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Abstract

Plants play a crucial role in landscape design and are at the heart of landscape design. Climate change's purposeful
plant choices could improve landscape design. In this study, it is tackeled using some native Subgen Amygdalus
taxa in the landscape to make the natural environment flexible against global climate change, as some species are
indispensable elements of plant breeders and gardens, which have adapted to the arid habitat and Tiirkiye is among
the gene centers. The research was carried out in rural areas, afforestation areas and gardens in the provinces of
Adiyaman, Hakkari, Malatya, Sanliurfa and Van and detected taxa were recorded on form through on-site
observation, photographing and collected in accordance with the herbarium technique later to identify according
to Browicz (1972) and Yazbek (2010). After field studies, the aesthetic and ecological characteristics of each of
Subgenus Amygdalus were evaluated based on plant design. In the course of study fields, it was determined that
P. dulcis, P. orientalis and P. arabica are used in afforestation and erosion control areas, P. dulcis in almond
orchard plant, P. arabica, P. orientalis and P. spinosisima are used as hedge plants, and some taxa are used as
rootstock and and they grow in different ecological areas with outstanding visual effect. In this study, it is aimed
to determine Subgen Amygdalus growing naturally in study area, their aesthectic and ecologic features and the
roles they can undertake in the landscape against climate crisis and to be introduced.

Keywords: Landscape design, Natural Plants, Biodiversity, Prunus subgen Amygdalus

Introduction
Due to the increasing environmental problems with global climate change, the issue of making the cities
and landscapes of the future more resilient gain importance day by day. However, also in order to create
an urban landscape that is adaptable to environmental effects, it is extremely important to prefer native
species that can resist adverse environmental conditions throughout the city and can easily adapt to the
environment in plant applications (Erduran and Giinal, 2012). Because the use of local native species
offers various advantages in terms of ecological, functional and economic aspects in the creation,
protection and improvement of natural environments in and outside the city. Some of this advantages
are following;

+ Provide natural habitat for birds and wildlife,

+ Sustain populations of pollinators and attract a variety of other beneficial insects,

4 Control storm runoff and erosion,
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Develop a strong relationship with soil fungi and other native microorganisms,
Sustain a spiritual, recreational, educational, and cultural heritage,

Supporting local ecosystems,

Improve the resilience of an ecosystem,

Provide sustainbility,

Contribute to essential environmental services and improve environmental quality,
Contribute to rural-urban connectivity,

Reduces the pressure of urban structures on natural habitats.

FEFEFEEEEF

All these advantages are an effective strategy to protect local biodiversity, use water resources more
efficiently and support natural habitats.

When it comes to climatical assessments, the first thing to consider is the use of natural species.
Increasing water demand, especially against drought caused by climate change; dictates the use of
natural plants that are compatible with environmental conditions and resistant to natural events in
landscape designs (Atabeyoglu and Bilge, 2019; Cimen and Ulus, 2020). Although natural species are
so important, applications for the selection of suitable plants in both urban green space arrangements
and private areas are not sufficiently carried out in Tiirkiye. One of the important reasons for this
situation is that the intense demand for exotic species in urban and rural landscapes restricts the effective
use of natural plant species, and the other is that it does not cope with the negative effects of drought
and drought-resistant plants and it is the lack of knowledge and awareness about climate change, drought
(Dilaver 2014).

On the other hand, in landscape arrangements, selection of plant species is so important. Because each
plant has a different features that are great importance and used in design and to fulfill
ecological/engineering, architectural and aesthetic functions in the landscape. These features are; size,
form, strength and opacity in architecture; improving air and water quality, providing erosion control
and impact on climate in ecology/engineering and size, form (shape), color and texture in aesthetic
(Booth, 1996). Along with the principles of design, the these characteristics of plants should also be
taken into account. For a successful functions undertake in the design, it is important to know each plant
that makes up the composition well and to highlight its effective properties (Robinson, 2004).

In terms of all these features, there are suitable plant materials that can be used in rural landscape studies
as a response to the climate crisis in Tiirkiye's flora. One of these plant materials is "Prunus subgen
Amygdalus L." genus.

This genus encompasses a little range of species high ornamental, but also ecological values. Thanks to
these features, much of them offers an alternative to conventional landscapes when being independently
grown or blending with ornamentals into existing yards and gardens into aesthetically pleasing designs.
However, only a limited range of species finds common use as landscaping plants. As an example, P.
dulcis is traditionally cultivated for its fruit, while P. orientalis has been employed for erosion control
in Tiirkiye. Additionally, certain species within this genus possess medicinal value.

One of the main reasons for researching taxa of this genus is that Tiirkiye is among the gene centers,
and the other is that high ornamental and ecological values offer potential for both urban and rural
sustainable landscapes. However, presently they occupy a very specific and limited space in the
landscape and ornamental plants industry. Becuse, most of the research on this genus is genetics,
breeding, anatomy and palynology, and the ethnobotanical characteristics and studies aimed at
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benefiting more from their fruits. As there is very limited available data about them in landscape and
ornamental plants industry, it is necessary to reveal the possibility of using these taxa by studying their
ecological demands and visual characteristics both in the adaptation process to climate change and
sustainable gardening practices.

The primary objective of this paper is to assess the current utilization of Subgen Amygdalus within the
study area, focusing on its aesthetic and ecological characteristics. Furthermore, this study aims to
identify the potential roles that these native species can fulfill within the landscape. Ultimately, the
research aims to propose the use of these native species as a means to enhance the resilience of urban
landscapes in the face of the climate crisis while simultaneously contributing to their visual appeal and
fragrance.

Material and Methods

The main material of this study is Prunus L. subgenus Amygdalus L. which are naturally distributed in
eastern Tirkiye (Table 1) and (Fig. 1).

Table 1. Collection localities of Subgenus Amygdalus taxa

Ecological features of

Localities s
locatiliies

The name of taxa

Endanger status
Endemism

Prunus dulcis (Mill.) D.A. Webb Adiyaman, Hakkari, Malatya, = Orchards, Cultivated and

Sanliurfa, Van Afforestation areas
P. fenzliana Fritsch DD Hakkari (Esendere) Creek slope, Steppe
P. trichamygdalus (Hand.-Mazz.) var. Adiyaman (Nemrut Mountain) Slopina hillsides
trichamygdalus Between Hakkari-Yiiksekova ping
P. trichamygdalus (Hand.-Mazz.) var. Hakkari . A
elongata NT + (Between Hakkari-Yiiksekova) Sloping hillsides
P. orientalis (Lam) Redh. DD Adiyaman, Elaz1g, Malatya Sloping hillsides, Steppe

. . Hakkari Sloping hillsides, Openings
P. kotschyi (Boiss. & Hohen.) Nab. VU (Between Yiiksekova-Esendere) in Oak Forest
Hakkari
P. carduchorum Bornm. (Between Yiiksekova and Steppe, Sloping hillsides
Semdinli, Derecik Umurlu)
P. arabica var. arabica (Olivier) NT Adiyaman (Kahta and Tut) Steppe, Sloping hillsides,
Meikle. Hakkari (Cukurca) Openings in Oak Forest
- . Adiyaman (Nemrut mountain),

P. lycioides (Spach) Schneider Malatya (Beydag) Rocky slopes
P. spinosisima (Bunge) Franch. Sanliurfa Steppe

Subgenus Amygdalus is a small group within Prunus, containing approximately 24 species, which is
tree or shrub with spreading or upright crown. Branches thornless or thorny; Leaves glabrous or
pubescent; petioles sessile to 30 mm long; blades color variable, shape variable, margin usually toothed;
Inflorescences usually fascicled on short shoots; petals color variable base mostly tapering, apex usually
notched, stamens 10 — 35; style length relative to stamens is variable. Fruits usually with short pedicels,
glabrous or pubescent; drupes usually green, sometimes reddish on exposed side (Yazbek, 2010).

