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Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin liglincli sayisini yayin
hayatina sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and
Biotechnology” dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan
uluslararasi hakemli acik erisimli akademik bir elektronik dergidir.

Tiirkiye’de Yasam Bilimleri, Biyoloji, Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida
Biyoteknolojisi ve Genetik alanlarindaki ilgili arastirmacilara, kurum ve kuruluslara teorik ve
pratik uygulamalarda katki saglamay), tarafsizlik ilkesi ve bilim etigi ilkelerine bagl kalarak
¢6zlim temelli, yenilikci ve katma degeri olan ¢alismalara odaklanan, giinceli ve gelecegi tartisan
¢alismalarin yayinlanmasini hedeflemektedir.

Bu diisiincelerle tliglincii sayisini yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Katki /
Elestirileri ile degerlendirme stireclerine katkilarindan dolay1 hakem ve yayin kurullarinda yer
alan kiymetli bilim insanlarina ylirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek
timidiyle...
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From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to
present the third issue of the journal. "International Journal of Life Sciences and Biotechnology" is
an international double peer-reviewed open access academic journal published on the basis of
research- development and code ofpractice.

The aims of this journal are to contribute in theoretical and practical applications in relevant
researchers of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food
Biotechnology and Genetics institutions and organizations in Turkey, and to publish solution
based papers depending on the principle of impartiality and scientific ethics principles, focusing on
innovative and added value work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles,
valuable scientists involved in editorial boards and reviewers for their contributions to the
evaluation processes with through their opinions/ideas/contributions/criticisms in third issue of
"International Journal of Life Sciences and Biotechnology". Hope to see you in the nextissue...
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Bitki Probiyotik Bakteriler: Bitkiler Uzerindeki Rolleri ve
Uygulamalar

Cigdem Kiiciik*

OZET MAKALE GECMIiSi
Artan niifus dolayistyla hayvansal ve bitkisel besin maddelerine karsi yiiksek talep, Gelis 05 Aralik 2018
toprak verimliliginin korunmasi {izerine endiselerin artmasi sonucu kimyasal Kabul 30 Ocak 2019
giibrelere alternatif arayislari baglatmistir. Bitki probiyotik bakteriler, kimyasal

giibrelerin kullanimini azaltarak, ¢evre korunmasina odaklanmistir. Bitki probiyotik ANAHTAR
bakteriler, gelismeyi tesvik eden ve kok bolgesinde kolonize olan toprak KELIMELER
bakterileridir. Bitkinin bitki probiyotik bakterilerin belirli suslari ile agilanmasi, Bitki probiyotik
bitkinin kok ve siirgiinlerin gelisimi {izerine dogrudan etki etmektedir, biyokiitle bakteriler,
tretimini arttirmaktadir. Bu bakteriler ayrica, {iriin kalitesinin artmasina da yardimci biyogiibre, bitki
olmaktadirlar. Bu nedenle, bitki probiyotik bakteriler olarak adlandirilan bu gelisimini tesvik,
mikroorganizmalar, biyogiibre olarak kullanimlar1 ile diinya niifusunun aktif mekanizmalari

stirdiiriilebilmesi i¢in gida ve yemin iiretimine katkida bulunacak ¢evre dostu olarak
tanimlanmislardir. Bu derlemede, bitki probiyotik bakteriler olarak rizobakterilerin
bitki gelisimi lizerindeki mekanizmalar1 6zetlenmistir.

Plant Probiotic Bacteria: Their Role on Plants and Applications

ABSTRACT ARTICLE HISTORY
Due to the increasing population, high demand against animal and vegetable nutrients Received
has started to search for alternatives to chemical fertilizers as a result of increasing 05 December 2018
concerns about conservation of soil fertility. Plant probiotic bacteria, it is focused on Accepted

30 January 2019

protecting the environment, reducing the use of chemical fertilizers. Plant probiotic
bacteria are soil bacteria that promote growth and colonize in the root zone.
Inoculation of the plant with certain strains of plant probiotic bacteria has a direct

effect on the growth of the plant's root and shoots, which increases biomass production. KEY WORDS _
These bacteria also help to improve product quality. For this reason, these Plant probiotic bacteria,
microorganisms called plant probiotic bacteria, are defined as environmentally biofertilizer, promoting

plant growth, active

friendly, which will contribute to the production of food and feed in order to sustain .
mechanisms

the world population with their use as biofertilizer. In this review, the mechanisms of
rhizobacteria as plant probiotic bacteria on plant growth are summarized.

Giris

Gilinlimiizde, artan niifusun gida ihtiyacini karsilamak i¢in yapilan yogun tarimsal islemler;
zararli ve hastaliklar1 arttirdigindan pestisid kullanimini tegvik etmis, daha fazla verim almak
icin kimyasal giibrelerin kullanimini artirmigtir. Hem pestisid hem de kimyasal giibrelerin
kullanimi canlilarin sagligin1 olumsuz etkilemekte, ekosistemleri kirleterek yiizey suyu ve/veya

yeralt1 su kaynaklarinda birikmektedir. Diinya niifusunun 2050 yilinda yaklasik 9.5 milyara

! Harran Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Boliimii, Sanliurfa
* Correspondence: ckucuk@harran.edu.tr



ulasacagi tahmin edildiginden [1], yliksek verimli, biyotik ve abiyotik streslere karsi daha
direncli irlinler yetistirmek i¢in ¢evre ile dost yeni uygulamalarin bulunmasi zorunlu hale
gelmistir [2]. Diger yandan gelismis ve gelismekte olan iilkelerde daha yiiksek kaliteli ve
saglikli gidalara olan talep artig gostermistir [3]. Bu anlamda, mikroorganizmalarin 6zellikle
bakterilerin, bitki gelisimini tesvik ediciler olarak bitki probiyotiklerinin birlikte kullanilmasi,
pestisid ve kimyasal giibre kullaniminin azaltilmasini saglayarak, bitkisel verimin arttirilmasi
ve daha kaliteli tirlinlerin elde edilmesine imkan vermistir [3, 4]. Bitki probiyotik bakteri terimi
ilk kez Haas ve Keel [5] tarafindan bitkilerin yararlandigi bir grup mikroorganizma igin
tanimlanmistir. Bu organizmalar i¢in ii¢ temel kriter belirlenmistir; bunlar; i) rhizosfer
kolonizasyonunda etkinlik ve rekabet giicli, ii) konakgilarinda indiiklenmis sistemik (ISR)
diren¢ olusturma, iii) patojenler lizerine dogrudan antagonistik oOzellik gdstermeleridir.
Kloepper ve Schrot [6] ise daha 6nce bu bakterileri, bitki gelisimini tesvik eden rizobakteriler
(PGPR) olarak adlandirmistir. PGPR, bitkilerin ¢esitli yollardan {iiretkenliklerini,
bagisikliklarini iyilestirme yetenegine sahip olan, dogal olarak bulunan toprak bakterileridir.

Bu toprak bakterileri bitki rizosferinde bulunur [6].

Bitki probiyotik bakterileri; ana bitki ile etkilesimlerine gore iki gruba ayrilarak
simiflandirilmastir; (i) bitki hiicreleri disinda yasayan ve rizosfere saldiklari metabolitlerin bir
sonucu olarak bitki biiylimesini arttiran serbest yasayan rizobakteriler ve (ii) bitki dokularinda
ve/veya hiicrelerinde yasayan, kendi metabolizmasini dogrudan konake1 bitkiyle degistiren ve
bitki gelisimlerini olumlu yonde etkileyen endofitlerdir [7]. Endofitik bakterilerin ¢ogu,
konakg1 bitkinin hiicreler arasi alanlarinda yasar; bununla birlikte, konakgilar1 ile tamamen
karsilikli etkilesimler olusturabilen ve i¢inde bulundugu bitki hiicresine niifuz edebilen bazi
bakteriler vardir. Bu bakteriler bitki hiicreleri i¢inde bakteriyel farklilasma siirecinden gecerek
0zel yapilarin olugsmasina neden olurlar. En 1y1 bilinen simbiyotik bakteriler, baklagiller ile
simbiyotik bir iliski kuran atmosferik azotu fikse edebilen Rhizobium bakterilerdir. Bu
bakteriler genel olarak kok nodiilleri olarak adlandirilan 6zel bir kdk yapist olustururlar [8].
Bakteriyel azot fiksasyonunun gergeklestigi Alnus agacglari gibi aktinorhizal bitkilerde
nodiillerin olusumunu indiikleyen Frankia [9], siyanobakteriler ve sikadlar arasindaki simbiyoz,

diger simbiyotik iliskilere 6rnek olarak verilebilir [10].

Yapilan bir¢ok ¢aligmada, bitki probiyotik bakteriler ve bitki gelisimini tesvik eden bakterilerin
biyogiibre olarak kullanimimin bitkisel iiretim ve toprak verimliliginin artigina katkida
bulundugu agiklanmustir [1, 11, 12]. Bitkilerin gelisimi ve verimini iyilestiren bir veya birkag

bakteri formiilasyonunu igeren bakteriyal biyogiibreler son yillarda artis gostermistir. Bu
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bakterilerin; topraklardaki besinleri bitkilerin kullanabilecegi forma doniistiirerek, bitkilerin
besin maddelerine erigimini artirma yoluyla besin alimini etkiledigi bildirilmistir [ 13]. Bununla
birlikte, bu bakterilerin fitohormon biyosentezi, ¢evresel stresleri azaltma veya Onleme
mekanizmalar1 ile patojenlerin neden oldugu bitki hastaliklarinin 6nlenmesi gibi bitki
gelisimini desteklemek i¢in farkli mekanizmalara sahip olduklart agiklanmistir [13]. Bu
derlemede, bitki probiyotik bakterilerinin bitkiler lizerinde etkili olan mekanizmalari, bitkisel

verimi artiran ¢esitli bakteri izolatlar1 ile yapilan potansiyel uygulamalar 6zetlenmistir.

Bitki Gelisimini Tesvik Mekanizmalari

Rizobacteriler, asagida verilen etki mekanizmalarina gore gruplandirilabilen genis bir
mekanizma yelpazesi araciligiyla bitki gelisimini destekleyebilmektedir; (i) dogrudan bitkiler
tarafindan asimile edilebilen maddelerin sentezi, (ii) besinlerin mobilizasyonu, (iii) bitki stres
direncinin indiiklenmesi, (iv) bitki hastaliklarinin 6nlenmesidir [1]. Bitki gelisimini tesvik edici

Ozelliklere sahip bazi bakteriler Tablo 1'de verilmistir.

Tablo 1. Baz1 bitki probiyotik bakteriler ve bitki gelisimini tesvik mekanizmalari

Bitki gelisimini Bitki probiyotik bakteriler Konukgcu Bitki Kaynak

tesvik eden
ozellikleri

Azotobacter sp. cesitli tahillar, tiitiin,cay [14]

Bacillus sp. celtik [15]

Azot Frankia sp. Alnus cinsi agaglar [9]

fiksasyonu Rhizobium spp. baklagiller [16]

Pseudomonas sp. celtik [15]

Herbaspirillum sp. sorghum, musir, fasulye [15]

B.megaterium var. phosphaticum bugday, celtik [17]

B.subtilis bugday [18]

B.circulans bugday [19]

Fosfat Rhizobium sp. misir [19]

¢Ozintimi Bacillus sp. cilek [20]

Micrococcus sp. domates [20]

Pseudomonas sp. domates [18]

Flavobacterium sp. marul [20]

Bacillus sp. sudan otu, misir [19]

gooztzfliﬂl Paenibacillus sp. biber [19]

Pseudomonas sp. tiitiin [21]

Rhizobium sp. celtik [22]

Cinko Azospirillum sp. bugday [22]

¢oziiniimii B.megaterium bugday [22]

B.subtilis bugday [22]

L Bacillus sp. misir [12]

Bk'g(;:?é 'Ik Bacillus sp. domates [12]

Bacillus sp. hiyar [12]




Bacillus sp. biber, bugday [23]
Paenibacillus domates, biber, bugday, [24]
arpa
Pseudomonas sp. pamuk, misir, geltik, hiyar, [5]
domates
Streptomyces sp. kakao [25]

