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Kerria japonica (L.) DC. (KANARYA GULU) TURUNE GENEL
BiR BAKIS
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Cin ve Japonya’ya endemik monotipik bir tiir olan Kerria japonica (L.) DC. estetik ve fonksiyonel 6zellikleri
dolayisiyla gerek Avrupa’da gerekse ABD de on yillardir yaygin olarak siis bitkisi olarak yetigtirilmekte ve
kullanilmaktadir. {lkbahar aylarinda agan parlak sar1 renkli katmerli cicekleri, husa benzeyen yapraklari ve yesil
stirglinleri ile olduk¢a dekoratif bir goriiniim sergilemektedir. Peyzaj uygulamalarinda estetik 6zelliklerinin
yaninda kuraklik, diisiik sicaklik ve yogun gélge gibi ¢evre kosullarina kosullara yiiksek toleransi ve yapraklarinin
toz tutma kapasitesi diger tercih nedenleridir. Dis mekan siis bitkisi olmasinin yam sira kesme ¢igek ve kuru ¢icek
olarak ta degerlendirilebilmektedir. Tibbi bitki olarak geleneksel Cin tibbinda bazi hastaliklarin tedavisinde
kullamlmaktadir. Vejetatif olarak ¢elikle kolayca c¢ogaltilabilen Kerria japonica iilkemizde Nisan-Haziran
aylarinda c¢icek agan, ¢igeklenme siiresi uzun olan sart renkli ¢ali ihtiyacini karsilayacak 6nemli bir bitki
niteligindedir. Bu ¢alismada Kerria japonica tiiriiniin kullanim ve ¢ogaltim ¢alismalarina esas teskil etmek iizere
tiiriin genel 6zellikleri, ekolojik istekleri, iiretimi ve kullanimina iliskin bilgiler gézden gegirilerek derlenmistir.

Anahtar Kelimeler: Kerria japonica, 6zellikleri, kullanimi, ekolojik istekleri, tiretimi.

Kerria japonica (L.) DC. (CANARIAN ROSE) SPECIES OVERVIEW

Extended Abstract

Kerria japonica (L.) DC is a decidious shrub belonging to the Rosaceae family. Kerria japonica, a monotypic
species endemic to China and Japan. Due to its aesthetic and functional properties, it has been widely grown and
used as an ornamental plant for decades both in Europe and the USA. It is mostly used in parks and gardens in the
world, and culture varieties are generally used in landscape applications. Kerria japonica 'Pleniflora’, which has a
double flower structure, is the most well-known and most preferred cultivar in applications. In Turkey, the
production and use of Kerria japonica as an ornamental plant is very limited, and it is difficult to obtain plants
from nurseries. It exhibits a highly decorative appearance with its bright yellow colored multilayered flowers,
birch-like leaves and green shoots that bloom in spring. In addition to its aesthetic properties in landscape
applications, its high tolerance to environmental conditions such as drought, low temperature and intense shade
and the dust holding capacity of its leaves are other reasons for preference. In addition to being an shrub, it can
also be used as a cut flower and dried flower. It is used as a medicinal plant in the treatment of some diseases in
traditional Chinese medicine. It contains flavonoids (Linariin and isolinariin) with anti-inflammatory effect. In
addition, Kerinol, a new lignan, was detected for the first time in this plant. Kerria japonica, which can be easily
propagated by cuttings vegetatively, is an important plant that blooms in April-June in our country and will meet
the need for yellow bushes with a long flowering period. In this study, information on the general characteristics,
ecological requirements, propagation and usage of the Kerria japonica species has been reviewed and compiled
to form the basis for the usage and reproduction studies. The reproduction of Kerria japonica and its place in the
ornamental plant nurseries will be a great gain for the ornamental plants and landscape sector of our country.

Key Words: Kerria japonica, characteristics, usage, ecolojical requirements, propagation.
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1. Giris

Agac, agaceik, yer ortiicii bitkiler, sarilict ve tirmanici tiirler ile kompozisyonlar olusturularak veya saf olarak
kullanilan ¢al1 tiirleri peyzaj uygulamalarinda ¢ogunlukla tercih edilen bitki materyalidir. Calilar, bozulmus
topraklarda dahi basaril bir sekilde yetistikleri igin kurak ve yar1 kurak topraklarin iyilestirilmesine katki saglayan
bitkilerdir. Birgok ¢ali tiirii, estetik 6zelliklerinin yani sira fonksiyonel olarak da kullanilmakta; erozyonu kontrol
etmekte, kurak alanlarda yem bitkisi olarak kullanilmakta, meyvelerinden faydalanilmakta, bazilar1 da tibbi bitki
olarak tercih edilmektedir. Golgesi dahi otsu bitkiler i¢in uygun tohum yatag: habitat: saglamaktadir. Bununla
birlikte bircok tiir tuza dayaniklidir (Kog, 2000). Kullanim alanlarimin ¢esitliligi, estetik, fonksiyonel ve ekolojik
faydalarinin olmasi siis bitkileri sektorii igerisinde gali tiretimini degerli kilmaktadir.

Rosaceae diinya iizerinde genis yayilis alanina sahip, yaklagik 3000 tiir barindan orta biiylikliikte bir Angiosperm
familyasidir. Onemli ticari meyve tiirlerinin yam sira birgok siis bitkisi (giiller, keci sakali, ali¢, yaban elmas1 ve
iivez gibi) tiiriinii de igermektedir (Xiang et al., 2017). Rosaceae familyasi icerisinde yer alan tiirlerden biri de
Kerria japonica (L.) DC.’dir. (Li et al.,2003; Eminagaoglu et al., 2020).

Kerria japonica Cin ve Japonya’ya endemik monotipik bir tiirdiir. Cin ve Japonya’nin belirli daghk alanlarinda
dogal olarak yayilis gostermektedir (Huo et al., 2019). Yetisme alanlar1 genellikle 200-3000 m. yiikseltisinde dag
yamaglarindaki ¢aliliklardir. Latince ismini Avrupa’ya ilk olarak getiren Iskog bah¢ivan William Kerr’den almistir
(URL-1, 2022). Kerria japonica tiiriiniin Tiirkge adi “Kanarya Giilii” olarak bilinmektedir.

Kerria japonica ilkbaharda agan parlak sar1 renkli ve katmerli yapiya sahip ¢icekleri ve kis aylarinda yesil gévdesi
ile yiiksek bir siis bitkisi degerine sahiptir (Huo et al., 2019). Biiyiik, rengarenk cicekleri, uzun giceklenme siiresi
ve yiiksek toleransi nedeniyle yaygin yetistiriciligi yapilmakta ve onlarca yildir ABD'de siis bitkisi olarak
kullanilmaktadir (Peck & Serviss, 2016).

Ulkemizde ise siis bitkileri iiretim merkezleri olarak kabul edilen Sakarya, Yalova ve Bursa illerinde faaliyet
gosteren birgok siis bitkisi fidanliklarinda farkli donemlerde yapilan incelemelerde Kanarya Giilii’niin siis bitkileri
fidanliklarinda bulunmadigi dikkati ¢ekmistir. Bartin il merkezinde yer alan bazi konut bahgelerinde az sayida
goriilse de Bartin ilinde faaliyet gosteren siis bitkileri fidanliklarinda da Kanarya Giilii’ne rastlanmamistir. Ancak
az sayidaki online aligveris sitesinde fidan biiyiikligiine gore yaklagik 25-200 TL arasinda degisen fiyatlarda
satildig1 goriilmistiir (URL-2, 2022; URL-3, 2022; URL-4, 2022).

Bu calisma parlak sar1 renkli, biiyiik ve katmerli ¢igekleri yani sira uzun bir ilkbahar ¢igeklenmesi ve yesil renkli
stirglinleri ile yiiksek bir siis bitkisi degerine sahip olan Kerria japonica (Kanarya Giilii) tiiriine dikkati ¢ekmek
amaciyla yapilmistir. Kerria japonica tiiriiniin kullanim ve ¢ogaltim c¢aligmalarina esas teskil etmek iizere
gerceklestirilen kaynak aragtirmasi kapsaminda elde edilen sinirli sayidaki bilgiler gozden gegirilerek bu derleme

hazirlanmistir.
2. Kerria japonica (L.) DC. (Kanarya Giili)) Hakkinda Derlenen Bilgiler

Calisma kapsaminda Kerria japonica tiriiniin genel 6zellikleri, ekolojik istekleri, iiretimi ve kullanimina iligkin
bilgilere yer verilmistir.

2.1. Genel Ozellikleri

Kanarya Giilii 3 m’ye kadar boylanabilen yazin yesil bir ¢alidir. Siirgiinleri ¢cubuk goriinlimiinde ince ve agagi
sarkiktir. Ayrica kis aylarinda yapraksiz siirgiinler parlak yesil rengiyle dikkat ¢ekici bir goriiniime sahiptir. Dar
seritsi-mizraksi kulak¢ik erken dokiiliir. Siirgiine ¢ok sirali sarmal dizilen yapraklar basit, licgensi-yumurta veya
yumurta bigiminde, 3-10 cm boyunda, 2-4 cm eninde iist yiizii genellikle ¢iplak, alt yiizii damar koltuklar1 veya
damarlar boyunca seyrek uzun tiiylii, kenarlar1 ¢ift sirali testere disli, damla ugludur. Yaprak sap: 5-15 mm
boyunda ve ¢iplaktir (Li et al., 2003; Lu & Alexander, 2003; Eminagaoglu et al., 2020).

[Ikbaharda nisan ve mayis aylarinda gigeklenir. 2,5-6 cm ¢apindaki sar1 renkli parlak erselik gigekler yan siirgiin
uclarinda tek tek bulunur. Cigekte ¢anak yaprak 5 adet, sar1, portakal renkli, ucu girintili ve ¢anak yapraklarla
hemen hemen ayn1 boyda; stamen ¢ok sayida; karpel 5 adet ve serbesttir. Meyve yandan basik bir akendir. Aken
meyveler kalici ¢anak yapraklarla ¢evrelenmistir (Li et al., 2003; Harrison, 2009; Eminagaoglu et al., 2020).
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Diploid kromozom sayisi 2n=18"dir. Dogal yetisme ortami olan Cin’in daglik bdlgelerinde 200-3000 m arasindaki
yiiksekliklerde yetismektedir (Robertson, 1974; Luo et al., 2020).

Sekil 1. Kerria japonica (L.) DC. a) Genel goriiniim b) Yaprak ve siirgiinler c¢) Cicekler (Orijinal, 2022)
2.2. Ekolojik istekleri

Kerria japonica tiiriiniin ekolojik istekleri hakkinda sinirli sayida bilimsel aragtirmaya ulagilmug olup giivenilir
kaynaklardan elde edilen tiirtin 151k, sicaklik, su ve toprak istekleri bu boliimde 6zetlenmistir.

Kerria japonica en iyi gelismesini yar1 golge ortamlarda gostermektedir. Tam giines altinda da yetistirilebilirse de
cicekler canliligini yitirmekte ve gosterisli olmamaktadir. Bitkinin sicaklik istegi ile ilgili sinirli bilgiye ulagilmig
olup burada en giivenilir bilgi olarak A.B.D. Clemson Universitesi Tarim Orman ve Yasam Bilimleri Fakiiltesi’nin
internet sayfasinda yer alan bilgiye yer verilmistir. Bu bilgide tiiriin Amerika Birlesik Devletleri Tarim
Bakanligi’nin soguga dayaniklilik endeksine gore 4-9 kusaginda rahatlikla yetistigi ifade edilmis olup, bitkinin -
29 °C ye kadar dayanabildigine isaret etmektedir (Harrison, 2009; Zencirkiran & Seyidoglu Akdeniz, 2017; URL-
5, 2022; URL-6, 2022).

Odunsu bitkilerin su tiiketimlerini arastiran Zencirkiran & Seyidoglu Akdeniz (2017), Bursa Kent Parklarinda
bulunan odunsu bitki taksonlarinin ekolojik tolerans kriterlerini degerlendikleri ¢caligmasinda, tasarim bitkilerini
su tiketimi bakimindan Disiik (Az), Diisiik/Orta, Orta, Orta/Yiiksek, Yiiksek olmak iizere bes grupta
siniflandirmig, Kerria japonica tiiriniin bu smiflandirmada orta derecede su tiiketen taksonlar igerisinde yer
aldigini bildirmistir.

Toprak istegi bakimindan, iyi drene edilmis nemli tinli topraklardan hoslanirlar. Ancak agir killi topraklarda ve
zayif drenaja sahip topraklara toleransi diigiiktiir. Sulamada prensip toprak kuruyunca sulama olmahidir. Kerria
japonica yetistiriciliginde giibrelemeye dikkat edilmeli, yavag salimmli giibreler ile ilkbaharda diigiik dozlarda
giibrelenmelidir. Asirt giibreleme bitkide cigek gelisimini engellemekte ve vejetatif gelismeyi tesvik etmektedir.
Cigeklenme sonunda ise hemen budanmalidir (Harrison, 2009; URL-5, 2022).

2.3. Cogaltimi

Kerria japonica tiiriiniin gogaltimi tohum, ¢elik ve ayirma ile yapilmaktadir. Vejetatif olarak ¢ogaltiminda yaygin
olarak celikle iiretim yontemi kullanilmaktadir. Celik tipi olarak yumusak odun ve yart odun c¢elikleri tercih
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edilmektedir. Cogaltimin kolay oldugu tiirde yapilan bilimsel ¢ogaltim ¢aligmalar1 kronolojik siraya gore asagida
listelenmistir.

Dempster (1959) ise sisleme altinda ¢ali tiirlerinin koklendirilmesi isimli makalesinde yaz basinda hazirlanan
Kerria japonica ¢eliklerinin alttan 1sitma olmaksizin basaril bir sekilde koklendirilebildigini ifade etmistir.

Sabina & Cornelia (2011) Kerria japonica geliklerinin koklenmesi {izerine biostimulatérlerin etkisini aragtirmstir.
Bu amagla Atonik ve Radistim kullanmiglardir. Celiklerin koklendirilmesinde kdklendirme ortami olarak kum
kullanmislardir. Atonik uygulanan geliklerde koklenme yiizdesinin %71, Radistim uygulanan geliklerde ise
koklenme yiizdesinin %80 oldugu goriilmiistiir. Koklenen celikler yetistirme ortamlarina alinarak biyometrik
ozellikleri incelenmis ve en iyi sonuglarin %25 veya %50 turba igeren toprak karisimlarindan elde edildigini
bildirmislerdir.

Mariana et al. (2011), Radistim tipi biyoaktif maddelerin Kerria japonica geliklerinin koklenmesi tizerine etkisini
aragtirmistir. Arastiricilar bu amagla Mayisin ilk haftasinda 8-10cm uzunlugunda hazirladiklar: gelikleri perlit
igerisinde koklendirmeye almiglardir. Koklenme siiresi boyunca hava sicakligi 18-27 °C, koklendirme ortami
sicakligi ise 20-21 °C arasinda tutulmustur. Bu sartlarda geliklerde 127 giinde koklenme meydana gelmistir.
Caligma sonucunda Radistim tipi biyoaktif maddelerin Kerria japonica ¢eliklerinde koklenmeyi uyardigi
goriilmiistiir. Biyoaktif madde uygulanmayan ¢eliklerde kdklenme orani % 65,2 iken Radistim ile muamele edilen
celiklerde koklenme oraninin % 78,3 oldugu tespit edilmistir.

Stan & Vulpe (2016) ti¢ farkli ¢ali tiiriiniin (Pyracantha coccinea, Kerria japonica, Berberis vulgaris) ¢eliklerinin
koklenmesi tizerine farkli kdklendirme ortamlarinin etkisini arastirmistir. Celiklerde kdklenmeyi uyarict madde
olarak Rigenal P kullanmiglardir. Kéklendirme ortami olarak perlit, kum, perlit + kum (1:1) kullanilmis ve alttan
1sitma yapilmamistir. Celikler 15 Ekim tarihinde 20-25 cm uzunlugunda hazirlanmigtir. Arastiricilar bu kosullarda
Kerria japonica geliklerinde biiyiik oranda koklenmenin meydana geldigini, en yiiksek kdklenme oraninin %90
ile perlitte gerceklestigini, bunu %90 ile perlittkum (1:1) ve %85 ile kumun izledigini bildirmiglerdir.

Shchukin et al. (2020), bir ¢ok agag¢ ve cali tiiriiniin yesil ¢eliklerinin serada sisleme sistemi altinda koklenmesi
lizerine biliylimeyi diizenleyicilerin etkisini arastirmigtir. Arastirmada koklendirmek amaciyla kullanilan gali
tirlerinden biri de Kerria japonica “Pleniflora” ‘dir. Kerria japonica gelikleri 4-5 yasindaki gen¢ anaglardan
Haziran-Temmuz ay1 baglarinda sabah erken saatlerde en az ii¢ gbz igerecek sekilde 8-15cm uzunlugunda
hazirlanmistir. Bu sekilde hazirlanan gelikler kdklenmeyi uyarmak amaciyla 5-200ppm arasinda degisen
miktarlarda IBA igerisinde 16 saat bekletildikten sonra esit oranlardaki turba + toprak + dere kumu karigimina
dikilmistir. Koklenme siiresince hava sicakligt 25-32 °C, hava nemi %95-98 arasinda tutulmustur. Bu kosullarda
celikler ortalama 20-35 giin igerisinde koklenmislerdir. Kdklenme orani hormon uygulamasi yapilmayan
celiklerde %81.6, Sppm IBA uygulamasi yapilan gelikler ise %92.4 oraninda gergeklesmistir.

2.4. Kullanimi

Literatiir incelemesinde Kerria japonica tiiriiniin peyzaj ve siis bitkileri sektorii igerisinde farkli amaglarla
kullanilabilecegini dolayisiyla ¢ok yonlii bir siis ¢alisi oldugunu ortaya koyan c¢alismalarin yani sira kimyasal
kompozisyonlarinin da incelendigi aragtirmalara rastlanmistir. Kerria japonica’nin farkli kullanim 6zelliklerinin
incelendigi bu arastirmalar, peyzaj ve siis bitkisi ile tibbi bitki olarak kullanimi alt basligi altinda asagida
Ozetlenmistir.

2.4.1. Peyzaj ve Siis Bitkisi olarak Kullanimi

Kerria japonica tiirii estetik ve fonksiyonel 6zellikleri nedeniyle Avrupa ve Amerika Birlesik Devletleri’nde
yaygin olarak peyzaj uygulamalarinda kullanilmaktadir. Yesil stirgiinleri, husa benzeyen yapraklar ile parlak sar1
renkli katmerli ve gosterisli ¢igekleri nedeniyle yiiksek bir siis bitkisi degerine sahip oldugu bircok arastirmaci
tarafindan ifade edilmistir. Peyzaj ve siis bitkisi olarak kullanimina iliskin elde edilen ulusal ve uluslararasi
literatiirden elde edilen bilgiler asagida degerlendirilmistir.

Diinyada ¢ogunlukla park ve bahgelerde kullanilmakta olup peyzaj uygulamalarinda genellikle kiiltiir ¢esitleri
kullanilmaktadir. Katmerli ¢igek yapisina sahip Kerria japonica ‘Pleniflora’ en ¢ok bilinen ve uygulamalarda en
¢ok tercih edilen kiiltiir ¢esididir. Yalin katli ve 5 petale sahip “Albaflora” ile “Golden Guinea” ¢esitlerinin yani
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sira “Picta” (yaprak kenarlar1 krem renkli), “Aureo-variegata” (yaprak kenarlart sar1 renkli) ve “Aureo-vittata”
(slirglinleri sar1 veya yesil ¢izgili) gibi olduk¢a g6z alici alacali gesitleri de bulunmaktadir (Harrison, 2009;
Eminagaoglu et al., 2020). Goto (2012) de Japon bahgelerini inceledigi arastirmasinda Japon bahgelerinde sik¢a
kullanilan ve deger katan bitkilerinden oldugunu vurgulamstir.

Kerria japonica tiiriiniin estetik 6zelliklerinin yam sira fonksiyonel 6zellikleri de bilimsel olarak ¢alisilmistir. Bu
kapsamda literatiirde toz tutma kapasitesi ve stres kosullarina mukavemeti ile ilgili ¢aligmalara rastlanmustir.

Kanarya Giili’niin piiriizli yaprak yiizeyleri nedeniyle toz tutma kapasitesi Cinli bilim insanlar1 tarafindan
arastirtlmistir. Bu konu ile ilgili iki farkli Cinli arastirma grubunun birbiri ile ¢elisen ¢alismalar1 bulunmaktadir.
Bunlardan Wang et al. (2014) sanayi bolgesinde yapilan agaglandirma ¢aligmalarinda kullanilan agag¢ (Populus
tomentosa, Sophora japonica, Paulownia tomentosa, Firmiana simplex, Platanus orientalis, Robinia
pseudoacacia, Koelreuteria paniculata, Salix matsudana, Fraxinus chinensis) ve ¢ali tiirlerinin (Syzygium
aromaticum, Kerria japonica, Sorbaria sorbifolia, Ligustrum obtusifolium, Malus micromalus, Prunus cistena,
Hibiscus syriacus, Prunus cerasifera var. pissardi, Prunus cistena, Lonicera maackii (Rupr.) Maxim., Sambucus
racemosa, Cercis chinensis) toz tutma kapasitelerini belirlemek amaciyla yaptigi calismada Kerria japonica’nin
toz tutma kabiliyeti en yiiksek calilar arasinda ikinci sirada yer aldigim bildirmistir. Buna karsin Xiaodan et al.
(2017) ise, 10 farkl ¢ali tiiriiniin atmosferik tozlar1 tutma kapasitesini arastirdigi ¢calismasinda birim yaprak alani
basina ortalama tutulan toz iceriginin Euonymus japonicus, Pyracantha servetana ve Lonicera maackii igin en
yiiksek ve Cercis chinensis i¢in en diisiik, birim hacim bagina ortalama tutulan toz icerigi ise Lonicera maackii ve
Euonymus japonicus i¢in en yiiksek ve Kerria japonica i¢in en diisiik olarak belirlemislerdir. Aragtiricilar daha
pliriizlii yaprak yiizeyleri ve mum tabakasi veya daha biiyiik stomalar1 olan bitkilerin daha fazla partikiil adsorbe
ettigini rapor etmiglerdir.

Kerria japonica stres kosullarina dayanikliligi da aragtirmaya deger goriilmiistiir. Bu hususta 151k ve su stresine
iliskin ¢aligmalar yapilmistir. Kerria japonica tiirliniin su stresi konusunda c¢aligmalar yapan Tiirk arastiricilar
Bayramoglu & Demirel (2015), Kerria japonica tiiriinii, Abelia x grandiflora, Magnolia x soulangiana, Buddleia
davidii, Camelia japonica, Buxus sempervirens,Camellia japonica, llex spp., Acuba japonica, Rhododendron
spp.,Pittosporum tobira ‘Nana’, Rosa spp., Gardenia radicans, Hibiscus syriacus,Lagerstroemia indica, Ginkgo
biloba, Sophora japonica, Hosta tiirleri ile birlikte kurak¢il peyzaj uygulamalarinda kullanilabilecek bitkiler
arasinda gostermistir. Tiiriin diisiik 151k kosullarina dayanimini ¢alisan Peck & Serviss (2016) ise Kerria japonica
tiiriine ait bitkilerin gélge kosullara yiiksek mukavemet gdsterdiklerini bildirmistir.

Ulkemizde tiir ve habitat (peyzaj) kullanimi acisindan yapilan calismalar Karadeniz ve Marmara Bolgesi’nde
Kerria japonica tiiriiniin saglikli bireylerine rastlanildigini gostermektedir. Marmara Bolgesi (Istanbul ve Bursa)
ve Karadeniz Bélgesi’nde (Bartin ili Merkez, Amasra, Inkum) yer alan bazi konut bahgelerinde az sayida gériilse
de tiire ait saglikli bireyler kentsel habitatlarda bir¢ok arastirici tarafindan tespit edilmistir (Yilmaz, 2001; Ekici &
Saribas, 2006; Sar1 Nayim & Ayashgil, 2015; Yayim Yener, 2016; Sar1 Nayim, 2017; Zencirkiran & Akdeniz,
2017).

Kerria japonica’nin dig mekan siis bitkisi olarak park ve bahgelerde kullaniminin yani sira siis bitkisi olarak farkli
sekillerde de kullanilabilme potansiyeli arastirilmistir. Bu konulara yine Cinli aragtirmacilar yogunlagsmig ve
onciiliik etmistir.

Shiyu & Fenggen (1999), Kerria japonica’nin kesme ¢igek olarak kullanilabilmesi igin vazo 6mrii aragtirmasi
yapmuglardir. Arastiricilar 0.1mol/L sakkaroz + %1 alkol uygulamasi ile 1.5 mmol/L Co (NO3)2 + 4% sakaroz
¢ozeltisi uygulamasimin Kerria japonica’da ¢igek tomurcuklarinin agmasini tesvik ettigini ve vazo 6mriinii agik
bir sekilde uzattigini bildirmislerdir (Shiyu & Fenggen, 1999).

Bir bagka Cinli arastirici grubu ise yabani bitkilerde farkli kurutma tekniklerinin etkisini aragtirdiklari ¢alismasinda
Kerria japonica tiiriiniin ¢igek siirgiinlerinin kuru ¢igek olarak degerlendirilmesini incelemislerdir. Lee et al.
(2003), 1-3 dakika siire ile uyguladiklari mikrodalga ve silika jel uygulamalari ile kurutulan ciceklerin petal
renklerindeki degisimleri gozlemlemistir. Arastiricilar, Kerria japonica’min gigeklerinin petal dokularindaki
yiiksek silisyum oksit birikimi nedeniyle en iyi sonucu veren bitkilerden oldugunu rapor etmislerdir.
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2.4.2 Tibbi Bitki olarak Kullanimi

Kerria japonica tiirliniin tibbi bitki olarak kullanimina iliskin de ¢esitli kaynaklara ulagilmistir. Bu kaynaklarda
genellikle geleneksel Cin tibbinda kullanildigi ifade edilmektedir (Jiangsu New Medical College, 1998; Wu et al.,
2008).

Kerria japonica'min ¢igekleri ve dallarimin, geleneksel Cin tibbinda oksiiriik, eklem iltihabi, 6dem, zehirli ates
sislikleri gibi hastaliklari tedavi etmek amaciyla kullanildigindan yola ¢ikan Wu et al. (2008), Kerria japonica’nin
kimyasal kompozisyonunu arastirmigtir. Arastirma sonucunda Kerria japonica siirgiinlerinden 12 farkli bilesik
izole etmigler, en yliksek miktarda izole edilen Linariin ve isolinariin B isimli flavonoidlerin antienflamatuar etki
gosterdigini ortaya c¢ikarmustir. Arastiricilar ayrica izole edilen maddelerden Kerinol’iin ise ilk defa bu bitkide
tespit edildigini bildirmislerdir.

3. Sonug ve Oneriler

Cin ve Japonya’ya endemik monotipik bir tiir olan Kerria japonica. estetik ve fonksiyonel dzellikleri dolayisiyla
gerek Avrupa’da gerekse ABD de on yillardir yaygin olarak siis bitkisi olarak yetistirilmekte ve kullanilmaktadir
(Huo et al., 2019; Peck & Serviss, 2016). ilkbahar aylarinda acan parlak sar1 renkli katmerli gigekleri, husa
benzeyen yapraklart ve yesil siirgiinleri ile olduk¢a dekoratif bir goriiniim sergilemektedir. Park ve bahgelerde
kullaniminin yaninda Japon bahgesi tasariminda da kullanilabilmektedir (Goto, 2012). Peyzaj uygulamalarinda
estetik Ozelliklerinin yaninda kuraklik (Bayramoglu & Demirel, 2015), diisiik sicaklik (URL-5, 2022, URL-6,
2022) ve yogun golge (Peck & Serviss, 2016) gibi ¢evre kosullarina kosullara yiiksek toleranst ve yapraklarinin
toz tutma kapasitesi (Wang et al., 2014; Xiaodan et al., 2017) diger tercih nedenleridir. Kurakliga dayanimi
nedeniyle kurakeil peyzaj uygulamalarinda kullanilabilecek bitkiler arasinda gosterilmektedir (Bayramoglu &
Demirel, 2015). Yapilan arastirmalar, siis bitkileri sektorii i¢erisinde dis mekan siis bitkisi olmanin yani sira kesme
cicek (Shiyu & Fenggen, 1999) ve kuru cicek (Lee et al., 2003) olarak ta degerlendirilebilecegini gostermistir.

Kerria japonica tiirii ¢ogunlukla siis bitkisi olarak kullanilsa da tibbi bitki olarak geleneksel Cin tibbinda da
kullanildigina iligkin ¢aligmalara rastlanmistir. Geleneksel Cin tibbinda 6ksiiriik, eklem iltihabi, 6dem, zehirli ates
sislikleri gibi hastaliklar1 tedavi etmek amaciyla kullanildig: rapor edilmistir. Yeni bir lignan olan Kerinol ilk defa
Kerria japonica tiiriinde tespit edildigi bildirilmistir (Wu et al., 2008).

Yiiksek siis degeri yaninda tibbi bitki olarak ta kullanilan Kerria japonica tiiriiniin ¢ogaltimi tohum, ¢elik ve
ayirma ile yapilmaktadir. Tiiriin ¢ogaltimi ¢ogunlukla vejetatif olarak yumusak odun ve yar1 odun celikleri ile
yapilmakta, gelikler gen¢ anac bitkilerden genellikle haziran veya Ekim aylarinda 15-25¢cm uzunlugunda
hazirlanarak diigiik dozda biiyiimeyi diizenleyici maddeler ile muamele edildikten sonra perlit, torf, kum veya
bunlarin karigimlarinda dikildiklerinde kaynaklara gore degismekle birlikte 20-127 giinde koklenme meydana
gelmektedir. Koklenme oranlar1 %78-92 arasinda degismektedir (Dempster, 1959; Sabina & Cornelia, 2011;
Mariana et al., 2011, Stan & Vulpe, 2016; Shchukin et al., 2020).