Subgenus Amygdalus is the earliest deciduous fruit and nut tree to bloom in spring. With the stone fruits,
the beauty of flowers and decorative leaves and they perform multiple functions, such as for food, flavor,
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and ornamental appearance in landscape. Also, they receive a great deal of attention, especially from
plant breeders and horticulturists, usually to assess the potential for their use in cultivar improvement
(Socias and Felipe, 1987; Socias | Company 1998; Gradziel et al., 2001).
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Figure 1. The map where Subgenus Amygdalus were collected in study

The majority are distributed in Iran and eastern Tiirkiye with a few in southeastern Europe, the
Mediterranean region, and east into Mongolia and western China, a distribution pattern referred to as
the Irano-Turanian distribution (Browicz 1989). Members of subg. Amygdalus are deciduous shrubs or
small trees that are important components of northern temperate forests in Asia and Europe, mostly
occurring in mountainous areas, often between 1,000 and 2,500 m in elevation. They occur in a variety
of environments, but mainly in relatively dry habitats, and sometimes in deserts [e.g., P. arabica (Oliv.)
Meikle]. Those in Tiirkiye grow at the marginal areas, poor, rocky and stony, and calcareous soils (Kaska
etal., 1999).

The study areas are characterized by a continental type of climate with very cold winters and hot
summers. However, the southeast experiences a steppe climate with very hot summers, severe aridity
and winters hardly experience frost but severe dry winds dominate the summer season. The precipitation
in the form of snow is a regular feature in winter, and rains are common in spring and autumn. The
elevation decreases from east to west and southwest. The average annual temperature increases from
east to west and southwest, but the average annual precipitation decreases. The area of saline and
degraded soils in the region is increasing. The factors responsible for this are over-irrigation practices,
and salt accumulation due to evaporation (Oztiirk et al, 2008).

The harsh climatic conditions in the region result in higher mechanical than chemical weathering of
parent material, as such soils are pebbly in nature. Main soil types within the area are: alluvial, colluvial,
chestnut, brown, regosols, basaltic, organic, and arid soils (Oztiirk et al, 2004; Oztiirk et al, 2006).

Methods

In the study, on-site observation, measurement and photography methods were used in the field studies
based on Flora of Turkey and Systematics Of Prunus Subgenus Amygdalus Monograph And Phylogeny
(YYazbek, 2010) records. During field studies, the one hand while determined the locations of the
Subgenus Amygdalus samples via GPS to obtain digital map, the other hand samples were collected in
accordance with the herbarium technique to identify according to Browicz (1972) and Yazbek (2010).
Also, some features of each taxa such as form/habitus, leaves, flowers and fruits color, texture and
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habitat were noted on form through on-site observation and they have been photographed to evaluate
view of seasonal throughout year.

In the obtained data analysis phase, endemism, endangered status and noted and photographed the
aesthetic and ecological characteristics of each of Subgenus Amygdalus were evaluated based on the
principles and elements of plant design (Table) 2 and the roles these taxa can play in design are
explained.

Table 2. Basic principles of plant design (Both, 1996; Robinson, 2004; Korkut et al., 2010).

Aesthetic Functional
Principles of Visual Composition  Visual Properties Design principles
Harmony and Contrast Form Visual control (Light, Screning, Emphasis)
Balance Line Motoin control (Orientation, Circulation)
Emphasis and Accent Texture Physical Enwronment_ control (_Cllmate, Noise, Air
pollution, Erosion)
Sequence Color Space Creation
Scale

Movement and Viewing Angles

Results

Each of 10 subg. Amygdalus taxa that grow naturally under different ecological condition has different
traits with extraordinary flower color, fruit and decorative leaves, form and texture. When these taxa are
considered separately; P. dulcis; Trees up to 8-12 m tall, with spreading crown. Bark is braun, young
shot is green and tornless. Leaf blades is green, ovate-lanceolate or elliptic, when mature, it is glabrous
and leathery. Drupes green, surface densely pubescent; mesocarp splits at maturity, seed is sweet or
bitter (Table 3 and Fig. 2).

Table 3. Morphological features of Prunus dulcis

. Flower ] )
Pedicel ] ) Leaf Petioles Fruit )
Inflorescence Diam. Flowering Fruting
(mm) (mm) (mm) (mm)
(mm)

Fascicledor1-2 10-50 30-50 March- April 20-120x25-30 10-35 40-50x30 Aug - Sept

Figure 2. Stands, habitat, form, flower, leaf, fruit and stone of P. dulcis
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Habitat and Distribution: In oak and cedar forest, in abandoned orchards or orchard borders, open
shrub lands and among rocks where sheltered, on dry slopes, with limestone and metamorphic rocks.
Native and naturalized. Growing at elevations between 150 — 2000 m (Yazbek, 2010).

It spreads to S.W. and C. Asia, and in addition cultivated in S. Europe (Yazbek, 2010). In Tiirkiye, every
region except the coastal parts of the Eastern Black Sea and very high plateaus (Kiiden, 2016).

Landscape function: It is a famous tree with the white-pink flowers, a very strong fragrance during
early spring bloosom and economically valuable and edible fruit that are a good food source.

Whereas nowadays it is cultivated as a fruit tree in temperate regions all over the world and Tiirkiye
(Fig. 3), in England it is never likely to be valued in gardens for good eatable nuts and it is for its beauty
of flower alone that it is cultivated (Url 1). However, being exposed to spring late freezes, unlike usually
cultivated for its fruit, it is planted as a border plant in gardens (Fig. 4) and for afforestation in barren
areas in Central Anatolia or rainfed areas (Kagska et al., 1999; Kiiden and Kiiden, 2000). Also it was used
in aveneu in German (Fig. 5), (Url 3).

F

Figure 5. P. dulcis in cultural landscape in Germany
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Its beauty of flowers makes a stunning specimen for garden or park in spring exploding into masses of
white flowers. So it is often naturalized as an ornamental tree in gardens in the north of the
Mediterranean region (Url-2).

Needs optimum temperature 24 °C, is better in full sun and generally grows light, fertile, deep and well-
drained soils in a wide variety of from sandy to clay soils and pH is 6.5 (Verma and et al., 2010).

P. fenzliana; Shrubs or small tree up to 2 (4) m tall, with divaricate branches. Bark is grey, shots is
subspinescent, one year old twigs green, reddish on exposed side, older twigs grey pealing to shown
brown, glabrous; Leaf is green and leathery. Inflorescences solitary, fascicled on short shoots; petals
pink; drupe greenish with yellowish pubescence (Browizch, 1989; Yazbek, 2010), (Table 4 and Fig. 6).

Table 4. Morphological features of Prunus fenzliana

Leaf

Pedicel Flower ] Leaf . Fruit .
Inflorescence . Flowering petioles Fruting
(mm) Diam. (mm) (mm) (mm)
(mm)
solitary, fascicled - 15x 20 March - April 80 x 20 10-15 25x15  Aug - Sept

Wil

Figure 6. Flower, leaf and fruit, form and stone of P. fenzliana in Hakkari

Habitat and Distribution: In forests and shrub lands, mostly on rocky slopes and cliffs, and frequently
in ravine. Growing at elevations between 1400 — 3500 m (Yazbek, 2010).

It is distributed in Armenia, the western regions of Azerbaijan and Northwest Iran (Kester and Asay,
1975; Ladizinsky, 1999), Turkmenistan (Yazbek, 2010) and Tirkiye. Distrubition in Tiirkiye is

Erzurum, Kars and Hakkari provinces.