Molekiillerin ve Maddelerin Asimilasyon ve/veya Biyosentezi

Bitki probiyotik bakteriler ve azot fiksasyonu

Yeryiiziinde olduk¢a bol olmasina ragmen, bitkiler i¢in azot (N); aminoasitlerin olusumu ve
daha sonra proteinler i¢in gerekli olan besin maddesidir. Baz1 prokaryotlar, atmosferik azotun
organik formlara kombine edilmesi veya doniistiiriilmesi siirecini yonetmekte, bu da
nihayetinde bitkiler tarafindan asimile edilebilmektedir [14, 15]. Serbest yasayan rizobakteriler
arasinda Azospirillum, Azotobacter, Beijerinckia, Bacillus, Paenibacillus, Burkholderia,
Gluconoacetobacter ve Herbaspirillum tiirlerinin iiyeleri azot fikse edici mikroorganizmalar
olarak rapor edilmistir [15]. Azospirillum cinsi genellikle 1liman bolgelerdeki hububatlar ile
iligkili olup ayrica baz1 baklagillerde ve seker kamiglarinda bitki verimini arttirmistir [15, 26,
27]. Azotobacter‘in bazi izolatlar1 bugday, arpa, yulaf, ¢eltik veya misir gibi ¢esitli tahillar i¢in
biyogiibre olarak test edilmis; ay¢icegi, domates, pancar, tiitiin, ¢ay, kahve ve hindistan cevizi
gibi diger bitki tilirlerinde de etkinlikleri belirlenmistir [15, 28]. Gluconacetobacter,
Azospirillum ve Herbaspirillum cinslerine ait bazi tiirler seker kamis1 bitkisinin endofitleri
olarak bitki beslenmesinde rol oynayan azot fiksatorleri olarak hareket etmislerdir [14, 29].
Bacillus ve Paenibacillus cinslerinin serbest yasayan azot fikserleri oldugu tespit edilmis, bu
da onlar1 biyogiibre olarak uygulama igin uygun adaylar haline getirmistir [17, 30]. Ustelik,
serbest yasayan bu bakterilerin bazilari; ¢eltik koklerinde Azoarcus, Azospirillum ve
Burkholderia’nin bazi suslar1 ile bugday bitkilerinde Azorhizobium suslar1 bitki koklerinde
gelisme gostererek iirlin ve bitkilerdeki azot konsantrasyonunu artirmistir [29]. Ayrica, ¢eltik
ve bugday kokleri ile iligkili olarak bulunan Rhizobium ve Bradyrhizobium cinslerinin bazi
suslar1, bitki verimini ve bitkilerin besin konsantrasyonunu arttirmistir [22]. Diger yandan, bazi
diazotropik bakteriler, esas olarak kok nodiillerinin olusumu yoluyla bitki dokular1 iginde
karsilikli olarak simbiyoz kurabilmektedir. Bu simbiyozlar Rhizobium ile baklagiller, Frankia

ile aktinorhizal bitkiler ve siyanobakteriler ile sikadlar arasinda bulunmaktadir [10, 15].



Bitki probiyotik bakteriler tarafindan fitohormon biyosentezi

Bir¢ok bakteriyel endofit, bitki biiyiimesinin ve gelisiminin farkli asamalarindaki cesitli
siireclerde yer alan organik molekiiller olarak tanimlanan fitohormonlari sentezleyebilmektedir
[31]. Bu fitohormonlarin bazi mikroorganizmalar tarafindan biyosentezi bitki patojenezinde rol
oynayabilmis; bitki gelisimini tesvik edici Ozellikler olarak bitki biliylime ve gelismesine

katkida bulunmustur [32].

Oksinler, bazig bakteriler tarafindan {iretilen fitohormonlar olup, bakteriyel iletisim i¢in anahtar
sinyal molekiiller olarak tanimlanmistir [31]. Oksinler arasinda indol-3-asetik asit (IAA),
bitkilerde en iyi bilinen ve en aktif oksin'dir. Gibberellinler tohum ¢imlenmesinde, kok ve
yaprak biiylimesi, c¢icek indiiksiyonu, ¢igcek ve meyve gelisiminde; etilen ise meyve
olgunlagmasi, ¢icek agmasi veya yaprak dokiilmesi gibi gesitli siire¢lerin diizenlenmesinde
etkili olan bitki hormonlaridir. Bununla birlikte, tohum ¢imlenmesi, ikincil kok olusumu ve
kok-sa¢ uzamasimi da tesvik etmislerdir [31]. Bu fitohormonlarin hepsi bitki probiyotik
rizobakterileri tarafindan sentezlenmistir [32, 33]. Oksin iireten Bacillus spp.’in, patates
(Solanum tuberosum) veya geltik (Oryza sativa) gibi bazi bitkilerin gelisiminde olumlu bir etki
yarattigi bildirilmistir [31, 34]. Bacillus cinsinin bazi iiyeleri sitokinin {iireticileri olarak
tamimlanmustir [31, 35]. Bacillus megaterium ve Azotobacter chroococcum suslarinin sitokinin
irettigi ve hiyar biiylimesini destekledigi tespit edilmistir [36]. Liu ve ark. [35], sitokinin iireten
Bacillus subtilis suslar1 ile asilanmis mazi fidelerinin kuraklik stresine kars1 direngli oldugunu
saptamislardir. Baz1 Paenibacillus suslart da iyi birer fitohormon iireticisi olarak rapor
edilmistir [30]. Bent ve ark. [37] tarafindan yapilan bir ¢alismada Paenibacillus polymyxa'nin
bir susu ile asilanmis gam (Pinus contorta) fideciklerinin koklerinde yiiksek oranda IAA diizeyi
belirlenmistir. Paenibacillus cinsinin piring, arpa ve bugday bitkileri igin fitohormon fiireticisi
olarak etkinlikleri tespit edilmistir [34, 38]. Enterobacter, Serratia nematodiphila,
Sphingomonas sp., Serratia marcescens suslart da iyi birer fitohormon iireticisi olarak
saptanmis, seker kamisi, bugday, biber ve soya fasulyesi ile muamele edildiginde iiriin
verimlerini arttirmiglardir [27, 39, 40]. Rhizobium cinsi bakteriler de fitohormon sentezleyicileri
olarak tanimlanmistir. IAA freten rhizobial suslar, biber (Capsicum annuum), domates
(Solanum lycopersicum), cilek (Fragaria anannasa), kirmizi karanfil (Dianthus caryophyllus),
marul (Lactuca sativa) ve havug (Daucus carota) gibi bir¢ok iiriiniin gelisimini tesvik etmistir
[41, 42]. Nil deltasindaki tarlalardan izole edilen Rhizobium leguminosarum suslarinin, IAA
iretiminin yani sira, oksin ve gibberellin tireticileri oldugu incelenmistir [43]. Sphingomonas

cinsi de fitohormon tireten bakteriler olarak rapor edilmis; gibberellin iireten Sphingomonas sp.
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LK11 susu ile muamele edilen yoncanin gelisimi 6nemli 6l¢iide artmistir [44]. Asaf ve ark. [39]
soya fasulyesi gelisiminde; Sphingomonas ve Serratia suslari tarafindan salgilanan
fitohormonlarin olumlu etkisini agiklamiglardir. Fitohormon tiretici bitki probiyotik bakterilerin

bazisi, konukgulari ve tirettikleri fitohormonlar Tablo 2’de verilmistir.

Tablo 2 Fitohormon iireten bazi bakteriler ve konukgulari

Bakteri Fitohormon Bitki Kaynak
Bacillus subtilis Indol asetik asit (IAA) Soya fasulyesi [45]
Streptomyces acidiscabies Siderofor Yem bezelyesi [46]
Enterobacter sp. 1AA Burcak [40]
Spingomonas sp. LK11 1AA, Domates [47]
gibberellin
Sinorhizobium meliloti ACC-deaminaz Yonca [44]
Pseudomonas sp. ACC-deaminaz Bugday [48]
Serratia sp. ACC-deaminaz Bugday [49]
Pseudomonas sp. ACC-deaminaz Bugday [49]
Spingomonas sp. TP1 Jasmonik asit, Soya fasulyesi [39]
1AA,
gibberellin
Serratia marcescens I1AA Soya fasulyesi [39]
Bacillus subtilis TP5 I1AA Cam [37]
Stenotrophomonas chelatiphaga Siderofor Misir [50]
LPM-5
Stenotrophomonas chelatiphaga Siderofor Kanola [50]
LPM-5
Micrococcus yunnanensis YIM Siderofor Misir [50]
65004
Micrococcus yunnanensis YIM Siderofor Kanola [50]

65004

Baz1 bakteriler, bitkilerde etilen olusumunu hidrolize etmek i¢in ACC deaminaz (1-
aminosiklopropan-1-karboksilat deaminaz) iretmektedir. Bu nedenle, bu bakteriler bitkilerde
etilen seviyelerini diizenleyerek yiiksek etilen konsantrasyonlarinin olumsuz etkilerinin bir
kismin1 6nlemiglerdir [S1]. Ayrica bu molekiillerin Rhizobium sp. ve baklagil arasindaki
nodiilasyon olusumunda da onemli bir role sahip oldugu agiklanmistir [16]. Rhizobium
bakterileri arasinda ACC deaminaz {iiretimi yapan bir¢ok sus belirlenmistir. Rhizobium
leguminosarum suslart ACC deaminaz tiretimleri ile biber ve domates bitkisinin gelisimlerini
arttirmistir [ 16]. Ekzojen bir acdS genini (ACC deaminaz geni) ifade eden Ensifer meliloti susu,
yoncanin bitki gelisimini arttirmistir [44]. Mesorhizobium susundaki acdS geninin eksojen
ekspresyonu, tuz stresinde nohut bitkilerinin gelisimini tesvik etmistir [52]. Cok sayida

rizobiyal tiirlerin ACC deaminaz iiretebildigi tespit edilmesine ragmen, Pseudomonas cinsinin
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bu 6zel molekiiliin ilk treticisi oldugu bildirilmistir [53]. Shaharoona ve ark. [54], ACC
deaminaz igeren iki Pseudomonas susunun, degisen NPK besin diizeyleri ile bugday bitkilerinin
gelisimlerini ve verimlerini artirdigini bildirmislerdir. Magnucka ve Pietr [48], ACC iireten
cesitli Pseudomonas suslarinin bugday fidelerinin biiyiimesinde etkili rol oynadiklarini
bildirmislerdir. Zerrouk ve ark. [55] hurma rizosferinden izole edilen bir Pseudomonas susunun
gelisiminin, hem tuz hem de aliiminyum stresi altinda etkilenmedigini, misir bitkileri ile
asillanmasi sonucunda bitkinin iki farkli stres altinda da gelismesini tesvik ettigini
bildirmislerdir. Tuz stres kosullar1 altinda Rhizobium ve Pseudomonas m ACC deaminaz iireten
suslari, fasulyenin gelisimi, fizyolojisi ve kalitesinde 6nemli oranda artig saglamig; Serratia ve
Pseudomonas’in ACC deaminaz lireten suslari ise bugday bitkilerinin verimini artirmistir [49].
Suarez ve ark. [56], tuzlu topraklarda Hartmannibacter diazotrophicus'un ACC deaminaz
tireten bir susu ile muamele edilen arpada (Hordeum vulgare), bitki gelisiminin arttigini tespit

etmislerdir.
Bitki probiyotik bakteriler ve besin seferberligi

Fosfor (P), bitkiler i¢in ikinci temel besin maddesidir, topraklarda ¢oziniirliliigii oldukca
giictlir ve buna bagli olarak, bu element, tarimda kimyasal fosforlu giibreler olarak topraklara
ayrica ilave edilmektedir. Bununla birlikte, ekim alanlarina giibre olarak uygulandiginda da,
fosfor hizla ¢6ziinmez hale gelir ve bu nedenle bitkiler i¢in kullanilim1 olduk¢a zordur [20]. Bu
nedenle, P ¢oziicii bakterilerin kullanimi, c¢evreye zarar veren kimyasal P’lu giibrelerin
kullanimlarinin azaltilmasi: acisindan O6nemlidir. Micrococcus, Pseudomonas, Bacillus,
Paenibacillus, Deftia, Azotobacter, Klebsiella, Pantoea ve Flavobacterium cinsleri gibi toprak
bakterilerinin etkili fosfat ¢oziici olduklar1 bildirilmistir [57]. Havug, arpa, seker pancari,
marul, ¢ilek, siis bitkileri ve baklagiller gibi bazi iirlinlerin gelisimini tesvik eden bircok fosfat
¢oziicii rizobiyal sus bulunmustur [20, 21, 58, 59]. Garcia-Fraile ve ark. [1], fosfat ¢bzen ve
biber ile domates bitkilerinin gelisimini tesvik eden iki Rhizobium leguminosarum susunu tespit
etmislerdir. Panda ve ark. [58] cesitli bitkilerden Bacillus, Pseudomonas, Micrococcus,
Staphylococcus, Microbacterium ve Delftia cinslerine ait suslar izole etmisler ve bu suslarin da
antagonistik 6zelliklere sahip olduklarin1 gostermistir. Streptomyces spp. bugday bitkileri i¢in

de fosfor ¢oziicii olarak tanimlanmistir [20].

