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PEYZAJ UYGULAMALARINDA KULLANIM OLANAKLARI ACISINDAN SiLLE
TASI

ZEHRA TUGCE OKSUZ"", PINAR BOLLUKCU?
Bartin Universitesi, Mithendislik, Mimarlik ve Tasarim Fakiiltesi, ORCID ID: 0000-0002-
2055-5017
2Bartin Universitesi, Miithendislik, Mimarlik ve Tasarim Fakiiltesi, ORCID ID: 0000-0002-
0621-3862

OZET

Diinyanin olusumuyla birlikte var olan tas, insanligin gelisim siirecinde de en etkili dogal
materyallerden biri olmustur. Caglara adin1 veren tasi ilk insanlar; korunmak, avlanmak,
pisirmek, barinmak ve sanat i¢in kullanmis, sekillendirmistir. Devirler degistikce, insanlarin
ihtiyaglart ve kullandiklar1 teknikler degismis, tasin kullanim alanlari da genislemistir.
Mimarlik ve Peyzaj Mimarlig1 gibi yap1 ve cevresi ile ilgilenen meslek alanlarinin i¢ ve dis
mekan uygulamalarinda; dayanikliligi, gegirgenligi ve estetik dzellikleri dikkate alinarak birgcok
farkli dogal tastan yararlanilmaktadir. Dogal taslar ayn1 zamanda bulundugu cografya icin bir
miras niteligi tasimakta ve kiiltiirel peyzajin sekillenmesinde etkili unsurlardan biri olmaktadir.
Calisma alan1 olarak secilen Sille, Konya ili Selguklu ilgesinde yer alan, kiiltiirel peyzaj
ozellikleriyle dikkat ¢eken, arkeolojik sit ve kentsel sit alani olarak ilan edilmis eski bir
yerlesmedir. Farkli kiiltiirlere ev sahipligi yapan sosyolojik yapisi, ekonomik hayati
sekillendiren geleneksel el sanatlari, sivil mimari yapilart ve bolgedeki tas ocaklarindan
c¢ikarilan sille tasi ile taninmaktadir. Sille tasi, mimari yapilarda yap1 tast ve dekoratif amach
olarak kullanilmaktadir. Bu calismada sille tasinin peyzaj mimarhg dis mekan
uygulamalarinda kullanim olanaklarinin arastiriimasi hedeflenmektedir. Bu baglamda sille tas;
duvarlar, yollar, yiizey kaplamalari, su dgeleri, kaya bahcgeleri ve sanatsal objelerde kullanim
olanaklar1 acisindan degerlendirilmis ve Oneriler sunulmustur. Calisma sonuclarinin; Sille
kiltiirel kimliginin korunmasi konusunda farkindalik saglamasinin yani sira tasarimci ve
uygulayicilara malzeme bilgisi konusunda katki sunmas1 beklenmektedir.

Anahtar Kelimeler: Peyzaj Mimarligi, Peyzaj Tasarimi, Kiiltiirel Peyzaj, Sille Tas1, Konya.
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1. GIRIS

Insanlik tarihi boyunca hayatin icerisinde olan dogal taslar endiistriyel bir iiriin olmay1p; dogada
milyonlarca yilda sekillenen benzersiz materyallerdir [1]. Yokedildiginde yeniden yapilamayan
dogal taslar [2], sonsuz rezerve de sahip degildir [3; 4]. Dogal taslarin gegmisten beri 6zellikle
yapt elemani olarak kullanildigi bilinmektedir [5]. insanoglunun kullandigi ilk ingaat
malzemesi olarak degerlendirilen dogal taslar, ocakta iiretimi yapildiktan sonra dogal tas veya
boyutlanmus tas olarak adlandirilmaktadir [6]. Fiziksel 6zellikleri ile atmosfer etkilerine uygun,
dayanikli, saglam ve her tirlii islevsellige sahip bir malzeme tiirtidiir [1]. Gliniimiizde yap1
eleman1 olmasinin yani sira, i¢ ve dis mekanlarda ytizey kaplama, doseme ve dekorasyon gibi
farkli amaclarla kullanilan dogal taslar, yasamin vazgecilmez bir parcasidir. Dogal tas varlig
ve cesitliligi acisindan 6ne ¢ikan iilkeler arasinda yer alan Tiirkiye, hem rezerv hem de ¢esitlilik
yonunden buyik bir potansiyele sahiptir [7].

KARADENIZ

AKDENIZ

Gorsel 1. Tiirkiye’nin Dogal Tas Varhg [3].

Gorsel 1°de verilen 1 numarali tas Ahlat tasi, 2 numarali tas Ankara tasi, 3 numarali tas Liile
tasi, 4 numaral tag Midyat tasi, 5 numarali tag Nevsehir tasi, 6 numaral tas Erzurum Oltu tasi,
7 numaral tas Pileki tas1 ve 8 numarali tas Sille tasidir. 9 numarada ise Traverten ve Mermer
yataklar1 bulunmaktadir [3].

Dogal taglar, bulunduklari cografyay: sekillendiren, ona kimlik kazandiran, gecmisi gelecege
tastyan 6nemli kiiltiirel bir simgedir. Ulkemizin sahip oldugu ve antik dénemlerden beri farkli
amaglarla kullanilan dogal taslarin birgogu jeolojik miras niteligi tagimaktadir [3]. Kiltirel
mirasin temsilcisi olan dogal taslar; antik kent kalintilari, geleneksel sivil mimari yapilar1 ve
sanat eserleri ile karsimiza ¢ikmaktadir. Yorede ¢ikarilan dogal taslar1 yapit malzemesi olarak
kullanan ve mekansal diizende birligin saglandigi, yapr tasimin kente kimlik kazandirdig:
orneklere tlkemizde rastlamak mumkindir (Gorsel 2, 3).

CONGRESS BOOK ISBN: 978-625-7341-56-1 www.anadolukongre.org Page | 2
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Peyzaj mimarlig1 uygulamalarinda dogal taglarin tercih edilmesinde dayanikli, islevsel ve
estetik olmalar1 etkendir. Dogal taglar saglam ve kullanighi olmalarinin yani sira tekstiir ve renk
acisindan da ¢esitlilik sunmaktadir. Geligsmis iilkeler, yapay malzemeler yerine, dogal
malzemeleri daha ¢ok kullanmaktadir. Peyzaj uygulamalarinda da dogal taslar1 yaygin olarak
kullandiklar1 goriilmektedir [12].

2. MATERYAL VE YONTEM

2.1. Materyal
Calismanin ana materyalini, Konya ili Selguklu il¢esine bagl Sille mahallesinden ve bu yoreye
ait tas ocaklarindan ¢ikarilan Sille tasi olusturmaktadir. Sille tasimin peyzaj mimarligi
uygulamalarinda kullanimina yonelik arastirmalarda, konu ile ilgili daha Once yapilmis
calismalardan, jeolojik arastirmalardan, kamu kurumlarinin verilerinden ve yerinde
gbzlemlerden yararlanilmistir.

2.2. Yontem
Calismanin yontemi, alana ve konuya iliskin literatlir arastirmalar1 ve yerinde gézlemlerden
olusan veri toplama asamasi; Sille tasinin peyzaj mimarhiginda kullanim olanaklarinin
saptandig1 analiz agamasi ve Onerilerin sunuldugu sentez asamasindan olusmaktadir.

3. SONUCLAR VE DEGERLENDIiRME
3.1. Cahsma Alam Dogal ve Kiiltiirel Peyzaj Ozellikleri

Calismanin yiiriitiildigi Sille, Selguklu ilgesine 1989 yilinda iki mahalle olarak baglanmuistir.
1995 yilinda Konya Kiiltiir ve Tabiat Varliklarin1 Koruma Kurulu tarafindan kilise, manastir ve

CONGRESS BOOK ISBN: 978-625-7341-56-1 www.anadolukongre.org Page | 3
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mezarliklarin bulundugu giiney yamaglari, birinci derecede arkeolojik sit alani, esas yerlesme
alan1 ise kentsel sit alan1 olarak ilan edilmistir. Bugiin Sille, Konya’nin énemli bir kiiltiir ve
turizm merkezidir [13]. Calisma alani ve ¢evresinin konumu Gorsel 4’°te verilmistir.

Gorsel 4. Cahsma Alam ve Yakin Cevresinin Konumu [14].

Jeolojik agidan Sille ve yakin ¢evresinde araziyi olusturan en eski ve temele ait formasyonlar,
Paleozoik doneme aittir [15]. Arastirma alaninda jeolojik olusum olarak Dilek¢i Formasyonu
bulunmaktadir [16]. Sille, Konya kent merkezine 8 km. uzaklikta olup; kuzeybatisinda, Takkeli
Dag (Kiiciik Gevele) ve Karabuga Daglar1 arasindaki Sille deresinin agmis oldugu vadide
konumlanmaktadir. Sille’nin Bati ve Kuzeyinde Tepekdy, Yiikselen; Giineybatisinda da
Kiziléren, Glineydogusunda da Konya-Selcuklu ilgesi bulunmaktadir [17]. Sille’de en 6nemli
akarsu kaynag1 Giret Deresi ve Sille Deresi’dir. Ayrica, Sille Deresi lizerine tagkin 6nleme ve
sulama amaciyla Himmet Ol¢gmen Baraj1 insa edilmistir [16].

Konya’da i¢ Anadolu Bolgesi’nin karasal iklim dzellikleri goriilmektedir [18]. Yazlar1 kurak
ve sicak, kislart ise kar yagisl ve sert gegmektedir [13]. Konya’da hakim riizgar yonii kuzey
olup; en hizli esen riizgarlar Giiney-Giineybat1 yonliidiir [16]. Sille’de Iran-Turan floristik
tiirleri ile Anadolu’nun endemik tiirlerinin olusturdugu step vejetasyonu hakimdir ve Sille ile
Konya Havzasi flora agisindan aynmi ozellikleri tasimaktadir [19]. Dogal bitki Ortiisiinii otsu
bitkiler, calilar ve seyrek agaclar olusturmaktadir. Sille’de Rhamnaceae familyasindan
Rhamnus petiolaris Boiss. &Balansa ve Rhamnus tinctoria L. (cehri) tiirleri dogal olarak
yetismektedir [20].

Biiyiik toprak gruplarindan kiregsiz kahverengi topraklar ve koliivyal topraklarin yer aldig1 [16]
Sille ve civarinda, dalgali bir topografya hakimdir. Daglik bir arazide kurulu olan yerlesimin
cevresinde birgok dag ve tepe yer almaktadir [21]. Sille tasi, Sille’de bulunan tas ocaklarindan
¢ikarilmaktadir. Yiizlerce aile 1990’11 yillarin sonuna kadar Sille’nin ekonomisinde 6nemli bir
yere sahip olan bu tas ocaklarindan ge¢imini saglamistir [23]. Gliniimiizde yeterli istihdam alani
olmadigi igin halkin biiyiik bir kismu Sille’de yasamakta ancak Konya’da ¢alismaktadir [16].
Cizelge 1°de Sille’nin turistik, kiiltiirel ve ekonomik yapisinin 6nemli bilesenleri; Cizelge 2°de
ise baslica kiiltiirel varliklar1 verilmistir.

CONGRESS BOOK ISBN: 978-625-7341-56-1 www.anadolukongre.org Page | 4
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Cizelge 1. Sille’nin Turistik, Kiiltiirel ve Ekonomik Yapisina iliskin Bilesenler [24; 25].

Turistik Yapiya Ait Bilesenler Kiiltiirel ve Ekonomik Yapiya Ait Bilesenler
Kale Halicilik

Camiler Mumculuk

Manastir ve Kiliseler Testicilik-Comlekgilik

Hamamlar ve Cesmeler Tas Isciligi

Kopriler Toprak Islemeciligi

Mesire Alanlari Bagcilik

Konaklama Alanlari Tarim ve Hayvancilik

Cizelge 2. Sille’nin Bashca Kiiltiirel Varhklari [26].

Kiiltiirel Varhiklar

Aya Elenia Kilisesi

Ak Manastir

Tepe Sapeli (Siit Kilisesi)

Haci Ali Aga Hamanu

Hiikiimet Konag1

Ak Cami, Cay Cami, Mormi Cami, Orta Cami, Mezaryaka Cami, Subas1 Cami, Karatas
Cami.