Derlenen bilgiler Kerria japonica tiiriiniin 6zellikle siis bitkileri sektoriinde oldukga Onemli bir yere sahip
oldugunu gostermektedir. Genellikle dig mekan siis bitkisi olarak kullanilmasinin yani1 sira kesme ¢i¢ek ve kuru
cicek olarak ta degerlendirilebilme potansiyeli dnemini bir kat daha artirmaktadir. Avrupa ve A.B.D’de yaygin bir
sekilde iiretilerek siis bitkileri sektoriinde kullanilmasi, Tiirkiye’de ise iiretim merkezi konumunda bulunan bazi
illerde (Sakarya, Yalova, Bursa) faaliyet gosteren siis bitkileri fidanliklarinda bulunamamasi iilkemiz Peyzaj ve
Siis Bitkileri sektorii agisindan biiyiik bir eksikliktir. Kerria japonica iilkemizde Nisan-Haziran aylarinda ¢igek
acan, ¢igeklenme siiresi uzun olan sar1 renkli ¢ali ihtiyacini karsilayacak dnemli bir bitki niteligindedir. Vejetatif
olarak celikle kolay bir sekilde ¢cogaltilabilen tiiriin iiretiminin yapilarak siis bitkileri fidanliklarinda yerini almasi
iilkemiz siis bitkileri ve peyzaj sektorii agisindan biiyiik bir kazang olacaktir.
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Abstract

Scheduling is the process of optimizing limited resources, depending on the objectives. Scheduling problems are
one of the decision-making problems that play a critical role in production and service systems. Continuing
production regularly and systematically is an important issue for production planners. Permutation flow shop
scheduling, which is a sub-branch of production scheduling, is defined as “n” jobs being processed simultaneously
on “m” machines. Permutation Flow Shop Scheduling Problems (PFSPs) are in the complex and difficult problem
class. Many metaheuristic methods have been proposed to solve such problems. In this study, the Scatter Search
method, which is one of the population-based evolutionary methods of metaheuristic methods, was used to solve
the Permutation Flow Shop Scheduling Problem (PFSP). The scatter search method was analyzed with the
algorithm prepared on JavaScript programming language. With the scatter search, the total completion time of the
jobs was minimized and the effectiveness of the method was tested on the problem groups frequently used in the
literature. The use of the JavaScript programming language in this study has contributed to the literature on testing
large-scale problems. The distribution search algorithm has a positive effect on the PTSP with an average of 2%
difference from the best-known solutions due to the minimization of work times.

Key Words: Scheduling problem, flow shop scheduling, metaheuristic method, scatter search, JavaScript.

1. Introduction

Today, the rapid progress of technology and science causes the formation of a competitive market environment
for businesses. In this competitive environment, delivering the product or service within the time given to the
customer is an important issue in terms of customer satisfaction. The first step in establishing a dynamic business
system that can operate at the desired capacity is an appropriate scheduling (Mete, 2019). Scheduling deals with
the allocation of resources or jobs to machines over time in order to optimize a specific goal (Arshad et al., 2021).
Scheduling problems in manufacturing are in the category of NP-complete problems. The general purpose in
production scheduling is to ensure that the jobs planned to be done with the machines at hand are completed in the
most appropriate job order in the minimum time. Scheduling problems involving a large number of jobs and
machines are included in the combined optimization problems because the solution space grows exponentially.
The difficulty of the scheduling problem increases as the constraints such as the delay criterion and the concurrent
job criterion in the production structure increase (Kaya et al., 2020).

Metaheuristic methods used for NP-complete problems where mathematical modeling cannot be done or the cost
of establishing a mathematical model is high are frequently preferred by decision makers because they have good
computational power and allow model development with satisfactory results (Kaya & Figlali, 2018). The main
purpose of metaheuristic methods is to search the search space and to produce near-optimal solutions without
getting stuck with the local optimum (Osman & Laporte, 1996). Metaheuristic methods are examined in three
groups as physics-based, local search-based and population-based metaheuristics. Big Crunch Optimization, Atom
Search Optimization, Ray Optimization are some methods of physics-based metaheuristics (Abdollahzadeh et al.,
2021). Simulated Annealing, Iterated Local Search, and Tabu Search algorithms can be given as examples of local
search-based methods (Erol, 2006). Population-based algorithms include evolutionary algorithms such as Particle
Swarm Optimization, Ant Colony Optimization, Genetic Algorithm, and Scatter Search (Osman & Kelly, 1996).
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The scatter search method, which is one of the evolutionary algorithms, consists of strategies that generate
composite decision rules and constraints (Oktay & Engin, 2006). The scatter method basically aims to create new
solutions by differentiating reference set solutions with combinations and is widely used in the solution of flow
shop problems, which are combinatorial optimization problems. There are many studies in the literature in which
the scatter search method is used alone or in combination with other metaheuristic methods for the flow shop
scheduling problem. Some of these studies are summarized.

Nowicki & Smutnicki (2006) developed a mixed method in the flow scheduling problem based on the scatter
search and the neighbor concept in tabu search. They tried their proposed method on 30 large-scale difficult test
problems and obtained better results than known for 20 of them. Rahimi-Vahed et al. (2008) studied a two-criteria
no-wait flow scheduling problem in which the weighted average completion time and delay times of jobs are
minimized simultaneously. They proposed a new multi-objective scatter search algorithm. Test problems are
solved to prove the effectiveness of the proposed algorithm. The reliability of the proposed algorithm is compared
with a multi-objective genetic algorithm (GA). Computational results showed that the proposed algorithm
outperforms GA, especially for large-sized problems (Rahimi-Vahed et al., 2008). Saravanan & Haq investigated
the scheduling problem in flexible manufacturing systems. They determined the objective function as minimizing
the total work time and the total penalty costs at the same time. A scatter search metaheuristic is proposed for
problem solving. The results obtained from the test problems are compared with metaheuristic methods such as
genetic algorithm, particle swarm optimization and annealing simulation (Saravanan & Haq, 2008). Moghaddam
et al. (2010), proposed a new mathematical model for the scheduling problem in a business system where parts
can visit different cells. Simultaneously, they aimed to minimize setup costs related to brand, intracellular
movement, delay, and sequence. Due to the complexity of the problem, they used a scatter search-based
metaheuristic. They compared the results of 10 test problems according to the completion times of the jobs. Sadiq
& Muhamad (2012) proposed a scatter search algorithm for the flow shop scheduling problem in their study. In
the study, they determined the objective function as minimizing the maximum completion time of the jobs. They
searched for random solutions with the proposed algorithm and improved the distribution search of all solutions
by applying the idea of all machines working at the same time. Yang et al. (2017) developed a distributed search-
based model for the distributed assembly flow shop scheduling problem that considers machine and job
characteristics. The model is based on 10 small and 5 large-scale test problems. They were compared to 6 heuristics
and found that scatter search outperformed all of them. Pan et al. (2019), dealt with the distributed PFSP in their
work. They determined the objective function of the problem as the total flow time. They compared the
metaheuristic methods of discrete artificial bee colony, scatter search, and iterated local search on test problems.
Abdelmaguid (2020) developed a two-neighbor search and a solution aggregation function in a multi-process open
shop-type scheduling problem consisting of non-identical machines and used route-joining scatter search
algorithm. In his study, he made parameter analysis and tried the algorithm in test problems. It has been seen that
the developed algorithm has the capacity to obtain optimal and near-optimal results. Kiilahli et al. (2021) proposed
a new hybrid scatter search algorithm for flexible workshop scheduling problems. They determined the objective
function in the proposed method as minimizing the maximum completion times for flexible workshop scheduling
problems. A full factorial experimental design was made for the performance parameters. Behnamian et al. (2021)
considered a two-objective flexible scheduling problem with independent setup time. The objective functions in
the problems are determined as minimizing the maximum completion time of the works and the total delay. After
proposing a mixed integer nonlinear programming model, a scatter search algorithm is developed to obtain near-
optimal solutions. Obtained results were compared with Non-Dominated Sorting Genetic Algorithm 11 (NSGA-II)
over few samples flexible scheduling problems.

2. Material and Methods

In this study, the optimization of the PFSP with scatter search is investigated. Different problems and methods in
the literature are used for the steps of the scatter search algorithm used in the application. Angular framework is
used with JavaScript in optimization model design. In the next subsections, PFSP and scatter search methodology
are given.

2.1. PFSP

Production scheduling can be defined as the activity of assigning appropriate production resources to jobs in order
to meet the desired criteria (Graves, 1981). In order to optimize the desired criteria, the specified jobs must be put
in order. The job sequencing method ensures that the jobs are ranked in a way to be completed in the shortest time
in total or the total of lost times is minimized by passing through certain processes or machines in a production
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department (Osman & Laporte, 1996). Flow shop scheduling is known as one of the most basic of classical
scheduling problems. Graves (1981), who classified production scheduling in five dimensions, examined the
process complexity dimension in four different parts according to the number of steps. Graves (1981) defined
flow-type scheduling problems as multi-stage problems in the dimension of transaction complexity.

= s B
0 289 578 8.67 11.56 14.44 17.33 2022 23N 26

Fig. 1. An example flow shop schedule

The flow shop scheduling problem finds the ordering of jobs for each machine according to a certain performance
criterion. Technological constraints may require jobs to be processed through the same machine queue. It is also
assumed that in most cases the rank of jobs for each machine is the same, with n jobs being processed in the same
order on m machines (Fink & Vof3, 2003) as in Figure 1. In flow shop scheduling problems, there are two different
types of scheduling: schedules in which the job sequences are different on each machine and permutation schedules
where the job sequences are the same on each machine. In the schedules where the job sequences are different n!
for each machine different work sequences are obtained, and the number of possible schedules for m machines is
(nhm. In permutation schedules where the job sequences are the same on every machine, the possible humber of
schedules decreases to (n!) (Baskar & Xavior, 2021).

2.2. Scatter Search Algorithm

Scatter search algorithm was first proposed by Glover in 1977 as a metaheuristic method for solving integer
programming problems and designed as a method to relax constraints (Marti et al., 2006). Scatter search differs
from other evolutionary methods in that it produces new results by systematically selecting multiple solutions from
the reference set. A new solution set is created by selecting two or more subsets from the solutions in the said set
(Cicekli & Bozkurt, 2016; Sagarna & Lozano, 2006). Scatter search algorithm consists of 5 essential methods and
various implementations to these methods exist. The algorithm methods (Marti et al., 2006) and the approach we
adopted is as follows:

1. A Diversification Method to generate a collection of diverse trial solutions, using an arbitrary trial
solution (or seed solution) as an input.

2. An Improvement Method to transform a trial solution into one or more enhanced trial solutions.

3. Reference Set Update Method to build and maintain a reference set consisting of the good and diverse
solutions found bounded by the reference set size parameters.

4. Subset Generation Method to operate on the reference set, to produce a subset of its solutions as a basis
for creating combined solutions.

5. Solution Combination Method to transform a given subset of solutions produced by the Subset Generation
Method into a combined solution.

Scatter search algorithm initializes the solution population via diversification method. In this implementation; CDS
(Campbell et al., 1970; Mashuri et al., 2019), NEH (Ci¢ekli & Bozkurt, 2016; Alharkan, 2005; Nawaz et al., 1983),
Palmer (Alharkan, 2005; Palmer, 1965) and SPT (Cicekli & Bozkurt, 2016) algorithms are used to create good
enough solutions as a starting point. Rest of the solutions in the population are constructed randomly. Then each
solution in population is subjected to the improvement method, which is chosen as a local search algorithm that
swaps each job with its neighboring jobs in the solution then updates the solution when an improvement is made
(Stiitzle & Hoos, 2000). Reference set update method adds select number of best and worst solutions based on
their makespan to the reference set. Then each combination of good and diverse reference sets is made subsets.
Next each solution duo is combined using the path relinking algorithm (Riahi et al., 2017) and each offspring
solution is then subjected to improvement method subsequently. As given in Figure 2, algorithm returns back to
updating reference set until the ending criteria met.

It is intended to create a new variant of scatter search algorithm by the means of fusing together several popular
sub methods of scatter search that are used in the literature. A parameter analysis aimed at minimizing makespan
is also made.
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Fig. 2. Scatter search algorithm flow

2.3. Data Collection

Performance data for parameter analysis is gathered by testing the problem Tai019 consisting of 10 machines and
20 jobs. By keeping the problem size small it is ensured to gather more data in shorter time. Reason for picking
Tai019 vs. other similar sized problems is that makespan of Tai019 had a standard deviation of 12 while the
average of other problems was 2.

Iteration number, population size, reference set size, good & diverse reference set sizes and their effect on
makespan and algorithm runtime were analyzed using the 3000 data points that were gathered. Parameters are
generated as follows and as shown in Table 1:

Tab. 1. Parameter generation ranges

Parameter Generation Range
Iteration 20 - 60
Population size 20 - 200
Reference set size 1% - 100%
Good reference set size 0% - 100%
Diverse reference set size  100% — 0%

e lteration: 1 —60. 500 separate data points in range of 0 — 500 were generated to examine iteration number
while keeping other parameters set according to Riahi’s study (2017). Effect on makespan is not
statistically significant despite having a correlation as seen in Figure 3, p and r values are 0.098 and - 0.07
respectively.

e Population size: 20 — 200. Rimli et al. (2017) recommends that diverse reference size should be 10 times
bigger than the problem size. To ensure this, population size is generated between being equal to the
problem size and it’s tenfold, since diverse references are a subset of the population.

o Reference set size: 0% - 100% of the population size.

e Good and diverse reference set sizes: 0% - 100% of the reference set size, given their sum is 1.
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Fig. 3: Relation between makespan and iteration count
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3. Results

A total of 3000 test runs are done using the randomly generated parameter between previously given ranges.
Optimal parameter values are as follows according to this data set; population size 152.727, reference set ratio
70%, good reference set ratio %66.67, diverse reference set ratio 33.33%. These values are produced by
optimizing response of the regression model of the test data. Optimal value for population size results as 152.727
however can be safely rounded down to 150 to also enable subsets to be in integers while keeping the change
minimal. Likewise, good and diverse reference set ratios are also rounded to the nearest integer. Effect of
difference in iteration number on makespan is still not statistically significant. As a result, 20 is considered as an
acceptable value for iteration number. If time is not a concern it is suggested to increase iteration number or run
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the algorithm more than once. In conclusion optimal parameters can be rounded and summarized as in Table 2.

Tab. 2. Optimal parameter values

Parameter Optimal Values
Iteration 20
Population size 150
Reference set size 105 (70%)
Good reference set size 70 (67%)
Diverse reference set size 35 (33%)

Tab. 3. Results produced using optimal parameters

Riahi’s Optimal Riahi’s Optimal
Problem Parameter_s Parameters_ Problem Parameter_s Parameters_
Cmax Runtime Cmax Runtime Cmax Runtime Cmax Runtime
(ms) (ms) (ms) (ms)

ta001 1286 72 1286 919| ta031 2729 410 2729 14092
ta002 1365 112 1359 932| ta032 2838 260 2838 2734
ta003 1116 88 1098 884| ta033 2633 388 2629 3838
ta004 1320 78 1317 673| ta041 3118 600 3109 9028
ta005 1305 103 1264 2298| ta042 3020 478 3020 5476
ta006 1224 85 1210 1849| ta043 2960 493 2960 5769
ta007 1251 61 1251 1561| ta051 4023 1104 4021 16108
ta008 1211 79 1211 1587| ta052 3900 1148 3902 13335
ta009 1266 53 1253 1251| ta053 3912 2018 3870 15988
ta010 1133 65 1108 833| tal61 5519 2445 5512 53166
ta011 1625 119 1616 1778| ta062 5284 1064 5284 32265
ta012 1729 143 1692 1339 ta063 5206 919 5206 14857
ta013 1511 156 1508 1725| ta071 5826 1862 5826 28398
ta014 1411 102 1411 1490| ta072 5400 2086 5400 39226
ta015 1478 95 1493 1366| ta073 5785 1830 5757 26929
ta016 1433 99 1425 1233 ta081 6473 3981 6495 51882
ta017 1526 151 1526 3972| ta082 6516 3854 6480 54263
ta018 1600 123 1579 1209| ta083 6584 4427 6590 72963
ta019 1614 137 1612 1412| ta091 | 10942 13888 10942 90288
ta020 1634 109 1634 1532| ta092 | 10706 7479 10686 85327
ta021 2329 266 2310 3929| ta093 | 11025 7745 11025 89231
ta022 2150 232 2142 3007| tal0l | 11563 15097 11550 178674
ta023 2357 249 2354 3898| tal02 | 11641 14261 11625 202037

tal03 | 11814 15068 11784 212474
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A data set is created using the optimal parameters found and compared to a second data set produced by using
recommended parameters proposed by Riahi et al., 2017. Overall, an improvement is made to makespan on 27 of
47 problems, 16 reached the same value, 4 had worse values. A comparison is given in Table 3.

On the other hand, average algorithm runtime is increased 15 times mainly due to the large population size.
Relation between algorithm runtime in milliseconds and the number of machines (m) and jobs (j) is formulated
as follows:

Runtime (ms) = 12358 —272m — 1780 + 1,261 m? + 53.9m * j

A comparison between the best-known solutions of Taillard’s benchmark problems (Taillard, 1993) and the
algorithm results acquired with the newly found optimal parameters are given in Table 4. SSA represents the best
results gathered by the Scatter Search Algorithm of this study while upper bound is the best-known results of the
respective problem. Normalized difference percent is also given in the dif column. On average, results differ by
2.21 percent from the best-known solutions. Out of 47 problems tested, 2 results were able to match the best-
known solution while the worst result was only 6.32% apart makespan wise. Increase in the number of machines
and jobs in problem models does not appear to have an effect on algorithm’s ability to produce similar results to
best-known solutions.

Table 4 also includes best solutions from NEH (Nawaz et al., 1983), Social Spider Optimization (SSO) (Kurdi,
2021), A Hybrid Whale Optimization Algorithm (HWA) (Abdel-Basset et. al.,, 2018) and Refining
Decomposition-based Integrated Search (RDIS) (Amirghasemi, 2021) as a comparison. While the algorithm in
study produced better results than NEH and similar results to SSO, HWA and RDIS fairly outperforms the rest.

Tab. 4. Results compared to best known values

Problem | Upper bound Dif (%) SSA NEH SSO HWA RDIS
ta001 1278 0,63 1286 1286 1282 1278 1278
ta002 1359 0 1359 1365 1359 1359 1359
ta003 1081 1,57 1098 1159 1088 1081 1081
ta004 1293 1,86 1317 1325 1300 1293 1293
ta005 1235 2,35 1264 1305 1237 1235 1235
ta006 1195 1,26 1210 1228 1195 1195 1195
ta007 1234 1,38 1251 1278 1243 1239 1239
ta008 1206 0,41 1211 1223 1206 1206 1206
ta009 1230 1,87 1253 1291 1231 1230 1230
ta010 1108 0 1108 1151 1108 1108 1108
ta011 1582 2,15 1616 1680 1598 1582 1582
ta012 1659 1,99 1692 1729 1682 1659 1659
ta013 1496 0,8 1508 1557 1513 1496 1496
ta014 1377 2,47 1411 1439 1395 1377 1377
ta015 1419 5,21 1493 1502 1440 1419 1419
ta016 1397 2 1425 1453 1404 1397 1397
ta017 1484 2,83 1526 1562 1493 1484 1484
ta018 1538 2,67 1579 1609 1555 1538 1538
ta019 1593 1,19 1612 1647 1606 1593 1593
ta020 1591 2,7 1634 1653 1611 1591 1591
ta021 2297 0,57 2310 2410 2329 2297 2297
ta022 2099 2,05 2142 2150 2125 2099 2099
ta023 2326 1,2 2354 2411 2350 2326 2326
ta031 2724 0,18 2729 2733 2724 2724 2724
ta032 2834 0,14 2838 2843 2839 2834 2836
ta033 2621 0,31 2629 2640 2621 2621 2621
ta041 2991 3,95 3109 3135 3053 3021 3025
ta042 2867 5,34 3020 3032 2938 2891 2911
ta043 2839 4,26 2960 2986 2890 2869 2871
ta051 3850 4,44 4021 4082 3974 3876 3917
ta052 3704 5,35 3902 3921 3808 3715 3757
ta053 3640 6,32 3870 3927 3772 3653 3699
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Tab. 4. (continued)

Problem | Upper bound Dif (%) SSA NEH SSO HWA RDIS
ta061 5493 0,35 5512 5519 5493 5493 5493
ta062 5268 0,3 5284 5348 5284 5268 5268
ta063 5175 0,6 5206 5219 5193 5175 5175
ta071 5770 0,97 5826 5846 5787 5776 5779
ta072 5349 0,95 5400 5453 5379 5362 5353
ta073 5676 1,43 5757 5824 5691 5691 5679
ta081 6202 4,72 6495 6541 6377 6280 6369
ta082 6183 4,8 6480 6523 6360 6278 6303
ta083 6271 5,09 6590 6639 6450 6368 6385
ta091 10862 0,74 10942 10942 10947 10885 10885
ta092 10480 1,97 10686 10716 10542 10512 10503
ta093 10922 0,94 11025 11025 11005 10965 10965
tal01 11195 3,17 11550 11594 11418 11335 11399
tal02 11203 3,77 11625 11675 11488 11517 11482
tal03 11281 4,46 11784 11852 11559 11481 11535

4. Conclusion

The PFSP is one of the job shop scheduling problems. PFSP is known as an NP-hard problem from the literature.
In this study, scatter search method is proposed to compare the PFSP problems. The proposed method is iterated
the local and global search method for the initial population. In this study, it is aimed to optimize the PFSP with
the scatter search method. The flow scheduling problem in the literature was considered as test problems and the
objective function was determined as the minimization of the total completion time of the jobs. Unlike the studies
in the literature, the scatter search model was analyzed with the algorithm prepared with the JavaScript
programming language. Best solutions acquired by the algorithm in subject are found within 2% in range on
average compared to the best-known solutions. Variation between these solutions is correlated to neither problem
size nor the algorithm parameters but to the complexity in processing times of the jobs. Proposed parameters,
especially the population size is the main reason for the increased runtime but on a modern computer with more
processing power, the runtimes would decrease. In addition, the solutions can be improved by parameter
optimization with different experimental design methods. As scatter search heavily depends on exploration via
good and diverse solutions while the good solutions being the primary pulling power due to having better
makespan, it is recommended to enrich the initial population with more starter algorithms in the diversification
method.
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Abstract

With the increasing fast-paced consumption culture in the world, our resources are rapidly decreasing, and
environmental pollution is increasing with the unconscious release of used products into nature. With the decrease
in resources, the issue of raw material supply emerges as a serious problem. Among the products used, the most
harmful products to the environment are the oils that we use both industrially and individually. Used waste oils
must be recycled or disposed of in an environmentally friendly manner if they are not suitable for recycling.
Unfortunately, 1 liter of waste vegetable oil damages exactly 1 million liters of drinking water, rendering it
unusable. As a result of the mixing of waste vegetable oils with toxic properties into groundwater, clean water
resources are polluted. Groundwater is a very important source of drinking water for all countries in the world. By
reviewing the national and international literature on waste vegetable oils and their recycling, general and up-to-
date information has been compiled, and this compilation study has been prepared by taking into account the
current legal regulations. Throughout the study, it was aimed to raise awareness in order to leave a livable
environment, a cleaner and healthier world for future generations, and some suggestions were developed and tried
to be presented.
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1. Introduction

Vegetable oil; corn, sunflower, soy, etc. Jul is the name given to the oils obtained from the seeds of plant varieties
and which we usually use in cooking in our daily lives. Vegetable waste oil is the name given to all of the
sedimentary vegetable oils formed in the vegetable pure oil refinery, the oils formed when the oils used in the
machines become unusable, the oily soils and the frying oils we use at home. An estimated 1,500,000 tons of
vegetable oil are used in the food industry in Turkey annually. It is estimated that approximately 350,000 tons of
waste oil is formed from this oil (URL-1, 2018 & URL-2, 2015).

There are two types of waste cooking or frying oil: yellow and brown oil. The ingredients in the cooking oil may
include animal fat, fish oil, or vegetable oil, depending on the food fried or cooked in it. Yellow oil contains less
than 15% fatty acids and can be a low-cost potential for biodiesel production. In contrast, brown oil has a higher
water content and free fatty acids (> 15%), which has a negative effect on biodiesel production (Adewale et al.,
2015; Bilgin, 2019).

A significant amount of waste oil is produced every day in the world from homes, restaurants, food processing
industries, and fast food restaurants, and the release of these oils into the environment causes environmental
problems (Dogan, 2016; Othman et al., 2017; Bilgin, 2019). The harm caused by waste to the environment and
human health has been proven today as a result of many scientific studies. In particular, due to the damage, it
causes to the environment, the waste of used vegetable oil also damages human health along with the balance and
life cycle in nature. For example, although it is not recommended to use vegetable oils used for frying repeatedly,
they are sent to nature in ways such as pouring them into the sink, especially at home, because they become a
waste state after a maximum of several uses. Waste channels that can be blocked with this not recommended
method can lead to serious problems in waste networks (URL-1, 2018).

If vegetable oils become waste after use and are poured into the sink, serious problems occur in infrastructure
systems, and consequences up to clogging of wastewater channels may be encountered in the following times. It
is also a proven result that these wastes that pass through the channels and reach the wastewater treatment plant
have a negative impact on the treatment efficiency of the treatment plant. Vegetable waste oils that reach the
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receiving environment without purification are; it reduces the amount of oxygen in the water, harm other living
things in the environment, especially fish, and also prevent oxygen transfer by covering the water surface like a
film layer due to its specific gravity and destroys underwater life (URL-3, 2022).

It is worth noting that vegetable oils (olive oil, sunflower oil, etc.) if it gets into nature as a result of the disposal,
if it reaches the sewers, it goes under the ground with rainwater from here, causing it to mix and contaminate
drinking water, but if it gets into the soil, it can also damage the structure of the soil. On the other hand, it is
thought that in oil wastes that can also be mixed into the seas, every 1 liter of waste oil can contaminate about
one million liters of clean water. In this case, it is necessary to aim to get rid of these wastes that directly or
indirectly harm the environment and human health in appropriate ways (URL-3, 2022).

All the waste oils collected can become sources of bioenergy, which means that it provides us with resources to
produce renewable energy. Biodiesel fuels obtained from these sources emit a rate of greenhouse gases than
petroleum-based fuels, which not only eliminates the damage caused by these wastes to nature but also allows to
reduce the higher damage of different sources. Vegetable waste oils in our country can be recycled by facilities
that have an environmental license issued by the Ministry of Environment and Urbanization. In this way, it can
be converted into shapes such as raw materials to be used in the soap and chemical industry, not only as fuel such
as biodiesel (URL-3, 2022).

2. Areas of Use of Vegetable Waste Oils

Instead of disposing of vegetable waste oils, taking advantage of these wastes and ensuring that they are recovered
in a way that will provide the highest benefit to both the environment and the person as much as possible is the
most correct method. The issue of recycling, which we often hear about today and is of great importance for the
future of the world, also offers us many useful options for managing waste oils. Thanks to recycling, it is possible
to get rid of our waste oils and turn them into a benefit (URL-3, 2022).

Looking at the areas of use of vegetable waste oils, it should be noted that this is either “product recovery”
(biodiesel, soap, feed oil, etc.) at recovery facilities that have received a collection license from the Ministry.) or
“energy recovery" (incineration at facilities licensed from the Ministry).

The term biodiesel was originally used to describe unmodified vegetable oils that could replace diesel fuel. The
industrial use of biofuels started in the 1880s (Salvi & Panwar, 2012; Bilgin, 2019).

In 1900, the French Otto Company exhibited a diesel engine powered by peanut oil at the World's Fair in Paris.
The concept of biodiesel was first proposed by the Belgian scientist George Chavanne in 1937 and the first patent
was obtained with the title “conversion procedure for the use of vegetable oils as fuel”. in the 1940s, along with
some information on using vegetable oils as a fuel for a diesel engine, many countries in Africa began to produce
products for energy self-sufficiency (Mahmudul et al., 2017; Dewangan et al., 2018; Bilgin, 2019).

The study of vegetable oils as fuels began in the USA and South Africa in 1978 and 1981, respectively. The methyl
ester was produced from rapeseed oil in Germany and Austria in 1982, and a small pilot plant was established in
Austria in 1985. Commercial production of methyl ester on a commercial basis was first started in Europe in 1990
(Demirbas, (2008a); Bilgin, 2019).

On the subject of vegetable waste oils and their evaluation in biodiesel production in Turkey; Karadirek (2008) by
“biodiesel production from waste vegetable oil”, Aybastier (2010) “characterization and evaluation of waste
vegetable oil in biodiesel production”, Kutluk (2013) “by Arrested lipase-catalyzed biodiesel production from
waste vegetable oil”, the record (2019) by “biodiesel production from waste vegetable oil catalyzed by ionic liquid”
and Somuncu (2020) “by on biodiesel production from waste vegetable oil with Aspen hysys dynamic simulation
of a reactive distillation column titled” is remarkable in the fields of academic studies thesis.

The use of biofuel or vegetable oil in internal combustion engines was tried and tested during the 1920-1930 and
the Second World War. In particular, Germany, Argentina, Japan, Belgium, Italy, France, Great Britain, Portugal,
and China have tested and used different types of biofuels. But due to the fact that the costs of petroleum-based
fuels are lower, these studies it has slowed down. But recently, both environmental problems and the fact that
fossil fuels will run out due to concern, biodiesel production has gained momentum again. Because biodiesel is a
good alternative fuel candidate (Talebian-Kiakalaieh et al., 2013; Bilgin, 2019).
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Vegetable oils cause some problems when they are used directly in diesel engines. Some common problems are
the formation of carbon residues, clogging of fuel pipes, gelling of lubricating oils, and contamination of piston
heads. Vegetable oils have a higher yield and cloudiness point than diesel fuels. Therefore, it is not recommended
to use it in winter. Also, vegetable oils have a very high cetane number, which reduces the ignition delay. In
October, they have a high iodine value, which increases the rate of oxidation. Therefore, it is not recommended to
store such fuels for a long time (Joshi & Pegg, 2007; Demirbas, (2008b); Bilgin, 2019).

As for the production of soap and feed oil from waste oils, the recovery facilities obtain the necessary permits from
the relevant Ministries. The necessary permits for the production and use of products other than these are obtained
from the relevant institutions within the framework of meri legislation. Recovery products and semi-finished
products that have not been set as a standard are not used as final consumption items. Since the used vegetable oils
have a very high-calorie content, they can be used for the preparation of animal feed. Before such waste oils are
used as animal feed, the amount of “PCB”, “PAH”, “furan”, “dioxin” and “dioxin-like substance” in the waste oil
should be determined. In order to increase the calorie content of animal feed and to serve as a binder, a certain
proportion of used vegetable and animal fat wastes is used (URL-2, 2015).