Landscape function: This taxa is not used in landscape or in cultivated area in Tiirkiye. But it belongs
to the primary gene pool of P. dulcis and the secondary gene pool of peach (P. persica). So it has the
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potential for use as a gene donor for crop improvement (Url-4) and it is used as a rootstock in almond
breeding for late blooming to be easily hybridized (Graselly, 1976, Ladizinsky, 1999).

Thrives in a well-drained moisture-retentive loamy soil (Bean, 1981; Huxley, 1992). Prefers some lime
in the soil but is likely to become chlorotic if too much lime is present (Chitdendon, 1951). Succeeds in
sun or partial shade though it fruits better in a sunny position (Bean, 1981; Huxley, 1992). Most members
of this genus are shallow-rooted and produce suckers if the roots are damaged (Bown, 1995). The plants
tolerate temperatures down to -18°C (Url-5).

P. trichamygdalus; Shrubs 2-3 m tall, with spreading crown. Bark is braun, branches thornless; one year
old twigs greenish, glabrous or pubescent; older twigs brown to grey-brown, leaf blade is green, elliptic,
rarely lanceolate or oblanceolate, abaxially sparsely pubescent, adaxially glabrousis and subleathery,
petals pink, drupes green, surface short velutinous (Yazbek, 2010), (Table 5 and Fig. 7 and 8). Has two
variety and var. elongata is endemic.

Table 5. Morphological features of P. trichamygdalus

Pedicel Flower Diam. . Leaf Petioles Fruit .
Inflorescence Flowering Fruting
(mm) (mm) (mm) (mm) (mm)
Solitary ~ or . 21x15
] 5 30-50 April 40-45 x 10-15 5-10 —_ June- Aug
Fascicled 25-27 x 15-18

Figure 8. Habitat, form, flower, leaf fruit and stone of P. trichamygdalus var. elongata

Habitat and Distribution: On limestone and igneous soils, on cliffs and rocky places, particularly along
gorges. Growing at elevations between 950-2500 m (Yazbek, 2010).

Distribution is Eastern Anatolia in Tiirkiye, and nearby areas of Iran. In Tiirkiye, Adiyaman, Malatya,

Bitlis, Elazig, Erzincan, Hakkari province (Yazbek, 2010).

Landscape function: This taxa, too, is not used in landscape in Tirkiye. However, sweet form of P.
trichamygdalus is cultivated in Diyarbakir - Egil (Meydan, 2019). Crops need full sun, plant requires
deep and well-drained soil.
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P. orientalis; Shrubs 0.5 - 3 m tall, with erect or spreading crown, Bark brown or grey. Branches thorny;
one year old twigs white tomentose, older twigs grey - brown, pubescent, glabrous or glabrescent;
Leaves blade silvery white because of the pubescence, elliptic, lanceolate, and less often obovate,
oblanceolate or spathulate, when young or mature abaxially and adaxially white tomentose. Petals pink
to pale pink, drupe silvery white because of pubescence and surface densely silvery-white tomentose;
mesocarp splitting at maturity (Table 6 and Fig. 9).

Table 6. Morphological features of P. orientalis

Pedicel ~ Flower Diam. . Petioles Fruit .
Inflorescence Flowering Leaf (mm) Fruting
(mm) (mm) (mm) (mm)
Solitary 1-3 12-16 March 20-44 x 15 -21 5-8 15-25x 10-15 Aug - Sept

Figure 9. Habitat, form, flower, leaf and fruit of P. orientalis

Habitat and Distribution: Common in open grazed oak forest, open sunny niches, on rocky limestone
sloppy hillsides, also on dry silt and on steep river stream banks. Growing at elevations between 500 -
2000 m., but most frequently between 800 and 1200 m altitudes (Browicz 1972), (Yazbek, 2010). In
Anatolia, it generally spreads in arid, calcareous and stony areas. The annual rainfall in the areas where
it grows is between 250 mm and 450 mm (Grasselly, 1976).

Its distrubutions is in the mountains of Iraq, the Syrian desert, Lebanon and western Iran to the interior
of Tiirkiye (Kester and Asay, 1975). It has a wide distribution area over central, southern and eastern
Anatolia in Tirkiye (Browicz 1989), in the provinces of Adiyaman, Ankara, Antalya, Bitlis, Cankiri,
Elazi1g, Erzincan, Icel, Kayseri, Kahramanmaras, Konya, Malatya, Mardin, Nigde, Sirnak and Usak.

Landscape function: Although it is almost never used in parks and garden in Tiirkiye as a ornemental
plant, it has been used to control soil erosion and to stabilize water flows in arid and semi-arid areas in
Iran and as a rootstock in semi-desert areas (Mortazavi, 1986, Madam et al., 2011). It was also used in
afforestation area to control soil erosion in Kuluncak district of Malatya province and it has been using
as a border plant around vineyards and pistacio orchards in Adiyaman and Sanliurfa provinces (Fig. 10).
And it is among the recommended species for green belt and wind screen in areas close to the water
source and the road in Konya (Uysal et al., 2016).

P. kotschyi; Multi-stemmed dense shrubs up to 1.2 m tall, with spreading crown. Bark is brown-grey,
Branches somehow thorny; young shoots whitish pubescent, later glabrous. blade green but looks
grayish because of pubescence, lanceolate, oblong-lanceolate, rarely slightly oblanceolate, when young
or mature densely yellowish grey-tomentose or floccose on both surfaces. Petals pink; drupes green but
looks grey because of pubescence (Table 7 and Fig. 11).
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Figure 10. P.orientalis in erosion control areas and hedge plant at fields edge

Grows in clay loam structure and especially in soils with high lime content and high pH value. Since it
is a typical plant of sunny southern aspects, it has a high demand for light.

Table 7. Morphological features of P. kotschyi

Pedicel Flower Diam. . . Fruit .
Inflorescence Flowering Leaf (mm) Petioles (mm) Fruting
(mm) (mm) (mm)
usually
fascicled 1-5 15-20 April - May 40x 15 1-2 25x17 x14  June - July
in pairs

Figure 11. Habitat, form, flower, leaf and fruit of P. kotschyi

Habitat and Distribution: Oak forest and woodlands, growing on rocks on limestone slopes and
mountain ridges, at the upper edges of the Oak and Pistacia steppe forest zone, growing at elevations
between 1400 — 2450 m.

It is restricted to a small area in northern Iraq, eastern Iran and south-east Tiirkiye (Socias et all, 2017).
It shows a narrow distribution within the Siirt and Hakkari provinces in Tirkiye.

Landscape function: It draws attention with stunning pink flowers blossing in late spring and yellowish
pubescent leaf and shots but it is almost never to be used anywhere in Tiirkiye. It grows in light and
medium textured soil and needs full sunlight.

P. carduchorum; Multi-stemmed dense shrubs 0.5— 1.2 m tall, with spreading crown. Bark brown or
grey-brown. Branches thornless, but very rigid, leaf blade green, linear-lanceolate, less often lanceolate,
or rarely oblanceolate, when young abaxially and adaxially pubescent, when mature, glabrous or
pubescent on both surfaces. petals pink, drupe green, surface with velutinous-grey pubescence (Table 8
and Fig. 12).

Table 8. Morphological features of P. carduchorum

Pedicel  Flower Diam. . Petioles Fruit .
Inflorescence Flowering Leaf (mm) Fruting
(mm) (mm) (mm) (mm)
Solitary 1-2 1-15 April - May 6,5x7 1-2 20-23x16 x12  June - July
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Figure 12. Habitat, form, flower, leaf and fruit of P. carduchorum

Habitat and Distribution: On rocky slopes with limestone or metamorphic rocks, in Astragalus zones
or open degraded forest. Growing at elevations between 1500 - 3000 m.

