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Density and prevalence of weed species in pistachio orchards of Siirt province

Siirt ili fistik bahgelerinde goriilen yabanci otlarin yayginlik ve yogunluklarinin belirlenmesi
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Received : 14.12.2018 in pistachio gardens of Siirt province. Survey studies were carried out in the

Accepted: 17.06.2019 2017-2018 vegetation periods. In the scope of the study, a total of 103 pistachio
orchards were randomly selected to represent the region. As a result of survey,

Keywords: a total of 170 weed species belonging to 37 families, including 4 monocots and

pistachio, weed species, survey, Siirt, 33 dicots were recorded. The highest number of weed species were belong to

Turkey Asteraceae (29 species), Poaceae (23 species), Fabaceae (18 species), Apiaceae
(12 species) and Brassicaceae (12 species). Among the identified weed species;

* Corresponding author: Mesut SIRRI Avena spp., Anchusa azurea Miller., Bromus tectorum L., Cardaria draba (L.)

N msirri@siirt.edu.tr Desv., Carduus pycnocephalus L., Fumaria officinalis L., Lamium amplexicaule

L., Lactuca serriola L., Galium aparine L., Lolium perene L., Medicago sativa L.,
Papaver rhoeas L., Sinapis arvensis L., Thlaspi arvense L. and Vicia sativa L.
were the most common species that have highest frequency of occurrence. The
species have the highest density in the region were Cynodon dactylon (L.) Pers.
and Convolvulus arvensis L. The overall coverage area of the weed species in
pistachio orchards of Siirt province was determined as 37%. However, the number
of weed species, their frequencies and densities and the coverage areas were
found to be highly diverse among the districts. The highest percentage of weeds
was found in the Siirt center with the rate of 53%, while the lowest rate was found
as 19% in Baykan district. Eruh (155 species) district had the highest number of
weed species, while the lowest number of weed species was recorded in Baykan
(76 species) district. The results revealed that region specific weed management
strategies should be applied in the study area.

GIRIS

Tirkiye sahip oldugu cografi konum, farkli iklim 6zellikleri gosteren bitki tiir sayisina esit olup, bir¢ok kiiltiir bitkisinin

ve topografik yapisinin yaninda kitalar arasinda 6nemli de anavatani konumundadir (Onen ve Ozcan 2010).

bir gecis bolgesi olusturmasi nedeniyle zengin bir bitki Tirkiye ekolojik ¢esitlilik yontiyle de oldukga bityiik bir

gesitliligine sahiptir. Tirkiye floras: kapsadig: bitki sayist zenginlige sahiptir. Bu durum bitkisel iiretim i¢in tilkemize

yoniiyle neredeyse Avrupa kitasinin tamaminda yayilis biiyiik bir avantaj saglamaktadir (Anonim 2018a). Nitekim
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sicak ve soguk 1liman iklim bélgeleri yaninda tropikal ve
subtropikal iklim bélgelerine de sahip oldugundan, diinya
genelinde yetistirilen 138 meyve tiiriiniin 75’i tilkemizde de
yetistirilebilmektedir (Agaoglu et al. 1995, Giil ve Akpinar
2006). Tiirkiye diinyanin 6nemli meyve tireticileri arasinda

yer almaktadir.

Tirkiye diger meyveler gibi sert kabuklu meyve tretimi
agisindan da 6nemli bir yere sahiptir. Nitekim sert kabuklu
meyvelerin ihracat verileri dikkate alindiginda; Turkiye
findikta diinya birincisi, Antep fistig1 ihracatinda ise diinya
tiglinciisit konumundadir. Ulkemizde iiretilen sert kabuklu
meyve lretim oranlari ele alindiginda %61.31 ile findik ilk
sirada yer alirken, bunu sirasiyla Antep fistigr (%27.24),
ceviz (%7.55), badem (%2.90) ve kestane (%1) izlemektedir
(Anonim 2017).

Ulkemiz sert kabuklu meyve iiretiminde son derece
6nemli bir yere sahip olan Antep fistig1 (Pistacia vera L.),
ilk olarak Eti’ler tarafindan Giiney Anadolu’da kiiltiire
alinmaya baglanmis daha sonra Suriye, Italya ve ardindan
diger Akdeniz iilkelerine yayilmigtir. Ancak genisleme
sinirlart diinyada 30° - 45° paralelleri arasinda yer alan
kuzey ve giiney yarim kiirelerdeki mikroklima alanlaridir
(Anonim 2018a). Iklimsel ihtiyaglari sebebiyle sadece sinirlt
alanlarda ekonomik olarak Antep fistig1 yetistiriciligi
yapilabilmektedir. Bu nedenle Tirkiyenin Antep fistig1
tretiminin yaklasik %751 Glineydogu Anadolu Bolgesinden
karsilanmaktadir. Antep fistig1 iiretiminin iller bazindaki
dagilimi ise (Cizelge 1)’de ki gibidir (Anonim 2017).

Cizelge 1. Tirkiye’de Antep fistiginin yetistiriciligi yapilan
illere gore tretim alani, tretim miktar1 ve aga¢ sayilar
(Anonim 2017)

Agag Sayisi Alan Uretim miktar1

Sehirler

(adet) (dekar) (ton)

Sanlurfa 18300486 1253983 28507
Gaziantep 17703343 1363473 14762
Adiyaman 4668830 258092 10440
Siirt 2708000 188073 7944
Kahramanmarag 810050 67990 3704
Kilis 804807 63355 3217
Manisa 622706 9963 1474
Diyarbakir 192782 5676 1775
Mardin 182235 10689 1397

Batman 308355 37983 1206

Tirkiye’de on doért Antep fistig1 ¢esidi mevcut olup
sadece Uzun, Kirmizi, Siirt, Halebi ve Ohadi gesitlerinin
ekonomik olarak yetistiriciligi yapilmaktadir. Bunlardan
Kirmizi, Uzun ve Halebi ¢esitleri daha ¢ok sanayide ham
madde olarak kullanilirken, ¢caligma alani olan Siirt ilinde
yetistiriciligi yapilan Siirt ¢esidi ise daha ¢ok kuruyemis
olarak tiiketilen, iri taneli ve yiiksek ¢atlak oranina sahip
bir ¢esittir (Anonim 2011, Yavuz 2011). Siirt fistig1 lezzetli
ve besin elementlerince zengin olmasinin yani sira dolgun

ve iri taneli oldugundan 6nemli bir popiileriteye sahiptir.

Siirt fistig1 igerdigi mikro ve makro besin elementleri
yoniiyle insan sagligi agisindan 6nemli bir besin kaynagidir
(Anonim 2018b). Siirt fistig1 genel olarak tarim disi
alanlarda (kayalik, tagli, meyilli ve besin elementlerince
fakir topraklar) yetigse de aslinda nispeten derin, kumlu-
tinl1 biinyeli ve kismen Kkiregli topraklar1 sevmektedir.
Ayrica meyvelerinin gelisebilmesi ve olgunlagsmas: igin
yazlar1 uzun, sicak ve kurak, kislari ise nispeten soguk bir

iklime ihtiya¢ duyar (Anonim 2018c).

Giineydogu Anadolu Bolgesinin ekolojik olarak fistik
yetistiriciligi i¢in uygun olmasi ve fistik yetistiriciliginin
ekonomik olarak diger kiltiir bitkilerine goére daha
avantajli olmasi bolgede fistik yetistirilen alanlarin her
gegen gilin artmasina neden olmaktadir. Ancak iiretimde
ve iiretim alanlarinda meydana gelen bu artis beraberinde
bir takim tarimsal sorunlar1 da beraberinde getirmisgtir.
Uretim maliyetlerindeki artis ve pazarlama gibi sorunlarin
yaninda bitki koruma etmenlerinden kaynaklanan
problemler de karsimiza ¢ikmaktadir. Ozellikle kuru tarim
alanlarinda yetistirilen fistik ile su ve besin maddeleri i¢in
rekabete giren yabanci otlar bolgede 6nemli sorunlara
yol acabilmektedir. Yabanci otlar, 6zellikle agaglarin fide
doneminde su ve besin maddesi i¢in rekabete girerek
fidelerin gelisimini aksattig1 gibi agaclarin hastalik ve
zararlilara karg1 direncini azaltarak kurumalarina neden
olabilmektedir. Ayrica meyvelerin i¢ doldurma déneminde
rekabete girerek verim ve kalitede onemli dusiisler
olusturabilmektedir. Dolayisiyla diger kiltir bitkilerinde
oldugu gibi fistik bahgelerinde de yabanci ot miicadelesi

6nem arz etmektedir (Ozcan 2012).

Entegre yabanci ot miicadelesi ¢ercevesinde etkin ve
stirdiirilebilir bir yonetim i¢in oncelikle bolgede sorun
olan yabanci ot tirlerinin ve bunlarin yayginlik ve
yogunluklarinin bilinmesi biiyitk 6nem tagimaktadir
(Giincan 2013, Ozer et al. 2001). Bu nedenle Siirt ili fistik
bahgelerinde sorun olusturan yabanci ot tiirlerinin
belirlenmesi ve bunlarin  yayginlik/yogunluklarinin

saptanmasi amaciyla siirvey ¢aligmalar: ytritilmugtir.
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MATERYAL VE METOT

Caligmanin ana materyalini Siirt ili ve ilgelerindeki
Antep fistig1 bahgelerinde bulunan yabanci ot tiirleri
olusturmaktadir. Ayrica yabanci ot yogunluklarini
belirlemek i¢in bir metrekarelik (1 m?) gergeve, herbaryum
cantasi, fotograf makinesi ve bahgelerin konumlarinin

belirlenmesi icin ise GPS kullanilmigtir.

Stirvey c¢alismalari 2017-2018 vejetasyon donemlerinde
(mart-haziran aylarinda) toplam 103 fistik bahgesinde
gerceklestirilmigtir. Siirvey c¢aligmalarinda il geneli ve
ilelere gore fistik bahgelerinin dagilimi dikkate alinarak;
orneklenen toplam bahge sayis1 ve bahgelerin ilgelere gore
oransal dagilimlar: belirlenmistir (Cizelge 2).

hesaplanmigstir (Odum 1971).
Rastlanma siklig1 (RS %) =n/mx 100
Yogunluk (Y bitki/m?) =b/m

GKA =TKA /m,

OKA =TKA /n

(TKA: her tirin kapladigi alanin toplami, n: tiiriin

bulundugu 6rnekleme sayisi, m: toplam 6rnekleme sayisi)

SONUCLAR VE TARTISMA

Siirt Merkez ve il¢elerinde (Pervari, Sirvan, Tillo, Kurtalan,
Baykan ve Eruh) fistik bahgelerinde yapilan siirvey

caligmalar1 sonucunda 4’it monokotiledon ve 33’ti de

Cizelge 2. Siirt ilinde ilgelere gore fistik yetistiriciligi yapilan toplam tarim alanlari ve siirvey yapilan bahge sayilari

fle Fistik bahgelerinin toplam alani (da) Orneklenen bahge sayist
Baykan 13.214 7

Eruh 31.321 31

Kurtalan 32.495 11

Merkez 81.483 31

Pervari 5873 7

Tillo 12.235 8

Sirvan 11.452 8

Toplam 188.073 103

Siirvey ¢aligmalar1 bolgeyi temsil edecek sekilde ana yollar
esas alinarak rastgele yapilmigtir. Ornekleme yapilan
bahgelerde kenar tesirini ortadan kaldirmak igin bahgelerin
kose noktalarindan 10 m kadar igerden baglanarak yabanci
ot sayimlar1 yapilmistir. Bahgenin biytklugiine bagh
olarak 1-5 da’lik alanlarda 3, 5-10 da’lik alanlarda 5 ve
10 da’dan daha biiyiik alanlarda ise 8 noktada 1 m? lik
gerceveler atilarak igerisine giren yabanci otlar tiir bazinda
sayilarak tespit edilmistir (Onen 1995, Sirma et al. 1997).
Orneklenen bahgelerde sayim yapilirken gerceve igerisine
girmeyen yabanci ot tiirleri de kayit altina alinmigtir.
Stirvey yapilan bahgelerde yabanci otlarin genel kaplama
alanlar1 da belirlenmistir. Ornekleme noktalarinda teshisi
yapilamayan yabanci ot tiirleri daha sonra teshis edilmek
tizere herbaryuma alinmis ve fotograflar1 ¢ekilmistir.
Bitkilerin teshisinde ve isimlendirmelerinde Davis (1965-
1989), Onen (2015), Ozer et al. (1998), Ozer et al. (1999)
ve Ulug et al. (1993)’den yararlanilmigtir. Yabanci otlarin
rastlanma sikliklari, yayginlik ve yogunluklari ile kaplama

alanlar1 ise asagida verilen formiillerden yararlanilarak

dikotiledon olmak iizere toplam 37 familyaya ait 170 yabanci
ot tiirdl saptanmistir. Bu tiirlere ait rastlanma sikliklari,
yayginlik ve yogunluklar: Cizelge 3’de verilmistir.

