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Abstract

In this research, the economic and ecological use value of Alkanna orientalis was determined. The biodiversity
functions and services of the species were analysed economically by classifying the data obtained from the
literature analysis. In the regulation functions, which is one of these functions, pollination value and seed dispersal,
use in traditional medicine within production functions, pharmacological researches and use as raw materials have
been revealed as important ecological services. Among the habitat functions, nursery services came to the fore
front but among the information functions, the use value whose purpose is education and scientific research has
come to the fore front. This shows that the species has a high ecological and economic use value.

Key words: Alkanna orientalis, ecological value, economic value, biodiversity services, biodiversity functions

1. Introduction

Alkanna orientalis (L.) Boiss. var. orientalis (A. orientalis) is a important member of the Boraginaceae
family (Davis et al 1988). A. orientalis is a perennial herbaceous plant. It is a widely found species that
grows globally in S. Greece, Syria, Lebanon, Palestine, Sinai, Transcaucasia, N. Iran, and Turkey. The
general distribution areas of the species in Turkey are northwest, southwest, and continental Anatolia
(Figure 1) (Bizimbitkiler 2013; TUBIVES, 2021). Among the habitats of the A orientalis which can live
at an altitude of 0-2450 meters above sea level, there are rocky areas, steppes and volcanic slopes. It is
an the Irano-Turanian phytogeographic region elements (Akgin 2004; TUBIVES, 2021).

In the researches, it is seen that A orientalis created a food source in many pollinators due to its
flamboyant flowers, as well as many uses such as medicine, excretory, cosmetics, traditional medicine,
dye industry (Moustafa and Mansour, 2020; Yaman et al., 2019). Because of these usage areas A
orientalis is an important plant species both ecologically and economically. However, it is striking that
the studies on the species are mostly focused on secondary metabolites and to their biochemical cotents,
while the studies on the ecological and economic importance of the species are quite limited. This
situation is considered as an important gap for species protection. We should provide and reveal a
sufficient information about the habitat, ecosystem characteristics, ecological and economic
characteristics of species in order to take effective measures for species protection and to apply
conservation measures successfully. From this point of view, in this study, the ecological characteristics
of the species were evaluated in terms of ecosystem services and its economic and ecological importance
was determined. In addition, the economically prominent service functions have been inclined and a
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significant contribution has been made to the literature by determining the usage areas and usage patterns
of the species.

] |
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Figure 1. Alkanna orientalis (L.) Boiss. var. Geographical distribution of A orientalis on the Grit map; 1¢) South
Marmara Division, (2a) West Black Sea Division, (2b) Central Black Sea Division, (2c) East Black Sea
Division, (3a) Main Aegean Division, (4a) Upper Sakarya Division, (4b) Middle Redriver Division, (4c) Upper
Redriver Division, (4¢) Konya Division, (5a) Upper Firat Division, (5b) Erzurum-Kars Division, (5¢) Upper
Murat-Van Division, (5¢) Hakkari Division, (6b) Adana Division (Bizimbitkiler 2013).

2. Material and Method

In the study, primary data obtained from literature researches were used. By systematically investigating
these primary data in depth, the data about the ecological characteristics and usage areas of the species
were obtained. It was determined whether the species has biological diversity services and functions in
the ecosystem by using these data systematically in the research. It has been determined which services
come to the fore economically within the identified biodiversity services regulation, habitat, production
and information functions. (Figure 2). The regulatory functions are functions that emerge as a result of
ecosystem capacities that regulate basic ecological processes and life support systems. These include
some functions which the regulation of atmospheric gases, climate regulation, nutrient cycling, water
supply and waste control, soil formation, biological control, pollination, seed dispersal, etc. (de Groot
et al., 2002; de Groot et al., 2006). The habitat functions are produced by biological diversity through
creating a suitable space and environment for both the system itself and humans. Functions such as
reproduction and shelter are evaluated in this group (Nunnes et al ., 2003; de Groot et al., 2002). The
production functions are related to processes and resources derived from biodiversity. The food
substance or nutrient of biological resources is raw material, genetic resource, medicinal resource or use
for ornamental purposes. The fact that biological species are the raw materials of genetic engineering
and biotechnology and the use of many plants in drug production is extremely significant in terms of
demonstrating the necessity of sustainable use of biological diversity. The information function, on the
other hand, is a function that does not include a physical effect or output from any biological source,
unlike contribution to human happiness and well-being in a spiritual, cultural, historical and individual
sense (Nunnes et al., 2003; de Groot et al., 2002; de Groot et al., 2006 ). A orientalis has been evaluated
in terms of these biodiversity service and functions. In this way, the ecological and economic service
functions of the species and the importance of these functions for ecosystem services have been
demonstrated.



EJFS- Economic and ecological importance of Alkanna Orientalis Var. orientalis (L.) Boiss.by Demir 2022

«» Usage value in biotechnology
» Pharmaceutical resource

*Usage in traditional medicine
» Commercial resource .
» Ornamental plant usage y

* Matter (Gas) cycle
* Nutrient cycle
*Pollination

» Seed dispersal

Production
Functions

Regulation
Function

Habitat
Functions

Information
Function

« Scientific and educational use

« Protection value
* Nursery fonction

« Aesthetic value

: + Refugnen habitat
* Recreational value

Figure 2. A orientalis' economic service cycle (Adapted from de Groot et al., 2002)

3. Results and Discussion
3.1. Habitat and ecological characteristics of Alkanna orientalis

A. orientalis generally spreads on cliffs, steppes and volcanic slopes (Karaca 2008; Akgin et al., 2004).
A. orientalis has specific pattern of growth where it grows in scattered patches of different size separated
by rocky boulders and the population of its is also limited by habitat size (Moustafa and Mansour,
2020). It can also be said that A. orientalis shares the same habitat with species such as Asyneuma
limonifolium, Rosularia libanotica, Minuartia hirsuta, Umbilicus erectus and Anthemis cretica (Karaca,
2008). These species are extremely important in terms of nursery function. The flowering period of the
species is between April and August (Karaca 2008; Moustafa and Mansour,2020; TUBIVES, 2021).

Table 1. Habitat and ecological characteristics of Alkanna orientalis (Moustafa and Mansour, 2020;
TUBIVES, 2021).