Azot ve fosfordan sonra, potasyum (K) bitki biiylimesi i¢in gerekli olan {i¢iincii besindir. Baz1
rizobakterilerin ¢6ziinmez potasyum formlarini kullanilabilir hale getirebildikleri incelenmistir

[18]. K ¢oziicli bakteriyel cinslerin ¢esitliligi olduk¢a fazla bulunmustur [19]. En fazla sayida



K ¢oziicii olarak Bacillus ve Paenibacillus cinsleri belirlenmistir. Bacillus edaphicus'un
bugdaydaki potasyum alimimi arttirdigi bildirilmistir [19], Paenibacillus glucanolyticus ise
karabiber kuru agirligmi arttirmistir [60]. Potasyum ¢oziicii Bacillus mucilaginosus ile
asillanmis sudan otu daha yiiksek verime sahip olmustur [19]. Laboratuvar kosullarinda K
¢oziicti Bacillus mucilaginosus ile agilanmig bugday ve misir bitkilerinin yapraklarinda klorofil
icerigi ve bitki biyokiitlesi artmistir [19]. Pseudomonas cinsinin bir susu, ¢ay bitkisinin [21]
ve tltlinlin [61] gelismesini arttiran K ¢oziicii olarak tanimlanmistir. Zhang ve Kong [61]
calismalarinda;  tiitlin bitkileri {izerinde olumlu etkisi olan bir Actinobacteria olan

Microbacterium foliorum cinsine ait bir K ¢6ziicii tiir bulmuslardir.
Bitki probiyotik bakteriler tarafindan siderofor iiretimi

Sideroforlar, demirin (Fe*®) cevreden tasinmasinda gorevli olan organik bilesiklerdir [62].
Fe™'in bitkilere sinirlayict oldugu durumlarda, toprak mikroorganizmalarindan elde edilen
bilesikler bu sorunu gidermektedir [62]. Endofitik Streptomyces suslarindan elde edilen
sideroforlar ve TAA ile, neem agaci (Azadirachta indica) ve kakao bitkisinin gelismesini
desteklemistir [47, 63]. Siderofor iiretebilen rhizobial suslar, potansiyel biyogiibreler olarak
rapor edilmis, havug, marul, biber, domates, ¢ilek, kirmizi karanfil ve nohut iiretimini
artirmiglardir [63]. Bir siderofor iiretici olan Phyllobacterium endophyticum PEPV 15, gileklerin
gelisimini ve kalitesini arttirmigtir [4]. Ghavami ve ark. [50]; kanola (Brassica napus)
rizosferinden Micrococcus ve Stenotrophomonas cinslerine ait ¢esitli suslari izole etmislerdir,
bu suslarin bazilarinin sera kosullarinda misir ve kanola bitkisinin gelisimini asisiz olanlara
oranla arttirdiklarin1 rapor etmislerdir. Karagbéz ve ark. [64] tarafindan alkali ve asidik
topraklardan 95 bakteri susu izole edilmis, suslardan 5’inin azotu fikse edebildigi, siderofor

uretebildigi ve fosfat1 ¢ozebildigi saptanmuistir.
Bitki probiyotik bakteriler tarafindan bitkilere strese karsi diren¢ kazandirilmasi

Kuraklik, asir1 yagisin neden oldugu taskinlar, asir1 sicakliklar veya tuzluluk, agir metal
kaynakli fitotoksisite ve oksidatif stres gibi durumlardan kaynaklanan abiyotik stres, diinya
capinda {iriin kaybinin baslica nedenidir [65]. Liddycoat ve ark. [66], sera kosullarinda su stres
kosullarinda tiretilen kuskonmaz tohumunun ¢imlenme ve fide gelisimini arttiran Pseudomonas

suslarini tespit etmislerdir.

P.fluorescens MSP-393 susu, tuzlu topraklarda yetistirilen bir¢ok iirliniin gelisimini olumlu
etkilemis, P.putida Rs-198 ise tuza maruz kalmis topraklarda pamuk fidelerinin ¢imlenme

oranini, gelisimini arttirmistir [67]. Bu Pseudomonas tiirleri tuz stresine karsi koruyucular

8



olarak hareket ederek, Mg *?, K * ve Ca *? emilimini arttirmis, Na* tutulumunu azaltarak, IAA
tiretimi ile bitkilerin gelisimine katkida bulunmuslardir [67]. Tuz stres kosullarinda yetistirilen
yerfistigiin bakteri suslar ile asilanmasi, ayni kosullarda azot giibresi uygulamasindan elde
edilen sonuglara benzerlik gostermis ve arastiricilar Paenibacillus alcaligenes, Bacillus
polymyxa ve Mycobacterium phlei suslari, yiiksek sicaklik ve tuzlu kosullarda yer fistigi
(Arachis hipogaea) biiylimesini ve topraktan besin alimimi olumlu yonde etkilediklerini

aciklamiglardir [68].

PGPR mekanizmalarina sahip rizobakterilerin Kkirleticileri pargalayabilen ve kirlenmis
topraklarda bitki gelisimini miimkiin kilan 6zelliklere sahip olduklari belirlenmistir [69].
Siderofor, ACC-deaminaz ve fitohormonlar iireten Pseudomonas ve Bacillus suslar ile
astlanmis hint hardali (Brassica juncea) bitkileri tarafindan topraktaki nikel depolanabilmistir
[69]. Benzer sekilde Dimkpa ve ark. [46], Streptomyces acidiscabies'in bir susu tarafindan
tiretilen sideroforlarin, nikel ile kirlenmis topraklarda, boriilcenin (Vigna unguiculata)
gelismesine yardim ederek nikeli bagladigini agiklamislardir. Pseudomonas, Azospirillum ve
Rhizobium cinsleri, iyi bilinen PGPR potansiyelleri disinda, bakir kontamineli topraklarda

yonca (Medicago sativa) tohumlarinin koruyuculari olarak islev gérmiislerdir [70].
Bitki probiyotik bakteriler ve bitki hastaliklarinin 6nlenmesi

Baz1 probiyotik bakterilerin, bitki patojenlerinin bazilarinin gelismesini engelleyen antibiyotik
maddeleri sentezledikleri belirtilmistir [24]. Ornegin, antibiyotik iireten Pseudomonas spp.
susu, bugdayda kok ve kok bogazi ciiriikliigline neden olan Gaeumannomyces graminis var.
tritici’nin inhibisyonuna neden olmustur [24]. Yiiksek selenyum konsantrasyonlarina direngli
Klebsiella, Bacillus, Acinetobacter ve Paenibacillus cinslerinin farkl: tiirleri, ayni patojenin
biyokontroliinde etkili bulunmustur [23]. Bacillus spp'ye ait ¢ok sayida sus, Gram-pozitif ve
Gram-negatif bakterilere ve bircok patojenik fungiye karsi aktif olan antibiyotikler
tiretebilmistir [26]. Bacillus cereus UW85, yoncada kok ¢iirtikligii kontroliinde etkili olmustur
[26]. Bacillus subtilis’in iki susu, soya fasulyesi tohumlarini etkileyen gesitli patojenlere karsi
antibiyotikler iiretebildigi gibi, bu bitkinin gelisimini ilerletmistir [45]. Seliilaz, kitinaz ve -
glukonaz gibi hidrolitik enzimler, patojenlerin biyokontroliinde 6nemli rol oynar, ¢iinki
seliiloz, kitin ve B-glukan, fungal hiicre duvarinin ana bilesenleridir. Kitinaz ve B-glukonaz
salgilayan bakteriler, fungal gelismeyi engellemislerdir. Kumar ve ark. [71], Sinorhizobium
fredii KCC5 ve Pseudomonas fluorescens LPK2'nin kitinaz ve B-glukonaz firettigini ve

Fusarium tarafindan olusturulan hastalik siddetini azalttigini bildirmislerdir.



Kitinaz ve B-glukonaz iireten bir Pseudomonas spp. susu, diinyadaki bir¢ok tarimsal {iriinii en
tahrip edici patojenlerden olan Rhizoctonia solani ve Phytophthora capsici’nin neden oldugu
hastaliklar1 onlemede basarili bulunmustur [26]. Selliillaz {ireten Micromonospora ve
antibiyotik lireten Streptomyces’den olusan kombinasyon, Phytophthora cinnamomi‘nin neden
oldugu kok ciiriikligiinii baskilamistir [72]. Pythium aphanidermatum'un neden oldugu, hiyar
bitkilerinde damping-off (devrilme) hastaliginin 6nlenmesinde selliilaz lireten Streptomycetes
suslart etkili bulunmustur [72]. Micromonospora sp., bitki probiyotigi olarak rapor edilmis,
Botrytis cinerea tarafindan etkilenen domates bitkilerinde sistemik direnci indiikleyebilmistir
[73]. Yapilan bir ¢alismada, Pseudomonas’in iki susu ve mikoriza karisiminin, domates
bitkilerini kdk-ur nematodlarina karsi korudugu rapor edilmistir [74]. Mikrobiyal sideroforlar,
bitki gelisimini tesvik etme Ozelliklerinin yani sira, bitki patojenlerinin kontroliinde,
fitopatojenler i¢in ortamdaki mevcut demiri sinirlandirarak da énemli rol oynarlar [62]. Bu
anlamda Pseudomonas siderophores, patates bitkilerinde Fuxarium oxysporum enfeksiyonunu
kontrol etmis, Pseudomonas ve Bacillus suslar1 ise misir bitkilerinde gesitli fungal patojenleri
inhibe eden sideroforlar tiretmislerdir [62]. Yu ve ark. [75], Bacillus subtilis olarak tanimlanan
bir siderofor liretici susun, Fusarium solgunlugu tizerinde biyolojik kontrol olusturdugunu ve
biber gelisimini destekledigini bildirmislerdir. Verma ve ark. [12] neem agacinin (Azadirachta
indica) rizosferinden izole edilen endofitik Streptomyces suslarinin, biyokontrol potansiyeli
olan sideroforlar iirettigini bildirmislerdir. Fitoformon iireten bakteriyel tiirler ayn1 zamanda
fitoplazmaya bagli hastaliklar i¢in uygun biyokontrol etmenler olarak belirlenmistir [62].
Gamalero ve ark. [51], ACC deaminaz iireten Pseudomonas susunun, bitkide fitoplazmalarinin

enfeksiyonu ile olusan stresi azaltmada yardimer oldugunu bildirmistir.

Baz1 probiyotik bakteri {liyeleri patojenlere indiiklenen sistemik yaniti artirabilmis ve tuzluluk
gibi gevresel kosullara bagl stresi hafifletmistir. Ornegin, bitki probiyotik bakteri 6zelliklerini
gosteren Stenotrophomonas maltophilia, bugday bitkilerinin tuz stresinden etkilenmeden
gelismesini saglamistir [33]. Borriss [17], Bacillus ve Paenibacillus "un gesitli suslarinin, soya
fasulyesinde Rhizoctonia bataticola’nin neden oldugu kok ¢iiriikliigiinii 6nemli oSlgiide
azalttiklarin1 agiklamiglardir. Herrera ve ark. [76] bugday tohumlarindan elde edilen
Paenibacillus spp. ve Pantoea spp.’nin suslarinin, bitki probiyotik bakterilerinin 6zelliklerini
gosterdiklerini agiklamislar ve aragtiricilar bu suslari tek basina veya birlikte uyguladiklarinda,
bugday ve arpa danelerinde bulunan Fusarium graminearum’a karsi etkili antagonistik

ozellikler gosterdiklerini tespit etmislerdir.
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Sonuc¢

Gliniimiizde tarim; artan hayvancilik talebi ve artan insan niifusunun ihtiyacini karsilamak i¢in
stirdiiriilebilir gida ve yem firetimi, sinirlt kaynaklarin kullanilmasi (verimli topraklar gibi),
geleneksel tarim uygulamalarindan kaynaklanan yogun cevresel sorunlarin giderilmesi gibi
cesitli zorluklarla kars1 karsiya kalmaktadir. Bu sorunlar, gida verimliligini arttirmak icin
kimyasal giibre yerine organik giibrelerin (biyogiibreler) uygulanmasi ile hafifletilecegi gibi,
bu amagcla yerli toprak organizmalarinin kesfi ve kullanilmasi ile giderilecektir. Bu derlemede,
son yillarda yaymlanmus, bitki probiyotik bakterilerinin bitkilere olan potansiyel yararlari ile
ilgili calismalar Ozetlenmistir. Bu yararlar, bitki patojenlerinin fito-uyarimi, besin
mobilizasyonu ve biyokontroliinii icermektedir. Ayrica, bu yararli bakteriler, tuzluluk veya agir
metal birikimi gibi g¢esitli faktorlerin olusturdugu stresleri hafifletmeye yardimei olmuslardir.
Bu nedenle, tek suslarla formiile edilen biyogiibrelerin veya farkli etkileri olan bitki probiyotik
bakterilerin getirilerek uygulanmasi, ekosistemlerin korunmasi ve gida kalitesinin arttirilmasi
ile kimyasal giibrelere kars1 olas1 bir ¢oziim olabilecegini gostermektedir. Sonug olarak, bitki
probiyotik bakterilerden olusturulan etkili ve giivenli {iriinlerin gelistirilmesi i¢in tarim ile
ugrasan arastiricilar, politikacilar ve ciftciler arasinda bir iletisiminin olusturulmasi, arastirma
programlarinin ve politikalarin ortaya konmasi gerekmektedir. Bu durum sadece iireticiler i¢in

degil, ayn1 zamanda insan saglhigi ve diinyamizin temizligi i¢inde son derece 6nemlidir.
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Yozgat ili Hayvansal Kaynakh Atiklarin Biyogaz ve Enerji