Siirt il genelindeki fistik bahgelerinde sorun olan yabanci
otlarin familyalara gére dagilimlar1 dikkate alindiginda,
en fazla tiire sahip familyalarin sirasiyla; Asteraceae (29
tiir), Poaceae (23 tiir), Fabaceae (18 tiir), Apiaceae (12
tlir), Brassicaceae (12 tiir), Lamiaceae (8 tiir), Liliaceae
(7 ttir), Caryophyllaceae (7 tiir), Euphorbiaceae (6 tiir) ve
Boraginaceae (5 tiir) oldugu tespit edilmistir (Sekil 1).
HAsteraceae
mPoaceae

= Fabaceae

= Apiaceae
mBrassicaceae
mLamiaceae

Caryophyllacae
Liliaceae

Boraginaceae
Euphorbiaceae

Diger

Sekil 1. Siirt ilinde fistik ekim alanlarinda familyalara gore

yabanci ot tiir sayilari



Bitki Koruma Biilteni / Plant Protection Bulletin, 2019, 59 (3) : 3-14

Cizelge 3. Siirt ve ilgelerinde stirvey alanlarinda goriilen yabanci ot tiirleri ile bunlarin yogunluk ve rastlanma sikliklar:

Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Acanthus dioscoridis var. perringii Ay1 pengesi Acanthaceae 0.009 0.97
Achillea wilhelmsii C. Koch Civanpergemi Asteraceae 0.01 1.94
Adonis aestivalis L. Kandamlas: Ranunculaceae 0.04 4.85
Aegilops columnaris Zhukovsky Bugday otu Poaceae 0.24 17.47
Aegilops cylindiria Host. Sakal otu Poaceae 0.15 15.53
Aethionema arabicum (L.) Andrz.ex DC. Tas teresi Brassicaceae 0.009 0.97
Agropyron cristatum (L.) Gaertner Adi otlak yarig1 Poaceae 0.08 5.82
Agrostemma githago L. Karamuk Caryophyllaceae 0.05 5.82
Agrostis stolonifera L. Narin tavus otu Poaceae 0.33 16.5
Alcea sp. Hatim Malvaceae 0.33 32.03
Alhagi pseudalhagi (Bieb.) Desv. Deve dikeni Fabaceae 0.03 3.88
Alkanna trichophila var. mardinensis (Goriz) Havaciva otu Boraginaceae 0.13 13,59
Allium armenum Boiss.& Kotschy Yabani sarimsak Liliaceae 0.29 291
Ajuca chamaepitys (L.) Sarigicekli mayisil otu Lamiaceae 0.009 0.97
Alopecurus myosuroides Huds. Tilkikuyrugu Poaceae 1.09 31.06
Alyssum spp. Kuduz otu Brassicaceae 0.03 1.94
Amaranthus retroflexus L. Horuz ibigi Amaranthaceae 6.91 38.83
Ammi visnaga (L.) Lamarck Kiirdan otu Apiaceae 0.45 11.65
Anagallis arvensis L. Farekulag1 Primulaceae 0.39 30.09
Anchusa azurea Miller. Italyan sigirdili Boraginaceae 0.67 59.22
Anthemis arvensis L. Tarla kopek papatyasi Asteraceae 1.06 48.54
Anthmis tinctoria L. Boyaci papatyast Asteraceae 0.09 7.76
Aristolochia maurorum L. Logusa otu Aristolochiaceae 0.76 43.68
Asperula arvensis L. Tarla yapiskan ot Rubiaceae 0.45 26.21
Astragalus sp. Geven Fabaceae 0.02 291
Avena spp. Yabani yulaf Poaceae 2.35 75.72
Bifora radians Bieb. Kokar ot Apiaceae 0.12 10.67
Bongardia chrysogonum (L.) Spach Catlak otu Berberidaceae 0.78 26.21
Boreava orientalis Jaub. & Spach. Sar1 ot Brassicaceae 0.03 3.88
Bromus inermis Leysser Kilgiksiz brom Poaceae 0.18 16.5
Bromus sterilis L. Kisir brom Poaceae 0.13 13.59
Bromus tectorum L. Piiskiillii ¢ayir otu Poaceae 3.1 54.36
Buglossoides arvense (L.) Johnst Tas kesen otu Boraginaceae 0.87 23.3
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Cizelge 3. Devami

Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Bupleurum rotundifolium L. Yuvarlak tavsankulag Apiaceae 0.15 11.65
Capsella bursa-pastoris (L.) Medik. Cobangantast Brassicaceae 0.3 233
Cardaria draba (L.) Desv. Kir teresi Brassicaceae 3.33 55.33
Carduus nutans L. Diken Asteraceae 0.17 17.47
Carduus pycnocephalus L. Saka dikeni Asteraceae 0.9 66.99
Capparis spp. Kapari Capparaceae 0.01 1.94
Caucalis platycarpos L. Kiigiik pitrak Apiaceae 0.17 17.47
Centaurea behen L. Kavza kokii Asteraceae 0.009 0.97
Centaurea depressa Bieb. Peygamber ¢igegi Asteraceae 0.03 3.88
Centaurea solstitialis L. Giines dikeni Asteraceae 0.14 14.56
Centaurea iberica Trevir ex Sprengel. Gelin diigmesi Asteraceae 0.28 28.15
Cephalaria syriaca (L.) Schrad. Pelemir Dipsaceae 0.28 28.15
Cerastium dichotomum L. Boynuz otu Caryophyllaceae 0.36 18.44
Chenopodium album L. Sirken Chenopodiaceae 0.75 22.33
Chondrilla juncea L. Akhindiba Asteraceae 0.009 0.97
Chrozophora tinctoria (L.) Rafin. Bambul otu Euphorbiaceae 0.02 20.38
Cichorium intybus L. Yabani hindiba Asteraceae 0.39 18.44
Cirsium arvense (L.) Scop. Koygogiiren Asteraceae 0.43 30.09
Conium maculatum L. Baldiran Apiaceae 0.03 3.88
Conringia orientalis (L.) Dumort. Tavsan hardali Brassicaceae 0.08 8.73
Convolvulus arvensis L. Tarla sarmasig1 Convolvulaceae 9.38 83.49
Convolvulus galaticus Rotsan exChoisy Boz tarla sarmagig1 Convolvulaceae 0.9 33.98
Coronilla scorpioides (L.) K.Koch. Akrep kuyrugu Fabaceae 0.05 5.82
Crepis sp. Pis kokulu hindiba Asteraceae 0.5 40.77
Crupina crupinastrum (Moris) Vis. Gelin dondiiren Asteraceae 0.08 8.73
Cuscuta spp. Kuskiit Cuscutaceae 0.01 1.94
Cynodon dactylon (L.) Pers. Kopek disi ayrig Poaceae 10.87 74.75
Cyperus rotundus L. Topalak Cyperaceae 0.09 1.94
Datura stramonium L. Seytan elmasi Solanaceae 0.02 291
Daucus carota L. Yabani havug Apiaceae 0.46 27.18
Descurainia sophia (L.) Webb ex Prantl Uzun siipiirge otu Brassicaceae 0.06 6.79
Echinaria capitata (L.) Desf. Diken bas ¢imi Poaceae 0.14 13.59
Echinophora tenuifolia L. Tarhana otu Apiaceae 0.01 1.94
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Cizelge 3. Devami

Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Echinops viscosus DC. Topuz dikeni Asteraceae 0.06 6.79
Echium italicum L. Adi engerek Boraginaceae 0.03 3.88
Erodium hoefftianum C.A. Mey Dénbaba Geraniaceae 2.78 37.86
Euphorbia aleppica L. Halep siitlegeni Euphorbiaceae 0.09 9.7

Euphorbia helioscopia L. Giines siitlegeni Euphorbiaceae 0.85 26.21
Euphorbia spp. Siitlegen Euphorbiaceae 0.54 36.89
Euphorbia amygdaloides L. Sutlegen Euphorbiaceae 0.26 17.47
Eryngium spp. Boga dikeni Apiaceae 0.04 4.85
Fumaria officinalis L. Sahtere Papaveraceae 421 54.36
Galium aparine L. Dil kanatan Rubiaceae 1.27 50.48
Galium tricornutum Dandy. Boynuzlu yogurt otu Rubiaceae 0.03 291

Geranium dissectum L. Turnagagasi Geraniaceae 1.11 26.21
Geranium tuberosum L. Devetaban1 Geraniaceae 0.25 17.47
Gladiolus atroviolaceus Boiss. Karga sogani Iridaceae 0.09 9.7

Glycyrrhiza glabra L. Meyan kokii Fabaceae 0.46 7.76
Gundelia tournefortii L. Kenger Asteraceae 0.08 8.73

Heliotropium europaeum L. Boz ot Boraginaceae 2.2 18.44
Hordeum murinum L. Duvar arpast Poaceae 0.67 51.45
Hordeum sp. Yabani arpa Poaceae 0.23 17.47
Hypericum triquetrifolium Turra. Kantaron otu Guttiferae 0.32 21.35
Hypericum scabrum L. Kaba kuzu kiran Clusiaceae 0.08 8.73

Hypericum elongatum Ledeb. Adi kuzu kiran Clusiaceae 0.04 291

Ixiolirion tataricum (Pallas) Herbert Tatarcik Amaryllidaceae 0.01 1.94
Lactuca serriola L. Act marul Asteraceae 2.27 79.61
Lallemantia iberica (Bieb.) Ajdarbast Lamiaceae 0.01 1.94
Lamium amplexicaule L. Ballibaba Lamiaceae 4.28 52.42
Lathyrus sp. Yabani miirdiimitk Fabaceae 0.08 8.73

Leontica leontopetulum L. Aslanpengesi Berberidaceae 0.21 13.59
Lepidium perfolatum L. Yabani tere Brassicaceae 0.46 9.7

Linum pubescens Banks and Sol. Tiylii pembe keten Liliaceae 0.06 6.79
Linum spp. Keten Liliaceae 0.39 26.21
Lisaea strigosa (Banks and Sol.) Eig. Testere disli pitrak Apiaceae 0.6 35.92
Lolium multiflorum Lam. Delice Poaceae 0.03 3.88
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Cizelge 3. Devami

Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Lolium perenne L. Ingiliz ¢imi Poaceae 1.09 53.39
Lotus spp. Gazal boynuzu Fabaceae 0.01 1.94
Malva neglecta Wallr. Ebegiimeci Malvaceae 0.33 30.09
Marrubium parviflorum Fisch.& C.A.Mey. Kiigiik gigekli sinek otu Liliaceae 0.03 3.88
Matricaria chamomilla L. Hakiki papatya Asteraceae 0.03 3.88
Medicago sativa L. Yonca Asteraceae 1.64 55.33
Medicago orbicularis (L). Bart. Diskvari yonca Fabaceae 0.01 1.94
Medicago scutellata L. Salyangoz yoncast Fabaceae 0.009 0.97
Melilotus officinalis (L.) Desr. Sar1 tag yoncasi Fabaceae 0.92 25.24
Moluccella laevis L. Dikensiz luken dudag: Lamiaceae 0.45 9.7

Muscari armeniacum Leichtlin ex Baker Arap stimbiili Liliaceae 0.13 8.73

Myagrum perfoliatum L. Goniil hardali Brassicaceae 0.71 34.95
Neslia apiculata Fisch. Trakya hardali Brassicaceae 0.13 12.62
Onobrychis sp. Korunga Fabaceae 0.01 1.94
Onosma sp. Altin damlasi Boraginaceae 0.02 291

Ornithogalum narbonense L. Akbaldir Liliaceae 0.27 21.35
Orobanche spp. Canavar otu Orobanchaceae 0.09 9.7

Papaver rhoeas L. Gelincik Papaveraceae 1.66 90.29
Papaver spp. Yabani haghas Papaveraceae 0.03 291

Phlaris bractystachys Link. Kusyemi Poaceae 0.31 23.3
Phragmites communis Trin. Kamis Poaceae 0.11 0.97
Picnomon acarna (L.) Cass. Pamuk dikeni Asteraceae 0.44 44.66
Plantago lanceolata L. D.y.sinir otu Plantaginaceae 0.01 1.94
Plantago major L. G.y. sinir otu Plantaginaceae 0.08 8.73
Poa annua L. Salkim otu Poaceae 0.01 1.94
Poa longifolia Trin. Uzun yaprakli salkim otu Poaceae 0.009 0.97
Poa bulbosa L. Yumrulu salkim otu Poaceae 0.29 10.67
Polygonum aviculare L. Cobandegnegi Polygonaceae 0.34 20.38
Prosopis sp. Ceti Fabaceae 0.41 26.21
Ranunculus arvensis L. Tarla diigiin gigegi Ranunculaceae 0.44 27.18
Reseda lutea L. Sar1 muhabbet ¢igegi Resedaceae 0.009 0.97
Rumex crispus L. Kuvircik labada Polygonaceae 0.08 8.73
Salsola kali L. Adi soda otu Amaranthaceae 0.03 1.94
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Cizelge 3. Devami

Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Salvia spp. Adagay1 Lamiaceae 0.27 24.27
Salvia cryptantha Monthr & Auch. Adagay1 Lamiaceae 0.03 3.88
Salvia multicaulis Vahl. Adagay1 Lamiaceae 0.07 7.76
Sanguisorba minér Scop. Cayir diigmesi Rosaceae 0.22 22.33
Scandix pecten-veneris L. Ziihre tarag1 Apiaceae 0.19 7.76
Scandix stellata Banks. & Sol. Dag kiskisi Apiaceae 0.05 5.82
Senecio vernalis Waldst and Kit. Imam kavugu Asteraceae 0.1 10.67
Senecio vulgaris L. Kanarya otu Asteraceae 0.37 31.06
Seteria viridis (L.) PBeauv. Yesil kirpi dar1 Poaceae 0.11 6.79
Silene conoidea L. Muisir nakili Caryophyllaceae 1.05 16.5
Silene conica L. Yapiskan nakil Caryophyllaceae 0.07 7.76
Silybum marianum (L.) Gaertner Meryem ana dikeni Asteraceae 0.41 41.74
Sinapis arvensis L. Yabani hardal Brassicaceae 2.42 80.58
Sonchus oleraceus L. Esek marulu Asteraceae 0.14 14.56
Sorghum halepense (L.) Pers. Kanyas Poaceae 0.86 10.67
Stellaria media (L.) Vill Serge dili Caryophyllaceae 0.51 17.47
Taraxacum sp. Aslan disi Asteraceae 0.44 14.56
Teucrium polium L. Tas kekigi Lamiaceae 0.07 7.76
Thlaspi arvense L. Tarla akea cigegi Brassicaceae 3.36 53.39
Tragopogon latifolius Boiss. Yemlik Asteraceae 0.47 46.6
Tragopogon reticulatus Boiss. Tekesakall Asteraceae 0.03 3.83
Tribulus terrestris L. Demir dikeni Zygophyllaceae 1.09 15.53
Trifolium stellatum L. Yildizli iiggiil Fabaceae 0.18 18.44
Trifolium sp. Uggiil Fabaceae 0.65 41.74
Trifolium pilulare Boiss. Tiyli tiggiil Fabaceae 0.1 4.85
Trifolium purpureum Lois. Mor iiggiil Fabaceae 0.07 6.79
Turgenia latifolia (L.) Hoffm. Peynir otu Apiaceae 0.03 3.88
Xanthium strumarium L. Domuz pitrag Asteraceae 1.17 24.27
Xeranthemum annuum L. Dag karanfili Asteraceae 0.03 3.88
Xanthium spinosum L. Dikenli pitrak Asteraceae 0.009 291
Vaccaria pyramidata Medik Arap baklas1 Caryophyllaceae 0.55 40.77
Valarianella coronata (L.) DC. Tagh kuzu gevregi Valerianaceae 0.01 1.94
Valarianella vesiaria (L.) Moench. Kedi otu Valerianaceae 0.06 6.79
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Cizelge 3. Devami
Bilimsel Ad1 Tiirk¢e Ad1 Familya Yog.* RS%
Verbascum spp. Sigirkuyrugu Scrophulariaceae 0.07 5.82
Veronica hederifolia L. Adi yavsan otu Scrophulariaceae 1.96 19.41
Vicia narbonensis L. Kaba tiylii fig Fabaceae 0.35 31.06
Vicia sativa L. Adifig Fabaceae 1.32 57.28
Ziziphora capitata L. Anuk Lamiaceae 0.07 7.76

Stirvey sonuglar1 dikkate alindiginda fistik bahgelerinde
(bulunduklar1 bolgelerde) en fazla yogunluk olusturan
baskin tiirlerin basinda; kopekdisi ayrig1 (Cynodon dactylon
(L.) Pers.) ve tarla sarmagig1 (Convolvulus arvensis L.)nin
geldigi goriilmektedir. Cok yillik olan bu iki tiir disinda
yabani yulaf (Avena spp.), italyan sigirdili (Anchusa azurea
Miller.), puskiilli ¢ayir otu (Bromus tectorum L.), kir teresi
(Cardaria draba L.), saka dikeni (Carduus pycnocephalus
L.), sahtere (Fumaria officinalis L.), dil kanatan (Galium
aparine Dandy.), ballibaba (Lamium amplexicaule L.), ac1
marul (Lactuca serriola L.), Ingiliz ¢imi (Lolium perene
Lam.), yonca (Medicago sativa L.), gelincik (Papaver rhoeas
L.), yabani hardal (Sinapis arvensis L.), tarla akea ¢icegi
(Thlaspi arvense L.) ve adi fig (Vicia sativa L.) bolgede en sik
rastlanan ve sorun olusturan yabanci ot tiirleridir (Cizelge 3).