In 2006, Ulugay conducted a study entitled “A Model Trial for the Management of Vegetable Waste Oils in
Turkey”. Sahinoglu, on the other hand, conducted research on “The Availability of Vegetable Waste Oils and
Transonic Waves in the Cleaning of Coal by the Method of Oil Agglomeration” in 2012.

The study conducted by Ozdemir (2021) titled “Evaluation of Vegetable Waste Oils and Waste Newsprint Fibers
in Waste Polypropylene Composites™ is also a remarkable example in its field.

3. General Principles for the Control of Vegetable Waste Oils in Turkey

06.06.2015 by date and 29378 published in the Official Gazette “regulation on control of waste vegetable oil”,
until the disposal of waste vegetable oils, without harm to the environment and human health management for the
provision of the necessary technical and administrative management standards for the establishment of principles,
rules, and procedures for the determination of policies and programs organized. The information on the general
principles established for vegetable waste oils is presented in the following articles (Official gazette, 2015):

a) Import of vegetable waste oils is prohibited. The rules for its export and transit are governed by the
provisions of the Waste Management Regulation.

b) Reduction, separate collection, and recovery of vegetable waste oils at the source is essential. Vegetable
waste oils that are not suitable for recycling are disposed of in accordance with the provisions of this
Regulation.

c) Itis forbidden to mix vegetable waste oils directly or indirectly into cooking oils and crude oils.

d) Itis essential that vegetable waste oils are collected separately at the source and stored accordingly.

e) The institution, organization, or enterprises producing vegetable waste oil are obliged to conclude an
annual contract with environmentally licensed recycling facilities or intermediate storage facilities Dec
vegetable waste oil for the collection of these oils.

f) Itis essential to clean the Decanted collection containers, tanks, and containers in recycling facilities or
in vegetable waste oil intermediate storage facilities.

g) Vegetable waste oils are collected by environmentally licensed recycling facilities and vegetable waste
oil Decommissioning facilities. Vegetable waste oils cannot be collected by natural and legal persons
other than this.

h) Vegetable waste oils can only be used in the production of biodiesel and biogas in accordance with the
relevant technical regulations.

i) Vegetable waste oil producers within the scope of subparagraph (e) of this article are obliged to inform
the relevant provincial directorate of any disputes that may arise from a violation of the contract they
have concluded with Decontamination or intermediate storage facilities for vegetable waste oil.

j) Anenterprise that provides food services for vegetable waste oils that will be caused by enterprises that
provide food services within the framework of another institution or organization is considered a
producer of vegetable waste oils.

k) Vegetable waste oil producers, collectors, carriers, and recovery and disposal companies are jointly and
severally liable for the damages caused by environmental pollution and degradation caused by vegetable
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waste oils. The responsible persons are responsible for compensation in accordance with the general
provisions for damages caused as a result of these activities.

[)  The cost of remedying environmental damage arising from the management of waste oils vegetable 2872
by the Environmental Act according to the polluter pays principle will be paid by the real and legal
persons responsible for waste management. The persons responsible for the management of waste
vegetable oil to stop environmental damage, and reduce the necessary measures to avoid or resolve these
measures and due to be taken by the competent authorities of the necessary expenditures directly to
public institutions, the law on collection procedure of public receivables 21/7/1953 dated 6183 no
according to the provisions of the ones responsible for the management of waste vegetable oil are
charged.

4. Stakeholder Obligations

What are the obligations of the stakeholders according to the relevant articles of the “Regulation on the Control
of Vegetable Waste Oils” published in the Official Gazette dated 06.06.2015 and Numbered 29378 are presented
below:

4.1. Obligations of Producers of Edible Vegetable Oils
Manufacturers of edible vegetable oil;

a) On the labels of vegetable oil packages, “Do not pour vegetable waste oils into the sink or into receiving
media such as water, soil. by including the phrase ”,

b) To inform the Ministry of the quantities of vegetable oils released to the market by the end of March of
the following year to include the data of the previous year,

c) Supporting public education and awareness-raising activities for the purpose of regular collection of
vegetable waste oils,

d) in cooperation with the municipalities, the Ministry of amounts designated for the collection of waste
vegetable oil from households with set up the necessary systems, manufacturers what they build together
for the organization receiving authorization from the Ministry of vegetable waste oil collection, waste
management plans of the ministry, with the option to presenting the annual report of the Ministry of
these activities,

e) Obtaining authorization from the Ministry and fulfilling the authorized organization obligations within
the framework of the provisions set Dec in Article 21 of the Waste Management Regulation for the
organization of vegetable waste oil collection that producers will gather and establish together, they are
obliged to.

4.2.0bligations of the Producer/Owner of Vegetable Waste Oil
Vegetable waste oil manufacturers;

a) Storing vegetable waste oils separately from other waste materials and garbage,
b) Excluding residential buildings;
1) Using sealed, corrosion-resistant collection containers with internal and external surfaces for the
accumulation of vegetable waste oils formed as a result of their activities,
2) Sending vegetable waste oils to processing plants with licensed carriers,
3) They are obliged to use the national waste transportation form for the shipment of vegetable waste
oil.
January Marching year, starting from the end of March at the latest, vegetable waste oil producers under Article
5 (e) are obliged to fill out, approve, print out and keep a copy of the waste declaration form by using online
applications prepared by the Ministry for five years, including information from the previous year, by the end of
March.

4.3. Obligations of Plant Waste Oil Recovery Plant Operators
Vegetable waste oil recovery plant operators;

a) Obtaining environmental permits and licenses from the Ministry,
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Sending annual reports on its activities to the relevant provincial directorate by the end of February,

To determine the acceptance criteria of vegetable waste oil to the plant, to determine the conformity of
vegetable waste oil to the waste definition specified in the national waste transportation form,

To ensure the recovery of vegetable waste oils accepted to the plant within three months,

To dispose of vegetable waste oils that cannot be recovered within the period of,

To register for online programs and prepare mass-balance information containing information about the
wastes accepted, processed, and created as a balance at the facility and the products created/produced as
a result of waste processing activities, and to notify using the online program,

Obtaining an environmental license from the relevant provincial directorate for vegetable waste oil
Decommissioning facilities that will be established outside of recovery facilities for the collection of
vegetable waste oils,

Storing vegetable waste oils accepted to the plant separately,

To provide training to its personnel in the nature required by the recovery activities, to prepare
emergency plans, to keep business records related to waste management, and to keep these records at the
facility for five years,

Disposal or transportation of wastes and materials contaminated with them arising as a result of recovery
operations in environmentally licensed facilities, covering expenses related to this,

Notifying the relevant provincial directorate of the cancellations of the contract with the vegetable waste
oil Decommissioning facilities no later than one month,

Preparing the fire brigade project and obtaining permission from the relevant municipality, are obliged.

4.4 Obligations of Vegetable Waste Oil Decommissioning Facilities

Vegetable waste oil Decommissioning facilities;

a)
b)

c)
d)
e)
f)

9)

Obtaining a license for Decommissioning vegetable waste oil from the provincial directorate,

By entering into a contract with recovery facilities, submitting this agreement to the provincial
directorate when applying for Decommissioning permits for vegetable waste oil,

Not storing vegetable waste oils for more than three months, taking into account the recovery processes,
To provide Jul bins and containers to the vegetable waste oil producers they have contracted with,

To inform the relevant provincial directorate of the amount of vegetable waste oil collected and shipped
to the recovery facility on a monthly basis,

To inform the relevant provincial directorate about the disputes and contract cancellations that will arise
with the recovery company within one month at the latest,

Obtaining permission from the relevant municipality by preparing the fire brigade project, they are
obliged to.

5. Conclusion and Recommendation

As a result, as can be seen from all of this information compiled and presented above, groundwater and soil will
be protected and kept clean thanks to all the collection and evaluation studies to be carried out for vegetable waste
oils in Turkey. Otherwise, if these oils are spilled into the environment in an uncontrolled, unauthorized and
unconscious manner, they will cause great damage to the soil and the environment and a great harm will be done
to the heritage of our future generations. The recommendations that were filtered and developed as a result of the
study are presented in the following articles:

v

Published in the official gazette of the “regulation on control of waste vegetable oil”, until the disposal
of waste vegetable oils, without harm to the environment and human health management for the
provision of the necessary technical and administrative management principles for the establishment of
standards, policies, and programs are arranged in relation to the determination of principles and
procedures which must be complied with. Compliance with these rules should be checked by a strict
control mechanism.

In order to raise awareness and inform people about the collection of waste oil in the region, teams should
be formed and meetings should be held in December at certain intervals.

Waste oil assessment, collection, etc. by public institutions or organizations such as the Ministry of
Environment and Urbanization and Municipalities are included in the projects to be developed by the
relevant Faculties and Departments of these Universities. budgets and support can be provided on issues
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related to activities. There are also good examples of applications where municipalities in some regions
support the collection of vegetable waste oils, and support the removal of waste oils by going to homes.

v" The stakeholder obligations mentioned above and the framework of which has been determined by law
must be strictly complied with by the relevant stakeholders. Personally, we use the vegetable oils that
have become waste oil in our homes, containers such as pet bottles, with their mouths tightly closed, to
the waste oil collection point closest to us (head offices, waste collection centers, etc.) we can leave it.
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Abstract

Investigation of the effect of mobile phones in the terms of human health is getting more important position in the
literature due to the increased public concern. An experimentally efficient setup was established to determine the
thermal effects caused by mobile phones in the brain. Temperature increasing in the brain during exposing the
mobile phone is investigated in a brain equivalent liquid (phantom). In the proposed experimental setup, mobile
phone which operates at 900 MHz frequency was represented with a radio frequency (RF) generator which has a
half-dipole antenna and this system is applied to phantom at different distances. Thermal absorptions were
observed by sensitive temperature sensors at different depths. Effects of electromagnetic fields are usually
investigated via numerical methods and simulations in the literature. In this study, an experimental analysis of
temperature distributions in the human brain phantom exposed to mobile phone radiation at 900 MHz is presented.
All experiments were conducted in an anechoic chamber where temperature variation is about 0.009°C.
Additionally, high-power electromagnetic fields are used such as 4W, 7W and 10W which are not implemented
till now in the literature for GSM frequencies. Different temperature distribution in the phantoms was observed by
systematically changed distances and power options. In this last case, maximum temperature elevation was
observed as 0.403°C. While the temperature elevation increases with increasing applied power, removing the
mobile phone from the phantom reduce the temperature elevation in the phantom.

Key Words: Electromagnetic Thermal Effect, Brain Phantom, 900 MHz Electromagnetic Field
1. Introduction

The use of mobile phone is becoming common all over the world, in recent years. Estimates suggest there are
about 6.915 million mobile phone subscribers throughout the world and the numbers are increasing each passing
day (URL-1, 2014). The latest report was published by International Telecommunication Union (ITU) on May,
2014. According to the report that was published by ITU, while the number of mobile phones for per capita was
120.8 in developed countries, number of the mobile phone user is lower in Africa; it is about 69 for every one
hundred people. In the report, mobile broadband growth rate is presented as %11.5, %26, and % 43 for developed
countries, developing countries and Africa respectively.

Interest is nowadays focusing on the electromagnetic wave that produced by the mobile phone, due to the increased
number of user using the mobile phone. Increasing public concern about the use of mobile phones attract the
attention of researchers due to the possible negative effects on the human health. Although the safety standards
are regulated in terms of the peak Specific Absorption Rate (SAR) value of tissue, the maximum temperature
increase in the human brain caused by electromagnetic heat effect induce adverse physiological effects. Ignored
small temperature increases on human body can create unexpected bad effects on sensitive organs such as the brain
and eyes. That is why, investigation of thermal effect of electromagnetic fields is so important.

There are many studies investigating the heating effect of electromagnetic fields around the frequencies that are
used by mobile phones such as 900 MHz, 1800 MHz (Bei & Cao, 2007; Aly et al., 2008; King & Wong, 1977,
Bernardi et al., 2003; Jianging & Fujiwara, 2003). Human who exposes to the electromagnetic fields for
experimental purposes is limited, due to the ethical consideration. For this reason, researchers have tried to find
the most convenient research methods to develop a realistic human model. Some of researchers use computer
simulating programs, some use mathematical models and the others use tissue equivalent liquids (phantoms).
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Studies using mathematical models like bio-heat equation and thermal wave model of bio-heat transfer (TWMBT)
have a common point (Jianging & Fujiwara, 1999; Ozen et al., 2011; Liu et al., 1995). Almost all mathematical
models are based on the numerical approaches. Most of the mathematical models use the Finite Element Methods
(FEM) and some of them use the method of Finite Differences Time Domain (FDTD) and Moment Methods
(MOM). Many mathematical models produce fairly successful results (Bernardi et al., 2000; Citkaya & Seker,
2012; Riu & Foster, 1999; Kuster & Balzano, 1992). In (Bernardi et al., 2000), effect of various mobile phones
which are accessible at markets was investigated by FDTD method. Temperature increases caused by different
mobile phones are compared with each other and finally 0.10 °C temperature increases were obtained in the
external part of brain. In (Citkaya & Seker, 2012), SAR and temperature increase in the human brain and head is
investigated in a numerical way. Researchers who used FEM to solve bio-heat equation have noticed the safety
standards are exceed. In (Riu & Foster, 1999), temperature effects of electromagnetic calculations were performed
at 900 and 1900 MHz at various distances. The resulting temperature rises were estimated by FDTD of the bio-
heat equation. The correlation of calculated SAR values is compared with the (Kuster & Balzano, 1992) and
consistent results are obtained.

In addition to the mathematical approaches, some computer programs such as FEKO, SEMCAD X, HFSS, CST
and XFDTD can be used to investigate the thermal effects of electromagnetic fields (Shamsad & Amin, 2012; Li
etal., 2012a; Li et al., 2012b). Each computer program that used different mathematical techniques in background
presents a solution about electromagnetic heating effect. For instance, HFSS uses FEM; CST uses FDTD, FEKO-
IE3D/FIDELITY use MOM techniques. There are many advantages of doing research with computer programs.
First, the researchers can be executed their works in a healthier manner, since they are not exposed to radiation. In
addition, researches can easily and quickly see the effects of all distances, all strength and all frequencies because
there is no need to establish a separate experimental setup for each experiment. This enables researchers to be
flexible in their works.

In the other investigation methods, phantoms are used to determine the heating effect of electromagnetic fields
(Kuster & Balzano, 1992, Koichi et al., 2001; Ozen et al., 2006; Ozen et al., 2004). In fact, actual usage of phantoms
is for Specific Absorption Rate (SAR) calculations. However, SAR calculations and electromagnetic heating effect
is not different phenomenon. Thus, heating effect of electromagnetic fields is affected by electromagnetic field
strength, tissue conductivity, permittivity and density. In the SAR calculation, same constants are also utilized.
The SAR Equation is presented below.
2

SAR = a% &
In this equation, “c” shows electrical conductivity (S/m), [E| shows RMS (Root Mean Square) value of electric
fields strength (V/m) and “p” shows density of tissue (kg/m3). SAR value is accepted as the key parameter to
explain the influence of electromagnetic field source on the biomass. Therefore, international organizations
describe the SAR measurement methods) (IEEE1528, 2003, IEC 6209, 2005). While both of international
standards’ measurement methods are compatible with each other, the determined limit values are different from
each other. The standard of “IEEE Std 1528 determines 1.6 W/kg for 1 gram average mass as limit value and the
standard of “IEC 62209 accepts 2 W/kg, for 10 gram average mass.

As can be understood from the above, parallel with the wider use of mobile phones, public concern and scientific
interest about these devices’ safety grow. Health effects of electromagnetic fields are handled in two different
perspectives. The one is non-thermal effect and the other is thermal effects.

1.1. Non-Thermal Effects

Certain biological consequences of the electromagnetic field can be explained by non-thermal effects. These
effects involve all the interactions of electromagnetic fields with tissues without heat producing which is not worth
to take into consideration. Particularly, magnetic fields carry more potential risk than the electrical fields for living
organism. Since, penetration ability of magnetic fields is stronger than electrical fields (Cleveland et al., 1997).
Non-thermal effects involve non-specific symptoms, which are caused by electromagnetic field radiation such as
headache, dizziness and insomnia (Nakamura et al., 2003; Hermann & Hossmann, 1997). For instance in (Chia et
al., 2000), the relationship between headache and mobile phones usage is shown. In (Mann & Roschke, 1996), the
influence of pulsed high-frequency electromagnetic fields of digital mobile radio telephones on sleep is
investigated and reduction of sleep duration and percentage of REM sleep was found. Moreover, spectral analysis
revealed qualitative alterations of the EEG signal during REM sleep with an increased spectral power density. In
the study of (Diem et al., 2005), thermal effects of electromagnetic fields are eliminated and non-thermal effect of
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electromagnetic fields on DNA breakage is investigated. Under conditions of several different mobile-phone
modulations RF-electromagnetic fields induces DNA single-strand and double-strand breaks in human diploid
fibroblasts and in the rat granulose cells.

1.2. Thermal Effects

Radio frequency electromagnetic fields can penetrate through semi-solid substances such as living tissues.
Penetration depth is related with the power density of electromagnetic field source, used frequency range and
material properties. Electromagnetic fields’ penetration ability induces dielectric heating to living tissues.
Dielectric heating is also known as thermal effect and a big majority of the sustained cell phone’s electromagnetic
field associated with biological results can be explained by thermal effects. The main reason of thermal effects in
the living tissue is energy absorption from oscillating electric fields. Temperature rising is principally associated
with the absorption of high frequency electromagnetic fields radiation, due to the increase in the conductivity of
the tissue in the high frequency. Temperature increments in a tissue are associated with instability between heat
generation and heat dissipation. Although heat dissipation can occur in three different ways, temperature increase
in the tissues often is not prevented. As a first way, tissues transmit their own energy to other tissues, the second
way is that tissues can radiate their own energy to surround and lastly, tissues can also convent their energy through
blood perfusion. Generally, the most sensitive organs that are exposed to thermal effects more than others are the
eyes and brain because of limited capacity of heat dissipation. At same time these organs are often exposed to
radiation from mobile phones (Mushtag & Vijay, 2013).

Different concepts and mechanism have been established to characterize the propagation and absorption of
electromagnetic energy in biological systems. Because, electromagnetic fields’ impact is not very clear for public.
There are a lot of studies that discuss the thermal effects of electromagnetic fields (Riu & Foster, 1999; PSenakova
& Benova, 2008; (Kassimi et al., 2012; Rusnani & Norsuzila, 2008; Taurisano & Vorst, 2000). It is pointed out
in (Riu & Foster, 1999). that, low-powered sources can produce significant thermal increments in case of antenna
located sufficiently close to the tissue. In (PSenakova & Benova, 2008), it is asserted that, heating effect of
electromagnetic fields is negligible. However, majority of the studies that have been investigating the heating
affect of electromagnetic fields claim that heating effect of electromagnetic fields is harmful enough (Kassimi et
al., 2012). In particular, in (Rusnani & Norsuzila, 2008), different commercially available handheld mobile phones
are investigated in the terms of thermal effects. The research group has found that different thermal effects have
been obtained under identical experimental conditions. In another study, thermal effect of electromagnetic fields
is investigated on a realistic human head (Taurisano & Vorst, 2000). In consequence of (ibid), researchers have
reported that; the most significant surface temperature increment has found on the ear lobe at the end of talking
phase for higher duration then 20 min and at lower signal conditions (50% of the maximum, in a basement).

As can be seen above, effect of electromagnetic fields strongly depend on the spreading frequency, applied power
and the antenna distance. In our work, thermal effects of electromagnetic fields were employed. 900 MHz
frequency was selected as operating frequency. Electromagnetic fields at different strength and different antenna
distance were applied to brain phantom which is prepared for this paper and temperature distribution was recorded
depending on depth in phantom.

Rest of this paper is planned as follows. Preparation of phantom and electrical prospect of international
organizations will be described in detail in the Section 1.3. Section 1.4 will explain the experimental setup.
Experiments that were carried out under variable conditions will be brought to attention in this section. The results
of different conditions will be presented in Section 1.5. Section 1.5 will be expressed in three main section, the
main sections are organized in the terms of brain depth.

1.3. Preparation and Testing of Brain Phantom

Electrical properties of tissues have been investigated for a long time (Schwan & Piersol, 1954, Stuchly & Stuchly,
1990). Preparing the phantoms of human biological tissues is necessary for electromagnetic dosimetry and
hyperthermia research, due to the impossibility of experimental studies on humans. When the phantom is created,
the physical structure of an average man is taken into account so that it has electrically equivalent feature of the
tissue in the brain. The relative permittivity and conductivity is defined in the related standards of IEEE and FCC
which are shown in Table 1 and Table 2. Dielectric constant and conductivity are different for each frequency
point. Because the electrical feature of the tissue is depending on the frequency (Kanda et al., 2004).
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Table 1 - IEEE Frequency Dependent Changing of  Table 2 - FCC Frequency Dependent Changing of the
the Permittivity and Conductivity (IEEE 1528, 2003) Permittivity and Conductivity (Fields, 1997)

Frequency Relative Conductivity Frequency Permittivity Conductivity
(MHz) Dielectric (S/m) (MHz) (Sim)
150 523 0.76
300 45.3 0.87
450 435 0.87 ;a5 s 088 |
835 415 0.90 T7sg00 363 5.27
5 i s s s 1 s
| 900 415 0.97 ?
1450 40.0 1.20
1800 40.0 1.40
1900 40.0 1.40
2000 40.0 1.40
2450 39.2 1.80
3000 38.5 2.40

Table 3. Phantom examples in the literature for 900 Mhz Brain Model

< <) —~ —~ =] L5 —

2 3 L T §.8 FR 28 2 G&
00|
Prepared in
(Hartsgrove 62.61 0.5282 7.01 : 29.80
etal., 1997)

Prepared in

(Okano etal., | 36.31 1.12 3.74 5.35 53.48
2000)

Prepared in

(Kaorietal.,, | 40.30 : 57.90 1.38 0.24 0.18

2004)

Prepared in

(Ozenetal., | 43.55 @ 54.66 0.72 0.9 0.17

2003)

Different chemicals can be used in order to create a brain phantom for 900 MHz. There are many works in the
literature which use different chemicals to prepare brain phantom (Durney et al., 1986; Gabriel, 1996; Hartsgrove
et al., 1997; Gandhi et al., 1999; Hakim, 2006). There is no just one recipe to prepare phantoms; phantoms can be
prepared by using different amounts of the chemicals. Some phantom examples in the literature are given in Table
3.

As can be seen in Table 3 there can be found a lot of ways to prepare brain phantom. However, in this study,
bactericide (% 0.10), HEC (hydroxyl ethyl cellulose) (% 1.00), NaCl (sodium chloride) (%1.48), sugar (sucrose)
(% 56.50) and distilled water (% 40.92) are used to prepare a brain phantom for 900 MHz. There is no particular
reason for choosing this formulation. The main aim is that the electrical parameters of the prepared phantom and
the electrical values specified in ieee1528 are the same.

Several measurements were conducted on the electrical parameters of prepared phantoms by using vector network
analyzer at 23.1 °C temperature and results were compared to the IEEE 1528 standards.
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Fig. 1. Relationship of IEEE Standards and Experimental Results

As can be seen in the Figure 1, permittivity and conductivity of prepared brain phantom does not meet the
requirements of IEEE 1528 standard for all frequencies. However, at the 900 MHz frequency band, permittivity
and conductivity of the prepared phantom are in well agreement with the IEEE 1528 standards. Thus, the closest
point of prepared phantom and IEEE 1528 standard must have been compatible about 900 MHz because of the
applied working frequency. Green line shows the IEEE standards, blue line shows the prepared brain phantom’s
characterization and the red line shows the 900 MHz at frequency band. As shown in the Figure 1, conductivity
has about %6.2 deviations and permittivity has about %2.7 deviations. Researchers, who are expert on measuring
the electrical characteristics of phantoms, have accepted 5% deviation from the IEEE standard (Okano et al., 2000;
Gimm, 2004). Moreover (Okano et al., 2000; Gimm, 2004), the commonly accepted accuracy of the open-ended
probe measurement is 5% for relative permittivity and 10% for conductivity (Ozen et al., 2003; Suzana & Suzana,
2009). Depending on the Figure 1, it can be easily said that, prepared brain phantom can be used for brain
investigations at the frequency of 900 MHz frequency.

1.4. Experimental Setup

Several measurement devices and different types of equipments have been utilized to investigate the
electromagnetic exposure in the literature (Kuster et al., 1997; Schmid et al., 1996; Onishi et al., 2008). For
example in (Kuster et al., 1997), a scanner is designed to investigate the human exposure to cellular phones. In
(Schmid et al., 1996), performances of different probes are examined and SAR distribution is investigated. In
(Onishi et al., 2008), Electro-Optic (EO) probe and the SAR estimation method are advised as different SAR
measurement methods. Mentioned methods does not produce consistent results quantitatively and these methods
usually does not explain the technique used in.

This inadequacy of knowledge about electromagnetic absorption mechanism and determination methods
motivated this study. Another aim of this work is to explain the relationship between the electromagnetic strength,
applied distance and the temperature changes in the brain at different depths, in a simple way.

In this study, the experimental setup which is shown in Figure 2 is designed in order to investigate the thermal
effect of electromagnetic fields. All experiments conducted for this study are carried out in an anechoic chamber
in order to achieve a satisfactory measurement precision. The realizations of experiments in anechoic chamber
provide some important advantages. First of all, if experiments were not carried out in anechoic chamber, all
researchers could have exposed to more electromagnetic fields than they exposed. In addition to the contribution
of researchers’ health, temperature changing of anechoic chamber can be kept under control. Temperature control
is so important such studies which focused on determining the temperature alteration. With the help of anechoic
chamber temperature alteration of the experimental environment is kept about 0.009 °C. The last and most
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important advantage of anechoic chamber is that, there is no reflection, refraction and scattering effect of
electromagnetic fields.

Anechoic

Chamber Sensor Positioner

Plexiglass Case v Thermal
Probe
Radiation Isolated Box Brain
Equivalent

S

Liquid (Phantom)

RF Generator

Computer

—

In order to simulate the effect of mobile phone, a Radio Frequency (RF) generator is used. The RF generator was
positioned in a radiation and temperature isolated box and its frequency was adjusted 900 MHz frequency. Pulsed
mode was activated and different power options were examined during the experiment. 0.5 W, 1W, 2W, 4W, 7W
and 10W power options are applied relatively to the brain phantom. Used antenna is a kind of half dipole antenna.
In order to replicate the mobile phone, half dipole antennas are used in similar studies (Zhang & Alden, 2011;
Virtanen et al., 2007). Generally a half-wave dipole antenna produces higher SAR values than a generic mobile
phone with A/4 monopole antenna (IEEE 1528, 2003)

Antfnna

Fig. 2.Experimental Setup

Phantom is filled into Plexiglas case before electromagnetic exposure. In this study, plexiglas case is preferred to
glass case. Because light transmission of Plexiglas is higher and its impact-resistant is better than glass. However,
the main reason for the use of plexiglas is that thermal conductivity of plexiglas is 20% less than the same thickness
glass. Hence, all thermal variances which may occur in the brain phantom are isolated from the environment
factors.

1.5. Experimental Results

All temperature measurements were recorded by using the software of the thermal probe on the computer
simultaneously. Recorded temperature changes have 0.001°C sensitivity and 0.01 °C accuracy. RF generator’s
antenna was applied to center of the bottom of the Plexiglas box and antenna distance which is marked as “d” was
changed for Omm, 10 mm, 20 mm and 50 mm distances during the experiments. d represent the distance between
ear and mobile phone. Expected temperature changes were recorded at different depth which is marked as “1”” for
0 mm, 20 mm and 50 mm. | also expresses the depth of brain. Obtained temperature changes are organized as
graphs which are presented in Figure 3-4-5 for different exposure conditions. Some results are not clear
schematically in the figures. Therefore, graphs are zoomed down and added to top of the figures. Figure 3 shows
the temperature effect of electromagnetic fields under different power options, for different d distances for I=0 mm
depth. The authors of this work are focused on the temperature increases in the brain. Because, while temperature
value increases in the brain, thermal effects which can be cause different types of diseases can be seen more
frequently.

There can be obtained many results from Figure 3 that, while applied power increases, occurred maximum
temperature increases. The second important result is that, while d increases observed maximum temperature
decreases. In addition, maximum temperature increase occurs at d=0 mm for all applied power options. While d is
changed from 0 mm to10 mm obtained maximum temperature increase is decreased about %30 for almost all
power options. While d is changed from 0 mm to 20 mm obtained maximum temperature increase is decreased
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about % 60. While d is changed from 0 mm to 50 mm obtained maximum temperature increase is decreased about
% 75. Because, thermal effects of electromagnetic field has a power-dependent and distance-depended
characterization. Increasing the applied electromagnetic power causes temperature increase in the brain phantom.
In addition to this, antenna distance is inversely proportional to the temperature increase in the brain. According
to results seen in Figure 3, while choosing the personal mobile devices, if there is a possibility to buy a mobile
phone which is low-powered, this alternative should be assessed.

As can be seen in Figure 3-a, when the RF Generator’s power level is adjusted 0.5W (27dBm), the obtained
maximum temperature increase is about 0.040 °C for d=0mm. In Figure 3-b, while the brain phantom has been
exposed to 1W (30dBm) electromagnetic power, 0.071 °C temperature increase has been obtained for d=0mm. It
can be clearly seen in figure 3-a and 3-b that, although there is just 3 dBm difference between 0.5W and 1W
exposures, in case of exposure to 1W electromagnetic power there can be occurred 1.5 times increase in
temperature was observed. In Figure 3-c, RF generator has been fixed to 2W (33 dBm) and the most temperature
increase was occurred in brain phantom as 0.01 °C. The relationship of 0.5 w and 1 w electromagnetic exposure is
very similar to 1W and 2W electromagnetic exposure for other d options too.

Figure 3-d shows that, when the RF generator has been adjusted to 4W (40 dBm), 0.180 °C temperature increase
was occurred for d=0 mm. 4W electromagnetic exposure shows different characterization from 0.5, 1 and 2 watt.
As can be seen in figure 3-d, temperature increase shows a faster increase in brain phantom. Also, reached
maximum temperature increase is about 2.5 times of 2 watt.