N. Syria, N. Irag, N.W. Iran and E. Tirkiye. It shows a narrow distribution within the provinces of
Hakkari in Tirkiye (Yazbek, 2010).

Landscape function: Although it is one of the most beautiful indigenous delicate shrub with pink
flowers, it is used nowhere in Tirkiye like P. kotscyi. Grows in almost any soil except wet; full sun,
adaptable to many soil conditions.

P. arabica; Broomlike shrub 0.75 - 2 m tall, with upright (ascending) crown, Bark brown. Branches
angled and thornless; twigs green, glabrous. Leaf blade green, narrow-lanceolate, narrow-elliptic to
linear, sometimes narrow-oblanceolate, abaxial surface sparsely pubescent on midvein, adaxial surface
glabrous, petals white, pale pink, or pink, as drupe matures surface glabrescent (Yazbek, 2010), (Table
9 and Fig. 13).

Table 9. Morphological features of P. arabica

Pedicel Flower Diam. ) Leaf  Petioles ) )
Inflorescence Flowering Fruit (mm) Fruting
(mm) (mm) (mm)  (mm)
Soliter 1-3 15-18 March - April 29x7 6 14-20x8-13x10  May - June

Figure 13. Habitat, form, flower, leaf and fruit of P. arabica
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Habitat and Distribution: In arid and semi arid regions, on limestone and volcanic rocky slopes,
mountains and savannas; often along riversides, and gorges, dry gullies and ravines, open degraded
forest and on eroded slopes (Fig. 14). Growing at elevations between 500 - 2700 m (Yazbek, 2010).

Figure 14. P. arabica on eroded slopes in Hakkari

Lebanon, Syria, S. Tirkiye, N. Jordan, N. Irag, E. Iran (Yazbek, 2010). It spreads within the provinces
of Adiyaman, Gaziantep, Maras, Urfa, Mardin, Siirt and Hakkari in the southeast region in Tiirkiye.

Landscape function: It draws attention with stiff, long, permanently green, glabrous, angled branches
and often leafless. These features can create a stunning display for any garden and parks and can make
the landscape more interesting. But it is only grown as a hedge plant in the vineyard and field edges
around Maras (Yaltirik, 1971). Grows light (sandy) and heavy (clay) on dry or moist soils, although it
is shade tolerant, it needs full sunlight.

P. lycioides; Very dense shrub 0.6-1.2 m tall, with spreading crown. Bark grey. Branches very thorny,
leaf blade green, linear, linear-lanceolate, or linear-oblanceolate, abaxial surface glabrous, rarely
sparsely pubescent on midvein, adaxial surface glabrous. Petals pink to deep pink, fruit surface is
glabrescent; mesocarp splitting at maturity (Yazbek, 2010), (Table 10 and Fig. 15).

Table 10. Morphological features of P. lycioides

Pedicel  Flower Diam. Petioles Fruit

Inflorescence Flowering Leaf (mm) Fruting
(mm) (mm) (mm) (mm)
] Late Jan - .
Fascicled 0-15 10 13.5-20.2x5.1-7 1-3 10-15x 10-12 Late Mar-Mid July
Early May
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Habitat and Distribution: In dry and semiarid areas, on limestone, clay, gravelly, rocky slopes and
hillsides. Sometimes near rivers. Growing at broad elevation ranges of between 450 - 2200 m.

Widely spreads throughout Iran and Tirkiye, with few records in N. Syria. Its distribution area in
Tiirkiye is Southern Anatolia.

Landscape function: It has an outstanding flowers and dense thorny, however, it is never used in parks
and garden in Tiirkiye, either. But in Central and West Asia where it distributed plays an important role
in preventing and controlling soil erosion (Cavalloro and et al, 2020).

Although it is shade-tolerant, it needs full sunlight and grows loam or loamy clay soils.

P. spinosissima; Shrubs (0.5) 1 - 2 m tall, with spreading crown. Bark grey, branches very thorny, petals
pink to deep pink, leaf blade green, spathulate, obovate, elliptic or lanceolate. Drupes reddish from one
side and green from the other, pubescent (Table 11 and Fig. 16). Seeds are a little bitter but can edible

in fresh. It is morphologically similar to P. lycioides.

Table 11. Morphological features of P. spinossisima

Pedicel  Flower Diam. ] Leaf Petioles Fruit )
Inflorescence Flowering Fruting
(mm) (mm) (mm) (mm) (mm)
. Late Feb 15x9x 8- Early May
Fascicled 1 - 18-29x8 5-7 .
Late Apr 10 Mid Aug

s

i

Figure 16. Habitat, form, flower, leaf and fruit of P. spinossisima

Habitat and Distribution: In semi arid regions, on clay, limestone and volcanic rocky mountain slopes.
Growing at elevations between 700 — 1900 m.

Its distribution; Afghanistan, Eastern Iran, Tacikistan South Turkmenistan and Tiirkiye. Its distribution
area in Tirkiye is Southern Anatolia (Browicz ve Zohary, 1996).

Landscape function: It has an attractive and fragrant flowers blooming and attracting birds, butterflies,
and pollinators in late spring and it grows naturally or is grown as a edge plant of pistachio orchards in
the Southeastern Anatolia region. It grows primarily in the temperate biome.

Discussion

According to the results obtained in the research, P. dulcis and P. orientalis are used currently in
afforestation and erosion control areas in Tiirkiye. P. dulcis also is used in the (commercial) orchard and
as a (naturalized) ornamental plant (in garden/in aveneu), P. arabica, P. orientalis and P. spinosissima
are used as hedge plants and all taxa but P. kotschyi and P. carduchorum are used as a rootstock. But
each Subgen Amygdalus taxa in study area have a various ecological/engineering, architectural and
aesthetic features (Table 12).
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Table 12. Aesthetic, architectural and ecologic features of subgen amygdalus

Aesthetic Avrchitectural Ecological
5 _ - e e 8
Taxa Name o £ 2 5 % % % % 2 é % § z
s 48 & g £ g &8 83 5
kg * I -
P. dulcis FIM Sp H H T 4-12 2,5-6 M H M FS
P. fenzliana FIM Sp M H T/Sh 2-4 1-2 M/H M H S/PSh
P. trichamygdalus FIM Sp M H T/Sh 2-3 1-3 H M M S/PSh
P. kotschyi M Sp L H Sh 0512 051 M L H S
P. carduchorum F Sp L H Sh 05-12 05-1 H L M S/PSh
P. arabica FM U M H Sh 0.75-2 0.5-1 H L M S/PSh
P. orientalis M Sp M H Sh 1-3 0.5-2 H L H S
P. lycioides M Sp L H Sh 06-1.2 0.5-1 H L M S/PSh
P. spinosissima M Sp M H Sh (0.5)1-2 0.5-15 H L M S/PSh

F; Fine, FS; Full Sun, H; High, I; Irregular L; Low, M; Medium, PSh; Partly Shade, S; Sun, Sh: Shrub, Sp;
Spreading, T; Tree, U; Uprigt

According to table 12, Subgen. Amygdalus taxa are tree or shrub that have not only aesthetic features,
but also ecological features is valuable. With these traits including from white to (deep)pink flowers
blooming in spring that has strong fragrance that some has, edible fuit or nuts, resistance to drought and
many pests and diseases and being rootstock, they can play an important rol in landscape (Table 13).