Siirt genelinde Antep fist1g1 bahgelerindeki yabanci otlarin
ortalama olarak genel kaplama alanlarinin yaklagik
%37 oldugu saptanmistir. Ancak yabanci ot tiirlerinin
dagilimlar1 ve yogunluklar1 dikkate alindiginda; gerek
yabanci ot tiirleri ve bunlarin sayilar1 gerekse de yabanci
otlarin kaplama oranlar1 bakimindan ilgeler arasinda
biyik farkliliklarin bulundugu belirlenmistir (Sekil 2).
Nitekim Merkez (%53) ve Pervarinin (%44) en yiiksek
yabanci ot kaplama alanina sahip ilgeler oldugu, Baykan

(%19) ve Sirvan (%21) ilcelerinde ise yabanci otlarin
genel kaplama oraninin bu ilgelerin yarisindan daha az
oldugu saptanmistir. Diger yandan yabanci ot tiir sayist
bakimindan Eruh (155 tiir) ilk sirada yer alirken, Baykan
(76 tiir) en az sayida tiire sahiptir (Sekil 2). Ancak ilgeler
arasinda tir gesitliligi ve genel kaplama alanlar1 yoniiyle
goriilen biiytik farkliliga ragmen; baskin olan yabanc
ot tiirleri yoniiyle ilgeler arasinda biyiik bir farkliligin
olmadig: tespit edilmistir (Cizelge 4).

mTir saysi Genel Kaplama Alani(%)

155

Merkez Eruh Pervari Sirvan  Aydinlar  Kurtalan  Baykan

Sekil 2. Siirtiline bagliilgelerde fistik bahgelerinde yabanci
otlarin tiir sayis1 ve genel kaplama alanlar1 (%)

Cizelge 4. Antep fistig1 bahgelerindeki dominant yabanci ot tiirlerinin Siirt ilinde ilgeler bazinda yayginlik ve yogunluklar:

Avena spp. Convolvyls Cynodon Lact-ucu Papaver Sinapi.s Fu‘m.aric‘l

arvensis dactylon serriola rhoeas arvensis officinalis
v %R y* %R y* %R y* %R y* %R y* %R y* %R

Merkez 35 74 8.45 80 17.7 87 3.61 70 1.83 74 4.29 87 7.8 58
Eruh 1.4 54 15.4 83 6.61 61 2.7 83 2.16 100 1.48 64 1.32 51
Pervari 2.1 85 10.6 100  9.57 42 1.14 100 1.28 100 1.57 100 2.57 85
Sirvan 1.6 87 4.75 75 5.25 87 0.75 75 1.62 100 2.62 100  0.37 37
Tillo 0.9 87 53 75 8.5 75 0.9 75 1 100 0.6 62 15.4 75
Kurtalan 1.6 100 5.27 90 13.4 90 1.18 100 1 90 2 90 0.45 45
Baykan 5.7 100 2.42 85 6.14 71 0.57 57 0.85 85 1.71 85 0.28 28
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Siirt ili Antep fistig1 bahgelerinde yapilan siirvey
¢alismalarinin sonuglarina gore yabanci ot tiir sayist
bakimindan en fazla taksona sahip familyalarin Asteraceae
(29 tur), Poaceae (23 tiir), Fabaceae (18 tiir), Apiaceae
(12 tir) ve Brassicaceae (12 tiir) oldugu saptanmistir.
Bahsi gegen bu bitki familyalar: hem bolgemizde hem de
tilkemizde en fazla bitki tiirti iceren familyalar olup bunlar
gogunlukla tarim alanlarina uyum saglayan bitki tiirlerini
kapsamaktadir (Diizenli et al. 1993, Ozer et al. 1999). Bu
nedenle de en fazla yabanci ot tiiriine sahip familyalar
olarak bulunmalarinin bu 6zelliklerinin dogal bir sonucu
oldugu distintilmiistir. Nitekim g¢aliyma alanini da
kapsayan Giineydogu Anadolu Bolgesinde daha 6nce farkli
kiiltiir bitkilerinde yapilmis olan siirvey ¢aligmalarinda da
bu familyalarin en fazla tiir igeren familyalar arasinda yer
aldig: ifade edilmistir (Arikan et al. 2015, Arslan et al. 2017,
Demir ve Tepe 2001, Ozaslan 2011, Ozaslan and Biikiin
2013, Pala 2017, Pala et al. 2018, Uludag ve Katkat 1993, Zel
1974).

Calisma sonuglarina gore fistik bahgelerinde yabani yulaf
(Avena spp.) puskiillii ¢ayir otu (Bromus tectorum L.), kuir
teresi (Cardaria draba (L.) Desv., Saka dikeni (Carduus
pycnocephalus L.), sahtere (Fumaria officinalis L.), dil
kanatan (Galium aparine L.), duvar arpasi (Hordeum
murinum L.), ballibaba (Lamium amplexicaule L.), aci
marul (Lactuca serriola L.), gelincik (Papaver rhoeas L.),
yabani hardal (Sinapis arvensis L.), tarla akea gigegi (Thlaspi
arvense L.) ve adi fig (Vicia sativa L.) gibi tek yillik yabanci
ot tiirleri ve Italyan sigirdili (Anchusa azurea Miller.),
kopek disi ayrig1 (Cynodon dactylon (L.) Pers.), tarla
sarmagigl (Convolvulus arvensis L.), Ingiliz ¢imi (Lolium
perene L.) ve yonca (Medicago sativa L.) gibi ¢ok yillik
yabanci ot tiirleri sorun olusturan baskin tiirler olarak
saptanmigtir. Daha 6nce bolgenin farkl: illerinde yapilan
sirvey ¢aligmalarinda da bu tiirler igerisinde yer alan A.
fatua, C. dactylon, L. serriola, C. arvensis gibi yabanci
ot tirleri ile siirvey alaninda siklikla rastlanan Sorghum
halepense, Heliotroium europeaeum, Chenopodium album,
Tribulus terrestris ve Chorozophora tinctoria gibi tiirlerin
fistik alanlarinda 6nemli sorunlara yol agabildikleri
belirtilmektedir (Goksu 2018, Muslu ve Tepe 2016, Ozcan
2012, Ozcan 2016, Ozcan ve Onen 2016a). Benzer sekilde
fran’da yuriitiilen bir ¢calismada da C. adraba, C. album, B.
tectorum, C. arvensis, Dactylis glomerata, Solanum nigrum,
Alhagi camelorum, Prosopis sp., Abutilon teophrasti ve
Salsola kali gibi yabanci otlarin 6nemli derecede sorun
olusturdugu dile getirilmistir (Davarynejad 1999).

Sonug olarak; yabanci otlarin verim ve kaliteyi 6nemli

derecede etkiledigi, ayn1 zamanda diger bir¢ok hastalik
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ve zararliya konukguluk yaptigi, hasadi giiclestirdigi
dikkate alindiginda mutlaka kontrol altina alinmalar:
gerekmektedir (Ozer et al. 2001). Siirvey calismalari
neticesinde Antep fistigi bahgelerinde yabanci ot
yogunluklarinin 6nemli seviyede oldugu ve ozellikle
yeni tesis edilen bahgelerde yabanci otlarin ciddi oranda
zarar verebildigi saptanmistir. Dolayisiyla da yabanci ot
rekabetinin 6zellikle yeni tesis edilen bahgelerde fidelerin
gelisimini etkileyen unsurlarin baginda geldigi gozden

kagirilmamalidir (Hosseini et al. 2007).

Bolgede birinci sinif tarim arazilerinden ziyade engebeli
arazilerin degerlendirilmesi ve ek gelir elde edilmesi
amaciyla bu alanlarda fistik bahgesi tesis etme yoluna
gidildigi saptanmistir. Ayrica fistik agaglarinda goriilen
periyodisite ve agaglarin verime ge¢ yatmasi (en az 5-7
yi) nedeniyle bahge bakimiyla fazla ilgilenilmedigi
belirlenmistir. Bu nedenle bitki koruma etmenleriyle
de yeterli diizeyde miicadele yapilmamaktadir. Bolgede
yabanct ot miicadelesi genel olarak mekanik yolla
yapilmaktadir. Ancak traktorle yapilan derin siirim
gibi yanlis uygulamalar yiizeysel koklere zarar vermekte
ve dip kurdu popiilasyonunun artmasina da sebebiyet
vermektedir. Dolayisiyla sorun olan yabanci otlar baska
problemlere yol agamayacak sekilde entegre miicadele
cercevesinde ele alinmalidir (Onen et al. 2018, Ozer et
al. 2001). Bu bakis agisiyla toprak igleme, ortiicii bitki,
fideliklerde mal¢ uygulamalari, herbisit kullanimi vb.
tedbirler bir biitiin olarak degerlendirilmelidir (Arikan et
al. 2015, Ozcan 2016, Ozer et al. 2001).

Diger yandan bu ¢aligma ile bolgede sorun olusturan
yabanct ot tiirleri belirlenmis ve bu yabanci otlarla
miicadelenin yapilmasi gerekliligi ortaya konulmugstur.
Ancak ekolojik kosullardaki fakliligin bir sonucu olarak
stirvey yapilan bolgelere gore yabanci ot popiilasyonlarinda
goriilen biytik farkliliklar nedeniyle bolgeye ve/veya
bahgeye 0Ozel tedbirlerin alinmasi yoluna gidilmelidir
(Onen ve Ozer 2002, Onen et al. 2018, Ozaslan et al. 2016,
Ozcan 2012, Ozcan ve Onen 2016b, Sirr1 et al. 2016a, 2016b).

OZET

Bu ¢aligma Siirt ili Antep fistig1 bahgelerinde goriilen yabanci
otlar ve bunlarin yayginlk ve yogunluklari ile kaplama
alanlarinin  belirlenmesi amaciyla; 2017-2018 vejetasyon
donemlerinde siirvey ¢alismalari seklinde yiiriitiilmistir.
Caligma kapsaminda bolgeyi temsil edecek sekilde rastgele
segilen toplam 103 fisttk bahgesinde arazi gozlemleri
yapilmustir. Yapilan siirvey ¢alismalar1 sonucunda, 4’i tek
¢enekli, 33t ¢ift cenekli olmak tizere 37 familyaya ait toplam
170 yabanci ot tiirii saptanmigtir. Yabanci ot tiir sayist
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bakimindan en fazla taksona sahip familyalarin Asteraceae
(29 tiir), Poaceae (23 tiir), Fabaceae (18 tiir), Apiaceae (12
tiir) ve Brassicaceae (12 tiir) oldugu saptanmustir. Belirlenen
tiirler arasinda rastlanma siklig1 en yiiksek olan yabanci otlar
ise Avena spp., Anchusa azurea Miller., Bromus tectorum L.,
Cardaria draba (L.) Desv., Carduus pycnocephalus L., Fumaria
officinalis L., Lamium amplexicaule L., Lactuca serriola L.,
Galium aparine L., Lolium perene L., Medicago sativa L.,
Papaver rhoeas L., Sinapis arvensis L., Thlaspi arvense L. ve
Vicia sativa L. oldugu gorilmistiir. Bulunduklar: bolgede en
fazla yogunluk olusturan tiirlerin ise Cynodon dactylon (L.)
Pers. ve Convolvulus arvensis L. oldugu tespit edilmistir. Siirt
genelinde Antep fistig1 bahgelerindeki yabanci otlarin genel
kaplama alani yaklasik %37 olarak belirlenmistir. Yabanci
ot tiir sayisi, tiirlerin rastlanma siklig1 ve yogunluklari ile
kaplama alanlar1 yoniiyle ilgeler arasinda biiyiik farkliliklarin
oldugu saptanmugtir. Yabanci otlarin genel kaplama alani
Merkez ilgesinde en yiiksek (%53) seviyedeyken Baykan
ilcesinde en diisiik seviyede (%19) bulunmugstur. Ayrica Eruh
(155 tiir) ilgesinde en fazla yabanci ot tiir sayisina rastlanirken
en az tiir sayis1 Baykan (76 tir) ilgesinde saptanmuistir.
Sonuglar ¢aligma alaninda bolgeye 6zel yabanci ot yonetim

stratejilerinin uygulanmasi gerektigini ortaya koymustur.

Anahtar kelime: Antep fistig1, yabanci ot tiirleri, siirvey, Siirt,
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In this study; the oppioid mites, collected from the southern part of the Amanos
Mountains in 2012, 2016 and 2017 years, were evaluated taxonomically. Standard
methods for the extracting, fixing, preserving of oribatid mites from the material
collected were used. The identification of mites was made based on light and
scanning electron microscope studies and literature. In conclusion; totally 7
taxa of oppioid mites representing three families, Epimerellidae Ayyildiz and
Luxton, 1989, Oppiidae Sellnick, 1937 and Quadroppiidae Balogh, 1983 were
determined. These are namely Epimerella smirnovi longisetosa Kulijev, 1967,
Discoppia (Cylindroppia) cylindrica cylindrica (Pérez-Iiiigo, 1965), Rhinoppia (R.)
heterotricha (Ivan and Vasiliu, 1997), Moritzoppia unicarinata unicarinata (Paoli,
1908), Oppiella (O.) nova uliginosa (Willmann, 1919), Ramusella (Rectoppia)
mihelcici (Pérez-Iigo, 1965), Quadroppia (Coronoquadroppia) michaeli michaeli

Mahunka, 1977 and recorded for the first time in Turkey.