Features Identifiers
Famlie Boraginaceae
Species Alkanna orientalis
Lifetime Perennial
Structure Herbaceous
Habitat Cliffs, steppe, volcanic slopes
Flowering period April-August
Blooming: 4-8
Altitude 0-2450
Endemic status Not endemic
Element Iran-Turan
Threat factors Climate change, overgrazing, collection, anthropogenic activities etc.
Population Wide distribution and clump formation in the active population
Local name Havaciva herb
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In recent studies, it has been observed that the active population of the species has decreased due to
climate change in the last 10 years (Moustafa and Mansour, 2020). Moisture is the most decisive factor
distribution, life form of the plant ,and controlling plant productivity. In general, the total amount of
precipitation falling on an ecosystem does not always clearly explain the required moisture for plants.
Precipitation type, its soil deposits, its annual variation, its topography ,its intensity, and its plant
physiognomy affect the availability of moisture that precipitation provides to plants (Moustafa and
Mansour, 2020). In particular, soil moisture, soil texture and the amount of organic matter in the soil is
important in the vegetative development of the plant (Moustafa, 2002; Moustafa and Mansour, 2020).
At the same time, these ecological factors control the dominance of the species in the location and the
reproduction conditions. Additionally, A. orientalis is not a completely edible plant due to the dense
thorny hairs on the leaves, however animals graze suitable parts of Alkanna due to its early flowering
behaviour (Moustafa and Mansour, 2020). In this context, the populations of the species are constantly
threatened by climate change on the one hand, and overgrazing and human activities on the other.

3.2. Pollination, Seed Dispersal and Formation on Alkanna orientalis

Since the flowers of A orientalis produce abundant nectar, Anthophora pauperata is regarded as the
main pollinator of A. orientalis (Gilbert et al. 1996). Characters were considered to be important for the
pollinator behaviour such as nectar availability, seed production, flower phenology, namely flower size
and structure,and numbers of flowers open (Moustafa, 2002; Moustafa and Mansour, 2020). Willmer et
al. (1994) reported that males of A. pauperata patrol a cluster of A. orientalis plants in a particular area.
He found that females only come out of their nests, which reach the top in the early morning and
afternoon. A. orientalis flowers secrete approximately 6 ul of nectar containing approximately 35%
sucrose. As can be seen, the nectar-producing potential of the flowers of the species is fairly high
(Willmer et al., 1994; Moustafa and Mansour, 2020)

According to the research by Gilbert et al 1996, the number of visits made by A. pauperata to A.
orientalis per day changes depending on the geographical region. While the number of visits is lower in
flat areas, this rate is higher in high areas. For example, the average number of visits was 1.1 (+/- 0,3)
in the valley in the same study but in the mountains, this ratio was determined as 22,2 (+/- 0,7). Likewise,
the rate of seeds formed as a result of these visits is 12.6% and 28.3%, respectively. A. pauperata bees
are obliged to forage from this plant (Wolff et al., 1997). The proportion of seeds set was positively
correlated to the mean number of visiting. In addition, it was determined that there is a linear relationship
between the average size of flowers in a plant and mean nectar volume (Gilbert et al1996; Wolff et al.,
1997).

Each flower can set a maximum of four seeds. A. orientalis seeds are germinating in constant moisture
condition with temperatures of about +20°C. (Moustafa and Mansour, 2020). The seeds of these plant
have a very strong dormancy even with different treatments applied. One could reach only 35% as a
maximum percent of germinated seeds at consistent soil moisture content (Moustafa and
Mansour,2020). It is the only plant blooms in late March and early April. Solitary bee Anthophora bees
emerge at about the same time, and are the only pollinator of these flower. After May, they share
visitation to these flowers with other visitors (Moustafa and Mansour,2020). As other plants begin to
bloom, the bee diverts attention from A. orientalis and shares its nectar source with flying flies and
bombyliids (Gilbert et al. 1996; Wolff et al., 1997). These insects are probably less effective as
pollinators (Gilbert et al. 1996).
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Table 2. Seed distribution, seed formation and pollination status of Alkanna orientalis (Gilbert et al.1996;
Wolff et al., 1997; Willmer et al. (1994; Moustafa and Mansour, 2020).

Identifiers

Anthophora pauperata (main pollinator),

hoverflies and bombyliids (less effective)

In the valley 1.1 (+/- 0,3), In the mountains 22,2 (+/- 0,7)

Features
Pollinator

Average number of visits
of pollinators

Product used Nectar

Nectar amount per 6 ul

flower

Number of flowers 4-8

Germination condition of ~ Germinating in constant moisture condition with temperatures of about
seeds +20°C.

Amount of seeds formed 4 Seed

per flower

3.3. Use of Alkanna orientalis in traditional medicine

Plant medicines have important roles in the treatment of diseases all over the world. The fact that these
plants have few side effects, are natural and have therapeutic efficacy attracts people. (Esfahani et al.,
2012). In this context, A orientalis is one of the most important medicinal plants belongs to the family
Boraginaceae, and it is widely used in various ways for therapeutic purposes among the people (Table
2). As it can be seen in table 2, the plant is known to be used in folk medicine for the treatment of ulcus
cruris and for wound healing (Papageorgiou, 2008). In same way, This species is widely used in the
treatment of rheumatoid arthritis and other inflammatory diseases in Iran (Esfahani et al., 2012).

Ointment obtained from the roots of the species is used in the treatment of diseases such as tinea barbae,
wound healing, ambustion, scar, rheumatoid arthritis, in burn treatment, ulcus cruris. Aerial parts of
species are used in the treatment of festering sore and ambustion. Leaves are used in the treatment of
asthma, bronchitis, stomach ache and ophthalmia (Table 2). In addition, several pharmaceutical
preparations containing quinones from A orientalis have been reported (Papageorgiou, 1999; Esfahani
etal., 2012).

Table 3. Use of Alkanna orientalis in Traditional Medicine.