Potansiyellerinin Belirlenmesi

Muhammed Tasova®*, Serkan Yazarel*

OZET

Yenilenebilir enerji kaynaklarindan biri olan biyogaz hem kullanim avantaji hem de
iilkemizdeki ham madde kaynaklari agisindan 6nemli potansiyele sahiptir. Ulkemizde
organik kokenli (bitkisel, hayvansal, evsel ve kanalizasyon) atiklardan elde
edilebilecek biyogaz enerjisi potansiyelinin ortalama % 40°m1 kullanmaktayiz. Bu
durum mevcut biyogaz potansiyelinin daha etkin bir sekilde kullanilmasi ve enerji dar
bogazinin azaltilmasi igin bir firsat oldugu diisiiniilmektedir. Bu ¢alismada; Yozgat
iline ait Tiirkiye Istatistik Kurumu (TUIK) 2013-2017 yillar1 arasindaki hayvan sayisi
(Biiyiikbas, kiigiikbas ve kiimes) verileri kullanilarak yillara gore yas atik (ton/yil),
kuru madde (ton/yil), biyogaz (m*/yil), 1s1 (GI/m®.y1l) ve elektrik enerjisi (kWh/y1l)
degerleri belirlenmistir. Elde edilen bulgulara gore biiyiikbas hayvanlarindan kuru
madde ve biyogaz enerji potansiyeli 2013 yilinda belirlenirken, kiigiikbag ve kiimes
hayvanlarindan ise en fazla 2015 yilinda oldugu tespit edilmistir. Incelenen yillar
arasinda toplam hayvansal kaynakli kuru madde ve biyogaz potansiyel degerleri en
fazla 2013 yilinda belirlenmis olup sirasiyla; 420.988 ton kuru madde ve
13.892,63 m?® biyogaz potansiyeline sahip oldugu hesaplanmustir.
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ABSTRACT

Biogas, which is one of the renewable energy sources, has significant potential in terms
of both usage advantage and raw material resources in our country. In our country, we
use an average of 40% of the biogas energy potential that can be obtained from organic
origin (vegetable, animal, domestic and sewage) wastes. This is thought to be an
opportunity to use the existing biogas potential more effectively and to reduce the
energy bottleneck. In this study; Yozgat, the province of Turkey Statistical Institute
(TSI), the number of animals between 2013 to 2017 years (cattle, sheep and poultry)
years of age by years using data from waste (tons/year), dry matter (tons/year), biogas
(m?/year), heat (GJ/m?3.year) and electrical energy (kWh/year) values were determined.
According to the findings, dry matter and biogas energy potential from cattle was
determined in 2013, while it was found that it was in 2015 from small ruminants and
poultry. The total value of dry matter and biogas from animal origin was determined
as maximum in 2013 that 420.988 tons of dry matter and 13.892,63 m? biogas potential
has been calculated.
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Giris
Ekonomik kalkinma ve yasam kalitesi gostergelerinden birisi de enerji tiikketim miktaridir. Tim

diinyada oldugu gibi iilkemizde de enerji tiiketim miktarlari, niifusun artmasi ve teknolojinin
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gelismesiyle beraber her yil artmaktadir [1]. Tiirkiye’ nin son yillardaki enerji iiretim ve tiiketim
miktarlarma gore, tiikettigi enerji degerinin ancak ortalama iigte birini iiretebilmektedir.
Ulkemizde 2020 yilina kadar hem enerji tiiketim hem de iiretim degerlerinde biiyiik bir artis
olacagi on goriilmektedir [2-3]. Bu durum 6zellikle Tiirkiye gibi tarimsal potansiyeli yiiksek
olan iilkelerin bitkisel ve hayvansal atiklarin1 daha verimli bir sekilde kullanarak biyokiitle
enerjisine doniistiirmesi gerektigini ortaya koymaktadir. Giiniimiizde bu bitkisel atiklar
genellikle toprak altina gémiilmekte ya da yakilarak en verimsiz sekilde kullanilarak ¢evresel
kirlilige yol agmaktadir.

Ulkemizde iiretilen toplam biyogaz miktarinin % 85'i hayvansal kaynakli atiklardan
saglanmaktadir [4-5]. Ayrica ekonomik seviyenin gelismesi ve niifusun artmasiyla beraber
hayvancilik faaliyetlerinde de bir gelisme goriilmektedir. Dolayisiyla hayvansal kaynakli atik
miktar1 da bu gelismeyle birlikte artacaktir. Ancak iilkemiz hayvansal atik potansiyeli
bakimindan 6nemli degerleri sahip olmasina ragmen bundan enerjiye doniistiirme konusunda
geregi kadar yararlanamamaktadir. Ulkemizde 2009 yilina ait hayvan sayis1 degerlerine gore
elde edilebilecek biyogaz iiretim potansiyel degerleri arastirilmistir. Calismaya gore hayvansal
atiklardan ortalama 2.18 Giga metrekiip biyogaz liretim potansiyelinin oldugu tespit edilmistir
[6].

Literatiirde hayvansal ve bitkisel atiklardan bolge, yore ve isletme bazinda elde edilebilecek
biyogaz miktar1 ve enerji potansiyeli aligmalar1 yapilmigtir. Ornegin; Tiirkiye’nin hayvansal
ve tahil sap atiklarinin [3], Diizce ili’ne ait hayvansal atiklarin [7], Hatay ili’nde ki hayvansal
atiklarin [8], Canakkale ili’nde bulunan zeytin {retimi esnasinda olusan atiklarin [9],
Afyonkarahisar ili'ne ait bitkisel kokenli atiklardan elde edilebilecek biyogaz ve enerji
potansiyel degerleri belirlenmistir [10].

Bu ¢alismada, Yozgat iline ait 2013-2017 yillar1 arasindaki hayvansal kaynakli atiklardan elde

edilebilecek kuru madde, biyogaz, 1s1 ve elektrik enerjisi potansiyel degerleri belirlenmistir.
Materyal ve Metot

Caligma yeri tilkemizin 38° 57' 45.5"N 40° 14' 37.4"N Kuzey enlemleri ile 34° 04' 23.7"E 36°
09' 25.0"E Dogu boylamlar arasinda yer almaktadir [11]. Yozgat, I¢ Anadolu Bélgesinde yer
alan bir il olmasimin yaninda, Cekerek, Aydincik ve Kadisehri ilgelerinin konumlari agisindan
da Karadeniz Bolgesinde yer almaktadir. Yozgat ili Niifusu: 421.041 kisi olup bunlarin,
% 74.31'i sehirde yasamaktadur. {lin yiizol¢iimii 13.690 km?dir (Sekil 1) [12].
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Sekil 1 Yozgat ilinin konumu [13]

Yozgat ili’nin tarim, orman, ¢ayir-mera ve tarim dis1 alan dagilim biytkliikleri (da) ve

olusturduklart %'lik oranlar1 tablo 1°de verilmistir [14].

Tablo 1 Yozgat ilinin arazi dagilimi

Arazinin Cinsi Yiizol¢iimii (ha)

Toplam Araziye orani (%)

Tarima elverigli alan 779.440
Orman alani 268.637
Cayir-mera alani 260.153
Tarim dis1 alan 33.675
Toplam 1.341,905

58.08
20.02
19.39
2.51
100.00

Tablo 1’e gore Yozgat ili’nin arazi dagiliminda yilizde olarak en biiyiik pay1 tarim alanlar

olustururken, en kiiciik pay1 ise tarim dis1 alanlar olusturmaktadir.

Calisma alanindaki mevcut hayvan sayisi

Yozgat ili ne ait 2013-2017 yillarina ait hayvan sayilar1 Tiirkiye Istatistik Kurumu (TUIK)

resmi sitesinden temin edilerek belirtilen yillara ait toplam hayvan sayilari icerisindeki % oran

dagilimlar1 hesaplanmigtir (Tablo 2).

Tablo 2 Yozgat ili hayvan sayilar1 [15]

Yillar

H Toplam hayvan
ayvan

Hayvan sayilan sayisina orani
gruplan (%)
Biiyiikbasg 273.457 20.04
2013 Kiigiikbag 377.251 20.32
Kiimes 714.074 59.64
Toplam 1.364,782 100.00
Biiyiikbag 247.833 16.99
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2014 Kiiciikbas 396.063 27.16

Kiimes 814.459 55.85
Toplam 1.458,355 100.00
Biiylikbag 244.381 14.38
2015 Kiiciikbag 407.831 23.99
Kiimes 1047.705 61.63
Toplam 1.699,917 100.00
Biiyiikbas 206.083 16.28
2016 Kiigiikbas 312.272 24.66
Kiimes 747.825 59.06
Toplam 1.266,180 100.00
Biiylikbag 235.570 18.35
2017 Kiiciikbag 348.629 27.15
Kiimes 699.823 54.50
Toplam 1.284,022 100.00

* Hesaplanan deger

Tablo 2'ye gore, Yozgat ili’ne ait belirlenen yillar igerisinde en fazla toplam hayvan sayisi
1.699,917 ile 2015 yilindayken en az hayvan sayisi ise 1.266,180 ile 2016 yilinda oldugu
goriilmektedir. Belirlenen tiim yillarda kiimes hayvan sayilar1 diger biiyiik ve kiiciikbas hayvan
sayilarina gore daha fazla olmustur. %’lik oran agisindan incelendiginde % 61.63 ile en fazla
kiimes hayvan sayisi orani 2015 yilinda oldugu goriilmektedir. Hayvansal atiklardan elde
edilebilecek biyogaz potansiyel degerlerinin belirlenmesinde kullanilan matematiksel esitlikler;
YAP = THS x HBA

Burada; YAP, yillik yas atik miktar1 (ton/yil); THS, toplam hayvan sayisi (n); HBA, hayvan
tiiriine gore yillik yas atik miktar1 (ton/y1l); kii¢iik hayvanlar i¢in kullanilan sabit deger.

KGM = YAP x o

Burada; KGM, yillik kat1 giibre miktar1 (ton/yil); e, hayvanlarin agil disinda dolasmasi ve
atiktaki suyun buharlagsmasina bagli katsay.

BUP = KGM x HBUB

Burada; BUP, biyogaz iiretim potansiyeli (m3/y1l); HBUB, hayvan tiiriine gore yillik biyogaz
iiretim sabit degeri.

BSI=BUP x Y x 0.0000041868

Burada; BSI, biyogazdan iiretilebilecek 1s1 miktar1 (GJ/m3.y1l); Y, saglamilan 1s1 enerjisini kcal
cinsinden degeri; 0.0000041868 katsayis1 birimi GJ 'e doniistiirmek icin kullanilan katsayi.
BSE=BUPx f

Burada; BSE, biyogazdan iiretilebilecek elektrik enerjisi miktar1 (kWh/y1l); f, 1 m3 biyogazdan
elde edilebilecek elektrik enerji degeri.

HS = BSE / 3036
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Burada; HS (n), hane sayis1; 3036 (kWh/y1l), dort kisilik hanenin yillik tiikettigi elektrik enerji
degeri.

Hayvan gruplarina gore toplam yas atik potansiyel miktarlar1 Akbulut ve Dikici’nin 2004
yilinda yaptiklar1 ¢alisma ile Giirel’in 2010 yilinda yapmis oldugu c¢alismalardaki ortak
yonteme gore belirlenmistir [16-17]. Yillik ortalama kuru madde potansiyel degeri ise Baran
ve arkadaglarinin 2017 yilinda yaptiklar1 ¢calismada belirtilen yonteme gore tespit edilmistir
[18]. Belirlenen yillik ortalama biyogaz potansiyel miktarlar1 da Altikat ve Celik’in 2012
yilinda yapmis olduklar1 ¢alisma izledikleri yonteme bulunmustur [19]. Hesaplanan biyogaz
potansiyelinin 1sisal (GJ/m3.y1l) ve elektriksel enerji degerleri ise Tasova’nin 2017 yilinda

yapmis olduk calisma belirttigi yonteme gore belirlenmistir [20].

Bulgular ve Tartisma

Belirlenen Hayvansal Giibre ve Biyogaz Miktar1

Tablo 2' deki Yozgat ili’ ne ait hayvan sayis1 degerlerine gére 2013-2017 yillar1 arasindaki %’
lik yas atik potansiyel oranlari belirlenmistir (Sekil 2).