3.2. Sille Tasna iliskin Bulgular

Sille tas1, yorede bulunan tag ocaklarindan ¢ikarilmaktadir [3; 22]. Sille ve ¢evresinde yaygin
olarak kirectast ve Sille tas1 goriilmektedir. Sille’nin giiney dogusundan baslayarak giliney
batisina kadar uzanan daglar, sille taslarindan meydana gelmektedir. Sille tas1 ozellikle;
Karakaya, Gevele, Karabuga, Delikli Kaya civarlarinda bulunmaktadir. Bu taslarin ¢gikarildigi
ve islendigi yerler tas ocagi (kan) olarak adlandirilmaktadir [22]. Sille tas1, andezit bloklar1 ve
andezit tiiflerin karistk bulundugu [3], magmatik kayaclardan olan trakitler grubunda yer
almakta ve ocaklardan bloklar halinde ¢ikarilmaktadir [16; 7]. Sille tasinda camsi doku
(porfirik) hakim olup icinde az miktarda biotit, hornblen ve proksen gibi mefik minerallerin
kristalleri bulunmaktadir. Ayrica, camsi (porfirik) yap: hakim oldugu i¢in parlatilamamaktadir
[23]. Tasin yapisindan kaynakli olarak, makinelerde islenememekte olup; yalnizca elde
islenebilmektedir [27].

Gozenekli yapiya sahip olan Sille tasi, kolay islenebilir 6zelliktedir. Su emme kat sayis1 (2,6 —
2,9 kg/m?.h) kireg taslarina gore yiiksek olmasina ragmen kolay islenmesi, ekonomik olmasi ve
iyi bir 1s1 yaliim malzemesi olmasi nedeniyle yapi tasi olarak tercih edilmektedir [28; 3; 29].
2000°C'lik 1s1ya kars1 dayanikli olmasi nedeniyle tugla fabrikalari, kire¢ ocaklari, yoreye 6zgii
etli ekmek firmlari, pide ve tas ekmek firlarinin tabanlarinda kullanilmakta, restorasyon ve
dekorasyon amagli olarak kullanilmakla birlikte; kaydirmazlik 6zelliginden dolay1 yilizme
havuzu kenarlarinda da kullanilabilmektedir [23]. Sille tasinin hurdasi da iyi sikismasi ve
ekonomik olmasi nedeniyle, yollarda zemin dolgu malzemesi olarak kullanilmaktadir [22].
Sille yoresinde, Sille tagindan yapilmis ¢ok sayida kilise, ¢esme, cami, hamam, mezar tas1 ve
tarihi yapilar mevcuttur (Gorsel 5, 6, 7 8). Bunlardan bazilari; Mezeryaka Cami, Karatag Cami,
Tepe Sapeli (Siit Kilisesi), Subast Hamamu, Sille Miizesi, Sille Evleri, Ak Manastir, Aya Elenia
Kilisesi ve Hac1 Ali Aga Hamami’dir [30].
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Gorsel 5. Sille Tasimin Kullanimina iliskin Ornekler [13].
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Gorsel 6. Sille Tasimin Kullanimina iliskin Ornekler [Orijinal, 2021].
CESME : HACI ALI AGA HA
Gorsel 8. Sille Tasginin Kullammina fliskin Ornekler [Orijinal, 2021].
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Sille tasinin, c¢alisma alani ve yakin c¢evresinde yer alan sivil mimari 6rneklerinde siklikla
kullanilan bir yapi tast oldugu tespit edilmistir. Peyzaj mimarlig1 uygulamalarinda da yer bulan
Sille tasmnin, “duvarlar, yollar, yiizey kaplamalari, su ogeleri, kaya bahgeleri ve sanatsal
objelerde” kullanim olanaklarina iliskin degerlendirmeler asagida sirasiyla agiklanmistir.

Duvarlar: Mimaride en bilinen simir elemanlar1 olarak kullanilan duvarlar, mekan1 kusatan
ayni zamanda i¢ ve dis kisim arasinda bir arayiiz olusturan yapilardir [31]. Plan lizerinde varligi
net hissedilemeyen duvarlar, uygulama sonrasinda alanin en baskin konstriiksiyon unsurlari
haline gelebilmektedir. Farkl: yiiksekliklerde uygulanabilen duvarlarin diiseyde kapladigi alan
hesaplandiginda, harcanan malzeme miktar1 ve isgiiclinlin fazlalig1 da ortaya c¢ikmaktadir.
Duvarlarin diger sinir elemanlartyla temel farki, gegirimsizligi ve direncli olmasidir. Sille tasi,
duvarda temel yap1 tas1 olarak kullanilabildigi gibi, kaplama materyali olarak da
kullanilabilmektedir. Gorsel 9’da ¢alisma alaninda tespit edilen duvar kullanimlarina iliskin
ornekler verilmistir.

& ':nf’ a.l ,"""’"7
o LT
Sy

Gorsel 9. Sille Tagimin Duvarlarda Kullanimina iliskin Ornekler [Orijinal, 2021].
Sille tag1 saglamlig1 nedeniyle duvar ingaasinda tek materyal olarak kullanilabilecegi gibi, farkli
materyallerle birlikte de kullanilabilir. Har¢li duvar yapimina uygundur. Geleneksel dokuda
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duvar yukseklikleri g6z seviyesini gegmemekte, yiiksek engeller genellikle duvar Usti gecirgen
siirlarla saglanmaktadir. Sille tasi, renk 6zellikleri bakimindan da dikkat ¢ekmekte, 6zellikle
ahsap doku ile uyum saglamaktadir. Yiizeyinin piiriizlii olmas1 i¢ ve dis mekanda dogallik
hissini artirmaktadir. Gerek estetik goriinlimler elde edebilmek, gerekse fonksiyonel
kullanimlar olusturabilmek amaciyla Sille tasinin elde islenebilme 6zelliginden yararlanilabilir.
Sille’de geleneksel mimari anlayigin siirdiiriilebilirligi ve kent kimligine katki sunmasi
bakimindan Sille taginin, konut bahgeleri ve kentsel kamusal alanlarin kusatilmasinda
kullanilmast 6nerilmektedir. Park ve bahgelerde yaygin kullanimlar olan oturma duvarlar1 ve
amfitiyatrolarin yapiminda da kullanilabilecek niteliktedir.

Yiiriiyiis Yollari: Mekansal kullanimlar arasindaki baglantilar1 olusturan yollar, peyzaj tasarim
projelerinin iskeletini olusturan yapisal d6gelerdir. Etkisi plan iizerinde de hissedilen yollar,
uygulama sonrasinda mekanda en ¢ok kullanilan yapisal unsurlar olmaktadir. Goérsel 10°da
calisma alaninda tespit edilen Sille tast ile yapilmis yol uygulamalarina iligkin ornekler
verilmistir.

Gorsel 10. Sille Tagimin Yiiriiyiis Yollarinda Kullamimina iliskin Ornekler [Orijinal, 2021].

Yol uygulamalarinda kullanilan materyalin saglam, gecirgen, giivenli, ekolojik ve estetik
olmast ayni zamanda proje maliyeti bakimindan da ekonomik olmasi beklenmektedir.
Gozenekli bir yapiya sahip olan Sille tasi gegirgen olmasi nedeniyle yagis sularini kolay drene
edebilmekte, kayganlasmamakta ve kullanici i¢in giivenli yiiriiylis imkan1 saglayabilmektedir.
Dogaltaslarda gegirgenlik 6zelligi, tasin dayanimini azaltan bir etkendir. Sille tas1 i¢in Ol¢iilen
deger bazi yapitaslarina gore yiiksek olmakla birlikte; betonun gec¢irgenlik degerinden daha
diistiktiir [3]. Sille taginin yapi tasi olarak kullanildig1, gegmisten giiniimiize kadar ayakta kalan
mimari 6rnekler de dayanikliligin1 kanitlamaktadir. Tasarim konseptine bagli olarak yollar,
formal veya informal sekilde uygulanabilir. Derzli veya derzsiz olarak kullanilabilen tasin,
ozellikle konut bahgesi disindaki mekansal uygulamalarda, kullanicit yogunlugundan dolay1
derzli kullanimi 6nerilmektedir. Proje konseptine bagli olarak bordiirlii veya bordiirsiiz olarak
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uygulanabilir. Renk ve doku ozellikleri ile tas duvarlar ve ahsap ylizeyler ile estetik
kompozisyonlar olusturmaya olanak saglamaktadir.

Yiizey Kaplamalari: Sille taginin ¢calisma alaninda yatay ve diisey yiizeylerde bir¢ok alanda
kullanilabildigi goriilmektedir. Gorsel 11°de yiizey kaplamalarinda kullanimina iliskin 6rnekler
verilmigtir.

Gorsel 11. Sille Taginin Yiizey Kaplamalarinda Kullanimina iliskin Ornekler [Orijinal, 2021].

Sille tas1 6zellikle, yapilarin dis cephe kaplamalarinda, bahge duvari kaplamalarinda ve i¢ cephe
kaplamalarinda kullanilmaktadir. Kentsel kamusal alanda estetik goriintiiler elde edebilmek
amaciyla trafo vb. unsurlarin cephe giydirmelerinde kullanilmasi Onerilmektedir. Yatay
ylizeylerde ise zemin kaplama materyali olarak kullanilabilir. Trafige kapali yollar ve
meydanlarda, yalnizca yaya dolasimina agik oturma ve dinlenme alanlarinda zemin déseme
materyali olarak kullanilabilir.

Su Ogeleri: Peyzaj tasarrminda su; gorsel, isitsel, psikolojik, fonksiyonel, ve rekreatif
amaglarla kullanilmaktadir [32]. Tasarim konsepti, mekanin biiyiikliigii, kulanici tiirii, kullanict
yogunlugu ve talepler gibi faktorler, peyzaj projesinde yer verilecek su ogelerinin tiiriinii
belirlemektedir. Gorsel 12 ve 13°te Sille tasinin su dgeleri ve ¢evresinde kullanimina iligkin
ornekler verilmistir.
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Tasiin Su Ogelerinde Kullammuna fliskin Ornekler [Orijinal, 2021].

Gorsel 13. Sille

Sille tasmin yiizeyinin gegirgen ve piiriizlii olmas1 nedeniyle, su ¢evresinde gilivenli ortam
olusturmaktadir. Yiizme havuzlarinin yakin ¢evresinde, giineslenme teraslarinda, su ogeleri
tizerinde olusturulan kdopriilerde, fiskiyeli su 6gelerinde, kaskatlli havuzlarda, kanal ve golet
cevreleri ile niliifer havuzlarinda kullanilabilir. Kullanimi tilkemizde de giderek yayginlasan;
gorsel, isitsel ve dokunsal duyulara hitap eden kuru havuz uygulamalari, ¢alisma alaninin iklim
kosullar1 da dikkate alindiginda, yore i¢in cazip kullanimlardan biri olarak Onerilebilir. Sille
taginin kaydirmazligi nedeniyle kuru havuzlarda kullanimi1 6nerilmektedir. Bu kullanimlarin

disinda; kuyu, ¢esme, kus havuzu vb. su 6gelerinin yapiminda da Sille tasi, cazip bir materyal
olarak degerlendirilebilir.

Sanatsal Objelerde Kullamim: Elde islenebilir olma 6zelliginden dolayi, Sille taginin sanatsal
caligmalarda kullanilabilecegi diisliniilmektedir. Az sayida rastlanan 6rnekleri Gorsel 14°te
verilmistir. Daha ¢ok, madenden ¢ikarilan ve farkl bir 6zelligi (renk, biiyiikliik, doku vb.) ile
on plana ¢ikan dogal 6rnekler sergilenmektedir. Bu 6rneklerin kamusal alanlarda sergilenmesi,
jeolojik bir miras olan Sille taginin hem yorede yasayanlar hem de kenti ziyaret edenler
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tarafindan taninmasina katki saglayacaktir. Tasin sergilendigi yiizeyin ¢im alan ya da tagin rengi
ile tezat olusturacak renklerde bir doseme malzemesi olmasina, objenin ¢evresinde
kullanicilarin duraklamasina olanak saglayacak biiyiikliikte mekan olusturulmasma dikkat
edilmelidir.

Kaya Bahceleri: Peyzaj tasarim projelerinde kaya bahgeleri, otsu ve odunsu, tek yillik veya
cok yillik birgok farkli bitki tiirliniin bir arada sergilenebildigi, kendi igerisinde bir ekosisteme
sahip kaya ve bitki kompozisyonlaridir. Iklim ve toprak kosullar1 bakimindan uygun yer ve tiir
se¢imi ile bagarili kaya bahgeleri olusturmak miimkiindiir. Iyi tasarlanmis ve uygulanmis kaya
bahgeleri, kullanicilar i¢in ilgi ¢ekici odaklar olusturmaktadir. Gozenekli tiif taslari, kiregtaglari,
granitler, bazalt ve kumtaglar1 kaya bahgelerinin yapiminda kullanilan tas tiirlerinden bazilaridir
[33]. Andezit tiif 6zelligi gosteren Sille tasi ile bolgede ¢ikarilan kiregtaslari, kaya bahgelerinin
yapiminda degerlendirilebilir. Ozellikle artik olarak nitelendirilen uygun biiyiikliikteki
pargalarin kaya bahgelerinde kullanilmasi, farkli alanlarda faydalanilamayacak olan materyalin
degerlendirilmesi baglaminda 6nerilmektedir.