Species Plant part Preparation Way of Threatment
used Consumption
Alkanna Roots Burnt, Cooked External, every Tinea barbae
orientalis with butter morning put on
head
Crushed. External Wound healing, ambustion,
cooked with scar,
butter, added rheumatoid atrid, in burn
beeswax treatment, ulcus cruris
Aerial parts ~ Cooked with External Festering sore, ambustion
butter
Boiled External with Ophthalmia
pulp for one day
Leaves Decoction Internal, before Asthma, bronchitis, stomach
breakfast ache
Crushed External for one Ophthalmia

day
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3.4. Phytochemical aspect of Alkanna oriantalis

A. oriantalis is widely known for its medicinal and pharmaceutical properties, depending on the
chemical constituents of its plant parts. The most important part of the plant is the bark of the root which
is containing dying substances. In biochemical studies, it has been determined that these substances are
the major compounds of naphthoquinones, which are aromatic diketones belonging to widely known
Alkannins and Shikonin. (Zannou and Koca, 2020; Abel Elglil et al., 2019; Moustafa and Mansour,
2020; Wafaa et al., 2007). These compounds are containing double ring structure that conveys the intense
red pigments (Wafaa et al .,2007). Alkannins, shikonin and its derivatives have been used for dyeing
purposes in areas such as textile, food and cosmetics for many years (Yaman et al., 2020). Another site,
Alkanna orientalis is known to contain pyrrolizidine alkaloids (Bull et al, 1968; Hammouda et al.,1992).
Pyrrolizidine alkaloids (PA) are mostly natural toxins. PAs is the best known natural toxin for all living
things. A. orientalis is known to contain pyrrolizidine alkaloids (Bull et al, 1968; Hammouda et
al.,1992). A. orientalis is known to contain pyrrolizidine alkaloids (Bull et al, 1968). Pyrolizidine
alkaloids are alkaloids that are naturally produced by plants as a defense mechanism against herbivores
and are basically in the chemical structure of pyrrolizidine. These derivatives were different among
species and within the same species grown in different regions and altitudes (Moustafa, & Mansour,
2020).

It has been determined that these substances have various biological activities such as a powerful wound
healing, antimicrobial, anti-inflammatory, antithrombotic, cytotoxic, antioxidant, enzyme inhibitor in
medicine and pharmacology (Han et. al., 2019; Xu et al., 2019; Yaman et al., 2019; Yaman et al., 2020;
Esfahani et al., 2012).). In the latest studies, it has been shown to have anti-tumor properties and these
compounds are actively used in anticancer treatments in many countries (Yeh et al. 2015; Petrosyan et
al., 2015; Han et al., 2019; Xu et al., 2019). According to by Lev and Amar (2000), A. orientalis
produces an antimicrobial agent called sarothrin against Staphylococcus aureus and Mycobacterium
smegmatis, and the leaf and flower extract of A orientalis inhibited the growth of Staphylococcus
aureus.

Table 4. Phytochemical Aspect of Alkanna oriantalis (Yeh et al. 2015; Petrosyan et al., 2015; Han et
al., 2019; Xu et al., 2019; Lev and Amar, 2000).

Plant part Extract Effect
used
The Bark of Naphthoquinones Alkannins Antimicrobial, anti-inflammatory,
the Root antithrombotic, cytotoxic, antioxidant, enzyme
inhibitor
Shikonin Anti-Tumor
The Leaf and Sarothrin Inhibited the growth of Staphylococcus aureus,
Flower antimicrobial
Pirolizidin Pirolizidinin Natural toxin produced as a defence mechanism
alkaloidleri (PA), against herbivores

3.5. Use as Dyestuff Raw Material of Alkanna orientalis

Due to the increasing environmental awareness, the use of natural dyes in the textile industry is
increasing day by day (Onal et al., 2017; Kamat and Alat, 1990; Glover,1995). Especially, natural dyes
are preferred because they are non- allergic and non-toxic (Moiz et al., 2010)

The dyeing extract of the plant is generally obtained from the parts of the plant such as leaves, root,
bark, flowers, and seed. Especially in the bark, the rate of dyestuff is quite high and the bark is mostly
preferred for dyeing, but removal of the bark from the plant can threaten the life of the plant (Onal et

6


https://tr.wikipedia.org/w/index.php?title=Pirolizidin&action=edit&redlink=1

EJFS- Economic and ecological importance of Alkanna Orientalis Var. orientalis (L.) Boiss.by Demir 2022

al., 2017). Therefore, leaves, flowers and seeds are widely used for the extraction of the dyestuff from
the plant. The leaves of the plant provide abundant and easy availability source for dyeing industry
(Raja, 2008). It is also economical.

Extracts obtained from the roots of Alkanna orientalis are also used as dyestuffs (Oztav, 2009). The root
of the species is concentrated in alkannin acetate, and giving naphthalene its red colour (Tawfiket al.,
2007; Onal et al., 2017). Alkannin acetate can be form different colours by chemical reactions. A.
orientalis extract has been used in dyeing of fabric and when wool yarns are treated with calcium
carbonate, the colour becomes smokey; when iron sulphate is used, the colour becomes light green.
Also, copper sulphate turns the colour to green, when mediator substances are not used, the colour of
yarns becomes dark brown (Ozgokge, and Yilmaz, 2003).

3.6. Distribution of Economic Value Functions and Services in Ecological Terms of Alkanna
orientalis

As a result of the research, A. orientalis draws attention in terms of some biological diversity functions
and services (Figure 2). Especially the Production function draws attention with its common usage areas.
Pharmaceutical resource (seconder metabolite etc.), usage in traditional medicine (the treatment for
wounds and burns etc.), Usage as a raw material source (use in dyestuff, cosmetic, textile etc.). The
usage services as nutrient source value (being food source for pollinator) and commercial resource (its
use in textiles as a root dye) are the most important biodiversity services of the species.

Seed dispersal, seed formation and pollination services as regulatory functions of the species are quite
interesting. With the nectar it carries in its flowers, it creates a food source for pollinators and contributes
to the reproduction and geographical distribution of this species in these pollinators. This is an indicator
of an ecologically important symbiotic relationship. In addition, studies have shown that the species
accumulates Ni. This showed that there is a potential for use in phytoremediation studies, especially for
Ni (Demir et al 2021). Phytoremediation service flow, which is included in the regulation function, is
also economically important in terms of low cost and high benefit. Nursery function as a habitat function,
refugnium habitat function constitutes important biodiversity services. Although factors such as climate
change and overgrazing threaten the population of the species, no protection measures are applied. As
information function, their use for science and education purposes, aesthetic and historical and cultural
values are important services. Alkanna orientalis is a basic material especially in scientific research,
various projects and education. In addition, the habitats in which it grows naturally are aesthetically
important due to its flamboyant flowers and have a recreational value.

Regulation Functions Production Functions

Useasarawmaterialsource suchasdyestuff

Pollination
Usage in traditional medicine

Seed formationl

....................................................................................................