Yas Atik Potansiyel Miktar1 (ton/y1l)

m 2013
m 2014
2015
2016
m 2017

19% | 229

Sekil 2 2013-2017 yillar1 arasinda belirlenen toplam yas atik potansiyelinin yillara gére % oranlari

Sekil 2’ e gore son bes yi1ldaki toplam hayvan sayisi degerlerine gore elde edilebilecek en biiyiik
yas atik potansiyel oran1 % 22 ile 2013 yilinda oldugu belirlenirken, en kiiciik oran ise % 17 ile
2016 yilinda oldugu belirlenmistir.

Belirtilen yillara gore hesaplanan yas atik miktarlarindan elde edilebilecek ortalama kuru

madde ve biyogaz potansiyel miktarlari belirlenmistir (Tablo 3).
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Tablo 3 Belirlenen toplam kuru madde ve biyogaz potansiyel miktarlart

Kuru madde Biyogaz

Yillar Hayvan gruplari potansiyeli potansiyeli
(ton/y1l) (m3/yal)

Biiyiikbas 327.820 10.818,068

2013 Kiigiikbas 87.932 2.901,928
Kiimes 5.231 172.633

Toplam 420.983 13.892,629

Biiyiikbas 297.102 9.804,373

2014 Kiigiikbas 92.322 3.046,635
Kiimes 5.967 196.902

Toplam 400.391 13.047,910

Biiyiikbas 292.964 9.667,810

2015 Kiigiikbas 95.065 3.137,158
Kiimes 7.675 180.793

Toplam 395.704 12.985,761

Biiyiikbas 247.052 8.152,726

2016 Kiigiikbas 72.791 2.402,090

Kiimes 5.479 180.793

Toplam 325.322 10.735,609

Biiyiikbas 282.401 9.319,243

2017 Kiigiikbas 81.265 2.681,759

Kiimes 5.127 169.188

Toplam 368.793 12.170,190

Tablo 3' e gore 2013-2017 yillar1 arasindaki hayvan gruplarina gore, toplam kuru madde ve
biyogaz potansiyel miktarlar1 belirlenmistir. Degerlere gore biyogaz potansiyel miktarinin
olugsmasinda kuru madde miktar1 ve hayvan grubunun etkili oldugu gériilmektedir. Yillara gore
en yiiksek kuru madde ve biyogaz potansiyel miktarlar1 2013 yilinda sirastyla; 420.983 ton/y1l
ve 13.892,629 m3/yil olarak belirlenirken, en diisiik kuru madde ve biyogaz potansiyel
miktarlar1 ise 2016 yilinda olusurken sirasiyla; 325.322 ton/y1l ve 10.735,609 m®/y1l olarak
belirlenmistir.

Tasova’nin 2018 yilinda yapmis oldu ¢alismaya gore yerel bir hayvansal iiretim ¢iftligine ait
yas atik, kuru madde ve biyogaz potansiyeli degerlerini belirledigi ¢aligmasinda, isletmenin
yillik ortalama 350 ton yas atik, 117 ton kuru madde, 6760 m® biyogaz elde edilebilecegini
belirlemistir [21]. Tinmaz K6se nin Trakya bolgesi i¢in yapmus oldugu ¢alismada, TUIK 'na ait
2015 yili kiigiikbas hayvan sayis:1 verilerini kullanarak, ortalama 819.192 m® metan gaz1 elde
edilebilecegini tespit etmislerdir [22]. Baran ve arkadaglarinin Adiyaman ili’nde ki kiigiikbas
hayvanlarindan yillik ortalama 214.006.800 ton giibre bu giibrelerden ise ortalama
8.274.929.600 m® biyogaz elde edilebilecegini hesaplamislardir [18]. Doruk ve Bozdeveci’nin
2017 yil1 igin Denizli ili’nde bulunan hayvansal atiklardan yillik ortalama 125.449 kg yas atik
ve 70.16 m® biyogaz elde edilebilecegini ifade etmislerdir [23]. Tasova ise, Tokat ili’ne ait
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2010-2014 yillart arasindaki kiimes hayvanlarina ait yillik ortalama yas atik ve biyogaz
potansiyel degerlerini calismasinda sirastyla; 6.052,60 kg ve 472.095,60 m?® olarak belirlemistir
[20].

Biyogaz potansiyel miktarinin enerji degerleri

Yozgatili’ne ait 2013-2017 yillarina arasindaki hayvan sayisi verilerine gére belirlenen biyogaz

potansiyel miktarinin 1s1 ve elektrik enerjisi degerleri hesaplanmistir (Tablo 4).

Tablo 4 Belirlenen 1s1 ve elektrik enerjisi degerleri

Elektrik enerjisi
Is1 enerjisi potansiyeli

Yillar Hayvan gruplari Gy potansiyeli
(kWh/y1l)

Biiytikbas 235.524 50.844,921

2013 Kiigiikbas 63.179 13.639,061
Kiimes 3.758 811.376

Toplam 302.461 65.295,358

Biiyiikbas 213.455 46.080,551

2014 Kiiciikbag 66.329 19.319.186
Kiimes 4.287 925.439

Toplam 284.071 66.325,176

Biiytikbas 210.481 45.438,708

2015 Kiiciikbas 68.300 14.744,644
Kiimes 5.514 11.904,618

Toplam 284.295 72.087,970

Biiyiikbas 177.496 38.317,812

2016 Kiiciikbag 52.297 11.289,823
Kiimes 3.936 849.726

Toplam 233.729 50.457,361

Biiyiikbas 202.893 43.800,444

2017 Kiigiikbag 58.386 12.604,267
Kiimes 3.683 795.183

Toplam 264.962 57.199,894

Tablo 4'e gore 2013-2017 yillart arasinda belirlenen biyogaz potansiyel miktarinin 1s1 ve
elektrik enerjisi potansiyel degerlerine gore en yiiksek 1s1 enerjisi degeri 302.461 GJ/m3.y1l ile
2013 yilinda elde edilebilirken, en diisiik ise 233.729 GJ/m3.y1l degeri ile 2016 yilinda elde
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edilebilecegi belirlenmistir. Elektrik enerjisi potansiyel degerleri incelendiginde ise en yiiksek
deger 72.087,97 kWh/y1l ile 2015 yilinda elde edilebilirken, en kiigiik deger ise 50.457,36
kWh/y1l ile 2016 yilinda elde edilebilecegi belirlenmistir.

Belirlenen degerlere gore, hayvan sayilarinin degismesiyle beraber ¢ok daha fazla enerji
kapasitesi degerlerine ulasilabilir. Polatc1 ve arkadaslarinin yapmis olduklart ¢aligmalarinda
biyogaz elde etmek i¢in kurulan yerel bir tesisin aylik ortalama biyogaz enerjisi degerinin 1.58-
5.85 MW arasinda degistigini belirlemislerdir [24]. Alibas ve arkadaslarinin Diyarbakir ili’ne
ait 2010-2014 yillar1 arasindaki hayvan sayilarina gore belirledikleri yillik ortalama biyogaz
miktarindan elde edilebilecek elektrik enerjisi degerinin 96.05 GWh oldugunu ifade etmislerdir
[25]. Doruk ve Bozdeveci’nin yaptiklari galismalarinda Denizli ili’n de bulunan hayvansal
kaynakli atiklardan yillik ortalama 329 milyon kWh elektrik enerjisi elde edilebilecegini tespit
etmislerdir [23]. Tasova’nin yaptig1 ¢alismada, kiiclikbas hayvanlarindan elde edilebilecek 1s1
ve elektrik enerjisi degerlerini sirastyla; 147 GJ/m3.y1l ve 31772 kWh/y1l olarak ¢alismasinda
belirlemigtir [21].

Sonug¢ ve Oneriler

Yozgat ili’ne ait 2013-2017 yillar1 arasindaki hayvan sayisi degerlerine gore;

1) Kuru madde ve biyogaz potansiyel miktarlarinin en fazla oldugu yil 2013 ve en az oldugu
yil ise 2016 oldugu belirlenmistir.

2) Biyogaz potansiyel miktarindan elde edilebilecek 1s1 enerjisi potansiyel degeri en fazla 2013
yilindayken, en az ise 2016 yilinda oldugu belirlenmistir.

3) Elektrik enerjisi potansiyel degerleri acisindan ise sirasiyla en fazla ve en az oldugu yillar
2015 ve 2016 yillar1 oldugu belirlenmistir.

Caligma kapsaminda yapilacak oneri olarak ise; Yozgat ili’ne ait y1llik ortalama elektrik enerjisi
tilketim miktarinin 600-700 bin kWh oldugu bir durumda, yapilan bu calismada hayvansal
atiklardan elde edilebilecek yillik ortalama 60 bin kWh’lik elektrik enerjisi degerinin 6nemli
oldugu diistiniilmektedir. Hayvansal atiklardan kazanilabilecek enerji degerinin, Yozgat ili i¢in
yillik elektrik enerjisi tiiketim miktarinin ortalama % 10’luk kismin1 kargilayabilmesi agisindan
da ayr1 bir 6nem kazanmaktadir. Yozgat ili’nde bulunan hayvan sayilarinda sonraki yillarda
gbzlemlenecek herhangi bir degisim durumunda hesaplanan bu teorik degerlerinde degisecegi
g6z onilinde bulundurulmalidir.
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Transposon Studies on Colchium chalcedonicum

Elif Karlik*! 2, Merve Albayrak?, Erdal Uzen?* Nermin Gozukirmizi? ®

ABSTRACT

Colchicum chalcedonicum is one of the endemic plants in Turkey. The aim of this study ARTICLE HISTORY

was the investigation of the retrotransposon SIRE1, Sukkula and Nikita presence and Received
insertion patterns in C. chalcedonicum. The plant samples were collected from the 19 February 2019
botanic garden of the Istanbul University. DNA isolation was performed from leaves by Accepted

using modified CTAB/SEVAG protocol. Retrotransposon movements were 26 March 2019

investigated using SIRE1, Sukkula and Nikita primers by Inter Retrotranposon
Amplified Polymorphism PCR technique (IRAP-PCR). Polymorphism percentages (%)
were calculated based on Jaccard Similarity Index. We observed that polymorphism KEYWORDS

ratios of SIRE1, Sukkula and Nikita retrotransposons among all samples were 0-40%, 0- Colchicum_
100% and 0-60%, respectively. This is the first report to demonstrate three barley — chalcedonicum,
SIRE1, Sukkula and Nikita— retrotransposons presence and movements in C. Retrotransposons,

chalcedonicum which is belonged to Colchium family, thus these IRAP primers may be SIREL, Sukkula, Nikita
used in further characterization and diversity studies of Colchicum family.

Introduction

Ecology of Turkey is very favourable for rich flora, because of its geographical location,
topographic features, environmental and climate convenience at the cross section of three
phytogeographic regions. Approximately 900 geophyte taxa (bulbs, tubers and rhizomes plants)
grow naturally in Turkey [1]. Geophytes mostly consist of Araceae, Liliaceae, Primulaceae,
Iridaceae, Geraniaceae, Orchidaceae, Ranunculaceae, Amaryllidaceae families that some of
them have medical and economical properties [2-4]. Colchicum family, which is belonged to
Liliaceae, are presented as 39 species in Turkey that one of the endemic species of Colchicum
is Colchicum chalcedonicum which is native to Asia, Europe and Africa. C. chalcedonicum,

which is also called as Kadikoy (Chalcedon) crocus, was first collected by Aznavour [5]. C.
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chalcedonicum has usually 4 leaves, long-oval shapes corms under the soil, its chromosome

number is 2n=50, and grows dry stones and rocky places [6-8].

Eukaryotic genomes comprise an abundance of repeated DNA which can move from one
location of the genome to another, are also defined as transposable elements (TEs) can move
within or between genomes [9]. More than 50 years ago, TEs were first identified by geneticist
Barbara McClintock [10]. Nowadays, it is known that transposons are found in almost all
organisms. Different types of TEs have been described that important difference between TE
types is the presence of the reverse transcriptase (i.e. the transcription of RNA into DNA).
Therefore, TEs are categorized into two groups based on their transposition mechanism and
structural features: the retrotransposons (class I) and the DNA transposons (class I1) [9].

Plants mostly contain retrotransposons more than 80% of in their genomes such as maize, wheat
and barley [11, 12]. Retrotransposons use RNA to move new chromosomal locations that this
mechanism is also called as “copy and paste” mechanism. Additionally, retrotransposons are
subdivided into two groups; (1) long terminal repeats (LTR) retrotransposons, and (2) non-LTR
retrotransposons. These repeats have a role in the insertion of the TEs which are also defined
as “footprints” when the TEs are excised [13]. During speciation and evolution, TEs enlarged
a large percentage of genome volume as demonstrated in plants [14], Drosophila or primates
[15-17]. Due to the transposition event such as insertions, excisions, duplications or
translocations, TEs can produce genetic variations [18-22]. Some studies showed that DNA
transposons can alter the expression by insertion of specific regions in the genome such as
introns, exons or regulatory elements. Moreover, TEs can be reorganized the genome by the
mobilization of non-transposon DNA. In addition, TEs act as recombination substrates trigger
recombination between two sequences of a transposon placed in the same or different
chromosomes, which could be the origin for several types of chromosome alterations. Hence,
TEs can be resulted in the loss of genomic DNA by internal deletions [23-25].