Calisma kapsaminda arastirilan Sille tasinin, farkli alanlarda bir¢cok kullanima olanak sagladigi
gorulmektedir. Sille kent siliietinde 6nemli bir yeri olan ve geleneksel mimaride ge¢misten beri
kullanilan Sille tasi, ayn1 zamanda iilkemizin jeolojik miraslarindandir. Strdiiriilebilirligi,
degerinin bilinerek dogru alanlarda kullanilmasina baghdir. Calismanin Sille tasi ve Sille
kiiltiirel kimliginin korunmasi konusunda farkindalik saglamasi, tasarime1 ve uygulayicilara
malzeme bilgisi konusunda katki sunmasi beklenmektedir.
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INVESTIGATION OF THE EFFECT OF KOFLO BLADE MIXER BLADE

CROSSING INCLINATION ANGLE ON LAMINAR FLOW HEAT TRANSFER
PERFORMANCE BY A CFD STUDY

Selcuk SELIMLI *
1 Karabuk University, Technology Faculty, 0000-0002-2551-3860

ABSTRACT

In this study, the effect of mixer blade crossing inclination angle () on the heat transfer
performance of Koflo Blade static mixer positioning into the laminar incompressible tube flow
area where uniform heat flux is applied was investigated by CFD method with ANSYS Fluent
software. The effect of positioning mixer models with 3 values are 150°, 135°, 120°, 90°, 60°,
45° and 30° in the tube flow area on heat transfer and resistance to flow was evaluated. The
static mixer positioned in the laminar flow area supports vortices in the flow and improves the
convectional heat transfer. The decrease in the 3 has developed this effect. The improvement in
heat transfer strengthens the cooling performance of the tube and causes a decrease in tube
surface temperature with mixer application and decreasing 3. An increase in Nusselt (Nu)
number was observed with mixer application and a decrease in 3. Positioning of mixer models
with decreasing B cause an increase in Nu number are 30.94%, 43.86%, 50.23%, 56.5%, 66%,
70.69% and 75.69%. The friction factor increased with the mixer application and the decrease
in the B. The performance evaluation parameter increased by 20.38%, 35.14%, 62.55%,
111.17%, 145.86%, 193.15% with the mixer application and decrease in 3. The heat transfer
improvement could be doubled by changing the R.

Key Words: Koflo Blade static mixer, heat transfer, blade crossing inclination angle,
performance evaluation parameter.

1. INTRODUCTION

Vortex generators are used to disorder the boundary layer and flow to improve heat transfer in
heat pipes (Ali et al., 2015). Applications of swirling flow devices, rough surfaces, extended
surfaces, coiled tubes, and surface coatings are popular to increase the efficiency of convective
heat transfer (Kwon et al., 2019). Static mixers have found many applications, including
blending, reaction, dispersion, heat, and mass transfer. They improve mixing, heat, and mass
transfer efficiency compared to the plain tube (Jaffer & Wood, 1998). The common belief in
the literature is that a flow inducer that causes mixing and rotation can increase heat transfer
and be integrated into channels or pipes. Some examples of studies in the literature that
reinforce this view are given as follows. Habchi et al. studied the heat transfer performances of
perforated trapezoidal vortex generators. They assert that the heat transfer performance is
enhanced from 40 to 80% regarding plain tubes (Habchi et al., 2021). Feng et al. studied the
design of inline mixers and investigated hydrodynamic and heat exchange performance them.
The mixing intensity simulations confirm the superior mixing performance of the designed
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mixer (Feng et al., 2021). Jiang et al. concluded an enhanced heat transfer performance with
different structure vortex generator fitted flow domains. They obtained an approximately
11.07% increase in Nu number (Y. Jiang et al., 2021). Regner et al. aimed to find a way to
characterize and investigate the effects of flow rate and the geometry of the mixer elements on
secondary flow and the mixing process in static mixers under laminar flow conditions. They
concluded that the mixing process is the most efficient at low flow rates since the distribution
in striation thickness is narrow, and the pressure drop is much lower than at high flow rates
(Regner et al., 2006). Wang et al. studied the laminar hydrodynamics and heat transfer
performance of highly viscous fluid in a Sulzer mixer. They observed an increase of Nu number
by 2.2-40.6% compared with straight tubes (Wang et al., 2021). Jiang et al. investigated the
effect of aspect ratio on the mixing performance of the Kenics static mixer. The results indicate
that a low aspect ratio causes a shorter mixing time and mixer length (X. Jiang et al., 2021).
Liang et al. studied an integral electrochemical system to treat water pollutants constituted with
a static spiral mixer. They commented that the spiral mixer could efficiently enhance the heat
transfer (Liang et al., 2021). Shahbazi et al. numerically studied the thermo-fluid performance
of static mixers. They concluded an increase in heat transfer and pressure drop (Shahbazi et al.,
2021). Abotsi et al. studied the flow and heat transfer in a pipe equipped with a Kenics mixer.
They related heat transfer enhancement with the structural properties of the Kenics mixer that
causes the acceleration of flow and enhanced fluid mixing (Abotsi & Kizito, 2020). Nyande et
al. modified a Kenics static mixer design to enhance its hydrodynamic performance. They
obtained efficient mixing and low-pressure drop (Nyande et al., 2021). This study investigates
the impact of Koflo Blade static mixer blade B value change on the thermal and hydrodynamic
properties of laminar incompressible constant airflow under constant heat flux. Considering
that a limited number of studies in the literature on Koflo Blade static mixers, which are widely
used in the industrial field, this CFD study was carried out to contribute to the field.

1.1. Data Reduction

Applied steady heat transfer (q.on») On the tube equally transferred to fluid flow body by
convection. Heat relation can be equated as in Eq. (1) and Eq. (2) (Papazian et al., 2020).

Qeconv = 4qf (1)

Qconv = h(Ttw - Tb) (2)

h is the convective heat transfer coefficient, A,,, is the tube wall surface area, T}, is the mean
tube wall temperature, T}, is the bulk fluid temperature. The tube inner flow Nu number can be
equated as in Eq. (3) (Dalkilig et al., 2020).

Nu=— (3)

dj, is the hydraulic diameter of the tube, Kk is the thermal conductivity of the fluid. The friction
factor can be calculated with Eq. (4).

_ 2dpAP
f_ puzl (4)
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AP is the pressure drop through the tube length, p is the fluid density, u is the flow velocity, [
is the tube length. While the static mixer placed in the flow area acts on the heat transfer, it may
cause a pressure drop due to the resistance formed in the flow area. The proportional benefit
between the positive effect on heat transfer and the negative effect on pressure can be related
and evaluated with the performance evaluation parameter () in Eq. (5) (Fagr et al., 2020).

Nu
Nupt

f
(7%)
Nuy,, and f,,, are Nu number and friction factor of the plain tube. The conservation equations
that are mass, momentum, and energy for incompressible, steady-state laminar flow under

uniform heat flux can be estimated with Eq. (6), Eqg. (7) and Eqg. (8) (Yaici et al., 2014; Zhang
& Wang, 2017)

n= (5)

W[k

V.pu=0 (6)
p(u.V)u = —VP + uv?u (7
pc,(w.V)T = kV2T (8)

V is the del operator, u is the dynamic viscosity of fluid, ¢, is the specific heat constant.

2. NUMERICAL SIMULATION

In this computer-based numerical study, Koflo Blade static mixer (Koflo Corporation) models
with different blade R orientations and tube geometry were created with Solidworks 2021
software. The mixer blade 3 are modeled as 30°, 45°, 60°, 90°, 120°, 135° and 150°. Variation
in thermal and hydraulic properties with the placement of different blade 3 mixer models into
the tube has been studied with ANSYS Fluent 2020 R2 software for laminar steady
incompressible tube flow under constant heat flux. Observations were made in the region where
the tube flow completed both hydrodynamic and thermal development. Static mixers are placed
in the fully developed region of the flow. The models were meshed using ANSYS Meshing
software. The details and boundary conditions of the numerical analyses are visualized in Figure
1.

4]

e o e
P .
i=47mt =1mm,Dy =375mm,F =365 mm /X
R = 30°,45° 60°,90° 12071357, 150° \ N T
N /\

Atr flow, Re = 1600, g = 125 W/m?
Pipe length (1)
mass flow

mlet_> q¢v¢v¢Q¢¢v¢v¢:¢‘v}v_‘¢hw

—

eutflew

Hydrodytarnic & thermal entry length

Ly saminier — 0.05ReD,
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Figure 1. Analyzed model size and boundary conditions.
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The no-slip condition is defined for the tube wall and mixer surfaces. A steady mass flow is
defined at the inlet region. 125 W/m?2 uniform heat flux is exposed to the investigated part of
the tube. Exit boundary is assigned outflow. The conservation relations are mass, momentum,
and energy were solved iteratively with Fluent. A grid independence test was performed to
ensure that the grid size did not affect the analysis results. An increasing number of grid element
models were analyzed, and variations of local temperature of the plain tube were visualized in
Figure 2.
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Number of elements
Figure 2. Grid independency.

Local temperature variation reaches a negligible level by the increase in the number of grid
elements, as seen in Figure 2. The model has a 2567730 number of elements has a relative
deviation lower than 0.01% due to the 2023785 number of element model. Further, an increase
in the number of grid elements only increases the computational time and cost. Analyses were
done with 2567730 number of grid elements model. Numerically predicted local Nu numbers
through the plain tube length were also compared with similar experimental study results from
the literature and presented in Figure 3.

: : : : - - -this study

Local Nu number

Figure 3. Validation of study by comparing the results with ref. (Zarei et al., 2021) (X' is the
dimensionless length).
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Numerically obtained local Nu numbers agree with the experimental results from the
literature, as seen in Figure 3.

3. RESULTS AND DISCUSSION

The effect of the B of static mixer blades on the vorticity and tube wall temperature of a tube
laminar airflow has been investigated. Average temperature and vorticity values were taken
from the heat flux applied section of the tube and the tube wall adjacent region of the flow
domain. Reached results are visualized in Figure 4.

—uo— Surface average tempeperature (K)
—-— Vorticity (1/s)
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150

Surface average tempeperature (K)

Figure 4. Average tube wall surface temperature and flow vorticity.

The change in the average vorticity values taken from the close region to the wall along the
tube in Figure 4 is examined and compared for plain tube and mixer application with different
blade 3. It is observed that the vorticity values increase with the decrease in the mixer blade R.
In contrast, the minimum vorticity value in plain tube flow is 88.38 1/s, the placement of static
mixer increases. Reduction in 3 enhance the vorticity, it reaches to 126.78 1/s at 150°, 135.15
1/s at 135°, 148.69 1/s at 120°, 193.12 1/s at 90°, 259.53 1/s at 60°, 324.37 1/s at 45° and 421.8
1/s at 30°. The proportional increase in vorticity with the static mixer and the decrease in 8 was
43.43%, 52.91%, 68.22%, 118.49%, 193.62%, 266.99%, and 377.21% relative to plain tube
values. The increase in vorticity means the formation of chaotic mixing. Forcing the flow from
the tube center to the wall region causes an increase in flow velocity and mixing effect in the
area close to the wall. This case provides the development of convection heat transfer. A similar
judgment has been mentioned in the previous paper as high vorticity and circumferential
velocity implies a high turbulence energy dissipation rate and thus high mixing efficiency.
Vortices enhance mixing the fluid close to the wall and in the core region of the flow domain.
This case causes a local heat transfer enhancement along the wall and the heat transfer from the
wall to the core of the flow (Ferrouillat et al., 2006). In this context, the effect of the
improvement in heat transfer on the temperature was observed by evaluating the tube surface
average temperatures. The applied heat on the tube is transferred to the fluid with a minimum
heat transfer rate and is removed from the tube surface slowly for the plain tube. So, the cooling
performance of the plain tube is minimal, as seen in Figure 4, and the maximum tube surface
temperature was determined for the plain tube as 320.17 °C. The heat transfer rate increases
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with the static mixer application by convection from the surface to the tube center. This idea
can be predicted by the decrease in temperature on the tube surface. In Figure 4, the decrease
in tube surface temperature can be seen with the static mixer application. The decrease in the
static mixer B has created an effect that strengthens the increase in heat transfer and develops
the tube wall's cooling. By the placement of static mixers which have 3 are 150°, 135°, 120°,
90°, 60°, 45° and 30° into the plain tube, tube surface average temperatures are reached to
308.29 °C, 305.42 °C, 304.34°C, 303.55 °C, 302.18 °C, 301.68 °C, and 301.17 °C. When the
plain tube is taken as reference, proportional decreases in temperature were observed as 3.71%,
4.6%, 4.94%, 5.19%, 5.61%, 5.77%, 5.93%. Static mixers, which are in the flow area and
contribute to the improvement of heat transfer, also cause resistance to flow and pressure drop
in the flow area. The variation of Nu number, which is an indicator of heat transfer performance,
and the friction factor, which is an indicator of resistance to flow and therefore pressure drop,
with the application of a static mixer are visualized in Figure 5. By establishing a proportional
relationship between the improvement in heat transfer and the resistance against the flow, the
effect of the static mixer application on the process gain can be interpreted with the performance
evaluation parameter as given in Figure 5.

