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Dergimiz Hakkinda/ About Our Journal

Journal of Agriculture, hakemli uluslararasi bir dergidir ve 2018 yilinda yayin hayatina baslamistir.
DergiPark biinyesinde agik erisimli olarak, tarim ve yasam bilimleri alaninda hazirlanmis arastirma ve
derleme makalelerini yaymlamak tizere May1s-2018 yilinda faaliyete baglamistir. Derginin destekledigi
diller Tiirk¢e ve Ingilizce’dir. Yilda 2 (iki) say1 yayimlanir. Dergiye gonderilen makaleler nce editdr
tarafindan sekil ve igerik yoniinden incelenir. Uygun olmayanlar sorumlu yazara geri gonderilir.
Gonderilen makaleler yazarlar tarafindan kaynaklar hari¢ olmak {izere intihale karsi kontrol
edilmektedir. Yapilan kontrollerde benzerlik oraninin %20'nin altinda olmasi zorunludur. Intihal
raporlari incelenerek %20 iizerinde olan yaynlar reddedilir. Yaymlanmasi istenilen eserlerin herhangi
bir yerde yaynlanmamis veya yaymlanmak {izere herhangi bir dergiye gonderilmemis olmasi
zorunludur. Editoriin onayladigi makaleler konu ile ilgili 2 (iki) hakeme gonderilir. Hakem incelemesi
ve diizeltme siireci tamamlanan makaleler yaymlanir.

Journal of Agriculture is a refereed international journal and started its publication in 2018. DergiPark
started its activities in May-2018 in order to publish research and compilation articles prepared in the
field of agriculture and life sciences with open access. The languages supported by the journal are
Turkish and English. 2 (two) issues are published annually. Articles submitted to the journal are first
reviewed by the editor in terms of shape and content. Unsuitable ones are sent back to the responsible
author. Submitted articles are checked against plagiarism by the authors, excluding the sources. It is
mandatory that the similarity rate is below 20% in the controls. Publications over 20% are rejected by
analyzing plagiarism reports. It is mandatory that the works to be published have not been published
anywhere or sent to any journal to be published. Articles approved by the editor are sent to 2 (two)
reviewers. Articles whose referee review and correction process are completed are published.

Amag/Aim

Dergimiz bahge bitkileri, bitki koruma, bitkisel ve hayvansal iiretim, biyosistem miihendisligi, gida
miihendisligi, molekiiler biyoloji ve genetik, peyzaj mimarligi, su {iriinleri, tarim ekonomisi, tarimsal
mekanizasyon, tarimsal yapilar ve sulama, tarla bitkileri, toprak bilimi ve bitki besleme ve zootekni
alaninda hazirlanan arastirma ve derleme calismalarini Tiirkge ve Ingilizce dillerinde yayimlamay1 amag
edinmigtir.

The articles that can be sent to the journal are horticulture, plant protection, plant and animal production,
biosystem engineering, food engineering, molecular biology and genetic, landscape architecture,
fisheries, agricultural economy, agricultural mechanization, agricultural structures and irrigation, field
crops, soil science and plant nutrition and animal science. The journal aims to publish research and
compilation studies in Turkish and English.

Kapsam/Scope

Journal of agriculture, Haziran ve Aralik aylarinda yilda iki kez yayinlanan hakemli, akademik, bilimsel,
uluslararas1 bir dergidir. Tiirkce ve Ingilizce makaleler kabul edilir ve ¢evrimici olarak yayimlanur.

Journal of agriculture is a refereed, academic, scientific, international journal published twice a year, in
June and December. Turkish and English articles are accepted and are published online.
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Review /Derleme

imidazolinone-Tolerant Kiiltiir Bitkileri ve Yabanci1 Ot Miicadelesinde Kullanim
Fulya BASARAN*
OZET

Yabanct otlar, kiiltiir bitkileriyle su, besin maddesi, 151k ve yer gibi kaynaklar i¢in rekabete girerek zarar
olustururlar. Miicadelesinde, kisa siirede sonug vermesi ve kullanim kolaylig1 gibi avantajlar1 sebebiyle daha ¢ok
kimyasal miicadele yontemi tercih edilmektedir. Ancak yogun herbisit kullanimi sonucu ortaya ¢ikan direng
sorunu, selektif herbisitlerin gelistirilmesiyle daha da artmustir. Ozellikle ALS (Asetolaktat sentaz) inhibitorii
herbisitlere olan dayaniklilik sorunu ilk siradadir. Dar ve genis yaprakli yabanci otlara karsi yaygin olarak ALS
inhibitérii herbisit grubundan Sulfonylurea simifi igerisinde yer alan aktif maddelerden imidazolinonlar
kullanilmaktadir. imidazolinonlar, diisiik dozlarda bile etkili olan gok genis yabanci ot etki spektrumuna sahip
olup hayvanlar, kuslar, baliklar ve omurgasizlar iizerinde diisiik toksisite olmasi ile nispeten ¢evresel profile
uygun herbisitlerdir. Bu 6zellikleri, geleneksel iiretim teknikleri (transgenik olmayan) ile imidazolinon-tolerant
(imi-tolerant) kiiltiir bitkilerin gelistirilmesine olanak saglamistir. Imi-tolerant kiiltiir bitkilerinden kasit,
imidazolinon grubu herbisitlere karsi toleranslh bitkilerdir. Bu bitkilerin kullanildig: iiretim alanlarinda yabanci
otlarin kontrolii saglanirken, {irliniin zarar gérmesini engellemek amaclanmaktadir. Yabanci otlarla miicadelede
diisiik maliyet, daha iyi ve etkin kontrol sayesinde tarimsal iiretimde verim artis saglanmasi gibi avantajlar
vardir. Ancak imi-tolerant bitkilerin ekimi yapilan alanlarda yogun herbisit kullanimina bagh olumsuz gevresel
etkiler, kiiltiir bitkisine akraba yabanc ot tiirlerine gen kagisi ve buna bagli olarak direngli yabanci otlarin ortaya
¢ikigi gibi bir takim dezavantajlart olabilir. Bu derlemede, imi-tolerant bitkilerin yabanci ot miicadelesinde
kullanim avantajlar1 ve dezavantajlari tartigilmistir.

Anahtar Kelimeler: Herbisit, Herbisit Toleransi, Imidazolinon, ALS inhibit6rii, Imi-tolerant

Imidazolinone-Tolerant Crop Plants and Their Use in Weed Control
ABSTRACT

Weeds cause damage by competing with crops for resources such as water, nutrients, light and space. In
its control, chemical control methods are preferred due to its advantages such as short-term results and ease of
use. However, the problem of resistance, which arises as a result of intensive use of herbicides, has increased
with the development of selective herbicides. In particular, the problem of resistance to ALS (Acetolactate
synthase) inhibitor herbicides is in the first place. Imidazolinones, one of the active substances in the
sulfonylurea class from the ALS inhibitor herbicide group, are widely used against narrow and broad-leaved
weeds. Imidazolinones have a very broad weed spectrum that is effective even at low doses, and are herbicides
with a relatively environmental profile, with low toxicity to animals, birds, fish and invertebrates. These features
have enabled the development of imidazolinone-tolerant (IMI-tolerant) crops with traditional production (non-
transgenic) techniques. IMI-tolerant crops mean that are tolerant to imidazolinone group herbicides. While
controlling weeds in the production areas where these crops are used, it is aimed to prevent the product from
being damaged. It has advantages such as low cost, better and more effective control of weeds, increasing the
yield in agricultural production. However, there may be some disadvantages such as negative environmental
effects due to intensive use of herbicides in the areas where IMI-tolerant plants are cultivated, gene escape to
weed species related to the cultivated plant and the emergence of resistant weeds accordingly. In this review, the
advantages and disadvantages of using IMI-tolerant plants in weed control are discussed.

Keywords: Herbicide, Herbicide Tolerance, Imidazolinone, ALS inhibitor, IMI-tolerant
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GIRIS

Yabanci otlar, kisaca istenmeyen yerde yetisen ve zarar1 yararindan fazla olan
bitkilerdir. Bulunduklar1 alanda kiiltlir bitkisi ile kaynak (su, besin maddesi, 1s1k, yer vb.)
rekabetine girerek verimi diisiirtirler. Belli basli iirlinlerde yabanci otlardan kaynaklanan
potansiyel verim kayiplar1 yaklasik olarak %34 oranindadir (Oerke, 2006). Yabanci otlarla
miicadelede ¢ogunlukla mekanik (elle yolma, ¢apalama gibi) miicadele ve kimyasal miicadele
uygulanmaktadir. Mekanik miicadele i¢in gereken isgiicliniin fazla ve maliyetli olmas1 gibi
sebeplerden tercihen kimyasal miicadele amaciyla herbisitler kullanilmaktadir (Uygur ve
Uygur, 2010). Herbisitler, yabanci otlarin ¢imlenmesini ve gelismesini engelleyen
kimyasallardir. ilk sentetik herbisit 1940'larin basinda kesfedilmis olup tarimsal yabanci ot
kontroliinde 6nemli bir adim sayilmistir (Sterling ve Hal, 1997).

Herbisit kullanim artistyla herbisit direnci ve bitkilerin kendi dogasinda var olan herbisit
toleransi terimleri ortaya ¢ikmistir. Herbisit direnci, bir bitkinin normalde yabanci ot tiiriine
kars1 6ldiirticii olan bir doz herbisite maruz kaldiktan bir siire sonra hayatta kalma ve ¢gogalma
yetenegi gostermesidir. Bir bitkide direng, dogal olarak meydana gelebilir. Bununla birlikte
diren¢ saglamak icin doku kiiltlirii veya mutajenez yoluyla yeni varyantlarin gelistirilmesi ile
miimkiindiir. Herbisit direnci olustugunda kisaca "Eskiden bu yabanci otu bu herbisit
uygulamasiyla kontrol edebiliyorduk ama artik ise yaramiyor gibi goriiniiyor..." diislincesini
akla getirir. Buna karsilik, herbisit toleransi, bir yabanci ot tiirliniin herbisit uygulanmasina
ragmen hayatta kalma ve ¢ogalma yetenegidir (Gray ve ark. 2010). Bu, bitkinin toleransl
olmas1 i¢in hi¢bir se¢im veya genetik manipiilasyon yoktur ¢iinkii dogal olarak toleranshdir.
Kisaca bir herbisit ile bir yabanci otu hi¢bir zaman giivenilir bir sekilde kontrol edemedik..."
diye diisiiniiyorsaniz — bu durum herbisit toleransi olarak tanimlanir (Anonim, 2021a).

Bir herbisitin basarili olmasi, kiiltiir bitkisi ve yabanci ot arasinda segicilik
gosterebilmesiyle ilgilidir. Her ne kadar herbisitler, bitkilerin fotosentez ve aminoasit sentezi
gibi islevlerini etkilemek i¢in tasarlanmis olsa da bu islev siire¢leri hem kiiltiir bitkisi hem de
yabanc1 otlar i¢in benzerdir. Sonug olarak bu segicilik, yabanci ot ve kiiltiir bitkisi tarafindan
farkl1 herbisit alimina, uygulama alanina ve zamanina veya kiiltiir bitkisi tarafindan herbisitin
detoksifikasyonuna dayanmaktadir. Cevre sagligi konularina artan hassasiyet, hizl
coOziinebilen, yiiksek etki gosteren ve hayvanlara toksik olmayan herbisitlerin gelistirilmesini
tesvik etmistir. Son yillarda bu herbisitlerin ticarilestirilme stratejileri ve yapilan arastirmalar,
yliksek dozda herbisit kullaniminin azaltilmasini, ¢evresel agidan kabul edilebilir ve
herbisitlerin daha ekonomik {iretimini amaglamaktadir. Herbisitlere tolerant kiiltiir bitkilerinin
gelistirilmesi de bu amaglarla ortiismektedir (Tsaftaris, 1996).

Tiim bitkiler dogal olarak bazi herbisitlere karsi toleranshidir. Bu, onlarca yildir selektif
yabanci ot kontroliiniin temelini saglamistir. Bu sebeple, aragtirmacilar bu dogal direnci
tarimsal {iriin cesitlerine tolerans saglamak i¢in kullanmaktadirlar (Gray ve ark., 2010). Bu
amagla baz1 biyoteknolojik genetik degistirme teknikleri (transgenik) ve geleneksel {iretim
teknikleri (transgenik olmayan) kullanilarak herbisite toleransli bitkiler elde edilmektedir.
Bitkilerin ¢ogunda herbisitlere toleranshi hale getirmek ic¢in genler mevcuttur (Duke, 2005).
Herbisite toleransh bitkilerin gelistirilmesi; baska bir organizmadan bir "yabanci1" genin bir
kiiltiir bitkisine eklenmesiyle GDO (genetigi degistirilmis organizma)’lu olarak veya mevcut
bitki germplazmindan herbisite toleranslit mutantlarin yeniden iiretilmesiyle GDO olmayan bir
hibrit itretilmesi seklindedir (Knezevic ve Cassman, 2003). Transgenik yolla elde edilen
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herbisite tolerant bitkiler, bakteriler veya diger bitkiler gibi ¢esitli kaynaklardan direngli
genler alinarak ve bunlari, herbisite direngli hale getirmek icin bitkiye dahil ederek
gelistirilmektedir. Herbisite toleranslhi transgenik bitkiler, diinyada toplam transgenik {iretim
alanin %47'sini kaplamaktadir (Prakash ve ark., 2020). Tarimsal Biyoteknoloji Uygulama ve
Bilgilendirme Kurulusu (ISAAA)’nun verilerine gére pamuk (Gossypium hirsutum L.), soya
fasulyesi (Glycine max L. Merr.), kanola (Brassica napus L.) ve misir (Zea mays L.) dahil
olmak tizere 4 bitkide herbisit tolerans transgen islemi gerceklestirilmigtir. 16 ¢esit
organizmadan tiiretilen 19 herbisit tolerans geni, bu dort bitkinin herbisit tolerans geni olarak
rol oynamustir. 19 herbisit tolerans geninden 7’si, musir, arabidopsis (Arabidopsis thaliana
(L.) Heynh.), soya fasulyesi, tiitiin (Nicotiana tabacum L. cv. Xanthi) ve yulaf (Avena sativa
L.) dahil olmak tizere bes bitki genomundan ve geri kalan1 da mikrobiyal genomlardan elde
edilmistir. Bu 19 gen, glifosat, glufosinat, imidazolinonlar, 2.4-diklorofenoksi (2,4-D),
izoksazolon, dikamba, siilfoniliireler, mezotrion ve bromoksinil olan dokuz c¢esit herbisite
tolerans gelistirmektedir (Wang ve ark., 2018). Trangenik yolla iiretilmeyen herbisite
toleransh kiiltiir bitkisi 0rnekleri arasinda Siilfoniliire’ye toleransli soya fasulyesi (STS) ve
Clearfield® teknolojisi ile iiretilmis musir ve bugday bulunur (Knezevic ve Cassman, 2003;
Knezevic, 2010).

Herbisitlere karsi bitki toleransi elde etmek icin ¢ok sayida olasi strateji vardir. Bunlar;
hedef geni degistirmek, arttirmak veya asir1 olarak liretmek; hedef enzimi alternatif bir yoldan
bertaraf etmek, herbisiti detoksifiye etmek (Tsaftaris, 1996), herbisitin alimmi ve
translokasyonunu kisitlayarak hedef bdlgeye ulasmasini engellemek (Knezevic ve Cassman,
2003), herbisitin ayr1 tutulmasini (tecrit etmek) saglamak ve substrat akisini hizlandirmaktir
(Tan ve ark.,2006). Bununla birlikte, ticarilestirilmis herbisit toleransl kiiltiir bitkisi elde
etmede yalnizca iki strateji basariyla kullanilmistir. Bunlar; hedef genin degistirilmesi ve
herbisitin metabolizma yoluyla detoksifikasyonudur (Kirkwood, 2002; Naidu ve Ranganath,
2011). Memeliler i¢in diisiik toksisiteleri ve yabanci otlar1 kontrol etmedeki yiiksek basarisina
sahip aminoasit biyosentezini inhibe eden herbisitler, herbisite toleransh kiiltiir bitkisi
gelistirmek i¢in ideal se¢imlerdir (Vaughn and Duke, 1991; Reade ve Cobb, 2002).

Herbisit toleransi igin genis genetik varyasyona sahip kiiltiir bitkilerinden bazilari,
misir, bugday, celtik, soya, nohut ve yoncadir (Prakash ve ark., 2020). Halihazirda ticari
olarak kullanilan herbisite toleransh kiiltiir bitkileri arasinda, {i¢ ana bitki, aminoasit
biyosentezi inhibitorii herbisitlere toleransli olarak gelistirilmistir (Duke, 2005). Bunlar;
sirastyla  sirasiyla  Clearfield®, Roundup Ready® ve LibertyLink® ticari isimli,
imidazolinonlara, glyphosatlara ve glifosinatlara tolerant olarak gelistirilmis bitkilerdir (Tan
ve ark., 2006).

Herbisit tolerant bitkilerin yetistirildigi alanlarda amag, herbisitlerin iiriinde zararlanma
olusturmasini engellerken yabanci otlarin kontroliinii saglamaktir. Ayni1 zamanda herbisitlerin
iireticiler tarafindan daha efektif kullanmasini amaglamaktadir. 1996-2010 yillar1 arasinda
herbisit tolerant bitkilerin kullanimi, siirdiirebilir tarima katki saglayan, daha uygun ve esnek
irlin yonetimi, daha yiiksek {iretkenlik veya net getiri/hektar ve c¢evresel anlamda daha
giivenli, herbisitlerin kullaniminin azaltilmasi1 gibi 6nemli faydalar sunan bir yontem olarak
kiiresel anlamda benimsenmistir (Naidu ve Ranganath, 2011). Ancak, son yillarda yapilan bir
cok arastirma raporuna gore herbisit tolerantli kiiltiir bitkilerinin kullanimiyla herbisit
kullaniminda artis (Peerzada ve ark.,2019) ve buna bagli olarak g¢evreye olumsuz etkiler,
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biyogesitlilik iizerinde degisim, akraba tiirler arasinda gen kacgis1 nedeniyle direngli yabanci
otlarin ve kendiliginden gelen bitkilerin gelisimi gibi sorunlar bildirilmistir (Chen ve ark.,
2004; Sudianto ve ark., 2013; Bourdineaud, 2020; Prakash ve ark., 2020).

Imi-Tolerant Kiiltir Bitkileri

Imidazolinonlar; imazamethabenz-methyl, imazamox, imazapic, imazapyr, imazaquin,
imazethapyr aktiflerini i¢eren asetohidroksiasit sentaz (AHAS) veya diger adiyla asetolaktatin
sentezini inhibe eden ALS (Asetolaktat sentaz) inhibitorii herbisit grubu iginde yer alir
(Vencill, 2002). Genis spektrumda dar ve genis yaprakli yabanci otlarin kontroliinde
kullanilirlar. Imidazolinonlar, baklagillerde, hububatlarda, ormancilikta, tarim dis1 alanlarda
ve imidazolinona dayanikli musir, geltik, kanola, aygicegi ve bugdayda kullanilir (Shaner,
2003).

Imidazolinonlar, bitkilerin tiim kok ve siirglin biiylime noktalarinda protein sentezinde
dallanmis zincir aminoasitlerin (valin, 16sin, ve izoldsin) biyosentezi i¢in gerekli bir enzim
olan asetolaktatin, sentezini inhibe ederek bitkileri oldiriirler (Tan ve ark., 2005).
Imidazolinon grubundaki herbisitler, cok genis spektrumda yabanci otlarda etkili olmast,
hayvanlar, kuslar, baliklar ve omurgasizlar tizerinde diisiik toksisite gdstermesiyle gevresel
profile uygundur (Shaner, 2003). Hayvanlar, ihtiyag duyduklar1 tiim aminoasitleri
sentezlemeyip, bazi aminoasitleri bitkilerden veya bakterilerden elde ettikleri igin,
imidazolinonlar, diger etki sekline sahip herbisitlere gore hayvanlar {izerinde daha az toksik
etkiye sahip olma egilimindedir (Reade ve Cobb, 2002). Tiim bu 6zelliklerinden dolayr ALS
inhibitorii herbisit grubundan olan imidazolinonlar herbisit tolerant bitkilerin gelistirilmesi
icin Oncelikli seg¢ilmistir. Imidazolinon toleransli bitkiler, kimyasal mutajenez (bir
organizmanin genetik bilgisinin bir mutasyon {lreterek degistirildigi bir siire¢)’den dogal
olarak olugan ALS gen varyantlar1 veya mutasyonlar1 secilerek ve bitkiye hi¢bir yabanci gen
eklenmeden gelistirilmistir (Tan ve ark., 2005). Degistirilmis ALS enzimi, imidazolinon
herbisitlere kars1 daha az duyarli hale gelmekte ve sonug¢ olarak, asetolaktat ve 2-
asetohidroksibutirat  sentezleri, toleransli  bitkilerde imidazolinonlardan daha az
etkilenmektedir (Newhouse ve ark. 1990; Shaner ve ark., 1996).

Ik olarak 1992°de imidazolinon musir bitkisi ticari olarak gelistirilmis daha sonra dort
imi-tolerant kiiltiir bitkisi geleneksel iiretim teknikleri ile elde edilmistir. ALS mutantlari ve
seleksiyon kullanilarak imidazolinon bilesiklerine tolerans gdsteren imi-tolerant; musir (Z.
mays L.), bugday (Triticum aestivum L.), ¢eltik (Oryza sativa L.), kanola (B. napus L.) ve
aycicegi (Helianthus annuus L.) elde edilmistir. Bu bitkiler, Clearfield® bitkiler olarak 1992
yilindan beri kullanilmaktadir (Tan ve ark., 2005; Anonim, 2012). Mutasyona ugramis
imidazolinon toleranslit ALS genlerinin tiimii yar1 baskindir ve gen dozaji ile {iriin toleransi
artabilmektedir. Bu bes ticari imidazolinon toleransh kiiltiir bitkisinin yani sira, diger birkag
kiiltiir bitkisinde de imidazolinon tolerans: gosteren ALS gen varyantlar1 kesfedilmistir (Tan
ve ark., 2005).

Misir, imidazolinon toleransi kazandirmak igin segilen ilk bitki tiiriidiir. Imi-tolerant
misir, imidazolinona toleransh olarak gelistirilmis bitkilerin en iyi 6zelliklerine sahip olanidir
(Newhourse ve ark., 1990). Imi-tolerant misir melezleri, standart misir melezlerine gore
imazetaphayr ve imazapiclere karst 1000 kat daha fazla toleranshidir (Newhouse ve ark.,
1990).
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Aycicegi (H. annuus L.), bilhassa erken gelisim doneminden kanopi olusturuncaya
kadarki gecen donemde yabanci otlarla zayif rekabet gosterir. Bu nedenle aycicegi
yetistiriciliginde iiretimi smirlandiran faktorlerden biri yabanci otlardir. Genellikle genis
yaprakli yabanci otlarla miicadelede ekim Oncesi ve ¢ikis Oncesi herbisitler kullanilmaktadir.
Bununla birlikte genis yaprakli yabanci otlarin kontroliinde kullanilan ticari herbisitlerden
kaynakli iiriin verim kayiplar1 ise dnemli bir sorundur. Clearfield® iiretim teknolojisiyle
gelistirilen imi-tolerant hibritlerde baz1 yaygin yabanci otlara ve orobansa karsi ¢ikis sonrasi
imidazolinon herbisitleri kullanilmaktadir. The Clearfield® teknolojisi, aycigeginde yabanci ot
miicadelesinde ¢ikis sonrasi kullanilan imidazolinon herbisitlerin kullanimima kolaylik
saglamak amaciyla gelistirilmistir. Clearfield® aycicegindeki imidazolinon herbisitlere
tolerans ozelligi, vahsi bir ay¢icegi popililasyonunda saptanan ALS geninde dogal olarak
olusan bir mutasyondan gelistirilmistir (Al-Khatib ve ark., 1998). Geleneksel aycicegi
{iretiminde, {iriin imidazolinon herbisitlerine kars: duyarliyken, Clearfield® aygicegi hibritleri,
bu herbistlerin lethal dozlarinda bile hayatta kalabilmektedir. Bu teknoloji, yabanci genetik bir
materyalin girisini icermez ve bu nedenle GDO'suz (genetigi degistirilmis organizma) bir
slireg olarak ifade edilir (Pfenning ve ark., 2008).

Imi-tolerant ¢eltik, 1993°de kimyasal mutajenez yoluyla elde edilen ve hayatta kalan tek
bir ¢eltik bitkisinden gelistirilmistir. Imazetapir, imi-tolerant geltikte dzellikle kirmiz1 celtik
(Oryza sativa var slyvatica L.) olarak bilinen yabanci otta etkili olarak kullanilmaktadir. Cikis
sonras! imazetapirin 70-140 gr.ha® uygulamasiyla kirmiz1 geltik yabanci otlarinda %93 kadar
kontrol sagladigi bildirilmistir (Steele ve ark., 2002). Bununla birlikte Indica pirincinden
imazetapir herbisitini tolere edebilen imidazolinona toleransli yeni bir mutant gelistirilmistir
(Shoba ve ark., 2017).