GIRIS

Oribatid akarlar, esas olarak toprak ve dokiintiide yasayan
eklembacaklilardir. Zirai bakimdan seralarda ve bazi tarla
bitkilerinde kék, yaprak veya meyvelerle beslendiklerinde
kiiglik problemlere sebep olabilirler (Hoy 2011, Jeppson et
al. 1975, Zhang 2003). Bu akarlar yavas tirediklerinden,
zirai trtnler icin 6nemli hasar olusturmalar1 nadir bir

durumdur.

Toprakta yagayan eklembacaklilar arasinda hem tiir hem
de birey sayis1 bakimindan zengin olan oribatid akarlarin
diinyada simdiye kadar bilinen tiir ve alttiir sayis111.036’d1r
(Subias 2004, son giincelleme 2018). Bunlar igerisinde
oppioid oribatid akarlar 1262 tiir ile temsil edilmekte olup
(Subias 2004, son giincelleme 2018), bilinen oribatid akar
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sayisinin yaklasik %10’luk kismini kapsar. Tiirkiye’den
simdiye kadar kaydedilmis Oppioidea Grandjean, 1951
st familyasina ait tiir ve alttiirlerin sayis1 80’dir (Baran
et al. 2018, Erman et al. 2007, Ozkan et al. 1988, 1994).
Yapilan ¢alismalardan anlasilacagy tizere, iilkemizden
Granuloppiidae gibi Palearktik bolgede yayilis gosteren
familyadan herhangi bir kayit tespit edilememistir.
Ayn1 sekilde kozmopolit yayilis gosteren Oppiidae
familyasina ait bilinen tiir sayis1 da diinyada bilinenlerle
karsilagtirildiginda oldukga azdir. Bu sonuglar, oppioid
oribatid akarlar {izerinde yapilacak ¢aligmalarin 6nemini

bir kez daha vurgulamaktadir.

Caligma alan1 olarak Amanos Daglar'nin  Sariseki
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(36.664023 K, 36.217694 D) ile Bektash (36.654325
K, 36.407120 D) hattinin giiney kisminda kalan alan
secilmistir. Amanos Daglar1 ve ¢evresinde vyapilan
¢aligmalarda oribatid akarlarin Phthiracaridae Perty, 1841,
Euphthiracaridae Jacot, 1930 ve Oribatulidae Thor, 1929
familyalarina ait taksonlar degerlendirilmistir (Aktas
2015, Ay and Ayyildiz 2017, Niedbala 1981, 1984, 1992). Bu
¢alismanin konusunu olusturan oppioid oribatid akarlar
tizerine aragtirma alaninda herhangi bir ¢aligmaya simdiye

kadar rastlanilmamaigtir.

Bu ¢alismada; Akdeniz iklimine sahip Amanos Daglarrnin,
bir tarafta karasal iklim diger tarafta ise ¢ol iklimine sahip
bolgeler arasinda kalmasi nedeniyle ortaya ¢ikan sinir
etkisinden dolay1 tiir ¢esitliligi bakimindan zengin olacag:
gercegi ile adi gegen bolgede yasayan oppiod oribatid
akarlar: tespit ederek Tirkiye faunasina katki saglanmasi

amaglanmistir.

MATERYAL VE METOT

Aragtirma alaninda 2012, 2014 ve 2016 yillarinda toplam
414 ornekleme yapilmis ve bu esnada toplanan toprak,
dokiintli, yosun ve liken gibi materyallerden akarlar,
Berlese-Tullgren huni diizenegi kullanilarak oztitlenmistir.
Oziitlenen akarlar %80’lik etil alkolde tespit edilmis ve
akar koleksiyonunda muhafaza altina alinmistir. Akarlarin
incelenmesinde 151tk ve tarama elektron mikroskoplar:
kullanilmigtir. Orneklerin mikroskobik incelemesi cukur
lamda gegici olarak hazirlanmis laktik asitli preparatlarda
yapilmistir. Teshis islemlerinde ve terminolojide gesitli temel
ve giincel kaynaklarin (Miko 2006, Minguez et al. 1985,
Pérez-Tiigo 1965, Subias ve Arillo 2001, Woas 1986) yani
sira koleksiyonumuzda mevcut materyaller de kargilagtirma
amagh kullanilmistir. Orneklerin toplandigi yerlerin listesi
asagida verildigi sekildedir. Incelenen &rnekler kisminda

sadece lokalite numaralari ve birey sayilar1 verilmistir.
Lokalitelerin listesi

1) Hatay: iskenderun, Uggﬁllﬁk, 36° 26. 056’K, 035° 59.
582D; 44 m, muz (Musa sp.) serasindan tiizeri yosunlu
toprak, 10.1.2012.

2) Hatay: Iskenderun, Kurtbag1 koyi, 36° 24.284’K, 036°
01.956’D, 564 m, karigtk orman alti dokiinti, yosun ve
toprak, 10.1.2012.

3) Hatay: Iskenderun, Uggiilliik, 36° 25.887°K, 035° 59.900°D,
73 m, muz serasl i¢inden tizeri kahverengi yosunlu toprak,
01.11.2012.

4) Hatay: Iskenderun, Kurtbag: Koyii, 36° 24.345'K, 036°
01.756'D, 657 m, kayist agac1 (Prunus sp.), incir agaci (Ficus
carica), zeytin agaci (Olea sp.) ve karigik orman alt1 dokiinti,
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yosun ve toprak, 01.11.2012.

5) Hatay: Iskenderun, Uggiilliik, 36° 25.532’K, 036° 00.001°D,
215 m, kariggk orman alti dokiintli, yosun ve toprak,
01.11.2012.

6) Hatay: Iskenderun, Atik kéyt, 36°31.210°K, 036° 14.560°D,
1328 m, sedir agaci1 (Cedrus sp.) altindan dokiintii ve toprak,
11.IV.2012.

7) Hatay: Iskenderun, Kurtlusarimazi koyii yolu, 36°
31.300°K, 036° 15.050°D, 1366 m, karisik orman alt: dokiinti,
yosun ve toprak, 11.IV.2012.

8) Hatay: Iskenderun, Kurtbagi kéyii, 36° 00.426’K, 036°
24.123'D, 478 m, karigitk orman alti dokiintdi, yosun ve
toprak, 11.IV.2012.

9) Hatay: Iskenderun, Bey kdyii, 36° 24.028°K, 036° 00.138’D,
455 m, karigtk orman alti dokiintii, yosun ve toprak,
11.IV.2012.

10) Hatay: Iskenderun, Kurtbag1 koyt, 36° 24.005’K, 036°
00.315’D, 470 m, karigtk orman alti dokiintdi, yosun ve
toprak, 11.IV.2012.

11) Hatay: Iskenderun, Karagdz koyii yolu, 36° 22.667’K,
035° 57.649'D, 406 m, karisik orman alt1 dokiintii, yosun ve
toprak, 28.VIIL.2012.

12) Hatay: iskenderun, Kurtbag: koyt, 36° 24.109°K, 036°
02.469'D, 539 m, ¢ali ve karisik orman alt1 dokiintii, yosun
ve toprak, 24.X1.2012.

13) Hatay: Iskenderun, Derekuyu, 36° 25.445'K, 036°
02.594’D, 439 m, karigtk orman alti dokiinti, yosun ve
toprak, 24.X.2016.

14) Hatay: Iskenderun, Isikli, 36° 19.691°K, 035° 48.580°D, 20
m, karisik orman alt1 dokiintii, yosun ve toprak, 19.XI1.2016.

15) Hatay: Iskenderun, Hac1 Ahmetli koyi, 36° 22.610°K,
035° 56.680°’D, 192 m, karisik orman alt1 dokiintii, yosun ve
toprak, 25.1.2017.

SONUCLAR

Aragtirma alanindan Tiirkiye faunasi igin yeni olan 7
oppioid oribatid akar taksonu tespit edilmistir. Bunlarin
yapisal oOzellikleri Orneklerimiz dikkate alinarak asagida

sunulmustur.
Ust Familya: Oppioidea Grandjean, 1951
Belirlenen oppioid oribatid akarlarin familya teshis anahtari:

1. II-IV. epimerlerin sinirlar1 ortada genital agikligin
genisligi kadar olan bir alan ile ayrilmig ......cccocvevvcevcrcrcnnce.

................................. Epimerellidae Ayyildiz and Luxton, 1989
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2. Kostulalar mevcut ise prodorsum uzunlugunun yarisindan
daha kisa; krista mevcut ise notogaster uzunlugunun
1/3’tinden daha uzun degil ................. Oppiidae Sellnick, 1937

- Kostulalar prodorsum uzunlugunun yarisindan daha uzun;
krista notogaster uzunlugunun 1/3’ti kadar veya daha uzun
........................................ Quadroppiidae Balogh,1983

Familya: Epimerellidae Ayyildiz ve Luxton, 1989
Cins: Epimerella Kulijev, 1967
Alttir: Epimerella smirnovi longisetosa Kulijev, 1967

Viicut 6lgtimleri: Viicut uzunlugu 310 (290-340) um, genisligi
ise 159 (140-180) um’ dir (n=10).

Taniticr 6zellikleri ve kisa tanimi (Sekil 1): Rostrum, tam
ve ug¢ kismi burun seklinde ¢ikintilidir. Biitiin prodorsum
kallar1 kaideden uca kadar silli yapida, uzunluklari ise ro= 24
um, le= 38 pum, in= 36 um ve ex= 19 um kadardir. Lamella
ve interlamella killar1 kovergent konumdadir. Lamella
killar1 interlamella killarina rostrum killarina goére daha
yakin konumda yerlesmistir. Interlamella killari, lamella
kallarmin kaidesinin otesine kadar uzanmaktadir. Sensillus
44 pm uzunlugunda, ig seklinde, bas kismi 9-10 sillidir.
Notogastral krista, 6n ortaya dogru ¢ikint1 olusturacak
sekilde iyi gelismistir. Notogasterin 6n kisminda bir ift
humeral olusum tasir. Notogaster silli, uzun yapida 10 gift kil
tagir. Bunlar arasinda takili mevcut ve diiz olup geriye dogru
yonelmistir. Notogasterin te kil, #i kilinin kaidesinin 6tesine
kadar uzanirken ti, msnin, ms de r kilinin kaidesine kadar
uzanmamaktadir. Subkapitulum iki eklemlidir. Subkapitulum
killarindan silli yapida olan /& ve m killar1 seyrek silli olan a
kilindan daha uzundur. Epimer bolgesinde killarin dagilimi
3-1-3-3 seklindedir. Epimer killarindan Ic, 4b ve 4c killar1 silli
yapida ve diiz olan diger epimer killarindan daha uzundur.
Epimerlerin arasinda 6nden arkaya dogru genisleyen bir
bosluk mevcuttur. III+IV. epimerler arasindaki bosluk genital
plak genisligi kadar olup 35 umdir. IIT+IV. epimerler ile II.
epimerler arasinda apodemler iyi gelismis ve dar bir baglant1
vardir. Genital plak 5 cift silli yapida kil tagir. g, ve g, killar1
diger genital killarindan daha uzundur. Anal plak killar: 2
cift olup seyrek sillidir. iad lirifisstirii paraanal konumdadr.
Adanal killarin tiimii uzun ve bir tarafi silli yapida olup ad,
kilt postanal, ad, kil ise preanal konumdadir. Bacaklar bir
tirnaklidir.

Incelenen drnekler: 2: 21 ergin, 4: 1 ergin, 14: 14 ergin (3ii
SEM igin kullanildi), 15: 2 ergin.
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Sekil 1. Epimerella smirnovi longisetosa Kulijev, 1967:

A) Prodorsum, B) Notogaster, C) Epimer bolgesi, D)
Anogenital bolge (6lgekler: C igin 10 pm, digerleri igin 20
um)

Familya: Oppiidae Sellnick, 1937
Cins: Discoppia Balogh, 1983

Altcins: Discoppia (Cylindroppia) Subias and Rodriguez,
1986

Altttr: Discoppia (Cylindroppia) cylindrica cylindrica (Pérez-
Ifigo, 1965)

Viicut él¢timleri: Viicut uzunlugu 209 (198-220) um, genisligi
ise 84 (75-90) umdir (n=10).

Taniticr Ozellikleri ve kisa tanimi (Sekil 2): Rostrum, tam
ve yuvarlaktir. Biitiin prodorsum killar: silli yapida, ugta
ince ve kivrilmis olup uzunluklari ro = 15 um, le= 11 pm,
in = 9 umdir. Lamella killari, interlamella killarina rostrum
kallarina gére daha yakin konumda yerlesmistir. Sensillus 15
pum uzunlugunda, sap ile disk seklinde bir basa sahip olup
hem ortada hem de kenarlarda diken seklinde olusumlar
mevcuttur. Notogastral krista yoktur. Notogaster 10 ¢ift kil
tagir. ta kili mevcuttur. Tim notogaster killart hemen hemen
ayn1 uzunlukta olup seyrek (1-2 tane) sillidir. Subkapitulum
iki eklemlidir. h, m, a killar1 diiz yapili, uzunluklari arasindaki
iliski m<h<a seklindedir. Epimer bolgesinde killarin dagilimi
3-1-3-3 seklindedir. 4b kili diger epimer killarindan daha
uzundur. Genital plak benzer yapida 4 cift kil tagir. Anal plak,
diiz yapida 2 ¢ift kil tasir. iad lirifissiirii paraanal konumdadir.
Adanal killar diiz yapida olup ad, kili postanal, ad, kili ise

preanal konumdadir. Bacaklar bir tirnaklidir.

incelenen 6rnekler: 2: 2 ergin, 4: 2 ergin, 10: 1 ergin, 12: 2
ergin, 13: 61 ergin (6’s1t SEM i¢in kullanildi), 14: 126 ergin,
15: 7 ergin.



Bitki Koruma Biilteni / Plant Protection Bulletin, 2019, 59 (3) : 15-23

Sekil 2. Discoppia (Cylindroppia) cylindrica cylindrica
(Pérez-Iiigo, 1965): A) Prodorsum, B) Notogaster, C)
Epimer bélgesi, D) Anogenital bolge (6lgekler: B igin 100

um, digerleri i¢in 10 pm)

Cins: Rhinoppia Balogh, 1983
Altcins: Rhinoppia (Rhinoppia) Balogh, 1983
Tiir: Rhinoppia (R.) heterotricha (Ivan and Vasiliu, 1997)

Viicut dl¢timleri: Viicut uzunlugu 461 (440-490) pm, genisligi
ise 261 (240-280) pumdir (n=10).