—o— Surface average Nu number
—o— Surface average f factor
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Figure 5. Nu number, friction factor, and performance evaluation parameter.

Nu number curves given in Figure 5 visualized that heat transfer can be improved with a static
mixer placed in a plain tube. The geometrical decrease in the static mixer blade R increased the
chaotic mixing in the flow body, and the increase in Nu number determined the improvement
in heat transfer. The placement of mixer models in the flow area at 150°, 135°, 120°, 90°, 60°,
45°, and 30° blade R, create 30.94%, 43.86%, 50.23%, 56.5%, 66%, 70.69% and 75.69%
increase in Nu number compared to plain tube. The increase in the Nu number indicates the
improvement in heat transfer. It is undeniable that a mixer in the flow region will create
resistance and cause a pressure drop compared to a plain tube. The increased resistance against
flow due to the positioned mixer by increased friction factor is visualized in Figure 5. The
decrease in Mixer blade R supported the increase in friction factor, as seen in Figure 5. A
decrease from 150° to 90° 3 caused a slight increase in friction factor, while a decrease from
90° to 30° caused a significant increase in friction factor. It may be misleading to evaluate only
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the Nu number or friction factor for the gain-loss evaluation of the application. This confusion
was eliminated with the performance evaluation parameter that is mentioned in the literature.
By the way, optimum modeling that will provide maximum thermal improvement and
minimum pressure drop in the flow field is defined. The performance evaluation factor values
calculated for this study are visualized in Figure 5. It is seen that the performance evaluation
factor increases with the static mixer positioned in the plain tube. It is also seen that the decrease
in the static mixer blade B supports the increase in the factor. Performance evaluation parameter
is increased by 20.38%, 35.14%, 62.55%, 111.17%, 145.86%, 193.15% with model
applications with blade B of 150°, 135°, 120°, 90°, 60°, 45°, and 30° compared to plain tube. It
is concluded that almost twice the heat transfer performance can be achieved by placing a Koflo
Blade static mixer with variable B of blade structure in a tube.

4. CONCLUSIONS
The effect of Koflo Blade static mixer blade R on laminar tube flow heat transfer was

numerically investigated with ANSYS Fluent software on models with uniform heat flux. The
mixer blade B was evaluated as 150°, 135°, 120°, 90°, 60°, 45°, and 30°. The study was done
on steady, incompressible, laminar, hydrodynamic, and thermal fully developed airflow
modeling. It has been concluded that the mixer models positioned in the plain tube and the
decreasing mixer blade 3 support the chaotic flow in the flow area, which increases the heat
transfer. Heat transfer from the tube wall to the cold fluid increased with the mixer application
and the reduction of the mixer blade 3. This case was observed with the decrease in the tube
surface temperature. Mixer placement in the tube and decreasing blade 3 increased Nu number
by 30.94%, 43.86%, 50.23%, 56.5%, 66%, 70.69% and 75.69%. The mixer application and the
decrease in the mixer blade B caused an increase in the resistance to the flow. It is determined
by the observed increase in the friction factor. The improvement in heat transfer performance
was achieved by calculating the performance evaluation parameter. The performance
evaluation parameter was determined to increase by 20.38%, 35.14%, 62.55%, 111.17%,
145.86%, 193.15% depend on the mixer application and the decrease in the B of the mixer blade.
These values showed that the heat transfer performance could be doubled with the varied mixer
blade 3.
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ABSTRACT

The family Nyctaginaceae includes 300-400 species of trees, shrubs, and herbaceous deciduous
and evergreen plants, classified into about 30 genera. Bougainvillea belongs to the
Nyctaginaceae (four o'clock) plant family, with 14 species. Bougainvillea is a common tropical
and subtropical ornamental plant that may be cultivated in containers in cooler climates
throughout the summer.The name comes from the French navigator and military commander
Louis Antoine de Bougainville (Louis Antoine de Bougainville), he was the first European to
notice the Brazilian factory. Climbing plant with thorns that branch every year, it grows in a
chaotic manner and may reach up to 9 m in height. The plant is utilized as a hedge, a barrier,
and a slope cover. Bougainvillea is a great ground cover for vast, difficult-to-maintain regions.
It may blanket an entire slope and suffocate weed growth. Use the leaves of Bougainvillea as
medicine for a variety of gastrointestinal disorders like diarrhea and acidity. Furthermore, B,
glabra anti-diarrheal activity has been observed to be related to the antimicrobial property.
Propagation of these plants is primarily propagated by stem cuttings, but lack of competence to
form adventitious roots by cuttings occur routinely and are an obstacle for the vegetative
propagation. It’s the best method to use to clone your plants, which means to produce plants
identical to their parents. It involves methods like cutting, division, layering, grafting, budding,
and tissue culture techniques. These techniques are commercially exploited mainly to produce
horticulture plants.

Keywods: Nyctaginaceae, Bougainvillea, Ornamental plants, plant propagation.

1. INTRODUCTION

The concept of landscape and ornamental plants is extremely important in the planning of
sustainable, holistic and identity cities. Ornamental plants are of great importance in the said
landscape planning and designs. In this context, it is necessary to know the ecological demands,
physiological and morphological characteristics, reproduction techniques of ornamental plants.
In plant design studies; the ecological characteristics of plants, their importance in terms of
landscape, the correct selection of their use, and purpose in the landscape are also of great
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importance. In addition, the primary purpose of plant design is to contribute to space
functionally, and thus, it can respond to the requests of the users. Plants play an important role
in preventing the "urban heat island" effect (Hatipoglu and Ak, 2021).

Bougainvillea is a common tropical and subtropical ornamental plant that may be cultivated
in containers in cooler climates throughout the summer. They may be overwintered in a sunny
location outdoors or inside, or they can be replanted each year as an annual. (Gilman, 1999).
Bougainvillea belongs to the Nyctaginaceae (four o'clock) plant family, with 14 species
(Kobayashi et al.,2007). The family of Nyctaginaceae includes 300-400 species of trees, shrubs,
and herbaceous deciduous and evergreen plants, classified into about 30 genera (Mabberley,
1987). The name comes from the French navigator and military commander Louis Antoine de
Bougainville (Louis Antoine de Bougainville), he was the first European to notice the Brazilian
factory in 1768. The plant is utilized as a hedge, a barrier, and a slope cover. Bougainvillea is
a great ground cover for vast, difficult-to-maintain regions. It may blanket an entire slope and
suffocate weed growth (Eed et al., 2015). Bougainvillea is a specimen plant that may be used
in hanging baskets, containers, and bonsai (Kobayashi et al, 2007). Modernization and
urbanization have increased the usage of bougainvillea since landscape horticulture is gaining
popularity and demand owing to a large-scale plantation in urban areas, drought and pollution
tolerance, minimal care needs in comparison to other plants, and a variety of uses. (Singh et
al.,2017). Bougainvillea species grow best in full sun. High light intensity is required for good
flowering. Low light and shady areas are not suitable, as the plants will drop their bracts.
Bougainvillea does best at elevations from 10 to 2500 feet and can tolerate hot dry locations,
with temperatures over 100°F. It does well in locations with a minimum of 65°F at night and
75-95°F during the day as well grows well in rich, well-drained, acidic (pH 5.5-6.0) soil. It
does not thrive in soil that is constantly wet. Proper soil pH is essential because it affects the
availability of mineral elements (Kobayashi et al.,2007).

Some species of Bougainvillea plants:

Bougainvillea glabra: The elliptical leaves of this climber, an evergreen member of the
genus are green or variegated and have a glossy shine. The bracts of this plant occur in a variety
of sizes and forms. They are usually triangular and purple or mauve in color, but white bracts
are sometimes frequent. The bracts occur along the branches and at the tips of the branches.
The blooms range in hue from white to cream. The thorns are short and have a curled point.
The green-leaf types grow quickly, and the growth habit is spreading.

Bougainvillea spectabilis: Hairy leaves and stems distinguish this species. Large, ovate
leaves with rippling around the edges and hairs on the underside. The small flowers are cream-
colored, while the bracts are red, dark pink, or purple. Thorns could be large and curved. The
species has a dense growth habit, and the colorful bracts appear up and down the branches.

Bougainvillea hybrids: Among Bougainvillea’s horticultural hybrids, B. glabra x B.
peruviana is by far the most common. This cross has its own hybrid name: Bougainvillea x
buttiana. The leaves are large and ovate or heart-shaped with slight hairiness on both the upper
and lower sides. The bracts are usually rounded, red or dark pink, and the thorns are straight
and short. The small flowers are cream colored with pink tones, although the floral tube may
be the same color as the bract. The growth habit is open and requires pruning to promote a
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bushy appearance. B. x buttiana hybrids generally bloom several times a year (Kobayashi et
al.,2007).

2. REPRODUCTION TECHNIQUES

Reproduction techniques or propagation techniques is simply multiplication or production
of plants, which you can do by using your own plants! Because of the commercialization of
crops, several techniques have been developed to grow plants. All techniques are designed to
achieve specific goals, like uniformity in crops, increased productivity, disease-resistant plants,
and plants with desired characters. Mainly these techniques are divided into two categories
depending on the means of propagation: sexual means of propagation and asexual means of
propagation.

2.1. Sexual propagation

Propagation or multiplication of plants by seeds is known as ‘sexual propagation’. Seeds
are formed as a result of successful fertilisation and combination of parental gametes. It is an
old and easy method and is widely used for the propagation of crops like ornamental annuals,
vegetables, medicinal and fruit plants, such as papaya. The disadvantages of this technique are
delayed flowering and fruiting, plants that do not produce seeds can not be propagated by this
method, identical plants can not be produced, and mass production is harder to achieve.

2.2. Asexual propagation

Vegetative production, which is carried out by using the organs of plants such as roots,
branches and leaves, allows plants to be produced as a clone. Vegetatively propagated
rootstocks produce certain and identical effects on the variety (Ak et al., 2021). It’s the best
method to use to clone your plants, which means to produce plants identical to their parents. It
involves methods like cutting, division, layering, grafting, budding, and tissue culture
techniques. These techniques are commercially exploited mainly to produce horticulture plants.
Because vegetative propagation is a form of asexual reproduction, plants produced through this
system are genetic clones of a parent plant. This uniformity has advantages and disadvantages.

One advantage of vegetative propagation is that plants with favorable traits are repeatedly
reproduced. Commercial crop growers can employ artificial vegetative propagation techniques
to ensure advantageous qualities in their crops. A major disadvantage, however, of vegetative
propagation is that it does not allow for any degree of genetic variation. Plants that are
genetically identical are all susceptible to the same viruses and diseases and crops produced
through this method are, therefore, easily wiped out. Bougainvillea plants are propagated from
cuttings, by ground or air layering and budding (Singh et al., 2012).

2.3. Effect of IBA on rooting ability of cuttings

Plant growth regulators are the natural or synthetic compounds that modify the growth and
development of plants by influencing their physiological processes and thereby increasing the
productivity of crops (Kakimoto, 2003). Application of some plant growth retardants to
improve rooting ability and survival in several plant species (Hartmann and Kester, 1975). Plant
growth regulators Horticulturists utilize them to study and manage plants for specific
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objectives, and they are usually applied in small quantities measured in parts per million (ppm)
et al., 2014). Root initiation in cuttings is influenced by a number of factors, including plant
growth regulators, plant age, growth medium, and cutting size (Husen and Pal, 2006). Plant
growth regulators allow the development of adventitious roots by promoting the initiation of
the root primordium and cell division expansion (Fogaca and Fett-Neto, 2005). Furthermore,
this growth hormone enhances the rooting rate and percentage, root number and quality, and
cutting rooting uniformity (Khoshkhooy, 2012). Indole-3-butyric acid (IBA) has been known
as a manufactured auxin for a long period and is the main auxin used commercially for the
adventitious root induction in stem or leaf cuttings (Srivastava, 2002).

Panwar et al., (1994), reported that IBA at 2000 ppm was the best treatment, resulting
in significantly more sprouting of cuttings, more roots, longer roots length, and a higher
percentage of rooting of cutting of bougainvillea cv. Alok than the other treatments.

