forest Congress. Plasencia, 26–30 June 2017.

88. Rabitsch W, Heiss E (2005) Leptoglossus occidentalis Heidemann, 1910, eine Amerikanische
adventivart auch in Österreich aufgefunden (Heteroptera, Coreidae). Berichte des
naturwissenschaftlichmedizinischen Verein Innsbruck, 92: 131–135.

89. Reid S, Cannon R, Malumphy C, Tilbury C, Straw N (2009) Western Conifer Seed Bug Leptoglossus
occidentalis, Plant Pest Factsheet Societá Veneziana di Scienze Naturali Lavori, 26: 3–5.

90. Resh VH, Carde RT (2009) Editors Encyclopedia of INSECTS, Second edition 2009, Elsevier, Inc. All
rights reserved. ISBN: 978-0-12-374144-8.

91. Ribeiro S, Cerveira A, Soares P, Fonseca T (2022) Natural Regeneration of Maritime Pine: A Review of
the Influencing Factors and Proposals for Management. Forests 13, 386. https://
doi.org/10.3390/f13030386

92. Rice CM, Lenches EM, Eddy SR, Shin J, Sheets RL, Strauss JH (1985) Nucleotide sequence of yellow
fever virus: implications for flavivirus gene expression and evolution. Science 229, 726–733.

93. Richardson TA (2013) Host colonization patterns, cues mediating host selection and calibration of
field surveys with estimates of population abundance of Leptoglossus occidentalis in a seed
orchard. Master of Science Thesis. University of Northern British Columbia, pp: 1–139.

94. Roversi PF, Strong WB, Caleca V, Maltese M, Peverieri GS, Marianelli L, Marziali L, Strangi A (2011)
Introduction into Italy of Gryon pennsylvanicum (Ashmead), an egg parasitoid of the alien invasive
bug Leptoglossus occidentalis Heidemann. EPPO Bull 41(1):72–75. doi:10.1111/ j.1365-
2338.2011.02439.x

95. Saatçioğlu F (1967) Orman Ağacı Tohumları. İstanbul Üniversitesi. Orman Fakültesi Yayınları,
İstanbul Üniversitesi Yayın No: 1212, Orman Fakültesi Yayın No: 109, İstanbul.

96. Sanchez G, Herrero N, Aguado A, Leon D, P´erez F, Gonz´alez, E (2013) Seguimiento de Leptoglossus
occidentalis (Heidemann, 1910) en la Red de Centros Nacionales de Recursos Gen´eticos
Forestales del Ministerio de Agricultura, Alimentaciony Medio Ambiente. 6 Spanish Forest Congress.
Vitoria, Spain, June 2013.

97. Santini L (2009) La cimice americana delle conifere (Leptoglossus occidentalis Heidemann)
(Heteroptera, Coreidae) e fruttificazione del pino domestico, in: Insetti di recente introduzione
dannosi alle pinete, I Georgofili, Quaderni 2009 – IV sezione Centro-Ovest, supplement to Atti
dell’Accademia dei Georgofili anno 2009 serie VIII vol. 6. Felici Pubblishing, Pisa, Italy, pp. 15–36

98. Schaefer CW, Panizzi AR (2000) Heteroptera of economic importance. CRC Press LLC, N.W.
Corporate Blvd., Boca Raton, Florida.

99. Schopmeyer CS (1974) Seeds of Woody Plants ın The United States. Forest Service, U.S.
Department of Agriculture, Agriculture Handbook No: 450, Washington, D.C.

100. Schowalter TD, Haverty MI, Koerber TW (1985) Cone and seed insects in Douglas-fir, Pseudotsuga
menziesii (Mirb) Franco, seed orchards in the Western United States: distribution and relative



Page 26/33

impact. Can Entomol 117(10):1223–1230.

101. Schowalter TD, Sexton JM (1990) Effect of Leptoglossus occidentalis (Heteroptera: Coreidae) on
seed development of Douglas-fir at different times during the growing season in western Oregon.
Journal of Economic Entomology, 83: 1485–1486.

102. Sevik H, Yahyaoglu Z, Turna İ (2012) Genetic Diversity in Plants. Publisher InTech. Determination of
Genetic Variation Between Populations of Abies nordmanniana subsp. bornmulleriana Mattf
According to some Seed Characteristics. Genetic Diversity in Plants, Bölüm 12: 231-248.

103. Sorensen FC, Miles R (1978) Cone and seed weight relationships in Douglas-fir from western and
Central Oregon. Ecology, 59: 641–644.

104. Stanton ML (1983) Spatial patterns in the plant community and their effects upon insect search. In
Ahmad, S. (ed.), Herbivorous Insects: Host-Seeking Behavior and Mechanisms. New York: Academic
Press. pp. 125–57.

105. Strong W, Bennett RG, Hales G (1998) Leptoglossus and low seedset in southern Pli. seed orchards.
Seed and Seedling Extension Topics, British Columbia Ministry of Forests, 11(1): 11– 13.