Tanitict 6zellikleri ve kisa tanimi (Sekil 3): Rostrum, tam
ve yuvarlak olup burun seklinde ¢ikintihdir. Rostrum
kallar1 35 pm uzunlugunda, bir tarafi sillidir. Lamella killar:
diiz, ince yapih ve 17 um uzunlugundadir. Interlamella
killar1 29 pm uzunlugunda silli ve giiglii yapidadir. Lamella
killari, interlamella killarina rostrum killarina gore daha
yakin konumda yerlesmistir. Interbotridiyal bolge, ortada
oval sekilli sertlesmis olusumlu ve bir ¢ift interbotridiyal
skleritlidir.
Sensillus 70 pm uzunlugunda, igimsi yapida ve 7-8 adet sil

Bu olusumlar krista ile kaynagmamustir.
tasimaktadir. Ekzobotridiyal killar 10 um uzunlugunda,
sillidir. Ekzobotridiyal ve podozomal bolge tiimsecikli bir
desene sahiptir. Notogastral krista iyi gelismistir. Notogaster
diiz yapili, ugta kivrilmis, 10 ¢ift kil tasir. ta kili mevcuttur
ve 26 um uzunlugundadir. Notogasterin te kili 33 pm
uzunlugunda ve diger notogaster killarindan daha uzundur.
Subkapitulum iki eklemlidir ve killar1 ugta kivrilmistir.
Subkapitulum killarindan m ve a killar1 seyrek dikenli, A kilt
diizdir. m kil diger subkapitulum killarindan daha uzundur.
Epimer bolgesinde killarin dagilimi 3-1-3-3 seklindedir.
Epimer bolgesindeki Ic, 3b ve 4b killar1 diger epimer
killarindan daha uzundur. Genital plak, diiz yapili 6 gift kil
tagir. Anal plak, benzer yapida 2 cift kil tagir. iad lirifisstirii
paraanal konumdadir. Adanal killar ince, diiz yapili olup ad,
kil postanal, ad, kil ise preanal konumdadir. Bacaklar bir

tirnaklidir. incelenen ornekler: 2: 30 ergin, 4: 27 ergin, 5: 1

18

ergin, 6: 5 ergin, 8: 60 ergin, 9: 25 ergin, 10: 95 ergin, 12: 360
ergin, 13: 69 ergin, 14: 344 ergin, 15: 1269 ergin (4 SEM
icin kullanildi).

Sekil 3. Rhinoppia (R.) heterotricha (Ivan and Vasiliu,
1997): A) Prodorsum, B) Notogaster, C) Epimer bélgesi, D)
Anogenital bolge (6lgekler: tiim sekiller i¢in 20 um)

Cins: Moritzoppia Subias and Rodriguez, 1988
Alttiir: Moritzoppia unicarinata unicarinata (Paoli, 1908)

Viicut él¢timleri: Viicut uzunlugu 285 (270-300) um, genisligi
ise 148 (130-150) umdir (n=8).

Taniticr 6zellikleri ve kisa tanimi (Sekil 4): Rostrum, tam
ve yuvarlak yapilidir. Rostrum killar1 19 um uzunlugunda,
bir tarafi sillidir. Lamella killar diiz yapida olup 10 um
uzunlugunda bir tarafi sillidir. Interlamella killari 7 pm
uzunlugunda ve iki dikenlidir. Lamella killar1 interlamella
killarina rostrum killarina gére daha yakin konumdadir.
Sensillus 15 um uzunlugunda, kiiremsi seklinde kisa dikenli
bir baga sahiptir. Ekzobotridiyal killar, 17 um uzunlugunda,
diizyapilidir. Prodorsum iizerinde yay seklinde olan kostulalar
botridiyumun st kismindan baglayip, lamella killarinin
kaidesinde sonlanmaktadir. Notogasterin ug kismiyla ve
kostulalarla baglantili olan S seklinde bir ¢ift interbotridiyal
sklerit mevcuttur. Notogastral krista mevcuttur. Notogasterin
u¢ kisminda humeral olusum yoktur. Notogaster 10 ¢ift kil
tagir. ta kil bir dikenli, u¢ kismi kivrilmis ve diiz olan diger
notogaster killarindan daha uzundur. Subkapitulum iki
eklemlidir. Subkapitulum killar1 diiz yapili, m ve a killar1 i
kilindan daha uzundur. Epimer bolgesinde killarin dagilimi
3-1-3-3 seklindedir. Tiim epimer killar1 diiz yapili ve kisadur.
Genital plak diiz yapida 4 cift kil tagir. Genital plaktaki g, kilt
diger genital killarindan daha uzundur. Anal plak, benzer
yapida 2 cift kil tasir. iad lirifissiirti paraanal konumdadur.
Adanal killar diiz, kisa yapili olup ad, kili postanal, ad, kil
ise preanal konumdadir. Bacaklar bir tirnaklidir.incelenen
ornekler: 2: 1 ergin, 4: 10 ergin (3’it SEM i¢in kullanildz).
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A

Sekil 4. Discoppia (Cylindroppia) cylindrica cylindrica
(Pérez-Iiigo, 1965): A) Prodorsum, B) Notogaster, C)
Epimer bélgesi, D) Anogenital bolge (6lgekler: B igin 100
um, digerleri i¢in 10 pm)

Cins: Oppiella Jacot, 1937
Altcins: Oppiella (Oppiella) Jacot, 1937
Alttiir: Oppiella (O.) nova uliginosa (Willmann, 1919)

Viicut 6l¢timleri: Viicut uzunlugu 271 (250-290) pm, genisligi
ise 138 (110-160) pmdir (n=10).

Taniticr 6zellikleri ve kisa tanimi (Sekil 5): Rostrum, tam ve
yuvarlak olup burun seklinde ¢ikintilidir. Rostrum killar: bir
tarafl silli, ugta kivrilmis, 14 um uzunlugundadir. Lamella,
interlamella ve ekzobotridiyal killar diiz yapili, u¢ kismi
kivrilmis, uzunluklar le= 4 pum, in= 6 pm, ex= 25 pmdir.
Lamella killari, interlamella killarina rostrum killarina gore
daha yakin konumdadir. Sensillus 48 um uzunlugunda, bir
tarafi kisa silli olan igimsi bir sekle sahiptir. Botridiyum
45° ag1 yapacak sekilde igeriye dogru yonelmistir. Lamellar
kostulalar yay seklinde ve iyi gelismistir. Kostulalar
arasinda baglanti yoktur. Kostulalarla baglantili S seklinde
bir ¢ift interbotridiyal sklerit mevcuttur. Ekzobotridiyal
ve podozomal bolge tiimsecikli bir desene sahiptir.
Notogastral krista vardir. Notogaster diiz yapida 10 ift kil
tagir. Notogaster killarinin ug kismi incelerek kivrilmstir. ta
kilt mevcuttur. Subkapitulum iki eklemlidir. m ve a killar1 h
kilindan daha uzundur. Epimer bélgesinde killarin dagilimi
3-1-3-3 seklindedir. Tiim epimer killar1 diizdiir. Genital
plak diiz yapili 5 ¢ift kil tagir. g, kil diger genital killarindan
daha uzundur. Anal plak, benzer yapida 2 cift kil tasir. iad
lirifisstirti paraanal konumdadir. Adanal killar hemen hemen
ayni uzunlukta ve diiz yapili olup, ad, kili postanal, ad kili ise

preanal konumdadir. Bacaklar bir tirnaklidir.

Incelenen &rnekler: 2: 14 ergin, 4: 25 ergin, 9: 2 ergin, 11:
1 ergin, 12: 1 ergin, 15: 331 ergin (4t SEM i¢in kullanilds).
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Sekil 5. Oppiella (O.) nova uliginosa (Willmann, 1919):
A) Prodorsum, B) Notogaster, C) Epimer boélgesi, D)
Anogenital bolge (6lgekler: A ve B i¢in 20 um, C ve D igin
10 um)

Cins: Ramusella Hammer, 1962
Altcins: Ramusella (Rectoppia) Subias, 1980
Tiir: Ramusella (Rectoppia) mihelcici (Pérez-Iiigo, 1965)

Viicut dl¢timleri: Viicut uzunlugu 269 (240-290) pm, genisligi
ise 127 (100-140) pmdir (n=10).

Tanitict Ozellikleri ve kisa tanimi (Sekil 6): Rostrum, tam
ve yuvarlak yapilidir. Rostrum killar1 20 um uzunlugunda,
silli, kaideden uca dogru birbirinden uzaklasan sekilde
(divergent) uzanmaktadir. Lamella ve interlamella killart silli
yapida olup, uzunluklari le= 13 um, in= 4 um’ dir. Lamella
killar, interlamella killarina rostrum killarina gore daha yakin
konumdadir. Sensillus 38 um uzunlugunda olup igimsi, silli
yapidadir. Botridiyum 45°a¢1 yapacak sekilde yukariya dogru
yonelmistir. Notogastral krista yoktur. Notogaster 9 ¢ift kil
tagir. ta kili mevcut degildir. Tiim notogaster killar1 hemen
hemen ayn1 uzunlukta olup diiz yapiya sahiptir. Notogasterin
te ve ti killar1 ayni hizada konumlanmistir. Subkapitulum
iki eklemlidir. Subkapitulum killar1 seyrek silli yapida olup
kaideden uca dogru incelerek kivrilmistir. Epimer bolgesinde
killarin dagilimi 3-1-3-3 seklindedir. Genital plak benzer
yapida 5 ¢ift kil tagir. Anal plak, seyrek silli 2 ¢ift kil tagir.
iad lirifisstiri paraanal konumdadir. Adanal killar seyrek silli
yapida olup ad, kili postanal, ad, kili ise preanal konumdadir.
Bacaklar bir tirnaklidir.

incelenen 6rnekler: 1: 1 ergin, 2: 23 ergin, 3: 71 ergin, 4: 10
ergin (51 SEM i¢in kullanildi), 5: 3 ergin, 8: 11 ergin, 12: 41
ergin, 13: 4 ergin, 14: 7 ergin, 15: 14 ergin.
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Sekil 6. Ramusella (Rectoppia) mihelcici (Pérez-Inigo,
1965): A) Prodorsum, B) Notogaster, C) Epimer bolgesi, D)
Anogenital bolge (6lgekler: tiim sekiller igin 10 um)

Familya: Quadroppiidae Balogh, 1983
Cins: Quadroppia Jacot, 1939
Altcins: Quadroppia (Coronoquadroppia) Ohkubo, 1995

Alttir: Quadroppia (Coronoquadroppia) michaeli michaeli
Mahunka, 1977

Viicut 6l¢timleri: Viicut uzunlugu 191 (180-213) pm, genisligi
ise 106 (102-113) umdir (n=11).

Tanitic 6zellikleri ve kisa tanimui (Sekil 7): Rostrum yuvarlak
yapilidir. Rostrum killar1 10 pm uzunlugunda, kaideden
uca dogru tedrici olarak incelmekte olup seyrek dikenli ve
rostrumun kenarindan orijinlenmistir. Prodorsumun st
kisminda alin eklentisi (frontal appendage) mevcuttur. Bu
yapi geriye dogru daralarak devam etmekte ve ortada biraz
incelmigtir. Lamella, interlamella ve ekzobotridiyal killar diiz
olup uzunluklari le= 2 pm, in= 1 um, ex= 2 pmdir. Lamella
killari, interlamella killarina rostrum killarina gore daha
yakin konumdadir. Sensillus 19 pum uzunlugunda, ¢omak
seklinde dikenli bir basa sahiptir. Kostulalar iyi gelismis ve
kaidesi botridiyumun tist kismindan baglayip alin eklentisine
kadar uzanmigtir. Kostulalarin ug¢ kisimlar1 arasinda 5 pm
genisliginde bir bosluk vardir. Kostulalar arasindaki bolgede
belirgin sekilde bir yiikselti vardir. Interlamella killar1 bu
yiikselti tzerindedir Notogaster oval seklinde olup kisa,
diiz yapili 9 ¢ift kil tagir. Notogastral kristalarin i¢ uzantilari
yaklagik olarak 37 pm uzunlugunda, ti kilinin yakininda
sonlanmigtir. Notogastral kristalarin dig uzantilari ise i¢
uzantilarindan daha uzun olup ms kilinin 6niine kadar
uzanmugstir. fa kili notogastral kristalarin i¢ ve dis uzantilari
arasinda konumlanmustir. , kili kiigiik bir yiikselti izerinden
orijinlenmektedir. Subkapitulum ikieklemlidir. Subkapitulum

killar1 diiz, kalin, ugta kivrilmis yapida ve hemen hemen ayni
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uzunluktadir. Epimer bélgesinde killarin dagilimi 3-1-3-3
seklindedir. Tiim epimer killar1 diiz yapili olup 4b kili diger
epimer killarindan daha uzundur. IIT+IV. epimerler arasinda
genital agikligin oniinde her ikiside yuvarlak ve birbiriyle
temas halinde olan bir olusum mevcuttur. Genital plak diiz
yapida 5 cift kil tagir. Anal plak, benzer yapida 2 cift kil tagir.
iad lirifisstirti paraanal konumdadir. Adanal killar diiz, kisa
yapili olup ad, kili postanal, ad, kili ise adanal konumdadur.
Bacaklar bir tirnaklidir. II. bacagin tarsusu 2 solenidiyum

tagir.

Incelenen 6rnekler: 2: 1 ergin, 4: 6 ergin, 6: 49 ergin (5i SEM
i¢in kullanild1), 7: 20 ergin, 8: 3 ergin, 9: 15 ergin, 10: 37
ergin, 12: 129 ergin, 13: 49 ergin, 14: 124 ergin, 15: 330 ergin.

Sekil 7. Quadroppia (Coronoquadroppia) michaeli michaeli
Mahunka, 1977: A) Prodorsum, B) Notogaster, C) Epimer
bolgesi, D) Anogenital bolge (6lgekler: A ve B i¢in 20 pm, C

ve D i¢in 10 pm)

TARTISMA VE KANI

Aragtirma alaninda belirlenen ve Tiirkiye faunasi i¢in yeni
olan 7 oppioid oribatid akar taksonuna ait yapisal 6zellikler,
orneklerimiz tizerinden tartigithp degerlendirilerek varilan

kan1 agagida sunulmustur.

Epimerella smirnovi longisetosa Kulijev, 1967: Tiirkiye faunasi
i¢in yeni kayit olarak belirlenen bu alttiir Azerbaycan ve
Ukraynadan (Kulijev 1967, Shtirts and Yaroshenko 2016)
bilinmektedir. Bu alttiir, Epimerella smirnovi smirnovi
(Kulijev, 1962)den p, . killarnin daha uzun olmasi,
interlamella killarinin lamella killarinin ¢ikis yerinin ilerisine
kadar uzanmasi, sensillusun igimsi yapida, 10 civarinda
uzun sil tasimasi ve I. epimerler arasinda kiigiik bir boslugun
bulunmasi ile ayirt edilir (Kulijev 1967). Orneklerimiz tiim

bu &zellikleri tagimasi ile bilinenler ile uyum igerisindedir.