Figure 3-e imply that, when the RF generator has been fixed to 7W (38.45 dBm), 0.315 °C temperature increase
was occurred at d=0mm. The maximum temperature was obtained in approximately 32th minutes. After 32.
minutes, the phantom’s temperature was reached stability and measurements for the next six minutes did not show
any temperature increase.

It can be seen in Figure 3-f that, when the RF generator has been fixed 10W (38.45 dBm), 0.403 °C temperature
increase was occurred. As a result of exposure to 10W electromagnetic field, 0.403 °C temperature increase is
observed. Although reached maximum temperature increase take about 30 minutes, %75 to 80 of maximum
temperature increase is occurred in the first 10 minutes. Temperature increase rate in the phantom is slowed down
after 10th minutes.

The other test was employed to understand how changes occurs in the brain at the depth of 20 mm. Therefore, | is
adjusted 20 mm level, different power options and different d options were applied to brain phantom for 2300
second just like the previous test set which is shown in figure 3. Same test sets were used in order to compare
results with each other.

As can be seen in Figure 4, occurred maximum temperature increase is decreased at the depth of 20 mm of the
brain for all power options and for all d options. This means that, thermal effect of electromagnetic fields is come
down. Although, the maximum temperature increase was about 0.403 °C for the first test set, occurred maximum
temperature increase was found as 0.266 °C at the 20 mm depth of brain.

The last experiment set was carried out to examine how changes occur in the brain at the deeper. Therefore, | is
adjusted 50 mm level and different power options and different d options were executed to brain phantom for 2300
second where the steady-state behaviour is obtained. Same experiment sets were used in order to compare results
with each other.

It can be clearly seen in Figure 5 that, temperature increase was occurred in the phantom, although measurements
were taken 50 mm depth. 50 mm is approximately corresponded to center of the brain. Maximum temperature
increase is obtained about 0.100 °C, when power is adjusted 10W and d=0. While the applied electromagnetic
strength increases, occurred temperature also increases just as seen in Figure 3 and Figure 4. The main consequence
of Figure 5 is that, no matter how far electromagnetic fields sources away from your brain, it can create heat in the
deeper level of the brain.
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2.

Conclusion
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This study presents the experimental results for the temperature distribution in the brain phantom exposed to
electromagnetic field radiation at the frequency of 900 MHz with various power densities. Several important
features of the energy absorption in the human brain are obtained in this study. These experiments show that, the
radiation from the electromagnetic fields at the range of 900 MHz can be easily absorbed by human brain which
causes thermal effects. In case of exposure to electromagnetic fields, heating effect shows a high rate of increase
until about 15-20 minutes. After 20 about minutes, the rate of increase slows down. After 30-35 minutes, maximum
increase in the temperature is obtained for all power options, and temperature elevation reaches stable.

Consequently, one of the most comprehensive experimental research projects is presented in this paper and it was
observed that the temperature increase occurs in the brain while strength of the electromagnetic field emitter
increases. It was presented in Figure 3-4-5 that an important part of the temperature increase (about 80%) took
place in the first 20 minutes. The maximum temperature rise on the surface of the brain caused by radio waves is
about 0.403 °C. It should be investigated whether such a temperature rise has biological significance in terms of
human health. The temperature of the brain normally internally fluctuates about one degree. However, an external
increase of 0.403 °C may be harmful for human health, especially for the long terms. The investigation of the
relationship between the temperature rise and human brain will be our future work with an interdisciplinary group
of researchers
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BAZI BiTKI BESIN ELEMENTLERININ BIiTKi PARAZITI
NEMATODLAR UZERINE ETKISI
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Oz

Bitki paraziti nematodlar diinya genelinde birgok bitki tiiriinde zarar olusturan ve 6nemli ekonomik kayba neden
olan obligat tarimsal organizmalardir. Bitki paraziti nematodlarin ¢ogunlugu konukgularinin kdklerinde, ¢ok az
bir kismi ise yaprak, ¢icek ya da tohum gibi bitkilerin toprak iistli aksamlarinda zarar yapabilmektedir. Bitki
paraziti nematodlarin kéklerde beslenmesi sonucu bitkinin su ve besinleri alma yetenegi azalmaktadir. Beslenme
sirasinda kullandiklart stilet ile bitki koklerinde yaralara ve bazi mikrobiyal hastaliklara neden olarak, kdkte
kahverengi lekeler olusturarak ve bitkinin toprak iistii kistmlarinda yumrularin sismesi veya ¢lirimesiyle konukcu
bitkiye zarar vermektedirler. Bitki paraziti nematodlarin zararini tolere edebilmede bitki besin elementleri 6nemli
bir yer tutmaktadir. Besin elementleri nematod popiilasyonlarimi artirabilir ya da azaltabilmektedirler. Bu etki besin
elementine ve kullanilan besin kaynagina bagli olarak degisebilir. Bitki besleme ile bitki paraziti nematodlar
arasindaki etkilesim iizerine yapilan ¢aligmalarin genellikle azot, fosfor ve potasyum elementleri ile ilgili oldugu
gorilmiistiir. Makro ve mikro besin maddelerinin topraga dengeli bir sekilde uygulanmasi, bitkinin nematodlarin
neden oldugu zararlari tolere edebilmesini saglamanin en iyi yoludur. Bu ¢aligmada giibrelemede bazi bitki besin
elementlerinin kullaniminin bitki paraziti nematodlara karsi etkileri hakkinda elde edilen bilgiler derlenmistir.

Anahtar Kelimeler: Bitki paraziti nematodlar, bitki besleme, giibreleme, nematod gelisimi

THE EFFECT OF SOME PLANT NUTRIENT ELEMENTS ON PLANT
PARASITE NEMATODES

Extended Abstract

Plant parasitic nematodes are obligate agricultural organisms that cause significant economic losses and damage
to many plant species worldwide. Most of the plant parasitic nematodes can damage the roots of their hosts, while
a very small number of them can damage the above-ground parts of plants such as leaves, flowers or seed. As a
result of the feeding of plant parasitic nematodes on the roots, the ability of the plant to adsorb water and nutrients
decreases. They damage the host plant by causing wounds on the plant roots and some microbial diseases with the
stylet they use during feeding, by forming brown spots on the root and swelling or rotting of the tubers on the
above-ground parts of the plant. Plant nutrients have an important place to overcome the damage of plant parasitic
nematodes. Nutrients can reduce or increase nematode populations. This effect depends on the nutrient element
and the source of nutrient used. Plant nutrition and plant parasitic nematodes interaction have generally shown that
nitrogen, phosphorus, and potassium. The form in which the nutrient (ammonium or nitrate) is present has a greater
influence on the severity of nematode attack than the amount of nitrogen present. It is stated that the use of
ammonium is better than nitrate in reducing the plant parasitic nematode population. Phosphorus has direct
microbial activity against pathogens as well as the ability to stimulate plant defense mechanisms through the
production of phytoalexins. Adequate plant nutrition with potassium is thought to reduce disease occurrence due
to increased resistance to the penetration and development of pathogens. A balanced application of macro and
micro nutrients to the soil is the best way to ensure that the plant can withstand the damage caused by nematodes.
In this study, the information obtained about the effects of the use of some plant nutrients in fertilization against
plant parasitic nematodes has been reviewed.

Key Words: Plant parasitic nematode, plant nutrition, fertilization, nematode growth
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1. Giris

Bitki besleme, yeryiiziindeki yasami gelistirmede dnemli bir faktordiir. Bitkilerin optimal bir sekilde biiylime ve
gelisme gosterebilmeleri i¢in en az 17 bitki besin maddesine ya da elementine ihtiyaglari vardir (Fageria, 2009).
Bu elementlerin temel hazneleri kayalar, okyanuslar ve atmosferdir. Bitki yasami ig¢in gerekli olan kimyasal
elementlerden biri yeterli miktarda mevcut degilse veya absorbe edilmesi zorsa, bu elementin eksikligi bitki
metabolizmasinda bozulmalara neden olabilmektedir (Epstein & Bloom, 2004). Genel kural, bir besin, bir bitki
tirdi icin gerekli ise, diger temel besinlerle dengeli bir oranda saglanmalidir, eksiklik 6zellikle kisa Omiirli
bitkilerde hastalig1 daha da agirlastirabilmektedir (Zambolim vd., 2001). Bitkilerde giibreleme, bitkilerin beslenme
durumundan kaynaklanan hastalik etmenleri ve zararlilarin sayisini etkilemekte ve dolayli olarak iiriiniin i¢indeki
151k ve nem dengesinde degisiklikler yapmaktadir (Agrios, 2005). Bazi elementler hastalik etmenleri ve zararlilarin
gelismesine olumlu katkilar saglarken, bazi elementler olumsuz etki gostermektedir (Marschner, 1997). Bitki besin
elementleri ¢evre sartlarini etkiledikleri i¢in patojenleri cezbedici ya da caydirici olabilmektedir. Ayni zamanda
konukgu bitkide diren¢ ya da toleransi tetikleyebilirler (Agrios, 2005). Giibrelerin kullanimi, birgok hastaligin
zararmi azaltmakta ve kiiltiirel uygulamalar ile entegresi hastaliklarin kontroliinii etkileyebilmektedir (Oborn vd.,
2003).

Bitki paraziti nematodlar agroekosistemin dengesini bozmakta ve pamuk, misir, soya fasulyesi, seker kamisi ve
sebzeler gibi ¢ok sayida mahsuliin verimini simirlandirmaktadir (Dias-Arieira vd., 2012a). Bitki paraziti
nematodlarin miicadelesi olduk¢a zordur ve en iyi sonuglar entegre miicadele yontemleri tarafindan elde
edilmektedir. Nematodlar, bitki besleme ve giibrelemeden etkilenecek patojenler arasindadir (Cadet & Spaull,
2005). Inorganik giibrelerin kullanimu ile nematod popiilasyonunun diisiiriilebilecegi bilinmektedir (Sinha & Neog,
2003). Baz1 giibrelerin uygulamalari, nematodlara toksik etki gosterebilmekte veya konukgu beslenmesindeki
degisiklikler yoluyla bitkilerde meydana gelen ¢ogalma veya zarari baskilayabilmektedir (Viaene vd., 2013).
Ayrica, giibreleme uygulamalar bitki geligsimini uyararak nematodun neden oldugu zarari1 dengeleyebilmektedir
(Ferraz vd., 2010). Charegani vd. (2010), ideal giibre diizeylerinin kullaniminin bitki bityiimesini gelistirdigini ve
kok-ur nematodlarinin neden oldugu zarari azalttigint bildirmektedirler. Domates siirgilinlerinde toplam ¢oziiniir
seker ve toplam karbonhidratin nematod enfeksiyonu sonucunda azalmis oldugu ancak inorganik giibre
uygulamasi ile geri kazanildigi bulunmustur (Farahat vd., 2012).

Bitkinin yasaminit devam ettirebilmesi i¢in zorunlu olmasi gereken bitki besin elementleri hidrojen, karbon,
oksijen, azot, potasyum, kalsiyum, magnezyum, fosfor, kiikiirt, klor, bor, demir, mangan, ¢inko, bakir, nikel ve
molibden olarak bildirilmistir (Rice, 2007). Buna karsin ¢ogu bitkinin yapisinda belirli oranlarda yaygin sekilde
bulunan ancak bitkinin biiyiime ve gelismesinde zorunlu olarak gerek duymadigi sodyum, kobalt ve silisyum gibi
elementler de bulunmaktadir (Fageria, 2009).

Bitki besin maddeleri arasinda azot, biilylime ve verim igin esastir. Azot (N) bitkide proteinler, amino asitler,
niikleik asitler, enzimler, klorofil, ATP, ADP gibi birgok 6nemli organik bilesigin yapisinda yer almaktadir. Azot,
bitki hiicre duvarinin temel yap1 tagidir (Bolat & Kara, 2017). Azotga iyi beslenen agaglarin zararlilara karsi direnci
artmaktadir (Fageria, 2009). Domateste kok ur nematodu Meloidogyne incognita ile bulasik koklerde N'nin
bireysel uygulamasinda taze kok ve siirgiin agirligi, kok ve siirgiin uzunlugu ile yaprak/bitki sayisinda artig
goriiliirken, koklerde ur, disi, yumurta paketi ve topraktaki larva yogunlugunda azalma gézlenmistir (Abbas vd.,
2022). Ancak fazla azot hastalik ve sokucu emici agiz yapisina sahip zararlilara kargi bitkiyi duyarli hale
getirmektedir (Fageria vd., 2011). Azot birikimi yeni dokularin iretilmesine neden olur ve vejetatif durumu
genisletebilir ve koklerde beslenme alanlarinin sayisim artirdigi igin nematod saldirisim tesvik edebilir. Ote
yandan, azotu yetersiz olan bir bitki zayif diiser, biiylime yavaglar ve daha duyarli hale gelir (Ferraz vd., 2010).

Azotun amonyum (NH4+) veya nitrat (NO3-) formu nematod parazitizminde daha dénemli bir faktordiir (Ferraz
vd., 2010). Giibrelerde ve organik maddelerde bulunan amonyum formundaki azot, ayrigsmasi sirasinda topraga
serbest amonyak (NH3) salinmasi nedeniyle nematodlar iizerinde nitrat formundan daha fazla zarar
olusturmaktadir. Amonyagin nematisidal 6zelligi esasen topraga uygulandigi noktanin gevresindeki plazmitik
etkisine baglidir. Ayrica, toprakta bulunan bir¢ok fungus amonyum formunda azotu tercih eder, bu da nematodu
parazitleyen funguslarin ¢ogalmasini tesvik etmesi anlamina gelmektedir (Rodriguez-Kabana, 1986). Amonyum
azotunun nematisidal etkisi nedeniyle iire, topraktaki iireazin etkisi ile hizla amonyaka doniistiigii i¢in bircok
aragtirmanin konusu olmustur (Akhtar & Malik, 2000). Ure 300 kg N ha''den daha yiiksek dozlarda
uygulandiginda iyi bir nematisit 6zelligi gostermektedir. Bununla birlikte, bu seviyedeki dozlar diisiik C: N
oranina bagli olarak fitotoksik olabilir. Bu nedenle, ek bir karbon kaynag: ile birlikte iire uygulanmasi, giibrenin
fitotoksik etkisinin azaltilmasinin yani sira nematodlarin kontroliinde uygulanabilir bir yontemdir (Huebner vd.,
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1983). Seifi & Bide (2013), Iran'da yiiriittiikleri calismada, iire ve bazi mineral giibrelerin, tahil kist nematodu
Heterodera filipjevi popiilasyonlarin1 bugdayda 6nemli 6l¢iide disiirdiigiinii bulmuslardir. Al-Hazmi & Dawabah
(2014), Suudi Arabistan'da bugdayda H. avenae iizerinde Fenamiphos ve iirenin en iyi kontrolii sagladigini, bunu
NPK giibrelerinin izledigini saptanislardir. Ure ve fenamifos kombine uygulamasi, kist/kok sistemi sayisini
azaltmada ve nematod ile enfekte olan bugday bitkilerinin bilyiimesinde Onemli etkiye neden olmustur.
Meloidogyne javanica ur sayist NPK (azot, fosfor, potasyum taban giibresi) veya iire giibresi uygulandiginda
azalmaktadir (Irshad vd., 2006). NPK ile birlikte nematisit Oxamyl'in M. incognita'y1 kontrol altina aldigi ve
domates verimi artis1 izerinde dnemli bir artis saglandig bilinmektedir (Hamida vd., 2015). Farahat vd., (2012)
ise kompostun ticari NPK ile kombinasyonunun M. incognita'nin kontroliinde ve domates verimini arttirmada
etkili oldugunu bulmustur. Ketabchi vd. (2016), M. incognita'y baskilamada Serratia sp. bakteri uygulamasi ile
tire giibresi kombinasyonunun Pseudomonas fluorescens CHAO ve P. putida uygulamalarindan daha etkili
oldugunu tespit etmislerdir. Bugdayda kok lezyon nematodu Pratylenchus thornei zararmin, bitki tistlerindeki N
ve P konsantrasyonlarini ve alimlarini sinirlayarak bugday verimini azalttigi, erken baglayan ve bitkinin yagam
boyunca devam eden zayif biiyiimeye neden oldugu bildirilmektedir (Thompson & Clewett, 2021). Baz
arastiricilar nematod popiilasyonundaki baskilamanin, kimyasallarin NPK ile birlikte uygulanmasinda arttigini
belirtmislerdir (Hemmatia & Saeedizadehb, 2020; Abbas vd. 2022).

Bitkiler ATP, sekerler ve niikleik asitlerin olugmas i¢in fosfora ihtiya¢ duymaktadir. Fosfor (P), hiicre boliinmesi,
cicek ve meyve olusumunda dnemli rol oynar. Bitkilerin olgunlasmasini hizlandirir. Bitkinin hastalik etmenleri ve
zararlilara karsi direncini artirir. Bitki koklerinin suyu almasini diizenleyerek suyun etkili bir sekilde kullanilmasini
saglar (Bolat & Kara, 2017). Nematodlarin kontroliinde fosforun etkisi, kullanilan kaynaga bagli olarak degisebilir.
Uclii siiperfosfat seklinde fosfor uygulamasi, soya fasulyesi, misir ve pamukta kullamldiginda P. scribneri'in
kontroliinde tek siiperfosfat uygulamasindan daha etkili olmustur (Collins & Rodriguez-Kébana, 1971).
Mikroorganizmalarin kontroliinde fosfitin etkinligi 2 faktore baglanmaktadir. Birincisi, patojenlere kars1 dogrudan
mikrobik etkinliktir (Guest & Grant, 1991). ikincisi, fitoaleksinlerin iiretimi gibi bitki savunma mekanizmalarimni
uyarabilme kabiliyetidir (Derks & Creasy, 1989). Potasyum fosfit misirdaki P. brachyurus popiilasyonunu 6nemli
oranda azaltmustir (Dias-Arieira vd., 2012b). Salgado vd. (2007), potasyum fosfit uygulamasinin M. exigua
larvalarinda dogrudan 6ldiiriicii etkisi olmadigini ancak larvalarin ur olusturma siiresini uzattigini ve bitkinin bu
stirede daha dayamikli hale geldigini dolayisiyla bitkinin daha az zarar gérdiigiinii bildirmislerdir. Carling vd.
(1996), sera kosullarinda yer fistiginda bitki biiylimesi ve verimde iki arbuskiiler mikorizal fungus (AMF), M.
arenaria ve fosfor (P) giibrelemesinin (0, 25, 75 ve 125 mg/g toprak) bireysel ve kombine etkilerini belirlemistir.
En iyi biiyiime ve verim, 75 ve 125 mg P uygulamasinda bulunmustur. iki diisiik P seviyesinin AMF ile olan
kombinasyonunda bitki gelisiminin AMF tarafindan uyarildigi ve M. arenaria gelisimini azalttig1 belirtilmistir.
Yiiksek P seviyesinin mikoriza kombinasyonu ise bitki toleransini arttirmig ve M. arenaria daha fazla yumurta
paketi ve gal olusturmustur. Azotun yam sira, fosforun kdk gelisimini arttirdigi ve kok sogurma kapasitesi ile
birlikte konakg1 toleransini arttirdigr (Hussey & Roncadori, 1982) ve nematod ¢ogalmasini olumsuz etkileyen
toprak pH'sin1 azalttigi bilinmektedir (Pant vd., 1983).

Potasyum (K) enzim ve koenzimlerin aktivasyonunda, fotosentez, protein, nisasta olusumu ve seker transferi
olaylarinda bitkiler tarafindan kullanilmaktadir (Bolat & Kara, 2017). Potasyum ile yeterli bitki beslemenin
yapilmasinin, patojenlerin penetrasyonuna ve gelisimine karsi artan direng nedeniyle hastalik olusumunu azalttig1
diistiniilmektedir ve hastaliklar iizerinde en fazla etkiye sahip besin olarak kabul edilmektedir. Perrenoud (1990),
2449 kaynagi tarayarak yaptig1 ¢caliymada K'nin fungal hastaliklarinin goriilme sikligimi %70, bakteri sayisint %69,
bocekleri ve akarlart %63, viriisleri %41 ve nematodlar1 %33 oraninda diisiirdiigiini bildirmistir. Barbosa vd.
(2010), direngli ve duyarli soya fasulyesi gesitlerinde H. glycines popiilasyonlar1 iizerinde potasyumlu giibre (tekli
ve c¢oklu dozlar) kullanimini degerlendirmis ve hassas gesitte artan potasyum dozlarinin, kdk sisteminde disi
sayisinl ve nematod ireme faktoriinii azalttigim gozlemlemistir. Potasyumlu giibreler bitkinin kok sistemini
artirdign igin turunggillerde Tylenchulus semipenetrans ve pamukta Rotylenchus reniformis nematod
popiilasyonlarinda artisa neden olmustur (Pettigrew vd., 2005). Pamukta mevcut potasyum diizeyinin yiiksek
olmast durumunda R. reniformis zararmnin daha diisiik oldugu bildirilmektedir (Oteifa & Elgindi, 1976).
Potasyumdan eksik kosullar altinda yetistirilen pamuk bitkilerinde M. incognita daha fazla gal olusturmustur
(Minton & Ebelhar, 1991). Hanson vd. (1988), tarlada yetistirilmis soya fasulyesi bitkilerinde farkli K
uygulamalari arasinda soya kist nematodunun olusturdugu kist sayilari arasinda fark bulamamigtir. Spiegel vd.
(1982), K+ besin faktoriiniin nematodun erkek/disi orani iizerinde herhangi bir etkisi olmadigini saptamistir.
Arslan vd. (2020), potasyum uygulamasinin domates bitkilerinde M. incognita’nin verdigi zarar1 azaltabilecegini
belirtmiglerdir. Domateste bitki bilylimesini iyilestirmede ve M. incognita’nin baskilanmasinda N+P
uygulamasinin N+K ve P+K uygulamalarindan daha etkili oldugu bulunurken, NPK {i¢lii uygulamanimn tiim
uygulamalardan daha etkili oldugu bildirilmistir (Abbas vd., 2022).
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Kalsiyum (Ca) hiicre duvar1 yapisini diizenleyen bitki besin elementi olarak bilinmektedir ve protein olusumunda
ve karbonhidratlarin taginmasinda 6nemli rol oynar (McCauley vd., 2009). Kalsiyum bitkilerde kok salgisi
tizerinde etkilidir. Yeterli kalsiyumun olmas: durumunda bitkiler hastaliklara kars1 daha dayaniklidir (Epstein &
Bloom, 2004; Kacar & Katkat, 2010). Kalsiyum eksikli bitkiler nematod saldirisina kargi daha hassastir
(Hurchanik vd., 2003). Kabuklu karides (CaC2) uygulamasi, M. incognita'nin ur, yumurta paketi ve larvalarin
sayisin1 azaltmada etkili olmustur (Mohamed & Youssef, 2009). Kalsiyum oraninin artirilmasi, hiicrelerin
direncini artirmakta ve nematodun kok enfeksiyonunu azaltmaktadir (Rocha vd., 2006). Oteifa & EI-Gindi (1962),
M. incognita ile enfekte domates bitkisinin iist aksaminda diisiik konsantrasyonlarda NPK, sodyum, kalsiyum ve
magnezyum bulmus ve asir1 derecede ur bulunan domates koklerinin yeterli miktarda besleyici maddeyi vejetatif
organlara aktaramadiklarini gostermistir. Dutra vd. (2004), fasiilye, domates ve kahvede kalsiyum silikat
uygulanan koklerde Meloidogyne tiirlerinin yumurta paketi ve yumurta sayisinda azalma oldugunu bildirmistir.

Magnezyum (Mg) fotosentezde dnemli bir rol oynadigi i¢in hayatin devamliligini saglayan anahtar elementlerden
birisidir. Ayrica ATP’nin yapiminda, protein sentezinde, ¢ok sayida enzimin aktivasyonunda, fosfor gibi diger
elementlerin alinmasinda, karbon dioksit asimilasyonunda rol oynamaktadir (Gardiner & Miller, 2008; McCauley
vd., 2009; Kacar & Katkat, 2010; Bolat & Kara, 2017). Magnezyumun degisik formlar1 mevcuttur ve nematod ile
yapilan ¢aligmalarda daha ¢ok siilfat formunun kullanildig1 goriilmiistiir. Magnezyum siilfat (MgSo4)’in soya
fasiilyesinde M. incognita enfeksiyonu 6nemli oranda baskiladigi belirtilmistir (Kheir vd., 2009). Gad (2013), sera
kosullar1 altinda bamyada magnezyum siilfatin 15 g/bitki uygulamasinin M. incognita gelisiminin azaltilmasinda
etkili bulmustur. Magnezyum oksit nanopartikiillerinin in vitro kosullarda M. incognita’nin yumurtadan larva
cikigini engelledigini ve larvalar tizerinde 6ldiiriicii etkisi oldugu bildirilmistir (Khan vd., 2022a).

Kiikiirt (S) organik maddenin yapisina giren bir elementtir. Aminoasitlerden sistein, sistin ve metionin ile
proteinlerin bilesiminde bulunur. Klorofil olusumu igin gereklidir (Bolat & Kara, 2017). Kiikiirt bitkilerin
hastaliklara karsi direncini artirir, bitkilerin kok bolgesinden besin maddelerini daha rahat almasini saglar,
meyvelerin kalitesini artirir ve muhafazada diren¢ kazandirir. Ayrica toprak yapisini iyilestirerek fazla giibre
kullanimini 6nler (Giines & Sénmez, 2019). Kiikiirt uygulamasinin siiper oksid dismutaz (SOD) enzim aktivitesini
artirdig1 ve bitki dayanikliliginin arttigi bilinmektedir (Bybordi & Mamedov, 2010; Zenda vd., 2017; Shoja vd.,
2018). Nematod gibi cesitli stres kosullarina maruz kalan bitkilerde bitki toleransinin artirilmasi igin S
uygulamalar1 biiyiik 6nem arz etmektedir. Rumiani vd. (2016), hiyarda topraga 100 mg/kg siilfiir uygulamasinda
M. incognita’nin tiremesinin %70 oraninda baskilandigini bulmuslardir.

Cinko (Zn) igeren 80'den fazla protein bildirilmistir. Karbonik anhidraz, siiperoksit dismutaz ve alkol dehidrojenaz
enzimlerinde oldugu gibi, birgok enzim aktif bolgede ¢inko gerektirir. Diger enzimlerde, ¢inko proteinin ayrilmaz
bir bilesenidir ancak aktif bolgenin yakininda degildir. Cinko iyonlari, DNA'ya baglanan protein alaninin
konformasyonunu diizenler. Bu hususlar, ¢inko eksikliginin bilyiime {izerindeki inhibe edici etkilerinden birinin
yetersiz protein sentezinden kaynaklanabilecegini gostermektedir (Epstein & Bloom, 2004). Nematodlar
eksudatlar tarafindan g¢ekildiginden, ¢inko eksik bitkilerdeki yiiksek kok sizintist bu parazitleri ¢ekebilir ve bu
nedenle enfeksiyon siirecini hizlandirir (Streeter vd., 2001). Bununla birlikte, ¢inko Pseudomonas aeruginosa IE-
6S ve P. fluorescens CHAOQ'un aktivitesini arttirmig ve M. javanica'nin biyolojik kontroliine yardimci olmustur
(Siddiqui & Shaukat, 2002). Siddiqui vd. (2002), tek basina veya P. aeruginosa IE-6S ile kombine edilmis olsun
olmasin, kg? toprak basina 0.8 veya 1.6 mg ¢inko uygulandifinda topraktaki degisikliklerin M. javanica'min
domates koklerine penetrasyonunu 6nemli 6l¢iide azalttigini dogrulamistir. Shaukat & Siddiqui (2003), ¢inkonun
tek bagma uygulandigi durumlarda bile M. javanica sayisinin azalmasina neden oldugunu bildirmistir. Bu
calismalar ¢inko'nun, biyokontrol olarak kullanilan bakterilerin antimikrobik polipeptid biyosentezini uyarmasi,
mikrobik topluluklarin yapisimi ve bitkilerin fizyolojisini degistirmesi nedeniyle nematodlarin kontroliinde
kullanilabilecegini gostermektedir (Siddiqui & Shaukat, 2002; Shaukat & Siddiqui, 2003). Charegani vd. (2010),
hiyar yetistirilen serada yiiriittiikleri ¢caligmada 100 mg/kg azot, 100 mg/kg fosfor, 5 mg/kg ¢inko ve 2.5 mg/kg
demir uygulamislar ve bitki biiyiime parametrelerinde 6nemli bir artis tespit etmislerdir. Bununla birlikte serada
M. incognita ur ve yumurta paketi sayisinda énemli diisiigler bulunmustur.

Manganez (Mn), tirozin gibi aromatik amino asitler ile lignin ve flavonoidler gibi bir dizi diger ikincil bilesigin
biyosentezinden sorumludur (Barker & Pilbeam, 2007). Mn*2, fenilalanin amonyak liyaz (PAL) enzimini etkiler
ve lignin biyosentezi igin gerekli olan peroksidazlar1 uyarir. Manganez eksik bitkilerdeki diisiik lignin igerigi, bu
elementin lignin biyosentezindeki bir dizi asamada ihtiya¢ duyuldugunun bir gostergesidir ve kdk materyali
miktarindaki azalma, patojen saldirisina karsi bitki direncini diisiirmeye katkida bulunur (Marschner, 1997).
Hurchanik vd. (2004), M. konaensis'in kahve plantasyonlarinda manganez ve bakirin emilmesini 6nemli 6lgiide
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azalttigim gozlemlemistir. Coyne vd. (2004), regresyon analizi sonucu M. incognita ile Mn ve Ca arasinda, P. zeae
ile Zn veya demir (Fe) arasinda negatif bir korelasyon oldugunu ortaya koymustur.

Bakir (Cu) hiicre duvarlariin olusumunu ve kimyasal bilesimini etkiler (Marschner, 1997). Fancelli (2008), Cu
ve Mn'nin bitki savunmasinda en énemli mikro besin elementleri oldugunu bildirmektedir. Pestisit olarak bakir
bazli formiilasyonlar, bitki korumada uzun siiredir kullanilmaktadir. Nano boyutlardaki bakir, 6nemli 6lgiide daha
diisiik bir oranda daha biiyiik bir aktif bakir formu olusturmaktadir. Bakir nanopargaciklarinin ve bunlarin
kompozitlerinin ¢esitli bitki hastaliklarini ve mikroorganizmalari kontrol etmede potansiyel olduklari belirtilmistir
(Ingle vd., 2014; Van-Viet vd., 2016). Khan vd. (2022b), bakir oksit nanopartikiillerinin (CuONPs) M.
incognita'nin neden oldugu kok enfeksiyonunu 6nemli 6l¢iide azalttigini gostermistir.