106. Strong WB (2006) Seasonal changes in seed reduction in lodgepole pine cones caused by feeding of
Leptoglossus occidentalis (Hemiptera: Coreidae), The Canadian Entomologist/Volume 138/Issue
06/pp 888-896.

107. Strong WB (2010) BC cone and seed pest research program. British Columbia Ministry of Forest and
Range, Research and Knowledge Management Branch Seminar Series.

108. Strong WB. Bates SL, Stoehr M (2001) Feeding by Leptoglossus occidentalis (Hemiptera: Coreidae)
reduces seed set in lodgepole pine (Pinaceae). The Canadian Entomologist, 133: (6) 857– 865.

109. Takács S, Bottomley H, Andreller I, Zaradnik T, Schwarz J, Bennett R, Strong W, Gries G (2009)
Infrared radiation from hot cones on cool conifers attracts seed-feeding insects. The Royal Society,
276: 649–655.

110. 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 (Italy).
Bulletin of Insectology, 65: 161–170.

111. Taylor SJ, Tescari G, Villa M (2001) A Nearctic pest of Pinaceae accidentally introduced into Europe:
Leptoglossus occidentalis (Heteroptera: Coreidae) in northern Italy. Entomological News 112: 101–
103.

112. Turna İ, Şevik H, Yahyaoğlu Z (2010) Uludağ Göknarı (Abies nordmanniana subsp. bornmulleriana
Mattf.) Populasyonlarinda Tohum Özelliklerine Bağlı Genetik Çeşitlilik, III. Ulusal Karadeniz Orm.
Kong., 20-22 Mayıs 2010 cilt II 733-740s.

113. Varol, M., 1968. Acıpayam İşletmesi Değre Serisi Ağlı Mevkiinde Yaşlı Karaçam Meşcerelerinin
Gençleştirilmesi İmkanları. Ormancılık Araştırma Enstitüsü Muhtelif Yayınlar Serisi, 28C: 52-63.

114. Varsamis G, Takos I, Merou T, Galatsidas S, Dimopoulos P (2014) Germination Characteristics of
Abies × borisii-regis. Seed Technology. Vol. 36. 51-55.



Page 27/33

115. Velioğlu E, Tayanç Y, Çengel B, Kandemir G (2012) Genetic variability of seed characteristics of Abies
populations from Turkey, Kastamonu University Journal of Forestry Faculty. Vol 12, No 3, Special
issue

116. Velioğlu E. Arslan, ÖŞ (2000) Doğu Karadeniz göknarı (Abies nordmanniana (steven) spach) ile
Toros sediri (Cedrus libani a. richard) tohumlarının tetrazolium test sonuçlarıyla çimlendirme deney
sonuçlarının mukayesesi. Orman Bakanlığı Yayın No: 118, Müdürlük Yayın No: 15.

117. Werner DJ (2011) Die amerikanische Koniferen-Samen-Wanze Leptoglossus occidentalis
(Heteroptera: Coreidae) als Neozoon in Europa und in Deutschland: Ausbreitung und Biologie.
Entomologie Heute, 23: 31–68.

118. Woods J, Strong W, Carlson M (2015) Impact of Matador on lodgepole pine filled seed production in
southern interior BC seed orchards: 2014 trial.

119. Yılmaz M, Erzincan E, Ekici F, Yüksel T (2011) Yerli Göknar (Abies spp.) taksonları tohumlarında
sıcaklığın çimlenme üzerine etkisi. Ondokuz Mayıs Üniversitesi 4. Tohumculuk kongresi, 14-17
Haziran, Samsun.

120. Yüksel T, Dirik H (2021) Kazdağı göknarı (Abies nordmanniana subsp. equitrojani (Aschers. & Sint. ex
Boiss) Coode ve Cullen) Popülasyonlarının Tohum Morfolojisine Bağlı Genetik Çeşitliliği. Ağaç ve
Orman, 2: (1), 22-28.

Figures

Figure 1

Egg (left), 2nd nymph (middle) and adult stages (right) of L. occidentalis (S. Parlak)
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Figure 2

Distribution of germination rates according to slope

Figure 3

Correlation between slope and germination rates
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Figure 4

The distribution of germination rates in all species (left) and the distribution of germination rates based
on elevation (right) (Data is represented proportionally by spot size)

Figure 5

Comparisons of 1000 grain weights (left) and germination rates (right)
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Figure 6

1000 seed weights and germination rates by elevation for stone pine
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Figure 7

1000 seed weights and germination rates by elevation for cedar

Figure 8

1000 seed weights and germination rates of Turkish red pine, categorized by elevation.
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Figure 9

1000 seed weights and germination rates by elevation for black pine

Figure 10

1000 seed weights and germination rates for Scots pine categorized by elevation
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Figure 11

1000 seed weights and germination rates for maritime pine