Discoppia (Cylindroppia) cylindrica cylindrica (Pérez-Iigo,
1965): Tiirkiye faunasi igin yeni kayit olarak belirlenen bu
alttiir Palearktik ve tropikal bolgede yayilis gostermektedir
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(Subfas 2004, son giincellenme 2018). Pérez-Iiigo (1965),
bu alttiirii Ispanyadan topladigi érnekler {izerinden Oppia
minus ssp. cylindrica adiyla yeni olarak tanimlamis ve
Willmann (1931) tarafindan Oppia minus Paoli olarak
anahtarda verilen tiirii de sinonim listesine almistir. Subias
and Rodriguez (1986), Discoppia (Cylindroppia) olarak
yeni bir altcins tanimlamis ve tip tiirii olarak Oppia minus
cylindrica C. Pérez-Ifiigo, 19651 vermistir. Pérez-Ifiigo
(1965) viicut uzunlugunu 225 um, genisligini 75 pm, Subias
and Rodriguez (1986) viicut biyiikligiint 207-218 um x 89-
96 um (minimum 193 x 83 um ve maksimum 224 x 102 um),
Willmann (1931) O. minus igin viicut biytikliigiinii 225 x 93
pm olarak vermistir. Orneklerimizde viicut uzunlugu 209
(198-220) pm, genisligi ise 84 (75-90) pum olarak ol¢tilmiis
olup dnceki verilerle tam bir uyum igerisindedir. Pérez-Ifiigo
(1965) sirttan goriiniis ve sensillusa iliskin vermis oldugu
sekillerde prodorsum ve notogaster killarini diiz olarak
gizerken, Subias and Arillo (2001) ve Subias and Rodriguez
(1986) ise prodorsum ve notogaster killarinin sekillerini
seyrek silli olarak vermislerdir. Orneklerimizin prodorsum
ve notogaster killarinin bigiminin, bu aragtiricilar (Subias ve
Rodriguez 1986, Subias ve Arillo 2001 ) tarafindan verilen
sekillerle tam bir uyum icerisinde oldugu gorilmustiir.
Sensillus tipik olarak kisa bir sap ve disk geklinde bir bag
kismina sahip olup bu kisim hem ortada hem de kenarlarda
diken seklinde olusumlarla bezenmistir. Orneklerimizde
sensillus, cesitli aragtiricilar (Pérez-Tiigo 1965, Subias ve
Rodriguez 1986, Subias ve Arillo 2001) tarafindan daha 6nce

verilen sekillerle benzerdir.

Rhinoppia (R.) heterotricha (Ivan ve Vasiliu, 1997): Tiirkiye
faunasi i¢in yeni kayit olarak belirlenen bu tir Palearktik
bolgede, sadece tip yeri Romanyadan bilinmektedir (Ivan
ve Vasiliu 1997, Subias 2004, son giincellenme 2018). Bu
tiir; rostrumun disciksiz, sensillusun igimsi ve silli yapida
olmasi, bir ¢ift interbotridiyal skleritin bulunmasi, 10 gift
notogaster kilinin mevcudiyeti, ta ve te killarinin diger
notogaster killardan daha uzun olmasi, 6 cift genital kil
tasimasi, g,'in diger genital killardan daha uzun olmast ve iad
lirifisstirtiniin paranal konumda olmasiyla ayirt edilir (Ivan
ve Vasiliu 1997). Ivan ve Vasiliu (1997), metinde sensillusun
taraksi, distal ug yarisinin birazcik yassilagsmis ve belirgin
sekilde egik oldugunu ve 6 veya 7 kol tagidigini belirtmesine
karsin yandan goriintsiini verdigi sekilde sensillusun
igimsi yapida oldugu goriilmektedir. Orneklerimizin gerek
sensillus bi¢imi bakimindan gerekse yukarida verilen tanitict
6zellikler bakimindan tip érnegiyle yakin uyum igerisinde
oldugu anlagilmaktadir. Ivan ve Vasiliu (1997) ta ve te
killarinin uzunlugunu 25 pum olarak vermis olup bu killar
orneklerimizde ta: 26 um, fte: 33 pm olarak o6lgiilmustir.

Ivan and Vasiliu (1997), viicut buyikligint 313 x 156 um
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olarak vermistir. Orneklerimizde ise 461 (430-490) x 261
(240-280) pm olarak ol¢ililmiis olup degerlerin daha buyitik
oldugu gozlenmistir. Bu durumun varyasyon smirlari
igerisinde degerlendirilebilecegi kanisindayiz. Ayrica, viicut
uzunlugunun genigligine orani Ivan ve Vasiliu (1997)nin
verdigi tip 6rneginde 2, 6rneklerimizde bu oran yaklasik
1.8 olarak ol¢iilmiis olup sonuglarin birbirine yakin oldugu
anlagilmaktadir.

Moritzoppia unicarinata unicarinata (Paoli, 1908): Tiirkiye
faunast i¢in yeni kayit olarak belirlenen bu alttiir Holoarktik
(daha ¢ok Palearktik) bolgede ve Neotropikal bolgenin
(Subias 2004,

glincellenme 2018). Rostrumun disgiksiz, sensillusun kisa

kuzeyinde dagilis gostermektedir son
dikenli basa sahip olmasi ve genital plagin 4 cift kil tasimas:
ile ayirt edilir (Miko 2006). Viicut biiytikliigiint Paoli (1908)
280 x 130 pm, Pérez-Ifigo (1976) 252 x 264 pum, Subias ve
Arillo (2001) 220-310 pm x 120-175 pm; viicut uzunlugunu
ise Van der Hammen (1952) 300 um ve Miko (2006) 270-320
pm olarak vermiglerdir. Orneklerimizde viicut biiyiikligii
285 (270-300) x 148 (130-150) pm olarak 6l¢iilmiis olup daha
onceki verilerle uyum igerisindedir (Miko 2006, Paoli 1908,
Pérez-Ifiigo 1976, Subias ve Arillo 2001, Van der Hammen
1952).

Oppiella (O.) nova uliginosa (Willmann, 1919): Tiirkiye
faunas: i¢in yeni kayit olarak belirlenen bu alttiir Orta
Avrupada dagilis gostermektedir (Miko 2006, Subias 2004,
son giincellenme 2018, Woas 1986). Rostrumun tam ve
burun seklinde ¢ikintili, sensillusun igimsi bir tarafli kisa
silli, lamellar kostulanin iyi gelismis olmasi bu tiiriin ayirt
edici 6zellikleridir (Miko 2006, Woas 1986). Orneklerimiz,
verilen bu ézelliklerle uyum igerisindedir. Viicut uzunlugunu
Woas (1986) 280-320 pm ve Miko (2006) 275-320 pm olarak
vermiglerdir. Orneklerimizde ise bu degerler 271 (250-280)
pm x 138 (110-160) um olarak ol¢iilmiis olup yukarida

verilen degerlerin alt sinirina yakin oldugu anlagilmaktadir.

Ramusella (Rectoppia) mihelcici (Pérez-Tiigo, 1965): Tiirkiye
faunas igin yeni kayit olarak belirlenen bu tiir Palearktik
bolgede ve Venezuellada dagilis géstermektedir (Subias 2004,
son giincellenme 2018). Rostrum killarinin kaideden uca
dogru birbirinden uzaklasan sekilde uzanmasi, lamella ve
interlamella killarinin kisa ve diiz yapili olmasi, sensillusun
igimsi, notogasterin 9 ¢ift kil tagimasi, ta kilinin alveolii ile
temsil edilmesi, genital plagin 5 ¢ift kil tagimasi bu tiiriin
ozellikleridir (Miko 2006, Pérez—Iﬁigo 1965, Subias ve
Rodriguez 1987, Subias ve Arillo 2001). Orneklerimizde
lamella ve interlamella killar1 seyrek silli yapida olup daha
onceki arastiricilar tarafindan verilen ozelliklerde oldugu
gibi diiz degildir. Orneklerimiz, diger 6zellikler bakimindan

timiyle uyum igerisindedir. Viicut biytklugini Pérez-
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Ihigo (1965) 240-260 um x 115-120 um, Subias ve Rodriguez
(1987) 228-247 pm x 113-126 pm (minimum 216-106 pm ve
maksimum 265-139 pm), Miko (2006) 220-260 um, Subias ve
Arillo (2001) 210-265 pm x 110-140 pm olarak vermislerdir.
Orneklerimizde bu degerler 269 (240-290) um x 127 (100-
140) pm olarak Olgiilmils olup genelde yukarida verilen

degerlerin degisim araliginda bulundugu anlagilmaktadr.

Quadroppia (Coronoquadroppia) michaeli michaeli Mahunka,
1977: Bu alttiir Palearktik bolgeden bilinmektedir (Mahunka
1974, 1977, Mahunka and Mahunka-Papp 2000, Subias 2004,
son glincellenme 2018, Weigmann 2006). Tiirkiye faunasi
i¢in yeni kayittir. Bu alttiir; alin eklentisinin 6nden arkaya
dogru tedrici olarak daralmasi, kostulalarin kisa, enine bir
yapiyla baglantili olmasi, III+IV. epimerler arasinda genital
acikligin ontinde her ikisi de yuvarlak ve birbiriyle temas
halinde olan yapinin bulunmasi ve II. bacagin tarsusunun
2 solenidiyum tasimasi ile ayirt edilir (Mahunka 1974,
1977). Cesitli aragtiricilar (Mahunka 1974, 1977, Mahunka
ve Mahunka-Papp 2000, Weigmann 2006) tarafindan
verilen ¢izimlerde notogastral kristalar fe ve ti killarinin
Otesine kadar uzanirken drneklerimizde ise yakinina kadar
uzanmaktadir. Ayrica, h, kili Minguez et al. (1985) tarafindan
ifade edildigi gibi 6rneklerimizde de kiigiik bir yiikselti
tizerinde ¢ikmaktadir. Karakteristik ozellik olarak verilen
III+IV. epimerler arasindaki olusum 6rneklerimizde de ayni
sekilde gozlenmistir. Viicut buyiikligiinii Minguez et al.
(1985) 178-200/100-117 um, Mahunka (1977), 196-204/102-
110 pm olarak bildirmistir. Orneklerimizde viicut bityiikliigii
180-213/102-113 pm olarak 6l¢iilmiis olup benzer degerlere
sahip oldugu anlagilmaktadir.
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OZET

Bu ¢aligmada; 2012, 2016 ve 2017 yillarinda Amanos
Daglarrnin giiney kesiminden toplanan oppioid akarlar
taksonomik  bakimdan degerlendirilmistir. ~ Toplanan
materyalden akarlarin 6ziitlenmesi, tespiti, muhafazas1 ve
preparasyonunda bilinen yontemler kullanilmistir. Akarlarin
tanisy, 151k ve tarama elektron mikroskobu incelemeleri ve
literatiire dayanarak yapilmistir. Sonug olarak; Epimerellidae
Ayyildiz ve Luxton, 1989, Oppiidae Sellnick, 1937 ve
Quadroppiidae Balogh, 1983 familyalarina ait toplam 7

oppioid akar taksonu tespit edilmistir. Bunlar Epimerella
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smirnovi longisetosa Kulijev, 1967, Discoppia (Cylindroppia)
cylindrica  cylindrica 1965), Rhinoppia
(R.) heterotricha (Ivan ve Vasiliu, 1997), Moritzoppia

unicarinata unicarinata (Paoli, 1908), Oppiella (O.) nova

(Pérez-Tiigo,

uliginosa (Willmann, 1919), Ramusella (Rectoppia) mihelcici
(Pérez-Inigo, 1965) ve Quadroppia (Coronoquadroppia)
michaeli michaeli Mahunka, 1977 olup, Tiirkiyeden ilk defa
kaydedilmislerdir.

Anahtar kelimeler: Oribatid akarlar, Oppioidea, taksonomi,

yeni kayitlar, Amanos Daglari, Tiirkiye
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TheEuropean sunflower moth [Homoeosomanebulellum (Denis&Schiffermiiller)]
(Lepidoptera: Pyralidae) is one of the most important sunflower pest in Turkey.
Concerning the parasitoids of this pest, the only one study was conducted
in Turkey. The aim of this study is the identification of the parasitoids of the
European sunflower moth. Bracon hebetor (Say.), B. trucidator (Marshall),
B. pectoralis (Wesmael) (Hymenoptera: Braconidae) and Exeristes roborator
E (Hymenoptera: Ichneumonidae) were found as natural enemies. Bracon

pectoralis was determined for the first time on the European sunflower moth in

the world. Moreover, it was found that B. hebetor was more common among the
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other parasites and the rate of parasitism was high. Parasitism rate was estimated
9-30% and 0-6.6% in 2013 and 2014, respectively.

INTRODUCTION

Sunflower (Helianthus annuus L.), a member of Asteraceae, is
an important crop plant which is prevalent in wide cultivation
areas. Due to its high ratio of quality oil content around 40-
50%, it is cultivated in mass areas in Turkey oil production is
supplied with vegetable oils of which 65% is extracted from
sunflowers and the rest is supplied with cottonseed, soybean,

and other oil crop plants (Yosmanoglu 2002).

The European sunflower moth [Homoeosoma nebulellum
(Denis&Schiffermiiller)] (Lepidoptera: Pyralidae) is the
most crucial pest that affects the production of sunflower
oil qualitatively as well as quantitatively. It is reported that
only one larva can give harm five to eight seeds and therefore
increasing number of larvae can cause high yield losses
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(Gamundi et al. 1987, Metayer et al. 1991). Two generations of
the European sunflower moth occurred in a year of sunflowers
fields of Ankara (Yiicel and Cobanoglu 2017). The only study
regarding the parasitoids of the European sunflower moth in
Turkey was related Habrobracon hebetor (Say.) and Exeristes
roborator F. (Zeki and Ones 1993). Reymonet et al. (1993),
determined that B. trucidator Mars. and H. hebetor (Say.)
(Hymenoptera: Braconidae) are parasitoids of H. nebulella in
France. Horvath and Vecseri (2005) stated that H. hebetor is
a natural enemy of H. nebulellum and could be effective in
controlling the pest. Furthermore, Bei-Bienko et al. (1967)
determined that Apanteles lacteoides Nixon and Apanteles
lacteus Nee (Hymenoptera: Braconidae) are parasitoids of H.

nebulellum.
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It is important to identify the beneficial fauna in order to
pest management strategies and therefore hinder the process
of yield losses. The European sunflower moth is one of the
most harmful pests in Central Anatolian region that caused
many economic losses. For the purpose of employing natural
enemies in pest control methods, the present study was
conducted to determine the activity of parasitoids of the pest
during the time period of intense harm caused by the pest.
Parasitoids that have impacts on the European sunflower
moth in sunflower fields of Ankara were identified in the

study.