Ahmad et al., (2002), indicated when treated hardwood stem cuttings of Bougainvillea
glabra var with IBA at different concentrations (0, 1000, 2000, 3000, 4000, 5000) ppm that the
maximum number of roots (15.00), root length (11.73 cm), root thickness (3.53 mm), number
of branches (3.80) plant- 1, number of leaves (11.76) plant-1, sprouted cuttings (93.33%) was
obtained from cuttings treated with 4000 mg.L-1. also, maximum Shoot length (36.33 cm),
stem thickness (1.93 mm), and plant height (51.67 cm) were gained by hardwood cuttings when
treated with IBA at 5000 ppm.

Gupta et al., (2003), found that maximum rooting (100%) with higher number of roots
(32.0) in Semi-hardwood cuttings of Bougainvillea cv. ‘Los BanosVariegatawhen IBA at 1000
mg.L* was used.

Siddiqui and Hussain (2007), indicated when treated stem cuttings of Ficus hawaii with
IBA at different concentrations (0, 1000,2000, 3000, 4000, and 5000) mg.L-1.that the
Maximum sprouting (43.7%) leaves per plant (63), plant height (37.46cm), shoots per plant
(13), leaf area (19.33 cm2), shoot thickness (0.57 cm), root length (11.5 cm) and roots per
cutting (13) were recorded in cuttings treated with 4000 ppm IBA.

Shadparvar et al., (2011),mentioned that stem cutting of Hibiscus rosa-Sinensis
increasing the percentage of rooting when treated with IBA at 2000 mg.L™.

Singh et al., (2011), observed that the maximum of cuttings rooted and produced a good
number of roots with average root length when auxin (IBA) was used on hardwood cuttings of
Torch Glory Bougainvillea especially 3000 mg.L™.

Amissah and Monney (2012), observed an increase in roots characters when auxin
(IBA) was used on semi-hardwood cuttings of Bougainvillea glabra especially 2500 mg.L ™.

Asl et al., (2012), cleared from a study on the effect (0, 2000, 3000, and 4000) mg.L*
IBA on semi-hardwood cutting of Bougainvillea flower that 2000 mg.L™* IBA showed the best
treatment as resulted to the number of roots (8.67 roots per plant)and highest root length (151.42
mm).

Singh (2012), The founded result that the hardwood cutting of bougainvillea (Louise
Wathen) treated with 1000 ppm, gave 85.39% sprouting, 75.46% rooting, and 80.78% callusing.

Eed et al. (2015), observed that the highest values of rooting percentage, number of
roots, and root length were obtained from the hardwood cutting stem of Bougainvillea
spectabilis treated with 2000 ppm of IBA.
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Kuldeep et al., (2013), treated the hardwood stem cuttings of bougainvillea (var.
Thimma) with IBA at different concentrations (0, 1000, 1500, 2000 ppm) mg.L ™ noticed that
the number of rooted cuttings (6.33), percentage of rooted cuttings (63.33%), length of shoots
per cutting after one month (3.07 cm), length of shoots per cutting after two months (14.73 cm),
number of roots per cutting (30.00), length of roots (12.85 cm) and dry weight of the roots (0.43
g) was showed from cuttings treated with 2000 mg.L™.

Mehraj et al., (2013), revealed that when mature stem cuttings of Bougainvillea
spectabilis treated with IBA showed significant differences in comparison with control
especially 1000 mg.L* which was superior over other treatments in all parameters (rooting
percentage, roots number, length of longest root, leaves number per cutting, shoots number per
cutting and shoot length) although both of 500 and 2000 mg.L™? resulted to the same rooting
percentage but best rooting survival was obtained from 1000 mg.L™.

Shahab et al., (2013), studied the influence of different concentrations of IBA (0, 5, 10,
15, and 20%) on stem cutting of Alstonia, the result showed regarding leaf area plant-1(26.032
cm2), sprout length (18.096 cm), stem diameter (14.44 mm), number of roots plant-1 (15.613),
root diameter (3.412 mm) in cutting that treated with 10% of IBA.

Wagh et al., (2013), discovered that the hardwood cuttings of bougainvillea variety
Torch Glow observed the maximum increase of all growth parameters, with a minimum number
of days for sprouting and rooting having maximum root length and number of leaves per cutting
when treated with 2000 mg.L™? of IBA.

Roshoudi et al., (2014), studied the effect of different IBA concentrations (0, 500, 1000,
1500, 2000, 2500, and 3000) ppm on rooting of hardwood cuttings of Bougainvillea Spectabilis
Willd, showed results the highest rooting percentage, root fresh and dry weight, and root number
when cuttings treated with 2000 ppm of IBA.

Seyedi et al.,, (2014), treated stem cuttings (wood and semi hard wood) of
Bougainvillea glabra L. with (0,2000,4000) mg.L? of indole butyric acid, 4000 mg.L*
provided maximum rooting number and root length, root fresh weight in comparison to other
treatment.

Abbas et al., (2015), found that a Maximum number of roots (30.25), more number of
leaves (7.5), and length of sprouting (19.16%) in stem cuttings of Roses Cvs. Bajazzo when
IBA at 2000 mg.L-1 was used.

Costa et al., (2015),revealed that the 2000 mg/Il IBA resulted at 56 days the percentage
of alive cuttings rooted and with shoots, number of shoots and roots per cutting, and the length
of the longest root and highest bud were evaluated when wood cuttings of Bougainvillea
spectabilis were used.

Ahmad et al., (2016), treated stem cuttings of Hylocereusundatus with (0,50,75,100)
ppm of IBA showed the best results in all the studied parameters with the highest root number
(13.2), root length (12.7cm), root diameter (1.5mm), fresh weight (2.7g), and dry weight (0.89)
found in 100 ppm of IBA and the lowest of all these were found in control (6.3, 5.7cm, 0.9mm,
0.3g, 0.29).

Sultana et al., (2016), concluded that the use of rooting hormone (IBA) on
Bougainvillea cuttings was a significant factor in improving rooting of cuttings in comparison
with control other especially 400 mg.L* which provided the highest number of root (25.38),
longest root (23.53cm), and a higher percentage of success in rooting.
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Babita et al., (2017), noticed the 6000 ppm of IBA hormone in treating hardwood
cuttings of Bougainvillea (peruviana cv. Thimma), gave the better rooting percentage (90.00%),
length of the longest shoot (38.0 cm), shoot fresh wt./plant (22.333 g), shoot dry wt./plant (3.843
g), length of longest root/plant (18.233 cm), fresh wt. of root/plant (7.527 g) and dry wt. of
root/plant (1.58 g).

Fathi et al., (2017), observed when treated the stem cutting of bougainvillea
Bougainvillea spectabilis L. with IBA different concentrations (1000, 2000, 3000, and 4000
ppm) that the highest rooting percentage, highest number of primary roots, longest primary
roots, highest root fresh and dry weight was obtained from cuttings treated with 4000 ppm of
IBA.

Singh (2017),discovered that hardwood cuttings of Phalsa plant (Grewia asetical..) cv.
Dwarf type recorded best results of rooting percentage, longest root length, roots number per
cutting, roots dry weight, number of shoots, leaves number and longest shoot length when
treated with 1000 mg.L™ of IBA.

Phuyal et al., (2018), cleared from a study on the effect of both IBA and NAA at three
different concentrations (2000 ppm, 3000 ppm, and 5000 ppm) on stem cuttings of Zanthoxylum
armatum that 5000 ppm of IBA was the best treatment as resulted in the highest number of
roots (6.5) and root length (11.6 cm).

Ritu and Rana (2018), found that the concentration of IBA, 8000 ppm to Stem Cutting
of Karonda (Carisa carandas L. lead to prominent improvement in the number of sprouted
cutting, number of secondary root per cutting number of sprout per cutting, percentage of rooted
cuttings,the average length of root per cutting, average dry weight of root.

Pégo et al., (2019), carried out research to detect the impact of different concentrations
of IBA (0,500, 1000, 2000, and 3000) mg L-1 on herbaceous cuttings of Streptosolenjamesonii,
observed that the highest number of roots and the better root and shoots when cuttings treated
with 750 to 1456 mg L-1 IBA.

Bashi (2019), evaluated influence of different concentrations of IBA
(0,250,500,750,1000,2000) ppm on semi-hardwood cutting of bougainvillea glabra, showed the
maximum percentage of root 100%, number of roots 24.46, length of roots 7.93, dry weight of
roots, and maximum Shoot length when 1000ppm of IBA is used.

Ashok and Ravivarman (2020), revealed that 3000 ppm of IBA resulted maximum
number of roots per cutting (14.23) and root length (9.79 cm) are recorded when terminal stem
cuttings of Pseuderanthemumcarruthersiivar.atropurpureum.

Herastuti and Ek (2020), treated terminal, middle, and basal of stem cutting of
bougainvillea with (50, 100, 150) ppm of indole butyric acid, the result showed the middle and
basal types produced the best percentage cutting to life, root number, length of longest root, and
root volume.

3. FACTORS INFLUENCE THE ROOTING ABILITY

3.1. Plant species

Several factors can influence the rooting ability of stem cuttings, including the species and
cultivar requirements; the source, position, and kind of cutting taken; and the source, position,
and type of cutting taken. juvenility and stock plant condition (Hartmann and Kester, 2002).
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Stem cutting propagation is advantageous in that it is the easiest and fastest way to
propagate plants as it bypasses the juvenile characteristics of certain species (Hartmann and
Kester, 2002).

3.2.Propagation media

Different types of media serve as soil, anchoring the root system, supplying water and
nutrients to the plant, and ensuring appropriate aeration in the root system. (Gruda and
Schnitzler, 2006). Plant and root development are influenced by the biological and physical-
chemical characteristics of growing medium. During the rooting period, a propagation medium
is used to keep the cuttings in place, supply them with moisture, enable air exchange at the
bottom of the cuttings, and create an opaque or dark environment by reducing light penetration
to the cuttings' base (Galavi et al., 2013).

3.3. Plant growth regulators

Plant growth regulators allow the development of adventitious roots by promoting the
initiation of the root primordium and cell division expansion (Fogaca and Fett-Neto, 2005).
Indole-3-butyric acid (IBA) has been known as a manufactured auxin for a long period and is
the main auxin used commercially for the adventitious root induction in stem or leaf cuttings
(Srivastava, 2002).

4. CONCLUSION

Bougainvillea plant is an important ornamental plant for landscaping with its showy bracts,
white flowers and different form. In landscape planning, plants are evaluated in two ways,
aesthetically and functionally. A landscape architect should be able to use not only the concept
of the measure but also all the necessary features related to the plant material in plant designs.
Thus, thanks to the planting designs made, the users are satisfied both visually and functionally
from the outdoors. The bougainvillea plant creates a functional effect by preventing bad images
with its aesthetic appearance.

In this direction; It is extremely important to know the general characteristics of the
bougainvillea plant and to apply the correct reproduction methods. Within the scope of the
research, these cases were emphasized in line with the relevant literature.
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ABSTRACT

The concept of biotechnology was first used in 1919 by forming the words "biology" and
"technology". Plant biotechnology, defined as the application of technology on plants; It covers
the culture, reproduction and genetic modification of plant organs, tissues and cells in sterile
artificial media. It is a set of techniques consisting of plant, organ and genetic modification
techniques. Plant tissue culture means the production of a new plant by growing a small piece
of plant tissue in aseptic condition, usually a test tube, flask, or bottle, containing a nutrient
medium and the medium we will use for may be liquid or solidified with agar. Tissue culture is
the growth of tissue or cells in an artificial medium separate from the parent organism. This
technique is called micropropagation. This is typically facilitated via use of a liquid, semisolid
or solid growth medium, such as agar or its substitutes. A plant consists of different organs,
each of which consists of different tissues made up of cells. The areas of use of in vitro culture
vary according to the parts of the plant used, and different in vitro culture types emerge. In plant
tissue culture, contamination may occur due to poor sterilization of the plant part, the tools and
equipment used. Contamination in plant tissue cultures emerges as acute contamination caused
by inadequate superficial sterilization, contamination caused by microorganisms hidden in the
explant or microorganisms settled during subculture, and chronic contamination that occurs
naturally after a long sterile culture period. Considering the sources of contamination as %;
75% is due to the person performing the culture process, 15% is due to poor ventilation, 5% is
due to the structure of the room where the culture is made, and 5% is due to the cleaning of the
tools and equipment used during the culture.

Key Word: Sterilization, Contamination, Tissue culture, Biotechnology
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1. INTRODUCTION

The concept of biotechnology was first used by Karl Erkey in 1919 by forming the words
"biology" and "technology". The definition of “it is the whole of events in which raw materials
are processed and transformed into new products with the help of biological structures” is also
used for biotechnology (Ozdemir, 2005).

Biotechnology is a combined application of the fields of biochemistry, microbiology and
engineering in order to benefit from the technical application potential of microorganisms, cells
and tissue cultures and their various parts (Surmeli and Sahin, 2009).