Yer fistig1 tarlalarinda bulunan yabanci otlarin ¢ogu misirda da yaygin oldugu igin,
imazapic kullanilarak denemeler yapilmis ve olumlu sonuglar alinmistir. Yer fistigi
(Arachishy pogaea L.) ve soya fasulyesi (G. max L.) gibi bazi kiiltir bitkilerinde
imidazolinonlar secici olsalar da, diger baska bitkilere uygulandiginda ciddi hasar
gozlemlenebilmektedir. (Monks ve ark., 1996).

Diinyada Imu-Tolerant Kiiltiir Bitkilerinin Kullanim

ALS inhibitori herbisitlere karsi tolerans, msiri, ¢eltik, bugday, kanola ve aycicegi dahil
olmak {izere gesitli kiiltiir bitkilerinde gelistirilmistir. Imi-tolerant kiiltiir bitkileri geleneksel
yetistirme yontemleriyle elde edildiginden ve transgenik olmadigindan tiim diinya pazarinda
kabul edibilirdir. (Tan ve ark., 2005).

Imi-tolerant musir iiretimi ilk kez 1982’de baslamistir. Ancak ilk kez 1992°de
ticarilestirilmistir. ilk olarak 1992’te kullanilan herbisit dayanikl1 bitki olarak IMI musir hibriti
ve STS (sulfonylurea tolerant) soya ¢esitleri olmustur (Naidu ve Ranganath, 2011).

Clearfield® {iretimde imi-tolerant musir tohumlarmin kullanim miktar1 2002’de
Amerika’da yaklasik olarak 4.9 milyon hektarlik alan olmasina ragmen, toplam misir ekim
alaninin sadece %15’ini olusturmustur (Tan ve ark., 2005). Clearfield® yetistiricilik sistemine
adapte olan bir O0rnek olarak kanola bitkisi, Kanada’da 2000-2001 yillar1 arasinda 4-4.9
milyon herktarlik ekim alaniyla toplam tiretim alaninin %20’sinde kullanilmistir (Simard ve
ark., 2002). Misir ve kanola, pazarin 6nemli bir kismini paylagsmakla birlikte celtik, bugday ve
aycicegi de ticari olarak herbisit tolerant teknolojisinde kullanilmaktadir. 2005-2006 yillart
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arasinda Kanada’da iireticilerin sahip oldugu iiretim alanlarinin %48’ini herbisit tolerant bitki
cesitlerinin yetistirilmesinde kullandigi, bunun %10’unu ise Clearfield® teknolojisiyle
gelistirilmis imi-tolerant kanola gesitlerinden se¢ildigi bildirilmistir (Smyth ve ark., 2011).
2004 itibariyle dort imidazolinon herbisitiyle kombinasyon olan bes imi-tolerant bitki
Clearfield® iiretim sisteminde diinyanin farkli cografik bélgelerinde kullanilmaktadir (Sekil
1.). ABD'de onaylanmis imi-tolerant transgenik cesitler/hibritlerden misirda IMI ve
Optimum™ GAT ve soyada Cultivance ‘dir. (Prakash ve ark., 2020; Anonim, 2021c).
Amerika Birlesik Devletleri Tarim Bakanligi (USDA)’nin introgresyon (aralarindaki
hibridizasyon ve tekrarlanan geri ¢caprazlama sonucunda bir tiirden digerine genetik bilginin
aktarilmasi) ¢alismasindan dogan ticari imidazolinon toleranshi ¢esit IMISUN, 2004 yilinda
ABD, Arjantin ve Tiirkiye'de ticari olarak piyasaya siiriilmiistiir. Ilk lansmandan bugiine
kadar, IMISUN kullaniminda hem bu teknolojiyi benimseyen iilke sayisinda hem de pazar
payinda artis meydana gelmistir. Aycicegi hibrit ¢esitleri su anda Avrupa Birligi (AB), Dogu
AB, Kuzey Amerika ve Giliney Amerika'daki aygigegi yetistirilicigi yapan 15 iilkede
Clearfield® markas1 altinda ticarilestirilmistir (Sala ve ark., 2008). Aygcicegi iiretiminde
ozellikle son yillarda gittikge artis gdsteren canavar otu (Orabanche spp.) ve domuz pitragi
(Xanthium strumarium L.) basta olmak iizere, kontrolii zor olan yabanci otlara kars1 miicadele
saglamak amaciyla Clearfield® teknolojisi kullanilmistir. Diinyada Clearfield® adi altinda

farkl kiiltiir bitkilerinin iilkeler bazinda kullanim durumu Sekil 1.’de gosterilmistir (Anonim,
2021c).

Kanada Bati. Avrupa
Aycicegi, Kanola, Aycicegi, Kapola, Celtik
Bugday, Mercime

Dogu Avrupa
Aycicegi, Kanola
Turkiye
Aycicek

Malezya
Celtik

A.B.D.
Aycicegi, Kanola,
Bugday, Mercimek,

tik
Cebi'ta Amerika

°.
itik / I
i Kolombiya “

¢ 5 ) Avustralya
R, sili l/}‘ Kanola,Byuéday
Kanola,Bugday \ Bieya =
A’rjanqin Celtik Giiney Afrika
Misir, Celtik, Uruguay Aycicegi
Aycicegi, Bugday Celtik

Sekil 1. Diinyada Clearfield® Kullanimi

Avrupa'da imidazolinona toleranslh kiglik kanola (B. napus L.)’nin piyasaya siiriilmesi,
yabanct ot miicadelesinde iyi bir gelisme olarak kaydedilmistir. Kanola, turpgiller
(Cruciferae) ailesindedir ve bu yiizden ¢ok sayida crusifer yabanci ot tiirleri ile akrabadir.
Genelde kanola birgok herbisite karsi diisiik toleranshidir ve 6zellikle imidazolinonlara karsi
duyarhdir. Kanolanin dogal hassasiyeti, onceki sezonda uygulanan imidazolinon herbisitler
tarafindan dahi zarar gérmesine neden olabilmektedir. Bu nedenle, imi-tolerant kanola, daha
1yl yabanc1 ot kontrolii i¢in potansiyel sunabilmektedir. Bu anlamda imidazolinona toleransh
bir kanolanin gelistirilmesi, potansiyel {irlin hasar1 endiselerini azaltacagi diigiiniilmektedir.
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Clearfield® iiretim sisteminin gelistirilmesiyle elde edilen deneyimle, miicadelede standart
herbisitlerin kullanimina kiyasla bu bitkilerin daha giivenilir ve siirdiirebilir oldugu
bildirilmistir (Pfenning ve ark., 2012a).

Amerika’da kislik bugdaylarda sorun olan sakal otu (Aegilops cylindrica Host),
puskiillii cayir (Bromus tectorum L.), ¢avdar (Secale cereale L.), yabani yulaf (Avena fatua
L.) ve italyan ¢imi (Lolium multiflorum Lam.), konvansiyonel iiretimde ciddi verim ve kalite
kayiplaria yol agan énemli yabanci otlardir. imi-tolerant kislik bugday cesitleri 2003 yilinda
Pasifik Kuzeybatisi’nda ilk kez gelistirilmistir. Imazamox tek gen toleransi olan Clearfield®
varyetelerinde, herbisit uygulamalar1 sonrasi iirlinde verim diisiisii ve =zararlanma
gozlemlenmistir. Bu durum, imi-tolerans herbisitin uygulama zamani, bugdayin fenolojik
donemi ve gevresel kosulara bagli olarak, Clearfield® varyetesi imi-tolerant bugday ¢esidinin
herbisiti (imizamox) metabolize kabiliyetini azaltabilmesinden kaynakli olabilecegi rapor
edilmistir. Sonug olarak, bolgede gozlemlenen imizamox toleransindaki kiigiik farkliliklarin
herbisitin uygulama zamani ve dozundan kaynaklandigi kanaatine varilmistir (Ball ve
Peterson, 2017).

Clearfield® aycicegi iiretimi, ImiSun sistemi olarak da adlandirilmaktadir. Clearfield®
ImiSun ozellik, ilk kez Amerika’da 1996 yilinda imi-tolerant olan yabani aygicegi
varyetelerinden elde edilmistir (Al-Khatib et al, 1998). ilk Clearfield® iiretim imi-tolerant
bitki melezleri ilk olarak 2003 yilinda Tiirkiye'de son olarak Arjantin, ABD ve diger iilkelerde
ciftgilere tanitilmistir. Bununla birlikte diinyanin farkli yerlerinde imi-tolerant kiiltiir
bitkilerinin uygulandigi tarim arazilerinde yabanci otlarla miicadelede kullanilan farkli aktif
icerik miktarlariyla ¢ikis oncesi ve ¢ikis sonrast kullanilabilen ticarilestirilmis herbisitler
mevcuttur (Tan ve ark., 2006; Anonim, 2017). Clearfield® ImiSun iiretim sisteminde
kullanilmak {izere ticarilestirilmis imidazolinonun ¢ikis sonrast 6-8 yaprakli donemde
(Imazamox (40 g/1)) uygulanmasiyla ile ayciceginde dnemli bazi genis yaprakli yabanci otlar
miicadelede basar1 saglanmistir (Pfenning ve ark., 2012b). Clearfield Plus® (CL Plus),
ayciceginde imizapyre seg¢ici mutant olan tohumlar olarak gelistirilmistir. Bu uygulama,
klasik Clearfield® teknolojisine gore farkli cevresel kosullarda daha esnek yabanci ot
kontrolii, yliksek {iriin yag igerigi saglamak gibi avantajlari mevcuttur (Kaya ve ark., 2018).
Clearfield Plus®1n gelistirilmesiyle, nispeten daha yiiksek bir imidazolinon toleransi
saglanmistir (Sala ve ark., 2012).

Ulkemizde ilk defa olarak ayciceginde Clearfield® marka adiyla yapilan uygulamalar
2003 yilinda olarak ¢ok sayida yapilan demonstrasyonlar ile ¢iftcilere tanitilmistir. Bu yontem
ile hem canavar otu, hem de bir¢ok yabanci otla miicadele edilebilmektedir. Trakya Tarimsal
Arastirma Enstitiisii (TTAE)’nde yapilan g¢aligmalarda, secilen bitkilerde ilaglama sonucu
olusan hafif sararma, ilaglamadan itibaren, ikinci haftada biiylik Ol¢iide kayboldugu
belirlenmistir. Gézlemlenen yabanci otlardan domuz pitragi (Xhantium strumarium Wallr.),
koy gociiren (Circium arvense L.), yabani yulaf (Avena sterilis L.), tarla sarmasigi
(Colvolvulus arvensis L.), sirken (Chenopodium album L.), darican (Echinochloa cruss-galli
(L.) P.Beauv.) yabani hardal (Sinapsis arvensis L.) horoz ibigi (Amaranthus albus L.)’nin
biiyiime noktalarmin tamamen 6ldiigii belirlenmistir (Aksoy ve Pekcan, 2014). Ulkemizde
TTAE’nde tescil edilen ve yaglk ayciceginde imidazolinon grubu herbisitlere yiiksek
tolerantli 1slah yontemiyle elde edilmis 10 IMI TR 029 ¢esidi mevcuttur (Anonim, 2021b).
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Kanada Saglik Dairesi, imidazolinon herbisitlerine tolerans saglamak amaciyla bitki
genetik materyalinde nokta mutasyonuna neden oldugu bilinen kimyasal mutajen Etil metan
siilfonat (EMS)’a maruz biraktigit mercimek kiiltivarlar1 olarak RH44 mercimek hatti
gelistirmistir (Anonim, 2012).

Celtik tarlalarinda dayaniklilik gelistirmis olan kirmizi ¢eltik kontrolii igin,
imidazolinon grubu herbisitlere toleransh celtik cesitleri gelistirmek amaciyla 2007-2014
yillar1 arasinda 8 yillik bir calisma yiiriitiilmistir. Calisma Trakya Tarimsal Arastirma
Enstitiisii’'nde, ticari geltik cesitleriyle imidazolinon grubu herbisitlere dayanikli bir gesit
arasinda gerceklestirilen 13 kombinasyon melez gelisitirilmesiyle baslanmistir. Bu melez
kombinasyonlar1 kullanilarak, bir 1slah calismasi gerceklestirilmistir. Calismalar sonucunda;
2011 yilindan itibaren saf hatlar elde edilmeye baglanmistir. Elde edilen hatlar, 2012 yilindan
itibaren, Trakya Tarimsal Arastirma Enstitiisii tarlalarinda denemeye alinarak agronomik ve
teknolojik Ozellikler bakimindan gozlem ve degerlendirmeler yapilmis, 2014 yili sonunda,
elde edilen sonuglarin degerlendirilmesi sonucu, imi-tolerant 5 iimitvar hat, tescile aday
gosterilmistir. Bunlardan ikisine, 2014 yilinin aralik ayinda iiretim izni alinmistir (Siirek ve
ark., 2016).

Etil metan siilfonat (EMS) ile mutajene edilmis Firat-87 gesidinden segilen 139 M5
mercimek genotipi ile 6 mercimek cesidi (Firat-87, Cagil ve 4 Kanada menseili) dahil toplam
145 genotipin, imazamox herbisitine toleranslar1 belirlenmistir. Yapilan denemelerde herbisit
uygulamasi, dnerilen dozun %50 fazlas1 (1500 mlha? veya 60 g a.i. hal) olacak sekilde
bitkiler 5-6 bogumlu oldugu donemde uygulanmistir. Genotiplerin herbisite karsi tepkisi, bitki
boyu oOlg¢limleri ve 1-5 skalas1 (1=direngli, 5= 6lii) ile tarla sartlarinda herbisit uygulamasindan
45 ve 60 giin sonra, sera sartlarinda ise 30 ve 60 sonra degerlendirilmistir. Calisma
sonuglarina gore dort genotip (IMI-128, IMI-130, IMI-138 ve IMI-139), hem tarla hem de
sera sartlarinda yliksek herbisit toleransi sergilemistir. Bu genotiplerin, herbisite toleransl
mercimek ¢esitlerinin gelistirilmesi i¢in 1slah programlarinda kullanilabilecegi rapor
edilmistir (Ahmed, 2019).

Kanada’nin batisinda nohut (Cicer arietinum L.) yetistirilen alanlarda imidazolinon
herbisitlerine toleransli genlerin tanimlanmasi ve gelecek kiiltiir bitkisi varyetelerinde
kullanilmasina yonelik yapilan arastirmalarda, nohutta imazethapyr/imazamox toleransi i¢in
geleneksel 1slahin miimkiin oldugu bildirilmistir (Taran ve ark., 2010).

Imu-Tolerant Kiiltiir Bitkilerinin Avantajlar:

Herbisit tolerant bitkiler, iireticilere yabanci otlarla miicadelede daha 1yi ve etkin
kontrol, iirlin zararlanmasinda azalma, diisiik maliyet, daha az herbisit kullanimi, dayanikli
yabanci ot gelisiminin 6nlenmesi, toprak islemenin azalmasi ve gevresel risklerin azaltmasi
gibi firsatlar sunmaktadir (Felton ve ark., 1996; Vrbnic¢anin ve ark., 2017). Imidazolinon
herbisitler, ¢evresel profile uygun, diisiik dozlarda bile etkili olan ¢ok genis yabanci ot etki
spektrumuna sahip olup hayvanlar, kuslar, baliklar ve omurgasizlar {izerinde diisiik toksisite
olmasi ile nispeten cevresel profile uygun herbisitlerdir. Bu 6zellikleri, geleneksel {iretim
teknikleri  (transgenik olmayan) ile imidazolinona tolerant (imi-tolerant) bitkilerin
gelistirilmesine olanak saglamis ve imi-tolerant bitkler kullanilarak yapilan yabanci ot
miicadelesinde {iilkemizde basarili sonuglar elde edilmistir (Aksoy ve Pekcan, 2014).
Imidazolinona toleransh kiiltiir bitkilerinin gelistirilmesinde GDO’suz yani yabanci genetik
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bir materyalin girisini igermeyen yontemin kullanilmamasi da GDO’lu bitkilerden elde edilen
iirlinlerin saglik riski tasidigi goriisii (EFSA, 2004) olusmayacaktir.

Son dénemde bir¢ok 6nemli yabanci ot tiirlinde ALS inhibitorii herbisitlerine karsi
yaygin bir diren¢ goriilmektedir. Diinya genelinde hali hazirda ALS grubu herbisitlere karsi
2021 yili sonuna kadar 191 yabanci ot tiirii dayaniklilik vakas1 bildirilmis olup, giin gectikce
de bu rakam artmaktadir (Heap, 2021). Elbette yogun herbisit kullanimi yerine ruhsath ve
uygun dozlarin uygulanmasi her teknikte esastir. Boylece hem direng hem de {irlinde meydana
gelebilcek fitotoksite engellenmis olacaktir. Tek bir uygulamayla dar ve genis yabanci otlara
karst miicadele saglanmis olacak ve bu sayede makine kullanimini azalatilmasiyla enerji
tasarrufu saglanarak c¢evresel olarak da COz salinnminin azalmasi (Ali ve ark., 2014) iiriin
yonetimi esnekligi ve kolayli§i saglayabilecektir. Direng sorununa karsi yeni segici
herbisitlerin gelistirilmesi ve 6zellikle pazarda yer edinmesi gibi sorunlar ortaya ¢ikmaktadir.
Bu anlamda yeni ticari herbisitlerin tescilinde meydana gelen zorluklarin tistesinden gelmede
imi-tolerant bitkilerin kullanimi1 basarili bir yontem olabilecegi diisiiniilmektedir. Ayrica
yabanct ot miicadele problemine alternatif bir ¢dziim sunmasiyla yeni bir tekniktir (Prakash
ve ark., 2020).

Imi-tolerant kiiltiir bitkilerin kullanimi son yillarda yabanci ot miicadelesinde alternatif
bir miicadele yontemi olarak karsimiza c¢ikmakta ve adaptasyonunun saglanarak tarimsal
uygulamalardaki  kullanimiyla herbisit dayanikliligi = sorununa ¢6ziim sunabilecegi
diisiiniilmektedir. Bu tiir stirdiiriilebilir uygulamalar, yetistiriciler i¢in kisa vadede maliyetli
olsa da, Ozellikle uygun politikalar ve tesvikler uygulandiginda, uzun vadede faydali
saglayacaktir (Lamichhane ve ark., 2017). Bununla birlikte spesifik imi-tolerant {iriinlerin
ticarilesitirilmesinde nihai karara varmadan Once, iiriinde potansiyel verim kaybi, herbisitin
performansi, triin tescil ve kimyasal maliyetleri, yabanci ot tiirlerine gen kagis potansiyeli
gibi konular dikkate alinmalidir (Tsaftaris, 1996). Tarim isciliginin azalmasi, mekanik
miicadele ve herbisit uygulama maliyetinin artmasi gibi konular herbisit toleransi i¢in 1slahi
zorunlu kilmaktadir.

Imi-Tolerant Kiiltiir Bitkilerinin Dezavantajlari

Herbisit tolerant bitkiler; herbisitlere direngli yabanci ot ve kiiltiir bitkilerinin gelismesi,
duyarl akraba yabanci otlara gen akisi ve kendiliginden gelen bitkilerde artis gibi riskleri de
beraberinde getirmektedir (Powles ve Shaner, 2001; Devine, 2005; Prakash ve ark., 2020).
Ote yandan, yogun herbisit kullanimi sonucu olusabilcek herbisit siiriiklenmesiyle cevresel
olumsuzluklarin ortaya c¢ikmasi endisesi olusabilmektedir (Felton ve ark., 1996). Zira son
yillarda oOzellikle herbisit toleranshi Kkiiltiir bitkilerinin kullaniminin pestisit kullanimi
iizerindeki etkileri onemli bir tartisma konusu olmustur. Bazilari bu gesitlerin herbisit
kullaniminda azalma sagladigini iddia ederken, bazilar1 ise tam tersini iddia etmektedir
(Bonny, 2016).

Herbisit tolerant bitkiler, yabanci ot miicadelesinde kiiresel iiretime katki saglayacak
yeni bir ¢6ziim sunmus olsa da, herbisite toleransh kiiltiir bitkilerinin yetistirildigi tarimsal
iretim sistemlerinde ayni etki mekanizmasina sahip tek bir herbisite veya herbisit grubuna
asirt bagimlilik nedeniyle herbisite dayanikli yabanci otlarin evrimlesmesini hizlandirma ve
aynt zamanda tarim arazilerinin biyolojik cesitliligini azaltma gibi bir endise ortaya
cikmaktadir (Malidza ve ark., 2016; Prakash ve ark., 2020). Ayrica Avrupa iilkelerinde son
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donemde goriilen 6nemli sorunlardan biri de siirekli monokiiltiir yapilan alanlarda uzun siire
herbisit tolerant bitkilerin kullanimiyla kendiliginden gelen bitkilerdir. Kendiliginden gelen
bitki kiltiivarlar1 ¢eltik, soya, ve hardal gibi bitkilerin hasat doneminde tohumlarin
yayilmasiyla ortaya ¢ikarlar ve miicadelesi olduk¢a zordur (Prakash ve ark.,2020).

Herbisit tolerant bitkilerin kullaniminda dezavantajlardan biri, siiper yabanci otlarin

ortaya c¢ikisidir. Siiper yabanci otlar, genetigi degistirilmis bir bitki tarafindan kazara tozlasan
ve bitkinin herbisitlere ve boceklere direnme yetenegi gelistirmis vahsi bitkilerdir. Siiper
yabanci otlar, herbisite toleransh kiiltiir bitkisindeki diren¢ geninin dogal yollarla akrabalig:
olan yabanci ota transferi ile ortaya ¢ikar (Prakash ve ark., 2020).
Herbisit tolerant bitkilerin kullannrmiyla meydana gelen dez avantajlardan biri de ‘“‘gen
kacis1’dir. Transgenik 6zelligin tozlasma yoluyla akraba yabanci ota aktarilmasi seklinde
gergeklesebilir. Kiiltiir bitkileri ve buna akraba yabanci otlar firsat bulduklarinda polen
transferi ile gen degistirme gerg¢eklesebilmektedir. Dane sorgum (Soghum bicolor L.) kiiltiir
bitkisi ile akraba yabanci ot olan kanyas (S. halepense L. (Pers.)) arasinda kendiliginden
olusan gen kagisinin gerceklestigi (Vrbnicanin ve ark., 2017) ve hibrit formlarin olustugu
bilinmektedir (Naidu ve Ranganath, 2011).

Seefeldt ve ark. (1998) bildirdigine gore, sakal otu (A. cylindrica) bugdayda 6nemli bir
yabanci ottur ve imi-tolerant bugday bitkilerinin polenlerinden sakal otuna gen transferi
olabildigini rapor etmistir. Bu durumda, imi-tolerant bugday {iiretimi yapan {ireticilerin
imidazolinon herbisitleri kullanmaya devam etmek istemesiyle sorun giderek artmaktadir.
Ayn1 gen transferinin imi-tolerant g¢eltikte, diinyada celtik alanlarinda yaygin bir yabanci ot
olan kirmiz1 geltik yabanci otunda da meydana geldigi bildirilmistir (Langevin ve ark., 1990;
Tan ve ark., 2005).

Imi-tolerant kiiltiir bitkilerinin kullanimi ile ortaya cikabilecek olasi negatif etkiler
asagida listelenmistir (Prakash ve ark., 2020)

e Artan herbisit kullanima bagl ¢evre ve insan saglhigina olumsuz etkileri (Goldburg,
1992; Bourdineaud, 2020).

e Ekotoksisite (toprak mikroorganizmalari, tarimsal fauna ve flora lizerinde yan etkiler)

e Herbisite dayanikli yabanci ot ve kendiliginden gelen kiiltiir bitkilerinin gelismesi
(Senior ve Dale, 2002; Sudianto ve ark., 2013).

e Tarimsal verim performansinin etkilenmesi (Ball ve Peterson, 2007).

e Yabanci ot tiirlerinde degisimler (biyiikliik veya gellisim farklari)(Casquero ve ark.,
2012).

¢ Gen kagis1 (Chen ve ark., 2004).

e Herbisit tolerant yabanci otlarin gelismesi ve yabanci ot popiilasyonlar i¢inde gen
akis1 (Knezevic ve Cassman, 2003).

e Herbisit siiriiklenmesinin artmasi (Sharkey ve ark., 2021).