Topraga uygulanan sodyum azidin graniil formiilasyonlarinin yabanci otlara, nematodlara ve toprak kaynakli
fitopatojenik mantarlara karst genis spektrumlu etkinlige sahip oldugu bilinmektedir (Rodriguez-Kabana &
Robertson, 2000a,b).

2. Sonug ve Oneriler

Bitki paraziti nematodlarin miicadelesi olduk¢a zordur. Bu organizmalarla miicadele edebilmek i¢in farkli
yontemleri birlikte uygulamak gerekebilir. Inorganik giibrelerin kullaniminin nematod popiilasyonunun
diistiriilmesinde etkili oldugu goriilmektedir. Giibrelemenin tek bagina bitki paraziti nematodlar1 kontrol etmesi
s0z konusu degildir. Bu nedenle, giibreleme programlari entegre miicadele yontemlerine ilave edilmelidir. Baz1
aragtiricilar nematod popiilasyonundaki baskilamanin, kimyasallarin NPK ile birlikte uygulanmasinda arttigini
bildirmistir. Makro ve mikro besin maddelerinin topraga dengeli bir sekilde uygulanmasi, bitkinin nematodlarin
neden oldugu zararlardan daha az etkilenmesine imkan sunmaktadir. Ayrica besin elementleri konukgu bitkide
diren¢ ya da tolerans: artirabilmektedirler. Ancak mineral beslenmenin nematodlardan kaynaklanan zararlar
tizerine etkisi hakkinda ¢ok az ¢aligma bulunmaktadir. Bitki paraziti nematod ve bitki besin elementleri ile ilgili
ayrintili ¢aligmalarin yapilmasi gerekmektedir. Nematodlara karst miicadele igin entegre sistem igerisinde yeni
giibreleme programlarinin olusturulmasi ve bitki besin elementleri ile nematisit uygulamalarinin interaksiyon
calismalar1 yapilmalidir.
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Oz

Propolis, bilinen en iinlii ar1 tirtinlerinden biridir. Bal arilar1 propolisi, yesil bitkilerin ve agaglarin geng tomurcuk,
yaprak ve govde gibi farkli kisimlarindan topladiklart regineleri salgi bezlerinden salgiladiklari enzimlerle
isleyerek olugtururlar. Terapotik o6zellikleri ve farmakolojik uygulamalarindan dolayr yiizyillardir halk
hekimliginde kullanilan bu kovan iriiniiniin, bitki kaynagina gore, Yesil propolis, Kirmizi Propolis, Akdeniz
propolisi, Kavak Propolisi, Hus Propolisi, Clusia Propolisi ve Pasifik Propolisi olmak iizere ¢ok cesitli tiirii
mevcuttur. Sogukken sert ve kirilgan olan propolis, 1sitildiginda yumusak ve yapiskan olup, kahverengi, yesil ve
kirmizi renkte olabilir. Bal arilari, propolisi kovanlarindaki ya da peteklerindeki delikleri kapatmak ve patojenlere
kars1 korumak i¢in kullanirlar. Birgok ar1 patojenine karst detoksifikasyon 6zelliginden dolay1 propolis, koloni
refahi icin ¢ok 6nemlidir Ozellikle kovandaki ¢iiriime sirasinda bakteri veya kiif gelisimi propolis ile énlenir ve
kovan sagligi korunmus olur. Propolisin kimyasal igeriginde bitki reginesi, balmumu, polen ve ugucu yaglar
baskindir. Propolisin zengin ve karmagik kimyasal igerigi, bitki kaynagi, cografik konum, hasat mevsimi ve bal
arisinin tipi gibi bir¢ok faktdrle yakindan iligkilidir. Propolisin kimyasal igeriginde, alifatik ve aromatik asitler,
fenolik esterler, yag asitleri, alkoller, terpenler, steroidler, alkaloitler, krisin, pinosembrin, apigenin, galangin,
kamferol, kersetin, sinnamik asit, kumarik asit ve kafeik asit gibi gii¢lii antioksidan aktiviteye sahip bilesikler
mevcuttur. Propolisin giiglii antioksidan etkili gok sayida aktif bilesen igermesi, onun tiimor gelisimini durdurucu
etkisini de 6n plana ¢ikarmistir. Giiniimiizde diinyada kansere bagli 6liim oraninda artis vardir. Bu nedenle bilim
insanlar1 kanserle miicadelede etkili yeni antikanser ajanlarini aramaya yogunlagmistir. Literatiirdeki bilimsel
raporlar, propolisin kanser hiicrelerinin baskilanmasinda 6nemli rol oynadigini géstermektedir. Propolisin gesitli
timor hiicreleri {izerine antikanser etkisi apoptoz indiiksiyonu, hiicre dongiisii inhibisyonu, anti-anjiyogenez etki,
antiproliferatif etki ve metastazin 6nlenmesi gibi ¢esitli mekanizmalarla gergeklestigi birgok arastirmaci tarafindan
in vivo ve in vitro deneylerle kanitlanmustir. Ozellikle artepillin C, sinnamik asit, kafeik asit ve kafeik asit fenetil
ester gibi yliksek antikanser kapasitesine sahip metabolitlerin varlig1, kanser aragtirmalarini birgok yonden dnemli
Olgiide etkilemis ve aragtirmacilarin kanserle miicadelesinde yeni stratejiler gelistirmesine de yardimci olmustur.
Bu derleme ile antikanser ajan arayiginda propolisin 6nemi vurgulanmigtir.

Anahtar Kelimeler: Propolis, antikanser etki, kimyasal icerik

AN OVERVIEW OF THE ANTICANCER ACTIVITY OF PROPOLIS

Extended Abstract

Propolis is one of the most well-known bee products. Honeybees produce propolis by processing the resins they
collect from different parts of green plants and trees, such as young buds, leaves and stems, with enzymes they
secrete from their glands. This hive product, which has been traditionally used in folk medicine for centuries
because of therapeutic properties and pharmacological applications, has a wide variety of types according to plant
source, such as Green propolis, Red Propolis, Mediterranean Propolis, Poplar Propolis, Birch Propolis, Clusia
Propolis and Pacific Propolis. Propolis, which is hard and brittle when cold, is soft and sticky when heated and
can be brown, green and red in color. Honeybees use propolis to seal holes in their hives or honeycombs and to
protect themselves against pathogens. Propolis is very important for colony welfare due to its detoxifying
properties against various bee pathogens. Especially during the rotting in the hive, the growth of bacteria or mold
is prevented with propolis and the health of hive is preserved. Plant resin, wax, pollen and essential oils are major
components of propolis. The complex chemical content of propolis is closely related to many factors such as plant
source, geographic region, harvest season and type of honeybees. There are many compounds with strong
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antioxidant activity such as aliphatic and aromatic acids, phenolic esters, fatty acids, alcohols, terpenes, steroids,
alkaloids, chrysin, pinocembrin, apigenin, galangin, campherol, quercetin, cinnamic acid, coumaric acid and
caffeic acid in the chemical content of propolis. The fact that propolis contains many active ingredients with strong
antioxidant effects has also highlighted its tumor inhibitory effect. Today, there is an increase in the death rate due
to cancer in the world. For this reason, scientists have focused on searching for new anticancer agents that are
effective against cancer. Many scientific reports in the literature showed that propolis plays an important role in
suppressing cancer cells. The anticancer activity of propolis on various tumor cells has been proven by in vivo and
in vitro experiments by different cell mechanisms such as apoptosis induction, cell cycle inhibition, anti-
angiogenesis effect, antiproliferative effect and prevention of metastasis. In particular, the presence of metabolites
with high anticancer capacity, especially artepillin C, caffeic acid and caffeic acid phenethyl ester, has significantly
affected cancer research in many ways and have helped researchers develop new strategies in the fight against the
cancer. With this review, the importance of propolis in the search for anticancer agents was emphasized.

Key Words: Propolis, anticancer effect, chemical compound
1. Girig

Propolis, arilarin farkli bitkisel kaynaklarin tomurcuk, yaprak ve gévde gibi farkli organlarindan salgilanan
maddeleri (recineler) baslarinda bulunan salgi bezlerinden salgiladiklar1 enzimlerle isleyerek olusturduklari, regine
benzeri kompleks bir {irlindiir. Arilar, propolisi kovanlarindaki ya da peteklerindeki delikleri kapatmak, ic
duvarlar1 diizlestirmek ve girisi davetsiz misafirlere kars1 korumak i¢in kullanirlar. Sakiz anlamina da gelen bu
giiclii yapiskan ve regineli maddenin rengi acik saridan koyu kahverengiye kadar degisebilir. Propolisin en az MO
300 yilina kadar giden uzun bir kullanim tarihi oldugu bilinir (Ghisalberti, 1979). Propolis gibi tiim ar1 iiriinlerin
giiclii antiseptik, antimikrobiyal, antiinflamatuar ve antioksidan gibi sayilamayacak kadar cesitli &zellikleri,
arilarin diinyanin her yerinde yayilis gdstermelerine neden olmustur. Urettikleri bu giiglii savunma silah1 olan
maddelerin gesitliligi, onlarin evrimsel basarisini da saglamistir. Arilar kimi maddeleri dogrudan sentezlerken
kimilerini dogadaki ham maddeleri déniistiirerek olusturmuslardir. Ornegin; ar1 zehri, balmumu ve ar siitii
kimyasal olarak arilar tarafindan sentezlenirken bal, polen ve propolis gibi iiriinler arilarin bitkilerden aldiklar
ham maddeleri islemek suretiyle doniistiirdiikleri gida maddeleridir (Bankova vd., 2018; Nasirli, 2020). Arilar
propolisi sadece peteklerini giiglendirmek ve ¢atlaklar1 kapatmak amaciyla kullanmaz ayni1 zaman da kovandaki
6lii bir armin ciiriimesini kolaylastirmak i¢inde kullanir. Ozellikle kovandaki ciiriime sirasinda bakteri veya kiif
geligimi propolis ile dnlenmis ve boylece kovan saglig1 korunmus olur. S6ziin kisasi, bir¢ok ar1 patojenlerine karsi
detoksifikasyon 6zelliginden dolay1 propolis, koloni refahi i¢in ¢ok énemlidir (Simone vd., 2009; Simone vd.,
2017).

Propolis, kanitlanmis gii¢lii antioksidan, antimikrobiyal, antibiyofilm ve antikanser etkili aktif bir¢ok bilesik
yoniinden oldukga zengindir (Nasirli, 2020). Bu nedenle kanser, kalp hastaliklar1 ve diyabete kadar birgok ciddi
hastaliklarin tedavisinde kullanilabilecegini rapor eden bilimsel ¢alismalar mevcuttur. Bu derlemede, propolisin
antikanser potansiyeline odaklanilmis olup, okuyucularin propolis hakkindaki bildiklerinin bilimsel ¢aligmalarla
desteklenmesi amaglanmistir. Boylece okuyucu kitlesindeki birey ve toplumsal farkindalik arttirilarak, bu tiir dogal
iirtinlerin kaynaklarinin ve diinyanin korunmasina belki farkli bir yoldan katki sunabiliriz.

2. Propolisin Kimyasal igerigi

Propolisin kimyasal 6zellikleri cografi konum, botanik kdken ve bal arilarinin wrkr ile iligkili olmakla birlikte
propolisin toplandig: yil, mevsim, hasat yontemi ve hatta hasat sonrasi ham propolisin islenmesine gore de farklilik
gosterir. Arilarin farkli yer ve bitkilerden topladigi iirliinler degisken oldugundan yerel floradaki 6zgiilliik,
propolisin kimyasal bilesimini etkiler. Dolayisiyla propolisin biyolojik ve farmakolojik 6zellikleri de ¢ok cesitlidir
(Sforcin & Bankova, 2011). Sogukken sert ve kirilgan olan propolis, isitildiginda yumusak ve yapiskandir.
Kendisine has aromatik bir kokusu vardir; kahverengi, yesil ve kirmizi renklerde olabilir. Propolisin kimyasal
iceriginde bitki reginesi (%50), balmumu (%30), polen (%5) ve ugucu yaglar (%10) baskindir. Geri kalan %5°lik
kisminda vitaminler, makro ve mikroelementler, sinnamik ve kafeik asit gibi fenolik asitler, gok ¢esitli flavonoid
gruplari, aromatik aldehitler, terpenler, lignanlar, B-steroidler ve bunlarin prenile edilmis tiirevleri gibi cesitli
kimyasal siniflar mevcut (Huang vd., 2014; Silva-Carvalho vd., 2015) olup, propolisin kimyasal igeriginde yer
alan baz1 bilesenler Sekil 1’°de verilmistir (EI-Guendouz vd., 2019). Bitki bilesenlerinin kdkenine gore ¢ok ¢esitli
propolis tiirii mevcuttur. Ornegin Akdeniz bélgesinde bal arilart Akdeniz servisi (Cupressus sempervirens)
reginesini toplar, bu nedenle “Akdeniz propolisi” diterpenler agisindan zengindir. “Brezilya Yesil propolisi”, ana
kaynak olarak Bacchris dracunculifolia reginesini igeren 6zel bir propolis tiiriidiir; yogun olarak fenilpropanoid
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ve diterpen tiirevleri ile klorofil ve az miktarda flavonoid igerir. Kiiba, Kuzeydogu Brezilya ve Gilineydogu
Meksika’da tiretilen ve ana kaynagi papatyagillerin bir iiyesi olan Dalbergia ecastaphyllum reginesi olan “Kirmizi
Propolis”te pinobanksin, kersetin, pinosembrin ve daidzein gibi flavonoidler baskindir. Bitkisel orijini kavak
(Populus spp.) olan “Kavak Propolisi” flavanoid olarak flavonlar ve flavanonlar, fenolik asit olarak sinnamik asit
ve esterleri ile karakterizedir. Bitkisel kaynagi Hus agaci (Betula verrucosa Ehrh.) olan “Hus Propolisi” i¢eriginde
flavonlar ve flavonoller baskinken “Clusia propolisi” benzofenon tiirevleri icerir ve Clusia sp. ¢igek reginesinden
elde edilir. Tropikal bolgelere ait olan “Pasifik propolisi” ise C-prenilflavanon ile karakterizedir (Kocot vd., 2018;
Mora vd., 2019; De Oliveira vd., 2019; Zabaiou vd., 2017; Santos vd., 2020; Stojanovic vd., 2020; Forma & Bry’s,
2021). Tiirk propolisi, 3—4 dimetoksisinnamik asit, katesin, miristik asit, naringenin, protokatesuik asit, sinapik
asit, pinostrobin, daidzein, trans-salkon, hesperidin, trans-3-hidroksisinnamik asit, gallik asit, trans-sinnamik asit,
emodin, kumarik asit gibi fenolik asitlerin yan1 sira krisin, galangin, pinosembrin ve kafeik asit fenetil ester gibi
tiirevleri ve flavonoidler acisindan da zengindir (Ozdal vd., 2019; Keskin vd., 2020; Ozkék vd., 2021).
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Sekil 1. Propolisin kimyasal kompozisyonunda bulunan bazi bilesenler

3. Propolisin Antikanser Etkisi

Kanser, tedavi edilmedigi taktirde 6liimle sonuglanan ciddi bir hastaliktir. Insanlarin kansere yakalanmalarinin
nedenleri tam olarak anlagilamamis olmasina ragmen kalitsal farklilik, genetik hatalar ve bagisiklik kosullar: gibi
faktorlerin yanisira sigara, alkol ve asir1 kilo gibi etkenlerin kansere yakalanma olasiliginda 6nemli rolleri vardir.
Kanser tedavisinde cerrahi miidahalelere ek olarak uygulanan kemoterapi ve radyoterapinin farkli toksik etkileri
vardir. Bu tedavi siirecinde hastalarin yasam kaliteleri de diismektedir. Bu nedenle hastalar {izerindeki toksik
etkileri azaltmak ve degisken ruh hallerinin olusmamasi i¢in giiniimiizde gesitli antioksidan maddeler kullanilarak
immiinoterapi ile hastalarin bagisiklik sistemi gliglendirilmektedir. Bilindigi tizere propolisin gii¢lii antioksidan
(Zhao vd., 2016), antiproliferatif (Demir vd., 2016), antimikrobiyal (Mercan vd., 2006), antibiyofilm (Daikh vd.,
2020), antitilser (Klopell vd., 2007), antiviral (Amoros vd., 1992), immiinosupresan (Al-Hariri vd., 2019),
antitiimor (Orsolic” & Basic’, 2003), antiinflamasyon (Silva vd., 2012) ve kirisiklik dnleyici (An vd., 2022) etkisi
in vivo ve in vitro bilimsel ¢aligmalarla kanitlanmistir. Kanitlanmis biyolojik ve farmakolojik etkileri sayesinde
insan sagligini koruma amaciyla takviye iiriin olarak gida sektdriinde yiyecek ve igeceklerde yaygin olarak
kullanilmakta ve kanser hastalar1 i¢in de siddetle dnerilmektedir.
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3.1. Antioksidan Etkisi

Propolisin biyolojik ve farmakolojik etkisi, igeriginde bulunan ¢esitli bilesiklerin birbiriyle olan etkilesimiyle
iliskilidir. Propolis orneklerinde tanimlanan aktif bilesenler yogun olarak fenolik bilesikler, benzoik asitler,
sinnamik asitler, flavonoidler, terpenler ve bunlarimn tiirevleridir (Sekil 1). Ozellikle flavonoidler, polifenolik
bilesikler ve kafeik asit fenetil ester (CAPE) propolisin antioksidan aktivitesinden sorumlu ana maddelerdir
(Kumazawa vd., 2004; Tsai vd., 2012; Ozdal vd., 2019). Alifatik ve aromatik asitler, fenolik esterler, yag asitleri,
alkoller, terpenler, steroidler, alkaloitler, krisin, pinosembrin, apigenin, galangin, kamferol, kersetin, sinnamik asit,
o-kumarik asit, p-kumarik asit ve kafeik asit gibi kimyasal bilesiklerin de 6nemli etkileri oldugu bilinmektedir
(Kumazawa vd., 2004; Ahn vd., 2007; Tsai vd., 2012; Hosoya vd., 2021). Ornegin Marmara bolgesinden toplanan
propolisin yiiksek antioksidan kapasitesi yiiksek kafeik asit fenetil ester (CAPE) igerigiyle iliskiliyken (Ozdal vd.,
2019) Arjantin, Avustralya, Cin, Macaristan ve Yeni Zelanda'dan toplanan propolisin gii¢lii antioksidan aktivitesi
yiiksek polifenol ve flavonoid igeriginden kaynaklanmaktadir (Kumazawa vd., 2004). Ahn vd. (2007), gii¢lii
antioksidan aktiviteye sahip propolis 6rneklerinde kafeik asit, ferulik asit ve kafeik asit fenetil esterleri gibi giiglii
antioksidatif bilesiklerin miktarinin yiiksek oldugunu, diger bdlgelerden alinan &rneklerde bu bilesiklerin
bulunmadigimni rapor etmislerdir. Propolisteki flavonoidlerin giiglii antioksidan aktivitesi, bu bilesiklerdeki
aromatik bir hidroksil grubunun hidrojen atomlarint ve elektronlarini bir serbest radikale verme yetenekleri ve
aromatik halka c¢ift bag sistemindeki yiiklerin delokalizasyon olasilig: ile iligkili olabilir. Nitekim Tsai ve
arkadaslarina (2012) gore, propoliste yaygin olarak bulunan galangin, krisin ve pinosembrin gibi flavonoidler,
oksidatif DNA hasarinit indiikleme kapasitesine sahiptir ve bu kapasite hidrojen peroksit tiretimi ile iligkilidir.
Propolisteki flavonoidler, siiperoksit ve H»O, iiretmek icin oksijen molekiillerine aktarilan gecis metal
iyonlarindan alinan elektronlarin gegici tastyicilari olarak goérev yapar. Ancak bu DNA hasari, amoksisilin gibi
bagka bir oksidatif ajan ile tehdit edilen hiicrelere kiyasla, propolisle tedavi edilen hiicrelerde daha diisiiktiir (Tsai
vd., 2012). Fenolik asit ve flavonoidlerin gii¢lii antioksidan kapasitesi hidrojen vericisi, metal iyon selasyonu ve
stiperoksit ve hidroksil radikalleri igin bir substrat olarak etki gibi ¢ok farkli mekanizmalari da igerir (Giilgin vd.,
2010; Perna vd., 2012; Li vd., 2018). Bu antioksidan 6zellik, bitki kaynakli fenolik bilesiklerle yiiksek oranda
iligkili olmakla birlikte ar1 {riinleri ¢ok bilesenli dogal maddelerdir. Fenollere kiyasla daha disiik
konsantrasyonlarda olsalar da propolisin igeriginde bulunan diger mineraller, amino asitler, peptitler, proteinler,
organik asitler ve enzimler de antioksidatif maddelerdir (Giilgin vd., 2010). Propolisin bu giiglii antioksidatif etkisi,
igerigindeki tiim maddelerin tiiriinii ve konsantrasyonunu belirleyen botanik kaynak, cografi ve entomolojik kdken
ile iklim kosullartyla dogrudan iliskilidir. Genis bitki c¢esitliligine sahip olan {ilkemiz agisindan
degerlendirildiginde, yerel {iretimin 6nemi bir kez daha anlagilmaktadir.

3.2. Antianjiyogenez Etkisi

Anjiyogenez, bazilar1 genetik degisikliklerle ilgili olan, anjiyojenik ve antianjiyogenik faktorler olarak adlandirilan
bir dizi kimyasal faktor tarafindan indiiklenen, 6nceden var olan kilcal damarlardan yeni kan mikrodamarlarinin
biliyiimesini iceren fizyolojik veya fizyopatolojik bir siirectir (Dornelas vd., 2012). Anjiyogenez, timor
biiylimesinde ve metastazda 6nemli rol oynar ve bu siirecin inhibisyonu 6nemlidir. Propolisin icerdigi glicli
antioksidan 6zellikli bilesiklerin ayn1 zaman da gii¢lii antianjiyogenik &zellige sahip olmasi, bu iiriiniin kanserlerin
ve diger bazi hastaliklarin ilerlemesini onlemede yararli olabilecegini gostermektedir. Propolis, apoptozu
indiikleyerek, hiicre gdciine ve ¢ogalmasina yol agarak endotelyal hiicre canliligini azaltir (Orsoli’c vd., 2004;
Borawska vd., 2016). Propolisin antianjiyogenik aktivitesi, basta polifenoller olmak iizere birgok bilesigin sinerjik
etkisiyle iligkili oldugu disiiniilse de, propolisteki baz1 bilesiklerin bu aktiviteye ana katkis1 oldugu birkag ¢alisma
ile desteklenmistir. Ozellikle kafeik asit fenetil ester, artepillin C, galangin, kersetin, kamferol, kaffeolkuinik asit
tirevleri ve ferulenol gibi bilesenler, gliclii antianjiyogenik aktiviteye sahiptir (Ahn vd., 2009; Keshavarz vd.,
2009; Chikaraishi vd., 2010; Park vd., 2014; Hosoya vd., 2021). Ornegin, kafeik asit, fare modelinde retinal
toksisite olmaksizin retinal endotelyal hiicrelere ve retinal neovaskiilarizasyona karst giiglii antianjiyojenik
aktiviteye sahiptir ve Vaskiiler Endotelyal Biiyiime Faktorii (VEGF) ile indiiklenen hiicre gocii ile hiicrelerin tiip
olusumunu tamamen inhibe edebilmektedir (Kim vd., 2009). Cezayir propolisinde ana bilesen olan ferulenol,
Gobek Kordonu Endotel Hiicre (HUVEC) kiiltiirii ile inkiibasyondan sonra endotelyal hiicrelerde tiip olusumunu
inhibe etmis ve apoptozu in vitro olarak indiikleyerek antianjiyogenez sergilemistir (Hosoya vd., 2021).

3.3. Antitiimor Etkisi

Propolisin ¢esitli timdr hiicre hatlari tizerinde aragtirilan in vitro sitotoksik etkisi (Watanabe vd., 2011; Daikh vd.,
2020) hayvan modellerinde in vivo olarak da kanitlanmustir (Inoue vd., 2008; Mouse vd., 2012). Propolisin timor
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hiicreleri iizerine olan bu giiclii etkisi, yaygin olarak apoptoz indiiksiyonu, hiicre dongiisii inhibisyonu, anti-
anjiyogenez etki, antiproliferatif aktivitesi ve metastazin onlenmesi ile iliskilendirilmistir (Sforcin & Bankova,
2011; Watanabe vd., 2011; Chan vd., 2013; Patel, 2016). Ornegin, kafeik asit fenetil ester ve artepilin C, antitiimor
etkisi iyi bilinen propolis bilesenidir; ek olarak krisin, galangin ve kardanoliin hem antitiimér potansiyeli hem de
antiproliferatif aktivitesi dikkat ¢ekicidir (Chan vd., 2013; Demestre vd., 2009; Murray vd., 2006). Propoliste
bulunan kafeik asit, kafeik asit fenetil ester ve kuersetin gibi aktif bilesikler, Tiimor Nekroz Faktor (TNF-a), H20;
ve NO gibi aract molekiillerin makrofajlardan salinmasina neden olarak tiimor hiicrelerinin DNA sentezinin
inhibisyonu ile tiimor hiicrelerini yok etmektedir (Orsolic vd., 2004). Lee vd. (2008), kafeik asit fenetil esterin,
matriks metalloproteinaz-2 ve matriks metalloproteinaz-9 ekspresyonunu tamamen ortadan kaldirarak insan
hepatoseliiler karsinom hiicrelerinin (SK-Hep1) yapisma ve istila potansiyelini baskilamasini niikleer faktor kappa
B (NFkB)’nin DNA baglama aktivitesini inhibe etmesiyle iliskilendirmislerdir (Lee vd., 2008). Bir bagka tiimor
hiicre tipinin arastirildig1 calismada ise, kafeik asit fenetil ester ve artepillin C, periferik sinir kilifi timorleri olan
norofibromlar {izerine terapotik etkisini onkojenik PAK1 sinyal yollarimi bloke etmek suretiyle gdstermistir
(Demestre vd., 2009). Tiirk propolisinin etanol 6ziitii, mitokondriyal membran potensiyelini azaltan pro-apoptotik
protein seviyelerini artirarak (p21, Bax, p53, p53-Ser46, ve p53-Serl5), ve spesifik tiimor baskilayicilarin (mMiR-
34, miR-15a, ve miR-16-5p) ve onkojenik (miR-21) miRNA'larin ekspresyon seviyelerini degistirerek apoptotik
hiicre 6liimiine yol agmistir (Misir vd., 2020).

3.4. Metastazi Onleme Etkisi

Metastaz, kanser hiicrelerinin kan dolasimi veya lenf sistemi yoluyla birincil bolgeden ikincil bolgelere hareket
etmesi olgusudur. Cesitli kanser fenotiplerinin doku mikrogevresi, mikroRNA'lar, epigenetik mekanizmalar, p53,
VEGF ve Wnt sinyal yollar1 gibi birgok faktdr kanserin ilerlemesine ve metastazina katkida bulunur (Donehower
vd., 2019; Wang & Jiang, 2020; Taciak vd., 2018; Albini vd., 2018; Pilyugin vd., 2014; Dawson & Kouzarides,
2012). Ornegin, PI3K/AKT sinyal yolu, hiicre biiyiimesi, gogalmasi, hayatta kalma, kemotaksis, inflamatuar yanit
ve apoptoz gibi ¢esitli hiicre aktivitelerini diizenlemek igin ¢ok 6nemlidir (Saini vd., 2013). Bu sinyal yolunu
baskilamak i¢in yapilan bir ¢aligmada, antitimor etkili propolis bileseni olan galangin ile muamele edilen insan
girtlak kanser hiicrelerinin hiicre gdciinde ve invazyon yeteneginde azalma gozlenmis ve PI3K/AKT sinyal
yolunun inaktive edildigi rapor edilmistir (Wang & Tang, 2017). Kafeik asit fenetil esterin prostat kanseri hiicreleri
iizerine antimetastaz etkisi, kanonik Wnt sinyal yollarini baskilamak suretiyle ger¢eklesmistir (Tseng vd., 2016).
Bilindigi iizere, Wnt sinyal ileti yolu eger hiicre postnatal donemdeyken aktive olursa kolon, prostat, rahim ve
karaciger kanseri gibi bir¢ok kanser tiiriiniin patogenezine neden olur. Bu sinyal yolunun kafeik asit fenetil ester
ile baskilanarak prostat kanserinin yayilmasinin 6nlenmesiyle iligkili bu ¢aligma oldukga dikkate degerdir. Benzer
sekilde, niikleer faktor kappa B (NF-kB), Jun-N-terminal kinaz (JNK), kaspaz-3, aktivator protein-1 ve timor
nekroz faktorii dahil olmak iizere antitiimor aktivitesinde yer alan birgok molekiille birlikte kafeik asit fenetil ester,
pankreatik kanser hiicrelerinde insan notrofil elastaz ile dogrudan etkilesime girerek hiicre gogilinii ve biiylimesini
de engellemistir (Duan vd., 2017).