MATERIALS AND METHODS
Survey of the parasitoid species

Observation and sampling were carried out in sunflower
fields located in villages of Ayas, Bala, Beypazar1 and Kalecik
counties of Ankara province in 2013 and 2014. Sampling was
begun in the blooming time of sunflowers and conducted
once in every two weeks until harvesting (Table 1).

Table 1. Sampling dates in the study of parasitoid

identification
Date Survey Ayas- Beypazari Bala Kalecik
I 26.06.2013 27.06.2013 25.06.2013
11 11.07.2013 10.07.2013 09.07.2013
2013
111 26.07.2013 24.07.2013 24.07.2013
v 12.08.2013 13.08.2013 14.08.2013
I 02.07.2014 03.07.2014 28.06.2014
11 18.07.2014 16.07.2014 16.07.2014
2014
111 06.08.2014 05.08.2014 04.08.2014
v 20.08.2014 19.08.2014 19.08.2014

Taking into consideration of the field size, 50 plants were
sampled from ten different rows and points based on 10
da calculation. Number of plants sampled was increased in
compliance with the field size (Jarvis and Guthrie 1987).
Parasitical larvae were transferred to plastic Petri dishes of
9 cm diameter that have blotting papers at the bottom and
cheesecloth at the top with 3 cm opening. Then, Petri dishes
with larvae were cultured in climate cabinet at 24+1 °C
temperature, 65+5% average humidity and 16:8 photoperiod.
Parasitoids hatchings were observed during daily controls.

Effectiveness of Bracon species

Parasitoid effectiveness was determined based on the
evaluation of larvae collected in 2013 and 2014 from 4 and
3 sunflower fields located in Kalecik district of Ankara

province, respectively. Taking into consideration of the field
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size, 100 plants were sampled from ten different rows and
points based on 10 da calculation (Jarvis and Guthrie 1987).
For each separate field, infection of the European sunflower
moth, larvae number per field, and number of parasitoids
collected were determined. Identification of the parasitoid
samples was done by Prof. Dr. Ahmet BEYARSLAN (Bitlis
Eren University, Faculty of Arts and Sciences, Department
of Biology) and Dr. Yasemin OZDEMIR [Plant Protection
Central Research Institute (retired)].

Evaluation of the results

Parasitism ratio was calculated by modifying Briggs formula
as (P/L) x 100 (P: number of larvae parasitized, L: number of
larvae) (Briggs 2007).

RESULTS AND DISCUSSION

Determination of parasitoid species was begun from
blooming time of sunflowers in June to until harvesting time
in 2013 and 2014.

Survey of the parasitoid species

No parasitic activity was observed in the first sampling
of sunflower fields in 2013. While also no parasitoid was
observed in the third sampling during the second sampling
of sunflowers, parasitoids were identified on pests in the
fourth sampling of sunflower fields, which was conducted
between 12-14 of August in 2013. B. hebetor (Say, 1836) was
identified from Ayas, Bala, Beypazari, and Kalecik whereas
B. (Bracon) trucidator (Marshall, 1888) was identified
from Ayas and Kalecik. B. (Bracon) pectoralis (Wesmael,
1838) (Hymenoptera: Braconidae) was also identified from
Bala and Kalecik. Parasitoid E. roborator (Fabricius, 1793)
(Hymenoptera: Ichneumonidae) was found in Bala and
Kalecik. A parasitoid specimen belonged Diptera order from

Kalecik could not be identified due to deformation.

There had been no observance of parasitic activity in firstly
sampling of the sunflowers fields in 2014. Parasitoids were
identified on pests in the third sampling of the second
production between August 4-6 and in the fourth sampling of
the second production between 19-20 of August in 2014. The
parasitoids collected from Bala and Kalecik were identified as
Bracon hebetor (Say, 1836) (Hymenoptera: Braconidae).

Bracon (Habrobracon) hebetor (Say 1836)

Material examined: Ankara-Ayas-Gengali, (39°53'56 N
31°59’47 E, 927 m), 12.08.2013, 29;1J; Oltan, (39°57°03
N 32°09°03 E, 819 m), 12.08.2013, 39;13; Bala-Akkogan,
(39°30°35 N 33°23°24 E, 935 m) 13.08.2013, 29;2; (39°28721
N 33°23°07 E, 947 m) 05.08.2014, 29;1¢; Erdemli, (39°28°26
N 33°20’18 E, 783 m) 05.08.2014, 2; Kesikkdprii, (39°53’56
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N 31°5947 E, 927 m), 13.08.2013, 295235 (39°25’34 N
33°23°03 E, 979 m) 05.08.2014, 29;1; Beypazar1-Oymaagac,
(40°02°31 N 31°57°11 E, 967 m), 12.08.2013, 19; Kalecik-
Aktepe, (40°10°09 N 33°29°24 E, 948 m) 19.08.2014, 49;27;
Alibeyli, (40°11°17 N 33°33°04 E, 670 m) 14.08.2013, 69;5;
(40°11°03 N 33°3427 E, 616 m) 14.08.2013 49;17; (40°11°24
N 33°33’40 E, 641 m) 04.08.2014, 59;57'; Hacikdy, (40°11°09
N 33°26’09 E, 846 m) 14.08.2013, 29;13; (40°11’45 N
33°25’57 E, 857 m) 14.08.2013, 29;17; (40°10°47 N 33°26’36
E, 871 m) 04.08.2014, 29;1J; Giimiigpinar, (40°07°54 N
33°25’57 E, 683 m) 14.08.2013, 19;1; Tilki, (40°12’33 N
33°31°50 E, 807 m) 04.08.2014 19;14.

General distribution: Austria, Belgium, Great Britain,
Bulgaria, Croatia, Cyprus, Czech Republic, Turkey, Finland,
France, Germany, Greece, Hungary, Italy, Lithuania,
Macedonia, Poland, Russia (Central and South), Slovakia,

Slovenia, Spain, Netherlands, Serbia.

Hosts: Ostrinia nubilalis Hb., Etiella zinckenella Tr.,
(Pyralidae); Pexicopia malvella Hb. (Gelechidae); Helicoverpa

armigera Hb., Heliothis peltigera Den.&Schiff. (Noctuidae).
Bracon (Bracon) pectoralis (Wesmael 1838)

Material examined: Ankara-Bala-Akkogan, (39°30°35 N
33°23’24 E, 935 m) 13.08.2013, 29; Kesikkoprii, (39°53’56
N 31°59’47 E, 927 m), 13.08.2013, 19;@; Kalecik-Alibeyli,
(40°11°03 N 33°34°27 E, 616 m) 14.08.2013 39;18.

General distribution: Austria, Belgium, Great Britain,
Bulgaria, Croatia, Cyprus, Turkey, France, Germany, Greece,
Hungary, Italy, Macedonia, Romania, Russia (Central and

South), Slovakia, Spain, Switzerland, Serbia.

Hosts: Sphenoptera lobicollis Mar., Sphenoptera gossypii
Kerr., Sphenoptera montana Jak., Chrysobothris affinis E
(Buprestidae); Plagionotus arcuatus L., Plagionotus bobelayei
Br. (L.)
(Rhynchitidae); Pachytychius hordei Br. (Curculionidae);
Etiella zinckenella Tr. (Pyralidae).

(Cerambycidae); Tatianaerhynchites aequatus

Bracon (Bracon) trucidator (Marshall 1888)

Material examined: Ankara-Ayas-Gengali, (39°53'56 N
31°59’47 E, 927 m) 12.08.2013, 39;1; Oltan, (39°57°03 N
32°09°03 E, 819 m), 13.08.2013, 19;13; Kalecik-Aktepe,
(40°10°06 N 33°29’56 E, 966 m) 14.08.2013, 29;27; Alibeyli,
(40°11°17 N 33°33°04 E, 670 m) 14.08.2013 19;14.

General distribution: Albania, Austria, Belgium, Great
Britain, Bulgaria, Croatia, Denmark, Turkey, Finland, France,
Germany, Greece, Hungary, Italy, Latvia, Poland, Romania,
Russia (Central, Northwestern and South), Slovenia, Spain,
Switzerland, Netherlands, Serbia
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Hosts: Metzneria lappella L. (Gelechiidae).
Exeristes roborator (Fabricius, 1793)

Material examined: Ankara-Bala-Akkosan, (39°30°35 N
33°23'24 E, 935 m) 13.08.2013, 1¢; Kalecik-Akkuzulu,
(40°12°39 N 33°34’41 E, 634 m) 14.08.2013, 1?;18.

General distribution: Albania, Algeria, Austria, Azerbaijan,
Belgium, Bosnia-Hercegovina, Bulgaria, Canary Islands,
China, Croatia, Cyprus, Czech Republic, Egypt, Finland,
France, Georgia, Germany, Great Britain, Greece, Hungary,
India, Iran, Israel, Italy, Japan, Jordan, Kazakhstan, Kenya,
Korea, Latvia, Libya, Lithuania, Macedonia, Malta, Moldova,
Mongolia, Serbia & Montenegro, Morocco, Norway,
Pakistan, Poland, Romania, Russia, Slovakia, Slovenia,
Spain, Sri Lanka, Sweden, Switzerland, Tunisia, Turkey,
Ukraine. Hosts: Cryptorhynchus lapathi L., Larinus sturnus
Schal., Larinus cynarae E, Larinus scolymi Ol., Lixus cardui
Ol., Pissodes harcyniae Herb. (Curculionidae); Pyropteron
affine Stgr., Synanthedon formicaeformis Esp., Synanthedon
myopaeformis Bkh., Synanthedon spheciformis Den.&Schiff.
(Sessidae); L,

buoliana Den.&Schiff., Retinia resinella L. (Tortricidae);

Pseudococcyx  turionella Rhyacionia
Exoteleia dodecella L. (Gelechidae); Homoeosoma nebulella
Den.&Schiff., Myelois circumvoluta Fourc., Ostrinia nubilalis
Hb. (Pyralidae); Hyperparasite of Gregopimpla malacosomae
Sey. (Ichneumonidae). Concerning Braconidae family, the
present study identified B. hebetor (Say.) from Ayas, Bala,
Beypazari, and Kalecik, B. trucidator Mars. from Ayas and
Kalecik, and B. pectoralis (Wesmael) from Bala and Kalecik.
Additionally, E. roborator F. was identified from Kalecik and
Bala. Zeki and Ones (1993) reported that they identified
nine specimens of the parasitoid Habrobracon hebetor
from H. nebulella moth collected in Yenicimenli, Aksaray
and identified 1 specimen of the parasitoid E. roborator
collected from the same host in Keskin, Kirikkale. Horvath
and Vecseri (2005) pointed out that B. hebetor is a natural
enemy of H. nebulellum and can be employed to controlling
of the respective pest. Reymonet et al. (1993) stated that,
in France, H. nebulellum gets parasitic by B. trucidator and
H. hebetor species of Braconidae family and Diadegma
sp. (Ichneumonidae). Aragon (2011) also reported that
Polycyrtidea pusilla (Cress.) (Ichneumonidae) is a pupate

parasite of H. electellum in Cuba.

Activity of Bracon species

The highest parasitism ratio was obtained for the sunflower
field located in the riverside of Kizilirmak in the village
of Alibeyli (Table 2). This location displayed the highest
parasitism ratio because the location is known for intense
production of vegetables, which brings about the prevalence

of Bracon species.
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Table 2. Related to parasitoid activity works conducted in 2013

Number of  Number of larvae Parasitism Number of

Location Counting Infection of larvae (%) . o
larvae parasitized rate (%) parasitoid
I 2 2 0 ~ 0
I 3 5 0 ~ 0
Hacikoy I
111 7 16 0 ~ 0
v 11 78 7 9 17
I 0 0 0 ~ 0
I 4 9 0 ~ 0
Hacikoy 11
111 6 21 0 ~ 0
v 8 136 15 11 28
I 0 0 0 ~ 0
I 7 29 0 ~ 0
Alibeyli I
111 9 72 0 ~ 0
v 12 209 46 22 73
I 3 14 0 ~ 0
I 5 33 0 ~ 0
Alibeyli IT
111 8 96 0 ~ 0
v 10 273 82 30 102

Table 3. Related to parasitoid activity works conducted in 2014

Number of  Number of larvae Parasitism Number of

Location Counting Infection of larvae (%) . L
larvae parasitized rate (%) parasitoid
I 0 0 0 ~ 0
I 1 1 0 ~ 0
Hacikoy
111 2 4 0 ~ 0
v 7 121 8 6.6 14
I 1 1 0 ~ 0
11 5 14 0 ~ 0
Alibeyli
111 6 74 3 4.1 8
v 9 211 7 33 9
I 0 0 0 ~ 0
I 1 1 0 ~ 0
Aktepe
111 3 18 0 ~ 0
v 4 38 1 2.6 1
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In 2014, the highest parasitism ratio of parasites was captured
in the village of HacikGy (Table 3). Although Alibeyli village
also showed parasitism in 2014, parasitic activity was less
than in 2013. It is thought that parasitoid prevalence and
mature larvae of the pest probably did not coincide in
time due to late start and early end of the blooming time

experienced in 2014.

Almost all of the Bracon species were identified as Bracon
hebetor during the studies. It was detected that the pest
larvae were parasitized by Bracon species by 9-30% in 2013
and 0-6.6% in 2014. Chen and Welter (2002) reported that
the parasitoid Dolichogenidea homoeosomae (Muesebeck)
(Hymenoptera: Braconidae) parasitized Sunflower moth
by 11-18%. B. hebetor is a gregarine, idiobiont larva
ectoparasitoid that employs different species of Lepidoptera
as its host. The female parasitoid prefers mature larvae of its
host to lay eggs (Giindiiz et al. 2008). Horvath and Vecseri
(2005) reports that B. hebetor is a natural enemy of H.

nebulellum and can be employed to control the pest.

In the present study, parasitoids of the European sunflower
moth were identified. These species were identified as; Bracon
hebetor, Bracon trucidator, Bracon pectoralis (Braconidae),
and Exeristes roborator (Ichneumonidae) (Hymenoptera).
Bracon pectoralis was determined for the first time on the
European sunflower moth in the world. This moth is the
new host for B. pectoralis. Parasitoid increased its activity
around the end of June and suppresses the population of
the pest through August both of the growing seasons of
2013 and 2014. Thus, a natural support of Bracon hebetor
should be sustained in sunflower fields. Especially, releasing
the parasitoid species is recommended for the purpose of
the biological control for the first offspring of the European
sunflower moth on sunflower fields.
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OZET

Avrupa  aygicegi giivesi  [Homoeosoma  nebulellum

(Denis&Schiffermiiller)] (Lepidoptera: Pyralidae) tilkemizde
dnemli bir aycicegi zararhsidir. Ulkemizde zararlinin
parazitoitleri ile ilgili az sayida ¢aligma bulunmaktadir.
zararlinin  Ankara ilindeki aycigegi

Calismamiz  ile
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alanlarindaki parazitiotleri belirlenmistir. Bracon hebetor
(Say.), B. trucidator, (Marshall), B. pectoralis (Wesmael)
roborator F.