SONUC

Imidazolionlar, diisik dozlarda bile etkili olan genis spektrumda yabanci ot kontrolii
saglayan, cevresel anlamda diisiik toksisiteye sahip ALS grubu herbisitlerdir. Imi-tolerant
bitkilerle yapilan iiretimle, iirlinde fitotoksisite gelisiminin azalmasi, yabanci ot miicadelesine
karar vermede EZE (ekonomik zarar esigi) belirlenmesinin daha kolay olabilmesi ve bu
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sayede daha 1yi ve etkin kontrol saglanmasi, kalint1 gibi sorunlarin azalmasi, toprak islemenin
azalmasi1 hedeflenmektedir. Imi-tolerant bitkilerin gelistirilmesinde geleneksel iiretim
teknikleri kullanildigindan GDO’lu bitkilere olan bakis agis1 gelismeyecek, cok genis
spektumda yabanct ot kontrolii saglanacak ve bdylece iirlin veriminin artmasi
saglanabilecektir. Ancak bu avantajlarin yaninda yogun herbisit kullanimi endisesi ortaya
cikmaktadir. Bu da dogrudan ve dolayli olarak ¢evresel olumsuzluklarin ortaya ¢ikmasini ve
direncli yabanci otlarin artigini tesvik edebilir. Tek bir herbisite tolerantli bitkilerin kullanimi
sonucu yabanci otlarda evrimlesmeyi arttirarak siiper yabanci otlarin ortaya ¢ikisina ve
biyogesitliligin bozulmasima neden olabilir. Herbisit tolerant iirlinler entegre yabanci ot
miicalesinde en etkili ve siirdiirebilir araglardan biri gibi goriilse de pratikte herbisit tolerant
bitkilerin entegre yabanci ot yonetimine dahil edilmesini ¢ogu kez teknik ve sosya-ekonomik
faktorler simirlandirmaktadir. Bunlar; yabanci otlar ve bunlarin miicadelesi hakkindaki
bilgileri 6grenmek ve gelistirmek igin egitim programlarinin gerekliligi, mevcut miicadele
programlarinin revizyonu Ve iiriin rotasyonunun dahil edilmesinin saglanmasi, bahsi gecen
konularda yetistiriciler i¢in egitim kurslarinin zorunlu hale getirilmesi, ireticilerin biyolojik
cesitliligi korumaya yonelik farkindaliginin artirilmasi, kamu politikasinin gelistirilmesi ve
cevresel risk degerlendirmesinin kapsaminin genisletmesi olarak sayilabilir.
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ABSTRACT

Gases emitted from both industrial estates and automobile exhausts in agricultural areas
cause heavy metal pollution and these metals accumulate in the soil and plants. In this study,
72 soil samples were taken at 5 km intervals from 24 points along the Tuzluca-Igdir-
Nakhchivan route, through which the 080 State Road passes, at 0-10-30 meters perpendicularly
inwards from the road and at a depth of 0-20 cm. Total lead (Pb) and cadmium (Cd)
accumulations were determined in the samples. The significant decrease in lead and Cd
concentrations away from the road indicates that heavy metal deposits have being caused by
traffic. The effect of prevailing winds on total Pb and Cd deposition in north and south of the
State Highway 080 was statistically insignificant. As the relationships between heavy metal
concentrations and soil physical properties were considered, significant negative correlations
were found between total Cd concentrations and sand and organic matter contents. Heavy metal
pollution index (PI) values were found to be slightly and moderately polluted for Pb and close
to highly polluted for Cd according to treshold values. The pollution load index (PLI) values
were calculated as a function of the pollution index and according to the PLI results, it was
evaluated that Pb and Cd triggered each other in terms of increasing toxic effects. It has been
concluded that, with the re-establishment of the Silk Road, the traffic-related pollution will
increase in the region.

Keywords: Lead (Pb), Cadmium (Cd), Pollution index (PI), Pollution load index (PLI), Igdir
Highway 080.
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INTRODUCTION

Environmental pollution especially in soils has serious impacts human and other living
organisms’ health through the plants, ground water and the atmosphere (Al-Massaedh and Al-
Momani, 2020). Human can be exposed heavy metals especially from highway traffic emissions
are of very serious damages, and therefore it has been a popular subject for the researchers.
Heavy metals can be indigenously or anthropogenically accumulated in soils situating in the
vicinity of roadsides (Surucu et al., 2018). Despite soil and water reservoirs are the ultimate
accumulation environment; human body, drinking water, plant and foods are the unwanted
accumulation media of heavy metals (Wuana and Okieimen, 2011).

Toxic heavy metals mainly lead (Pb), cadmium (Cd) and others such as mercury (Hg),
chromium (Cr), tin (Sn), nickel (Ni) and arsenic (As) are perilous pollutants. They are well
known to have a negative effect on human health (Al-Massaedh et al., 2018), and are
characterized by persistency in the environment and very long biological half-life (Massadeh
and Al-Massaedh, 2018). Accumulation of Pb in farmland soils is based on industrial and/or
agricultural pollution origin (Kegeci et al., 2020). The principal source of cadmium (Cd) are
brake linings and tires (Zechmeister et al., 2005), and redistributed from road asphalt materials
(Kluge and Wessolek, 2012) and lubricants (Zechmeister et al., 2005).

As a result of anthropogenic effects, Pb which is emitted to the atmosphere as metal or
variety of compounds is one of the most environmentally risky heavy metals (Altinbas et al.,
2008). Despite the bacground concentration is very low for Cd, the weak adsorption nature of
it can ease plant uptake at harmfull levels in polluted soils The Cd in the fungicides is
transmitted to the soil by spraying. The Cd concentration of crops growing in the vicinity of
high ways with heavy traffic could have health risks due to enrichment of Cd associated with
vehicle tires and exhaust gas (Kacar, 2009).

State highway baseline data is necessary to define suburbanization and urban spread
effects in a developing country. One of them is the amount of heavy metal levels and its
migration on the road (Ojuri et al., 2016). Motor vehicle traffic is an anthropogenic action and
a primary origin of pollutants emitted to surroundings (Duong and Lee, 2011). The global high
vehicular traffic density has led to accelerated emission rates, causing contamination of
roadside soils (Modrzewska and Wyszkowski, 2014). Heavy metals emitted from motor
vehicles remain suspended in air and deposited along the roadside soil (Yu et al., 2014) with
changing distance due to prevailing wind characteristics.

Roadside agricultural soils are substantial storage for the direct pollution from vehicle
sources, which could easily come in contact with pedestrians and people residing within the
surrounding of the roads either as suspended dust or direct inhalation. The concentration of
heavy metals in soils can be a secondary origin of water pollution in a cycled ecological
situation (Cheung et al. 2003). In this study, it was investigated that total lead (Pb) and cadmium
(Cd) deposition on soil samples taken diagonally from both of the West (080-05) and East (080-
06) sections in Tuzluca-lgdir-Aralik-Dilucu region of State Highway 080 as well as changes in
heavy metal accumulation inward from the highway based on the distance, the effect of
prevailing winds on heavy metal deposition in the north and south of the highway, and the
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relationships between heavy metal concentrations and some physical and chemical properties
of the soils.

MATERIALS AND METHODS

The study field was located between the West section of the highway 080-05 from
(40°04°-43°64") the district of Tuzluca till Igdir city center (39°92°-44°07") and the East section
of the highway 080-06 ends up at the Dilucu custom (39°65°-44°79") in Aralik district. Total
distance is about 130 km long. The number of motor vehicles traveling in the field for 2019 is
24259, most of which are trucks with diesel engine (Anonymous, 2021a).

Igdir province and its surrounding, which have a microclimate and a vegetation period
between 137-191 days according to the Frost Calendar of Turkey (Simsek et al., 2017),
therefore this ecosystem has distinctly different properties than the the Eastern Anatolia Region
in terms of climatic conditions and plant variety. Igdir plain with an average height of 850 m
above the sea level is surrounded by altitudes of 1200-2000 meters. The two-thirds of Ararat,
the highest mountain of Turkey (5137 m) is located within borders of Igdir province. This
topographic nature of Igdir province can sometimes be advantageous (agricultural diversity)
and sometimes causes difficulties (drainage problem, salinity, cold air mass subsidence).

As a result of the assessments on the monthly prevailing wind directions of automatic
meteorological stations (2014-2017), the annual prevailing wind direction was determined as
ESE for Tuzluca district; E-ENE for Igdir airport; N-WNW for Igdir province; W-WSW for
Karakoyunlu district; and NW-WNW for Aralik district (Karaoglu et al., 2018).

The soil samples were taken diagonally from 24 points, on State Highway 080, at 5-km
intervals, at a perpendicular distance of 0-10-30 meters from the highway, and at 0-20 cm soil
depth. Figure 1 shows the map of the sampling nodes.
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Figure 1. The map of study field

The soil samples were air-dried and passed through 2-mm plastic sieve. Then the
following parameters were determined: texture (%) by Bouyoucos hydrometer method (1951);
soil reactions (pH) in 1:2.5 soil water suspension with a glass electrode (Richards, 1954);
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carbonate equivalent by a manometric method using Scheibler Calcimeter (Allison and Moodie,
1965); organic matter by Walkley-Black method (Walkley, 1947); the electrical conductivity
(EC.10%) in 1:2.5 soil/water extract using the EC-meter (Dellavalle, 1992).

In order to determine the total amounts of Pb and Cd in the samples, they were digested
with 3 M HCI + 1 M HNOg3 acids (Orbey et al., 2012). The concentrations of Pb and Cd in the
extract were determined by means of an ICP-OES (Thermo Scientific iCAP6000).

Table 1 shows the concentrations of Pb and Cd for the earth’s crust, soil, average and
upper limit values according to different references and researchers which were used in the
evaluation of the pollution indices.

Table 1. Values for Pb and Cd in different environments (mg kg)

Heavy metal Crust Soil Mean Upper limit
1-200° 6
Lead 14.8! 150° 15%-16¢ 35002
250*
0.06°
i _21 4.6
Cadmium 0.1! 0.2 <00 s 347
0.1-1.0° ' '

Sposito, 2008; 2Kacar, 2009; 3He et al., 2005; “Rowell, 1994; >Lodenius, 1989; ¢Anonymous, 2005 (pH>6), (The
Ministry of Environment and Urbanization); “Anonymous, 2021b (European Commission Directorate General for
Environment).

The pollution index (P1) was determined with Pb and Cd concnetrations of 72 sampling
nodes by using the following equation (Wei et al., 2009) in order to assess the level of heavy
metal pollution (Siti Norbaya et al., 2014).

PI = Cn/ Bn ()
Where, C, is the measured concentration of each heavy metal and B, is the average
concentrations accepted for each heavy metal. There are different values for By. In this study,
average values in soil (Sposito, 2008) in Table 1 were taken as basis in the pollution indices
(P1) for Pb and Cd. The pollution index (PI) for each heavy metal is classified as low (PI<1),
medium (1<PI<3) and high pollution (PI> 3) (Wei et al., 2009).

The method proposed by Tomlinson et al. (1980) was used to calculated pollution load
index (PL1I) for a specific region. In this method, the heavy metals studied can be considered as
force multipliers for each other. This index can be explained as a practical way to relate
contamination level of varied regions. The equation of pollution load index (PLI) is:

PLI = \/(PI1xPI2xPI3X...x PIn) (1)
However, it was used for this study as mentioned below:

PLI = %/(PI1x PI2)

Where n is the number of heavy metals (two in this study) and Pl is the pollution index. This
equation has been used as easy and relative method to analyse extent of heavy metal
contamination.
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It was considered to be more useful to draw graphics belonged to pollution and pollution
load indices instead of graphics related to concentrations of heavy metals (Pb and Cd). The
graphics of pollution and pollution load indices for 0, 10 and 30 meter inward from the highway
were drawn and interpreted.

In order to determine the statistical significance of total Pb and Cd concentrations
changing with perpendicular distance in the sampled soils, as well as the effect and importance
of the prevailing winds on the heavy metal concentrations, the analysis of variance was applied.
Pearson parametric regression analysis was performed to delineate the coherence between the
physical and chemical properties of the soils and heavy metal concentrations.

RESULTS AND DISCUSSION

The soil samples were classified as sandy loam (SL), clayey loam (CL), silty clay loam
(SCL) and clay (C). The samples 1, 2, 3, 4, 13, 16, 17, 19, 20, 21, 22, 23, and 24 had high sand
percentages (73-78%) and light textures; the samples 5, 6, 7, 8, 9, 10, 11, 14, 15, and 18 had
high silt (42-48%) and clay (31-39%) percentages and medium textured and the sample 12 had
very high clay (48-51%) percentages and heavy textured (Demiralay, 1993). The pH were
ranged between 7.4-10.5 and the pH classes were neutral to alkaline (slightly alkaline,
moderately alkaline, strong alkaline). Lime (CaCOz equivalent) contents varied between 1.4-
15.2% and they showed a distribution among low calcareous, calcareous, medium calcareous
and highly calcareous classes. Organic matter (OM%) contents were in OM poor class with 0.1-
1.7% range (Aydm and Sezen, 1995). Electrical conductivity (EC) values (2.3-18.4 dS cm™)
ranged between mildly saline and extreemly saline (Aydemir, 1992).

Heavy Metal Concentrations

Total Pb and Cd concentrations in 72 soil samples generaly had an average concentration
around the reference level of 16 mg kg™ for Pb and 0.2 mg kg* for Cd (Sposito, 2008). The
calculated pollution indices and pollution load indices (PLI) (Tomlinson et al., 1980) were
given in Table 2.

The highest heavy metal concentrations were measured in the soil samples just on the
vicinity of the highway. Lead and cadmium concentrations decreased inwards from the highway
and this result strengthened the idea that pollution was caused by traffic. In general, the
pollution indices (PI) of both heavy metals calculated by the reference mean concentrations in
the soil (Sposito, 2008) were classified as low (PI<I) to medium pollution (1<PI<3). Majority
of soil samples showed a Pl below 1 indication little environmental risks but the sampling sites
3and 12 had a P1 1.30 and 1.24 with moderate environmental risks. However, Cd posed higher
environmental treat with larger number of sampling nodes having a Pl over 1 in moderate
pollution class. The sampling node 3 was the hot point for Cd with a P1 2.7.

The pollution load indices (PLI) were also in a very similar manner to PI that the higher
PLI were recorded wit the closer distance to the road. The samples 1, 2, 3, 12, 14, 17, 23 and
24 showed relatively higher PLI at just road side. At some hot points the deposition were higher
due possibly to plate like topograpy. In some of these sampling points, Pb concentrations were
high and some of their Cd concentrations were high, and consequently pollution indices and
pollution load indices were higher. According to these results, it can be said that weaker
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coherence of Pb and Cd occurrence at any sampling node can induce smaller Pl or PLI values
which can be indication of the different pollution source.

Table 2. Pb and Cd concentrations, pollution and pollution load indices

SN Pb (mg kg™) i Cd (mg k™) cd PLIo PLlwo PLlyp
0 10 30 Plo Plw Plp 0 10 30 Plp Pl Pl
1 1327 786 362 083 049 023 026 023 019 13 115 095 104 075 046
2 1106 855 560 o069 053 035 042 013 015 21 065 075 120 059 051
3 2082 1412 988 130 088 062 054 025 019 27 125 095 187 105 0.77
4 1058 10.03 1363 066 063 085 024 024 019 12 12 095 089 087 0.90
5 891 640 889 o056 040 056 020 008 015 1 04 075 075 040 065
6 1099 79 793 o069 050 050 022 019 018 11 095 09 087 069 067
7 551 722 656 034 045 041 020 016 012 1 08 06 059 060 050
8 597 471 200 037 029 013 011 010 003 055 05 015 045 038 0.14
9 85 805 825 o053 050 052 021 020 020 105 1 1 075 071 072
10 844 570 757 053 036 047 021 013 018 105 065 09 074 048 065
11 874 69 592 055 044 037 018 013 010 09 065 05 070 053 043
12 1976 1179 135 124 074 084 016 014 011 08 07 055 099 072 068
13 873 430 463 o055 027 029 016 014 009 08 07 045 066 043 0.36
14 1248 762 558 (078 048 035 026 017 018 13 085 09 101 064 056
15 853 760 49 053 048 031 024 017 018 12 o085 09 08 064 053
16 580 494 459 036 031 029 005 005 004 025 025 02 030 028 024
17 1244 706 420 078 044 026 032 022 009 16 11 045 112 070 034
18 840 618 686 053 039 043 026 023 013 13 115 065 083 067 053
19 787 79 618 049 050 039 017 018 013 085 09 065 065 067 050
20 1085 6.82 605 068 043 038 025 017 012 1925 08 06 092 060 048
21 746 736 874 047 046 055 026 023 020 13 115 1 078 073 0.74
22 665 657 674 042 041 042 025 014 014 3125 07 07 072 054 054
23 1511 927 930 094 o058 058 026 019 013 13 095 065 111 074 061

24 1216 1057 9.04 o076 066 o057 026 018 015 13 09 075 099 077 065
SN: Sample number; 0-10-30: Distances from highway (m); PI: Pollution indices; PLI: Pollution load indices.

The graphics of indices of pollution (PI) and pollution load (PLI) are shown in Figure 2,
3and 4 for 0, 10 and 30 meter distance from the highway, respectively. Generally, the pollution
index (PI) value of Cd were higher than the Pb ones therefore Cd showed larger environmental
risk than Pb. The relative mobilitiy of Cd is higher than the one for Pb, therefore soils around
the highway is to receive some Cd from other pollution sources most probably wheathered Cd
can be transferred towards road side due to topography, as well as traffic induced pollution. PLI
values were mostly found lower than P1 of Cd and higher than Pl of Pb except several sampling
points. In other words, PLI values exemplified both PI values of Pb and Cd. It was commented
that as a result of multiplier effect of PLI, PLI values can be used for each sampling point in
lieu of PI value of Pb and Cd.
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Figure 2. Pollution indices alongside the road at 0 meter distance
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1,2

0,8

0,6

04

0,2

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

e PPP3) e C(PI30 e PL|30

Figure 4. Pollution indices graphic for 30 meter distance from highway
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The indices of sampled points for Pb and Cd were well monitored than their
concentrations in graphics. Because the pollution indices show relative degree of pollution at
any point by considering either single element or both elements.

When the graphics are considered, it is easily become aware of that both 8" and 16"
sampling points are of very low index values. The reason for this fact could be intensive
vegetation cover at 8" sampling point and high frequency of strong wind and light soil texture
at 16" sampling point. Ligt soil texture such as S, SL and LS with 54-97% sand content
(Karaoglu et al., 2017) reduces the heavy metal adsorption and/or strong wind blow away the
exhost gases and limit deposition of the metals on the soils nearby the road.

Conversely, 3, 12, 14 and 17" sampling points are of high index values than the others.
Although 3 and 17" sampling points had sandy texture, they had high heavy metal deposits
owing to very heavy traffic according to General Directorate of Highways’ Traffic Volume
Maps (Anonymous, 2021a). 12 and 14" sampling points had clayey and silty texture,
respectively. That’s way retention of material especially heavy metal was high level in them
due to their textural features.

Table 3 shows the results of the analysis of variance made to explain statistically the
change of the total Pb and Cd deposits from highway to inward and their significance in the
soils taken from the sampling points, and the F test applied since the variances were
homogeneous. Total Pb and Cd concentrations continued to decrease inwardly and showed that
heavy metal deposition from the traffic would be a significant issue. The decrease in heavy
metal concentrations from the highway to inward are very significant for the Pb and very much
significant for Cd. Although both of them are related to traffic, the significance level are
different between Pb and Cd owing to having high concentration and tolerance values of Pb
than those of Cd. According to DUNCAN test results, the concentrations of Pb and Cd at 0
meters to the highway are significantly higher than at 10 and 30 meters.

Table 3. Results of analysis of variance on heavy metal deposits-distance

ANOVA DUNCAN
DV D 0.05
Mean SD SN F SL
1 2
0 10.3783  3.93164 24 10.3783b
10 7.7329  2.23158 24 7731 0.001 7.7329
Po () 30 7.0921  2.79745 24 7.0921a
SL 0.472 1.000
0 0.23500 0.095781 24 0.2371b
10 0.17125 0.056975 24 9.039 0.000 0.1688a
cdm) 30 0.14792 0.061360 24 0.1404
SL 0.157 1.000

DV: Dependent variables; D: Depth; SD: Standard deviation; SN: Sample number; SL: Significant level; T: Total.
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In this study, the samplings were conducted diagonally and 12 of the 24 sampling points
took place on the north of the highway and the other 12 took place on its south. Figure 1 shows
the prevailing wind directions recorded in the study field. The effect of prevailing wind did not
significantly change the heavy metal concnetrations in the soils (Table 4).

Table 4. The effect of prevailing wind on the heavy metal concentration in soil

Dependent Sumof Degree of Average of Star_ldgrd - Sigr:(iaf\i/(;?nce
variables square  freedom square deviation

Pb (T) 0.083 1 0.083 334775 (009 0.926

Cd (T) 0.005 1 0.005 0.08134 0.926 0.339

T: Total.

Pearson correaltion analysis was performed to delineate the relationships between heavy
metal concentrations and soil physico-chemical properties (Table 5). It was determined that
there were significant correlations between Cd and sand content and negative very significant
correlations between Cd and organic matter. This means that as the amount of sand in the soil
increases, the Cd concentration will increase, on the contrary, as the amount of organic matter
increases, the Cd concentration will decrease. The reason for this is that Cd is the element with
the highest water solubility among heavy metals that is way, it spreads rapidly in nature (Seven
etal., 2018). Since the sand material does not have an electrically specific surface, Cd is thought
to be more active in sandy soils. The correlations between Pb and soil properties were
insignificant. Because, highly soluble lead compounds turn into insoluble lead compounds in
the soil and the soluble lead concentration in the soil is around 0.05-5 ppm (Ozkan, 2009).

Table 5. Correlation coefficient between soil properties and heavy metal concentrations

Soil properties

Heavy metals Sand pH Lime oM EC
(%) (1:2,5) (%) (%) (dS m)

Pb (T) 0.110 -0.061 -0.060 -0.143 0.026

cd (T) 0.216* 0.112 0.116 -0.301%* 0.106

T: Total; *p<0.05; **p<0.01.

CONCLUSION

Environmental pollution and environmental protection awareness were discussed
frequently in the global and scientific sense in the 1960s and emphasized the need to resolve
environmental problems as soon as possible in order to sustain ecosystem and economic life
(Hacioglu Deniz, 2009). The environment that is most affected by environmental pollution and
cannot be cleaned is the soil. The negative effects of the industrialization period on soils have
been in the form of excessive heavy metal accumulations.
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Since Pb and Cd, which are selected as research subjects, are very common in the daily
life of people, they have negative effects on all living things and especially on humans as heavy
metals. As a result of anthropogenic effects, the lead being the first heavy metal to damage the
ecosphere and being released into the atmosphere as a metal or compound is the most important
heavy metal that causes environmental pollution as it has the toxic effect (Cepel, 1997;
Kahvecioglu et al., 2003) and Pb compounds have the ability to deposit in soils and to stay in
soil for a long time (Alloway, 2013). Since Cd in contaminated soils can be absorbed in large
quantities by food plants depending on its concentration in the soil, it is the greatest concern in
terms of its entry into the food chain (Jarup, 2003).

The soils of the study field were classified as sandy loam (SL), clayey loam (CL), silty
clay loam (SCL) and clay (C) texture; the pH values were ranged between neutral and alkaline;
lime (CaCOs equivalent) contents showed a distribution among low calcareous, calcareous,
medium calcareous and highly calcareous classes; organic matter (OM%) contents were in
poor class; electrical conductivity (EC) values ranged between mildly saline and extreemly
saline.

In a great majority of the sampled soils, clay% and organic matter% were very low and
poor in soil colloids and therefore by elements. This is desirable for heavy metals and
undesirable for nutrients. High lime% and consequently high pH values of the study soils will
be able to cause uselessness of nutrients (zinc, iron, manganese etc.) and chlorosis disease, and
high electrical conductivity values will be able to lead to physiological drought.

It was determined that total Pb deposits were lower than limit values and pollution indices
(PI) were low and moderate contaminated, which is a positive situation for soils of study field.
The most important reason for this is that most of the vehicles in traffic are diesel engine
vehicles. Total Cd deposits were mostly above the limit values and the pollution indices were
moderate and close to high contaminated, indicating that Cd pollution is higher. However, each
measurement value for Pb and Cd is a potential toxic effect. Statistically, the fact that the
decrease of Pb and Cd values inward from the highway was very significant and the higher Pb
and Cd values were measured in the samples taken from the side of the highway shows that
current heavy metal deposits are caused by traffic. The high pollution load index (PLI) values
at some sampling points suggested that Pb and Cd accumulations triggered each other.

Highway 080 will be able to a part of Silk Road (historical) near future. This concern
about heavy metal pollution will be then dramatic hazard if some precautions are taken by our
government such as increasing electrical vehicles, railway transportation, tax increase for diesel
engines etc.
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ABSTRACT

In this study, the biological control activities of the bacteria strains, which have been
isolated from the volcanic, sandy, salty soils and Ebu Cehil plant Calligonum polygonoides L.
subsp. comosum (L’Hér.) were investigated against isolates of Rhizoctonia solani causing root
rot in beans. As the result of the isolation, 83 strains were obtained and the bacteria were
identified by biochemical tests and fatty acid methyl esterase analyses. In the in vitro conditions,
20 strains from among 83 bacteria strains were found to be effective and it was determined that
these strains inhibited the mycelial growth by forming a prevention zone ranging between 0.1
cm and 2.4 cm. The prevention rate of bacteria strains against pathogen isolates was found to
range between 50%-66% maximum. In the in vivo conditions, the bacteria strains were found
to successfully inhibit the disease development compared to the control group. Bacillus
thuringiensis israelensis HV43, Bacillus subtilis HV34, Bacillus cereus GC subgroup A HT21
and Bacillus subtilis HT30 strains were determined to prevent the disease incidence with an
effectiveness of 100%.
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INTRODUCTION

Dry beans rank first among edible legumes in the world with 29 million ha cultivation
area and 27 million tons of production (FAO, 2018). In Turkey, it ranks third after chickpea
and lentil with 848,045 da cultivation area and 220,000 tons of production (TUIK, 2019).
However, it is reported that many soil-borne fungal disease agents cause significant losses in
bean, both in the seedling stage and in other growth stage of plants. Among these pathogens,
Rhizoctonia solani, Fusarium spp., Macrophomina phaseolina (Tassi) Goidanich, Pythium
ultimum Trow, Sclerotinia sclerotiorum (Lib.) de Bary and Sclerotium rolfsii Sacc. are reported
to cause serious problems in the product (Willetts and Wong, 1980; Sippell and Hall, 1982;
Dixon, 1984; Bruehl, 1987; Hall, 1991; Vural, 2008).