4. Sonug ve Oneriler

Propolis, kanitlanmis birgok biyolojik ve farmakolojik 6zelliklerinden dolay1 bilimsel ¢aligmalarin 6nemli konusu
olmustur. Insan sagliginm1 koruyabilecegi veya giiclendirebilecegi diisiiniildiigii icin sadece ila¢ sanayinde degil
ayn1 zaman da gida sektoriinde de yiyecek ve igeceklerde yaygin olarak kullanilmaktadir. Propolisin giiclii
antioksidan etkili ¢cok sayida aktif bilesen icermesi, onun tiimor gelisimini durdurucu etkisini de 6n plana
¢ikarmistir. Antikanser etkili karmasik bir dogal {iriin olarak propolisin farkl tip kanser hiicrelerinde 6nemli hiicre
ici mekanizmalara etkilerini ortaya koyan ¢ok sayida bilimsel ¢alisma mevcuttur. Giiniimiizde arastirmacilar,
propolisin; hiicre igi yollar ve reseptorler, transkripsiyon faktorleri, apoptoz ve hiicre dongiisii durmasi gibi hiicre
ici metabolik faaliyetleri nasil etkiledigini anlamaya odaklanmistir. Propolisin kimyasal bilesimi, biiyiik l¢iide ar
tipine, botanik kaynaga, bolgesel farkliliga, hasat tekniklerine, toprak tipine, mevsim ve iklim degisiklikleri gibi
faktorlere bagli olsa da her propolis tipinin gii¢lii antikanser etkili kimyasal bilesikler yoniinden zengin bir dogal
kaynak oldugu siiphe gotiirmemektedir. Diinyanin farkli bélgelerinden alinan propolis 6rneklerinde tanimlanmis
¢ok sayida biyoaktif bilesenin (fenolik bilesikler, benzoik asitler, sinnamik asitler, artepillin C, kafeik asit,
flavonoidler, terpenler ve bunlarin tiirevleri) varlifi ve bunlarin giiclii farmakolojik 6zellikleri bilimsel
caligmalarda rapor edilmistir. Ustelik son yillarda yapilan bilimsel arastirmalar, propolisin igeriginde yeni
bilesikler ve eser elementlerin varligini da gostermektedir. Bununla birlikte literatiirde bu bilesenlerle ilgili cok
sayida caligma olsa da birgok propolis bileseni iizerinde yeterince detayli ¢alismanin olmadig1 da goriilmektedir.
Ozellikle tek tek etkilerin yan1 sira yeni sinerjik etkilesimlerin anlasilmasi, kanser tipleri ve mekanizmalarin
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farklilig1 dikkate alindiginda dogal iiriinlerin kullaniminin ve korunmasinin énemi bir kez daha anlasilmaktadir.
Ozellikle Anadolu’nun essiz cografyasi, iklim ve bitki ¢esitliligi dikkate alindiginda iilkemiz icin daha bilingli ve
kontrollii sekilde endiistriyel iiretime gegmek ve kanser gibi birgok hastaligin tedavisinde kullanilacak dogal {iriin
pazarinda yerimizi korumak 6nemli olacaktir.
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ISTANBUL GENELi ALTYAPI ELEMANLARININ ARTIRILMIS
GERCEKLIKLE GORUNTULENMESININ SEHIRCILIK VE
KENT PLANLAMASINA ETKIiSI

Semanur Torlak!, Serhat Aniktar!, Erdem Kéymen®”
! {stanbul Zaim Universitesi, Mithendislik ve Doga Bilimleri Fakiiltesi, Mimarlik Boliimii, 34303, ISTANBUL

Oz

Sehirlesmenin hizli artisiyla olusan yapilasmanin siirdiiriilebilirligi i¢in altyapi sistemlerinin de diizenli olmasi
gerekmektedir. Buna kargin Turkiye’deki yeralti hatlarmin diizenli bir sekilde ve belli standartlara uygun olarak dijital
ortamda bulunmamasi bu konuda bilgi kirliligine neden olmaktadir. Bu belirsizlik ortami kurum i¢i ya da kurumlar arasi
bilgi biitiinlesmesinin saglanamamasina neden olmus, altyapiyla ilgili ¢aligmalarda 6zellikle Istanbul kapsaminda gesitli
sorunlar olusturarak, hizmet kalitesinde diisiikliige yol agnustir. Ornegin siirekli devam eden altyap1 kaz1 sirkiilasyonu
gibi faaliyetler 6zellikle istanbul’un trafik yogunlugunu arttirmakta ve birbirine zarar veren altyapi ¢aligmalar ise cesitli
is kazalar1 ve dliimlerle sonu¢lanmaktadir. Bunun yaninda miikerrer kazilarin artmasi ile ayni yerin defalarca kazilip
asfaltlanmasi ekonomiye kiilfet getirmektedir. Calismanin ilk béliimiinde mevcut durumdan bahsedilerek calismanin
amacina deginilmistir. Tkinci boliimde sehircilik ve kent planlamasimin tanimlari, Istanbul il smirlar igerisinde hizmet
veren elektrik, su, dogalgaz ve telekomiinikasyon sistemleri ve altyapr kurumlar arasi yasal dayanaklar incelenmistir.
Ugiincii béliimde kurumlar arasi koordinasyon, mevcut sistemin isleyisi ve altyapidaki teknik eksikliklerden
bahsedilmistir. Dordiincii boliimde; ¢aligmamizin temelini olusturan Artirilmis Gergeklik Teknolojisi irdelenmis olup
kazisiz goriintiileme yontemlerinden olan GPR teknolojisine deginilmis, sahada gbézlemlenen mevcut sorunlar analiz
edilmigtir. Calismanin son bolimii olan besinci boliimde ise hedeflenen; “Saglikli ve Glivenli Altyapr” fikrinin
olusmasinda kazisiz goriintiileme yontemleri ile elde edilen altyapi verilerinin ilgili teknolojiyle kiymetlendirilmesini esas
alan bir yazilim ile kentsel planlama ve sehircilik yolunda 6nemli islem kolayligi saglayacagi Ongoriisiinde
bulunulmustur.

Anahtar Kelimeler: Altyaps, artirilmig gerceklik, kentsel planlama.

THE EFFECT OF IMAGING INFRASTRUCTURE ELEMENTS WITH
AUGMENTED REALITY ON URBAN AND URBAN PLANNING IN
GENERAL OF ISTANBUL

Extended Abstract

Infrastructure systems should also be regular for the sustainability of the construction that occurs with the rapid increase
of urbanization. On the other hand, the fact that the underground lines in Turkey are not regularly and in accordance with
certain standards in the digital environment causes information pollution in this regard. This environment of uncertainty
has caused the inability to integrate information within or between institutions, creating various problems in infrastructure
studies, especially within the scope of Istanbul, leading to a decrease in service quality. For example, activities such as
continuous infrastructure excavation circulation increase the traffic density of Istanbul, and infrastructure works that harm
each other result in various occupational accidents and deaths. In addition, the increase in repeated excavations and the
dug and asphalting of the same place repeatedly bring a burden to the economy. In the first part of the study, the current
situation was mentioned and the purpose of the study was mentioned. In the second part, the definitions of urbanism and
urban planning, electricity, water, natural gas and telecommunication systems serving within the borders of Istanbul and
the legal basis between infrastructure institutions are examined. In the third chapter, inter-institutional coordination, the
functioning of the existing system and technical deficiencies in the infrastructure are mentioned. In the fourth chapter;
Augmented Reality Technology, which forms the basis of our study, is examined, GPR technology, which is one of the
trenchless imaging methods, is mentioned, and the current problems observed in the field are analyzed. In the 5th chapter,
which is the last part of the study; targeted; In the formation of the idea of “Healthy and Safe Infrastructure”, it has been
predicted that a software based on the evaluation of the infrastructure data obtained by trenchless imaging methods with
the relevant technology will provide significant ease of operation in the way of urban planning and urbanism.

Keywords: Infrastructure, augmented reality, urban planning
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1. Girig-Amag

Geligen teknoloji ve sanayilesme ¢aligmalari kirsal niifusun kentlere dogru hareketlenmesine yol agmustir. Niifusu hizla
artan kentlerde olugan yap1 stoku ihtiyacindan hareketle sistemsel ve teknik altyapinin da yetersiz kaldigi goriilmiistiir.
Teknik altyapr elemanlarinin yeraltina diizenli ve sistemsel bir sekilde yerlestirilmediginden ve hatlarin konum
bilgilerinin kurumlarda mevcutta bulunmamasindan kaynakli olasi bir teknik aksaklikla veya yeni yatirim projelerinin
hayata gecirilmesi noktasinda sorunlar olustugu gézlemlenmistir. Teknolojik veri altyapisinin belirli kurallar ¢ergevesinde
sanal ortama entegre edilmesini ve artirilmis gerceklikle gorsel zenginlik kazandirilmasim konu alan bir yazilim
sayesinde; altyap1 elemanlarina ait 6znitelik verilerinin ulasilabilirligi artarken imal edilen altyap1 elemanlarinin konumsal
dogrulugunun ayn1 oranda yiikselmesinin saglanacag diisiiniilmektedir.

Sehirlesmenin hizla artmasindan kaynakli olusan niifus odakli karmasik yapilarin saglikli siirdiiriilebilirligi icin altyap1
sistemlerinin kusursuza yakin olmasi gerekmektedir. Kamusal hizmet bakimindan altyapinin biiyiik 6nem tasidigi bu
zamanlarda, sorunlarin temeline inmek i¢in sistematik bir altyapi modelinin olusturulmasi gerekmektedir. Bu gercevede;
altyap1 bilesenlerinin incelenmesi, yapim, bakim ve biitiinsel olarak degerlendirilebilmesi sistematik modelin
olusturulmasinda biiyiik onem arz edecegi 6ngoriilmektedir (BIMTAS, 2019).

Kentlerde siire gelen iist yapt ¢aligmalarin mevcut niifus dikkate alinarak altyapi ile paralel devam etmemesi kent
yasamini olumsuz etkilemektedir. Kentin mevcut ihtiyaglart goz oniine alinarak iist yap: ve altyapinin birbirine entegre
ve koordinasyon igerisinde yiiriitiilmesinin gerektigi diisiiniilmektedir (IBB, 2019).

1.1. Mevcut Durum

Yerlesim yerlerinin temel ihtiyaclar1 olan su, kanalizasyon, yagmur suyu vb. hizmetler teknolojinin gelismesi sonucu
ortaya ¢ikan ulasim, haberlesme, aritim ve 1sinma gibi ihtiyaclar icin yapilan tesislerdir ve genellikle yer altinda
konumlandirilirlar. Bu tesislerin amaci; bireylerin yasam kalitelerini arttirmak, birbirleri ve gevre ile olan iletigimlerini
daha miimkiin kilmak, yeni yapilacak olan yerlesim alanlarina su, elektrik, dogalgaz ve telekomiinikasyon gibi hizmetleri
ulastirmaktir. Giiniimiizde kent yasaminda birgok farkli nedenden kaynakli altyap: yatirimlarinin birbiriyle koordinasyon
ve biitlinlesmesi noktasinda ¢esitli sorunlar olusmaktadir. Altyapi tesislerinin imalatin1 yapan kurumlarin (su, elektrik,
dogalgaz, telekomiinikasyon vb.) mevcut altyapi elemanlarinin konumsal dogruluklarinin minimum diizeyde olmasi, ariza
ve yatirim ¢aligmalarinda farkli altyapi tesislerine zarar verilmesi, altyapt kurumlarinin yatirimlari konusunda birbirinden
haberdar olmamasi buna karsin belirli lokasyonlarda (6zellikle ana arterlerde) siirekli altyap1 ¢aligmasinin devam etmesi
baslica sorunlar arasina girmektedir. Siirekli devam eden bu altyap: kaz1 sirkiilasyonunun dzellikle Istanbul igin trafik
yogunlugunu maksimum seviyeye c¢ikarmasi ve birbirine zarar veren altyapi c¢alismalarmin is kazasi ve oliimle
sonuglanmast bu durumun tehlikesini ve 6nemini bir kez daha ortaya koymustur.

Tirkiye’de yeralti hatlarinin; giinlik yasanmu aksatmadan diizenli bir sekilde ayni zamanda kaynaklari verimli ve
ekonomik olarak kullanarak hizmetlerini gergeklestirilmesi i¢in etkin ve planli bir koordinasyon gerekmektedir.
Biiyiiksehirlerde altyapi ve iist yapinin yenileme, yapim, bakim-onarim ¢alismalarinin planlt bir sekilde yapilmasi;
miikerrer kazilarin, zaman ve kaynak israfinin, ara¢ ve yaya trafiginde olusabilecek olasi gecikmelerin dniine gegilmesi
ve teknik altyapi ¢aligmalarinin devami sirasinda vatandaglarin giinliik rutin hayatlarint sorunsuz bir sekilde devam
ettirmesi biiylik 6nem arz etmektedir (Yumrutas, 2014).

2. Sehircilik, Kent Planlamasi ve istanbul Teknik Altyapisi

Sehircilik; bir yagam alaninin kurulmasi, giizellestirilmesi ve daha fonksiyonel hale getirilmesinin amaglandig1 bir 6ngorii
olarak tanimlanabilir. Iginde bulundugumuz yiizyilin baslarinda sehircilik problemlerinin yerel olmadig1 ve sehirlerin
devamli gelisme halinde olan organik pargalarla canli bir biitlin teskil ettigi ve sehirdeki sosyal, ekonomik ve politik
akimlarin sehircilik i¢in ¢ok etkili oldugu hissedilmeye baslanmistir. Giiniimiiz sehirciliginin gelisimiyle mevcut
problemlerden farkli bir¢ok sorunda giindeme gelmistir. Sehircilik, i¢inde altyapinin da oldugu bir¢ok fonksiyonu
barindiran bir olgu olmasi sebebiyle temel anlamda teknik altyap1 elemanlarinin kaotik bir yapiya sahip olmasi1 dogrudan
bu duruma ters yonlii bir ivme kazandirmaktadir (URL-1, 2021).

Kent planlamasi ise; zaman igerisinde toplumda meydana gelen ekonomik, demografik, sosyo-kiiltiirel ve ¢evresel bir¢ok
faktorii harmanlayip yeni yerlesim bigimlerinin gelisimini saglar. Ayni zamanda kent planlamasi kentin sanayilesmeden
kaynaklanan sorunlarina da egilerek bu sorunlara farkli bir bakis agis1 getirmek i¢in mevcut dinamikleri bilimsel dlgiitlerle
aragtirir, tahmin eder ve 6ngoriide bulunur (Sancar vd., 2014).
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Sekil 1. Altyap1 bilesenleri

Altyapr; Sekil 1’de de gosterildigi iizere igme suyu ve kanalizasyon projeleri, elektrik, dogalgaz, telefon, kablolu
televizyon baglant:1 hatlari, telekomiinikasyon projeleri, termal 1sinma ve enerji besleme projeleri gibi genel olarak yer
altindan gegebilecek biitiin tesisler ile metro projeleri, rayli toplu tasima sistemleri, yollar ve kaplamalari ifade eder.

2.1. istanbul Geneli Teknik Altyapi Bilesenleri, Kurumlar ve Planlama

Istanbul Teknik Altyapisi
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Sekil 2. Istanbul teknik altyapis

Istanbul 6zelinde teknik altyapr kuruluslarindan bazilar1 Sekil 2°de gdsterilmistir. igme suyu ve atik su konusunda SKI,
elektrikte Istanbul Avrupa yakasi igin BEDAS, Anadolu yakas icin ise AYEDAS hizmet vermektedir. Dogalgaz teknik
altyapist IGDAS Genel Miidiirliigii uhdesinde gergeklesirken, Telekomiinikasyon ve Haberlesme de ise Tiirk Telekom,
Vodafone, Superonline vb. 6zel sirketler bu isi iistlenmektedir.

Istanbul hizl1 bilyliyen ve mevcut yasam alanlar1 dahil her noktasinda gelisme kaydedilen bir sehir olmasi sebebi ile
Istanbul sorunlarina ydnetim kademesi tarafindan hizli ¢6ziim iiretilmeye ¢alisiimaktadir. Bu hiz gereksinimi de planlama,
projelendirme ve uygulama asamalarinda dikkat edilememesi halinde kalici sorunlara neden olabilmektedir.

Ozellikle kent iginde her bir altyapr bileseninin diger altyap: bilesenleriyle de etkilesim iginde olmasi planlama ve
uygulama faaliyetlerini zorlagtirabilmektedir. Elektrik, su, telekomiinikasyon ve dogalgaz hatlarinin bircok noktada
birbirleriyle kesismesi sebebiyle hatlara miidahale noktasinda yaganan zorluklardan dolay: standart dis1 uygulamalarin
yapilmasi, ortak bir yatirim programina bazi sebeplerden 6tiirii uyulmamasindan kaynakli miikerrer kazilarin artmasi buna
mukabil aym yerin defalarca kazilip asfaltlanmasiin ekonomiye verdigi kiilfet ve bunun gibi birgok sorunu bertaraf
edebilmek icin lokal ¢dziimlerin iiretilmesi gerekebilmektedir. istanbul gibi cografyasi zor ve kalabalik bir sehirde yillar
boyunca edinilmis tecriibeler ve yetkinlikler ile yagsanan zorluklara kars1 pratik ve hizli ¢dziimlerin iiretilmesi 6nem arz
etmektedir.
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2.2. Kentsel Altyapi Tesisleri ve Planlama

Sehirlerin adeta hayat damarlar1 olarak nitelendirebilecegimiz altyap: elemanlari; dnceleri birkag teknik altyapidan
olusuyorken teknolojinin giin gectikge insan yasamini daha etkin, kolay, saglikli ve rahat olmasini hedeflemesinden
hareketle gelismis ve nitelikleri de bu 6l¢lide artmigtir (Karatas & Demir, 2005).

Kent Bilincinin
Gelismesi

Toplumsal Uzlasma

( Sosval Yardimlasma,
Egitim vb.)

Sosyal Deonati Thtiyaa

( Park, Rekreasyon alanlan, Kiltiir-Sanat
Hizmetleri vb.)

Konut ve Cevre

( Genel Giivenlik, salgin hastaliklara, vangina ve diger
tehlikelere karsi korunma vb.)

Temel Altyap:
(Yol Su, Enerji vb.)

Sekil 3. Kentsel Gereksinim Piramidi

Sekil 3°deki Kentsel Gereksinim Piramidi’nden de yola ¢ikacak olursak; altyapi kalitesinin etkisini kentin gelismisligi ile
simirlandirmak dogru olmamakla birlikte bir milletin ekonomik gelismisligi ve refah seviyesinin de altyap1 kalitesiyle
dogru orantili oldugunu séylemek pek tabi isabetli olacaktir. Kentsel gereksinimde piramidin tabanimi temel altyapi
olusturmaktadir. Altyap: sistemi olugsmamis bir kentin konut ve gevre kalitesi istenilen diizeyde olmayacak akabinde
yasam alanlarinin sosyal donati ihtiyaci tamamlanamazken toplumsal uzlasi (sosyal yardimlagma, egitim) da eksik
kalacaktir.

Kentsel teknik altyapi tesislerini olusturan; igme suyu, atik su, elektrik, havagazi, dogalgaz, telekomiinikasyon, merkezi
1sitma, hafif rayli toplu tasima ve metro projeleri, termal 1sinma ve enerji besleme projeleri vb. tesislerin fiziksel
planlamalar1 yapilirken olas1 ihtimaller goz oniine alinarak gergekgi veriler 1518inda imalat dmrii siiresince yeterli olacak
kapasitede projelendirilip hayata gegirilmesi gerekmektedir (ISBAK, 2017).

Niifus A rts1Kentin ihtiyac Arts1ve o
Biiyiimesi Kaynak Yetersizligi - Kent Yaganlabilirhigi

A A

Sekil 4. Altyap1 ihtiyact / Kent gelisimi

Yapilacak bu planlamalara yon veren en dnemli parametreler; gelecekteki niifus tahminleri, sosyal gelisme, sanayilesme
hareketleri, i¢-dis go¢ kapasitesi, sosyal donati alanlari, olas1 gergeklesebilecek dogal afetler vb. olmakla birlikte bu
¢aligmanin basarili olmasi bahsedilen bu parametrelerin dogru analizi ile miimkiin olabilir (Sekil 4).

Kentsel altyap: tesisleri biitiinii olusturan altyap1 elemanlarinin biiyiik bir boliimiinii olusturmast ve bu baglamda ilgili
kamu kurum ve kuruluslarinin farkli paydaslarla, meslek adamlariyla ve vatandaslarla entegreli calismalar yapmasi bir¢ok
noktada koordinasyon eksikliklerini giindeme getirmistir. Bu tesisleri kapsamli olarak ele alan mekénsal kararlar
olusturulurken altlik olarak sehir planlar1 ve yasal diizenlemeler hazirlanmigtir. Bu sayede altyapi, {istyapiyla entegre
olmus ve iistyapinin olusumu, devamliligi ve gelisimi i¢in altyap1 bir 6n kosul olarak aranmustir.
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Sekil 5. Altyap1 tehdit kaynaklari

2.3. Altyapi Giivenligi

Sekil 5°de de gosterildigi iizere, kentsel altyapida tehdit kaynaklar1 temel olarak iki kisma ayrilir. Bunlar Dogal ve Insan
Kaynakli tehditlerdir. Dogal Tehditler; meteorolojik, jeolojik ve biyolojik olmak iizere 3 ana baslik altinda toplanirken,
Insan Kaynakli Tehditler; Kasith ve Kasitsiz olarak ikiye ayrilir. Kasith tehditler; Bilgi Savasi, Sug¢ Eylemleri ve Kotii
Niyetli Davranis, igeriden gelen Tehditler ve Terdrist Eylemler (Uluslararasi, Siber, Yerel) olurken, Kasitsiz Tehditler
ise; Kaza Olay1, Bask1 ve Manipiilasyon ve Teknolojik Tehlikelerdir (BIMTAS, 2019).

Altyapr giivenligi dncelikle tesislerin imalatlar1 esnasindan itibaren belirli kriterlere bagli kalinmasiyla baglayip, mevcut
demografik yap1 ve jeolojik faktdrler g6z oniine alinarak yapilacak ¢alismalarin biitiiniinii kapsar. Giivenli altyapt demek
olas1 giivenlik tehditleriyle karsilasildiginda kentlerin bu siireci kolay atlatmasina ve kentte yasayan insanlarin yasam
kalitesini stabil seviyelerde tutarak normal yasantilarina gegislerini kolaylastirmay1 amaglar. Bu da kent planlamasi ve
teknik altyapi tesislerinin imalatlarinin diizenlenmesi asamalarindan baslamak kaydiyla belirli periyotlarda altyapi
giivenligi ile ilgili revize ¢aligmalarin yapilmasiyla miimkiin olacaktir. Bu sebeple; deplase edilmesi esnasinda belirli
parametrelere bagl kalinmaksizin altyapi elemanlar1 konumlandirilmis ve imal edilmis ise; deprem, sel, yangin, heyelan
vb. dogal ve yapay afet durumlarinda magduriyetler azzimsanmayacak derecede fazla olacaktir. Ayni zamanda bir altyapi
elemanin kontrolstiz deplasesi giivenli ve dogru imal edilen diger altyapinin da zarar gérmesine buna istinaden altyapi
kaosu adin1 verdigimiz olayin olugsmasina sebep olabilir.

Gtivenli bir altyap sistemi i¢in tek bir teknik altyap1 elemaninin degil biitiin altyap: elemanlarinin giivenli, kaliteli ve
konumsal dogrulugu yiiksek olmalidir (AFAD, 2014).

2.4. Altyapi Ve Deprem iligkisi

Yer altinda bulunan ve fay hattt dedigimiz kiriklarda belirli oranda ve zaman igerisinde enerji birikimi meydana
gelmektedir. Biriken bu enerjinin itici bir takim giliglerinde etkisiyle aniden bosalmas: olayma deprem denilmektedir.
Teknik altyapimin dogal ve yapay bir¢ok tehditle kars1 karsiya kaldigindan bir 6nceki boliimde bahsedilmistir. Deprem
faktorii bu tehditlerin dogal olan kisminda karsimiza ¢ikmakla birlikte deprem hasar1 kavrami genellikle binada olusan
yikici gii¢ olarak algilanmaktadir. Bunun sebebi olas1 bir afet durumunda insan hayatiyla dogrudan {ist yap: hasariin
iligkili olmasidir. Oysaki bir kenttin refah ve gelismislik diizeyi en ¢okta o bolgedeki altyapinin kalitesi ve giivenligi ile
olciilmektedir. Gergeklesebilecek olast bir deprem durumunda insan yasamint dogrudan etkilemese bile sonrasinda
hayatin devamliligy, kalitesi ve gilivenligi i¢in teknik altyapinin durumu 6nem arz etmektedir. Depremler sonrasi patlayan
dogalgaz borulari, elektrik kagaklari, patlayan su borularindan kaynakli su baskinlar1 afet sonrasi can kayiplarina neden
olmaktadir (Unen & Sahin, 2011).

Ozellikle son yillarda iilkemizde ve diinyada artan deprem felaketlerinin etkisiyle altyap: sistemlerinde gerceklesen
hasarlar ve buna baglh gergeklesen mali kayiplar depremlerden teknik altyapi sistemlerinin olumsuz etkilenmesini en aza
indirgemek i¢in deprem oncesi daha aktif caligmalar yapilmasi gerektigi gercegini bir kez daha gozler dniine sermistir.

Diinyada da giiniimiize kadar birgok dogal afet ger¢eklesmis olup her biri pek ¢ok teknik altyapi elemanina zarar vermistir.
Ornegin Amerika Birlesik Devletleri’nde 1990’11 yillarda meydana gelen depremlerde képrii ve kdpriiyollar da dahil
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olmak tizere birgok ulagim hatti ciddi hasara maruz kalmistir. Bélgede bu hasara maruz kalan altyap: elemanlarindan
dogalgaz hatlar1 yanginlarin ¢ikmasina sebep olurken su sebekelerinde meydana gelen kesintilerde yanginin
sondiiriilmesini geciktirmis ve zararin artmasina sebep olmustur. Ayrica telekomiinikasyon altyapisi ciddi zarara ugramis
bolgedeki vatandaslar yakinlari ile haberlesememis kent geneline yasanan elektrik kesintileri sebebiyle de uzun siire enerji
verilememistir. Marmara denizinde meydana gelen 1999 depreminde de benzer durumlarla kargilagilmistir. Deprem
sonrasi elektrik, su, haberlesme ve ulasim kanallar1 agir hasar alarak neredeyse kullanilamaz hale gelmistir (Erdik, 2000).

Teknolojik gelismelerin o donem yeterince gelismemis olmasinin da verdigi etkiyle altyapi elemanlar: ile ilgili tiim
islemlerin belirli bir sayisal ortamda degil de genelde manuel olarak yapilmasi olasi bir afet aninda alinacak aksiyonlarin
oniine gecmistir. Diinyada ve iilkemizde goriilen bu Orneklerin yaganmasimi 6nlemek adma altyapinin konumsal
dogrulugunu bilmek ve bu baglamda islem yapmak gerekmektedir. Yapilmasi gereken bu ¢aligmalar teknik altyapida
olusacak hasari sifira indirgemese bile minimum seviyede tutabilecegi veya deprem sonrasi altyap1 fonksiyonlarinin eski
haline gelme siiresini kisaltabilecegi diisiiniilmektedir. Burada yapilmasi gereken en onemli hamle teknik altyapi
kavramini tek tek ele almak yerine sistemi bir biitiin olarak diisiiniip birbiriyle olan koordinasyonunu goz 6niine alarak
calismalar1 yapmaktir.

2.5. Altyapi Kurum Ve Kuruluslarn Arasi Koordinasyonun Saglanmasi

Altyap1t kurum ve kuruluslarinin birbirleri ile siirekli bir iletisim halinde olmasi koordinasyon konusunun bu noktada
onemini gostermektedir. Buradan hareketle daha verimli ig ve islemlerin olugsmasi agisinda bu biitiinlesmenin detayli
analiz edilerek gerceklestirilmesi gerekmekte olup Istanbul il sinirlar igerisindeki bu sorumluluk AYKOME (Altyap1
Koordinasyon Merkezi) tarafindan gerceklestirilmektedir.

¢ A
[ 1
*
T |
SEHIRCILIK i
BAKANLEI
ENERII BIYASASI
DOZENLEME
—— KURUMU
BAKANLIEI 1
TORKIYE
DRMAN VE 5U bt
ISLERI DABITIM AS.
BAKANLIGI
ULASTIRMA, | BiLGI
penizeicikve | TEKNOLOJILERE
HABERLESME VEILETISiM
BAKANLIGI KURUMU
=
s e
=] [
= EnERI| e TaBil f— 3 RADYD
2 CAYNAKLAR § [rmevizonos
x BAKANLIGI 3 R
i : . iBB iBB i
iBB iBB [ iBB BB
r A r Yy vy L 4 A r w
[¥] ISTANBUL SU ANADOLU : ! ISTANBUL GAZ
> VE DEVLET SU ToRKivE YAKASI BO2ANC] TORE DAGITIM
= canatzasvon J “siens ELEKTRIK fjonnict ELEKTRIK TELEKOMON KA TURKSAT A5 Bt
3
2 inARES] TN A DAGITIM AS. DA A SYON 3. TIEARET AS.
- F
5
Elektrik

» Suve Kanalizasyon » Telekomiinikasyon » Dogalgaz
Sekil 6. AYKOME paydas koordinasyonu

Sekil 6°da gosterilen semada Istanbul Biiyiiksehir Belediyesi AYKOME’ nin gérev ve sorumluluklarmi icra ederken
iletisimde oldugu ve altyapisal koordinasyonu sagladigi kurum ve kuruluslar gosterilmektedir.

Istanbul Biiyiiksehir Belediyesi Altyap1 Koordinasyon Miidiirliigii Istanbul Geneli tiim cadde ve sokaklarda yapilacak
altyapr kazi ¢aligmalar1 igin gerekli izinleri verip, islem asamasi ve sonrasinda ilgili kontrolleri yapmaktaydi. Fakat
24.12.2020 tarihli Cevre ve Sehircilik Bakanligi’nca yayimlanan Biiyiliksehir Belediyeleri Koordinasyon Merkezleri
Yonetmeliginde Degisiklik Yapilmasina Daire Yonetmelik geregince; Biiyiiksehir Belediyesi sorumlulugunda birakilan
cadde, meydan, bulvar ve sokaklarda yapilacak tiim c¢aligmalar Biiyiiksehir Belediyesince, Ilge Belediyesi
sorumlulugundaki tiim cadde, meydan, bulvar ve sokaklardaki ¢alismalarin ruhsatlandirilmasi ve akabinde kontrol
islemleri ise ilgili ilge belediyesi tarafindan gergeklestirilecektir seklinde degistirilmistir.
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3. Altyapi Elemanlarinin Koordinasyonunda Yaganan Eksiklikler Ve Gelistiriimesi Gereken Yonler

Istanbul genelinde altyap1 hizmeti veren ve altyap1 hizmetlerini yiiriiten kurumlarin sayica fazla olmasi ve bu hizmetlerin
kurumlar arasinda koordineli bir sekilde gergeklestirilememesi altyapr yonetim sisteminin en zayif halkalarindan birini
olusturmaktadir. AYKOME gibi bir olusumun var olmasina karsin bu kurumun yasal olarak yaptirimlarinin gelisime agik
olmasindan dolay1 ortaya ¢ikan koordinasyon ve iletisim eksiklikleri uygulama asamasinda her kurumun farkli
standartlara gore hareket etmesine neden olmakta ve bu da isin isleyisinde ikilik durumunun olusmasina sebep olmaktadir.