When each of Subgen Amygdalus is evaluated separately in table 13;

‘P. dulcis’ is suitable for home gardens, shopping centre precincts and urban parks. Can be planted at
the garden edge away of swimming pools or close walls and paving and at street, but should be
considered that fruit drop may be a minor nuisance in pedestrian and paved areas. Should not be planted
near nature reserves, creeks or watercourses. The other hand, despite a fully deciduous species and losing
all its leaves in winter, when it reaches full maturity, it can be considered a perfect shading tree in
summer and to enjoy sun in winter. The bright leaves turning yellow in autumn can add interest to
landscape, Nevertheless, in order to optimize the tree's aesthetic potential, it is recommended to place it
in a sunny location with evergreen trees as a backdrop.

As well as because of the distribution of P. dulcis in Asian mountain systems with high erosion rates
and native and naturalized in abandoned orchards or orchard borders, it is reasonably drought-resistant
and resistant to many pests and diseases. While these traits make it a great low-maintenance tree for
garden, park and rural areas, its adventitious roots are suitable to increase the stability of slopes and
mitigate erosion on dry slopes (Kaska et al., 1999). It has high potential both for food forests and for
bird parks such as Nycticorax nycticorax Linne (Durmus, 2008). Also, it produces good nectar which
attracts bees (Anthophora plumipes Pallas ve A. orientalis Morawitz) and insects (Grace, 2010). Also,
P. dulcis can act as a safety barrier to prevent land abandonment, to control forest fires and to mitigate
the consequences of climate change on lands at risk of climate change other than horticulture due to
playing an important role in the agricultural economy. But as the phenological stages is affected by
insufficient chill accumulation, heat waves, drought, irregular rainfall, and spring frost and orchards
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sustainability is susceptible to climate conditions (Guillamoén et al, 2022; Thomas, 2019; Alonso et al,

2005).

Table 13. Use of subgen amygdalus taxa in landscape architecture

Aesthetic Architectural Functional
S =
S B © 8 S 5 8 © S f%i; >
g 2 g 5 EZgz5:5:5g:S8i8
= s 8 = g £ £
Taxa Name T 3 ig§§§82832§%8§
g £ 5 % 5 & 8 3 2 E =T 8 & g g 2
> @ S £ &2 E S 8 S g 5 2
Q 3 © ) O Z2 o F S
It n'd
fragrant
white or
Spring- pink L
P. dulcis D Summer, flowers, sh Wws X X X X X X X X
Fall yellowy
orange
fall color
Spring- ink
P. fenzliana D Summer, P L ws X X X X X X X X X
Fall flowers
p Spring-  White or
i D Summer, pink L Ws X X X X X X X X
trichamygdalus
Fall flowers
pink
flowers
yellowish
Spring-  grey-
P. kotschyi D Summer- tomentose E W X X X X X
Fall or
floccose
foliage,
fruit
Pink
P.carduchorum D oPring- flowers, oy, X X X X
Summer  Fine
texture
white,
pale pink,
. All or pink
P. arabica D E WIS X X X X X X
Season  flowers
evergreen
shoots
White or
Spring - fI([))\:\?ekrs
P. orientalis D Summer- . " E WIS X X X X X X
Silvery-
Fall
green
foliage
Spring - Pink-deep
P. lycioides D P9 ik E w X X X X X X
Summer
flowers
Spring - Pink-deep
P. spinosissima D pring pink E WIS X X X X
Summer
flowers

E; Enclosure, L; Limitation, S; Sun, Sh; Shading, W; wind.
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‘P. fenzliana’ with small-sized fruit and pink flowers blooming in late spring and being small tree stands
out. Its masses of white flowers that provide ample colour and attract a host of insects and birds and its
resistantance of reasonably coldness and to many pests and diseases and low-maintenance is to make it
a invaluable wonderful landscape subject.

By and large since this taxa can be a popular choice for small garden and parks and also for narrow
spaces or in border. Because it is a deciduous tree, its open and airy structure creates light shade
underneath the canopy and can be used a small shading tree/shrub at the garden edge in summer. This
species has a non-aggressive root system so, it is safe to plant alongside paving or retaining walls. In the
other with its fine texture it can be used as a soliter or in groups in gardens, parks or sandy cliffs. As it
is adaptation to moist soil, though it might need watering in arid regions, but may be a preferred option
for the colonization of in colder regions. It is an ideal replacement for the exotic Prunus taxa espicially
colder regions. Though fruit and sweet or slightly bitter seed are edible as raw or cooked, if the seed is
too bitter, this plant are mildly toxic to humans. Plants in this genus are notably susceptible to honey
fungus (Huxley, 1992). As low humidity and high temperatures protect it from fungal diseases, climate
change may affect it positively.

‘P. trichamygdalus’ with medium-sized fruit and attractive whitish-pink flowers blooming on short
shoots before emerging leaves in mid spring can be cultivated in gardens for its beauty of flower alone.
It is an ideal replacement for the exotic Prunus shrubs espicially drought areas.

Due to its open, airy structure it is suitable to create light shade underneath its canopy in summer like
P. fenzliana. It is ideal for hedges and for over lawns and rock gardens as a soliter or in groups. It is
qualified for edge of walls at the garden due to the small size or to create a wall effect in a line for
separating areas. Also its leathery leaves turning yellow in autumn add interest to landscape. As growing
up particularly along gorges, it has a high capacity to tolerate drought and cold conditions, so it provides
posibility to increase the stability of slopes and mitigate erosion on dry slopes and it can be planted in
wastelands. As medium-sized fruit and non-bitter forms of P. trichamygdalus is cultivated in orchard, it
can be a potential for food forests because the phenological stages may not be affected so much adverse
conditions. Moreover since providing likely food and habitat for wildlife and can be suitable and for
bird parks.

P. orientalis with white tomentose leaves and fruits throughout the vegetation season and pinkish
blooming in mid spring before leaves emerge is to stand out. Also, that its flowers show very high frost
resistance (Grasselly, 1976), needing too low-watering and its resistance to salt and drought-tolerant
makes it a perfect shrub. Therefore, it can be alternative to exotic shrubs needing watering. It is qualifed
as a snow and wind curtains or hedge plant due to thorny dense form and for xeriscape design. It can be
pruned formal shapes to create backgrounds in flowerbed or to contrast. Also it has been using to control
soil erosion and to stabilize water flows in arid and semi-arid areas and as a a rootstock.

Since P. orientalis seeds are a little bitter but can edible in fresh, its fruits can help to feed wildlife living
in rural and urban areas and flowers provide important benefits for bees it can be suitable potential both
for agroforstery and for bird parks.

‘P. kotschyi’ can preferred as an ornamental plant with small yellowish pubescent fruit, foliage and
outstanding pink flowers in parks and gardens in cold city to create positive effects on the urban
landscape, because it tolerance to abiotic stresses such as drought, low winter temperature, snowfall and
frost. It can provides a beautiful background with its flowers, to define and separate spaces or to form a
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low hedge or to control car light in narrow refuge due to its thorny, dense low stem. It can be used for
decorative purposes in a groups or solitery in parks or in roof-terrace gardens. It is ideal to use in
mountain steppes to mitigate erosion or to establish green belt along roads. Morover it can be used in
cut floristry and be pruned to shape if need. Seeds are bitter and not edible but fruit and nectar are good
source for wildlife. Since providing food and habitat for wildlife, it can be as an insect and bird-attracting
garden subject. It can be an excellent alternative to the exotic Chaenomeles japonica.

‘P. carduchorum’ explosion of pink flowers in mid spring can provides a stunning display for any
garden and parks and it can be an excellent substitute for against the exotic plants or alternative to
Chaenomeles japonica.