Scientificandeducationaluse

Requlumhab"al Cultural-historic value

Aesiheiic informaiion

Habitat Functions Information Functions

Figure 2. Distribution of Alkanna orientalis' biodiversity services and functions.
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4, Conclusion

The results of the research revealed that A. orientalis is an important plant species in terms of ecological
and economic services and functions. The ecological contribution of the species with its regulation,
production, habitat and information functions is also an indicator of its economic contribution. In
regulation functions pollination, seed formation and dispersal constitute the most important services.
The continuity of the species and its pollinator in the habitat is possible with this biodiversity service.
Clarifying this biodiversity service function will play an important role in developing management
strategies for the protection and conservation of natural habitats and embryological research to increase
reproductive capacities. The use value in traditional medicine, which is included in the production
function, is another service with ecological and economic importance. It will be possible to evaluate the
species with original use and used for therapeutic purposes and to determine the active substances in
these plants in order to reach more qualified results with pharmacological studies. Evaluation of the
results obtained with the aim of supporting the local economy will bring vitality to the economically
weak region. Expanding the production of plants with positive results and offering them for consumption
will create an important source of economic income for the local people. Likewise, the therapeutic
efficacy and fewer side effects of these strains make them a good alternative source for synthetic drugs.
Therefore, there is a great need to design studies that provide some data on the pharmacological and
therapeutic effects of these traditional drugs. A. orientalis is an extremely important plant species in this
respect, and more research is needed, especially focusing on the ecological and economic value of the
species.
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Ozet

Bu ¢alismada, i¢ mekanda kullanilan UV sistem parke vernikleri (3 ve 5 kat) uygulanmis igde (Elaeagnus
angustifolia L.) odununda, farkli lambalara sahip yapay yaslandirma ortamlarina maruz birakilmasi ile meydana
gelen bazi yiizey degisiklikleri aragtirtlmistir. Yaglandirma uygulamasinda UV-A 340 ve UV-B 313 tiir lambalar
kullanilmistir. Deney Ornekleri 252 saatlik yaslandirmaya maruz birakilmistir. Ayrica, yaslandirilmis ve
yaslandirilmamis vernik katmanlar {izerinde renk parametrelerine [kirmiz1 renk (a*) tonu, sar1 renk (b*) tonu ve
isiklilik (L*)] ve salimmsal sertlik degerlerine ait testler yapilmistir. Arastirma sonuglarina gére, her iki vernik
tiirtinde ve her iki lamba tiiriinde de istatistiki olarak varyans analizi sonuglar1 biitiin testler i¢in anlaml olarak elde
edilmistir. Her iki vernik tiirine ait katmanlarin, her iki lamba tiiriine ait 252 saatlik yaslandirmaya maruz
kalmasindan sonra L* ve b* degerleri azalirken, a* degerleri artmustir. Her iki vernik tiirii icinde UV-B 313
lambalarmin toplam renk farki sonuglari, UV-A 340 lambalariminkinden yiiksek oldugu belirlenmistir. Salinimsal
sertlik degerleri farkli lambalar karsisinda farkli sonuglar vermistir.

Anahtar Kelimeler: igde odunu, UV sistem vernik, Salmimsal sertlik, Renk

Comparison of the effects of accelerated aging with different lamps (UV-A and -B) on color and pendulum
hardness properties of Russian olive wood treated with UV system varnish

In this study, some surface changes were investigated in Russian olive (Elaeagnus angustifolia L.) wood with UV
system parquet varnish (3 and 5 layers) applied indoors, after exposure to artificial aging environments with
different lamps. UV-A 340 and UV-B 313 type lamps were used in the aging application. Experimental samples
were exposed to 252 hours of aging. In addition, tests of color parameters [(red color (a*) tone, yellow color (b*)
tone and lightness (L*)] and pendulum hardness values were performed on aged and unaged varnish layers.
According to the results of the research, statistical analysis of variance results were obtained for all tests in both
varnish types and both lamp types. After the layers of both varnish types were exposed to 252 hours of aging of
both lamp types, L* and b* values decreased while a* values increased. It was determined that the total color
difference results of UV-B 313 lamps in both varnish types were higher than that of UV-A 340 lamps. Pendulum
hardness values gave different results against different lamps.

Keywords: Russian olive, UV system varnish, Pendulum hardness, Colour

Giris
Ahsap ve tiirevleri mobilya endiistrisinde yaygin olarak kullanilmaktadir. Ahsap kaplamalar zaman

icinde yiiksek dayanim sagladiklar ve estetik dzellikler sunduklar icin ilgi gormektedir. Ahsap hassas
bir malzemedir; zaman iginde ve belirli kosullar altinda (sicaklik, nem ve 1s1k) koruyucu/dekoratif
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kaplamalar1 giiclii bir sekilde etkileyebilecek olan ekstraktif maddeler agiga c¢ikarabilir ve bazilar1 geri
dondiirillemez boyutsal degisikliklere ugrayabilir. Mobilya ve doseme yapiminda kullanilan hemen
hemen tiim ahsap tiirleri yiizey kaplamalidir (Kaboorani ve ark., 2017).

Dogal ve yenilenebilir bir malzeme olarak ahsap, binlerce yildir yaygin olarak kullanilmaktadir.
Glintimiizde ahsap, zemin kaplamasi, ¢it, dis mekan mobilyalar1 ve yap1 malzemeleri gibi dis mekan
uygulamalarinda kullanilmaktadir. Bununla birlikte, ahsap malzeme iklim kosullarina maruz kaldiginda,
estetik ve mekanik performansinin kaybina yol agan biyobozunma ve fotodegradasyona karsi
savunmasizdir (Brischke ve Alfredsen, 2020).