Altyap1 kurumlar: arasinda tam anlamiyla kurulamayan bu koordinasyon ve iletisim eksikligi yapilmasi planlanan yeni
yatirim projelerinin de gecikmesine veya eksik birakilmasina sebep olmaktadir. Altyap: kurumlarinin kendi hatlarinin
konumsal dogruluguna tam anlamiyla hakim olamamasi ve diger kurumlarin hatlarinin nerelerden gectigini bilememesi
altyapi projeleri i¢in gerekli olabilecek sistemsel giincel verileri diger kurumlardan saglamasina da engel olmaktadir.

Konumsal dogrulugu cok diisiik olan altyap: yatirimlarinda yeni yatirim veya ariza kazisi yapilmasi esnasinda ilgili
yatirimel kurum diger altyapi elemanina zarar verebilmektedir. Bu durum ani kesintilere, can kayiplarina, zaman israfina
ve mali zararlara yol agmaktadir. Altyap1 yatirimlari yapilirken olusturulan projelerin ortak bir veri agina islenmemesi,
tiim kurumlarin birbirlerinin nerelerde, ka¢ metre derinlikle, ka¢ km uzunlukta ve hangi alanda altyap1 yatirimi yaptigini
gérememesine sebep olmaktadir.

Ongoriilemeyen yatirimlar; biitce yetersizligi, kurumlar arasi gériis ayriliklari, politik sorunlar, kurum o6ncelik

sehir planlamasiyla altyap1 planlamasinin birbirine biitiinlesmesi 6niindeki en biiyiik engellerdendir.

Altyap1 imalatlarinin yapilmasi esnasinda yeterli sistemsel ve yapisal donanima sahip olunsa bile teknik ve teknolojik
altyap1 bunu desteklemezse koordinasyon ve biitiinlesik calisma sistemi amacina ulasamayacaktir. Calismanin basinda da
bahsedildigi iizere Istanbul gerek niifus yogunlugu gerek koklii bir tarihi gegmisi olmas1 nedeniyle iist yap1 ve altyap:
¢aligmalar1 diger bircok kente gbére daha zor olmakla birlikte daha dikkat ve 6zen gerektirmektedir. Yiizlerce yillik
yerlesim yeri olmasindan kaynakli olarak Istanbul altyapisi belirli periyotlarla yenilenip gerekli diizenlemelerin
yapilmasina ihtiya¢c duymaktadir.

Bu diizenleme ve yenileme ¢alismalar1 giiniimiiz [stanbul’'unda manuel olarak yapilmaya olanak tanimamaktadir. Ancak
yeterli teknolojik ve teknik destegi de arkasina alarak yapilan c¢aligmalar amacina ulagip gerekli faaliyetleri
gosterebilmektedir. Tiim bu koordinasyon ve entegrasyon is ve islemleri tek bir sistem ve standart altinda toplanmadig:
icin altyap1 kurum ve kuruluslarinca gerekli bilgi aktarimi yapilamamaktadir. Ayrica kurumlar kendi aralarinda sisteme
dahil olsalar bile verilerin ortak bir formatta olmasi ve giincel bir sekilde bir arada tutulmasi teknolojik olarak yeterlilik
saglandiginda gerceklestirilebilecektir.

Yatirime1 kurum ve kuruluslarin birbirleriyle iletisim igerisinde oldugu bir yazilimin eksikligi bu sorunlarin en dncelikli
sebeplerindendir. Ortak altyap: yazilim sisteminin olusturulmamasi, Ar-Ge g¢aligmalarina yeterli nemin verilmemesi,
altyapida cografi bilgi sistemlerinin kullanim oranmin diigiik olmasi ve bu sebeplerden ortak bir veri tabani agimin
olusturulmamas1 kurumlar arasi koordinasyonsuzluga ve paralel olarak kalitesiz ve giivensiz bir altyapiya neden
olmaktadir.

Bir diger 6nemli nokta ise; kazi teknolojilerine agirlik verilmemesi olmustur. Istanbul’da niifusun ve buna bagl olarak
trafigin fazla olmasi agik kazi yapilan alanlarda giinliik hayatin aksamasina sebebiyet vermektedir. Zor zemin kosullarimin
var olmasi ve yer alt1 birlestirmelerinin zorlugu olmasina ragmen halihazirda bu kazi teknolojileri kurumlar biinyesinde
kullanilmamaktadir (IBB, 2021).

Uygulamalarin lokal olarak yapilmamasi, planli ve uzun vadeli operasyonlari Oniine ge¢mektedir. Acik kazi
caligmalarinda yasanan olumsuzluklar ve hizmetin halka hizl bir sekilde gotiiriilmek istenmesi bu problemin arkasindaki
itici gliglerdir. Maliyet fazlalig1 ve kazi teknolojilerinin yayginlasmamasi problemin ¢éziimde engel olusturmaktadir.
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4. istanbul Altyapi Sorunlarinin Géziimiine Yénelik Bir Arastirma Arttirllmis Gergeklik (Augmented
Reality) Teknolojisi

Teknolojinin her gecen giin gelismesi ve degismesi giindelik hayatta kullanicilarin birgok agidan hayatini

kolaylagtirmaktadir. Giiniimiiz diinyasinda bilgiye ulasilabilirligin artmasi teknoloji sayesinde olmustur. Bu sebeptendir

ki her kategoride teknolojik gelismeler bireylerin ihtiya¢ duydugu bu erisilebilirlik kavramimi biyiik 6lgiide

kargilamaktadir.

Ozellikle i¢inde bulundugumuz 21. yiizy1l, birgok teknolojik disiplinin gelisim ve degisime ugradi bir zaman dilimi
olmustur. Gelisen bu teknolojik disiplin bilimsel arastirmalarin yapilmasinin kolaylagtirilmasinin yani sira ¢aligma
sahasina yeni bir ufuk kazandirarak yeni calismalarin yapilmasi konusunda itici bir gii¢ unsuru olmustur. iste belirtilen
bu yenilik¢i yaklasimlarin biri de hig sliphesiz ki Arttirilmig Gergeklik (AG) Teknolojileridir. Artirilmis Gergeklik (AG);
gercek diinya ve icindeki verilerin gelisen ve degisen bilgisayar teknolojileri yardimiyla kiymetlendirilerek
zenginlestirilmesi demektir. AG teknolojisi bu verileri ve girdileri daha canli, gergekei ve ilgi ¢ekici hale getirerek bizlere
sunmaktadir (Azuma vd., 2001).

Arttinnlmis Gergeklik; kurgu diinyasinda olusturulmus Sanal Gergeklik ile gergek ortamin es zamanli bulusmasi ile
olugmaktadir. Cogu kez AG ile SG karistirilsa da SG; tamamen sentetik bir ortamda verilerini kullaniciya sunar. Oysa
AG, SG’nin bir tiirevi olmakla birlikte SG’den farkli olarak girdileri li¢ boyutlu goriintiileme sistemleriyle kiymetlendirir,
kullanicilarin gergek ve sanal ortami biitiinlesik bir sekilde gormelerine izin vererek sanal algiyla gercek algiy1 birlestirir.
Yani bir bakima iki algilama tiirii de ger¢egin manipiile edilmis halini bizlere sunar (igten & Bal, 2017).

Gergeklik Artirilmug Gergeklik (AG) Sanal Gergeklik (SG)

— —
Sekil 7. Artirilmig gergeklik ve sanal gergeklik kavramlari

Sekil 7°de de goriildiigi iizere Artirtlmis Gergeklik; gercekligi SG gibi komple degistirmez, onu algilarini arttirict verilerle
degerlendirerek sanal ve gercegin biitlinlestigi bir sistem olusturur. Bu teknoloji sayesinde de nesnelerin sanal hallerinin
gergek diinya iizerindeki yansimalari daha net goriilmiis olur. Artirnllmig Gergeklik {ist kisimda da bahsedildigi iizere
gelisen teknoloji ile birlikte bir¢cok alanda kullanilmaya baslanmustir.

Gorsel teknolojiler arasinda en ilgi ¢ekici sistemlerden biri olan AG; her gecen giin farkl alanlarda kullanilmaktadir.
Mobil iletisim, uzay, askeri alanlar, otomotiv sektorii, ticari kuruluslar, imalat sektorii, reklameilik, egitim, saglik, mimari
tasarim, kentsel planlama, arkeoloji vb. alanlar kullanim alanlar1 olarak siralanabilir (Poelman & Krevelen, 2010).

Bu teknoloji sayesinde gergek ortamdaki verilerin analizi ve detaylandirilmasi bir sistem algoritmasi olusturularak
gergeklestirilir. AG gergek ortamdaki veriyi algilayarak ise baslar. Veriler bircok parametre eklenerek zenginlestirilir ve
bir islemci iizerine kaydedilerek analiz edilir. Analiz sonras1 veri tabanindaki bilgiyle eslesen goriintii, ses, grafik vb.
uygun sanal i¢erikle kiymetlendirilerek ortama sunulur (Poelman & Krevelen, 2010).




TORLAK vd. Barun University International Journal of Natural and Applied Sciences
JONAS, 2022, 5(2): 131-144

4.1. Artinlmisg Gergeklik incelemeleri

Sagliktan askeri alana, mimariden egitim sektoriine kadar ¢ok fazla alanda géormeye basladigimiz bu teknoloji; mimari
yapilarin Rekonstriiksiyon asamasinda yeniden diizenlenen kentler, yapilar ve eserlerin AG ile canlandirilmasini yaparak
islem sonras1 varilacak sonucun kullanici tarafindan algilanma oranini arttirmaktadir.

Sekil 8. Saglik uygulamalarinda artirilmis gergeklik

Saglik alaninda kullanilan AG ¢aligmalari; ameliyat dncesinin planlanmasi, ameliyat sirasinda hasarli kisma yonelim,
hastanin siirecin ilerlemesi noktasinda bilgilendirilmesi vb. durumlarda kullanilmaktadir. Bu alanda gergeklestirilen
¢aligmalar; hastaya 6zel tiim goriintiilerin ilgili yazilimla ii¢ boyutlu modellenmesiyle, operasyon oncesi planlama ve
islem aninda hastadan uzaklastirilmasi gereken pargalarin daha dogru analiz edilmesini saglamaktadir (Sekil 8). Hayati
oneme sahip organlarin da islem esnasinda korunmasini amaglayan caligma niteligin artmasini saglarken hastanin
korkularinin da azaltmaktadir (Yolcu vd., 2018).
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Artirllmis Gergeklik uygulamalarinda bir diger uygulama 6rnegi olarak “Kayseri Kuru Koprii Rekonstriiksiyon Projesi”
ornek verilebilir. Mimari yapilarin Rekonstriiksiyon agamasinda yeniden diizenlenen kentler, yapilar ve eserlerin AG ile
canlandirilmasimi yaparak islem sonrast varilacak sonucun kullanici tarafindan algilanma oranini arttirmaktadir. Kuru
Koprii Su Kemeri; gegirdigi uzun yillar neticesinde hasar gormiis ve bir kismi kullanilmayacak hale gelmistir.
Restorasyon asamasinda AG yontemi ile yapinin tamamlanmis hali zenginlestirilmis analiz yetenegiyle diizenlenmis ve
yap1 heniiz bitmeden bile turistik anlamda dikkat ¢eken yapilar olarak yerli ve yabanci ilgililerin dikkatini ¢ekmistir.
(Sekil 9) AG ile zenginlestirilen bu ¢aligma sayesinde restorasyon ve rekonstriiksiyon gerektiren eserlerin ¢caligma basinda
bitmis halleri kullanictya sunularak orijinal haline en yakin ve aslina uygun olarak nasil modellenebilecegi bilgisi
verilmeye ¢alisilmaktadir (Oke, 2019).

Sekil 10. Cadde iizerinde AR ile zenginlestirilmis altyap1 verisi

Sekil 10°da goriildigii lizere; bolgedeki yollar lizerine yansitilan yeraltt su borulari, elektrik kablolari, fiberoptik hatlar,
dogalgaz borular1 vb. sistemler gorsellestirme potansiyelleri yiikseltilerek sistemin veri igleme noktasinda sorunsuz, dogru
ve giiclii kararlar almasina olanak sagladig goriilmektedir.

Altyap1 verilerinin AR ile zenginlestirilmeden Once tespiti agamasinda Georadar ile taranmasiyla olusturulan veri
havuzundaki tiim altyap1 elemanlarinin ii¢ boyutlu olarak kiymetlendirilmesi ve ortak bir yazilima entegre edilmesi ile
olusacag diisiiniilmektedir. Bu kapsamda arastirma igerisinde tanimlanan problemlerin ¢6ziimii igin 6nerilecek sistemin
igerik analizinde AG’den bagka olarak diger 6nemli bir sistem olan Georadar da incelenmistir.

4.2. Georadar (Yer Radari)

GPR (Ground Penetrating Radar) - Yeralt1 Radar1 veya genel adiyla Jeoradar yontemi; temelde elektromanyetik bir sistem
olup gdmiilii nesnelerin goriintiilenmesinde kullanilan bir uzaktan algilama ydntemidir. Saydam olmayan ve yerin belirli
bir mesafesinin altinda kalan bir takim nesnelerin belirli bir ¢oziiniirliik seviyesinde goriintiilenmesini saglayan bu sistem
temel olarak bir alic1 ve verici anten, merkez iinitesi ve bilgisayar olmak iizere {i¢ boliimden olusmaktadir. Temel prensip;
merkez {initeden yeraltina gonderilen elektromanyetik dalgalarin hedef temalara (su, elektrik, dogalgaz ve fiberoptik
borular vb.) ¢arpip yansimasi veya sagilmasi ile dalgalarin aliciya geri donmesiyle kontrol birimine kaydedilmesi iizerine
kurulmustur (ISBAK, 2017).

Bu sistemin goremedigimiz yiizeylerde nelerin oldugu ve ne kadar derinlikte barindig1 bilgisi, arkeolojik ¢caligmalarda
tarihi eserlere zarar vermeden ¢alisma planlarinin olusturulmasi, kayip nesnelerin ve alanlarin konumlarinin bulunmasi,
biiyiik yapilarin yeraltinda olusan hasarlarinin ne diizeyde ne nerede oldugunun tespit edilmesi, deprem vb. afetlerde
enkaz altinda kalan vatandaslarin yerlerinin belirlenmesi, olas1 bir altyap: felaketinde sizint1 ve kacak durumlarinin
onceden tespiti ve can kayiplarinin en aza indirilmesi gibi bir¢ok alanda kolaylik saglayacagi dngoriilmektedir.
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4.3. Yer Radan ile Verilerin Tespit Edilmesi
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GOmiilii nesnelerin tespiti ve konumsal bilgilendirmesi igin kullanilan yeralt1 goriintiileme sistemleri; teknik altyapi
tesislerinin kazisiz bir bigimde tekrar eden is ve islemlere gerek kalmadan ortaya ¢ikarilmasint saglamaktadir. Yer radart;
tespit edilecek nesneye EM dalga gondererek islemlere baglar. Calismalar génderilen bu sinyallerin, yeraltinda gémiilii
olan su, elektrik, dogalgaz, telekomiinikasyon vb. bircok teknik altyapi elemanina garpip aliciya geri donmesiyle
gerceklesir. Alet iizerinde mevcut bulunan kayit ekrani sinyal gonderilen altyap1 elemaninda geri yansiyan EM dalgalart
kaydeder (Sekil 11) (Uyar, 2017).

Yer radar verilerinin tespitinde birgok faktor etki etmektedir. Konumsal tespiti yapilacak bolgenin altyap: gegmisi,
mevcut altyapi elemanlarinin kalitesi ve giivenli deplasesi, altyap1 elemanlarinin aletin hassasiyetinin ¢ok ¢ok iistiinde bir
derinlikte konumlanmis olmasi, EM dalgalarin 6zellikleri gibi birgok parametre yeralti radarinin veri tespitinde belirleyici
rol oynamaktadir (ISBAK, 2017).

GPR yani yer radar1 teknik altyap1 tesislerinin tespiti yaparken mevcutta bulunan altyapi kurumlarinin verilerinin
konumsal dogrulugunun ne diizeyde bilindigi bilgisi de 6nem tagimaktadir. Bir¢ok yatirimci ve denetleyici altyapi kurum
ve kuruluslar deplase edilen ve mevcutta var olan altyap1 hatlarinin nerede, ka¢ metre derinlikte ve kag km uzunlugunda
oldugu bilgisine sahip degildir. Yer radarin ile 6l¢iim yapilacak bdlge iizerinde siirerek yer altina EM dalgalar
gonderilmektedir. Sekil 4.9°da da goriildiigii lizere sistem gonderilen sinyallerin geri yansimasi sonrasinda dlgiimleri 6nce
kaydeder daha sonra bilgisayar lizerinden sayisallastirilmasini saglar. Alictya gelen sinyaller ya tek bir kaynaktan veya
¢oklu alici kombinasyonlarindan gelebilir.

Altyap1 kurum ve kuruluslarinin genelinde bdyle bir ¢aligma olmasi halinde taranan verilerdeki dogruluk orani da ayni
olgiide artacaktir. X, Y ve Z verilerinin mevcut altyapt kurumlarinda kendi imalatlar1 ile ilgili dogru parametreler
olduklarin1 sdylemek ne yazik ki giictiir. Gelinen noktada altyapt kurumlarinin ¢ok az bir kismmin altyapi hatlarinin
konumsal dogrulugu noktasinda yeterli bilgiye sahip oldugu bilinmektedir. Yer radari ile altyapi verilerinin taranmasi ve
akabinde bir cografi bilgi sistemi yazilimina entegre edilmesi sadece kentsel planlama ve sehircilik noktasinda degil
kurumlarin da kendi deplaselerinin ve yatirimlarinin dogruluklarini tespit etmesi noktasinda da onemli bir atilim
saglayacaktir (ISBAK, 2017).

4.4, Artinlmis Gergeklik ile Veri Analizi

Yeralt1 goriintiileme sistemleri ile gomiilii altyap1 elemanlarina gonderilen dalgalarin geri yansimasi sonrasi kontrol
iinitesinde toplanip birlestirilmesi ve analizi ile elde edilen verilerin belirli diizeltmelerden gegmesiyle altyapi
elemanlarinin konumsal bilgileri toplanmis olur. Olgiimler sonucu yeralt1 tesisatinin (igmesuyu, atiksu, dogalgaz,
haberlesme, elektrik vb.); hassas koordinatlarinin iglenmesi, borularin ve kablolarin XYZ geometrileri, cins ve ¢ap/boyut
bilgilerine gore siniflandiriimast islemleri tespit edilen 6znitelik verilerini olusturmaktadir (ISBAK, 2017).
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Teknik altyap1 yatirimeisi olan altyap: kurumlari, yerel yonetimler ve bunlari denetleyen denetim mekanizmasi mevcut
altyap1 verilerinin sayisal ortama entegre edilmis haline ulagamadiklari i¢in yeni proje planlamasi, mevcut altyapi
hatlarinin deplase edilmesi, olasi ariza ve revize gerektiren imalatlarin bakim ve onarim ¢alismalarinin yapilmas: hem
daha zor hem de koordinasyon eksikliginden kaynakli olarak zaman kayiplarina yol agmaktadir. Hasarsiz yeralti
goriintiileme sistemleri ile tespit edilen gomiilii altyap: elemanlarinin &znitelik verilerinin ortak bir ag iizerinde entegreli
sekilde caligtirilmasi tek basina yeterli gelmedigi kurum igi ¢alismalar gézlemlenerek kaydedilmistir. Ayn1 zamanda
kullanicilarin mekansal verileri daha detayli gériip kolay bir sekilde planlama ve aksiyon alma yetilerini gelistirmesi adina
arttirllmis gerceklik (AG) teknoloji ise daha gergekei, kavranabilir ve sistemsel bir algoritma haline ¢evrilmesi mevcut
sorunlarin ¢éziimiine 151k tutabilecegi diisliniilmektedir.

Sekii 12. AG ile zenginlestirilmis altyap1 verisi iizerinden temsili bir sistem denemesi (Istanbul- Fatih)

Teknik altyap1 elemanlarinin giinliik hayatin akisi icerisinde sisteme en az miidahale edecek sekilde imalatinin yapilmasi
ve diizenlenmesi 6nceki boliimlerde de deginildigi gibi kaliteli kent yasamim dogrudan etkilemektedir. Sekil 12°de ise
yeraltinda gomiilii olan altyapi elemanlarinin kazisiz goriintiileme teknolojilerinden olan GPR yontemi ile tespit edilmesi,
ardindan Artirilmig Gergeklik ile modellenmesinin temsili hali gosterilmektedir. Sekildeki kirmizi nesneler elektrik
altyapisini temsil ederken mavi kisimlar su ve kanalizasyon altyapisini, yesil olanlar dogalgaz borularini ve mor olan
telekomiinikasyon ve haberlesme teknik altyapisini yansitmaktadir. Detaylandirilan 6znitelik verileri 1181nda iist kaplama
elemanlarmin en az hasarla siireci tamamladigi, akan trafige miidahale etmeye gerek kalmadan ve kisa metrajli islemler
gerceklestirilerek siirecin daha hizli, kolay ve az maliyetli olmasinin saglanabilecegi 6ngoriilmektedir.

5. Sonug ve Oneriler

Calismanin adinda da belirtildigi iizere istanbul geneli altyapilarindan ve bu altyap: tesislerinin modellenmesinden
bahsedilmektedir. Istanbul’da artan gd¢ ve niifus ile birlikte bir taraftan yerlesimler ve ekonomik faaliyetler daha genis
bir alana bosluklar birakarak plansiz ve dengesiz bir sekilde yayilmakta, diger yandan kent i¢indeki mevcut yerlesmeler
daha yogun yapilagmaya ve niifus yogunluguna maruz kalmaktadir. Bu siire¢ kentin baz1 bolgelerindeki altyapt hizmetleri
iizerinde baskiy1 arttirarak hizmet kalitesini diisiirmekte, diger baz1 bolgelerde ise altyapinin atil kalmasi ve verimsiz
kullanilmasina neden olmaktadir. Sonug olarak bir yandan kentsel mekan ve yapilar altyap1 hizmetlerinden daha hizli ve
kontrolsiiz bir sekilde biiylimekte, diger yandan gelistirmesi zaman alan ve olduk¢a maliyetli altyap1 ise etkin bir sekilde
kullanilmaktadir.

Kent sakinlerinin yasam kalitelerini belirleyen en bilyiik parametrelerden biri olan teknik altyap: tesisleri belirtilen bu
sebeplerden kaynakli olarak donanimsal ve sistemsel olarak eksik kalmaktadir. Ornek verilecek olursa; elektrik ile ilgili
bir ariza, deplase veya yeni yatirim tesisi islemi esnasinda teknik ekibin konumsal bilgi yoniinden oldukga fakir altyapi
tesisleri ile ilgili bilgi sahibi olmamasindan kaynakli olarak diger teknik altyap1 elemanlarina zarar vermesi kaginilmazdir.
Bu durumda elektrik ile ilgili bir diizenleme gerceklesirken kent sakinlerinin su, dogalgaz, fiberoptik altyap1 hatlar1 zarar
gorerek magduriyetin katlanarak artmasina sebep olmaktadir. Ayrica altyapi hatlarinin dogasi bakimindan yerin altinda
gomiilii olmasindan kaynakli, saha caligmalar1 yapilirken biiyilk zaman ve maliyet kayiplart olusmaktadir. Yolun
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neresinden hangi hattin gectigi bilgisi, kazi ¢aligsmasi yapan kurumlar i¢in hem giivenlik hem de maliyet agisindan ¢ok
onemlidir. Altyap:r hatlarinin belirtilen bu sebeplerden kaynakli konumsal verilerinin eksikligi miikerrer kazilarin
olusmasina siirekli Istanbul sokaklarimin kazilarak giivenlik zafiyetinin olusmasina, aktif trafik yogunlugu olan byle bir
metropoliin daha da trafik sirkiilasyonunun arttirmasina neden olmaktadir. Ayrica siirekli kazilip agik birakilan
transelerden kaynakli can kayiplarinin yasanmasi da olayin baska bir boyutunu olusturmaktadir.

Istanbul konumu itibariyle fay hatlarmin aktif oldugu bir bolgededir. Ozellikle 1999 yilinda yasanan Marmara Depremi
sonrasinda giivenli ve konumsal dogrulugu eksik altyapi sonucunda patlayan su borulari, elektrik kagaklar1 ve neredeyse
imkansiz hale gelen haberlesme altyapisinin olasi afet durumlarinda ne kadar hazirliksiz oldugunu gostermistir. Veri
dogrulugu yiiksek altyapi elemanlarmin dogal ve yapay tim tehditlere karsi daha gii¢lii ve giivenilir olacagim
diigiiniilmektedir.

Bu calisma mevcut altyap koordinasyonunun kolayligini saglamay1 amaglamasinin yam sira kalabalik niifusu ile Istanbul
ozelinde kentsel planlama ve gehircilik algisina da yeni bir boyut kazandiracag: diisiiniilmektedir. Son dénemlerde artan
kentsel doniisiim ve kent planlama ¢alismalari, olas1 afet riski kapsaminda yeni yapilacak yapilarin diizenlenmesi ve
mevcut yapi giliglendirmeleri esnasinda teknik altyapi tesislerinin imal edilmesi veya yenilenmesi bazi engellere
takilmaktadir. Altyap tesislerinin imalati esnasinda belirlenen doniisiim veya diizenleme alaninda yasayacak olan kisi
sayist ile ilgili belirli katsayilar baz alinarak tahmini bir 6ngoriide bulunularak islemler tesis edilmektedir. Bu durum
birgok kez kullanict sayisinin beklenilenin iizerinde olmast durumunda revizyon iglemleri gerektirmektedir. Oysa olasi
bir ortak altyap1 yazilimi sayesinde 6ngoriilen abone sayisinin mevcut sayisal altyapi verisi dikkate alinarak daha saglikli
ve giivenilir bir sekilde planlanmasi sonrasinda tesis edilecek teknik altyapi elemanlarinin imalatinin daha dogru ve
giivenilir olmasinin saglanacagi diisiiniilmektedir.

Bu c¢ikarimlardan hareketle; son yillarda kullanim orani gittikge artan hasarsiz yeralti goriintiileme teknolojileri ile
yeraltindaki altyapilarin belirlenerek Cografi Bilgi Sistemleri ortamina aktarilmasi ve artirilmis gergeklik yontemiyle
goriintiilenmesinin hedeflendigi bir yazilim 6nerisi sunulmustur. Béylelikle kurumlar arasi entegrasyonun daha gii¢lii,
saglikli ve giivenilir olmasi, mevcut bilgi sisteminin ii¢ boyutlu olarak modellenmesiyle kazi ¢aligmalarinda yol gosterici
olmasini saglamis olacaktir. Bunun yaninda altyapi bilgi kirliligini dnleyerek gelecekte gelistirilebilecek projeler igin yol
gostericilik saglamasi, uzun vadeli altyapi planlamalarinda altlik tegkil edebilecek ve altyapr bilgi sistemi kapsaminda
veri standardi olusturulabilecektir. Boylece kentsel altyapi planlamasinin ¢ok daha islevsel ve kaliteli olmasi
saglanacaktir.

Caligma kapsaminda gergeklestirilen incelemeler neticesinde elde edilen bulgulardan yola g¢ikarak; mevcuttaki teknik
altyap1 sorunlar1 irdelenmis, yapisal ve sistemsel eksiklikler ortaya koyulmus, altyapi kurum ve kuruluslari arasindaki
iletisim ve biirokrasiye deginilmistir. Altyapt kazi c¢aligmalarinin kontrol ve koordinasyonu esnasinda sahada
gerceklestirilen deneyimler incelenmis ve gorsel zenginligi yiiksek altyapi verisinin senaryo analizi yapilmistir. Edinilen
bu bilgiler 1s1g1nda sorunlarin ¢dziimiine yonelik 6ngoriilen; gorsel algist yiikseltilmis giivenilir altyapi verisinin ortak bir
veri aginda biitiinlestirip teknik altyapi kuruluslarini tek bir ¢ati altinda sistemsel birlestirilmesi onerilmistir.
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Abstract

The outer brownish shell (pericarp) that remained after the cottony structure was removed inside the sweet chestnut
(Castanea sativa Mill.) fruit shell was characterized chemically and morphology. The study was focused on two
ways; first is gravimetric analyses to determine main chemical composition of chesnut shell such as holocellulose,
a-cellulose, and klason lignin and the second way was analytical analyses to identify the extractive composition
and the amount. Main lignocellulosic compounds were determined as 45.3% holocellulose, 29.2% a-cellulose,
42.5% klason lignin. Extractive content was also 3.2%. Analytical results showed that MeOH:Water (95:5 v/v)
extract contained 23.8% fructose, 16% glucitol, and 11.2% glucose. Gallic acid was found only 5% in the acetone:
water extract. The fiber length, fiber width, lumen width, and fiber wall thickness of the samples were measured
as 1.52 mm, 21.67 um, 14.25 pm, and 3.71 um, respectively. Chestnut shells, which are morphologically similar
to hardwood fibers and contain a high amount of klason lignin, have significant potential for use as raw materials
in different industries.

Key Words: Chestnut shell, cellulose, lignin, fiber properties
1. Introduction

Sweet chestnut trees as a hardwood species can grow to 30-35 m. Cultivated sweet chestnut trees are long-lived
(up to 1000 years), and they may reach a significant circumference at breast height (up to 12 m). The sweet chestnut
tree spreads from Southern Europe and North Africa to North-Western Europe and eastward to North East Tiirkiye,
Armenia, Georgia, Azerbaijan, China and Syria. The altitude of chestnut tree in the world is between 200 and 1800
m. It covers more than 2.5 million hectares. Chestnut trees have always been cultivated for their wood and fruit
(Avanzato, 2009; Conedera et al., 2021).