When biotechnology, which is a very wide application area, is separated according to the
biological assets to which it is applied, one of them is to create plant biotechnology. Plant
biotechnology, defined as the application of technology on plants; It covers the culture,
reproduction and genetic modification of plant organs, tissues and cells in sterile artificial
media. In other words, plant biotechnology; It is a set of techniques consisting of plant, organ
and genetic modification techniques Plant tissue culture is aseptic conditions, in an artificial
nutrient medium, new tissue from plant parts such as a whole plant, cell (meristematic cells,
suspension or callus cells), tissue (various plant explants), or organ (apical meristem, root, etc.).
is the production of plants or herbal products (such as metabolites). In addition, various tissue
culture methods are routinely applied in the protection of endangered species and in the
production of species that are difficult to reproduce (Babaoglu et al. 2001; Hatipoglu, 2005, Ak,
2018).

The first studies on plant biotechnology were made by Schwan and Schleiden in 1838;
all plant cells can form a plant without attachment (totipotency) started with the theory (Ari,
2006). However, the fact that a full-fledged plant could not be obtained from a single cell in
studies conducted under laboratory conditions caused this theory to not be widely accepted
(Hatipoglu, 2005). Important studies related to plant tissue culture are given in Table 1.1,

Table 1.1. Important studies on plant tissue culture

RESEARCH

LITERATURE

Culture of first isolated cells

Haberland, 1902

Culture of mature embryos

Hanning, 1904

First use of the term biotechnology

Karl Eraky, 1917

Identification of auxin

Went et al., 1920

Laboratory reproduction of root and shoot tips

Kotte and Robbins, 1922

First embryo recovery technique (corn)

Dieterich, 1924

First continuous root cultures (tomato)

White, 1934

Initial callus formation

Gautheret, 1934

Obtaining secondary metabolites from primary callus
cultures

Gautheret, 1942

First plant extraction from shoot tips (apical meristem)

Ball, 1946

Determination of the structure of DNA

Watson Crick, 1953

First plant production from cell suspensions

Muir et al., 1954

Development of MS medium

Murashige and Skoog, 1962
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2. PRINCIPLES OF IN VITRO CULTURE
When in vitro culture is mentioned, it is understood that plant explants or cells and
protoplasts are cultured in sterile and artificial nutrient media. In vitro culture;

1. Reproduction of plants that cannot be easily reproduced by traditional methods

2. Establishing somaclonal resistance against plant diseases,

3. Rehabilitation studies,

4. Selection of resilient individuals,

5. Conservation of Resistant Plant Genotypes,

6. Conservation of plant gene resources,

7. To purify plants from diseases,

8. Itis used to obtain biochemical products (secondary metabolites) ((Mansuroglu and Gurel
2001).

3. USAGE AREAS OF IN VITRO CULTURE
Intact Plant Culture: In intact plant culture, plant seeds are planted in vitro and the sown seeds
germinate to form a new plant.

Embryo Culture: Includes in vitro culture of embryos isolated from testa and nutrient tissue.

Organ Culture: Forming the plant; It includes culturing organs such as leaves, shoot tips,
flower buds and anthers.

Callus Culture: If an isolated tissue is differentiated and then re-cultured and allowed to
differentiate again, the tissue formed is called callus tissue. This applied process is called callus
culture (S"aikin-Fodulovic” et al. 1998).

Cell Culture: It is the name given to the culture of cells obtained from tissue callus or
suspension cultures by using mechanical or enzymes (Dagustu, 1996).

Protoplast Culture: It is the culture process carried out by culturing the protoplasts obtained
as a result of the breakdown of the cell wall with the help of enzymes.

The advantages of rapidly growing plants in vitro using the plant tissue culture technique are;

Since most of the economically important vineyard, and garden plants have hybrid
characteristics, it is only possible to produce these plants by preserving their own
characteristics, only by vegetative way. However, the biggest disadvantage in this regard is that
it can be produced vegetatively from species to species, even between varieties of a species.
With in vitro or micro propagation, it becomes possible to reproduce the plant in large numbers
in a short time. While it is very easy for viruses or other systematic diseases to be transmitted
from plant to plant by vegetative propagation method, such diseases negatively affect the
quality conditions of the product. With in vitro propagation, it is possible to produce virus and
disease free from disease-free stock plants. With tissue culture, production can be made
throughout the year, not only depending on the vegetation period. Plants that are in the culture
stage can be easily transferred between countries (George, 1993; Burun, 2001; Ak et al., 2020).
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In addition to these, the need for tools and equipment, the need for sufficient technical
experience during application, the need to develop an appropriate protocol for the plant to be
cultivated, the compliance of the production area with industrial standards and the expensive
production stages are the negative aspects of tissue culture (in vitro propagation).

4. STAGES OF IN VITRO CULTURE
* Establishment of a suitable laboratory setup

* Selection, preparation and sterilization of plant parts and nutrient media to be used
* Creation of callus or cell suspensions

* From callus or cell suspensions; stimulation of plant regeneration directly from somatic or
gametic cells

* Reproduction and lengthening of the formed shoots, formation of somatic embryos
* Rooting of elongated shoots

* Acclimatization of rooted plants (George and Sherrington 1984).

5. STERILIZATION

One of the most important features of in vitro culture; The culture process is carried out
in an environment free from all kinds of microorganisms. In order to fulfill this requirement,
the medium, culture vessels and all kinds of tools and equipment used in in vitro culture studies
must be sterile. In plant tissue and cell culture studies, one of the most important uses is to
ensure sterilization in places where microbiological and pathological studies are carried out.
Proper sterilization and compliance with cleaning rules minimize the risk of contamination of
microorganisms in in vitro culture. Sterilization methods are divided into two as physical and
chemical (Hatipoglu, 2005).

Physical Methods: The sterilization process performed by physical methods is examined under
three main groups.

* Heat Sterilization: Heat is mostly used in sterilization as it is easy and inexpensive to do and
gives good results.

« Sterilization with lonizing Rays: The effect of ionizing rays is used for sterilization of water
and some substances used in microbiology.

* Mechanical Sterilization: It is used to sterilize various liquids that are not resistant to high
temperatures. This method is based on the principle of keeping microorganisms in a liquid
environment by passing them through various filters and preventing them from passing to the
filtrate.

Chemical Methods: It is carried out using various chemicals. It is a process performed to
control pathogenic microorganisms.
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* Chemical Sterilization with Gases: The generally used gas is ethylene oxide. This gas is
effective against all types of microorganisms. Ventilation is carried out by leaving the material
at 50-60 °C for 8-12 hours or at room temperature for 7 days.

* Chemical Sterilization with Liquids: When used appropriately, it destroys all forms of
bacteria, fungi, tuberculosis bacilli and viruses. Glutaraldehyde and formaldehyde are generally
used as sterilization solutions. However, acids, alkalis, halogens, heavy metals, quaternary
ammonium compounds, phenolic compounds, aldehydes, ketones, alcohols, amines and
peroxides are used in explant sterilization.

6. ENSURING STERILE CONDITIONS IN IN VITRO CULTURES

Sterilization of Glass and Metallic Materials: In in vitro culture studies, glass and
metallic materials can be sterilized by the application of dry heat in an oven. It is known that
bacteria and especially spores are very resistant to dry heat. In the studies, it has been
determined that the temperature required to destroy different species and the application time
of the temperature are different even in a bacterial genus. For this reason, the tools and
equipment to be sterilized with dry heat application must first be cleaned very well. Generally,
tools and equipment used in in vitro culture are sterilized by dry heat application; It is applied
at 160-180 °C for 3 hours (Babaoglu et al., 2001).

Sterilization of Media: Nutrient media are purified from microorganisms by keeping
them in an autoclave at a temperature of 121 °C under high pressure (1.05kg/cm?) for a certain
period of time or by filtering them into sterile containers by passing through filters with a pore
width of 0.22 p. The retention times of nutrient media in the autoclave are related to their
volumes. After the sterilization process has started, 20 minutes may be sufficient for the nutrient
medium in a volume of 20-50 ml, for example (Hatipoglu, 2005).

Sterilization of Temperature Sensitive Media: Some chemicals of the components in
the media are not resistant to high temperatures. These substances can decompose at high
temperatures. For this reason, the sterilization of vitamins, carbohydrates and growth regulators,
which are not resistant to high temperatures, is done by cold filtration method. In this method,
the solution to be sterilized usually passes through sterile filters with a pore diameter of 0.2 .

Sterilization of Plant Material to be Used in In Vitro Culture: One of the most
important sources of infection in in vitro culture is the plant material used in culture. Plants
grown in field conditions host a large number of microorganisms. When explants carrying these
microorganisms are placed in the nutrient medium, microorganisms are contaminated with the
nutrient medium and the explant loses its viability in a short time. Various chemical substances
are used in the sterilization of plant material. These chemicals; 1% sodium hypochlorite
solution, 7% saturated calcium hypochlorite solution, 1% brominated water solution, 70%
alcohol, 0.2% mercury chloride solution, 10% hydrogen peroxide solution, 1%' silver nitrate
solution.
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7. CONTAMINATION
Although the plant material was well sterilized, infection may have occurred in later
cultures. These;

* The plant material used may be infected internally.

* Person working may not have worked sufficiently sterile.

* The sterile cabinet is broken, not working.

* Non-sterile instruments and equipment in the sterile cabinet.

* The outer part of the containers containing the nutrient medium is not clean.

Improper cleanliness of the room where the sterile cabinet is located may cause infection
of the cultures. Contamination in plant tissue cultures Acute contamination caused by
ineffective superficial sterilization, contamination caused by microorganisms hidden in the
explant or microorganisms settled during subculture, and chronic contamination that occurs
naturally after a long sterile culture period. Considering the sources of contamination as %;
75% is caused by the person performing the culture process, 15% is due to poor ventilation, 5%
is due to the structure of the room where the culture is made, and 5% is due to the cleaning of
the tools and equipment used during the culture. Contaminations occurring in vitro are divided
into two as chemical and biological.

Chemical Contamination: The source of chemical contamination is usually the medium,
the uncontrolled variance of the hormones and growth factors added to the nutrient medium,
and the use of the jars in which the cultured explants are placed without decontamination.

Biological Contaminations: Contamination caused by viruses, bacteria, molds, yeasts,
insects and pests in the environment is called biological contamination. Viruses; They are the
most difficult cell contaminants to detect in cultures due to their small size. Insects, spiders,
flies, ants, cockroaches and can cause culture contaminants and a significant source of microbial
contamination, often found in the laboratory. Bacterial and fungal contaminants; Contaminants
that pose a major problem in plant tissue culture laboratories include: Pseudomonas
fluorescens, Escherichia coli, Proteus species, Micrococcus sp, Streptococcus pneumoniae,
Staphylococcus aureus, Bacillus cereus, Bacillus subtilis. Fungal contaminations; Aspergillus
niger, Aspergillus fumigatus, Penicillium sp. Yeast, Fusarium sp. they contain. The most
dominant of these; bacterial contaminants; Micrococcus sp., Staphylococcus aureus and
Bacillus cereus Fungal contaminants; Aspergillus sp., Penicillium sp. and yeast.

Staphylococcus Spp.: Light white to light yellow colored cohesive colonies about 1-2 mm
in diameter. It can enter the environment mainly through the human factor (through laboratory
studies), less likely from the soil where the plant grows or from the irrigation water. They are
selective anaerobic organisms. The main reasons for the presence of this bacterium in the
environment; is the lack of adequate personal sterilization (wrong hand washing, dirty aprons
and constantly used masks) (Babaoglu, 2005).
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Figure 1. Image of Staphylococcus Spp under microscope

Bacillus subtilis: Bacteria in beige or light yellow color with rough edges. The source of
the bacteria is usually the inability to sterilize the medium or the insufficient sterilization of the
blotter papers and the instruments used. In addition, this bacteria, which can come from the soil,

can also pass through the shoes of laboratory workers. B. Circulans can live in 70% alcohol
(Babaoglu, 2005).

Figure 2. Bacillus subtilis image of under the microscope

Pseudomonas fluorescens: Gram negative bacteria. It is white in color and mucoid. The
main source is; Inadequate sterilization of explants. In addition, non-compliance with
laboratory procedures is another reason (Babaoglu, 2005).

Figure 3. Image of Pseudomonas fluorescens under the microscope

Enterobacteriaceae Spp: Gram negative bacteria. They are large, circular and convex
colonies of grayish to white color. The main source is; Inadequate sterilization of explants. In
addition, non-compliance with laboratory procedures is another reason (Babaoglu, 2005).