SIRE1 is plant specific LTR retrotransposon belonging to the sirevirus class of the Ty1-Copia
retrotransposon family have their own genome structure among LTR retrotransposons
according to possessing a putative envelope-like (ENV-like) gene immediately downstream of
the reverse transcriptase gene [13]. Each copy of SIREL is appx. 11 kb, making SIRE1 one of
the largest retroelement in soybean, additionally, SIREL is active in the other plant species such
as barley [26, 27]. Another LTR retrotransposon, which was first identified in barley by Shirasu,
is Sukkula retroelement is approximately 5 kb, containing reverse transcriptase in appx. 3.5 kb
central domain which is found to be conserved as in primary sequence and secondary structure.
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However, Sukkula includes no open reading frames (ORFs) encoding typical retroelement
proteins. According to these features of Sukkula, a novel group of retrotransposons,
large retrotransposon derivatives or LARDSs, have been described that they are member of the
gypsy class of LTR retrotransposons, are similar to TRIMs (Terminal-repeat Retrotranposons
in Miniature) in their lack of a protein-coding domain [28]. Nikita was the 4™ TE reported in
barley has been used to determine polymorphism in polyploids, genetic variability, comparison
of different retrotransposon-based marker techniques and hybrids [29-33]. For genome
diversification in plants, active retrotransposons are mostly considered as major contributors

because of their transposition and accumulation potentials in the genome [34-36].

Molecular marker techniques have become an important tool in molecular plant breeding [37].
Inter Retrotranposon Amplified Polymorphism (IRAP) is a molecular marker technique based
on retrotransposon movements. Currently IRAP molecular markers are widely used to
investigate polymorphism among individuals, species identification and environmental effects
on individual’s genetic diversity in plants. Retrotransposons integrate a daughter copy, which
causes new joints between genomic DNA and the conserved LTRs; therefore, they can be used
as markers. IRAP PCR neither requires restriction enzyme digestion or ligation to produce the
marker bands is based on polymerase chain reaction amplification [38]. IRAP PCR technique
determines retrotransposon insertional polymorphisms by amplifying the portion of DNA
between two retroelements. One or two primers pointing outwards from an LTR are used, thus
IRAP PCR amplifies the tract of DNA between two nearby retrotransposons. The result of
IRAP PCR products are called as ‘the fingerprints’, from amplification of hundreds to
thousands of target sites in the genome [37, 38].

The aim of this study was to identify well-studied plant LTR-retrotransposons, including SIRE1,
Sukkula and Nikita in C. chalcedonicum. For this purpose, SIRE1, Sukkula and Nikita insertion
patterns were investigated using IRAP analysis method and results were analysed by Jaccard
Similarity Index technique. This is the first report to demonstrate SIRE1, Sukkula and Nikita

retrotransposons insertion patterns in C. chalcedonicum.
Materials and Methods

Plant material

C. chalcedonicum leaves used in this study were kindly provided from Erdal Uzen and the
specimen was deposited in the Botanic Garden of Istanbul University.
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DNA extraction

Genomic DNA extraction was performed with some modifications using CTAB/SEVAG
protocol. A total amount of 100 mg of each sample were homogenized by grinding in liquid
nitrogen. For total DNA extraction, 100 mg grounded samples were incubated with 500 ml
CTAB buffer solution at 65°C for 1 h. Then, the samples were centrifuged for 15 min at 16,000
X g. Afterwards, the aqueous phase was transferred to fresh tubes by pipette, then 200 ul
poteinase K (25 mg/ml) and 5 ul RNase A solution (10 mg/ml) were added and incubated at 65
°C for 30 min. Next, the samples were centrifuged for 10 min at 16,000 x g. The supernatants
were transferred to fresh tubes including equal volume of SEVAG (phenol:chloroform:isoamyl
alcohol, 25:24:1), the samples were mixed and centrifuged for 10 min at 16000 x g. ~500 ml of
aqueous phase was transferred to fresh tubes which consisted of equal volume of chloroform.
Afterwards, the samples were centrifuged for 10 min at 16000 x g. The aqueous phase of
samples was mixed with 2 volumes of CTAB precipitation solution and incubated at room
temperature for an hour. Following centrifugation was carried out for 5 min at 16000 x g. The
pellet of the samples was dissolved in 350 ml 1.2 M NacCl solution, then 350 ml chloroform
were added and centrifuged for 10 min at 16000 x g. The aqueous phase was transferred to
tubes containing 0.6 volumes of isopropanol and incubated at -20°C for 30 min. The samples
were centrifuged for 10 min at 16000 x g. Afterwards, the pellets were washed with 70% ethanol
and dissolved in 30 ml of sterile dH>O. Degradation of the isolated DNA was assessed by using
1% agarose gel electrophoresis. Spectrophotometric analysis of the DNA quantity and quality
were measured at 230, 260 and 280nm by NanoDrop 2000c UV-Vis spectrophotometer
(Thermo Scientific, 2000c) For IRAP analysis, the DNA’s concentrations were equalized to 20
ng/uL.

IRAP PCR analysis

SIRE1, Sukkula and Nikita insertion patterns were investigated using modified IRAP-analysis.
The primer sequences used in this study was shown in Table 1. SIRE1, Sukkula and Nikita
IRAP-PCR analysis were carried out using a thermal cycler in a total volume of 20 pL,
containing 4 uL of sterile dH20, 2 puL of primer (1 uM/uL), 4 uL of 20 ng/uL template genomic
DNA (80 ng/ul) and 10 pL of 2X Illustra™ Hot Start Master Mix (GE Healthcare, Sigma). The
values given in parentheses were the final concentrations. PCR conditions were as follows:
initial denaturation at 94°C (3 min), followed by 40 cycles of denaturation at 94°C (30 s),
annealing at 57°C for SIRE1, at 55°C for Sukkula and at 51°C for Nikita (30 s) and extension at

72°C (3 min). The reaction was completed by additional extension at 72°C for 10 min.
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Table 1 List of primers used in this study.

No  Primer Name Sequence (5°—3’) References
1 SIRE1 GCAGTTATGCAAGTGGGATCAGC [38]
2 Nikita CGCATTTGTTCAAGCCTAAACC [40]
3 Bagy2F CTCGCTCGCCCACTACATCAACCGCGTTTATT [41]
4 Bagy? R ATCATTCCCTCTAGGGCATAATTC [41]

Evaluation of polymorphism results

The percentages of polymorphism (%) were calculated using Jaccard similarity index [42]. In
brief, bands result of IRAP PCR were scored as a binary value: ‘1’ for presence and ‘0’ for
absence; the binary matrix (1/0) was then utilized to calculate the similarity between the
different individuals using Jaccard's similarity index. Moreover, band profiles were also
analysed by GelJ v.2.0 to construct the phylogenetic tree, UPGMA (unweighted pair-group
method with arithmetic mean) clustering method with Jaccard's Similarity Index was utilized
to cluster the subjects according to band distances on gel images [43].

Results

Retrotransposons —SIRE1, Sukkula and Nikita— movements in C. chalcedonicum have been
analysed using IRAP-PCR technique. IRAP-PCR results were electrophoretically separated in
a 2% agarose gel (see Fig 1). SIRE1 and Sukkula IRAP band profiles were ranged from 100 to
400 bp. However, IRAP band profiles of Nikita were ranged from to 300 to 2000 bp.

M NC 1 2 3 4 5 6 7 8 M MNC1 2 3 4 §8 6 7 8 M M 1 2 3 4 5 6 7

.-,.-’b.-—
& . | B, B

Fig 1 Demonstration of IRAP PCR products separated in 2% agarose gel. A: SIREL1 results. B:
Sukkula results. C: Nikita results. M: 100 bp marker and 1 kb marker. NC: no template control. 1-8:
PCR products obtained from leaves of individual seedlings

ook

The resulting IRAP-PCR amplification products demonstrated that polymorphism ratios of
SIREL, Sukkula and Nikita retrotransposons among all samples were 0-40%, 0-100% and O-
60%, respectively (see Table 2 and 3).
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Table 2 Polymorphism percentages (%) of SIRE1 and Sukkula. A: SIRE1; B: Sukkula

A1l 2 3 4 5 6 7 8B1 2 3 4 5 6 7 8
1]- 1|-

2125 - 21100 -

3117 0 - 3110 10 -

410 0 0 - 4122 22 11 -

5|0 0 0 17 - 50 0 10 22 -

6(0 20 0 40 14 - 60 0 3 9 8 -

7/(0 0 0 17 0 14 710 0 9 9 18 17 -
8/14 0 29 0 0O O O - 8|9 9 0 22 20 8 18 -

Table 3 Polymorphism percentages (%) of Nikita

C 3 4 5 6 7 8

3

4 |25 -

5 (14 O

6 |25 O 60 -

710 10 O 0 -

8 19 0 0 0 8 -

As a result of GelJ analysis, two main clusters have been observed for all retrotransposons
—SIRE1, Sukkula and Nikita— used in this study. For SIREL clustering based on UPGMA
dendrogram, first group consisted of 4 subjects (No: 3, 4, 5 and 10), and second group contained
the other four —6, 7, 8 and 9— subjects. However, first cluster of Sukkula only comprised two
subjects 3 and 4; the other 6 subjects were found in the second cluster. Additionally, clustering
of Nikita was only resulted in 6 subjects thus, first cluster contained 4 subjects (No: 4, 5, 6 and
7) and the 2" group consisted of 2 subjects (No: 8 and 10) (see Fig 2).
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A ° : i C i

Fig 2 Clustering of subjects based on IRAP PCR amplification using SIRE1, Sukkula and Nikita
specific primers (Geld v.2.0 analysis). A: SIRE1 clustering. B: Sukkula clustering. C: Nikita
clustering. 1-8: PCR products obtained from leaves of individual seedlings

Discussion

Transposable elements are widespread and dynamic elements of the genome, especially, they
consist of the 80% of the genome in cereals [44]. According to their transposition mechanism,
TEs can alter gene products and gene expression profiles [45]. In addition, TEs have considered
as an important motive for genome evolution and speciation due to their dynamic feature [30].
Retrotransposons are usually utilized to determine genetic relationships between varieties and
related species based on their variation capacity between species [46-48]. The aim of this study
was to determine the presence and insertion patterns of the SIRE1, Sukkula and Nikita
retrotransposons in C. calcedonicum. Polymorphism percentages (%) were calculated as O-
40%, 0-100% and 0-60% for SIRE1, Sukkula and Nikita, respectively, according to IRAP PCR
results due to Jaccard Similarity Index. Two main clusters have been observed for all three

retrotransposon types. — SIRE1, Sukkula and Nikita—

Several plant species, which are widespread and endemic, are placed in Anatolia is the richest
regions in Turkey [49]. Moreover, Turkey has the extensive distribution of Colchicum family
consist of 39 species that 15 of them endemic [50-52]. However, chromosome number was only

reported associated with C. chalcedonicum genome. Our study is the first report demonstrating
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TE presence and insertion patterns in C. chalcedonicum genome. TEs are widespread in the
plant kingdom, thus they participate of several common features, both structural and
mechanistic, with mobile elements from other eukaryotes [53]. We observed that IRAP primers
of SIRE1, Sukkula and Nikita retrotransposons were studied in C. chalcedonicum genome,
indicating that these retrotransposons were presence and active in C. chalcedonicum. Moreover,

genetically active TEs could be distinguished through genome [54, 55].

Numerous studies have reported the number, diversity, and distribution of transposable
elements within plant genomes [56-59]. SIRE1, which is a family of copia/Tyl-related
retrotransposons in the soybean genome, is most closely related to opie-2 from maize. Both
Glycine max and Glycine soja comprise of SIRE1 elements, suggesting this retrotransposon
family was present before soybean domestication [60]. However, our studies demonstrated that
SIRE1 is still active in soybean, indicating this family may proceed to be proliferated in the
soybean genome (unpublished data). SIREL retrotransposon family was also studied in barley
and human genomes by Cakmak et al. [27; unpublished data]. In barley, Cakmak et al. [27]
have found polymorphism rates between 0-64% among all samples. Also, polymorphism
percentages (%) were observed as 0-40% in our study for SIRE1 IRAP primer. Our results

indicated that SIRE1 IRAP primer is suitable for further characterization and diversity studies.