D1s kosullara maruz kalan ahsap, dogal ayrisma ad1 verilen isleme tabi tutulur (Williams 2010). Ahsapta
fotodegradasyonun en énemli nedenlerinden biri, ana bilesenleri, 6zellikle lignin arasinda kimyasal
reaksiyonlara neden olan ve kromoforik gruplar olusturan ultraviyole (UV) 1siktir (Pandey, 2005;
Cogulet ve ark., 2016). Lignin, esas olarak aromatik halkalar ve kromoforik gruplar i¢ceren kompleks bir
3-D polimerdir ve UV radyasyonu ile bozulmaya kars1 oldukg¢a hassastir (Rosu ve ark., 2010; Zborowska
ve ark., 2015). i¢ mekéanlarda kullanilan kaplamalar, evlerde, ofislerde ve diger yasam alanlarindaki
giinliik faaliyetler nedeniyle farkli bozulma unsurlarina dayanmalidir: 151k, iklimsel degisiklikler,
cizikler, asinma, darbe ve kimyasal etkilesimler gibi mekanik hasarlar (Bulian ve Graystone, 2009). UV
ile kiirlenebilen teknoloji, boya ve kaplama endiistrisinde en hizli biiyiiyen pazarlardan biridir. UV ile
kiirlenebilen kaplamalarin hizli ve istikrarli biiyiimesinin nedenleri ¢oktur. En yaygin olarak belirtilen
nedenleri; diisiik ugucu organik bilesikler emisyonlari, miikemmel mekanik ve kimyasal direng ve hizli
kiirleme/kurutma olmaktadir (Landry ve ark., 2015).

Mevcut farkli kaplama teknolojileri arasinda, diigiik enerji tiiketimi, hizli kiirlenme siireleri ve diigiik
ucucu organik bilesik emisyonlar1 nedeniyle UV ile kiirlenen kaplamalar siklikla tercih edilir (Miiller
ve Poth, 2011). Ayrica, UV 15181 ile polimerize edilen kaplamalar, mekanik streslere karsi iyi bir genel
dirence yol acan yiiksek ¢apraz baglama yogunluklarindan yararlanir. Ahsap endiistrisinde bu teknoloji
genellikle hazir dosemeler, duvar panelleri, kapilar ve mobilya panelleri gibi diiz yiizeyler igin
kullanilmaktadir (Hermann ve ark., 2021). Ultraviyole (UV) radyasyon elektromanyetik spektrumun bir
pargasidir (Diffey, 2002). UV radyasyonu, cilt kanserlerinin bazal ve skuaméz hiicreli karsinomun
baslamasindan ve desteklenmesinden sorumlu tam bir kanserojendir (De Gruijl ve ark., 1993). UV
radyasyonunun iki tirti, UVA (320-400 nm) ve UVB (290-320 nm), ciltle temelde farkli sekillerde
etkilesime girmektedir (Dahle ve Kvam, 2003). “UV-A 340” lambasi, dogal hava kosullarina daha iyi
korelasyon saglamak i¢in 1987 yilinda piyasaya siirilmiistiir. Bu lamba, yaklagik 370 nm’den 295
nm’lik giines kesme noktasina kadar iyi bir giines 15181 simiilasyonu saglar. UV-A 340 lambasi, dis
mekadna maruz kalindiginda fiziksel ozelliklerde gozlemlenen degisiklikleri simiile etmek i¢in en
uygundur. Floresan UV cihazlari, spektral gii¢ dagiliminin etkilerini incelemek i¢in ideal bir arag saglar,
clinkli diger lamba tiirleri i¢in pek olast olmayan, spektral giic dagilimi egrilerinin sekli veya UV
lambasinin 6mrii boyunca degismez (Brennan ve Fedor, 1988; Fedor ve Brennan, 1994).

Giines 1513 UV-A (320-380 nm) bileseni, cilt hiicrelerine ve dokuya zararli olabilen oksitleyici
ozelliklere sahiptir, ancak ayn1 zamanda hem katabolize edici enzim olan “heme oksijenaz-1” igin giiglii
bir sekilde yukari regiilasyonuna yol agabilir (Tyrrell ve Reeve, 2006). FS-40 ve UV-B 313 olmak iizere
iki tiir UVB lambasi1 vardir. TS-40 lambasi 6ncelikle otomotiv endiistrisi tarafindan kullanilmistir. UV-
B 313, esasen ikinci nesil bir FS-40’tir. FS-40 ile ayni spektral giic dagilimina sahiptir. Ancak daha
yiiksek, daha kararli ¢iktiya sahiptir. UV-B 313, 1984 yilinda piyasaya siiriilmiistiir. Daha yiiksek ¢1kisi
nedeniyle UV-B 313 lambasi, ¢ogu malzeme i¢in FS-40 tipine gore daha fazla hizlanma saglar. Cok
dayanikli malzemeleri test etmek veya daha kisa dalga boylar1 spektrumunu yeniden iiretmesi nedeniyle
kalite kontrol uygulamalari i¢in kullanigli olmaktadir (Brennan ve Fedor, 1988; Fedor ve Brennan,
1994).

Literatiirde; Cin tirpan agacit (Cunninghamia lanceolate) (Wang ve ark., 2019), simul (Salmalia
malabarica) (Ali ve ark., 1997), giilibrisim (Albizia julibrissin) (Giirleyen, 2020), iivez (Sorbus L.)
(Giirleyen ve ark., 2017b), disbudak (Fraxinus excelsior) (212°C’de 2 saat siire ile 1s1l islemli) (Ayata
ve ark., 2017b), ceviz (Juglans regia) Amerikan ceviz (Juglans nigra), kirmizi Amerikan mesesi
(Quercus rubra), akcaagag (Acer pseudoplatanus L.) (Ayata ve ark., 2018), kestane (Castanea sativa
Mill.), limba (Terminalia superba), iroko (Chlorophora excelsa), sapelli (Entandrphragma
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cylindrocum) (Ayata ve Cavus, 2018), adi kizilaga¢ (Alnus glutinosa Gaertn L.) (Salca ve ark., 2016;
2021), mese (Quercus petraea L.) (Giirleyen ve ark., 2019), kayin (Fagus orientalis Lipsky.) (Ayata ve
ark., 2017a), doussie (Afzelia africana) (Giirleyen, 2021), limon (Citrus limon (L.) Burm.) (Ayata,
2019), sarigam (Pinus sylvestris L.) (Giirleyen ve ark., 2017a), kayis1 (Prunus armeniaca L.) (Ayata ve
ark., 2021a), Toros sediri (Cedrus libani A. Rich) (Ayata ve ark., 2021b), adi ¢itlembik (Celtis australis
L.) (Ayata ve ark., 2021c), kokulu ardi¢ (Juniperus foetidissima Wild.) (Ayata ve ark., 2021d), yalanci
akasya (Robinia pseudoacacia L.,) (Ayata ve ark., 2021e), rose gum (Eucalyptus grandis) ve Karayip
camu (Pinus caribaea var. hondurensis) (de Moura ve ark., 2013), dut (Morus alba) (Cavus, 2021), sar1
hus (Betula alleghaniensis Britt.) (Hermann ve ark., 2021) ve seker akgaagaci (Acer saccharum)
(Vardanyan ve ark., 2014) ahsap tiirlerine UV kiirlenmeli kimyasallarin uygulandig1 ve cesitli {ist yiizey
testlerinin (salinimsal sertlik, yiizeye yapisma direnci, renk ve parlaklik) yapildig: bildirilmistir.