Figure 4. Image of Enterobacteriaceae Spp under microscope

Escherichia coli: Circular, convex, grayish/white in color, moist, smooth and opaque. It
is transmitted by human origin or insufficient sterilization.
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Figure 5. Image of Escherichia coli under the microscope

Micrococcus Spp.: Nutrient Agar is yellow in color and is found in soil, dust, water, and
human skin flora.

-

Figure 6. Micrococcus Spp. image of under the microscope

Aspergillus niger: It is initially white in color, then quickly turns black. The underside is
light yellow. It can form radial cracks on agar. It is commonly found in soil, seeds, air, plant
rhizospheres, dried fruits and nuts. It is one of the most common fungi found in foods. Air and
water are the main sources of entry for Aspergillus Spp in our laboratory.

Figure 7. Aspergillus niger image of under the microscope

Penicillium Spp: It is seen in green/khaki color, brush-like structure and in cluster form.
Greenish colonies are in brush-like clusters. According to the literature; It is stated that it is
observed in building materials, dust on walls and indoor air depending on these. High air
filtration and regular wall cleaning should be done.

Figure 8. Penicillium Spp. image of under the microscope

Fusarium Spp: It can be seen in various colors from white to yellow, pink, red and purple.
Colonies, usually pink in color and surrounded by a white ring, were observed. It occurs when
the laboratory is heavily polluted by air and sanitation.
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Figure 9. Fusarium Spp. image of under the microscope

Yeast: They are creamy white colonies. Yeast is also found on the skin surface. It is spread
by growth chamber mite and insect infestation. The presence of yeast in our cultures indicates
improper hygiene; yeast spreads through the skin and breathing.

Cladosporium: It is an olive green or dark brown colored mold with a suede-like texture.
It is usually found on the surface of the fiberglass duct liner on the inside of the supply ducts.
Since spores of this fungus are very common in the outdoor air, it is observed with insufficient
protection of the laboratory atmosphere from contamination by outside air. Positive laboratory
air pressure and double-door inlets significantly reduce contamination from Cladosporium.

=

Figure 10. Cladosporium image of under the microscope

8.GENERAL CONSIDERATIONS TO AVOID CONTAMINATION

Use a magnifying glass, if necessary, a microscope to examine all tissue culture jars. All
infected culture jars are removed to a suitable place for decontamination. To prevent
contamination from spreading from one jar to the next, 10% sodium hypochlorite (20 minutes)
is used for the contamination jar. Wipe the outside of all non-infected bottles with 70%
Isopropyl Alcohol (IPA). The lab coat and lab coat are autoclaved 2 times a week and washed
once a week. After sterilization of media, all sterilized media jar, top, bottom and lid parts
should be wiped with freshly sterilized hand towel or absorbent cotton. Make sure the cotton or
freshly sterilized hand towel is sprayed with alcohol so that the wiping materials do not
contaminate the media jar.

Care should be taken with indexing explants and cultures for contaminants. ldentifying
the source of these pollutants, identifying and characterizing the pollutants should be done. It
IS necessary to remove contaminants with advanced cultural practices, antibiotics or other
chemicals. Periodic checks of HEPA filters should be made at the LAF. Daily sterilization of
dissecting instruments, papers, cotton, use of alcohol to wipe off LAF in each culture, flasks
subcultures, steam sterilization indicator strip should be used to check the quality of the
autoclave for correct sterilization. Always record the pressure and time during the autoclave for
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cross-checking of the autoclave. If there is further contamination in the laboratory, fumigate
once a week. Apply the microbial open plate method before and after fumigation to control the
effect of fumigation and contamination. Follow the SOP (standard operating procedure) for
explant sterilization. Employees (technicians, students, etc.) using the room should be made
aware of sterilization. Wear gloves and a lab coat and keep your long hair tied back. Be as
organized as possible and label everything.

Inspect all equipment and the environment for visible contamination prior to use. If you
need to completely remove a cap from a tube, dish or bottle, close the cap with the open side
up and insert it inside. Otherwise, keep tubes, dishes or bottles closed as much as possible. Do
not run your hands/arms over any open bottles, dishes or tubes.

When finished, do the following: Record the subculture date, the number of culture bottles
used, the culture stage used, new culture bottles produced, media used, stage produced, multiply
rate, and operator code number and LAF number for tracking. Remove everything, properly
dispose of materials, wipe work surfaces with 70% alcohol, and turn on the UV lamp in the
laminar flow hood for 10-15 minutes to sterilize the area. Check out the hand wash solution,
which should ideally have a combination of phenolic compounds and a surfactant (alcohol with
chlorhexidine, 2% or 4% chlorlheximide, 7.5% povidone iodine, or 1% triclosan, etc.).
Inspection/cleaning of air conditioning ducts should be done every 3 months. In the case of a
positive pressure unit in your laboratory, a filter integrity test should be performed on the HEPA
filter. Only what must be strictly in the clean room (breeding hall and plant growing room)
should be allowed. Preserve as much in and out movement as possible. Laboratory waste,
especially used media, waste cultures, pp caps, etc. Take care to remove it from the area and
autoclave the equipment.
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GENETIC VARIABILITY, ASSOCIATION AND DIVERSITY STUDY AMONG THE
SUNFLOWER GENOTYPES AT SEEDLING STAGE BASED ON DIFFERENT
MORPHO-PHYSIOLOGICAL PARAMETERS UNDER POLYETHYLENE GLYCOL
INDUCED STRESS

Uzma Ayaz
Msc (Hons.) Department of Plant Breeding and Molecular Genetics, The University of
Poonch Rawalakot, Pakistan, Azad Jammu & Kashmir, Pakistan

Abstract

Drought stress directly affects growth along with productivity of plants by altering plant water
status. Sunflower (Helianthus annuus L.) an oilseed crop, is adversely affected by a biotic
stresses. The present study was carried out to study the genetic variability and diversity among
the sunflower genotypes at seedling stage based on different morpho-physiological parameters
under Polyethylene Glycol (PEG) induced stress. A total of twenty seven genotypes including
two hybrids, eight advanced lines and seventeen accessions of sunflower (Helianthus annuus
L.) were tested at germination and seedling stages in Polyethylene Glycol. Correlation and
principle component analysis confirmed that germination percentage, root length, proline
content, shoot length, chlorophyll content, Stomatal frequency and survival percentage are
positively correlated with each other hence; these traits were responsible for most of variation
among genotypes. The cluster analysis results showed that genotypes Ausun, line-2, line-8,
17559, 17578, Hysun-33, 17555, and 17587 as more diverse among all the genotypes. These
most divergent genotypes could be utilized in the development of inbreed which could be
subsequently used in the heterosis breeding.

Key words: Sunflower, drought, stress, polyethylene glycol
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Ozet

Bu ¢alismada Kuzey Irak’in Halepge ilinin Hawraman ilgesinde dogal olarak yetisen ve bolgeye iyi adapte olmus
yerel nar genotiplerine ait meyvelerin, bazi pomolojik 6zelliklerinin belirlenmesi amaglanmigtir. Aragtirmada
bolgede yetisen Laswara , Salaxani , Meyhos ve Kawa Hanar ¢esitler ait meyve drnekleri almarak Tiirkiye’ye
getirilmis ve bazi pomolojik degerleri belirlenmistir. Arastirmada meyve agirliklarinin 206-266 gr, meyve
uzunluklarinm 64.13-70.73 mm, meyve enlerinin 75.92-81.18 mm, Kaliks yarigapt 11.02-12.42, kaliks
uzunluklarinm 14.35-17.21 mm, odacik sayis1 6-7 adet, Ph 2.71-3.54 , SCKM %11.8-15.5 arasinda degistigi
belirlenmistir.

Anahtar Kelime: nar, pomoloji, kuzey Irak .
Abstract

In this study, it was aimed to determine some pomological characteristics of the fruits belonging to the local
pomegranate genotypes, which grow naturally in the Hawraman district of Halabja province in Northern Iraq and
are well adapted to the region. In the research, fruit samples of Laswara, Salaxani, Meyhos and Kawa Hanar
varieties grown in the region were taken and brought to Turkey and some pomological values were determined. In
the research, fruit weight is 206-266 gr, fruit length is 64.13-70.73 mm, fruit width is 75.92-81.18 mm, calyx radius
is 11.02-12.42, calyx length is 14.35-17.21 mm, number of chambers is 6-7, Ph 2.71-3.54 , SCKM 11.8% It was
determined that it varies between -15.5.

Key Words: pomegranate, pomology,northem Irag
1.Giris

Nar bilinen en eski meyve tirlerinden biri olup anavatanlar1 Giliney Kafkasya, iran,
Afganistan, Gliney Asya, Bat1 Asya, Anadolu ve Akdeniz arasindaki bolgeleri kapsamaktadir.
Anavatanlarin yaninda Avrupa ve Afrika‘nin Akdeniz sahil bolgelerinde, Cin, Hindistan,
Afganistan, iran, Arabistan, sili, Arjantin, Kaliforniya, Arizona ve Kuzey Meksika‘da
yetistiriciligi yapilmaktadir (Ozbek, 1977; Dokuzoguz ve Mendilcioglu, 1978; Onur, 1983).
Asirlardan beri narin meyvesi, sekli, yapis1 ve bazi 6zellikleri nedeniyle nar cesitli sanat
dallarinda konu edinilmis meyve, kok, govde, yaprak ve cicekleri sik sik kullaniimistir.
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Kutsal kitaplarin ¢ogunda, Misir, Yunan ve Roma efsanelerinde bu meyveden
bahsedilmektedir. Degisik inanclara gore danelerin bollugu, bazen bir toplumu, bazen
bereketi simgelemis, kirmizi rengi kan ve vahseti temsil etmistir (Dokuzoguz ve Mendilcioglu,
1978).

Nar bitkisi genellikle uzun émurludar. 200-300 yil yasayabilir. Nar gercek bir ¢cali oldugu
icin bir kok govdesine (ksilopodyum) sahiptir. Bu organ besin maddelerini depolayan ve
vejetatif cogalmayi saglayan toprak altindaki odunsu gévdedir. Kok gdvdesinin varligi, narin
zorlu tabiat sartlarina dayanimi agisindan son derece énemlidir (Yilmaz, 2007).

Bazi nar cesitlerinin pomolojik 6zelliklerinin belirlenmesinde, 2002 ve 2006 yillarini
kapsayan donemde Dortyol‘da yapilan bir g¢alismada —Hicaz, Katirbasi, Cekirdeksiz ve
Kara Mehmetl nar cesitleri kullanilmistir. Bu nar cesitlerinde, dort yil boyunca alinan
ortalamalara gore; meyve agirlign 241.1-319.8 g, meyve uzunlugu 67.5-78.7 mm, meyve
eni 75.2-85.3 mm, kabuk kalinhigi 2.9-4.0 mm, dane randiman1 %57.7-64.1 arasinda
degistigi belirlenmistir. Buna ilaveten, SCKM %14.3-16.6, pH 2.97-3.20 ve asitlik %0.39-
1.59 arasinda belirlenmistir. Bu nar cesitlerinin kabuk alt zemin rengi yesil ve sar1, kabuk (st
zemin rengi kirmiz1 ve pembe, cekirdek sertligi yumusak, orta sert ve sert olarak belirlenmistir.
Bu calisma sonucunda Dortyol ekolojik kosullarma gore —Hicazl ve —Katirbasil gesitleri bolge
icin Umitvar cesitler olarak belirlenmistir (Polat ve ark., 2002).

Ak ve ark. (2009), Akdeniz Bolgesi, Ege Bolgesi ve Giineydogu Anadolu Boélgesi’nden
secilen bazi nar ¢esitlerinin Sanlwurfa kosullarinda pomolojik 6zelliklerini belirlemis olduklari
caligmada; Akdeniz Bolgesi’nden segilen narlarda meyve agirhigimin 189.9-430.9 g, 100 dane
agirhiginin 26.6-46.3 g, dane randimaninin %42.6-63.4, suda ¢oziiniir kuru madde miktarinin
%13.8-16.2 ve titre edilebilir asit miktarinin %0.2-2.2; Ege Bolgesi’nden se¢ilen narlarda
meyve agirhiginin 194.6-312.4 g, 100 dane agirliginin 24.0-35.4 g, dane randimaninin %35.4-
61.2, suda ¢6ziliniir kuru madde miktarinin %14.4-16.2 ve titre edilebilir asit miktarinin %0.4-
0.7; Glineydogu Anadolu Bolgesi’nden segilen narlarda da meyve agirhiginin 157.4-402.3 g,
100 dane agirligimin 19.2-39.2 g, dane randimaninin %51.8-67.6, suda ¢ozinur kuru madde
miktarinin %13.7-14.8 ve titre edilebilir asit miktarinin %0.2-2.2 arasinda degisiklik
gosterdigini bildirmislerdir.