It can play an active role in in the resilient of urban landscape, for it is reasonably drought-resistant and
is resistant to many pests and diseases and need low maintanence. Since it often grows on roadsides
slope and shallow soils, it can be tolerant of exhaust gas emissions and be used roadside planting and in
urban open areas or to create green belts along roads in city or mountain steppes. Also, often growing
under the quercus canopy as well, it can be an excellent choice for creating a kind of mini-forest in the
gardens and parks. Due to its non-aggressive root system, it is safe to plant next to sidewalks or retaining
walls as a ornamental plant. It can be partly pruned for hedge. Seeds are bitter and not edible but nectar
attracts bees and insects who pollinate its flower. Fresh fruit attracts small mammals. So it provides
wildlife habitats and can be used in insect and bird-attracting garden.

‘P. arabica’ with white or pale pink blooming during early spring and attractive green twigs can play a
special rol in landscape to create stuning space. For exmple its upright form and green dense twigs make
it an outstanding screening shrub and an effective hedge or a focus plant. It is qualifed as a snow and
wind curtains or hedge plant due to thorny dense form or for xeriscape design. When espicially it is used
as an ornamental plant in stony or rocky backgrounds in arid areas in continental climate, it can be
succed interesting landscape.

As it shows great tolerance to abiotic stresses such as drought, salinity, low soil fertility and low winter
temperatures, it can be used for afforestation along with Pinus brutia (Yaltirik, 1971), and can plays a
valuable role to combat desertification, to stop dunes, to control soil erosion and to stabilize water bodies
in arid and semi-arid mountains. Also it is suitable candidate for green belts of cities especially on
infertile soils in arid and semi-arid areas (Mozaffarian, 2005). It capables of providing favorable
conditions and microclimate for other species by coping with unfavorable conditions in rock debris and
slopes. It can be used in road slope and it can good substitute for exotic plants or maybe for Spartium
junceum L.

Although P. arabica fruit is not an economically important plant, is eaten by local people in some places
and sold in the market (Meikle 1966; Browicz and Zielinski 1984). Even it is not suitable for food
forests, it can be cultivated for multi purposes including food and habitat for wildlife and an insect and
bird-attracting garden subject. On the other hand, seeds and seedlings may present an important genetic
resource to be used in breeding programs to generate new cultivars and rootstocks that are more adapted
to climate change.

‘P. lycioides’ can be one of favourite shrubs with an attractive flowers in early spring in small garden
for decorative purpose. For example, it can be designed as a decorative bush or screening hedge in
garden and parks, in rrefuge or on the roadside, be planted in pots in homes or gardens, in xeriscape
garden, even in roof-gardens. Moreover as this species is preferred to build nest by some birds
(Aghanajafizadeh and Heydari, 2020), it can be used for bird parks. It is highly adapted to environmental
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stresses such as drought and lack of annual precipitation and unfavorable soil conditions, it can be used
to control soil erosion and to create wooded pastures in dry areas.

Seeds are bitter and not edible but it is traditionally used as a antidiabet antiinflammation, antibacterial
and laxative agent (Abbaslou and et al, 2014; Ziarati and Alaedini, 2014). So it can be used as a medical-
aromatic plant. In addition, as it have been used directly as rootstocks for almond usually for non-
irrigated conditions (Khadivi-Khub and Anjam, 2016), can be used in breeding programs to generate
new cultivars and rootstocks that are more adapted to climate change as a genetic resource.

‘P. spinosissima’ can play a vital rol in landscape as a a small shrubs that have an abundance of pink
flowers in early spring and is native to dry areas. It can be used in lanscape as a hedge or border plants
and as an ornamental plant in arid areas in continental climate or in xeriscape gardens due to adaptation
to many soil types. It is excellent for massing on embankments or naturalized areas with attractive shape
and for soil conservation operations on steep slopes. It can be pruned for a natural look or to raise the
canopy.As its salted almonds is eaten as dry fruits by population, it can contribute to food forest
ecosystem. Also, used in the Iranian folk medicine (Sajadi, et al, 2021) and having different biological
properties including antibacterial, anticancer, antioxidant, antidiabetic, antiemetic, antihypertensive,
hypoglycemic, hypolipidemic (Encyclopaedia Iranica, 2019), it can be used as a medical-aromatic plant.
It is important as a rootstock or and as a genetic resource for growing sweet almonds, peaches, plums
and apricots in arid regions due to its resistance to drought conditions (Agar et al, 2001).

Conclusion

Climate change has led to an increased frequency and severity of heat waves, droughts, and heavy
precipitation events (IPCC. Climate Change 2023). Neverthless in the Mediterranean-type climate
regions, where an important fraction of subgen Amygdalus grows, that the mean annual precipitation
tends to decrease may result in harmful effect on all biodiversity, it stands out that subgen amygdalus
taxa show a high capacity to tolerate drought conditions.

Therefore, it is imperative to support and utilize these taxa, which offer a higher resistance to pests,
diseases, and the challenges posed by climate change, which can be contributed to food forest ecosystem,
including carbon sequestration, and require minimal maintenance.

Moreover, apart from the cultivation of Prunus taxa for use as rootstock, it is also necessary to develop
them in a way that overcomes the homogenization pressure brought by globalization in the ornamental
plants market, creates a difference and responds to the evolving needs (Alp et al, 2020).

Additionally, it is crucial to consider the conservation of certain taxa, such as P. trichamygdalus var.
elongata, which is endemic, as well as P. kotschyi and P. carduchorum, due to their limited distribution
areas. Special attention should be given to relieving the pressures exerted by land use on these taxa.
Policies and scientific projects aimed at promoting landscape sustainability and protecting both the taxa
and their habitats have been developed to address these concerns.
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Abstract

In recent years, significant advancements in non-destructive testing (NDT) methodologies have emerged, with
applications spanning various domains, including structural wood quality assessment and planted tree
characteristic evaluation. Within the context of planted trees, a range of non-destructive and semi-destructive
techniques have been developed to assess the extent of degradation in tree trunks. In this study, various mechanical
characteristics of brutian pine (Pinus brutia Ten.) trees near the Ertokus Madrasah in the Atabey district of the
province of Isparta are examined. Beside their historical significance, these trees are notable for the potential risk
they present in terms of leaning towards the madrasah facade and the risk of falling over. To achieve the goals of
research, the resistance characteristics of incremental cores were systematically determined by using a thermal
imaging camera in conjunction with a portable, non-destructive testing device called a Fractometer. Totally 15
incremental auger specimens were obtained by extracting three increment core samples, each with a thickness of
5 mm, from the trunks of five distinct trees, all at a consistent height of 1.3 meters above ground level. Bending
and compressive strength measurements were recorded at intervals of 6 mm from the core to the outermost layer.
Furthermore, the moisture content of the incremental cores was assessed using thermal imaging technology.
Following an analysis of the collected data, it was concluded that the mechanical properties of the investigated
brutian pine trees within an acceptable range.

Keywords: Non-destructive testing, fractometer, thermal camera, standing trees.

Introduction

Wood has served as a cost-effective and renewable construction material for centuries (Fang et al. 2017;
Aydemir et al. 2011; Kaya et al. 2021). In contemporary applications, wood continues to play a vital
role in roofing, interior doors, exterior cladding, furniture, flooring, veneer production, barrel crafting,
and various other sectors (Jones et al. 2019; Kilicarslan et al. 2020). A comprehensive assessment of
wood properties is of paramount importance to determine the optimal utilization of this versatile
material. Additionally, the identification of wood defects, including features such as knots, decay, insect
infestations, splits, and checks, holds significant relevance, as these imperfections can substantially
influence its overall performance. Early detection of these flaws, preferably before the final processing
stages, can result in significant cost efficiencies within the manufacturing process (Bravery et al. 1987;
Akbulut et al. 2008; Kilicarslan and Turker, 2021).
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Wooden structures are vulnerable to degradation over time due to prolonged exposure to loading
conditions and fluctuations in environmental factors, such as temperature and humidity. These
deteriorations can compromise the structural integrity of wood-based materials, giving rise to safety
concerns that necessitate their early identification. Consequently, there is a growing demand for non-
destructive methodologies aimed at assessing the integrity of wood and wood-based materials. These
methodologies find applications both during the manufacturing phase and throughout the service life of
wood products to enhance their overall quality (Riggio et al. 2014; Tannert et al. 2014; Yu et al. 2020).