Among the above-mentioned disease agents, R. solani is an important fungal pathogen
causing serious losses in yield and quality in many plant groups (Bakali and Martin, 2006;
Aydin, 2008; Lehtonen, 2008; Jehtonen, 2009; Kiligoglu and Ozkog, 2010). The agent is a
fungus of both soil and seed origin and has a strong pathogenic feature, with its rapid growth
on nutrients, colonization on the surface of the roots, and its ability to rapidly invade epidermal
cells in the infected area (Carling et al., 2002; Aydin et al., 2011; Capar, 2012).

Difficulties are experienced in the control of R. solani, due to the propagating material
and soil origin and easy transmission with seeds (Capar, 2012). In addition, the very large host
environment of the pathogen and its ability to survive in the form of mycelium for a long time
makes controlling the disease even more difficult (Aydin et al., 2011). In order to slow down
the development of R. solani and prevent emergence of the disease the following year, it is
recommended to destroy the plant and plant residues with the disease, to use certified
production material, solarization, to select resistant varieties, and to employ crop rotation
applications with plants such as wheat and corn (Yanar et al., 2005; Larkin and Honeycultt,
2006; Aydin, 2008). However, the rapid development of the pathogen in the soil, its ability to
survive on organic residues for a very long time, and the ability to infect by developing as a
vegetative mycelium in the presence of suitable hosts limit the effectiveness of these control
methods (Turhan, 2010). For this reason, studies have been carried out in recent years on some
control programs to be applied against this disease both in the propagative material and in the
soil. It has been reported that the disease can be suppressed by applying some chemicals to
tubers / seeds and soil (Errampalli and Johnston, 2001). However, in case of intense inoculum
in the soil, it was determined that the applied chemicals could not control the disease sufficiently
(Aydin, 2008). Moreover, widespread and improper use of fungicides in the control of the
disease causes the pesticide residues in agricultural products to pass to living creatures through
nutrition, as well as to pass some of the pesticides to the ground water and the sea through soil,
air pollution, to increase disease agents and pests in nature, to destruct predator and antagonist
microflora, and to form new resistant pathogen strains by changing the pathogen genes (Delen,
1991; Bora and Ozaktan, 1998; Compant et al., 2005; Berg, 2007). Due to such reasons, the
insufficiency of methods for controlling soil-borne pathogens and the increased sensitivity on
environmental health throughout the world led researchers to work in the field of biological
control and to discover new biological control agents within the framework of ecological
agriculture. In recent studies, rhizobacteria that promote plant growth are used both as a growth
stimulant and as a biological control agent in plants, and very successful results are obtained
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(Nandakumar et al., 2001; Walsh et al., 2001; Kageyama and Nelson, 2003; Ongena et al., 2004;
Ryu et al., 2004; Jehtonen, 2009). Rhizobacteria come into prominence due to such properties
as their ability to change the microflora composition in plant roots, making the plant resistant
to various stress factors, being effective on growth hormones (indole acetic acid, ethylene),
increasing nutrient intake (siderophore production, binding of free nitrogen in the air or in the
soil, ensuring the intake of phosphorus and other nutrients), promoting root development, and
accordingly, increasing plant growth and development (Van Loon, 1997; Weller, 1998; Van
Loon et al., 1998; Metraux, 2001; Asghar et al., 2002; Vessey, 2003 ). On the other hand, these
microorganisms draw attention with their successful results in disease control by using one or
more of the biological control mechanisms such as antibiosis (chitinase, B-1,3-glucanase,
antibiotic and cyanide production), competition, hyperparasitism, induced resistance and cross
protection (Bora et al., 1994; Smith and Read, 1997; Bora and Ozaktan, 1998; Cattelan et al.,
1999; Cakmakgi, 2005; Cetinkaya Yildiz, 2007; Geng, 2012).

In this study, possibilities of biological control of R. solani, which causes a great
economic loss by causing root diseases in many plants including beans, are investigated. For
this purpose, the bacteria obtained from the rhizosphere of Calligonum polygonoides L. subsp.
comosum (L’Hér.), which is endemic to Aralik district of Igdir province and which helps to
prevent soil erosion of volcanic, sandy and saline soils, were identified with biochemical tests
and according to fatty acid profiles. Then, the properties of bacterial strains to fix nitrogen and
dissolve phosphorus and potassium were determined and their effectiveness as a candidate for
biological control against R. solani was evaluated.

MATERIAL AND METHODS
Material
Plant, soil and pathogen material used in the study

Sugar bean variety was used to evaluate the antagonistic effect of bacteria strains
isolated against R. solani isolates (Rs-pat, B-227 and B-1). Volcanic soil obtained from
Tasburun village of Karakoyunlu district, saline soil obtained from Yukar1 Camurlu village of
Aralik district, and roots of Calligonum polygonoides L. subsp. comosum (L’Hér.) endemic to
Aralik district and the loamy soil covering these roots were used as isolation material in
obtaining the bacteria strains.

Method
Isolation of bacteria strains

For the isolation of bacterial strains from the samples taken, 10 g of soil was weighed and
placed in a sterile flask with a volume of 250-300 ml. After that, 90 ml of water was added on
the soil and then stirred for 30 minutes. Suspensions were diluted 6 times at 1:10 ratio. 100 pl
were taken from the last 3 dilutions and and planted in nutrient agar (NA). The plates were
incubated at 27 °C for 3-4 days. At the end of the incubation period, colonies of different colors
and shapes were selected (Saygili et al., 2006).
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Identification of bacterial strains

Characteristics of the bacterial strains were determined by gram reaction test, colony
colour onnutrient agar medium, catalase test, oxidase reaction, amylase test, levan colony
formation on sucrose nutrient agar and hypersensitive reaction on tobacco leaves. The strains
were identified by fatty acid methyl ester (FAME) analysis. Fame profiles were obtained by
running samples on a Hewlett Packard Agilent GC 6890 GC fitted with amicroprocessor
containing the Sherlock Microbial Identification System (MIDI) Software (V.A. 06. 03). The
FAME profiles were compared with the TSBA40 aerobe library (Caesar-TonThat et al., 2007).

Selection of nitrogen fixing bacteria strains

Bacterial strains were tested for nitrogen fixing ability using N-Free Solid Malate-Sucrose
(Sucrose 10gl?, L-Malic Acid 5g, MgSQOa, H20, 0,2g; FeCls, 0,01 g; NaCl, 0,1 g; CaCl, 2H0,
K2HPOg4, 0,19, KH2PO4 0,4 g; Na2M0O4. H20, Agar 18g, pH: 7,2). Strains were streaked on N-
free solid malate-sucrose agar. All cultures were incubated for 7 days at 27°C. After incubation,
bacterial growth was evaluated as No-fixing positive bacteria (Ddbereiner, 1989).

Selection of phosphate-solubilizing bacterial strains

The P-solubilizing bacterial strains were screened using National Botanical Research
Institutes’s Phosphate Growth Medium (NBRIP-BPB; glukose 20g, Caz(POas)> 10g,
MgCl,.6H20 5g, MgS04.7H20 0,25g, KCI 0,29, (NH4)2S04 0,19, Bromphenol blue 0,025g,
pH:7). 5 ml of NBRIP-BPB medium was transferred to a sterile test tube and autoclaved. The
liquid medium was inoculated with 500ul suspension of the bacterial strains. The test tubes
were incubated for 14 days at 27 °C. At the end of the incubation period, P-solubilizing bacterial
strains were detected by the change in colour of liquid medium in test tube (Mehta and Nautiyal,
2001).

Selection of potassium solubilizing bacteria strains

Bacterial strains tested for K-solubilizing activity using Aleksandrow solid medium (5
gl glucose, 0,005 g MgS04.7H20, 0,1 g FeCls, 2 g CaCOs, 3 g waste mica, 2 g Cas(POa)2, 20
g agar). The strains were cultured on medium. The plates were incubated at 27 °C for 7 days.
After incubation, the clear zone formed around colonies were evaluated as phosphate
solubilizing positive bacteria (Meena et al., 2015).

Determination of biocontrol effect of bacterial strains against R. Solaniin vitro

The interaction between R. solani isolates and bacterial strains was studied by the dual
culture assay. For this purpose, pathogen was grown for 4-5 days in PDA medium, and
candidate antagonist bacteria were grown for 24-48 hours in NA medium. Two discs with a
diameter of 4 mm were taken from the cultures of fungal isolates and placed at opposite edges
of 9 cm diameter petri dishes containing PDA. Bacteria were incubated at 27 oC for a period of
one week by line planting in the middle of the petri dish. Petri dish without bacteria cultivation
was used as a control. 2 petri dishes were used for each bacterial strain and the experiment was
repeated 3 times (Donmez, 2015). In the in vitro test, the inhibition zone measurement was
carried out when the fungus mycelium filled the petri dish completely. The inhibition zone was
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determined by measuring from the edge of the mycelium to the bacterial colony. Percent
inhibition rate was determined using the following formula (Cubukgu, 2007).

%Inhibition = (A-B)/Ax100 1)
A: Diameter of the fungus colony in the control petri
B: Diameter of the fungus colony in the petri with bacteria

Bacterial strains stored at -80 °C that were grown on Nutrient Agar (NA; Lab-lemco
powder 1 g, yeast extract 2 g, peptone 5 g, sodium chloride 5 g, agar 15 g, distilled water 1 L.
pH 7.4 +0.2) were incubated at 27 °C for 48 h. Colonies taken from bacterial cultures developed
after incubation were transferred into flasks containing nutrient broth (NB; Lab-lemco powder
1 g, yeast extract 2 g, peptone 5 g, sodium chloride 5 g, distilled water 1 L. pH 7.4 £ 0.2).
Sucrose was added to the suspensions to enhance the adhesion of the antagonists. Contaminated
liquid media were incubated at 140 rpm/min for 24 h in a shaker set to 27 °C. The bacterial
inoculum concentration was prepared to be 1 x 10’ CFU/ml by diluting with dHO.

Antagonist strains found to be effective against R. solani isolates in vitro were tested in
vivo. The pot medium is made up of soil and perlite at a ratio of 1: 1. The soil mix was sterilized
at 121°C in autoclaves for 1 hour and 2 consecutive days and then filled into pots. After the
bean seeds were washed in tap water, they were kept in 70% ethyl alcohol for 2 minutes. Then
the seeds were kept in pure water for ten minutes and rinsed twice. Washed seeds were kept in
bacterial suspensions for 2 hours and then three seeds were planted in pots. Untreated seeds
were transferred to pots only after being kept in sterile water. The trial was established
according to the randomized blocks trial design with four replications: positive control (clean
soil + seed contaminated with pathogen), negative control (clean soil + clean seed) and bacterial
application (clean soil + bacteria coded seed + pathogen). In applications involving pathogens,
the root part of the plants was opened 3 weeks after planting the plants and 2 fungal discs were
placed (Donmez, 2015).

During the evaluation of the in vivo test, the plants in the pot were removed, the disease
symptom occurring in the roots of the bean plant was evaluated according to the 0-4 scale (0:
No symptom, normal root development, 1: Localized tissue coloration without necrosis, root
growth close to normal, 2: Intense color change in tissues, Root growth close to normal, 3:
Necrosis in almost all of the roots, partial limitation of the root length, 4: Root rot, serious
limitation in root length) (Aydmn, 2008; Eken and Demirci, 2004). Disease severity was
calculated according to Towsend-Heuberger (1943) formula with values determined according
to the scale.

% Disease Severity =[Z(SVxNP)]x100/HSVXTP (2
SV: Scale value
NP: Number of Plants with the same scale value
HSV: The Highest scale value
TP: Total number of plants
The obtained disease severity (%) results were calculated as % effect values relative to the
control with the help of Abbott (1925) formula:
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% Effect = (X-Y)X*100 (3)
X; Disease Severity in the Control
Y; Disease Severity in the Treatments
The obtained data were subjected to variance analysis in the SPSS (SPSS Inc. PASW Statistics
version 17) statistical software package and the differences between the applications were
determined by DUNCAN test with P < 0.01 error probability.

RESULTS AND DISCUSSION
Identification of bacterial strains by fatty acid methyl ester analysis

According to the diagnosis results of bacterial strains based on fatty acid methyl ester
profiles, 14 different bacteria species (2 Bacillus mageterium, 3 Bacillus atrophaeus, 1
Brevibacillus choshinensis, 2 Bacillus pumilus, 1 Gardonia rubriperticta, 1 Microbacterium
lacticum, 1 Bacillus licheniformis, 1 Brevibacillus reuszeri, 1 Bacillus thuringiensis israelensis,
1 Virgibacillus pantotheticus, 1 Bacillus cereus, 1 Bacillus filicolonicus, 1 Bacillus subtilis and
1 Paenibacillus alvei) were identified as a result of the isolations from salty soils. 18 different
bacterial species, which were identified as 3 Bacillus subtilis, 6 Bacillus megaterium, 2 Bacillus
cereus, 2 Pseudomonas stutzeri, 2 Sporosarcina psychrophila, 1 Bacillus licheniformis, 1
Arthrobacter aurescens, 1 Raoultella terrigena, 1 Panibacillus validus, 1 Chryseobacterium
indologenes, 1 Chryseobacterium indoltheticum, 1 Kurthia gibsonii, 1 Flavimonas
oryzihabitans, 1 Cellulomonas fimi, 1 Bacillus niacini, 1 Kocuria varians, 1 Brevibacillus
reuszeri and 3 Bacillus viscosus, were determined from the isolations from sandy soils. The
results of tests on isolates from volcanic soils revealed 24 different bacterial strains as 1
Micrococcus luteus, 3 Bacillus megaterium, 1 Bacillus pumilus, 2 Pseudomonas fluorescens,
3 Bacillus cereus, 2 Bacillus sp.,1 Pseudomonas syringae syringae, 1 Kluyvera intermedia, 3
Bacillus atrophaeus, 1 Pseudomonas stutzeri, 1 Chryseobacterium indoltheticum, 2 Kocuria
rosea, 1 Brevibacillus chosinensis, 1 Pseudomonas putida, 1 Paenibacillus polymyxa, 2
Brevibacillus centrosporus, 2 Sphingobacterium faecium, 1 Bacillus subtilis, 1 Pseudomonas
pseudoalcaligenes, 1 Atrobacter globiformis, 1 Empedobacter brevis, 1 Micrococcus lylac, 1
Pseudomonas balearica and 1 Bacillus thuringiensis israelensis.

Colony morphologies and diagnostic results of biochemical tests of the isolated bacterial
strains whose effectiveness against the pathogen was determined by the in vitro experiment are
given in Table 1.

Determination of biocontrol effects of bacterial strains against R. solani isolates in vitro

According to in vitro test results, when the effects of bacteria applications on pathogen
isolates are examined; it was determined that among 83 bacterial strains obtained, 11 bacterial
strains were effective against B-1, while 13 were effective against B-227 and 17 against Rs-pat.
It was determined that the remaining bacterial strains were ineffective on mycelium
development of R. solani isolates. It was observed that HV20, HV43, HT19, HT21, HT26,
HT30, HK3 and HK13 bacterial strains were showing antagonistic effect against three isolates
of R. solani, while HV25 were having antagonistic effects against B-1 and B-227, HV2 was
found to have an antagonistic effect against B-227 and Rs-pat, and HV46 and HK8 against B-
1 and Rs-pat isolates. Among the strains, HV21, HV34, HK2, HK7, HK17 and HK32 were
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found to be effective only in inhibiting the development of Rs-pat, while HV12, HV13 and
HV14 were only effective in inhibiting the development of B-227 isolate (Table 2).

Table 1. Test results of bacterial strains with antagonistic effect on R. solani growth in vitro

SN MIS Diagnostic Result G K (0] L Al T A F P KR
HV2 Bacillus megaterium GC subgroup A + - - - - - K+  Z+ - Cream
HV12 Pseudomonas syringae syringae - K* + - - - K+ K+ - Cream
HV13 Kluyvera intermedia - K* + z* - - K+ - - White, mucoid
HV14 Bacillus atrophaeus + + + z* - - K+ - - Light brown
HV20 Bacillus megaterium GC subgroup A + + + - - - K+ - - White
HV25 Paenibacillus polymyxa + z* + - - - K+  Z+ - White

+
HV34 Bacillus subtilis + + + K* - - K+ + - White
HV43 Bacillus thuringiensis israelensis + + + - - - K+ + - White
HV46 Bacillus cereus GC subgroup A + z* + - z* - K+ + - White
HK2 Bacillus subtilis + + + - z* - + - - White
HK3 Bacillus megaterium GC subgroup A + - - - - - + - - Cream
HK7 Bacillus cereusGC subgroup A + + + - + - K+  Z+ - White
HK8 Bacillus megaterium GC subgroup A + K* - - - - + + - Cream
HK13 Bacillus licheniformis + + + + - - K+ - - Cream
HK17 Panibacillus validus + + + - + - Z+ Z+ - White
HK32 Bacillus subtilis + + + - + - K+ - - Cream
HT19 Bacillus thuringiensis israelensis + + + - - - Z+ - - white
HT21 Bacillus cereus GC subgroup A + + + + + - Z+ + - White
HT26 Bacillus atrophaeus + + + + + - K+  Z+ - Light brown
HT30 Bacillus subtilis + + + - + - K+  Z+ - White

SN: Strain no, G: Gram reaction test, K: Catalase test, O: Oxidase test, L: Levan test, Al: Amylase test, T: Hypersensitivity test in tobacco, A:
Nitrogen fixing property, F: Phosphorus dissolving property, P: Potassium dissolving property, KR: YDC colony color in the medium, K *:
Strong positive result, Z *: Weak positive result, +: Positive result, -: Negative result

When the inhibition zones created by the bacteria whose antifungal properties were tested
in the petri experiment, it was determined that the inhibition zone values against Rs-pat isolate
varied between 0.2 —-1.7 cm. It was observed that the highest inhibition zone against the
pathogen was formed by the HV43 bacteria with 1.7 cm. When the results were evaluated in
terms of B-1 isolate, it was determined that the inhibition zone values were between 0.2 and 1.4
cm, and for B-227 isolate these values were between 0.1 and 0.93 cm.

When the effect of bacterial applications on Rs-pat isolate was examined, it was
determined that HV43 was 65% effective in preventing the disease, while HT30 was 64%
effective and HT26 was 54%. When the effects of the applications on B-227 were evaluated,
the highest effect was obtained from HV43 strain with a rate of 53%. When the success of
bacterial strains was evaluated in terms of B-1 isolate, it was found that HV43 was the most
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effective with 55% inhibition rate. When the results are evaluated in general, the highest effect
on all three fungus isolates was obtained from HV43 strain with 53-65% inhibition rate (Table
2).

Table 2. In vitro activities of candidate antagonist bacteria strains against R. solani isolates

Rs- pat B-227 B-1

Strain MIS Diagnostic Result Inhibition  Inhibition Inhibition  Inhibition Inhibition Inhibition
No Zone Rate (%0) Zone Rate (%)  Zone Rate (%0)
(cm) (cm) (cm)

HV-46 Bacillus cereus GC subgroup A 0.16 h 18.00 h - - 0.20 fg 23.10e
HK-17 Panibacillus validus 0.26 g 20.50 gh - -- --
HK-32 Bacillus subtilis 0.16 gh 24.00 fgh - - -
HK-7 Bacillus cereus GC subgroup A 0209 24.76fg - - -
HK-2 Bacillus subtilis 0.30¢g 26.40 efg - -- --
HV-21 Bacillus cereus GC subgroup A 0.33fg 28.63 ef - - -
HV-2 Bacillus megaterium GC subgroup A 0.93 b 29.46 ef 0.46 cd 45.46 b --
HV-20 Bacillus megaterium GC subgroup A 0.50 ef 31.86 de 0.36 de 26.43 fg 0.36 def 27.23e
HK-13 Bacillus licheniformis 0.63 de 31.96 de 0.36 de 34.70d 0.66 bcd 35.50 cd
HK-8 Bacillus megaterium GC subgroup A 0.86 bc 36.83 cd - -- 0.76 bc 34.73cd
HV-34 Bacillus subtilis 0.33fg 37.66 cd - - -
HK-3 Bacillus megaterium GC subgroup A 0.70 cd 37.70 cd 0.43 cd 35.56d 0.83b 41.33b
HT-19 Bacillus thuringiensis israelensis 0.70 cd 40.16 ¢ 0.43cd 31.66de 0.40 def 35.50 cd
HT-21 Bacillus cereus GC subgroup A 0.76 bcd 41.00c 090a 40.46 ¢ 0.56 bcde  39.66 bc
HT-26 Bacillus atrophaeus 1.50a 54.10 b 0.76 ab 48.83 ab 0.50 cdef 38.83 bc
HT-30 Bacillus subtilis 1.63a 63.96 a 0.93a 50.40 a 1.26a 5120 a
HV-43 Bacillus thuringiensis israelensis 1.63a 64.70 a 0.63 bc 5290 a 140a 55.36 a
HV-25 Paenibacillus polymyxa - -- 0.23 def 23.93¢g 0.26 efg 33.03d
HV-14 Bacillus atrophaeus - - 0.13 ef 24.76 fg -
HV-13 Kluyvera intermedia - - 0.23 def 29.16 ef -
HV-12 Pseudomonas syringae syringae - -- 0.30 de 28.90 ef --
Control (+) .0000 h .0000 1 .0000 f .0000 h .0000 g .0000 f

*Means with the same letter are not significantly different according to Duncan’s multiple range test at p<0.001.
Determination of biocontrol effects of bacteria strains against R. solani 1solates in vivo

In vivo test results were obtained by evaluating the disease symptom occurring in the roots
of the bean plant according to the 0-4 scale. Disease symptom was observed in plants included
in the positive control application inoculated with the pathogen and the average disease severity
index was determined as 93.7%. There was no disease symptom in the plants in the negative
control group. When the effect of bacterial applications on B-227 isolate was examined, it was
seen that HT21, HT30 and HV43 strains prevent the disease by 100% and have the highest
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antagonistic effect. HV2, HT26, HV25 and HV20 strains were also found to inhibit the
development of disease successfully, with 91.1%, 84.4%, 66.7% and 40% inhibition rates,
respectively. Among the strains, HV13 was found to be in the same group with the positive
control with 93.7% disease severity and it was observed to be unsuccessful in preventing the
development of the disease (Table 3).

Table 3. The effect of candidate on the antagonist bacteria severity of root rot disease in the pot trial

Rs-pat B-227 B-1
Strain MIS Diagnostic Result Disease Effect Disease Effect Disease Effect
No Severity (%) Severity (%) Severity (%)
(%) (%) (%)
HV-46 Bacillus cereus GC subgroup A 66.65 c 28.90 b - - 62.48d 33.35d
HK-17 Panibacillus validus 100.00 a -6.70d -- -- -- --
HK-32 Bacillus subtilis 100.00 a -6.70 d - - - -
HK-7 Bacillus cereus GC subgroup A 100.00 a -6.70d -- -- -- --
HK-2 Bacillus subtilis 100.00a  -6.70d - - - -
HV-21 Bacillus cereus GC subgroup A 95.83 a -2.28d -- -- -- --
HV-2 Bacillus megaterium GC subgroup A 97.90 a -4.47d 8.30 hg 91.10 ab - -
HV-20 Bacillus megaterium GC subgroup A 60.40 c 35.50b 56.23 e 40.00d 60.38d 35.60d
HK-13 Bacillus licheniformis 100.00 a -6.70d 83.30 ab 11.06 gh  91.63a 220 ¢
HK-8 Bacillus megaterium GC subgroup A 9165 ab 221 cd -- - 75.00 be 20.00 ef
HV-34 Bacillus subtilis .0000 d  100.00a  -- - - -
HK-3 Bacillus megaterium GC subgroup A 56.23 ¢ 39.98b 62.48 de 33.35de 64.55 cd 31.15de
HT-19 Bacillus thuringiensis israelensis 8330 b 1l.12c 79.15 be 15.50 fg 79.15b 15.50 f
HT-21 Bacillus cereus GC subgroup A .0000 d 100.00 a .0000 h 100.00 a 0.00 g 100.00 a
HT-26 Bacillus atrophaeus 830 d 91.10 a  1455¢g 8443 b  25.00e 7330 b
HT-30 Bacillus subtilis .0000 d  100.00a  .0000 h 100.00a  0.00 g 100.00 a
HV-43 Bacillus thuringiensis israelensis .0000 d 100.00 a .0000 h 100.00 a 0.00 g 100.00 a
HV-25 Paenibacillus polymyxa - - 31.23e 66.65 ¢ 4455¢ 5243 ¢
HV-14 Bacillus atrophaeus - - 68.73 cde 26.70 ef -- --
HV-13 Kluyvera intermedia - - 93.73 a -.0400 h - -
HV-12 Pseudomonas syringae syringae - - 70.80 bcd 24.50 ef -- --
Control (+) 93.73ab  .0000cd 93.73a .0000 h 93.73a .0000 g
Control (-) .0000 cd .0000cd  .0000 h .0000 h .0000 g .0000 g

*Means with the same letter are not significantly different according to Duncan’s multiple range test at p<0.001.
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When the mean disease severity indexes determined for the Rs-pat isolate were evaluated,
it was found that seven of the bacterial strains (HK2, HK7, HK13, HK17, HK32, HV2, HV21)
were not effective against the pathogen. HV34, HV43, HT21 and HT30 strains had 100% effect
on the disease and it was determined that they were the most effective antagonist
microorganisms against the disease. The mean disease severity index of plants where HT26
bacteria was applied was determined as 8.3 and the effect on disease development was
determined as 91.1%, and in this respect, it was recorded as a very effective application in
preventing the disease. It was determined that HK3 strain had a 40% potential to prevent
disease, while HK8, HT19, HV46 and HV20 bacteria prevent development of disease at lower
rates (2.1% - 35.5%) compared to other applications (Table 3).