Several studies have been performed for genetic characterization and diversity analysis using
Sukkula retrotransposon [61-63]. However, Sukkula, which means “shuttle” in Finnish, have
been reported the 2" most active retrotransposon in the barley genome [29]. Moreover, Sukkula
have been proposed to be associated with intraspecies variations by Kartal-Alacam et al. [63],
which demonstrated the polymorphism rates up to 61% and 70% using IRAP, and iPBS,
respectively. Moreover, Sukkula movements have been observed in human that polymorphism
percentages (%) were found to be 8-100% among all samples; 10-91% in 12 female subjects
and 13-100% in 12 male subjects [64]. In our study, we observed 0-100% polymorphism rate,
suggesting that Sukkula retrotransposon is favourable to perform Colchicum characterization

and diversity studies.

Although Nikita retrotransposon have been reported as the fourth most active retrotransposon
in barley [29], studies associated with Nikita is quite limited. Bayram et al. [65] have only
observed some polymorphic bands (~550 and 650 bp) in callus culture, indicating that tissue
culture conditions may be responsible for the movement of the Nikita. Additionally, Sukkula
and Nikita IRAP primer transferability have been demonstrated in Pimpinella anisum L. by
Marakli [66]. Interestingly, polymorphism rate of Nikita in this study was calculated as 0-60%,
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suggesting that Nikita IRAP primer may also be used in further characterization and diversity

studies.
Conclusion

C. calcedonicum is an endemic and valuable plant for Turkey. Comparison of three IRAP
primers — SIRE1, Sukkula and Nikita— used in this study demonstrated that Sukkula IRAP
primer is favourable for Colchicum family according to polymorphism range of molecular

marker technique.
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Anadolu Cografyasinda Yayihs Gosteren Berberis Tiirleri ve

Geleneksel Kullanimi

Sahane Funda Arslanoglut, Omer Faruk Ayna'*

OZET

Cok yillik otsu veya ¢ali formunda, 12 cins ve 200 tiir ile temsil edilen Berberidaceae
familyasi, Kuzey yarim kiirede dagilis gostermektedir. Tiirkiye’de Berberis vulgaris,
Berberis integerrima, Berberis crataegiana, Berberis cretica olmak iizere dort tiri
bulunmaktadir. Tiirlerin {ilkemizde dagilim alanlar1  birbirinden farklilik
gostermektedir. Berberis tiirleri odunsu kisimlarinda bulunan ve sar1 rengi veren
berberin maddesi nedeniyle geleneksel kullanimda yiin ve ipligin boyanmasinda
kullanilmistir. Fenolik bilesikler, alkoloidler, flavonidler bulunduran kok, kabuk,
meyve ve yapragi Anadolu’da, ates diisiiriicii, soguk alginligi, romatizmal sikayetler,
g0z hastaliklari, sindirim ve solunum yolu sikayetlerini giderici, seker disiiriicii gibi
amaglar i¢in kullanilmistir. Olgunlasan meyveleri regel, marmelat, surup yapiminda
ve kurutularak cerez olarak tiiketilmektedir. Derleme niteligindeki bu makalede,
Berberis tiirlerinin morfolojik 6zellikleri, etken maddeleri ve geleneksel kullanim
alanlar1 hakkinda detayl bilgi verilmistir.

MAKALE GECMISi
Gelis 04 Nisan 2019
Kabul 27 Nisan 2019

ANAHTAR
KELIMELER
berberis, geleneksel
kullanim, dogal
boya, anadolu

The Types of Berberis Growing in Anatolian Geography and

Traditional Uses

ABSTRACT

The Berberidaceae family, represented by 12 genera and 200 species in the form of
perennial herbaceous or shrub, is distributed in the Northern hemisphere. There are
four types in Turkey; Berberis vulgaris, Berberis integerrima, Berberis crataegiana,
Berberis cretica. The distribution areas of the species in our country differ from each
other. Berberis species are used for dying wool and yarn due to the berberine in its
woody parts which gives the yellow color in traditional uses. The root, bark, fruit and
leaves, which contain phenolic compounds, alkaloids, flavonids are used for treatment
of antipyretic, colds, rheumatic complaints, eye diseases, digestive and respiratory
tract relievers and diabetes. The ripe berries are consumed as jam, marmalade, syrup
and dried fruit as a snack. In this paper, the morphological characteristics of Berberis
species, active ingredients, traditional uses in Anatolia are detail given.
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Berberidaceae familyasi, ¢cok yillik otsu veya ¢ali formunda [1], odunsu kisimlarinda sar1
rengi veren “berberin” maddesi bulunan 12 cins ve 200 kadar tiir bulundurmaktadir. Bu
tirlerin ¢ogu Kuzey yarim kiirenin 1liman bdlgelerinde yayilis gostermektedir.
Ulkemizde, Berberis cinsi icerisinde B. vulgaris, B. integerrima, B. crataegiana, B.

cretica tiirleri dogal olarak yetismektedir [2].
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Anavatani Avrupa, Kuzey Amerika ve Asya olan Berberis vulgaris L. tiirii [3], iilkemizde
Istanbul, Kastamonu, Artvin, Samsun, Tokat yoresinde yayilis gostermektedir [4]. Genel
olarak tasli yamaglar, orman i¢i bosluklar veya caliliklar arasinda 500-1500 m rakimlar
arasinda yetisen B. vulgaris [3,5], 2m boylanabilen, kisin yapragimi doken, kalin dalls,
dikenli bir c¢alidir. Dikenler genellikle icliidiir ve yapraklart dikenlere gore daha
biiyliktiir. Yaprak kenarlar1 ince disli, uzunluklari 3-8 cm arasindadir [6]. Sar1 renkli geng
govdelerin kabugu tlizerinde siyah lentiseller bulunur [2]. Nisan-Mayis aylarinda agan
cicekler salkim seklinde ve 15 ile 25 adet ¢igegin bir araya gelmesiyle olusur. Olgunlastigi

zaman kirmizi renk olan meyveler, elips, 8-12 mm uzunlukta ve tiziimsii yapidadir [7].

Tiirkiye ve Iran’da yayilis gosteren Berberis crataegina DC. tiirii [3], iilkemizde
Kastamonu, Ankara, Antalya, Erzincan, Kayseri, Konya, Kiitahya, Malatya, Nigde,
Sanliurfa, Yozgat yoresinde goriilmektedir [4]. Genel olarak kurak ve kayalik yamaglarda
[3] 800-1500 m rakimlar arasinda yetisir. Bitki boyu 2m ulasan, kisin yapragini doken
[6], dikenli bir ¢alidir. B. vulgaris tiirlinde oldugu gibi yapraklar dikenlerden daha
biiytiktiir. Yaprak kenarlar1 kaba disli, uzunluklar1 1-4 cm arasindadir [5]. Parlak koyu
kahverengi geng siirgiinler {izerinde siyah lentiseller yoktur [2]. Mayis-Haziran aylarinda
acan ¢igekler salkim seklinde ve 6 ile 15 adet ¢igegin bir araya gelmesiyle olusur.

Olgunlastig1 zaman siyah renk alan meyveler, eliptik [6] ve liziimsi yapidadir [2].

Berberis cretica L. tiiriiniin anavatan1 Bati Anadolu, Ege Adalari, Yunanistan, Girit ve
Kibris olup [8], lilkemizde Isparta, Izmir yoresinde yayilmistir [4]. Genel olarak kalkerli
yamaglarda 1000-1700 m rakimlar arasinda yetisir [8]. Bitki boyu 1m den daha kiigiik ve
uzun dikenli ¢calidir. Yapraklar genellikle dikenlere gore daha kiigtiktiir. Yaprak kenarlari
batici dikenli disli veya tam kenarli uzunluklar1 1-1,5 cm arasinda oval sekillidir. Eflatun
renginde govdeye sahiptir [2]. Haziran ayinda acan [8] ¢igekler kisa salkim seklinde ve 4
ile 10 adet ¢igegin bir araya gelmesiyle olugur. Olgun meyveleri siyah renklidir [2].

Anavatani Iran ve Tiirkiye olan Berberis integerrima B. tiirii, iilkemizde Giimiishane ve
Kastamonu yoresinde yayilmistir [5]. Bitki boyu 3m ‘ye ulasan dikenli bir ¢alidir.
Dikenler genellikle ticliidiir ve yapraklardan daha kiigiiktiir [2]. Yaprak kenarlar1 kaba
digli veya tam elips seklindedir. Portakal sarisi-kahverengi veya agik kirmizi renkte geng

stirgiinlere sahip olan tiiriin, dal tizerindeki siyah lentiselleri belirgin degildir. Cigekler
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salkim seklinde ve 6 ile 18 adet ¢igegin bir araya gelmesiyle olusur. Olgun meyveler
parlak kirmizi renktedir [6].

Berberis Tiirlerinin Geleneksel Kullanim

Berberis wvulgaris kok, kabuk, yaprak ve meyvesi antihistamik, antikolinerik,
antinosiseptif, iltihap giderici [9] damar daraltici, safra soktiiriicii, miishil [10], kuvvet
verici [11], ates disiirticii [12] 6zelligi nedeniyle tibbi olarak, ayrica meyveleri gida
endiistrisinde, regel, tatli, sarap liretiminde ve ¢ay olarak tiiketilmektedir [13]. Meyveleri
sindirim kolaylastirici, soguk alginligina karsi, kokleri ise istah agici olarak da kullanilir
[14]. Bitkinin kok ve kabuklarinin diiiretik, ates distiriici, skorbiit, antiseptik,
yapraklarmin dizanteri, bogaz agris1 gibi sorunlarin giderilmesinde kullanildig:
belirtilmistir [15].

Geleneksel kullanimda Berberis crataegina D.C. kisirlik, mayasil, goz, cilt, agiz,
romatizma, bas agrisi, solunum, dolasim ve kadin hastaliklarinin tedavisinde
kullanilmaktadir [11]. Denizli, Tunceli, Kahramanmaras, Mugla, Malatya, Kayseri,
Karaman, Erzincan yorelerinde taze kokleri, Igdir, Sivas, Kayseri, Tunceli yorelerinde
meyveleri, Kayseri’de yapraklar1 ve Karaman’da c¢icekleri seker hastaligi tedavisinde
kullanilmaktadir. Ulkemizin degisik yorelerinde meyveleri; hemoroitlere karsi, tansiyon
diisiiriicli, kan yapici, mide rahatsizliklari, bagirsak rahatsizliklari, ishal, safra kesesi,
kabizlik, sarilik, soguk alginligi tedavisinde, kokleri; hemoroitlere karsi, bronsit, soguk
alginligi, sarilik tedavisinde, dallari; ishal, mide, bagirsak, yara ve kesik tedavisinde,
yapraklari; tansiyon diisiiriicli ve balgam soktiiriicii, ¢igekleri ise sarilik ve hemoroitlere
kars1 kullanilir. [14] Yapraklar direkt tiiketilmekle birlikte corba ve bulgur pilavina lezzet
vermek icin katilmaktadir. Meyvelerinden hosaf, surup, garas tatlisi gibi yoresel
yiyecekler yapilmaktadir [16].

Berberis cretica, meyve, kok, yaprak ve govdeleri antiiltihabik, koleretik ve ates
diisliriicii ilag olarak kabul edilmektedir [17]. Uzakdogu’da sindirim problemi igin
geleneksel tedavide kullanilir. Tanen, mukus, mineral tuz ve pektin bakimindan c¢ok
zengindir. Malaria hastaliginin gelisimini engeller. Analjezik, antibakteriyel, antiaritmik,
antiromatik, antiinflammatory, kolajik etkilere sahiptir [18]. Koklerinde bulunan
berberinin antibakteriyel etkileri ve antitiimor aktivitesi vardir [19]. Meyvelerde ve bitki
aksaminda tanen bilesikleri yiiksektir. Meyve, kok ve yesil kism1 6nemli antioksidan
kapasiteye sahiptir [17].
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Berberis integerrima meyveleri jole, surup, recel, meyve suyu, gazli igeceklerin
iiretiminde ve Iran yemeklerinde kullanilir. Ayrica gida endiistrisinde dogal renklendirici
olarak kabul edilmektedir [20]. Kok ve govdesinden elde edilen boya [21] tekstil sanayide
yiin, ipek ve pamugun boyanmasinda kullanilir [20]. Kokiin sulu ekstraktinin antioksidan,
kolesterolemik, hipoglisemik oldugu gosterilmis ve diyabet tedavisinde kullanilabilecegi
belirtilmistir [22]. Yapilan in-vitro ve in-vivo ¢aligmalar antimikrobiyal, antioksidan,
anti-diyabetik, hepatoprotektif ve antihipertansif etkileri oldugunu gostermistir [20].
Bitki kisimlar1 hemoroit [11] ve sarilik [14] tedavisinde de kullanilmaktadir.