In 2020, worldwide production of chestnut fruit was 2.32 million tons. China is main supplier in the world,
producing 1.74 million tons per year. Turkey produced approximately 76 thousand tons, accounting for 3.28% of
the world's chestnut fruit production (FAOSTAT, 2022). In last years, there is a growing interest for the chestnut
fruit. Because of its gluten-free form, it takes places in diets. In addition, the flour and marron glace production of
chestnut has an important market. In parallel to production, an increased in the amount of chestnut shell, a by-
product occurred. Shells composed of tannins, flavonoids and phenolic acids. With this chemical structure, it is
used as tanning of leathers, coloring of wool and cottons and as an adhesive in wood industry (Husanu et al., 2020).
As known flavonoids, have anti-allergic, anti-inflammatory and antioxidant activities. Because of these features,
chestnut shells used in cosmetic and pharmaceutics as a natural preserver (Vazquez et al., 2008). Not only the
extractive composition but also the lignocellulosic part could also be potential source for different area.

In order to convert this waste material into value-added products, its better to know more about it. There are some
papers on the chemical composition (Gonzalez Lopez et al., 2012; He et al., 2016; Morales et al., 2018) and
phenolic contents (Vazquez et al., 2008) of chestnut shell. Several authors also studied chemical composition
(Moure et al., 2014) and fiber properties (Liang et al., 2021) of chestnut burs. From this point of view, we aimed
to characterize the chestnut shell (pericarp), chemically and anatomically.

2. Material and Methods

Brown outer shells (pericarp) of sweet chestnut (C.sativa Mill.) fruits obtained from Yahyayazicilar Village,
Amasra district of Bartin province were used as raw material. The altitude is 30 m. Almost 5 kg of chestnut fruits
was collected. Before the experiments, the white cottony structure inside the shell was separated manually with
the tip of a knife. Shells grounded in a kitchen grinder were stored in glass jars till analysis.
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The chemical structure of the shell was investigated in two different ways, gravimetrically and analytically. To
determine the amount of extractive material, the samples were extracted with MeOH:water (95:5 v/v) for 4 hours
by using soxhlet apparatus. After processing, the MeOH:water portion was separated for further analytical studies
and stored in deep freezers. The solid part was used in gravimetric measurements. Holocellulose (Wise & Jahn,
1952), a-cellulose (Rowell, 2005), and klason lignin (TAPPI T222 om-02, 2002) contents of samples were
determined with relevant references. Each experiment was repeated three times.

For characterization of extractives two different solvent (MeOH:water and acetone:water) was used. Samples
were extracted separately. Aliquots were analyzed by GC-MS (Shimadzu GC-MS-QP2010). The samples were
silylated with pyridine: trimethyl chlorosilane: N, O-bis (trimethyl silyl) trifluoroacetamide (Kilic et al., 2011) and
then analyzed in the GC-MS under the following conditions (Table 1).

Table 1. GC-MS operating conditions.

Column type RTX-5MS (30m x 0.25pum x 0.25mm)
Carrier gas He

Gas flow 1.10 ml/min

lon source temperature 200 °C

Interface temperature 250 °C

Temperature program 120 °C (1 min./6 °C) 310 °C at 15 min.

Chlorite method was applied for the fiber maceration (Spearin & Isenberg, 1947). Shells were cut into small pieces
and fiber length, fiber width, fiber lumen width, and fiber cell wall thickness of 50 randomly selected fibers were
measured. The flexibility ratio [(lumen width/fiber width) % 100], slenderness ratio (fiber length/fiber width), and
Runkel ratio [(2 X cell wall thickness)/lumen width] were calculated using the measured fiber dimensions.

3. Results and Discussion

The gravimetric results of the main compounds, found in the chestnut shell are given in Table 2. As seen they are
compatible with the previous literature. Almost, 42% of the main structure was composed of lignin, a sustainable
smart resource in the nature. With this feature, lignin content of chestnut shell is similar to hazelnut and peanut
shells (Gullon et al., 2018). Gonzélez Lopez et al. (2012) determined the lignin as 44.9% in the shell part. However,
Boran Torun et al. (2019) has found the lignin in the cupula of chestnut 22.95%, almost half of the shell value. On
the other hand, the cupula contained more holocellulose than shell part. Extractives were found as 3.2%. It is
considered that differences between the values of extractives in Table 2. are due to the solvent type. In this study
MeOH:water (95:5v/v) was used. Both in our study and in Gonzalez Lopez et al. (2012) polar solvents, which are
used for phenolic compounds, were preferred.

Table 2. Main compounds found in the chestnut shells (%).
Morales et.al Gonzalez Lopez et al. Dénmez et Boran Torun et al.

Thisstudy 514y (2012) al. (2016)  (2019) cupula
Extractives 3.20+0.04 1.5 9.9 10.76 4.35
Holocellulose 45.3+3.7 - - 49.39 59.08
a-cellulose 29.2+0.9 25.6 25.2 40.03 -
Klason lignin 42,543 36.4 44.9 34.82 22.95

MeOH:water and acetone:water (95:5 v/v) extracts were analyzed with GC/MS to determine the phenolic
compounds. Chromatograms are given in Figure 1. ldentified compounds and the amounts were summarized in
Table 3. Two different polar solvent was used. It was aimed to detect phenolic compounds in these two aliquots.
Nevertheless, only gallic acid, which was found only 5%, was detected. More than 70% of two aliquots was sugar
units. Xylitol, fructose, galactose, glucose and non-identified units (MW.437) are forming the content.
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Fig. 1. The chromatograms of MeOH:W (upper) and Acetone:W (bottom) extracts of chestnut shell.

Fructose was the most abundant sugar units (23.2-18.8%) in the chestnut shell. This sugar also detected in the
flowers of C. sativa as 5 g/100g. (Barros et al., 2010). Glucose with the amount of 17.1-11.2% is the second
important sugar unit. However, Gullon et al. (2018) found the amount of glucose as 20.6%. Glucitol, known mainly
as Sorbitol, was determined 16.1% in the MeOH extract. In the acetone:water extract the amount was 2%. Glucitol
found in different fruits like apple, pear, and peach (Lenhart & Chey, 2017)

Table 3. The amount of chemical compounds determined in the MeOH:W and Ace:W extract of chestnut shell.

No RT Name MeOH:Water  Ace:Water
(%) (%)
1 12.43 Xylitol 3.15 25
2 1395 Sugar (MW 437) 3.34 4.68
3 14.02 Sugar (MW 437) 1.48 11.93
4 14.09 D-Fructose-1 10.37 -
5 14.20 D-Fructose-2 12.84 18.78
6 14.93 n.i 135 11.3
7 15.00 Sugar (MW 437) 1.55 -
8 15.48 a-D-galactopyranose 9.92 16.6
9 15.58 Galactoside 1.63 -
10 15.68 D-Galactose 2.15 2.08
11 15.90 Myo-Inositol 2.88 2.64
12 16.16 Glucitol 16.15 2.03
13 16.38 Gallic acid 4.06 5.2
14 16.58 Inositol 1.87 2.12
15 17.01 a-D-glucopyranose 11.23 17.12
16 17.52 16:0 2.04 3.01
17  23.05 D-Glucuronic acid 1.84 -

The comparison of fiber properties of some lignocellulosic materials and chestnut shell are given in Table 4. Liang
et al. (2021) noted that fiber length, fiber width, and slenderness ratio of chestnut burs were 1.06 mm, 17.51 um,
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and 60.54, respectively. The fiber length of chestnut shell was significantly longer than those of some hardwood
species such as poplar, oak, beech, and maple. Also, chestnut shell had longer fibers than some fruit tree such as
avocado, pomegranate, kiwi, hazelnut, cherry, and apricot. Fiber width of chestnut shell had the similar to that of
hardwood species. Chestnut shell had fibers similar to the fiber lumen width of the black pine cone. The cell wall
thickness of chestnut shell was narrower than hardwood and fruit tree species (Table 4). On the other hand, chestnut
shell had higher slenderness ratio and flexibility ratio, and lower Runkel ratio than those of hardwood and fruit
tree species. This result can be explained by longer fibers of chestnut shell. Also, it can be attributed to narrower
cell wall thickness of chestnut shell. More flexible and longer fibers resulted in paper with high strength.

Table 4. Comparison of fiber properties of some lignocellulosic materials and chestnut shell.

FL FW FLW FCWT

Sample SR FR RR Reference
(mm)  (um)  (um) (um)
Chestnut shell 152 2167 14.25 371 7014 65.76 052 This study
Chestnut bur 106 1751 - - 60.54 - - Liang et al. (2021)
Castanea sativa 1.06 21.1 11.6 4.7 50.1 54.8 0.8 Alkan (2004)
E"p“'us remula 445 2390  11.40 6.30 460 4770 110 G“'S‘(’%’O‘i‘g“fek
Quercus robur L. 1.17 20.50 9.56 5.50 - - - Glilsoy et al. (2005)
Fagusorientalis 4 16 5559 579 7.70 5743 2822 270  Gilsoyetal. (2021)
L. (sapwood)
i ) ) Eroglu & Giilsoy
Acer campastre L.  0.58 25.00 16.30 4.40 (2008)
Bracken stalks 125 2400 1030 685 5208 4292 133 G“ls‘go‘gl‘gs)lmslr
Black pine cone 125 3110 13.70 8.70 4019 4405 056 G“'Soé(‘ignurk
svzg“ggra”ate 075 2095 1165 4.65 3558 5561 160  Gilsoyetal (2015)
Apricot wood 069 1208 569 3.19 5509  50.37 097  Gengeretal. (2018)
(sapwood)
Altunigik
Avocado wood 1.06 2578  16.18 4.80 4100  63.00  0.59 Biilbill &
Genger (2021)

. Genger &
Wield cherry 111 2035  10.50 4.93 5456  51.60  0.90 Giil Tiirkmen
wood (sapwood) (2016)

.o Yaman &
Kiwi wood 158 3597  22.30 6.84 4403 6199 061 Gencer (2005)

. ) _ _ Genger &
Hazelnut pruning 1.04 22.20 13.66 4.30 Ozgiil (2016)

FL: Fiber length, FW: Fiber width, FLW: Fiber lumen width, FCWT: Fiber cell wall thickness, SR: Slenderness ratio,
FR: Flexibility ratio, RR: Runkel ratio

4. Conclusions

The chemical composition and fiber morphology of chestnut (C.sativa Mill.) fruit shell were evaluated in this
study. The results showed that chestnut shells had longer fibers, higher slenderness, and flexibility ratios compared
to some hardwood and fruit trees. According to these results, chestnut shell can be used in paper production.
Chestnut shell has a high lignin content (44.5%) and saccharides (23.2% fructose, 17% glucose). The amount of
extractives are only 3% in the MeOH:water extract of chestnut shell.

Today, chestnut fruit shell utilizes only as a fuel. Actually, its high lignin and oligosaccharide content can be
renewable resource for different areas. Its extractives can also be used as a natural antioxidant.
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Abstract

Diagnosis of disease with respiratory data is very important today as it was in the past. These diagnoses, which are
mostly based on human experience, have begun to leave their place to machines with the development of
technology. Especially with the emergence of the COVID-19 epidemic, studies on the ability of artificial
intelligence to diagnose diseases by using respiratory data have increased. Sharing open-source data has paved the
way for studies on this subject.

Artificial intelligence makes important contributions in many fields. In the field of health, significant accuracy
results have been obtained in studies on respiratory sounds. In this article, a literat ure review on respiratory sounds
and artificial intelligence achievements was made. 34 articles -that were selected from IEEE, Elsevier, Pubmed,
and ScienceDirect digital databases and published after 2010- were used for comparisons. As keywords, "breathing
sounds and", "respiratory sound classification", together with "artificial intelligence" and "machine learning" were
chosen.

In this study, artificial intelligence methods used in 34 publications selected by literature review were compared
in terms of the performances obtained in the training.
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1. Introduction

Different devices (Stethoscope, EKG (Electrocardiography), EMG (electromyography), etc.) and methods (such
as machine learning, deep learning methods) have been developed for years to diagnose disorders affecting human
health. Among these devices, the most used device for many years is the stethoscope. A stethoscope is used to
listen to body sounds. Listening to body sounds is one of the most basic methods used to have information about
the body. It provides a lot of information about the respiratory organ and the symptoms of the diseases that affect
it (Basu & Rana, 2020). In the history of medicine, it has been tried to make analyzes from body sounds for
centuries. At first, body sounds have listened directly, then listening was performed with the help of a pipe and the
foundations of the invention of the stethoscope were laid. With the invention of the stethoscope, body sounds
began to be analyzed better. Mechanical stethoscopes that can filter better according to the materials used have
been created and this technology continues to be used today. These technological developments have also
supported the development of electronic stethoscopes. The received audio signals are transferred to digital media
by passing through filters applied in electronic circuits. In this way, great convenience has been provided in the
storage and analysis of data. The stored data has started to be used in the creation of artificial intelligence models
to be used in studies in this field. Today, many different datasets and training models have been created from
breathing sounds.

Breath sounds are classified as normal or abnormal. Normal breath sounds are non -musical sounds. Abnormal
breathing sounds are the sounds created by abnormal sounds superimposed on normal breathing sounds (Rocha et
al., 2021). Artificial intelligence methods have generally achieved successful results in distinguishing between
normal and abnormal respiratory sounds. More specifically, studies have been carried out to distinguish sounds
such as wheezing, whispering, and coughing from abnormal respiratory sounds (Bardou et al., 2018; Jakovljevi'c
& Lon"car-Turukalo, 2018; Hassan et al., 2020). The artificial intelligence method has an active role in respiratory
diseases such as COPD (Chronic Obstructive Pulmonary Disease) and asthma.

The abundance and accessibility of respiratory sound data have paved the way for many successful studies. The
fast processing power of the machines, combined with artificial intelligence technology, brought along detailed
analysis and successful results. There are many different studies in the literature. In this article, research and
examinations on the studies in the literature were made and the studies in which the best models were created were
discussed. Although different datasets have been used in many studies, there are also studies that have examined
the same datasets.

2. Methodology

The subject covered under the name of artificial intelligence achievements used in classifications made using
respiratory data generally includes information transmission and compilation. It is challenging to reach and work
with datasets while conducting scientific studies. In this study, studies that achieved accuracy by using artificial
intelligence methods with a dataset are included. For this purpose, first of all, articles containing the subject;
Selected from IEEE, Elsevier, Pubmed, and ScienceDirect digital databases.

The keywords used in the literature review are “breath sounds and”, “respiratory sound classification”, together
with “artificial intelligence” and “machine learning”. The selection criteria are primarily to consider the
publications after 2010. For ease of analysis, only English and Turkish articles were considered.

3. Literature Review

When the studies in the literature are examined, besides the open datasets, there are also studies on private datasets
and their comparison. In many studies, the International Conference on Biomedical and Health Informatics
(ICBHI) dataset has been used and successful results have been obtained. When we look at the studies with the
ICBHI dataset, Liu et al. used a dataset consisting of 222 subjects and 508 records in addition to the ICBHI dataset.
When these datasets trained with the Convolutional Neural Network (CNN) model are used as mixed, 61.02%
accuracy was achieved. The highest performance was obtained in the ICBHI dataset with 81.62% (Liu et al.,
2019). Srivastava et al., in their study on the ICBHI dataset, performed feature extraction with Mel-frequency
cepstral coefficients (MFCC) and trained this data with the CNN model. 93% accuracy was achieved in the study
(Srivastava et al., 2021). Chen et al. used Optimized S-transform on this dataset and trained with deep residual
networks. 98.79% accuracy was achieved (Chen et al., 2019a). Acharya and Basu used (Visual Geometry Group-
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16) VGG16, MobileNet, Hybrid CNN-Recurrent neural network (RNN) methods in their study. The highest
performance was obtained in Hybrid CNN-RNN with 71.81% (Acharya & Basu, 2020). The model in which Basu
and Rana used Neural Network showed 96% accuracy (Basu & Rana, 2020). Rocha et al. used Linear Discriminant
Analysis (LDA), Radial Fundamental Function Support Vec tor Machines (SVMrbf), Random Undersampling
(SVMrbf), Random Undersampling, Augmented Trees (RUSboost), and Convolutional Neural Networks (CNNs)
methods in this dataset. While on the 3 Class task with fixed durations, the best classifier achieved an accuracy of
96.9%, the same classifier reached an accuracy of 81.8% on the more realistic 3 Class task with variable durations
(Rocha et al., 2021). Paraschiv and Rotaru used MFCC features in the CNN model and achieved 90.21% accuracy
(Paraschiv & Rotaru, 2020).

Apart from the ICBHI dataset, many original datasets were used. Messner et al. used 387 records from 23 people.
In this study, in which Multilayer Perceptron (MLP), bidirectional gated recurrent neural network (BiGRNN), and
ConvBiGRNN methods were used, 93.1% training accuracy was obtained with BIGRNN (Messner et al. 2020).
Rizal et al. obtained 94.95% accuracy using 99 lung sounds and MLP method (Rizal et al. 2017). Balli and Kutlu
used a dataset consisting of 103 people and used Artificial Neural Network (ANN), Support Vector Machine
(SVM), K-Nearest Neighbors (KNN), and Decision Tree (DT) methods. ANN also achieved the best test
performance with 86% (Balli & Kutlu, 2020). Chauhan et al. created 1381 datasets of real and simulated. MFCC
and (Hidden Markov Model) HMM were used and the determinations yielded 95.7% for continuous murmurs,
96.25% for systolic murmurs, and 90% for diastolic murmurs. Aykanat and his friends recorded 17,930 lung
sounds from 1630 subjects. Healthy versus pathological classification: CNN 86%, SVM 86% (Aykanat et al.,
2017). Sreejyothi 35 bronchial, fine crackle, and coarse crackle, single channeled breath sound signals of the
duration of 1.5-3.5 s at a sampling frequency of 44,100 Hz. Classification of data based on supervised machine
learning techniques (MLT) (LDA and SVM) using the features of phase portrait was found to be superior to
unsupervised classification with 83.3% and 93.3% accuracy, respectively (Sreejyothi et al., 2021). Sen et al., 50
subjects are incorporated in the study, 30 being diagnosed with asthma and 20 with COPD. Classification rates of
100 and 95 percent for asthma and COPD, respectively (Sen et al., 2021). Haider and Behera used 80 asthma, 80
COPD, and 80 healthy Lung Sounds. It achieved the highest performance with DT: 99.3% (Haider & Behera,
2022). Stasiakiewicz et al. dataset comprised 62 healthy (166 recordings) and 58 sick patients (187 recordings). In
this study, in which SVM was used, 92.8% accuracy was achieved (Stasiakiewicz et al., 2021). Brown et al, the
dataset is composed of 4352 unique users collected from the web app and 2261 unique users collected from the
Android app, comprising 4352 and 5634 samples. In the study using SVM, 82% ROC-AUC was obtained. Amoh
and Odame used 14 healthy volunteers, consisting of 7 males and 7 females. CNN was used in classification and
87.6% accuracy was achieved (Amoh & Odame, 2016). Mendes et al. obtained 24 records from 12 patients and
achieved 98% accuracy (Mendes et al., 2015). Lozano et al. obtained 870 records from 30 people and achieved
94% accuracy with SVM (Lozano et al.., 2016). Chamberlain et al. obtained 500 records from 284 participants
and classified them with SVM. Wheeze 86% accuracy, Crackle 73% accuracy (Chamberlain et al., 2016). Hassan
et al. used 240 acoustic data. MFCC, LSTM, RNN were used, and the detection performance of cough sound was
97% and breath sound was 98.2% (Hassan et al., 2020). Jord et al. used MFCC and ResNet50 and achieved 98.5%
accuracy (Laguarta et al., 2020). Jayalakshmy et al. used 4 different methods in their study. The highest
performance was obtained in the CNN model with 96.7% (Jayalakshmy et al.,2020). Ma et al. features were
extracted by SFTF and wavelet analysis and classification was performed with a bilinear Resnet network. 69.30%
accuracy has been achieved (Ma et al., 2019). In the study of Monaco et al., 85% accuracy was obtained for MLP
and 81% for SVM among 4 different classifiers (Monaco et al., 2020). Riella et al. used the ANN method in 28
audio recordings and achieved 85% accuracy (Riella et al., 2009). Pinho et al. used 24 audio files and the multi-
annotator gold standard method. Precesion, F1, sensitivity results were examined in the study (Pinho et al., 2015).
Gronnesby et al. used 383 audio files and SVM method. Precision, F1, sensitivity results were examined in the
study (Gronnesby et al., 2017). Chen et al. extracted MFCC features of 50 lung sounds. trained these features with
the SVM method (Chen et al., 2019b). Bhowmik and Most studied 12000 lung data. In the study, 93.4% accuracy
was achieved with the STAIN method (Bhowmik & Most, 2022). Meng et al. applied ANN, KNN, SVM methods
to 705 breath sounds. 85.43%, 68.51% and 69.50% accuracy were achieved, respectively (Meng et al., 2020).
Giiler et al. achieved 100% accuracy in KNN and SVM with the voice data they received from 60 people (Giiler
et al., 2020) These publications and summary findings are shown in Table 1.

Table 1. Publications and summary findings in the literature review
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Paper  [Source Dataset Method /Accuracy
ID
1 Liu etal, |ICBHI dataset and | CNN ICBHI DatabaseTest
2019 pediatric dataset IAccuracy: %81.62
consisting of 508 Pediatric Database Test
records from 222 IAccuracy: %69.72
subjects Mixed Database Test
I/Accuracy: %61.02
2 Jayalakshmy |ICBHI dataset SVM SVM Train Accuracy:
et al., 2020 KNN 0671.97
Decision K-NN Train Accuracy:
TreeCNN 0689.56
Decision Tree Train
Accuracy: %90.10
CNN Train Accuracy: %96.7
3 Messner et [387 records from 23 | MLP MLP Train Accuracy: %75.0
al., 2020 people ConvBiGRNN BiGRNN Train Accuracy:
BiGRNN 0693.1
ConvBiGRNN Train
I/Accuracy: %85.9
4 Rizal et al., [99 lung sound Multilayer Perceptron (MLP) [Accuracy: 94.95%
2017
5 Balli & 103 people from the | ANN, KNN, SVM, DT IANN Test Acc: 86%
Kutlu, 2020 |[ICBHI dataset, KNN Test Acc: 80%
including 35 SVM Test Acc: 85%
healthy, 32 DT Test Acc: 76%
pneumonia and 36
COPD.
6 Chauhan et 1381 datasets of MFCC+HMM Continuous murmurs: 95.7%
al., 2008 real and simulated Systolic murmurs: 96.25%
Diastolic murmurs: 90%
Recorded 17,930 SVM and CNN healthy versus pathological
7 \Aykanat et [lung sounds from classification: CNN %86,
al., 2017 1630 subjects. SVM %86
rale, rhonchus, and normal
sound classification: CNN
%676, SVM %75
singular respiratory sound
type classification: CNN
%680, SVM %80
audio type classification
with all sound types: CNN
2662, SVM %62
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8 Sreejyothi et [35 bronchial, fine MLT- Classification of data based
al., 2021 crackle, and coarse | LDA,SVM on supervised MLT-LDA
crackle, single and SVM using the features
channeled breath of phase portrait was found
sound signals of the to be superior to
duration of 1.5-3.5 unsupervised classification
s at a sampling (PCA) with 83.3% and
frequency of 44,100 93.3% accuracy,
Hz respectively.
9 Ma et al., ICBHI dataset Short-time Fourier transform |[Accuracy: 69.30%
2019 (STFT), Wavelet + Bi-ResNet
10 Senetal., Fifty subjects are Gaussian mixture models Classification rates of 100and
2021 incorporated in the (GMM), and SVM 95 percent for asthmaand
study, 30 being COPD, respectively.
diagnosed with
asthma and 20 with
COPD.
11 Srivastava ICBHI dataset MFCC+CNN IAccuracy: 93%
et al.,
2021
12 Haider & 80 asthma, 80 SVM, DT, KNN, DA Accuracy:
Behera, 2022 | COPD, and 80 DT: 99.3%
healthy Lung SVM: 98.6%
Sounds. KNN: 95%
DA: 96.3%
13 Chen et ICBHI dataset OST and ResNets Sensitivity:96.27%
al.,2019a Specificity:100% Accuracy:
98.79%
14 Stasiakiewi  [Dataset consisting of | SVM Sensitivity:94.8%
czetal, 62 healthy (166 Specificity:90.7%
2021 recordings) and 58 IAccuracy: 92.8%
sick patients (187
recordings)
15 Dataset is SVM COVID-positive /non-
Brown et composed of 4352 COVID: 80%
al., 2020 unique users COVID-positive with cough
collected from the non-COVID with cough:
web app and 2261 82% ROC-AUC
unique users COVID-positive with cough
collected from the non-COVID asthma cough:
/Android app, 80% ROC-AUC
comprising 4352
and 5634 samples
16 Amoh & 14 healthy CNN, RNN CNN: 87.6%
Odame, \volunteers: 7 males RNN: 79.7%
2016 and 7 females.
17 /Acharya ICBHI dataset VGG16, MobileNet, Hybrid [VGG16: 68.54%
& Basu, CNN-RNN MobileNet: 67.60%
2020 Hybrid CNN-RNN: 71.81%
18 Basu & ICBHI dataset Neural Network
Rana, 2020 Accuracy: 95.67%= 0. 77%
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19 Monaco et ICBHI dataset Random Forest (RF), SVM, |Accuracy: MLP:
al., 2020 MLP and (Deep Neural 85%
Network) DNN SVM: 81%
20 Rochaetal., [ICBHI dataset Linear discriminant analysis  [While on the 3 Class task
2021 (LDA), radial basis function |with fixed durations, the
support vector machines best classifier achieved an
(SVMrbf), random accuracy of 96.9%, the same
undersampling augmented classifier reached an accuracy
trees (RUSboost), and of 81.8% on the more
convolutional neural networks |realistic 3 Class task with
(CNNs). variable durations.
21 Riella etal., [28 Record ANN IAccuracy: 85%; Sensitivity:
2009 86%0;
22 Pinhoetal., [24 sound files multi-annotator gold standard [Precision: 95%; Sensitivity:
2015 89%;
F1: 92%
23 Mendes et al., |Patients: 12; Matthews correlation IAccuracy: 98%; Sensitivity:
2015 Recordings: 24; coefficient (MCC) 91%; Specificity: 99%;
MCC: 93%
24 Lozano etal., [Participants: 30; SVM I/Accuracy: 94%;
2016 Recordings: 870; Precision: 95%; Sensitivity:
Source: Private 94%; Specificity: 94%
25 Chamberla Participants: 284; SVM Wheeze AUC: 86%;
inetal., Recordings: 500; Crackle AUC: 73%
2016 Source: Private
26 Gronnesby  |Recordings: 383 SVM Precision: 86%
etal., 2017 Sensitivity: 84%
F1: 84%
27 Jakovljevi'c |[ICBHI dataset HMM \Wheeze Sensitivity: 52%;
& Lon"car- Crackle Sensitivity: 56%;
Turukalo, Normal Sensitivity: 52%
2018
28 Chenetal., (50 lung recording MFCC+SVM BAC: 0.821 +0.07
2019b Sensitivity: 0.815
H0.10 Specificity: 0.826
H0.07
29 Bhowmik 10,000 training files | Convolutional Neural Accuracy:
&Most, with coughs, 10,000 | Network (CNN), Recurrent [CNN: 92.7%
2022 training files without| Neural Network (RNN), RNN: 86.3%
coughs, 1000 testing | Convolutional Recurrent CRNN: 91.0%
files with coughs, and| Neural Network (CRNN),  |STAIN: 93.4%
1000 testing files Spatio-Temporal Al Network
without coughs. (STAIN)
30 Hassan et 240 aucustic data MFCC+LSTM+RNN Accuracy:
al., 2020 Cough Sound: 97%
Breath Sound: 98.2%
\Voice: 84.4%
31 Laguartaet [MIT open voice MFCC, ResNet50 (CNN) IAccuracy: 98.5%

al.,2020

model (5,320
subjects have
recorded a healthy
COVID-19 cough

dataset.)
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32 Paraschiv ICBHI dataset MFCC+CNN IAccuracy: 90.21%
& Rotaru,
2020
33 Meng et al., [705 respiratory ANN, IANN: 985,43
2020 sound signals (240 | SVM, SVM: %69.50
rales, 260 rhonchi, KNN KNN: %68.51

and 205 normal
respiratory sounds)
were obtained from
130 patients

34 Giiler etal., [20 normal, 20 ral k- Nearest Neighbor (kNN), |Accuracy:
2020 and 20 rhonchi | Support Vector Machine Decision Tree: 0.98%
\voice data from 60 | (SVM), Naive Bayes, KNN: 100%
patients Decision Tree and Random  |Naive Bayes: 0.98% Random
Forest Classifier Forest: 0.98%SVM: 100%

4. Conclusion and Discussion

This review of studies evaluating breath sounds using machine learning techniques provide an overview of current
machine learning techniques for digitizing and analyzing breath sounds. For this purpose, the types and
characteristics of respiratory sounds are mentioned. In addition, the accuracy rates and study results of the studies
discussed and their suggestions for future studies were evaluated.

Many different models and datasets were used in the studies. In addition, it has been tried to increase the
performance with feature extraction methods such as MFCC and OST. When the results are examined, it is
observed that MFCC is used in feature extraction and CNN is used in model training. The largest dataset is the
MIT dataset, which contains cough voice recordings from 5320 people. In addition, MFCC coefficients were used
in the training of this dataset. The model trained with CNN achieved a very high accuracy rate of 98.5% (Laguarta
etal., 2020). This performance and a large number of used datasets bring this work to the fore. In addition, 17930
lung data from 1630 people were used in another study with a high data number. In this study using CNN and
SVM, 86% accuracy was achieved for both models. It has been seen that CNN algorithm works as well as SVM
algorithms and machine learning algorithms that can classify respiratory sound (Aykanat et al., 2017). The most
commonly used dataset in studies is the ICBHI dataset. In studies using this dataset, the highest peak results were
obtained using optimized S-transform (OST) and deep residual networks (ResNets).

Convolutional networks are trainable, multi-stage architectures that can be applied to a wide range of perceptual
tasks (LeCun et al., 2010). CNN was also highly preferred in the analysis of breath sounds. It is also frequently
used in HMM and SVM. As a feature extraction method, MFCC was generally used and provided high accuracy.

This study has shown that Al-powered medical solutions can have a stimulating effect on healthcare. In addition,
it supports the selection of a technologically innovative way of diagnosis and treatment monitoring processes. In
this way, it is stated that technology has potential in the medical field and studies on this subject should be
supported.
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