When the biocontrol trial results of the B-1 isolate were evaluated, no disease symptom
was observed in plants to which HV43, HT21 and HT30 bacteria were applied, and all strains
were found to be quite successful with 100% effective rate against the pathogen. HV25 and
HT26 bacteria applications are accepted to be successful by preventing disease over 50% rate
(57.7% - 73.3%) (Table 3).

m PATHOGEN
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Fig 1. The effect of strain HV43 on B-227 isolate  Fig 2. The effect of strain HT21on B-227 isolate
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Fig 3. The effect of strain HV34 on Rs-pat isolate Fig 4. The effect of strain HT30 on B-1 isolate

Invivo trial results were grouped according to the potential of bacteria strains in inhibiting
the pathogen, and those with an effect between 70% and 100% were considered “very
successful” while those with an effect between 50% and 70% were considered “successful”.

In this study, it was observed that all 7 strains of bacteria, which were determined to have
antagonistic effects on three isolates of R. solani, belong to the genus Bacillus. It was
determined that 4 different bacterial strains, namely Paenibacillus polymyxa (B-1 and B-227),
Panibacillus validus (Rs-pat), Pseudomonas syringae syringae and Kluyvera intermedia (B-
227), are all among the bacterial strains with antagonistic effects. In studies similar to this study,
it has been reported that different Bacillus species suppress the development of soil borne fungal
pathogens in vitro. Bacillus sp. isolated from soil by Ulukus (1988) was reported to be inhibiting
the development of V. dahliae. It was reported by Amer et al. (1997) that Bacillus thuringiensis
causes morphological distortion and lysis in the hyphae of Pythium ultimum and F. oxysporum,
which causes disease in tomatoes. It was found by Tekin (2004) that antagonists belonging to
Bacillus species significantly inhibit pathogens that cause disease in the roots of pepper plant.
Soylu et al. (2005) reported that fluorescent Pseudomonas spp. and Bacillus spp. show
antagonistic effect against disease agents and prevent the disease to a high extent when used in
the control against soil-borne S. sclerotiorum and R. solani, which cause infection in peppers
and tomatoes. It was reported by Abd-Allah et al. (2006) that B. subtilis applications prevent
disease incidence by causing the change of lipid fractions in the plant. Fluorescent strains of
Pseudomonas and Bacillus species were reported by Cubukgu (2007) to significantly reduce
the growth of V. dahliae, Verticillium wilt factor in cotton plants.

It was found that seven of the bacteria strains (HK2, HK7, HK13, HK17, HK32, HV2,
HV21) that were effective against the pathogen in vitro, were not effective in vivo, and contrary
to expectations, they caused a higher rate of disease than positive control. Likewise, it was
reported by Berg et al. (2001) that Serratia plymuthica R12 application increased the symptoms
of Verticillium wilt statistically in the strawberry plant under greenhouse conditions, compared
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to positive control. Similarly, in another study (Vestberg et al., 2004) investigating the
effectiveness of applications of Glomus mosseae BEG29, Bacillus subtilis M, Trichoderma
harzianum DB11, Pseudomonas fluorescens C7r12 and Gliocladium catenulatum (Gliomix)
against diseases caused by P. cactorum and P. fragaria pathogens in strawberry, it was reported
that the applications could not control the disease, and even the disease severity increases as a
result of some applications. Another striking result of this study in line with these findings is
the inconsistency between in vitro and in vivo test results of some bacterial strains, which is
frequently encountered in biological control studies. It has been reported by Papavizas and
Lewis (1983) and Fravel (1998) that there are many findings of incompatibility between in vitro
antibiosis studies and in vivo biocontrol. In a study conducted by Duczek (1994) on the control
of Bipolaris sorokiniana pathogenic fungus, no relationship was reported between greenhouse
and field trials in terms of the efficiency of bacteria strains. Shtienberg and Elad (2002) reported
that in vitro and in vivo results may differ in biological control studies. It was reported by
Mercado-Blanco et al. (2004) that there is no relationship between in vivo and in vitro
effectiveness of bacteria strains tested in the inhibition Verticillium wilt. In addition, it is known
that the content of the medium used in dual culture assays performed to determine the
antagonistic effects of bacteria in vitro is important. It has been determined that the antibiotic
production of microorganisms varies according to the carbon sources contained in the medium
(Shanahan et al., 1992; Nielsen et al., 1998; Yoshida et al., 2001). In addition, it was stated that
antibiotic production is greatly affected by environmental factors and in case antibiotic
production is related to the enzyme, results cannot be obtained by in vitro tests in the absence
of the enzyme substrate (Fravel, 1998).

As a result of the study, it was observed that the activities of bacterial strains were
generally higher in vivo. To obtain an effective result in biological control with plant diseases
in vivo depends on the interactions of host (morphological and genotypic changes depending
on the plant variety, plant growth period), pathogen (virulence and pathogenicity difference),
antagonist bacteria (population density, production of enzymes, hormones and antimicrobial
substances) and environmental factors (pH, temperature, humidity, soil texture, abiotic factors
such as inorganic and organic matter content) (Landa et al., 2004). Among the microbial
communities, the most competitive species that are best adapted to the living environment,
create population differences by forming more colonies, thus rapidly colonizing plant roots and
exhibiting an effective biocontrol feature against disease agents (Boudyach et al., 2001;
Rezzonico et al., 2007). It was reported that changes in environmental factors such as
temperature, humidity and light do not affect the underground part of the plant faster and at a
higher level than the part above ground, therefore the bacteria strains applied to the rhizosphere
region are more effective than those applied to the part of the plant above ground (Hsieh et al.,
2005). It was also reported that a successful rhizosphere colonization for microorganisms is
associated with root exudation of the plant. It was determined that the structure of the exudates
changes depending on the plant variety, the growth period of the plant and its exposure to stress,
and this situation causes differences in the colonization of various bacterial communities.
Exudates secreted into rhizosphere by plants are formed up of various carbohydrates, amino
acids and organic acids, and these secretions are used as food source by some bacteria in the
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region and affect their colonization (Lugtenberg and Dekkers, 1999; Bais et al., 2006; Haichar
et al., 2008).

According to the results obtained from the pot experiment, it was observed that some
bacteria applications resulted in no disease and the root part of the plant developed very well
compared to the control. Therefore, bacteria strains which were determined as successful have
attracted attention with their biocontrol effects as well as their plant growth enhancing
properties. These results were thought to be due to the fact that the bacteria strains applied to
the seed stimulate the systemic resistance of the plant, and its abilities to fix nitrogen and
solubilizing phosphorus. Studies on this subject show that PGPRs prevent the formation of
diseases in plants by pathogenic microorganisms with some mechanisms they possess, and at
the same time, they are widely and successfully used to promote plant growth (Hoitink, 1986;
Slezack et al., 1999; Heungens and Parke, 2000; Estevez de Jensen et al., 2002; Anandhakumar
and Zeller, 2004). As a result of the stimulation of systemic resistance by antagonist bacteria,
it was determined that enzymatic changes that provide resistance against diseases occur in
plants, and that the activities of enzymes such as phenylalanine ammonialyase, lipoxygenase,
hydroperoxidase, peroxidase, polyphenol oxidase increase (Chen et al., 2000; Ongena et al.,
2004; Silva et al., 2004). In addition, it was reported that microbial antagonists produce
antimicrobial compounds such as pyrrolnitrin, 2,4-diacetylphloroglucinol, hydrogen cyanide,
phenazine-1-carboxylic acid, pyoluteorin, mycobacillin, oomycin A, subtilin, bacilysn and
iturin A, and inhibit pathogen development by producing enzymes such as chitinase, sellulase
and glucon that decompose cell wall (Chen et al., 2000; Tambong and Hofte, 2001; Krechel et
al., 2002; Ramamoorthy et al., 2002). It was demonstrated in various studies that bacterial
strains increase plant growth and play a role in preventing pathogen development by producing
plant hormones, such as indole acetic acid, giberallic acid, cytokinin and ethylene, by fixing
nitrogen asymbiotically, and by mineralizing phosphorus and other nutrients that cannot be
taken from the soil (Gutierrez-Manero et al., 2001; Dobbelaere et al., 2002; Sahin et al., 2004).
It was determined that indole acetic acid production by antagonist bacteria is effective in root
elongation and development of the plant, and there is a positive relationship between indole
acetic acid and root development (Asghar et al., 2002; Khalid et al., 2004). Bacterial strains,
which were found to be effective in this study, are thought to suppress the pathogen by using
one or more of these mechanisms.
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Igdir’da Domates (Solanum Lycopersicon L.)’te Hastahga Neden Olan Bakterilerin izolasyonu ve
Tanisi

Busran SUNYAR?, Mesude Figen DONMEZ!", Irfan CORUH?
OZET

Bu c¢aligmada, 2017 yilinda Igdir ilinde domateste verim ve kalite kaybina neden olan bakteriyel
hastalik etmenleri arastirilmistir. Bu amagla iiretiminin yogun olarak yapildigi Aralik, Karakoyun, Tuzluca,
Kasimcan, Oba ve Melekli ilgelerinde siirvey yapilarak hastalikli bitki drnekleri toplanmistir. izolasyon
caligmas1 sonucunda 98 bakteri straini elde edilmistir. Strainlerin King B besiyerinde fluoresant pigment
tiretimi, levan koloni olusumu, gram reaksiyon, pektolitik aktivite, oksidaz, amilaz, arginine dehidrolaz,
katalaz ve tiitiin bitkisinde hipersensetif reaksiyon 6zellikleri test edilmistir. Siiper 5656 domates ¢esitinde
11 strainin patojenisite testi pozitif bulunmustur. Yag asit metil ester analizi (FAME) ve BIOLOG Gen Il
ile 8 strain Xanthomonas axonopodis pv. vesicatoria, 2 strain Pseudomonas viridiflava ve 1 strain
Pseudomonas syringae pv. tomato olarak tanilanmigtir. Igdir ilinde belirtilen patojenlerin varlig: ilk defa bu
calisma ile ortaya konulmustur.

Anahtar Kelimeler: Igdir, Biyolog, FAME, Domates, Xanthomonas, Pseudomonas

Isolation and Identification of Bacteria Causes Diseases on the Tomato (Solanum Lycopersicum L.) in
lgdir

ABSTRACT

In this study, bacterial disease agents that cause yield and quality loss in tomatoes in Igdir province
in 2017 were investigated. For this purpose, diseased plant samples were collected by conducting surveys in
the Aralik, Karakoyun, Tuzluca, Kasimcan, Oba and Melekli, where production is intense. 98 bacterial strains
were obtained in the isolation study. Fluorescent pigment production in King B medium, levan colony
formation, gram reaction, pectolytic activity, oxidase, amylase, arginine dehydrolase, catalase and
hypersensitivity reaction properties in tobacco plant were tested in King B medium of strains. Pathogenicity
test was found positive for 11 strains on super 5656 tomato cultivar. Strain were identified by using fatty acid
methil ester analysis (FAME) and Biolog Gen Il system. Acording to identfication results 11 strain were
determined, of which 8 were Xanthomonas axonopodis pv. vesicatoria, 2 were Pseudomonas viridiflava and
1 was Pseudomonas syringae pv. tomato. The presence of pathogens in Igdir province was proved for the
first time by this study.
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GIRIS

Domates (Solanum lycopersicon L.); Solanaceae familyasi igerisinde yer alan iliman
iklimlerde yillik, tropikal bolgelerde ise ¢ok yillik olarak yetistirilen 6nemli bir bitkidir (Wang
et al., 2010). Insan beslenmesinde vazgecilmez iiriinlerden olmasi ve gida sanayinde tursu,
salca, dondurulmus iirlin, ketgap, piire, konserve gibi ¢ok cesitli kullanim alanlarina sahip
olmas1 nedeniyle diinyada en ¢ok iiretilen, tiiketilen ve ticarete konu olan tarim iiriinlerinin
basinda gelmektedir. 2018 yilinda 61 631 581 ton iiretim degeriyle diinyada en fazla domates
iireten lilke Cin’dir ve diinya domates tiretiminin % 33.82’sini karsilamaktadir. Tiirkiye ise 12
150 000 ton iiretim degeriyle diinya domates iiretiminde % 6.67’lik paya shiptir (FAO 2020).

Dogu Anadolu Bolgesi’nin en verimli ovalarindan birisine sahip olan ve tarim potansiyeli
yiiksek olan Igdir Ili’nde ise 56.083 ton domates iiretimi yapildig1 belirlenmistir (TUIK 2016).

Ulkemiz i¢in biiyiik 5nemi olan domates yetistiriciliginde karsilasilan temel sorunlarin
basinda hastalik ve zararlilardan kaynaklanan verim ve kalite kayiplar1 gelmektedir. Domates
bitkisinin ekimini ve verimini sinirlandiran en 6nemli patolojik sorunlardan birisi bakteriyel
etmenlerin neden oldugu hastaliklardir. Bu bakteriyel hastaliklar arasinda bakteriyel benek
[Pseudomonas syringae pv. tomato (Young et al., 1978)], bakteriyel kanser ve solgunluk
[Clavibacter michiganensis subsp. michiganensis (Davis et al., 1984)], bakteriyel yaprak
lekesi [Xanthomonas axonopodis pv. vesicatoria (Gardner and Kendrick, 1923)], bakteriyel
solgunluk [Ralstonia solanacearum (Yabuuchi et al., 1995)], bakteriyel gévde ve meyve
cuiriikligii [Pectobacterium carotovorum subsp. carotovorum (Bergey et al., 1923)] ve domates
0z nekrozu [Pseudomonas corrugata (Scarlet et al.,, 1978), Pseudomonas cichorii,
Pseudomonas viridiflava (Wielke and Dye, 1974)] hastaliklar1 olduk¢a biiyilk 6nem
tasimaktadir (Wielke et al., 1973). Tiirkiye’de Cetinkaya ve Aysan (2008) tarafindan Adana,
Mersin, Antalya, Artvin, Bursa ve Izmir illerinde domates yetistiriciligi yapilan alanlarda
domates bakteriyel solgunluk hastaligina neden olan C. michiganensis subsp. michiganensis,
Aksoy (2002) tarafindan Samsun ilinde domates ekim alanlarinda P. corrugata, C.
michiganensis subsp. michiganensis, P. syringae pv. tomato, X. axonopodis pv. vesicatoria
ve Erwinia caratovora, Imriz ve Cinar (2015) tarafindan Mersin ve Adana illerinde sera iiretim
alanlarinda domates 6z nekrozu etmenlerinden P. cichorii ve P. corrugata, Unlii ve ark. (2016)
tarafindan Ortiialt1 yetistiriciligi yapilan domates alanlarinda P. syringae pv. tomato, Sahin
(2016) tarafindan Kahramanmaras ve ¢evresinde biber bitkisinde X. axonopodis pv. vesicatoria
tespit edilmistir. Yapilan bu calismada; Igdir ilinde ekonomik 6neme sahip olan domates
bitkisinde hastaliga neden olan bu patojenlerin varligi1 2017 yilinda yapilan survey ¢aligmasi ile
aragtirllmig ve elde edilen strainlerin morfolojik, biyokimyasal ve patolojik O6zellikleri
belirlenmis, yag asit metil ester analizi ve Biolog Gen |11 sistem ile tanilar1 yapilmustir.

MATERYAL ve METOT

Hastahikh Bitki Orneklerinin Toplanmasi ve izolasyonu

2017 yilinda Igdir’in Aralik, Tuzluca ve Karakoyunlu il¢elerinde ve Igdir merkeze bagh
Kasimcan, Oba ve Melekli kdylerinde domates yetistiriciligi yapilan tarlalara gidilmis, ilce ve
her kdyden 3’ er tarla segilerek, basit tesadiifi 6rnekleme metoduna gore hastalikli bitki
ornekleri alinmistir. Siirveyler bitkilerin fide ve meyve verim donemleri olmak iizere 2 kez
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yapilmistir. Alinan 6rneklerden bakteri izolasyonu yapilmis ve gelisen bakterilerden sar1 ve
krem renkli koloniler saflastirilarak stok kiiltiirler 500 pl Lauryl Broth (10 g pepton, 10 g NaCl,
5 g yeast extract/1 L dH20) ve 500 ul % 30 gliserol i¢eren ortamda hazirlanmig ve -80 °C” de
muhafaza edilmistir.

Mikroorganizmalarin Yag Asit Metil Ester Analizi ile Tanist

Saf kiiltiir olarak —80 °C’ de muhafaza edilen bakteri strainlerinden yag asit metil ester
ekstraksiyonu (FAME), izolasyonu, saflastirilmasi ve analizi yapilmistir. Bilgisayar kontrollii
gaz kromatografi sistemi olan Mikrobiyal Identifikasyon Sistem (MIDI, Inc., Newark, DE)
kullanilarak kiiltiire alinan strainlerin tiir ve alt tiir seviyesinde tanis1 yapilmistir (Sasser, 1990).

Tiitiinde Asir1 Duyarhilik (Hypersensetive Reaction=HR) Testi

Elde edilen biitiin bakteri strainleri Nutrient Agar (28 g NA/1 L dH>O) besi yerine
ekilerek, 24-48 sa 27 °C’ ye ayarl inkiibatorde gelismeye birakilmistir. Gelisen kiiltiirlerden
sdH20 ile konsantrasyonu 108 hiicre/ml olan soliisyonlar hazirlanmistir. Soliisyonlar 3 ml’ lik
plastik enjektérlerle tiitiin yapraklarmin alt kisminda damar aralarina enjekte edilmistir. inokule
edilen bitkiler en az 48 saat 151kl1 bir ortamda muhafaza edilerek inokulasyonun yapildigi
kistmda nekroz olusup olusmadig1 gézlemlenmistir. Olii doku olusumu HR pozitif, olusmamas1
ise HR negatif olarak degerlendirilmistir (Klement et. al., 1966). Karsilastirma kiiltiirli olarak
GG-3 E. amylovora straini kullanilmastr.

Patojenisite Testi

Bakteriler strainleri NA besi yerine ekilerek 27 °C’ de 24 sa siireyle inkiibasyona
birakilmistir. Tiirbidimetre ile gelisen bakteri kiiltiirlerinden konsantrasyonu 108 hiicre/ml
olarak hazirlanan inokulum bitkilere (stiper 5656 domates c¢esidi) inokule edilmistir.
Inokulasyon X. axonopodis pv. vesicatoria ve P. syringae pv. tomato icin bitki yapraklarina
sprey seklinde, P. viridiflava icin bitki govdelerine kiirdan yardimiyla agilan yaralara
kolonilerin uygulanmasi yoluyla yapilmistir. Negatif kontrol grubundaki bitkilere ise sdH20
uygulanmistir. Inokulasyon sonrasi bitkiler {izerine polietilen torbalar gegirilerek oda
sicakliginda 3 giin inkiibasyona birakilmistir. Siire sonunda torbalar cikartilarak, 7-14 giin
boyunca hastalik simptomlarinin olusumu goézlenmistir (Lelliot and Stead, 1987; Saygili,
1995).

Morfolojik ve Biyokimyasal Testler

Elde edilen fitopatojen bakterilerin morfolojik (koloni morfolojisi ve rengi hareketlilik
testi) ve biyokimyasal (gram reaksiyon testi, pektinaz, fluresant pigment iiretimi, katalaz,
oxidaz, nisasta hidrolizi, arginine dihidrolaz ve levan koloni 6zellikleri belirlenmistir. Her bir
test ayn1 sartlarda 3 kez tekrarlanmistir.

Morfolojik Testler
Koloni Morfolojisi

Bakteri strainleri NA iizerine ¢izgi ekim seklinde kontamine edilmistir. Bakteriler 48-
72 sa 27 °C * de inkiibe edildikten sonra kolonilerin gelisimi ve rengi tespit edilmistir (Saygili,
1995).
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Hareketlilik Testi

Bir litre dH20 igerisine 10 g tryptone, 5 g NaCl ve 5 g agar ilave edilmistir. Karigimin
pH’s17.2” ye ayarlanmis ve bu karigimdan tiiplere 5° er ml konularak otoklavda 121 °C ‘de 15
dakika steril edilmistir. Hazirlanan besi yerine bakteri strainleri inokule edilmis ve gelismeleri
icin 25 °C’ de inkiibasyona birakilmstir. Inkiibasyonun 8., 24., ve 48. saatinde bakteri gelisimi
kontrol edilmistir. Besi yerinde inokulasyon noktasindan gevreye dogru ilerleyen koloni
gelisimi pozitif sonug olarak kaydedilmistir (Schaad et al., 2001). Karsilastirma kiiltiirii olarak
GG-8 E. amylovora straini kullanilmistir.

Biyokimyasal Testler
Gram Reaksiyon Testi

Bakteri strainlerinin hiicre duvarlarindaki farkliligi belirleyebilmek i¢in bir lam {izerine,
%3’ liitk KOH ¢o6zeltisinden bir iki damla damlatilmistir. Ardindan NA {izerinde gelisen 24-48
sa’lik bakteri kiiltiiriinden 6zeyle alinarak KOH ¢ozeltisi ile 5-10 s karigtirildiktan sonra 6ze
yukariya dogru kaldirilmistir. Bunun sonucunda viskoz bir uzama gozlenmesi gram negatif
olarak degerlendirilmistir (Saygili, 1995). Karsilagtirma kiiltiirii olarak GG-25 E. amylovora
(gram negatif) ve MFD-460 Curtobacterium flaccumfaciens subsp. flaccumfaciens (gram
pozitif) kullanilmistir.

Katalaz Testi

Bakteri strainleri NA ortaminda 24-48 saat gelistirilmistir. Gelisen bakteri kiiltiiriinden
bir 6ze alinmig ve lizerine 1 damla H20; ilave edilmistir. Kabarcik olusumu katalaz pozitif,
olusmamasi ise katalaz negatif olarak degerlendirilmistir (Klement et al., 1990). Pozitif kontrol
olarak MFD-119 X. campestris pv. phaseoli kullanilmstir.

Oxidaz Testi

Oksidaz test i¢in % 1 tetra methyl-p-phenylendiamine dihydrochloride igeren diskler
(Sigma-Aldrich) kullanilmistir. Bu diskler 1 damla sdH20 ile doyurulmus ve sonra iizerleri 24-
48 sa’lik bakteri kolonileri ile kaplanmistir. Diskte gézlemlenen mavimsi-mor renk pozitif
olarak degerlendirilmistir (Narayanasamy, 1997).

Nisasta Hidrolizi

Nutrien Starch Agar (NA+%]1°lik nisasta/1 L dH20) besiyerine bakteriler nokta ekimle
kontamine edilmistir. 2-7 giinliik bir inkiibasyon sonrasinda bakteri kolonisinin etrafinda
goriilen renk aciklig1 veya hale amilaz pozitif olarak degerlendirilmistir. Sonug ¢iplak gozle
fark edilemediginde lugol soliisyonundan 5 ml petrilere dokiilmiis, mavi renk verenler negatif,
mavi renk vermeyip bakteri gelisimi etrafinda agik renk hale verenler pozitif olarak tespit
edilmistir (Narayanasamy, 1997). Pozitif kontrol olarak MFD-490 X. c. phaseoli fuscans,
negatif kontrol olarak MFD-227 P. s. pv. phaseolicola kullanilmistir.

Arginine Dehidrolaz Testi

Mikroorganizmalarin bu 6zelligini belirlemek i¢in tapilan testte Thornley 2A besi yeri
(1 g pepton, 5 g NaCl, 3 g KoHPOg4, 3 g agar, 0,01 g fenol kirmizisi, 10 g arginine-HCI/ 1 L
dH20) kullanilmistir. Bakteri strainleri 6ze ile ortama ekilmis ve tizerlerine 50 °C’ye kadar
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sogutulan % 3’ liikk su agarindan (1 ml) aktarilarak tiipler parafilm ile kaplanmistir. Kiiltiirler
27 °C’de 7-15 giin siire ile inkiibe edilmistir. Bakterinin arginin kullanmas1 sonucu meydana
gelen pembemsi kirmizi renk pozitif, agik pembe renk ise negatif sonug¢ olarak
degerlendirilmistir (Schaad, 1994; Saygili, 1995).