The strength of wood is significantly compromised by decay, making it a critical consideration in tree
risk assessment. The primary objective of such assessments is to detect instances of decay within a tree
and subsequently determine the extent and severity of this deterioration. A range of tools and instruments
are available for accurately mapping out the degree of decay, with micro-drills and tomography being
noteworthy examples. In cases where the extent of decay is either exceptionally high or exceptionally
low, this information typically offers clear guidance for recommending appropriate courses of action
(Allison et al., 2008; Ganesan and Hamid, 2010). However, there are scenarios in which uncertainty
arises regarding whether the weakening caused by decay surpasses an acceptable threshold. In such
instances, assessing the quality of the remaining wood becomes a valuable additional criterion to inform
decision-making.

Non-destructive testing, as defined by Ross et al. (1998) and Liana et al. (2020), is the process of
evaluating material properties without causing disruption to its integrity at its point of use. Non-
destructive testing (NDT) is instrumental in gathering information about the physical and mechanical
properties of a material, detecting defects without rendering it unusable, and assessing the suitability of
a component without causing harm (Ross and Pelerin, 1991-1994; Bucur, 2003). Over time, the interiors
of standing trees can decay due to various factors, resulting in imperceptible gaps within the tree's
structure. As a consequence of external influences, these trees can suddenly fail or topple. Therefore, it
becomes crucial to ascertain the reduction in resistance values of standing trees, which are invaluable
natural resources, without causing harm to them, with the aim of their preservation. Various techniques
are available to identify material defects within standing trees without causing damage.

The Fractometer I, a portable wood testing device (developed by Instrumenta Mechanik Labor (IML),
Karlsruhe, Germany), serves as the central tool in this study. This device is specifically engineered to
measure the elasticity and fracture strength of wood (Bethge et al., 1996; Malanowski et al., 2019).
Furthermore, the Fractometer 1l, in addition to assessing fracture angles and radial bending strength,
possesses the capability to determine longitudinal compression strength in wood samples, as highlighted
by Mattheck et al. (1997) and Tang et al. (2016). Longitudinal compression strength indicates the wood
trunk's resistance to failure under axial stress. The fracture angle offers insights into whether the wood
sample experiences a brittle or non-brittle fracture, while radial bending strength indicates the wood's
ability to withstand failure under perpendicular stress. It is essential to acknowledge a limitation
associated with the use of the Fractometer Il, namely that it requires prior knowledge of the expected
breaking strengths for sound wood, as discussed by Lonsdale (1999), Zivanovi¢ et al. (2019), and Li et
al. (2022).

There are many studies that determine the mechanical properties of wood by Fractometer Il device in
the literature. Simsek (2017) received increment core from brutian pine tree and determined the
compressive strength values in the Fractometer device. Genesan and Hamid (2010) determined some
mechanical properties of 25 different wood species by the Faktometre Il device. They stated that the
fractometer device can be used in determination of the mechanical properties of the standing tree. Chiu
et al. (2006) and Lin et al. (2007) received increment core of Taiwania (Taiwania cryptomerioids) tree
and the mechanical properties of the juvenile wood-mature wood parts were examined by the
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fractometer. Matsumoto et al. (2008) had 5 mm increment cores of 2 Japanese wood (sugi, Cryptomeria
japonica and akamatsu, Pinus densiflora) and evaluated compressive strength values of the cores. As a
result of these studies, it was concluded that the mechanical properties can be determined with the
Fractometer device while the tree is standing. In addition to these studies, there are many studies to
determine the mechanical properties of the standing tree with the Fractometer device (Bethge et al. 1996;
Wang et al. 2008; Matsumoto et al. 2010; Tang et al. 2016; Zivanovi¢ et al. 2019). Thermography
method is also used for the determination of rotten and cavities in the interior of planted trees (Catena
et al. 1990; Catena, 1991, 1992; Catena and Catena 2000, 2008; Catena 2002, 2003; Dragavtsev and
Nartov, 2015; Zevgolis et al. 2022).

This study was conducted on brutian pines located in front of the Ertokus Madrasa in the Atabey district
of Isparta. These historical trees exhibit a slight slope towards roof of the madrasah, raising concerns
about potential risks, including the possibility of them falling over. These concerns were reported by
madrasah officials and the general public, prompting the need for this study. In the context of this study,
the mechanical properties of brutian pines were examined using a semi-destructive testing device known
as the Fractometer. Additionally, the moisture level in the cores of these trees was evaluated using a
thermal camera.

2. Material and Methods
2.1. Study area and sampling

In this study, the mechanical properties of pine trees near the Ertokus madrasah in Isparta-Atabey district
were investigated by non-destructive testing method. The image of the pine trees in front of the Ertokus
madrasah is given in Figure 2.1A, B. In order to determine their mechanical properties, 3 increment core
of 5 mm thickness were taken from 5 different trees at a height of 1.3 m from the ground. The image of
receiving the increment core is given in Figure 2.1C.

Figure 2.1. A and B: image of pine trees near the Ertokus madrasah, C: image of receiving the increment core

After the increment core were removed, they were placed in plastic tubes and stored in a cooler bag.
Later, increment cores was brought to Isparta University of Applied Sciences Faculty of Forestry to
conduct experiments.

2.2. Determination of strength properties

Images of the increment cores were taken with a FLIR INFRACAM thermal camera (Figure 2.2). The
characteristics of the thermal camera used in the measurements are given in Table 2.1.
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Figure 2.2. Thermal camera used in the study

Table 2.1. Characteristics of the thermal camera used in the study

Operating temperature —15°C +50°C

Storage temperature —40°C +70°C

Battery type Fast charging Li-ion battery
Lifetime 5 hour

Weight 0.34 kg

Dimension 223 mm x 79 mm x 83 mm
Measuring range -20°C to +250°C

Thermal camera software and image analysis technique were used to evaluate the obtained images.
Environmental temperature and relative humidity values were noted after the increment core were taken.
These values were used during the measurements in the thermal camera software program. Surface
temperature measurement images in the thermal camera software program are given in Figure 2.3.

Figure 2.3. Surface temperature measurement image

The 5 mm increment core were first placed in the air conditioning cabin (20 CO, 65% relative humidity)
and brought to 12% equilibrium humidity. In order to verify the temperature and relative humidity values
displayed on the air conditioning cabin screen, the humidity and temperature meter device was placed
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in the air conditioning cabin and measurements were made. The codes and properties of the increment
core are given in Table 2.2.

Table 2.2. Tested increment core codes

Tree Number Sample Code
number
1 1 l-a
1 2 1-b
1 3 1-c
2 1 2-a
2 2 2-b
2 3 2-c
3 1 3-a
3 2 3-b
3 3 3-c
4 1 4-a
4 2 4-b
4 3 4-c
5 1 5-a
5 2 5-b
5 3 5-c

The mechanical properties of the residuals were determined by the Fractometer device given in Figure
2.4. Measurements are made every 6 mm from the pith to the bark (Figure 2.5).