Berberis Tiirlerinin Etken Maddeleri

Berberis vulgaris berberin, berberamin, palmatin, oksiberberin, kolumbamin, lambertin,
isokordin, magniflorin, oksiksantin, n-tiramin, kanabisin G alkoloidleri igerir [9]. Ayrica
hiperozit, rutozit, kersitrozit yapisinda flovonoidler [23]. Delfinidol, petunidol formunda
Antosiyanlar igermektdir. Ayrica yapraklarinda kafeik asit ve vanillik asit formunda
fenolik bilesenler bulundurur [24]. Berberis crataegina DC. berberin, palmatin,
berbamin, magnoflorin, jotrorhizin alkoloidleri igerir [25]. Ayrica kersetol, rutozit
yapisinda flovonoidler, malvidol formunda antosiyanlar igcermektedir. Ayrica
yapraklarinda kafeik asit ve klorojenik asit formunda fenolik bilesenler bulundurur [26].
Berberis cretica, Berberis crataegina DC’min alkoloidlerinin yanisira [25,27,28],
magnoflorin, koridinemetin, alkoloidlerini igerir [25,28]. Tiirtin flovonoidler ve fenolik

bilesenleri Berberis crataegina DC tiirii ile benzerdir [26].

Berberis integerrima berberin, magnoflorin [27], berbamurin, isoboldin, palmatin,
oksiyakantin, oblongamin, retikulin, obaberin alkoloidleri igerir [29,30,30]. Ayrica
siyanidol formunda antosiyanlar igermektedir [31].

Sonug¢ ve Oneriler

Ulkemizde Berberis tiirlerinin etken madde gruplarmin belirlenmesi, izolasyonu ve
miktarlart ile ilgili arastirmalarin [15,31,32,33,34] yami sira, etnobotanik g¢aligmalar
[10,35] ve farmakolojik ozellikleri [9,10,11,14,36,37,38,39] ile gida olarak kullanimi
[40,41] hakkinda bazi ¢alismalar yapilmistir. Fakat yapilan literatiir caligsmasinda kiiltiire
alinmasi ve yetistiriciligi ile ilgili iilkemiz cografyasinda dogal olarak bulunmayan
Berberis thunbergii tiiriiniin peyzaj alaninda kullanimina yonelik {iretim ¢alismalar [42]
disinda, Anadolu cografyasinda dogal olarak yetisen ve ekonomik 6neme sahip olan dort

tiiriin Uiretim teknikleri ile ilgili herhangi bir bilimsel ¢alismaya rastlanmamustir.
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Tibbi bitki olarak gerek berberin ve diger alkoloidleri, gerekse fenolik bilesikleri ve
flavonitleri acisindan biiyiikk Oneme sahip olan Berberis tiirlerinden faydalanma
miktariin artirilmast gerekmektedir. Gliniimiizde diyabet hastalar1 i¢in c¢ok sayida
berberin etken maddeli ilag/kapsiiller piyasada satilmakta ve tiiketilmektedir. Anadolu da
geleneksel kullanimda da yeri olan Berberis tiirlerinin kiiltiire alinmasi ve bu yonde
calismalarin baglatilmasi ve bu makalede bahsedilen etken maddelerin ila¢ sanayiye

kazandirilmasi i¢in gereklidir.

Sonug olarak bu dort tiiriin uygun kosullar altinda kiiltiire alinmas: siirdiiriilebilir gelisme
ve kalkinma i¢in standart 6zellikli etken madde iiretilmesi yoniinde galigmalara 6nem

verilmesi gerektigi kanisina varilmastir.
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Effect of Juglone on Seed Germination and Seedling Growth
of Four Common Vegetables

Ismail Kocacaliskan*!, Tugce Akgul?, Semiha Erisen?

ABSTRACT

In this study, effect of juglone on seed germination and post-germinative seedling growth ARTICLE HISTORY

of four common vegetables (aubergine, pepper, zucchini and gherkin) has been ZRE?\;Z%?] 2019
investigated. Juglone treatments were applied at O (control), 0.001, 0.01, 0.1 and 1 mM A ted
concentrations. Seed germination of aubergine and pepper was significantly inhibited by Z;fgri? 2019

juglone but in the case of zucchini and gherkin, juglone didn’t change the germination of
the seeds. However, both root and shoot elongation and dry weights of the seedlings of
all the species studied were significantly decreased by juglone above 0.01 mM KEYWORDS

concentrations with respect to control. The sensitivity range of the species to juglone was Juglone, germination,
determined as aubergine, pepper, zucchini and gherkin, respectively. That is, the most seedling growth,
sensitive species to juglone was found aubergine that juglone inhibited its seedling aubergine, pepper,
growth at even 0.001 mM concentration. zucchini, gherkin
Introduction

The chemical interactions mainly between plants are named allelopathy. The organic
substances playing roles in allelopathy are called allelochemicals. The release of
allelochemicals from plants occurs by volatilization, leaching from leaves, exudation
from roots and degradation of dead plant parts. Allelochemicals become stressful when
they are toxic. Sometimes an allelochemical produced by a plant is harmful to another
but beneficial to a third plant species at the same concentration [1-6]. Temperature was
the most effective parameter in increasing synthesis and exudation of allelochemicals in
plants [7]. The inhibitory effect of walnut on associated plants is one of the oldest
examples of allelopathy and dominant allelochemical in walnut allelopathy is juglone
(5-hydroxy-1,4 naphthoquinone). Hydrojuglone which is a nontoxic form is abundant in
several organs of walnut tree. When exposed to air or to some oxidizing substance
hydrojuglone, it is oxidized to its toxic form, juglone [8, 9]. Juglone is not only
allelopathically important but it also is an important allelochemical in its antiviral [10],
antibacterial and antifungal [11-14], antioxidant [15, 16], herbicidal [17], and anticancer
[18-21] properties.
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It is an agronomic importance to be selecting plant species not sensitive to juglone for
planting in the same field with walnut trees. Using this intercropping system is
commonly seen in Turkey, as can be seen in several countries on the world. However,
the agronomic efficiency of some plant species may be diminished by the detrimental
effect of walnut on juglone sensitive species. Although juglone has been shown to
increase growth of melon seedlings, it has contrarily been shown to decrease seedling

growth of some vegetables such as cress, tomato, cucumber, radish and watermelon. [2].

However, we could not encountered any study about the effect of juglone on aubergine,
pepper, zucchini and gherkin in the literature. In addition, these species are common
cultivated vegetables on the world. Therefore, in this work, we aimed to reveal if
juglone’s allelopathic effect is inhibitory or stimulatory on seed germination and

seedling growth of these vegetables.

Materials and Methods

In this work, seeds of aubergine (Solanum melongena cv. Aydin siyahi), pepper
(Capsicum annuum cv. Yalova ¢arliston), zucchini (Cucurbita pepo cv. Sakiz) and
gherkin (Cucumis flexuosus cv. Acur) were obtained from “Balikesir Tohumculuk”
company/Turkey. The seeds were surface sterilized with 1% sodium hypochloride. At
least 20 seeds were placed in a Petri dish furnished with sheets of filter paper moistened
with distilled water (control) or with juglone solutions in the range of 0.001, 0.01, 0.1
and 1 mM concentrations, between 4-14 ml depending on seed size. After the
treatments, Petri dishes were keeped in an incubator at 25 °C in continuous dark for
seven days. The germination percentages of the seeds were followed and recorded every
day during the incubation. In the last of 7th day, germination rate of the seeds was
determined by dividing total germination percentages of the seeds to 7, then the
seedling growth was defined by measuring lengths and weights of the seedlings
separated to root and shoot. Each treatment was replicated three times and statistical
significance between the means of the treatments was indicated on the Tables at 0.05

level using Duncan’s multiple range test.
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Results and Discussion

Germination rate of the aubergine seeds were significantly decreased by juglone at 0.01,

0.1 and 1 mM juglone concentrations according to control (Table 1).

Table 1 Effects of juglone on germination of seeds and growth of seedlings in aubergine.

Juglone Germination Root length Shoot length Root dry w. Shoot dry w.
(mM) rate (cm) (cm) (mg) (mg)

0 (Control) 66 a 36a 29a 29a 57a

0.001 65a 25b 19b 20b 4.2b

0.01 51b 2.3b 1.7b 15b 33D

0.1 49b 22b 16b 09b 26b

1.0 Oc Oc Oc Oc Oc

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3.

Juglone has also decreased germination of the pepper seeds at 1 mM (Table 2). Even 1
mM juglone has completely inhibited seed germination of these species that
germination rate was zero. However, germinations of the zucchini and gherkin seeds

were not decreased by juglone in any concentrations (Table 3 and 4).

Table 2 Effects of juglone on germination of seeds and growth of seedlings in pepper.

Juglone Germination Root length Shoot length Root dry w. Shoot dry w.
(mM) rate (cm) (cm) (mg) (mg)

0 (Control) 62 a 49a 31la 4.8a 8.2a

0.001 61a 3.5ab 2.8ab 3.6ab 7.5ab

0.01 59 a 3.2ab 2.6ab 3.0ab 6.9 ab

0.1 56 a 2.7b 2.3b 2.7b 5.8b

1.0 Ob Oc Oc Oc Oc

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3.
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Table 3 Effects of juglone on germination of seeds and growth of seedlings in zucchini.

Juglone Germination Root length Shoot length Root dry w. Shoot dry w.
(mM) rate (cm) (cm) (mg) (mg)

0 (Control) 65 a 9.3a 42a 30.2a 55.6 a

0.001 60 a 89a 3.7ab 23.5ab 47.8 ab

0.01 6la 8.0ab 35ab 204b 39.6b

0.1 65a 7.6ab 3.4ab 17.3Db 335D

1.0 65a 6.2b 3.0b 155b 29.4b

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3.

Table 4 Effects of juglone on germination of seeds and growth of seedlings in gherkin.

Juglone Germination Root length Shoot length Root dry w. Shoot dry w.
(mM) rate (cm) (cm) (mg) (mg)

0 (Control) 65a 8.1la 5.8a 37.6a 38.2a

0.001 61a 7.74ab 5.0 ab 33.1ab 355a

0.01 6la 7.8ab 4.8 ab 30.2b 24.2b

0.1 64 a 6.6 ab 45ab 28.6b 206 b

1.0 6la 59D 41D 25.3Db 179D

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3.

In previous studies, it has been shown that juglone’s inhibitory effect was on seedling

growth rather than seed germination. For example, 1 mM juglone had only decreased

seed germination of four species (cress, tomato, cucumber and alfalfa) among 11 plant

species studied. But root and shoot elongation of all of the species studied were

decreased by juglone, except muskmelon [2]. As seen in Table 1, with respect to control

both elongation and dry weight of root and shoot of the aubergine were decreased by all

the juglone concentrations. In the case of pepper, while 0.1 and 1 mM juglone

concentrations were found to decrease elongation and dry weights of the seedlings, the

lower concentrations did not show a significant decrease in the growth parameters
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(Table 2). On the other hand, although root and shoot elongation of zucchini and
gherkin were significantly decreased only by 1 mM juglone, their root and shoot dry
weights were decreased by 0.01, 0.1 and 1 mM juglone concentrations according to
control (Table 3 and 4). Therefore, it may be said that seedling dry weight of zucchini
and gherkin were effected by juglone more than their seedling elongation. Formerly, it
has been shown that juglone affects plant growth depending on species and
concentration. In this study, aubergine and pepper were found more sensitive to juglone
than zucchini and gherkin. The reason of this may be sourced from the difference of
family that aubergine and pepper are belong to Solanaceae, whereas zucchini and
gherkin are belong to Cucurbitaceae family. Generally, juglone in higher concentrations
than 0.01 mM shows phytotoxic effect depending on plant species [23] But lower
concentrations of juglone than this level may show stimulatory effect or no effect on
plant growth [2, 9, 22-25]. Formerly, elongation and dry weight of the root were found
less effected than the shoot by juglone in sixteen plant species [23]. However, in our
study, juglon did not show a different effect on the elongation and dry weight of root
and shoot in the four species studied, as previously mentioned by Kocagaligkan and
Terzi (2001) in eleven plant species.

Plant growth reducing effect of juglone is known to be common. But no information
was available about the juglone’s allelopathic effect on four plant species studied in this
work. Although the species were seen to be decreased their germination and seedling
growth by juglone, there were differences between the species in juglone tolerance. The
tolerance range of the species to juglone can be aligned as zucchini, pepper and
aubergine. That is, the most sensitive species to juglone was aubergine that even 0.001
mM juglone inhibited its seedling growth. Juglone is exuded from walnut trees and
accumulated in canopy soil of walnut about 0.1 mM but rarely it reach to 1 mM
concentration depending on species, season and distance from trunk of walnut [23, 26,
27]. Thus, this study revealed that the species studied, especially aubergine and pepper,

are not advisable cultivating in a walnut garden because of the juglone phytotoxicity.
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