Levan Testi

Test i¢in Nutrient Sukroz Agar (NAS) besi yeri (23 g NA, 50 sukroz/1 L dH20)
kullanilmastir. Kiiltiirler ¢izgi ekim seklinde besi yerine ekilerek gelismeleri igin 27°C’ de 5
giin inkiibe edilmistir. Inokulasyon sonucunda olusan konveks, mukoid yapida koloniler levan
pozitif olarak belirlenmistir (Klement et al. 1990, Lelliot and Stead, 1987). Pozitif kontrol
olarak GG-3 E. amylovora, negatif kontrol olarak MFD-602 C. m. subsp. insidiosum
kullanilmistir.

Fluorescent Pigment Uretim Testi

Fluorescent pigment iireten strainlerin tespiti amaciyla King B besi yeri ( 20 g protease
peptone (Difco No:3),1.5 g KoHPO4.3H20, 1.5 g MgS04.7H20,15 g agar/l L dH:0)
hazirlanmistir. Her bir strain besi yerine ¢izgi ekimle kontamine edildikten sonra, 25 °C
sicakliga sahip inkiibatorde 2 giin inkiibasyona birakilmistir. Inkiibasyon sonrasi gelisen
bakteriler UV lamba altinda gozlemlenmis, yesil fluoresant renkte 151ma gosterenler pozitif,
digerleri negatif sonug olarak tespit edilmistir (Lelliot and Stead, 1987).

Pektinaz Testi

Bakteri strainlerinin pektolitik aktivitesini belirlemek ig¢in patates yumrulari
kullanilmistir. Patates yumrularinin ylizeysel dezenfeksiyonu i¢in yumrular 6nce deterjanli su
ile fircalanmis ve daha sonra % 1’ lik NaOCI’de 3 dk bekletilmistir. Patates yumrulari
NaOCT’iin uzaklastirilmasi i¢in 3 kez sdH2O ile yikanmistir. Ardindan steril bir bistiiri ile
patatesler soyulmus ve yaklasik bir cm kalinliginda dilimlenerek igerisinde steril 1slak filtre
kagidi bulunan petrilere yerlestirilmistir. 48 sa’lik bakteri kolonileri 6ze ile patates dilimi
iizerine ¢izgi seklinde yayilmistir. 25°C’ de iki glinliik inkiibasyon sonrasi bakteri bulastirilan
patates dilimleri degerlendirilmis ve patates diliminde meydana gelen yumusak ciriikliik
seklindeki belirti pozitif sonug olarak kaydedilmistir (Lelliot and Stead, 1987). Karsilagtirma
kiiltiirii olarak MFD-310 Erwinia caratovora subsp. caratovora kullanilmistir.

Bakteri Strainlerini Biolog Gen III Sistem fle Tanis

Elde edilen bakteri strainlerinin metabolik profillerinin belirlenmesi i¢in BUG agar
(Hayward, USA) besi yeri kullanilmistir. Patojen olarak segilen bakteri strainleri BUG agar
besiyerine ekilmis ve 27 °C’ de 24 saat inkiibe edilmistir.
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Cizelge 1 Biolog Gen III plate’ini olusturan kuyucuklarda yer alan karbon kaynaklar1 ve kimyasallar (Stancu and Rodi, 2020)
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Gelisen bakteri kiiltiirleri IF-A tampon ¢ozeltisinde siispanse edilmis ve tiiplerdeki bakteri
konsantrasyonu turbidimetre ile transmittans degeri %92-98 olacak sekilde ayarlanmistir.
Yogunluklar ayarlanan bakteri stispansiyonlarindan mikroplatelerdeki herbir cukurcuga 100 pl
ilave edilmis ve 32 °C’ de 4-22 saat inkiibe edilmistir (Stancu and Rodi, 2020). Daha sonra
mikroplate okuyucuda (Microlog ™ 3, Micro station ™ system, version 5.2.2) okutularak
sistemin veri bankas1 (Biolog Gen III database, version 2.6.1, AN Database Version 6.01) ile
karsilagtirilarak bakteri teshisi yapilmistir. Biolog Gen III Microplate sisteminde yer alan 71
farkli karbon kaynagi ve 23 kimyasal ¢izelge 1’de sunulmustur.

BULGULAR ve TARTISMA
Survey Sonug¢lari

Hastalikli domates bitkilerinin yaprak ve meyvelerinden yapilan izolasyon sonucunda
98 adet bakteri straini elde edilmistir. Elde edilen bakteri strainlerinin ilge ve koylere gore
dagilimi Cizelge 4.2° de verilmistir.

Cizelge 2. Calismada elde edilen bakteri strainlerine iligkin bilgiler

Yaprak Meyve Govde Toplam

Aralk 11 1 - 12
Karakoyunlu 6 - - 6

Tuzluca 29 - 1 30
Kasimcan 11 - - 11
Oba 19 2 - 21
Melekli 15 2 1 18
Toplam 91 5 2 98

Bakteri Strainlerinin Yag Asit Profillerine Gore Tanisi

Bakteri strainlerinin yag asit metil ester analizi ile tanis1 MIS kullanilarak yapilmis ve elde
edilen yag asit profillerine gore ¢aligmada Stenotrophomonas maltophilia (18), Enterobacter
hormaechei (10), Xanthomonas axonopodis pv. vesicatoria (8), Pseudomanas putida (7),
Salmonella enterica (5), Sphingobacterium spiritivorum (5), Pantoea agglomerans (4),
Kluyvera cryocrescens (3), Variovorax paradoxus (3), Ochrobactrum anthropi (3), Aeromonas
ichthiosmia (3), P. viridiflava (2), Eschericha coli (2), Kocuria rosea (2), Bacillus cereus (1),
Pseudomonas syringae pv. tomato (1), Pseudomonas syringae pv. syringae (1),
Pectobacterium carotovorum (1), Enterobacter asburiae (1), Micrococcus luteus (1),
Paenibacillus alginolyticus (1), Klebsiella pneumoniae (1), Photorhabdus luminescens
luminescens (1), Sphingobacterium faecium (1), Kingella kigae (1), Acinetobacter
calcoaceticus (1), Klebsiella oxytoca (1), Myroides odoratus (1), Achromobacter xylosoxidans
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denitrificans (1), Kocuria rhizophila (1), Paucimonas lcmoignei (1), Kocuria rosea (1),
Bacillus suptilis (1), Arthobacter globiformis (1), Kluyvera intermedia (1), Pasteurella
pneumotropica (1) ve Bacillus thurigiensis israilensis (1) olmak iizere 36 farkli tiir
tanilanmigtir. Patojen olarak belirlenen Xanthomonas axonopodis pv. vesicatoria strainlerinden
BS-38, BS-75, BS-120, BS-156, BS-160, BS-169, BS-178 ve BS-232’nin sirasiyla 45, 46, 72,
70, 59, 70, 56 ve 52 benzerlik indekslerine (%) sahip oldugu goriilmiistiir. Pseudomonas
cinsinde yer alan patojen strainlerinden BS-168 P. viridiflava % 54, BS-237 P. viridiflava %
59 ve BS-231 P. syringae pv. tomato % 45 benzerlik indeksi ile tanilanmistir.

Patojenlere ait yag asit profilleri incelendiginde Xav strainlerinin hepsinde 21 farkli yag
asitinin (17:0 iso 30H, 11:0 iso, 11:0 30H, 13:0 iso, 17:1 wéc, 13:0 iso 30H, 15:1 wéc, 10:0
30H, 14:0, 11:0 anteiso, 14:0 iso, 15:1 iso F, 13:0 iso 20H, 16:0, 17:0, 15:1, 17:0 iso, 16:0
iso, 17:0 anteiso, 10:0, 17:1 w8c) ortak oldugu tespit edilmistir. Strainler arasinda bazi yag
asitlerinin mevcudiyetlerinin ve ylizde oranlarmin ise farklilik gosterdigi saptanmistir. Xav
strainleri arasinda 20:4 w6,9,12,15¢ yag asitinin varlig1 sadece BS-156 straininde saptanmustir.
Bununla birlikte 12:0 30H, 10:0 20H, 13:0 anteiso ve 12:0 iso 30H, 16:1 w5c ve 12:1 30H
yag asitleri sirasiyla BS-38, BS-75, BS-120 ve BS-156 strainleri hari¢ diger Xanthomonas
strainlerinin hepsinde tespit edilmistir. 15:0 iso 30H ve 15:0 20H yag asitlerinin ise sadece
BS-38, BS-75, BS-156 ve BS-232 strainlerinde bulundugu belirlenmistir.Yag asit metil ester
analizleri sonuglarina gére Pseudomonas cinsi bakteriler degerlendirildiginde ise hepsinde
ortak olan 13 farkli yag asiti (10:0, 12:0, 12:0 30H, 17:0, 13:0, 14:0, 16:0, 17:0 iso, 17:1 w8c,
12:0 20H, 10:0 30H, 18:0, 18:1 w7c 11 methyl) saptanmistir. Baz1 yag asitlerinin varlig: ise
belirli strainlerde tespit edilmistir. Ornegin 18:1 w9c yag asitinin sadece BS-231" de bulundugu
goriilmiustiir. Yedi farkli yag asitinin ise (11:0 iso 30H, 10:0 20H, 13:0 anteiso, 15:1 w5c, 16:1
w5c, 16:0 Nalcohol, 19:0) sadece BS-237 straininde bulundugu goriilmiistiir 17:0, 10:0, 14:0,
16:0, 17:0 iso, 10:0 30H ve 17:1 w8c yag asitlerinin ise hem Xanthomonas hemde
Pseudomonas cinsine ait bakterilerde ortak oldugu belirlenmistir. Ancak bu yag asitleri
icerisinde 10:0 30H ve 16:0’1n Pseudomonas cinsi bakterilerde daha yiiksek oranda bulundugu
tespit edilmistir (Cizelge 3).
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Cizelge 3. Patojen bakterilerinin icerdigi yag asitleri ve ylizde bulunma oranlari

YAG ASIDI BS-38  BS-75 BS-120  BS-156  BS-160 BS-168  BS-169  BS-178  BS-231  BS-232 BS-237
10:0 0.56 0.53 153 0.75 0.70 0.10 0.53 0.68 0.15 066  0.14
11:0 is0 4.17 4.21 5.31 4.32 456 - 4.09 5.14 - 4.50 -
11:0 anteiso 0.22 0.23 0.20 0.15 0.21 - 0.17 0.19 - 0.31 -
11:0 - 0.05 - 0.05 - - - - - 0.12 -
10:0 20H 0.12 - 0.17 0.18 0.16 - 0.15 0.12 - 017 005
10:0 30H 0.17 0.16 0.45 0.44 0.37 2.97 0.33 0.31 3.15 0.21 2.87
11:0 iso 30H 2.24 2.31 2.22 1.82 1.78 - 171 1.19 - 242 0.04
11:0 20H 0.06 - - 0.05 - - 0.06 0.05 - 0.07 -
12:0 - - - - - 4.77 - - 5.46 - 4.91
13:0 - 0.35 - - - 0.10 - - 0.12 006  0.10
11:0 30H 0.42 0.40 0.30 0.40 0.28 - 0.24 0.27 - 0.50 -
13:0 iso 0.33 0.35 0.18 0.24 0.14 - 0.13 0.17 - 0.32 -
13:0 anteiso 0.09 0.09 - 0.06 0.08 - 0.07 0.07 - 011 003
12:1 30H - 0.08 0.16 0.14 0.13 - 0.10 0.11 - 0.07 -
12:0 iso 30H - 0.25 0.20 2.59 0.19 - 0.19 0.19 - 0.25 -
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Cizelge 3. Devami

YAG ASiDIi BS-38 BS-75 BS-120 BS-156 BS-160 BS-168 BS-169 BS-178 BS-231 BS-232 BS-237
12:0 20H - - - - - 2.92 - - 3.32 - 2.96
12:0 30H 0.24 1.44 2.98 - 2.30 3.96 2.12 2.31 4.29 1.84 3.35
14:0 anteiso - - - - - - - - - - 0.04
14:0iso 0.81 0.76 0.39 0.67 0.28 - 0.30 0.33 - 0.78 -
14:1 wbc 0.25 0.24 0.19 0.06 - - - - - 0.12 -
14:0 1.05 1.06 131 1.02 1.01 0.20 0.86 0.98 0.31 1.20 0.84
13:0 iso 30H 3.52 3.22 4.48 3.91 4.00 - 4.27 4.60 - 3.60 -
13:0 20H 0.61 0.48 0.46 0.38 0.56 - 0.54 0.61 - 0.64 -
15:1iso F 1.17 1.06 0.20 0.20 0.17 - 0.21 0.20 - 1.29 -
15:0is0 29.24 30.33 27.67 27.89 25.36 - 27.25 27.75 0.50 27.22 0.14
15:0 anteiso 14.70 14.60 10.03 11.58 14.28 - 14.00 14.52 0.40 16.98 0.10
15:1 w8c 0.20 0.19 - 0.04 0.05 - - 0.05 - 0.23 -
15:1 wéc 1.25 1.22 0.59 0.63 0.38 - 0.39 0.50 - 1.09 -
15:1 wbc - - - - - - - - - - 0.18
16:0is0 212 2.15 1.93 2.29 1.82 - 1.94 1.55 - 1.97 -
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Cizelge 3. Devami

YAG ASiDIi BS-38 BS-75 BS-120 BS-156 BS-160 BS-168 BS-169 BS-178 BS-231 BS-232 BS-237
16:0 N alcohol - - - - - - - - - - 0.04
16:1iso H - 0.04 0.05 - - - - - - -
16:1 w9c 1.41 1.30 1.30 1.42 - - - - - 1.60 -
16:1 whc 0.08 0.12 - 0.07 0.09 - 0.09 0.10 - 0.09 0.07
16:0 2.46 2.59 451 3.94 2.75 23.40 242 1.92 20.01 2.84 21.6
15:0 iso 30H 0.06 0.10 - 0.04 - - - - - 0.05 -
15:0 20H 0.09 0.16 - 0.03 - - - - - 0.13 -
17:1 iso w5c 0.35 0.30 - - 0.50 - 0.55 - - 0.17 -
17:1 anteiso w9c 0.16 - - - - - - - - 0.07 -
17:0is0 4.06 4.11 5.48 5.47 5.23 0.09 5.49 3.63 0.10 3.22 0.10
17:0 anteiso 0.57 0.51 0.13 0.73 0.83 - 1.03 0.59 - 0.45 -
17:1 w8c 1.86- 1.70 1.07 144 1.14 0.14 0.91 0.93 0.19 1.75 0.17
17:1 wéc 0.53 0.37 0.34 0.46 0.37 - 0.40 0.34 - 0.36 -
17:0 cyclo - - - - - - - - 0.22 - 0.29
17:0 0.25 0.18 0.61 0.25 0.07 0.24 0.06 0.04 0.25 0.13 0.29
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Cizelge 3. Devami

YAG ASIDi BS-38 BS-75 BS-120 BS-156  BS-160 BS-168 BS-169  BS-178 BS-231 BS-232 BS-237
16:0 30H 0.09 0.10 - 0.08 - 0.06 - 0.03 - 0.12 0.06
18:1 wbc - - - - - 0.06 - - - - 0.06
18:1 w9c 0.53 0.48 0.61 0.60 0.63 - 0.68 0.39 0.34 0.53 -
18:0 - 0.10 - 0.05 - 0.89 - - 0.66 - 1.00
18:1w7c 11-methyl - - - - - 0.73 - - 0.27 - 0.51
17:0iso 30OH 0.44 0.49 0.30 0.30 0.08 - 0.18 0.16 - 0.49 -
19:0 cyclo w8c - 0.11 - - - - - - - - -
19:0 - - - - - - - - - - 0.04
18:1 20H - - - 0.05 - - 0.08 0.06 - - -
20:4 wo, 9, 12, 15¢ - - - 0.04 - 0.08 - - 0.09 - -
20:1w7c - - - - - 0.06 - - - - 0.06
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Patojen strainlerin igerdigi yag asidi ¢esitleri ve hiicrelerinde bulunma oranlarina bagh
olarak elde edilen dendogram Sekil 1’de verilmistir. Dendogram Sherlock MIDI analiz
programi (version 6.1) ile olusturulmustur

Sekil 1. Patojen bakterilerin yag asit metil ester analizi sonucunda elde edilen dendogram

Tiitiinde Asir1 Duyarhhik (Hypersensetive Reaction=HR ) Testi

Referans kiiltiir GG-3 E. amylovora gibi patojen olarak tanilanan bakteri strainlerinin
hepsinin (BS-38, BS-75, BS-120, BS-156, BS-160, BS-168, BS-169, BS-178, BS-231, BS-232
ve BS-237) tiitiin yapraginin damar aralarina izolasyonundan 24-48 sa sonra inokule edilen
alanda tipik asir1 duyarlilik reaksiyonuna neden oldugu goriilmiistiir (Cizelge 4).

Patojenisite Test Sonuglari

Domates siiper 5656 fidelerine Pst (BS-231) ve Xav (BS-38, BS-75, BS-120, BS-156,
BS-160, BS-169, BS-178 ve BS-232) strainleri sprey seklinde bulastirilmistir. P. viridiflava
strainleri ise (BS-168 ve BS-237) kiirdanla bitkinin govdesine agilmis yaralardan inokule
edilmistir. fnokulasyondan 7-15 giin sonra BS-38, BS-75, BS-120, BS-156, BS-160, BS-169,
BS-178, BS-231 ve BS-232 strainlerinin domates yapraklarinda dairesel etrafi sar1 hale ile
cevrili kiigiik lekeler olusturdugu, BS-168 ve BS-237 strainlerinin ise govdede kahverengilesme
ve bitkide solgunluk seklinde simptomlara neden oldugu goriilmiistiir (Cizelge 4).

Morfolojik Testler
Koloni morfolojisi

NA besiyerine bakteri strainlerinin ekiminden 48 sa sonra Pseudomonas cinsine ait strainlerin
(BS-168, BS-231 ve BS-237) krem renkli, Xanthomonas cinsine ait strainlerin ise (BS-38, BS-
75, BS-120, BS156, BS-160, BS-169, BS-178 ve BS-232) mukoid sar1 renkli koloniler

olusturdugu tespit edilmistir (Cizelge 4).
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Hareketlilik testi

Yari kat1 besiyerine inokule edilen referans kiiltiir GG-8 E. amylovora ve izole edilen bakteri
strainlerinin ( BS-38, BS-75, BS-120, BS-156, BS-160, BS-169, BS-178 ve BS-232) cevreye
dogru koloni gelistirdikleri gozlenmis ve sonug pozitif olarak degerlendirilmistir (Cizelge 4).

Biyokimyasal Testler
Gram reaksiyon testi

Gram reaksiyon testinde referans kiiltiir olarak kullanilan GG-25 E. amylovora gibi BS-38,
BS-75, BS-120, BS-156, BS-160, BS-168, BS-169, BS-178, BS-231, BS-232 ve BS-237
strainlerinin 6zeye yapisarak vizkoz bir uzama olusturdugu, bu nedenle gram negatif 6zellige
sahip olduklar1 tespit edilmistir (Cizelge 4).

Katalaz testi

Katalaz enziminin varligini belirlemek icin yapilan test sonucunda BS-75, BS-231 ve BS-237
strainleri ve referans kiiltiir MFD-119 Xcp kisa siirede kabarcik olusturdugundan kuvvetli
pozitif olarak degerlendirilmistir. BS-38, BS120, BS-156, BS-160, BS-168, BS-169, BS-168,
BS-178ve BS-232 strainlerinin ise pozitif sonug verdigi tespit edilmistir (Cizelge 4).

Oksidaz testi

Oksidaz enzimini lireten bakterileri ayirt etmek icin yapilan bu testte BS-120, BS-156, BS-160,
BS-168, BS-169, BS-178 ve BS-231 strainleri % 1 tetra methyl-p-phenylendiamine
dihydrochloride kodlu diskte mor renk olusturmamis ve sonu¢ negatif olarak
degerlendirilmistir. Diger bakteriler ise pozitif kontrolde oldugu gibi diskte yaklasik 2 dk
icerisinde mor renk olusturmus ve sonug oksidaz pozitif olarak kaydedilmistir (Cizelge 4).

Nisasta hidrolizi

Nutrient agar ve nisasta iceren besiyerinde gelistirilen bakterilere liigol sollisyonu ilave
edilmis, BS-168, BS-231 ve BS-237 strainlerinin ve pozitif kontroliin (MFD-227 Psp) gelisen
kolonileri etrafinda seffaf hale olusumu gozlenmemis ve sonu¢ amilaz negatif olarak
degerlendirilmistir. BS38, BS-75, BS-120, BS-156, BS-160, BS-169, BS-178 ve BS-232
strainleri ve referans kiiltiir MFD-490 Xcpf ‘in gelisen kolonilerinin etrafinda olusan seffaf zon
amilaz pozitif olarak belirlenmistir (Cizelge 4).

Arginine dehidrolaz testi

Bakterilerin arginin dehidroloz’t kullanmasi sonucu besi yerinde meydana gelen pembemsi
kirmizi renk Xanthomonas strainlerinin (BS-38, BS-75, BS-120, BS-156, BS-160, BS169, BS-
178, BS-232 ) pozitif 6zellikte oldugu gostermistir. Pseudomonas strainleri (BS-168, BS-231,
BS-237) ise arginin dihidrolaz negatif olarak belirlenmistir (Cizelge 4).
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Cizelge 4. Patojen bakteri strainlerinin morfolojik ve biyokimyasal test sonuglar1

MIS TANI L O P AR T KA GR F N KR H
SONUCLARI

BS-38 —Xav + z* - + + + - - + Sar1 mukoid Hareketli
BS-75- Xav + z* - + + K* - - + Sar1 mukoid Hareketli
BS-120- Xav + - - + + + - - + Sar1 mukoid Hareketli
BS-156- Xav + - - + + + . - + Sar1 mukoid Hareketli
BS-160- Xav + - - + + + - - + Sar1 mukoid Hareketli
BS-168- Pv - - + - + + - + - Krem Hareketli
BS-169- Xav + - - + + + - - + Sar1 mukoid Hareketli
BS-178- Xav + - - + + + . - + Sar1 mukoid Hareketli
BS-231-Pst + - - - + K* - + - Krem Hareketli
BS-232- Xav + + - + + + - - + Sar1 mukoid Hareketli
BS-237- Pv - - + - + K* - + - Krem Hareketli

L: Levan testi, O: Oksidaz testi, P: Pektinaz testi, Ar: Arginine dehidrolaz testi, T: Tiitiinde, hipersentetif reaksiyon testi, N:Nisasta hidrolizi, Ka: Katalaz testi, GR: Gram reaksiyon testi,
F:Fluorescent pigment iiretim testi, Kr: Koloni rengi, +: Pozitif sonug, -: Negatif sonug, K*: kuvvetli pozitif, Xav: Xanthomonas axonopodis pv. vesicatoria, Pv: Pseudomonas viridiflava, Pst:
Pseudomonas syringae pv. tomato, Z*: Zayif pozitif sonucu, H: Hareket 6zelligi
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Levan testi

Test edilen BS-38, BS-75, BS-120, BS-156, BS-160, BS-169, BS-178, BS-231, BS-232 ve BS-
237 strainlerinin referans kiiltir GG -3 E. amylovora gibi NAS besi yerinde mukoid koloni
olusturdurdugu goriilmiis, sonug pozitif olarak kaydedilmistir. BS-168 strainin ise levan tipte
koloni olusturmadig1 ve negatif sonug verdigi belirlenmistir (Cizelge 4).

Fluorescent pigment iiretim testi

KB besi yerinde gelistirilen bakteri strainleri UV 1s1k altinda gézlenmistir. BS-168, BS-231 ve
BS-237 strainlerinin yesil fluorescent pigment tireterek pozitif sonug verdigi, BS-38, BS-75,
BS-120, BS-156, BS-160, BS-169, BS-178 ve BS-232 strainlerinin ise fluorescens pigment
iiretmeyerek negatif 6zellik gosterdigi tespit edilmistir (Cizelge 4).

Pektinaz testi

Pektolitik aktive testi i¢in patates dilimlerine inokule edilen BS-38, BS-75, BS-120, BS-156,
BS-160, BS-169, BS-178 ve BS-232 strainleri patateste yumusamaya neden olmamis ve sonug
negatif olarak degerlendirilmistir. Referans kiiltiir olarak kullanilan MFD-310 E. caratovora
subsp. caratovora straini ise patates diliminde yumusamaya neden olmus ve pis koku
olusturmustur (Cizelge 4).

Bakteri strainlerinin Biolog Gen III Sistem ile tanisi

Patojen bakteri strainlerinin kullandiklari karbon kaynaklar1 ve kimyasallar Biolog Gen
[l Mikroplate sisteminde degerlendirilmistir. Elde edilen profillere gore bakteri strainlerinin 8
tanesi Xav, 2 tanesi P. viridiflava ve 1 tanesi Pst olarak tanilanmustir.