Figure 2.4. The image of the Fractometer device

il i il Bladidida g d il m
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5mm

Figure 2.5. Schematic image of measurement plan on increment core

To determine the resistance properties of wood, samples are generally prepared by cutting trees and
resistance values are determined on the prepared samples in universal testing machines. In addition to
the classical method, there is a device called "Fractometer”, developed in cooperation with Instrumenta
Mechanic Labor GmbH and Forschhungszentrum Karlsruhe, to determine some resistance properties
without cutting down trees (Mattheck et al. 1995; Go6tz et al. 2002; Lin et al. 2007). In this study, in
determining the increment items and resistance values, Chih-Ming et al. (2006) and Wang et al. (2008)
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a parallel method to the method applied by was applied. In order to determine the compression strength
and flexural strength properties of the Fractometer (Type II; IML, Germany) device, the experiments
were carried out by placing the increment core in the chambers given in Figure 2.6. First of all, the
bending strengths of the increment core from pith to bark were determined. Compressive strength tests
were carried out by placing the increment core, whose bending properties were determined, into the
compression strength determination chamber.

> Bending strength

b Compressive strength measuring center

measunng center

Figure 2.6. Bending and compressive strength measuring device

In addition to the fracture angle and radial bending strength, the Fractometer Il measures longitudinal
compression strength for a wood sample (Mattheck et al. 1995). The longitudinal compression strength
is the resistance that the trunk opposes to a failure by applying axial stress. The fracture angle indicates
whether the wood sample undergoes a brittle or non-brittle fracture while the radial bending strength is
the resistance which the tree opposes to a failure by perpendicular stress (Lonsdale 1999).

2.3. Statistical Analysis

In the statistical analysis process, firstly, averages and standard deviations were determined for both
compressive and bending strengths. Pearson correlation analysis was then applied to determine whether
there was a significant relationship between compressive and bending strengths. All statistical analyses
were performed in Rstudio software (Rstudio Team, 2020).

3. Results and Discussion

In this study, 3 increment core were taken from 5 different brutian pine trees in front of the madrasah.
In order to determine the mechanical properties of the increment core, flexural and compressive strength
values, thermal camera images were measured. Thermal camera images of the increment core are given
in Figure 3.1, and surface temperature graphs are given in Figure 3.2. Thermal camera images of the
increment core are given. It has been determined that the moisture content of wood material affects
thermal camera images. Thermal image taken from the increment core in this study is similar to the data
of the previous studies (Leuzinger et al. 2010; Simsek Turker, 2017; Beyaz and Ozkaya, 2021; Jiang et
al. 2022). Therefore, the moisture content of the trees in front of the madrasah was determined to be
equivalent to a brutian pine.
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Figure 3.1. Thermal camera image of incremental core

For each sample, the average compressive and bending strength values were determined by calculating
the mean of three individual measurements. These average values for compressive and bending strengths
are comprehensively presented in Table 3.1. This approach ensures a robust and precise representation
of the material's mechanical properties, as outlined in methodology.

Table 3.1. Means and standard deviations for compressive and bending strengths

Compressive Strength

Sample
Mean

Std. Dev.

Sample
Mean

Std. Dev.

1
36.14
3.67648

1
62.19
6.74532

2 3 4 5
38.79 37.83 36.38 36.48
3.08735 3.89115 3.8472 4.61827

Bending Strength
2 3 4 5
63.07 62.90 60.33 58.24
7.62158 8.20093 9.02229 9.97983

Pearson correlation analysis was applied using Rstudio software to determine whether there was a
relationship between compressive and bending strengths.
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Figure 3.2. Surface temperature graphs of increment core

Upon close examination of Figure 3.3, a highly significant relationship (p<0.001) between compressive
and bending resistances becomes evident. In essence, this relationship indicates that an increase in
compressive strength corresponds to a concurrent increase in bending resistance. These findings
underscore the strong correlation between these two parameters, which is a noteworthy observation in
the context of study.
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Figure 3.3. Pearson correlation analysis results between compressive and bending strengths

Figure 3.4 presents a graphical representation of the variations in compressive strength observed within
the annual growth rings of the obtained incremental cores. Utilizing the Fractometer Il device,
compressive strength values of the brutian pine increment cores were assessed, revealing a consistent
trend of increasing compressive strength values from the pith (innermost region) towards the bark
(outermost region). The compressive strength of the brutian pine wood falls within the range of 27-44
MPa.
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Figure 3.4. Compressive strength values based on annual ring
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Notably, upon a comprehensive examination of the compressive strength data, it is evident that there is
no discernible degradation in the mechanical properties of the wood. Furthermore, this consistency in
results was reaffirmed by the similar compressive strength values obtained from increment cores
extracted from five distinct trees. Simsek (2017) measured the compressive strength of red pine wood
increments in order to distinguish between young wood and mature wood. Red pine wood's compressive
strength has been found to be between 20 and 50 MPa.

In the study, bending strength values of 6 mm were determined on the increment core. The bending
strength values per annual ring are given in Figure 3.5. Upon examination of the bending strength values,
a discernible trend emerged, indicating an increment in these values from the pith (innermost region)
towards the bark (outermost region).
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Figure 3.5. Bending strength values based on annual ring

This observed phenomenon aligns with findings articulated by Simsek Tiirker (2017) and Clark (2007),
who attribute this increase to the transition from the juvenile wood phase to the mature wood phase.
Specifically, the bending strength values for brutian pine wood, as ascertained in this study, were found
to range between 57 and 80 MPa. Notably, the work of Cetin and Giindiiz (2017) provides a reference
point, asserting that the resistance of pine trees typically hovers around 80 MPa. In contrast, the findings
of the present study indicate a bending strength range of 40-75 MPa for brutian pine wood. Importantly,
a meticulous analysis of these bending strength data demonstrates the absence of any significant
mechanical property degradation. Furthermore, the consistency of results was reaffirmed through the
parallel evaluation of increment cores collected from five distinct trees. A similar issue is revealed by
other investigations in the literature. Data indicate compatibility (Lin et al., 2008; Wang et al. 2008;
Matsumoto et al. 2010; Jonstone et al. 2010).

4. Conclusion

In this study, the compression and bending properties of standing trees were assessed using the non-
destructive increment core method. Upon analyzing the data, it became apparent that the values for
compressive and bending strength closely aligned with those of a typical, undried pine tree.
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Additionally, upon evaluating the obtained bending and compressive strength values, a discernible
pattern emerged, indicating a gradual decrease from the pith towards the bark. This finding sheds light
on the structural variations within the tree and its implications for material properties.

Determining and monitoring the decay and cavities in the inner parts of the standing trees at the right
time is an important issue in terms of taking the necessary protection measures for these trees.
Depending on the species and environmental effects, after a certain age (especially in species whose
heartwood is not resistant), fungus etc. With the effect of this effect, decay starts in the inner parts of
the trees, and after a while, cavities are formed in these parts. Protection measures are taken when the
internal cavities in some trees are visible or can be predicted with the help of some external indicators.
However, when the rot and voids inside the trees cannot be detected from the outside, very valuable
assets such as monumental trees and stands, which are taken under protection due to some of their
qualities, are suddenly broken and overturned. In addition, trees in this situation in urban and roadside
afforestation, wind, snow, etc. It can become a situation that threatens the safety of people and all kinds
of objects by impacts or suddenly overturning.

As a result, it is of great importance to determine and follow up the rots and cavities in the inner parts
of the planted trees, to protect these trees, to prevent material and moral damages, and to prevent
situations that may even cost human life when appropriate. Determination and monitoring of mechanical
losses in the interior of standing trees, protection of these trees, prevention of material and moral
damages, and for preventing the situations that may even cost human life has great importance. So, it is
possible to get an idea about them without cutting the trees, selection of sample trees in scientific studies
or for the suppliers of wood raw materials.
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