Tehranifar ve ark. (2010), 20 Iran nar cesidinin fizikokimyasal &zelliklerinin belirlendigi
caligmada; meyve agirhiginin 196.89-315.28 g, meyve eninin 64.98- 86.88 mm, meyve boyunun
69.49-81.56 mm, dane randimaninin %37.59-65, suda ¢oziiniir kuru madde miktarinin %11.37-
15.07 ve titre edilebilir asit miktarin %0.33-2.44 arasinda degisiklik gdsterdigini
bildirmislerdir

Ferrara ve ark. (2011), italya‘nin gineydogusunda, Apulia bdlgesinde yetistirilen (Sour
Triggiano, Sour Molfetta, Sour Ninetta Ostuni, Sour S. Giorgio, Common Triggiano,
Modugno Triggiano, Common Molfetta, A Denta S. Giorgio) sekiz nar genotipinin morfo-
pomolojikal 6zelliklerini belirlemislerdir. Caligma sonunda meyve agirliklarinin 168.9+36.1
ile 574.9+£18.8 (g) arasinda, meyve boyunun 55.9+6.0 ile 91.2+4.4 8 (mm), meyve ¢apinin
69.1+4.8 ile 106.3x2.6 (mm), dane agirhginin 435.1+75.6 ile 519.1+65.8 (mg), dane
uzunlugunun 8.9+0.9 ile 11.0+0.6 (mm), dane ¢apmin 6.1+0.8 ile 8.0£0.9 (mm) arasinda
degistigini tespit etmislerdir
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Ikinci ve Kilig (2016), Sanliurfa’nin Siverek ilgesinde dogal olarak yetisen ve yére iklimine iyi
adapte olmus 15 yerel nar genotipi lizerinde yapmis olduklar1 ¢alismada; meyve agirliginin
267.72-650.56 g, meyve eninin 80.12-109.61 mm, meyve boyunun 69.60-92.72 mm, sekil
indeksinin 0.833-0.914, kaliks boyunun 13.47-22.49 mm, kaliks ¢apinin 10.19-17.03 mm, dane
agirh@inin 141.33-361.33 g, meyve suyu hacminin 81-98 ml, suda ¢ozlnlr kuru madde
miktarinin %12.64-16.68 ve titre edilebilir asit miktarinin %0.55-2.99 arasinda degisiklik
gosterdigini bildirmislerdir.

Ozden ve ark. (2017), Sanlurfa’da 3 nar gesidi iizerinde yapmis olduklar1 ¢calismada; meyve
agirh@inin 330.22-633.75 g, 100 dane agirhginin 32.33-61.20 g, suda ¢6zundr kuru madde
miktarinin %15.16-17.50 ve titre edilebilir asit miktarinin %1.30-2.91arasinda degisiklik
gosterdigini bildirmislerdir.

2.Materyal ve Metot
2.1.Bitki Materyali
Bu ¢alisma Kuzey Irak‘in Halepge ilinin Hawraman ilgesinde bulunan kapama nar bahcelerinde

yapilmustir. Bolgede dogal olarak yetisen, Laswra, Salaxani, Kawa Hanar ve Meyhos ¢esitlerine
ait narlar kullanilmigtir. Arastirmada kullanilan nar agaclarinin verim ¢aginda, hastalik ve
zararhlar yoniinden saglikli ve gelisme yoniinden homojen agaglar olmasina dikkat edilerek
secilecektir. Her nar cesidi i¢in 3’er tekerriir olmak tizere 3 ‘er agac kullanilacaktir. Pomolojik
ozellikler isaretli agaclarda yapilarak bu agaglardan meyve ornekleri her bir agactan 6 adet
alinacaktir Hasat olgunluguna (11.10.2020) ulasan meyveler hasat edilerek soguk ortamda

muhafaza edilerek Harran Universitesi Hiibtam Laboratuvarlarinda analiz edilmistir.

2.2. Pomolojik Olguimler :
2.2.1. Meyve Agirliklar (g)
Labaratuvara getirilen meyvelerden tesadiifi olarak alinan 6 adet meyve 0.01 g‘a duyarl: terazi

ile tek tek tartilarak ortalamameyve agirligi belirlenmistir.
2.2.2.Meyve boyutlar1 (mm)

Meyvelerin eni, ekvator bolgesinin caplari ve meyvelerin boyu sekil 1°‘de gosterildigi
sekilde meyvelerin sap kismi ile Kkaliksin alt kismi (kaliks boyu hari¢) arasindaki mesafe

0.01 mm‘ye duyarl dijital kumpasla oOlculerek, ortalama degerler tespit edilmistir.

B
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Sekil 1. Meyve ve kaliks boyutlart; a: meyve eni, c-b: meyve yiksekligi, d: kaliks ¢api, e:
kaliks uzunlugu

2.2.3. Kaliks boyutlar1
Meyvenin kaliks boy ve kaliks yari¢ap1 0.01mm* ye duyarl kumpasla 6l¢tlerek, ortalama
olarak belirlenmistir.
2.2.4. Odacik sayilar
Meyvelerdeki odaciklar ayri ayri sayilarak tespit edilmistir. Bu degerlerin ortalamasi
almmustir

2.3.Meyvelerdeki kimyasal 6zellikler

Meyvelerin kimyasal analizleri Harran Universitesi Ziraat Fakiiltesi Bahce Bitkileri Bolim
laboratuarinda yapilmustir.

2.3.1. Suda ¢6zunur kuru madde (S.C.K.M)

Suda ¢ozlndr kuru madde orani; tesadiifti olarak alinan meyvelerin sular karistirildiktan
sonra el refraktometresi (Master-M, Atago, Japonya) yardimiyla olgiilmis, sonuglar —%l
olarak ifade edilmistir.

2.3.2. Titrasyon asitliginin tayini

Meyve suyundan 10 ml alinarak, saf su ile 100 ml‘ye tamamlanmis, 2 damla fenolftalein

indikatori damlatilarak karistirilmistir. 0.1 N NaOH ile pH 8.1 olana kadar titre edilerek,

sonu¢ asagidaki formil yardimi ile susuz sitrik asit cinsinden hesaplanmistir (Altan, 1992).

SXNxmexF S ; NaOH sarfiyati
Titrasyon asitligi = x 100 N ; NaOH‘ in normalitesi
(9/100 ml) (6rnek miktar1) me; Sitrik asitin miliesdeger agirlig:

Sitrik asit sabiti: 0.0064 g F ; kullanilan NaOH faktoru
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2.3.3. Ph tayini

i

Meyve suyunun pH degerleri Hanna Marka dijital pH metre ile 6l¢tlerek tayin edilmistir.

3.Arastirma Bulgular: ve Tartisma

3.1. Meyve agirhig:

Labaratuvara getirilen meyvelerden tesadiifi olarak alinan 6 adet meyve 0.01 g‘a duyarl terazi

ile tek tek tartilarak ortalamameyve agirligi belirlenmistir.Meyve agirligi en yiiksek 266 g ile

Salaxani ¢esidinde en diisiik deger 206 g ile Laswra nar ¢esidinde bulunmustur.

3.2. Meyve eni:

300

200

100

MEYVE AGIRLIGI(G)

Salaxani  Kawa Hanar  Meyhos

laswra

Meyveler, ekvator bolgesinin ¢aplari0.01 mm‘ye duyarli dijital kumpasla oOlculerek,
ortalama degerler tespit edilmistir

3.3. Meyve boyu:

82
80
78
76
74
72

MEYVE ENIi(MM)

Salaxani Meyhos

I =
Qo

laswra

Meyvelerin sap kismi ile kaliksin alt kismi (kaliks boyu haric) arasindaki mesafe 0.01

mm‘ye duyarl dijital kumpasla 6l¢ilerek, ortalama degerler tespit edilmistir.
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MEYVE BOYU(MM)

86
84
82
80
78
76
74
72
70

TR
AR

I
I

Salaxani Kawa Meyhos  Laswra
Hanar

3.4. Kaliks boyutlar1

Meyvenin kaliks boy ve kaliks yarigap1 0.0 lmm‘ye duyarli kumpasla 6l¢tlerek, ortalama
olarak belirlenmistir. Kaliks boyu sirasiyla 12.42 mm Salaxani,12.31 mm Meyhos, 11.28
Laswra ve 11.02 mm Kawa Hanar nar ¢esidinde bulunmustur. Kaliks yaricapt 17.21 mm
Meyhos,14.90 mm Kawa Hanar, 14.54 mm Laswra ve 14.35 mm Salaxani nar ¢esidinde

¢esidinde bulunmustur.

KALIKS
YARICAPI(MM) :

125
18

17
16
15
14
13
12 —

Salaxani Kawa Meyhos  Laswra

Hanar

12

115

-~
>
=
(¥,
o
T =
=
=

1

A

I

AR
W

10,5

10
Salaxani Kawa Hanar Meyhog Laswra

3.5. Odacik sayilar
Meyvelerdeki odaciklar ayri1 ayr1 sayilarak tespit edilmistir. Kawa Hanar ve Meyhos nar
¢esidinde odacik sayisi 6 bulunmustur. Salaxani ve Laswra nar gesitlerinde odacik sayisi1 7

bulunmustur.

3.6.Meyvelerdeki kimyasal 6zellikler
3.6.1Suda ¢ozinlr kuru madde (S.C.K.M)
Suda ¢ozindr kuru madde orani; tesadiifu olarak alinan meyvelerin sulari karist.irildiktan

sonra el refraktometresi (Master-M, Atago, Japonya) yardimiyla dlgiilmiis, sonuglar —%l
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olarak ifade edilmistir. S.C.K.M degeri en yiiksek % 15.8 Salaxani ¢esidinde bulunmus olup bunu
sirastyla %15.5 Laswra , %14 Meyhos izlemis olup en diisiik deger %11.8 Kawa Hanarda

bulunmustur

3.6.2. Titrasyon asitliginin tayini

Meyve suyundan 10 ml alinarak, saf su ile 100 ml‘ye tamamlanmis, 2 damla fenolftalein
indikatori damlatilarak karistirilmistir. 0.1 N NaOH ile pH 8.1 olana kadar titre edilerek
bulunmustur. Salaxani g¢esidende 1.38 bulunmus olup bunu sirasiyla 2.05 Meyhos, 2.68
Laswra ve 2.73 Kawa Hanar ¢esidi izlemistir.
3.6.3. Ph tayini
Meyve suyunun pH degerleri Salaxani 3.54, Meyhos 3.32 Laswra 3.20 ve Kawa Hanar 2.71

bulunmustur.

SONUC

Kuzey Irak ‘ta yapilan bu ¢alismada bolgede yetisen yerel nar ¢esitlerinin pomolojik analizleri
yapilmustir. Analizler sonucunda en agir meyve 266 g ile Salaxani ¢esidinde en hafif meyve
206 g Laswra ¢esidinde bulunmustur. Titre edilebilir asit degeri en yiiksek 2.73 Kawa Hanar
cesidinde, en diisiik deger1.38 Salaxani ¢esidinde bulunmustur Bélgenin yerel nar ¢esitlerine
bakildiginda Salaxani ¢esidi agirlik, irilik, SCKM ve titre edilebilir asit degerlerine
bakildiginda en iyi meyve ¢esidi olarak belirlenmistir.
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AIR DISPERSION MODEL FOR PREDICTION FUGITIVE LANDFILL GASEOUS
EMISSION IMPACT IN AMBIENT ATMOSPHERE

Moustafa Osman Mohammed
Egyptian Environmental Affairs agency (EEAA) Egypt
Abstract:

This paper will explore formation of HCI aerosol at atmospheric boundary layers and
encourages the uptake of environmental modeling systems (EMSs) as a practice evaluation of
gaseous emissions (“framework measures”) from small and medium-sized enterprises (SMES).
The conceptual model predicts greenhouse gas emissions to ecological points beyond landfill
site operations. It focuses on incorporation traditional knowledge into baseline information for
both measurement data and the mathematical results, regarding parameters influence model
variable inputs. The paper has simplified parameters of aerosol processes based on the more
complex aerosol process computations. The simple model can be implemented to both Gaussian
and Eulerian rural dispersion models. Aerosol processes considered in this study were (i) the
coagulation of particles, (ii) the condensation and evaporation of organic vapors, and (iii) dry
deposition. The chemical transformation of gas-phase compounds is taken into account
photochemical formulation with exposure effects according to HCI concentrations as starting
point of risk assessment. The discussion set out distinctly aspect of sustainability in reflection
inputs, outputs, and modes of impact on the environment. Thereby, models incorporate abiotic
and biotic species to broaden the scope of integration for both quantification impact and
assessment risks. The later environmental obligations suggest either a recommendation or a
decision of what is a legislative should be achieved for mitigation measures of landfill gas
(LFG) ultimately.

Keywords: Air dispersion model, landfill management, spatial analysis, environmental impact
and risk assessment.
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