Igde odununun ahsabu, sert ve ince tanelidir. Direkler, kirisler, ev esyalar1 (Komarov, 1968; Polunin,
1969) ve oymacilikta kullanilmaktadir (Genders, 1994). Ayrica odununun miikemmel bir yakit oldugu
da bildirilmistir (Gamble, 1972; Komarov, 1968). Bu bilgiler 1s18inda igde ahsabinin UV sistem parke
endiistrisi alaninda kullanildigina dair herhangi bir bilgiye rastlanilmadigi goriilmektedir.

Igde (Elaeagnus angustifolia L.) odununda; hava kurusu yogunluk 536.000 kg/m®, hava kurusu rutubet
degeri %9.93, tam kuru yogunluk 507.000 kg/m?, hacmen genisleme %9.44, teget yonde genisleme
%5.90, boyuna yonde genisleme %0.30, radyal yonde genisleme %3.24, lif doygunlugu noktas1 (LDN)
%18.63, sok direnci 0.389 kgm/cm?, elastikiyet modiilii tayini 4663.00 N/mm?, egilme direnci 61.12
N/mm?, janka sertlik degeri teget, enine ve radyal yiizeyler i¢in sirastyla 40.23 N/mm?, 58.74 N/mm? ve
40.10 N/mm? (Ayata ve Bal, 2019) ile 1s1 iletkenlik degeri 0.121 k(W/mK) (Cavus ve ark., 2019) olarak
bulunmustur.

Bu calisma, igde odununa endiistriyel uygulamalara gére 3 ve 5 kat UV sistem parke verniklerinin
uygulanmasi ile elde edilen ylizeylerin farkli lambalara sahip yapay yaslandirmalar karsisindaki
gostermis olduklart direncin renk parametreleri ve salinimsal sertlik testleri i¢in kiyaslanmasi tizerine
yapilmustir.

2. Materyal ve Metot
2.1. Materyal
2.1.1. Ahsap malzemenin temin edilmesi

Igde (Elaeagnus angustifolia L.) odunu izmir’de faaliyet gosteren bir kereste saticisindan elde
edilmistir. Malzemeler lif kivrikligi sorunu olmayan, mantar ve bocek kusuru olmayan, ardaksiz ve
budaksiz olacak sekilde rastgele yontem ile alinmistir. Yeterli sayida olacak sekilde 100 x 10 x 2 cm
boyutlarinda hazirlanmig olan malzemeler kesme ve rendeleme isleminden gegmistir. Daha sonra, bu
malzemeler tizerinde iklimlendirme iglemleri uygulanmistir (TS 2471, 1976).

2.2. Metot
2.2.1. UV sistem parke verniklerinin uygulanmasi

Bu calisgmada 100 cm x 10 cm x 1.70 cm boyutlarinda hazirlanmis olan igde deney 6rnekleri KPS
firmasinda (Diizce, Tirkiye) endiistriyel uygulamalara gore, Tablo 1’de UV sistem parke iiretim
asamalar1 kullanilarak UV sistem parke vernikleri 3 ve 5 kat olacak sekilde uygulanmustir. Kullanilan
verniklere ait kimyasallarin 6zellikleri Ayata (2019) tarafindan yapilan arastirmada ayrintili olarak
gosterilmigtir.

2.2.2. Hizlandirilmis yaslandirma uygulamasi ve yapilan testler

Bu ¢alismada yapilan testlere ait cesitli bilgiler ve cihazlara ait resimler Tablo 2°de ayrintili olarak
gosterilmistir. Caligmada, yaslandirma sonrasinda her iki lamba tiiriinde meydana gelen toplam renk
farkliliklari, Tablo 3’de verilen Baranski ve ark., (2017)’e gore renk degistirme kriterleri ile
karsilagtirilmig, sonuglar Tablo 6’da gosterilmistir.
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Tablo 1. UV sistem parke vernigi {iretim agamalar1 (3 ve 5 kat)
3 kat uygulamasi | 5 kat uygulamasi
Kalibre zimpara uygulamasi (80 ve 120 kum)
Seffaf UV kiirlenmeli hidro astar (T8028-0000) 10 g/m? (70 °C)

UV yiiksek parlaklikta perde kaplama UV seffaf kiirlesen sizdirmazlik macunu
(T9120-0900N1) 8 g/m? (T9110-0000H) 20 g/m? (70 °C)

UV lamba kurutma uygulamasi UV seffaf kiirlesen sizdirmazlik macunu

(177 mJ/cm?) (2 defa) (T9110-0000) 10 g/m? (170 °C) (2 defa)

Kalibre zimparalama islemi (280 ve 320 kum)
Seffaf mat UV yag1 (T9115-0000) (8 g/m?) + UV lamba kurutma uygulamasi (71 mJ/cm?)
Seffaf mat UV yag1 (T9115-0000) (8 g/m?) + UV lamba kurutma uygulamasi (314 mJ/cm?) (2 defa)

Tablo 2. Calismada yapilan testlere ait ¢esitli bilgiler ve cihazlara ait resimler
Test Ekipmanin Resmi Test Hakkinda Bilgi
CS-10 colorimeter (CHN Spec, Cin) marka renk cihazinda
[Olgiim kosullari: CIE 10° standart gozlemci; CIE D65 151k kaynag,