Sonuglar degerlendirildiginde Xav strainlerinin Dextrin, D-Maltose, D-Trloseeh, D-
Cellobiose, Gentibiose, Sucrose, Ph 6, Ph 5, D-Melibiose, N-Acetyl-D-Glucosamine, %1 NaCl,
%4 NaCl, A-D-Glukose, D-Mannose, D-Fruktose, D-Galaktose, L-Fucose, %1 Sodium
Lactate, Myo- Inositol, Glycerol, D-Glucose-6 Phosphate, Rifamycin Sv, Gelatin, Glycyl-L-
Proline, L-Alanine, L-Aspartic Acid, L-Glutamic Acid, L-Serine, Lincomycin, Guanidine
HCI, Niaproof 4, Pectin, Tetrazolium Violet, Tetrazolium Blue, Mehyl Pyruvate, L-Lactic
Acid, Citric Acid, A-Keto Glutaric Acid, D-Malic Acid, Bromosuccinic Acid, Potassium
Tellurite, Tween 40, A-Keto Butyric Acid, Acetoacetic Acid, Propionic Acid, Formic Acid,
Aztreonam, Sodium Butyrate ve Sodium Bromate olmak tizere 51, Pseudomonas strainlerinin
ise Gentibiose, Sucrose, Ph 6, Ph 5, N-Acetyl-D-Glucosamine, %1 NaCl, %4 NaCl, A-D-
Glukose, A-D-Glukose, D-Mannose, D-Fruktose, D-Galaktose, Inosine, %1 Sodium Lactate,
Fusidic Acid, D-Sorbital, D-Mannital, L-Arabitol, Myo- Inositol, Glycerol, D-Serine,
Rifamycin Sv, Gelatin, Glycyl-L-Proline, L-Alanine, L-Arginine, L-Aspartic Acid, L-
Glutamic Acid, L-Histidine, L-Pyroglutamic Acid, L-Serine, Lincomycin, Guanidine HCI,
Niaproof 4, Pectin, D-Gluconic Acid, D-Glucoronic Acid, Glucoron Amide, Mucid Acid,
Quinic Acid, D-Saccharic Acid, Vancomycin, Tetrazolium Violet, Tetrazolium Blue, Mehyl
Pyruvate, L-Lactic Acid, Citric Acid, A-Keto Glutaric Acid, D-Malic Acid, Bromosuccinic
Acid, Lithium Chloride, Potassium Tellurite, Tween 40, 9-Amino-N-Butryc Acid, B-Hydroxy
Butyric Acid, A-Keto Butyric Acid, Acetoacetic Acid, Propionic Acid, Acetic Acid, Formic
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Acid, Aztreonam, Sodium Butyrate ve Sodium Bromate olmak iizere toplam 63 kuyucukta
reaksiyonlarinin pozitif oldugu tespit edilmistir. Baz1 karbon kaynaklarinin ve kimyasallarin
kullanim1 Xanthomonas ve Pseudomonas strainlerinde degiskenlik gostermekle beraber geri
kalan karbon kaynaklarini ve kimyasallar1 kullanmadiklar1 saptanmistir. Hem Xanthomonas
hem de Pseudomonas strainlerinin Ph 5 (Al12), Ph 6 (All)’da, %1 NaCl (B10), %4 NaCl
(B11)’de gelistikleri belirlenmistir. Yine her iki cinste yer alan strainlerin Rifamycin Sv (D11)
ve Lincomycin (E10) antibiyotiklerine karsi dayanikli oldugu bulunmustur. Ayrica
Xanthomonas strainlerinin Vancomycin (F10) antibiyotigine karsi da dayanikli oldugu
saptanmistir.

Birgok tilkede ve Tiirkiye’ nin farkli bolgelerinde domates hastaliklarini belirlemek
icin ¢esitli arastirmalar yiiriitilmis, Xav, Pst ve P. viridiflava tiirlerine ait strainlerin domates
bitkisinde ekonomik kayiplara neden olan énemli patojenler olduklari rapor edilmistir (Sijam
et al., 1992; Bouzar et al., 1994; Sahin ve Kotan, 1999; Black et al., 2001; Sahin 2001; Ustiin
ve Saygili, 2001; Sahin ve ark., 2003; Basim, 2004; Aysan ve ark., 2005; Shenge and Mabagala,
2007; Cruz et al., 2010; Lamichhane et al., 2010; Popovi¢ and Ivanovié, 2015; Mensi et al.,
2018). Dadasoglu (2013), tarafindan yapilan bir ¢alismada P. viridiflava’nin varligi1 Igdir iline
ait tek bir strain ile biber bitkisinde tespit edilmistir. Son yillarda patojenlerin tanisinda
molekiiler yontemlerin kullanilmas1 hizli bir sekilde yayginlagsa da klasik tani yontemlerinin
uygulanmasi patojen gruplariin belirlenmesi ve daha sonra yapilacak molekiiler calismalara
on tanm1 seklinde kolaylik saglamasi ile bir¢ok arastirici i¢in 6nemini korumaktadir. Bu nedenle
bu calismada izole edilen bakteri strainlerin morfolojik ve biyokimyasal karakterleri
belirlenmistir. Xav strainlerinin YDC besiyerinde sart mukoid, Pst ve P. viridiflava strainlerinin
krem renkte koloni olusturduklar1 gozlenmistir. Elde edilen bakteri strainlerin tamaminin
hareketli oldugu tespit edilmistir. Mikroorganizmalara ait biyokimyasal karakterlerden gram
reaksiyon, amilaz, katalaz, oksidaz, pektinaz, levan iiretimi, fluoresant pigment iiretimi ve
arginin dehidrolaz {retimi degerlendirilmistir. Gram reaksiyon testi sonucunda bakteri
strainlerinin hepsinin gram negatif 6zellikte oldugu belirlenmistir. Patojen strainlerden sadece
P. viridiflava tiirlerinin pektinaz aktivitesi pozitif bulunmustur. Pseudomonas strainlerinin
oksidaz, amilaz ve arginin dehidrolaz iiretim testleri negatif, katalaz ve fluoresant pigment
iiretim testleri pozitif olarak tespit edilmistir. Levan koloni olusumu testi Pst’nun pozitif, P.
viridiflava strainlerinin ise negatif bulunmustur. Xanthomonas strainlerinin fluoresant pigment
iiretimi ve oksidaz testi negatif, diger biyokimyasal test sonuclari ise pozitif olarak saptanmastir.
Amilaz testinin Xanthomonas ve P. syringae patovarlarmin ayriminda, arginin dehidrolaz
tretiminin P. syringae patovarlari ile P. fluorescens’in ayriminda, fluoresant pigment
tiretiminin ise Pseudomonas ve Xanthomonas cinslerinin ayrimmda 6nemli oldugu cesitli
caligmalarla ortaya konulmustur (Narayanasamy, 1997; Gonzales et al., 2003; Gasic et
al.,2012). Bu galismada elde edilen morfolojik ve biyokimyasal test sonuglari daha once
saptanan bulgular destekler bulunmustur (Goumans and Chatzaki, 1998; Aysan ve ark., 2004;
Wreikat et al., 2006; Miljjasevic et al., 2009; Ibrahim and Al-Saleh, 2012; Sarris et al., 2012).

Gilinlimiizde yag asit metil ester analizi (FAME) ve metabolik profillerin eldesi (Biolog
Microplate Assay) bakteriyel mikroorganizmalarin tanisinda en fazla tercih edilen yontemler
arasinda yer almaktadir (Walcott et al., 2000; Donmez, 2004; Bathily et al., 2010; Triphati et
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al., 2011; Gok, 2016). Bu calismada da hastalikli domates bitkilerinden izole edilen bakteri
strainlerin tamami1 MIS ile yag asit metil ester analizlerine gore tanilanmis ve fenotipik
farkliliklar1 belirlenmistir. Elde edilen sonu¢lar MIS kullanimu ile bakteri strainlerinin tiir alti
kategorilerinin belirlenebilecegini gostermistir. Doymus, doymamis, hydroxy, cyclopropane,
IS0 ve ante-iso yag asitlerini iceren 200 den fazla yag asiti g¢esitinin bakteriyel strainlerin
tanisinda ayirt edici 6zellik oldugu belirlenmistir (Roy, 1988). MIS sonuglarina goére Xav
strainlerinin hepsinin hiicre duvarinda 17:0 iso 30H, 11:0 30H, 11:0 iso, 11:0 anteiso, 13:0 iso,
10:0 30H, 13:0 iso 30H, 16:0 iso, 13:0 iso 20H, 14:0, 14:0 iso, 15:1 iso F, 17:0 anteiso, 15:1
wéc, 17:0, 10:0, 17:0 iso, 16:0, 17:1 wéc, 17:1 w8c, Pseudomonas strainlerinin hepsinde 17:1
w8c, 10:0, 14:0, 10:0 30H, 12:0 20H, 18:0, 12:0 30H, 13:0, 16:0, 17:0, 12:0, 17:0 iso, 18:1
w7c 11 methyl yag asitleri tespit edilmistir. 10:0, 10:0 30H, 14:0, 16:0, 17:0, 17:0 iso ve 17:1
w8c yag asitlerinin ise hem Xanthomonas hem de Pseudomonas cinsine ait bakterilerde ortak
oldugu belirlenmistir. Ancak bu yag asitleri icerisinde 10:0 30H ve 16:0’ 1 Pseudomonas cinsi
bakterilerde daha yiiksek oranda bulundugu tespit edilmistir. Sonuclar gerek igerdikleri yag
asiti cesitleri gerekse yiizde olarak oranlari bakimindan Xanthomonas ve Pseudomonas
pathovarlarinin ayirt edilebilecegini gostermektedir.

Farkli kaynaklardan izole edilen bakteri strainlerinin tanisinda en énemli kriterlerden
birisi de strainlerin kullandiklar1 karbon kaynaklar1 ve kimyasallarin tespiti ve bu 6zellikleri
bagl olarak metabolik profillerinin elde edilmesidir. Bu arastirmada domates patojeni olan
bakterilerin metabolik profillerinin belirlenmesinde Biolog Gen Il MicroPlate kullanilmstir.
D-Maltose, D-Trloseeh, D-Cellobiose, Gentibiose, Sucrose, Ph 6, Ph 5, D-Melibiose, N-Acetyl-
D-Glucosamine, %1 NaCl, %4 Nacl, L-Alanine, A-D-Glukose, D-Mannose, D-Galaktose, L-
Fucose, Dextrin, %1 Sodium Lactate, Glycerol, Tetrazolium Blue, Rifamycin Sv, Gelatin, D-
Fruktose, Glycyl-L-Proline, Aztreonam, L-Serine, Tween 40, Lincomycin, Niaproof 4, Pectin,
Tetrazolium Violet, L-Glutamic Acid, Citric Acid, A-Keto Glutaric Acid, Bromosuccinic Acid,
A-Keto Butyric Acid, Mehyl Pyruvate, L-Malic Acid, Acetoacetic Acid, Propionic Acid,
Sodium Butyrate, Acetic Acid, Formic Acid olmak tizere 43 karbon kaynagini ve kimyasallar1
Xav strainlerinin hepsinin kullandig1 tespit edilmistir. Pseudomonas strainlerinin ise 46 karbon
kaynagimi ve kimyasallar1 (A-D-Glukose, Glycerol, D-Mannose, D-Fruktose, D-Galaktose,
Fusidic Acid, D-Sorbital, Ph 6, %1 NaCl, L-Histidine, D-Mannital, Inosine, %1 Sodium
Lactate, L-Arabitol, Rifamycin Sv, L-Alanine, Myo- Inositol, L-Pyroglutamic Acid, L-
Arginine, L-Aspartic Acid, L-Glutamic Acid, L-Serine, Lincomycin, Niaproof 4, D-Gluconic
Acid, D-Glucoronic Acid, Mucid Acid, Quinic Acid, D-Saccharic Acid, Vancomycin,
Tetrazolium Violet, Glucoron Amide, Citric Acid, A-Keto Glutaric Acid, D-Malic Acid, L-
Malic Acid, Potassium Tellurite, Tween 40, 9-Amino-N-Butryc Acid, B-Hydroxy Butyric
Acid, Bromosuccinic Acid, A-Keto Butyric Acid, Acetic Acid, Aztreonam, Propionic
Acid,Formic Asit) kullandig1 belirlenmistir. Biolog sistemin bakteriyel organizmalarin tan1 ve
karakterizasyonunda basariyla kullanilabilecegine dair ¢esitli ¢alismalar mevcuttur (Triphati et
al., 2011; Karagoz, 2013). Lue at. al., (2010) tarafindan yapilan ¢alismada Taiwan’da domates
ve biber bitkilerinden elde edilen 53 Xanthomonas straini biyokimyasal 6zelliklerin analizi ve
multiplex PCR ile karakterize edilmistir. Strainlerden 13 tanesinin amilaz ve pektinaz 6zelligi
pozitif bulunmustur. 40 strainin ise nisastay1 hidroliz etmedigi, pektolitik aktivite gostermedigi
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tespit edilmistir. Biolog GN2 Mikroplate kullanilarak strainlerin karbon kaynaklarin1 kullanim
ozellikleri belirlenmis ve bu degerlendirmeye bagli olarak strainler 3 gruba ayrilmistir.
Strainlerden 40 tanesinin X. euvesicatoria (6nceden X. a. pv. vesicatoria) tanisi ile birinci
grubu, 5 tanesinin X. vesicatoria tanisi ile ikinci grubu ve 8 tanesinin X. perforans tanisi ile
ticlincii grubu olusturdugu tespit edilmistir. Calismada X. gardneri saptanmamistir. Amilaz ve
pektinaz 6zelligi pozitif olan 13 strainin 13 farkli karbon kaynagini ve kimyasali kullanarak bir
grupta yer aldigi gorillmiistir. Dextrin, glycogen, N-acetyl-D-glucosamine, D-galactose,
gentibiose, a-D-lactose lactulose, acetic acid, cis-aconitic acid, malonic acid, D-alanine ve L-
threonine karbon kaynaklarini ve kimyasallar1 kullanan 8 strain X. perforans olarak
tanilanmistir. X. vesicatoria olarak tanilanan 5 strainin ise dextrin ve gentibiose” u kullandigi,
N-acetyl-D-glucosamine, acetic acid, cis-aconitic acid, malonic acid ve D-alanine’i
kullanmadigi belirlenmistir. Yapilan bir bagka arastirmada Biolog GN mikroplate sistem ile 39
X. C. pv. vitians straininin karbon kaynaklarii kullanimi test edilmis, strainlerin hepsi tiir (X.
campestris) seviyesinde, % 41’1 ise pathovar seviyesinde tanilanmistir. Sahin (2016), tarafindan
yapilan bir arastirmada Kahramanmaras bdlgesinden biberden izole edilen patojen bakteri
strainleri morfolojik, fizyolojik ve biyokimyasal testlerin yaninda Biolog Gen Il Sistem ile de
tanilanmigtir. Sonuglara gore 13 strainin 4 tanesinin Xcv (% 66-71), 7 tanesinin Xcp (% 68-74)
, 2 tanesinin X. c. pv dieffenbachiae (% 64- 72) oldugu belirlenmistir. Dénmez (2004),
tarafindan yapilan ¢alismada Biolog GN plate sonuglarina gére Pseudomonas cinsi strainlerin
hepsinin Glycogen, L-Arabinose, D-Fructose, a-D- Glucose, D-Mannose, D-Psicose, Sucrose,
Methyl Pyruvate, Mono-Methyl-Succinate, Acetic Acid, cis-Aconitic Acid, L-Proline, Citric
Acid, Formic Acid, D-Galactonic Acid Lactone, L-Asparagine, D-Gluconic Acid, Malonic
Acid, Propionic Acid, Quinic Acid, D-Saccharic Acid, Succinic Acid, L-Serine, Bromo
Succinic Acid, Tween 40, Succinamic Acid, L-Alaninamide, D-Alanine, L-Alanyl-Glycine, L-
Alanine, Glycyl-L-Glutamic Acid, L-Aspartic Acid, L-Glutamic Acid, y-Amino Butyric Acid,
Uridine ve Glycerol’den olusan 36 karbon kaynagini kullandigi tespit edilmistir. Xanthomonas
cinsine ait bakterilerin kullandig1 karbon kaynaklar1 ise; Dextrin, Glycogen, Tween 40, D-
Cellobiose, D-Fructose, L-Fucose, D-Galactose, Succinamic Acid, cis-Aconitic Acid, a-D-
Glucose, D-Mannose, D-Melibiose, D-Psicose, Gentibiose, Sucrose, Turanose, Methyl
Pyruvate, Mono-Methyl-Succinate, D-Trehalose, Formic Acid, L-Alanyl-Glycine, Glycyl-L-
Glutamic AcidSuccinic Acid, Itaconic Acid, a-Keto Glutaric Acid, Bromo Succinic Acid, L-
Alaninamide, D-Alanine, L-Alanine, L-Aspartic Acid, L-Serine ve D,L-a-Glycerol Phosphate
olarak belirlenmistir. Bu c¢alismada aymi cins igerisinde yer alan bakteri strainlerinin
kullandiklar1 karbon kaynaklarinin benzerlik gosterdigi tespit edilmistir. Ancak tespit edilen
metabolik enzim profillerinin pathovar seviyesinde farkliliklar tagidig1 da goriilmiistiir.

MIS ve BIOLOG sistemle elde edilen sonuglar degerlendirildiginde fenotipik
farkliliklarin géstergesi olan metabolik enzim profillerinin ve yag asit kompozisyonuna ve
miktarma bagli olarak elde edilen yag asit profillerinin tani1 sonuglarinin benzer oldugu
gorilmiistiir. Her iki sistemin de bakteri strainlerinin tanisinda alt tiir seviyesinde basar ile
kullanilabilecegi saptanmistir. Birden fazla yontemin bir arada kullanilmasmin sonuglarin
giivenirliligini arttirdig1 agiktir. Ayrica kullanilan her bir yontem mikroorganizmalara ait farkli
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ozelliklerin ortaya konulmasini saglayacaktir. Bununla birlikte sonuglar her iki sisteminde tek
basina Xav, Pst ve P. viridiflava tiirlerinin tanisinda yeterli oldugunu gostermektedir.

SONUC

Igdir ilinde domates yetistiriciligi yapilan alanlar bakteriyel hastaliklar acisindan
incelenmis, Aralik, Tuzluca, Karakoyunlu il¢elerinden ve Igdir merkeze bagli Kasimcan, Oba,
Melekli koylerinden hastalikli drnekler alinmistir. Yapilan izolasyonlar sonrasinda yag asit
metil ester analiz sonuglarina gore 36 farkl tiire ait toplam 98 bakteri straini elde edilmistir.
Strainlere ait yag asit profilleri incelendiginde 98 strain igerisinde 11 tanesinin patojen tiirler (8
tanesi Xav, 2 tanesi P. viridiflava ve 1 tanesi Pst ) oldugu goriilmiistiir. Bu tiirlerle domates
fidelerinde yapilan patojenite testi ve tiitiinde yapilan HR testi sonucu da strainlerin patojenik
karakterde oldugunu gdstermistir. Strainlerin morfolojik ve biyokimyasal test sonuglarinin
patojenite testi sonuglari ile uyum ig¢inde oldugu belirlenmistir. Patojen bakteri strainlerinin
kullandiklar1 karbon kaynaklar1 ve kimyasallar Biolog Gen III Mikroplate sisteminde
degerlendirilmistir. Elde edilen metabolik profillerine bagli olarak strainlerin § tanesi Xav, 2
tanesi P. viridiflava ve 1 tanesi Pst olarak tanilanmis ve Xav strainlerinin 43, Pseudomonas
strainlerinin 46 farkli karbon kaynaklarini ve kimyasallar1 kullandiklari tespit edilmistir. Ayrica
Igdir ilinde Xav ve Pst patojenlerinin domateste hastaliga neden oldugu ilk kez bu ¢alisma ile
ortaya konulmugtur.
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Atik Esash Fibriller Biyocoziiniir Toprak Ortiisii
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OZET

Tarimsal faaliyetler, iilke ekonomisi ve kalkinmasi i¢in 6nemlidir ancak cevresel yan
etkileri oldukca fazladir. Bu zarar1 en aza indirmek i¢in siirdiiriilebilir, sorumlu {liretim ve tiiketim
desteklenmelidir. Tarim sektoriinde mevcut olarak kullanilan toprak ortiileri ve malglar petrokimya
esaslt sentetik malzemelerden yapilmaktadir. Uzun yillar dogada ¢oziinmeden var olmalart hem
dogaya hem de canlilara zarar vermektedir. Bu calismada Narli ve Vezir tohumlartyla elde edilen
kenevir, muz atiklarindan giibre iiretilirken agiga ¢ikan kisa elyaf ve tasiyici lif olarak Polilaktik
Asit (PLA) biyobozunur lif harmanlar ile toprak ortlisii elde edilmistir. Gelistirilen toprak
oOrtlistiniin, toprak nemini optimum seviyelerde tutmaya yardime1, kuru agirliginin ortalama 5 kati
kadar su veya nemi emme kapasitesinden dolay1 gelistirilen kumaslarin farkli iklim tiplerinde
kullanim1 amaglanmaktadir. Teknik nonwoven yapinin yabani ot biiylimesi gibi problemlere de
¢Oziim sunmas1 hedeflenmistir. Belirtilen 6zellikler eko-ambiyansi bozmadan saglanirken biyolojik
olarak pargalanip topraga karigsmasi sonucu siirdiiriilebilirlik saglanir. Optimum yapinin
olusturulmas igin farkli hammadde oranlarinda ¢esitli yap1 tasarim denemeleri yapilarak ilgili
temel testler uygulanmstir.

Anahtar Kelimeler: Kenevir, Muz lifi, Stirdiirtilebilirlik, Tarim, Toprak ortiisii
Waste Based Fibrillary Biodegradable Soil Mattress
ABSTRACT

Agricultural activities are essential for the country's economy and development, but their
environmental side effects are pretty high. Sustainable, responsible production and consumption
should be supported to minimize this damage. Soil covers and mulches currently used in the
agricultural sector are made from petrochemical-based synthetic materials. Their existence for
many years without dissolving in nature harms both nature and living things. This study obtained
soil cover with a mixture of hemp, a by-product of banana production, and PLA biodegradable fiber
as carrier fiber. A natural non-woven technical fabric has been developed that helps maintain soil
moisture at optimum levels and is intended for use in scorching climates due to its capacity to absorb
water or moisture up to 5 times its dry weight. The developed non-woven structures are aimed to
provide solutions to problems such as weed growth. While the specified features are provided
without disturbing the eco-ambiance, sustainability is ensured as a result of biodegradation and
mixing with the soil In order to create the optimum structure, various building design experiments
were carried out with different raw material ratios and relevant basic tests were applied.
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GIRIiS

Glinlimiizde ve nihayetinde gelecekte daha fazla olmak amaciyla iiretilen tiim tirlinlerde
cevreye verilen etkinin en aza indirilmesi, insan sagligi ve doga iizerindeki etkisini azaltmay1
amaclayan faktorlere sahip siire¢ ve malzemelere 6nem verilmektedir. Ham madde se¢iminden
uygulamaya, kullanima, geri doniisiimii ve atik yonetimine kadar tiim siire¢ boyunca tiim
adimlar dikkate alinmaktadir. Insanin temel ihtiyaclar1 arasinda bulunan gida ve iiretim
stireclerinin kirlilik ve g¢evresel bozulmalarinin azaltilmasi ile birlikte enerji, su ve diger
kaynaklarin kullaniminda verimli olmak gliniimiiziin temel amaglar1 arasindadir. Bu amag
dogrultusunda CO2 emisyonlarin1 %55 azaltmak 2030 i¢in kiiresel bir Avrupa hedefidir. Bu
nedenle, tarimda cevresel etkileri azaltmak, Avrupa tilkelerinde enerji ve ¢evre politikalarinda
bir oncelik haline gelmistir.

Kiiresel 1sinmayla birlikte iklimlerde gézlemlenen farklilagmalarla beraber ani sicaklik
degisimleri daha sik yasanmaya baglamistir. Bu durumda ekilen bitkiler i¢in toprak isisini
korumak gittikce onemli hale gelmektedir (Olle ve Bender, 2010). Su kaynaklarimizin da giin
gectikce azaldigt bu donemde daha akilli tarim yapmamiz gerekmektedir. Bu amaglar
dogrultusunda mevcut tarim stratejilerinde toprak yilizeyinin malglama sonucu 1s1k gegirmez
materyallerle kaplanmasi her gegen giin artmaktadir (Kuzucu, 2021). Topragin malglanmast;
meyve lretiminde topraktaki yumusakligr ve verimliligi korumak, toprak besinleri ve su i¢in
yabanci ot rekabetini azaltmak, toprak sicakligi ve nem asiriliklarini iliml hale getirmek, yararli
eklembacaklilar i¢in bir yasam alani saglamak ve toprak erozyonunu en aza indirmek i¢in
onemlidir (Ramakrishna, 2006; Jordan, 2010; Bakshi, 2015; Garcia-Diaza, 2017; Manna,
2018).

Petrol bazli malzemelerden iiretilen sentetik malglar, tarimda yaygin olarak
kullanilmaktadir ancak bu malzemelerle ilgili sorunlar canli malglara kiyasla artan akis, bertaraf
ve depolama endiseleri ayrica uzun vadeli bir stratejik yonetim olarak 'sertifikali organik’
iretimde kisitlamalar1 igerir. Organik {riinlerin tiiketimi giiniimiizde hizla artarken bu
genisleyen liretim sistemi i¢in ¢ok az alternatif bulunmakta denebilir (Abouziena, 2003). Bu
durumun Oniine gegebilmek igin gesitli dogal malg¢ malzemeleri kullanilmaktadir. Bunlar;
saman, birbirinden farklt mahsul artiklari, yaprak dokiintiileri, talaslar, aga¢ kabuklari, cakil
veya kirma taglaridir (Poesen, 1991). Dogal malglarin sentetik malglara gore ekolojik olarak
daha avantajli olsa da baz1 mal¢lamalarda yabani ot tohumlar1 bulunabilmekte ve siiregte sikinti
yaratabilmektedir.