Renk aydmlatma sistemi: 8/d (8°/daginik aydinlatma)]
Parametrelerlne Aa* = a*ya§1and1rllm|§_ a*ya$landlrllmam1§ (l)
. Alt AL* = L*ya$land1r11m1$* L* yaslandirilmamig (2)
Olgumler Ab* = b*yaslandmlmls —b* yaslandirilmamig (3)
AE* = [(AL*)? + (Aa*)? + (Ab*)?]2 (4)
Standart: ASTM D2244-3, (2007)
Sahimmsal (Model 299/300 Erichsen, Hemer, Germany)
(Pandiillii) Konig metoduna gore salimimsal sertlik 63 + 3.3 in HRC sertlik ve 5 +
Sertlik 0.0005 mm ¢apinda bilyeye sahip cihaz. Sarkaci dengelemek i¢in
Degerlerine ¢apraz ¢ubuga bagl dikey bir ¢ubuk {izerinde kayan bir agirlik
Ait kullanilir. Sarkacin toplam agirlig1 200+0.2 g olmaktadir.
Olgiimler Standart: ASTM D 4366-95, (1984)
QUV weathering tester (Q-Lab, Westlake, OH, US)
Hizlandirlms (Cihaz 0.76 151k yogunlugu ve 60°C’d(3 8 saat UV 151k; 4 saat 50°C
Yaglandirma sicaklikta kondenzasyon buhar yogunlasthlrma uygular{lam)
UV-A 340 ve UV-B 313 EL lambalari ile 252 saat siire
Uygulamasi
yaslandirma uygulamasi yapilmistir.
Standart: 1SO 4892-3 (2016)
Kiihnast, Brachttal, Germany
uv Parke uygulamasinda UV lambalarin siddetini mJ/cm? cinsinden
Entegratorii 6lgmek i¢in kullanilmigtir.

Standart: DIN EN ISO/IEC 17025, (2016)

Tablo 3. Renk degistirme kriterleri (Baranski ve ark., 2017)

AE* Degeri > Gozlem Sonucu

AE*< 0.2 > Gorlinmez renk degigimi
2>AE*>0.2 > Hafif renk degisimi
3>AE*>2 > Yiiksek filtrede goriiniir renk degisimi
6>AE*>3 | 2 Filtrenin ortalama kalitesiyle goriilebilen bir renk degisimi
12> AE*>6 > Yiiksek renk degisimi

AE* > 12 » Farkl1 renk

2.2.3. istatistiksel analiz

Bir SPSS programi ile standart sapmalar, minimum ve maksimum degerler, ortalamalar, homojenlik
gruplari, % degisim oranlar1 ve varyans analizi hesaplanmustir.
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3. Bulgular

Tablo 4’de renk parametrelerine ait belirlenmis olan varyans analizi verileri gosterilmektedir. Elde
edilen sonuglara gore, kirmizi renk (a*) tonu, sar1 renk (b*) tonu ve 1giklilik (L*) degeri i¢in uygulama
metodu (A), lamba tiirii (B) ve etkilesimler (AB) anlaml1 olarak bulunmustur.

Tablo 4. Renk parametrelerine ait belirlenmig olan varyans analizi verileri
Test  Varyans Kaynag  Serbestlik Derecesi Kareler Toplaimm Ortalama Kare F Degeri 0<0.05

Uygulama Metodu (A) 1 120.320 120.320 105.033  0.000*
Lamba Tiirii (B) 2 2678.234 1339.117 1168.973 0.000*
L* Etkilesim (AB) 2 521.331 260.665 227.546  0.000*
Hata 114 130.593 1.146
Toplam 120 178081.340
Diizeltilmis Toplam 119 3450.478
Uygulama Metodu (A) 1 236.967 236.967 605.878 0.000*
Lamba Tiirii (B) 2 321.471 160.736 410.969 0.000*
a* Etkilesim (AB) 2 165.479 82.739 211.548 0.000*
Hata 114 44587 0.391
Toplam 120 18542.790
Diizeltilmis Toplam 119 768.504
Uygulama Metodu (A) 1 434.303 434.303 378.168  0.000*
Lamba Tiirii (B) 2 922.829 461.414 401.775 0.000*
b Etkilesim (AB) 2 222.704 111.352 96.959  0.000*
Hata 114 130.922 1.148
Toplam 120 38343.601
Diizeltilmis Toplam 119 1710.757
*: Anlamh

Renk parametrelerine ait belirlenmis olan istatistiksel veriler Tablo 5’de gosterilmistir. Sonuglara gore,
kontrol dl¢iimlerde 3 kat uygulamasina ait 1siklilik (L*), sar1 (b*) ve kirmizi (a*) renk tonu degerleri 5
kat uygulamasiminkinden yiiksek elde edilmistir. Her iki vernik tiiriiniin her iki lamba tiirline maruz
kalmasindan sonra L* ve b* degerleri azalirken, a* degerleri artmistir.

Farkli vernik uygulama metotlar1 (verniklerin sahip oldugu yapisal farkliliklari) ile kaplanmis
numunelerin farkli lambalar kullanilarak yapilan 252 saatlik yaslandirma ile renk parametrelerini
etkiledigi goriilmektedir. En yiiksek azalma orani L* degerinde 3 kat UV verniklenmis ve UV-B 313
lambalarina kalmis orneklerde, b* degerinde 5 kat UV verniklenmis ve UV-B 313 lambalarina kalmis
orneklerde belirlenmistir. a* degerinde ise en yiiksek artis 3 kat UV verniklenmis ve UV-B 313
lambalarina kalmis 6rneklerde tespit edilmistir.

Literatiirde, L* degerinde goriilen artisin daha acik renk, azalisin ise koyulagsmasinin meydana geldigi
seklinde ifade edilmistir (S6giitli ve Sonmez, 2006). Bu ¢alismada da yaslandirmadan sonra her iki tiir
vernik ve lamba tiirleri i¢in L* degerlerinde azalislarin elde edildigi buna bagli olarak koyulagsmanin
elde edildigi sdylenebilir. Uygulanan yapay yaslandirmadan sonra L* degerinin azaldig1 ve a* degerinin
arttig1 Girleyen (2020), (2021), Ayata (2019), Cavus (2021) ile Ayata ve ark., (2021a,b) tarafindan
yapilan ¢aligmalarda da bildirilmigtir.

Toplam renk farkliliklarina ait istatistiksel veriler Tablo 6°da gosterilmistir. Her iki lamba tiiriinde de en
yiiksek AE* degerleri UV-B 313 lambasinda elde edilmistir.

3 kat uygulamasinda AE* degerleri en yiliksek UV-B 313 lambasinda elde edilirken, her iki lamba tiirii
icin Baranski ve ark., (2017)’na gore “farkli renk” grubunda yer alirken, 5 kat uygulamasinda AE*
degerleri yine en yiiksek UV-B 313 lambasinda bulunmus olunup, her iki lamba tiirii i¢in Baranski ve
ark., (2017)’na gore “yiiksek renk degisimi” kriterini verdigi goriilmektedir. ahsap renginin degismesi,
ahsap hiicre duvarindaki lignin ve seliilozu depolimerize etmek i¢in nem, sicaklik ve oksijen ve ozon ile
igbirligi icinde hareket eden UV 1s181inin bir sonucu olacaktir (Anderson ve ark., 1991).
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Tablo 5. Renk parametrelerine ait belirlenmig olan istatistiksel veriler
Uygulama Lamba Ol¢iim

Degisim Standart Mini-  Maksi-

Test Metodu Tiirii Sayisi Ortalama  HG % Sapma  mum mum
Kontrol — 20 48.51 A* - 0.77 46.39 49.40

3kat» UV-A340—> 20 36.09 D 125.60 1.07 35.01 38.03

L* UV-B313—> 20 32.85 F** 13228 1.03 31.21 34.98
Kontrol — 20 40.62 B - 1.79 37.12 44.16

S5kat» UV-A340—> 20 37.01 C 18.89 0.54 36.15 37.96

UV-B 313 — 20 33.81 E 116.77 0.78 32.68 35.52

Kontrol — 20 10.67 D - 0.50 10.01 11.55

3kat» UV-A340—> 20 14.01 B 131.30 0.81 12.39 15.17

a* UV-B313—> 20 16.05 A*  150.42 0.28 15.47 16.61
Kontrol — 20 9.10 F** - 0.41 8.26 9.69

S5kat» UV-A340—> 20 13.25 C 145.60 0.36 12.29 13.81

UV-B 313 — 20 9.95 E 19.34 1.03 8.71 12.34

Kontrol — 20 24.36 A* - 0.62 22.76 24.99

3 kat » UV-A 340 — 20 17.00 C 130.21 0.92 15.75 18.74

b* UV-B 313 — 20 16.76 C 131.20 0.87 15.44 18.24
Kontrol — 20 17.83 B - 1.50 15.67 20.72

5 kat UV-A 340 — 20 16.92 C 15.10 0.91 15.39 18.34

UV-B 313 — 20 11.96 D**  |32.92 1.35 10.30 14.99

N: Olciim Sayisi, HG: Homojenlik Grubu, *: En yiiksek deger, **: En diisiik deger

Tablo 6. Toplam renk farkliliklarina ait istatistiksel veriler

Uygulama Lamba Renk kriterine gore kiyaslamalar AE*  AL*  Aa*  Ab*
Metodu Tiiri (Baranski ve ark., 2017) l i} ) l
Jkat > UV-A340 > AE*>12 Farkli renk — 1489 -12.43 30.35 -07.36
UV-B313 > AE*>12 Farkli renk — 18.24 -15.67 50.38 -07.60
Skat  » UV-A340 —» 12>AE*>6  VYiiksek renk degisimi — 06.07 -03.60 40.15 -00.91
UV-B313 —» 12>AE*>6  VYiiksek renk degisimi — 09.21 -06.81 00.84 -05.86

Salinimsal sertlik degerine ait belirlenmis olan varyans analizi verileri Tablo 7’de verilmistir.
Belirlenmis olan bu sonuca gore uygulama metodu (A), lamba tiirii (B) ve etkilesim (AB) anlaml1 olarak
elde edilmistir.

Tablo 7. Salinimsal sertlik degerine ait belirlenmis olan varyans analizi verileri
Test Varyans Kaynag1  Serbestlik Derecesi Kareler Toplamu Ortalama Kare F Degeri a<0.05

Uygulama Metodu (A) 1 997.633 997.633 99.763  0.000*
s « Lamba Tiirii (B) 2 368.067 184.033 18.403  0.000*
E= Etkilesim (AB) 2 141.267 70.633 7.063  0.004*
TE % Hata 24 240.000 10.000
7)) Toplam 30 67923.000
Diizeltilmis Toplam 29 1746.967
*: Anlamh

Salimimsal sertlik degerine ait belirlenmis olan istatistiksel veriler Tablo 8’de gosterilmektedir. Bu
sonuglara gore, kontrol 6rneklerinde en yiiksek salinimsal sertlik degeri 5 kat uygulamada elde dilmistir.
Her iki vernik tiiriinde (3 ve 5 kat), UV-A 340 lambalarinda 250 saatlik yaslandirmanin sonunda sertlik
degerlerinin azaldig1 (%28.39 ve %5.26) goriilmektedir. UV-B 313 lambalarinda ise 3 kat uygulamada
azalis (%9.45) elde edilirken 5 kat uygulamada artis (%2.63) belirlenmistir. de Meijer (2002), termal
ayrisma sicakligindaki bir artigin vernik katmanlarinin re¢ine molekiilleri arasindaki molekiiler uyumu
artirabilecegini bildirmistir.
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Tablo 8. Salimimsal sertlik degerine ait belirlenmis olan istatistiksel veriler
Uygulama Lamba Olgiim Degisim Standart Mini- Maksi-

Test Metodu Tiirii Sayisi Ortalama  HG % Sapma  mum  mum
Kontrol — 5 47.20 B - 2.86 44.00 51.00

= 3kat » UV-A340 — 5 33.80 D**  |28.39 3.83 29.00 38.00
g = UV-B 313 — 5 42.60 C 19.45 4.56 39.00 50.00

E L Kontrol — 5 53.20 A - 0.84 52.00 54.00

(E @ Skat»  UV-A340 — 5 50.40 AB 15.26 3.44 47.00 55.00
UV-B 313 — 5 54.60 A* 12.63 1.95 52.00 56.00

N: Ol¢iim Sayisi, HG: Homojenlik Grubu, *: En yiiksek deger, **: En diisiik deger

Sonuclar

Bu calismada asagida verilen sonuglar elde edilmistir:

- Her iki vernik tiirinde ve lamba tiirinde de istatistiki olarak yapilan varyans analizi testlerine ait
sonuglarinin biitlin testler i¢in anlamli olarak belirlendigini gostermistir.

- Her iki vernik tiirii i¢inde UV-B 313 lambalarmin toplam renk farki sonuglari, UV-A 340
lambalarininkinden yiiksek elde edilmistir.

- Salinimsal sertlik degerleri farkli lambalar karsisinda farkli sonuglar vermistir.

- Elde edilen sonuglara gore, bu agag tiiriiniin UV sistem parke liretiminde kullanilabilecegi goriilmiistiir.

Tesekkiir

Yazarlar, 3 ve 5 kat UV sistem parke vernigine ait uygulamalar i¢in KPS Fabrikasi’na (Diizce) tesekkiir etmektedir.
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