Kullanilan toprak ortiilerinin fiziksel bir bariyer olusturmasi ile 151k gegirgenliginin 6niine
gecilmekte ve bu sayede yabanci ot kontrolii saglanmaktadir (Wilen, 1999; Datta, 2005; Subba,
2015; Manna, 2018). Boylece bitkinin korunumu saglanarak bitkinin verimliligi biiyiik
oranlarda artirilabilir. Bitki yetistirilirken biiylimenin ilk déneminde goriilen erken don, bitki
icin 6nemli risk igerir ve bu da tiim tarlalarda 6nemli hasara neden olabilir. Bu tiir riskleri en
aza indirmek i¢in tarimsal tekstiller kullanilir ve erken bitki liretiminin dogrudan maliyetini
ortlistiz ekime kiyasla %40 ile %124 oraninda artirir (Rebarz, 2015).

Bu amaglar dogrultusunda toprak yiizeyi ince bir plastik filmle kaplanmaktadir (Yao,
2014). Plastik kullanimi gizli 1s1 akigint azaltir ve topraga olan hassas 1s1 akigini arttirir. Diger
kaplama tiirlerine kiyasla daha fazla isitma saglamaktadir (Echer ve ark., 2015). Ancak
kullanilan bu petrokimya esasli malzemeler yliksek verim saglayan 6zelliklerinin bulunmasinin
yaninda problemler de yaratmaktadir. Dogada bozunmalari ¢ok uzun yillar siirmekte ve
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bozunmaya basladiklarinda da gevreye zararli kimyasallar yaymaktadirlar (Haifeng Gu, 2021).
Bu kimyasallar, giin gegtikge azalan su kaynaklarimizi kirletmekte ve besin zincirlerine girerek
yasayan canlilar igin biiyiik bir tehlike olusturmaktadir (Atucha ve ark., 2013).

Calisma, hedefler dogrultusunda alternatif iirlin ile ¢6ziim Onerilerine odaklanmaktadir.
Calismanin temel amaci dogaya bir¢ok yonden zararli olan petrokimya esasli sentetikler yerine
biyobozunur, ¢evreye zarar vermeyen, dogada atik birakmadan yok olabilen dogal
hammaddeler kullanmaktir. Bu baglamda hammadde olarak dogal elyaflarin kullanilmasi
degerli bir katki olabilir. Kumas yapisi olusturulurken kenevir, muz atik lifi ve PLA’ dan
yararlanilmistir.

Kenevir, son yillarda oldukga artan bir ilgiye sahip yenilenebilir bir malzemedir (Jiangbo
Liao, 2020). Kenevir, cannabinacea ailesinden tek yillik bir bitkidir. Kendi tiirii igerisinde esrar
orani yiiksek ve diisiik olanlar bulunmaktadir (Hillig, 2005). Esrar orani diisiik olan tiirler
endiistriyel amagli kullanilmaktadir (Gilmore ve ark., 2007). Yiiksek govde verimi ve
govdedeki yiiksek sak lifi i¢erigi, genel olarak kenevir lifi (Cannabis sativa L.) i¢in 6nemli
ozellikler olarak kabul edilmektedir (S.Sankari, 2000). Endiistriyel kenevir, siirdiiriilebilir bir
tekstil lifi kaynagi olarak biiylik potansiyele sahip, yiiksek verimli, ¢evre dostu bir lif
mahsuliidiir (Paolo Ranalli, 2004). Diinyanin en popiiler dogal tekstil lifi olan pamugun aksine,
kenevir ekimi ¢ok az su ve bocek ilac1 gerektirir (Cherrett, 2005; Vandepitte, 2020). Kenevir
bitkisinin hasadi sonrasinda saplardan lifler ayrilir. Saplardaki odunsu bdliimlerin
uzaklastirilmasi ile liflerin ortaya ¢ikartilmasi hedeflenir. Bu islem mekanik, ¢igde bekletme,
havuzlama, kimyasal islem ve enzim uygulamalar1 gibi yontemlerle yapilabilir (Gedik, 2010).

Kenevir liflerinin iiretiminde yiiksek su tiiketiminin olmamasi, giibre ve tarim ilacina
ihtiya¢ duymadan yetistirilebilmesi gibi nedenlerle toprak ve ¢evrenin korunmasini amaclayan
organik tarim {iiretimi i¢in uygunlugunu goéz Oniine sermektedir. Ek olarak kenevir, {iriin
rotasyonuna uygun bir bitki oldugundan yabani otlar1 yok ederek sonraki dénem igin iiriine
zengin bir toprak yapis1 birakmaktadir.

Mugz lifi, bitkinin gévdesinden elde edilen dogal bir sak lifidir (Ravi ve ark., 2015). Muz
lifi, muzun hangi kismindan ¢ikarildigina baglh olarak, farkl agirlik ve kalinliklarda bir dizi
farklr tekstil tirtinii yapmak i¢in kullanilabilir (Bulut ve Erdogan, 2011). Muz bitkisi donemsel
olarak verimin artirilmasi i¢in gévdesinden kesilir ve bu kisimlar yetistirilme bolgelerinde
glibre olmast igin atik olarak kullanilir (N. Venkateshwaran, 2011).

Polilaktik asit (PLA), yinelenen laktik asit birimlerinden olusan alifatik poliesterler
grubuna giren bir polimerdir. En 6nemli 6zelliklerinden biri; misir, seker kamigi ve bugday gibi
nigasta zengini bitkisel kaynaklardan iiretilen biyo-¢6ziiniir ve giibrelenebilir (compostable) bir
termoplastik polimer olmasidir. Yenilenebilir kaynaklardan iiretilen %100 biyobozunur PLA,
dogada 0-2 yil gibi kisa bir zaman periyodunda kendiliginden yok olmaktadir. PLA dogada
higbir tehlike yaratmadan parcalanabilen ve degredasyonu sirasinda bulundugu topragi
kirletmeyen ekolojik bir polimerdir (Ray ve Bousmina, 2005).

Istenilen ozelliklere en uygun bicimde ortiiniin incelik ve gramajinda farkliliklar
yapilabilmektedir. Yapilan benzer ¢caligsmalara gore ortlinlin gézeneklilik, yigin yogunlugu gibi
ozelliklerine bakilarak bitkinin ve topragin verimliligini artiracagi diisiiniilmektedir (Bengal,
2016; Sarkar ve ark., 2018).
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MATERYAL VE YONTEM
Kenevir lifleri

Kullanilan kenevir lifleri endiistriyel amacli olup yerli Narli ve Vezir adli Tiirk
tohumlarindan elde edilmistir. Lifler enzimatik islemlerini gormiis ve islenebilir halde Marmara
Universitesi biinyesinde bizim tarafimizdan temin edilmistir.

Mugz lifleri

Muz lifleri Alanya boélgesinden lokal olarak temin edilmistir. Alanya bolgesinde gévde
atiklarindan gilibre elde edilmesi iizerine gelistirilmis sistemin atik lifleri kullanilmastir.
Kompostlama siirecinde lifler olduk¢a kisalmis ve belirli noktalarda topakc¢ik haline
gelmislerdir. Muz lifi biyolojik olarak dogada parcalanabilen ve cevreye olumsuz etkisi
olmayan, cevre dostu bir lif olarak siniflandirilir. Muz lifi tiretiminin bir faydas1 da bitki
artiklarint geri dontistiirerek, ¢cevreye ve ekonomiye art1 deger katmasidir (Manickam ve ark.,
2016; Sivaranjana, 2021).

Polilaktik asit (PLA) lifleri

Bu calismada Polilaktik asit lifleri tasiyict elyaf olarak secilmistir. Erime sicakliginin
diger lifler ile uyumlu olmasi tercih sebeplerinden biridir. PLA hammaddesi Marmara
Universitesi Tekstil Mithendisligi Boliimiiniin anlagmali oldugu firmalardan temin edilmistir.

Nonwoven kumas olusumu

Calismadaki numune tiretim siireci Sekil 1°de gosterildigi iizere gerceklestirilmistir.
Ilgili testleri yapilan lifler, akis semasindaki sirayla islenmis ve numuneler olusturulmustur.

Kenevir Elyafi

=

Tulbent Yapi Formu

!''N

Sicak Pres Prosesi Son Uriin

Muz Elyafi

Polilaktik Asit

Farkli Yapi
Tasarimlari

PLA Elyafi

Sekil 1. Yapi1 olusumu iglem akist
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Tarama siireci

Genel tekstil uygulamalarinda harmanlama isleminden sonra tarama yapilmaktadir.
Tarama islemi demet halinde beslenen hammaddelerin lif halinde tek tek agilma islemidir. Sekil
2’ de tarama siireci adim adim verilmistir. Bu islemde; kabuk, ¢ekirdek parcalar1 ve toz gibi
yabanci maddeler disinda kisa elyafin da uzaklagtirllmasi amaglanmaktadir. Calismada
kullanilan muz liflerinin bir kismi, kompostlama siirecinin yan iirlinleri olmalar1 sebebi ile sert
topakgiklar halinde tarama isleminden ge¢mistir. Bu siiregte taraklar bu kisimlar1 acamamis ve
tarama islemi sonucunda telef olarak ayrilmislardir. Kisa muz lifleri, telefleri azaltmak icin
PLA lifleri ile harmanlanarak tarama islemine sokulmustur. Kenevir, Muz ve PLA
harmanlarindan agilan lifler, paralellestirilerek tiilbent haline getirilmistir.

Sekil 2. Lif Harman ve Tarama Siireci

Sicak pres islemi oncesinde numunelerin istenilen 6zellikleri karsilayabilmesi amaciyla
farkli hammadde yiizdeleri ve ¢esitli yap1 tasarimlari planlanmistir. Burada caligmadan
istenilen sonuclar1 elde edebilmek amaciyla 3 farkli yap1 tasarimi olusturulmustur. Cizelge 1°de
numunelerin icerdigi hammadde yiizdeleri ve yapi tasarimlar1 gosterilmistir.

Cizelge 1. Olusturulan Numunelerin igerik Oran1 ve Yap1 Tasarimlari

Numuneler Kenevir Orani Muz Lifi Orani PLA Orani (%) Yap1 Tasarimi

(%) (%) mm : Kenevir, mmm: Muz + PLA
Numune 1 25 25 50 e —
Numune 2 75 12.5 12.5 P ——
Numune 3 75 12.5 12.5 —
Numune 4 60 20 20 —_—
Numune 5 60 20 20

Sicak pres siireci

Sekil 3’te farkli harman ve yap1 kombinasyonlarindan olusmus ylizeyler, sicak pres ile
PLA liflerinin eriyik haline gelmesi sonucu diger liflere tutunmus ve yapi1 sabitlenmesi
saglanmistir. Bu uygulama ile yiizeylerin sicaklik karsisinda fikse islemi saglanmis olmaktadir.
Kullanim siiresince minimum boyutsal degisim kullanim verimliligi i¢in 6nemlidir.
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Numune 1

Numume 2 ve 4

Numune 3 ve 5
o~

—~

Sekil 3. Numunelerin Yapi Tasarimlar1 ve Preslenmis Goriintiisii

Sekil 4’te Numune 5 ve Numune 3’iin sicak pres sonrast OLYMPUS SZ-PT marka kumas
mikroskobu ile elde edilen goriintiileri verilmistir. Numune 5’ de yiizey yap1 goriiniimiinde
herhangi bir PLA eriyiginin olmadigin1 ancak Numune 3’te PLA liflerinin erime sicakligina
ulagsmasiyla ylizeyi kapladigi goézlemlenmistir. PLA eriginin yapt mukavemet degerleri
izerindeki etkisine ilerleyen asamalarda bakilmistir.

Sekil 4. Sicak pres sonrasi numune goriintiileri; Numune 5 ve Numune 3

BULGULAR VE TARTISMA

Numuneler 24 saat boyunca standart atmosferde, 20 = 2 °C sicaklikta, 65 + 4 % bagil nem
sartlarinda kondisyonlanmis ve gerekli testler bu kosullarda gerceklestirilmistir.

Elyaf Ozelliklerinin Degerlendirilmesi
Lif goriintiileri

Sekil 5 OLYMPUS CH-2 marka cihazda 40 kat yakinlastirma ile ¢ekilmistir. Verilen lif
goriintiileri nonwoven kumasta kullanilan yapilarin genel yapisin1 vermektedir.
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Sekil 5. Mikroskobik Lif Goriintiileri; a- Kenevir Lifi, b- Muz ve PLA Lifi, c- Kenevir, Muz ve PLA Lifi

Ortalama lif uzunluklar

Kenevir liflerinin uzunlugu, ASTM D 1577-96 yontemine gore Sl¢iilmiistiir. Sonuglar
i¢in en az 100 lif numunesi 6l¢tilmiistiir.

Cizelge 2. Kullanilan Liflerin Ortalama Uzunluklari

Kullanilan Lifler Ortalama Lif Uzunluklari (cm)
Kenevir 4.68
Muz 3.42

Lif mukavemet testi

Cizelge 3. Lif Mukavemet Testi Sonuglari

Kopma Kopmadaki Cekme Maksimum yiik
Standartinda Gerinimi (%) (Newton)
Uzama (mm)
Kenevir Elyafi 1.231 8.439 2.579
Muz Elyafi 1.265 8.215 2.283

3.0-

Uz Elyafi

e Kenevir Elyafi

Mukavemet (N)

0.00102030405060708091.01.11.21.31415161.71.81.92.0
Uzama (mm)
Lif nem ¢cekme testi

Tekstil liflerini 6nemli 6zelliklerinden biri de belli sicaklik ve bagil rutubette su

absorplama yetenegidir. Absorplanan nem miktar1 elyafin tiiriine ve bulundugu ortamin
rutubetine gore degisiklik gostermektedir.
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105 °C’ lik etiivde 1 saat siireyle sabit bir agirlik elde edilinciye kadar kurutulur. Sonra
desikatore alinir, sogutulur ve tartilir. Etiive konulan agirlik ile son agirlik arasindaki farkin %
olarak ifadesi lif 6rneginin nemini gosterir.

Cizelge 4. Kullanilan Liflerin Nem Testi Sonuglari

Kullanilan Lifler Bagil Nem (&) Mutlak Nem (%0)
Kenevir 7.466 8.073
Muz 7.912 8.591

Kumas Ozelliklerin Degerlendirilmesi
Kumas gramaj ve mukavemet degerleri

Numunelerin gramaj degerleri ASTM D 3776 standardina, kalinlik tayini TS EN ISO
9073-2 standardina uygun olarak bulunmugtur. Numunelere toplamda 10’ar kez uygulanan
testin sonuglari aritmetik ortalama ile hesaplanmistir. Instron Evrensel Cekme Test Cihazinda
uygulanan ¢ekme mukavemeti tayini ASTM DI1682-64 standart test yontemi izlenerek
bulunmustur.

Cizelge 5. Uretilen Numunelerin Ortalama Incelik, Gramaj ve Cekme Mukavemet Degerleri

Numuneler Ortalama Kumas Kumas
Incelik Degerleri Gramaj Degerleri Mukavemeti
(mm) [g/m?] [cN.(text)]
Numune 1 4.3 499 1421
Numune 2 4.89 648 1.617
Numune 3 5.04 562 2.182
Numune 4 4,75 559 1.846
Numune 5 3.96 487 1.387

Elde edilen numunelerde incelik ve gramaj degerlerini etkileyen degiskenlerden birinin
kat yapis1 oldugu diisiiniilmektedir. Elde edilen numunelere bakildiginda 2 ve 3 numarah
numunelerin igerik oranlart ayni iken tercih edilen yapi dolayisi ile Numune 3’ iin daha
mukavemetli oldugu tespit edilmistir. Bunun sebebi dis yiizeydeki eriyik PLA’nin kumas
yapisini sabitlemesi olabilir. Numunelerdeki kenevir orani ile ¢ekme mukavemetinin dogru
orantil1 oldugu kesfedilmistir. Ote yandan kulland1gimiz muz liflerinin kompostlama ve tarama
stirecleri sonunda oldukga kisa olmasi, kenevir ve PLA’nin sagladigi mukavemet degerlerini
olumsuz etkiledigi ortaya ¢ikmistir. Ayrica bazt numunelerde sicak preste PLA’nin yanmas lif
ozelliklerine zarar verebileceginden mukavemet degerlerinde bazi farkli sonuglar
dogurabilecegi 6n goriilmektedir.
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Hava gecirgenlik testi sonuclari:

Hava gecirgenlik testi TS 391 ISO 9237 standardina uygun olarak yapilmistir. Bir
kumasin hava gegirgenlik 6zelligi; elyaf, iplik ve yap1 formu ile etkilenmektedir. Kumasin hava
gecirgenlik 6zelligi neme karst korunumu bakimindan da oldukga énemlidir.

Cizelge 6. Uretilen Numunelerin 25Pa Basing Altinda Hava Gegirgenlik Degerleri

Numuneler Hava gegirgenlik degerleri [L.(dkD)]
Numune 1 24
Numune 2 17
Numune 3 24
Numune 4 23
Numune 5 25

Kumas agirliginin artmasiyla hava gegirgenlik degerinin diistiigii goriilmektedir. Bunun
nedeni kumas numunelerinin agirliklarinin artmasiyla daha kompakt bir yap1 kazanmasi sonucu
kumas igerisinden gegen hava akimina direnmeyi saglamasidir. Bu davranis, dokunmamis
kumasin az gozenekliligi ve kalinlig1 nedeniyledir.

Ote yandan sicak pres islemi esnasinda eriyen PLA liflerinin hava gecirgenligi
azaltabilecegini fakat oldukca diisiik miktarlarda tercih edildiginden bu durumun sonuglarda
cok biiylik bir degisiklige sebep olmadigi gozlemlenmistir. Kullanilan muz liflerinde
taranamayan topcuklarin c¢ogunlukla bulundugu bolgelerde kumas hava gegirgenliginin
azaltabilecegi ama bu bolgelerin 1 cm?’den fazla olmamasi ve kumas genelinde ¢ok fazla
bulunmamasiyla hava gecirgenligini ¢cok fazla etkilemeyecegi 6n goriilmektedir.

Farkli yap1 tasarimlarinin sicak presleme siirecine giren numuneler iizerinde farkli hava
gecirgenlik degerleri sagladigi diisiiniilmektedir. Numune 2 ve Numune 3’iin igeriklerinin ayni
olmasi fakat yapisal 6zellikleri sebebi ile farkli hava gecirgenlik degerlerine sahip oldugu
gozlemlenmistir. Numune 2°de kenevirlerin dis yiizeyde yer almasi sebebi ile hava tutumunda
daha iyi ozellikler gosterdigi diisiiniilmektedir.

Islanabilirlik (yagmur test yontemi) testi

Islanabilirlik Testi AATTC 35 standardina uygun olarak siddetli yagmurda havaya maruz
kalan kumaslarin su gecirmezligini simiile etmektir. Numune 3 ve Numune 5’te 70 1SO 2;
Numune 1,2 ve 4’te ise 50 ISO 1 sonuglar1 alinmistir.

Numune 3 ve Numune 5’ in teste maruz kalan ylizeylerinde PLA liflerinin yiizeyi orterek
1slak kalabilecek noktalarin azalmasina yol agmasi sebebi ile benekli bir 1slaklik durumu
gozlemlenmistir. Kenevirden dig ylizeye sahip diger numunelerde daha islak bir yiizey
goriinimii gbzlenmistir. Numune 1 ve Numune 2’nin harman degerlerindeki farklar sonucu
etkilememis, burada suyun temasta oldugu yiizey liflerinin sonucu daha fazla etkiledigi
diistinilmistiir.
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AATCC
STANDARD SPRAY TEST

RATINGS

Y
7.

(100150 5) (90150 4) (80150 3)

LA

(50150 1)

WETTING OF PARTIA OF SPECIM

Sekil 6. Islanabilirlik Testi Standartlar:
Su emme kapasite testi

Su emme kapasite testi TS 866 numarali standart esas alinarak yapilmistir. Her numune
icin on Ol¢lim yapilmis ve dlgiimlerin aritmetik ortalamasi alinmistir. Su emicilik testi i¢in her
bir kumastan bes adet numune hazirlanmis ve agirliklar1 Olciilerek kuru agirlik olarak
kaydedilmistir. Bir dakika siire ile oda sicakliginda suyun igerisinde bekletilen numunelerin
iizerindeki fazla suyun uzaklastirilmasi igin {i¢ dakika siire ile asilmistir. Olgiilen sonug yas
agirlik olarak kaydedilmistir.

Cizelge 7. Uretilen Numunelerin Su Emme Kapasite Degerleri

Kuru Yas Su Emme
Numuneler Agirlik (g) Agirlik (g) Kapasitesi (%)
Numunel 5.04 15.17 200.992
Numune2 6.47 36.89 470.170
Numune3 5.68 33.05 481.866
Numune4 3.61 15.25 322.437
Numune5 4.69 29.59 530.916

Dokunmamis kumas numunesinin su tutma yiizdesinin oldukca yiiksek oldugu
sonuclardan agikca goriilmektedir. Bunun nedeni dokunmamis kumasta bulunan gézeneklerin
sayisinin dogal yapisi nedeniyle oldukca yiiksek olmasidir. Ayrica nonwoven kumas, kalinlig
nedeniyle hacimlidir. Bu sonug¢ hava gegirgenlik ¢alismalari ile iliskilendirilebilir olup ileride
yapilabilecek benzer caligmalarda detayli olarak incelenebilir. Elde edilen sonucglara dikkat
edildiginde su emme oranmin kumas igerisindeki kenevire gore etkilendigi goriilmektedir. Ote
yandan PLA’nin nem ¢ekmesinin yok denecek kadar az olmasindan kaynaklanacak sorunlarin
oniline gecebilmek i¢cin PLA olabildigince az oranlarda kullanilmistir. Numune 2 ve 3, en
yiiksek kenevir oranina sahip oldugundan oldukga iyi bir su emme oranina sahiptir. Numune 1
ise en diisiik kenevir oranina sahip olmasiyla birlikte oldukc¢a diisiik bir sonug elde edilmistir.
Numune 5’teki yliksek sonucun sebebi ise yiikksek kenevir oraninin disinda hava
gecirgenligindeki gibi kumas inceliginin etkili oldugu diisiiniilmektedir.
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Isik gecirgenlik testi

Isik gegirgenlik testi kumasin giin 15181 altinda gecirgenlik Ozelliklerini test etmek
amaciyla test diizenegi bizim tarafimizdan olusturulan in-House bir testtir. Disaridan 151k
gecirmeyen bir kutu igerisinde giin 151811 taklit etmek amaciyla D65 ve D5000 aydinlatma
kaynag: kullanilmistir. Numunelerden gecen 1518in siyah plaka {izerine yansiyan miktariin
gbzlemlendigi bir testtir.

1SIK
KAYNAGI

KARANLIK
KUTU

NUMUNE

NUMUNEDEN SIYAH PLAKA
GECEN ISIK GOLGESI

Sekil 7. Kumasin Isik Gegirgenlik Ozelliklerinin Degerlendirilmesi icin Ol¢iim Diizenegi

Numunelerin gozenekli olmalari, 151k gecirgenligini arttiran bir 6zelliktir. Bu nedenle
hava ge¢irgenligi diisiik olan ve kalin olan numunelerin 151k gecirgenligi daha diisiiktiir. Bu
durum gorsel olarak analiz edildiginde 151k siddeti kaynakli ton farklari gozlemlenmistir.
Kumasin nemli olmasi 151k gegirgenligini azaltmaktadir. Kumasin nemlenmesi liflerin
sismesine neden olur ve doku yapist kuru duruma gore daha sikilagir. Dolayisiyla nemli
numunelerde gozenekler daha kapalidir. Isik temasi ve sicaklik yansima degerleri farkl test
metotlartyla analiz edilmesi ¢aligmanin devaminda yapilacaktir.

SONUC

Calisma i¢in gelistirilen birden fazla numuneye yapilan testler incelenmis ve gerekli
degerler bulgular kisminda belirtilmistir. Bu degerler icerisinde 6zellikle odaklanilan hava
gecirgenlik degerinin oldukga yiiksek olmasi ve 15181 gecirmemesi kumasta istenen 6zelliklerin
gerceklestirilebilecegi lizerine 6nemli bulgulardandir.

Ote yandan ortiiniin; bitki, toprak ve cevre iizerindeki uzun vadeli etkisi bulundugumuz
asamada gerekli zamanin uzun siireclere yayilmasindan dolay1 bilinememektedir. Literatiirde
heniiz iizerine ¢alisiilmamis olan farkli hammaddelerden elde ettigimiz ortii, Tiirkiye’deki
siirdiiriilebilir agrotekstil calismalar1 i¢in bir baslangic olup ilerleyen siirecte daha farkli
hammaddeler ile ¢alisilabilecegi diistiniilmektedir.

TESEKKUR

Bu ¢alisma, TUBITAK 2242 Universite Ogrencileri Arastirma Proje Yarismalar1 tarafindan
desteklenmistir.
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