(Hymenoptera: Braconidae) ve Exeristes

(Hymenoptera: Ichneumonidae)’un  zararlinin  dogal
diigmani oldugu belirlenmistir. Bracon pectoralis’in zararliyr
parazitledigi diinyada ilk kez tespit edilmistir. Parazitleme
oranini belirleme ¢alismalarinda B. hebetor’un diger parazitler
arasinda daha yaygin ve parazitleme oraninin yiiksek oldugu
tespit edilmistir. Parazitoitlerin zararli larvalarini 2013
yilinda %9-30 ve 2014 yilinda %0-6.6 oraninda parazitledigi

belirlenmistir.

Anahtar kelimeler: Homoeosoma nebulellum, parazitoit,

parazitleme orani, Braconidae, Ichneumonidae
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species-specific primers and sequencing of some part of ribosomal RNA region
after amplification by PCR were used to differentiate the species. Additionally,
colony and different spore characteristics of cultures were used to diagnose some
Fusarium species microscopically. At the end of the study, 143 Fusarium isolates
including 19 species were obtained from wheat producing areas in Diyarbakur,
Sanlrfa, Mardin, and Adiyaman provinces. Although the most frequently
isolated species was E proliferatum at the rate of 17.4%, E pseudograminearum
and E culmorum, which were the most important crown rot pathogens, were

isolated at 13% of the total isolated Fusarium isolates.

INTRODUCTION
Wheat is one of the most important foods in diary diet not amount is equivalent to one eighth of Turkey’s total wheat
only in the world but also in Turkey. It is produced on one production.

third of cultivable fields of Turkey and about 19 million tons
in 2014 (TUIK 2015). Southeast Anatolia is the first place
in which wheat was cultivated (Heun et al. 1997, Ozkan et
al. 2002). In this area, wheat is produced at 1 M ha and this

Monoculture is very common for some reasons like farmers’
behaviors and land characteristics in wheat producing areas

of Turkey. This monoculture system, in which the same crops
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grow repeatedly, caused an increase in inoculum density and
gradual yield losses. The motive behind these yield losses
might be the accumulation of both biotic stress factors like

fungi and abiotic stress factors like salinity.

Fusarium genus is one of the biggest groups of plant
pathogenic fungi and some species with this large genus
might cause some plant protection problems at different
stages of wheat growth. E culmorum and E graminearum
may cause seedling rot at the earlier stage, and root & crown
rot and head blight at the following stages of wheat (Mitter et
al. 2006). Root and crown rot diseases of wheat may decrease
the yield due to the decrease in plant number per unit,
growth failure and grain filling abnormalities (Goswami and
Kistler 2004, McMullen et al. 1997). Fusarium infections at
flowering stage produce weak grains and quality problems
due to the emerging mycotoxins that are toxic for humans
and animals (D’'mello et al. 1999, Klein et al. 1991, Peraica
etal. 1999).

Fusarium genus has over one hundred species and their
microscopic diagnosis is too difficult and needs high level of
experience. Morphological discrimination of some species
is difficult either; additionally, it was not possible for some
close species like F. graminearum and F. pseudograminearum
until molecular techniques brought a solution for this
problem (Aoki and O’Donnell 1999). Because molecular
techniques are repeatable, accurate, fast, and easy, they have
been commonly used for molecular diagnosis in mycology

recently.

Southeast Anatolia hosts a huge irrigation project, by which
millions of acres’ field will be suitable for irrigation in the
near future. Therefore, it is expected that monoculture wheat
production will be ended and new crops will be introduced
to the cropping system. Determination of current Fusarium
flora in this region will affect the selection of new crops
suitable for new rotation system. This study aimed to find out
the Fusarium species using molecular techniques in wheat
producing areas of Southeast Anatolia where wheat was

firstly cultivated in the world.

MATERIALS AND METHODS

Sample collection and obtaining single spore isolates of

Fusarium spp.

Surveys were conducted in 2009-2010 years at Diyarbakur,
Sanlurfa, Mardin, and Adiyaman provinces, which are the
biggest wheat production areas of Southeast Anatolia within
Zadoksscale 30-58 (Zadoksetal. 1974). Each field was selected
considering having 3-5 km distance from each other. Totally
408 samples were collected during the survey in Southeast
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Anatolia (Figure 1). Five samples showing root and crown rot
symptoms from each field were brought to laboratory within
paper bags and kept at +4 °C until the execution of surface
sterilization and isolation. For surface sterilization, each
sample was chopped into 1 cm-length particles and dropped
in 1% sodium hypochlorite dilution for three minutes, then
they were rinsed with sterile distilled water for 3 times.
Surface sterilized samples were kept between sterile drying
papers at -20 °C until isolation. Agar plate technique with
PPA (Peptone PCNB Agar) (Nash and Snyder 1962) growth
medium was used to obtain Fusarium isolates from samples.
Fusarium-like colonies were transferred to SNA (synthetic
nutrient agar) medium and incubated at 24+1 °C for 1 week
under black light 15/9 h day/night regime for sporulation.
Using water agar and microscope, single spore isolation was
made. After isolation activities, more than 140 Fusarium-like
isolates were obtained from the collected samples showing

crown and root rot symptoms.

Figure 1. Research area of the study (four provinces) in

Southeast Anatolia

Microscopic and molecular diagnosis of Fusarium spp.

Microscopic diagnosis of some isolates was made using
their colony morphology on PDA (potato dextrose
agar), macroconidia, microconidia and chlamydospore
characteristics (Leslie and Summerell 2006). The rest of
unidentified isolates were subjected to molecular diagnosis
using species-specific PCR and sequence analysis. To obtain
mycelia to be used in DNA isolation, cultures were grown
on PDA for 7 days at 24 °C, and mycelia was harvested using
sterile scalpel. Mycelia was lyophilized using freeze dryer
(Roche) for 12 h within 2 mL sterile tubes and grinded
using micro pestle just before starting the DNA isolation.
DNA extraction was conducted as described at Motteram
et al. (2009), and stock DNA was prepared as 40 ng/ul and
kept at -20 °C until PCR amplification. Species-specific PCR
experiments were conducted using primer sets (Table 1).
PCR reaction mixture was prepared as 25 ul final volume

containing 40 ng of fungal genomic DNA, 10 uM each primer,
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Table 1. Information about primers used for genus and species-specific diagnosis of Fusarium spp. by PCR

Primer
Fusarium sp. . Primer Sequence Band Size References
Pairs
) Fps-F 5- CGCACGTATAGATGGACAAG-3 Jurado et al. (2006)
Fusarium spp.
Fus-R 5- GGCGAAGGACGGCTTAC- 3
) PRO2 5- TGTCAGTAACTCGACGTTGTTG -3 ~585bp Jurado et al. (2006)
E proliferatum
PRO1 5- CTTTCCGCCAAGTTTCTTC -3
VER2 5- AATTGGCCATTGGTATTATATATCTA - 3 ~578bp Mulé et al. (2004)
E verticilloides
VER1 5- CTTCCTGCGATGTTTCTCC - 3
PFO2 5 - CCCAGGGTATTACACGGT -3 ~70bp Edel et al. (2000)
E oxysporum
PFO3 5 - CGGGGGATAAATGCGG - 3
C51R 5- CCCTTCTTACGCCAATCTCG - 3 ~570bp Nicholson et al. (1998)
E culmorum
C51F 5- ATGGTGAACTCGTCGTGGC - 3
E ot FE-F 5- CATACCTATACGTTGCCTCG - 3 ~400bp Mishra et al. (2004)
L equiseti
1 FE-R 5- TTACCAGTAACGAGGTGTATG - 3
SmibolFM 5- GCAAAAGCCTCTCGCCAC -3 ~424bp Hong et al. (2010)
E semitectum
SemilRM 5 - AGGTGTAGAGATATCGCGG - 3
FAC-R 5 - GGGATATCGGCAAGATCG - 3 ~602bp Williams et al. (2002)
E acuminatum
FAC-F 5 - GGGATATCGGGCCTCA - 3
ITS ITS1 5'-TCCGTAGGTGAACCTGCGG-3' =~570bp White et al. (1990)
1TS4 5-TCCTCCGCTTATTGATATGC-3'

15 mM MgCI, and 5 mM dNTPs, 0.125 units Tag DNA
Polymerase (Thermo, USA). PCR cycling conditions were
fixed for the first denaturation to 85 s at 94 °C; denaturation
for 35 s at 95 °C; annealing 30 s at 67 °C; extension 60 s at
72 °C for 25 cycle, and final extension for 5 min at 72 °C.
PCR products were loaded on 2.5% agarose gels containing
ethidium bromide with a concentration of 0.1 ug/ml and
electrophoresed in 0.5x Tris-borate-EDTA (TBE) for 1.5 h
at 115 V. Gels were photographed under UV light (Quantum
ST4, Montreal Biotech). The sizes of the fragments in a gel
were compared with GeneRuler 100 bp DNA ladder Plus
(MBI).

For undiagnosed isolates with species-specific primer sets,
ITS regions were amplified with ITS1 and ITS4 primers and
sequenced. Sequencing data obtained from ITS region was
analyzed using Geneious genetic analysis tool (Biomatters
Ltd, New Zealand). Data was used to make BLAST (Basic
Local Alignment Search Tool) analysis and species were

determined according to BLAST results.

RESULTS

Fusarium spp. collection obtained from samples showing
crown and root rot symptoms were subjected to genus specific
PCR experiments and totally 143 isolates were determined

as Fusarium spp. (Figure 2). Then, all isolates were used to
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determine their species using some species-specific primer
sets (Figure 3). ITS amplification and sequencing studies
were made for unidentified isolates. The rest of isolates not
yielding any reliable results with molecular techniques were

microscopically diagnosed by Prof. Dr. Berna TUNALL

At the end of study conducted through classical and
molecular techniques, 130 of 143 isolates were diagnosed at
species level. Results demonstrated that collection included
19 different Fusarium species. 11 of these 19 species were
identified by molecular techniques. While E culmorum,
E  pseudograminearum, F  proliferatum, E  oxysporum,
E solani, F semitectum, F equiseti, E acuminatum, F
verticillioides, F. chlamydosporum and E tricinctum were
diagnosed molecularly, E crookwellence, M. nivale, F.
subglutinans, F. avenaceum, F. redolens, F inflexum, F
concolor, E heterosporoides, and F. dimerum were diagnosed
microscopically (Table 2).
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Table 2. Species distribution of Fusarium spp. examined in Southeast Anatolia

Provinces Diyarbakir Sanlurfa Mardin Adiyaman
) ) Isolate
Species f/[iil:::ls Mol.* Mic.** Mol. Mic. Mol. Mic. Mol. Mic.  Number ’
F. culmorum 2 1 2 1 6 4.1
F. pseudograminearum 4 6 2 1 13 9.0
F crookwellence 1 2 1.3
E tricinctum 4 9 4 4 21 14.6
FE equiseti 1 1 2 1.3
FE semitectum 4 6 4 14 9.7
FE proliferatum 4 10 4 7 25 17.4
M. nivale 4 3 7 4.8
FE acuminatum 3 2 1 2 8 5.5
FE subglutinans 1 1 0.6
E oxysporum 3 2 3 5 13 9.0
FE verticilloides 1 1 1 0.6
FE. chlamydosporum 1 1 0.6
E avenaceum 2 2 1 5 3.4
E redolens 2 1 1 3 2.0
F inflexum 1 0.6
F. concolor 1 0.6
F. heterosporoides 3 3 2.0
F dimerum 2 3 2.0
Fusarium spp. 3 5 1 4 13 9.0
Total 143 =100

*Molecularly; **Microscopically

Figure 2. Isolates determined as Fusarium spp. after genus

specific PCR experiments
DISCUSSION

Our results have been consistent with the species found at
earlier studies (Aktas et al. 2000, Aric1 et al. 2013, Aydan et al.
2009, Aydan et al. 2010, Kinact 1984, Nirenberg 1981, Ozer
and Soran 1991, Soran and Damgaci 1980, Tunali et al. 2006a,
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Figure 3. PCR detection of Fusarium proliferatum

Tunali et al. 2006b, Ugkun and Yildiz 2004, Yilmazdemir
1976) conducted on wheat microflora in Turkey. Within
these species, F. tricinctum was determined by Ugkun and
Yildiz (2004) in wheat growing fields of Aegean Region, but
it was determined molecularly at the rate of 13% of total
numbers of identified species and firstly reported in this
study in Southeast Anatolia. F tricinctum was shown in
the weak virulence species of Fusarium (Ugkun and Yildiz
2004). This species is known as a part of E avenaceum / E
acuminatum / F tricinctum species complex and it is difficult
to discriminate. In our study, rate of this complex is about
24%. Although they are not important as root rot pathogens
in Europe, they are encountered as serious species causing

head blight due to anniatin and moniliformin mycotoxin
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produced by these species complex (Kulik 2008). This
complex may be important concerning the rising humidity
based on increasing irrigable fields with Southeast Anatolian

Project.

In this study, E acuminatum isolates were able to be diagnosed
through PCR, while F avenaceum and F. tricinctum samples
were distinguished by sequence analysis only. Similarly,
Harrow et al. (2010), could not diagnose these species using
PCR based techniques targeting mitochondrial SSU region;
but using B-tubulin (BTUB) and translation elongation factor
la (EFla) regions could distinguish these three species. Also,
Kulik (2008), found out that it was not possible to diagnose
using IGS region of rDNA of F acuminatum, F. nuragi and

E tricinctum.

It was seen that 13% of species determined in this study
were E pseudograminearum or E culmorum although in a
previous study conducted by Tunali et al. (2008) in Southeast
Anatolia demonstrated that this rate reached up to 23%. It is
thought that this rational decrease might arise from sample
size differences between two studies. However, the number
of samples evaluated in this study was higher than that of the
above-mentioned study. While the most important species
was E culmorum in Tunalis study, E pseudograminearum
was the most important one in current study. This species
difference between two studies might be arising from the
differences in temperature and humidity due to the increasing
irrigable fields in the last two decades in Southeast Anatolia.
Likewise, some studies demonstrated different climatic
requirements for F culmorum and F pseudograminearum
(Poole et al. 2013). According to this study conducted in the
USA, E pseudograminearum was observed at low altitudes,
under low moisture levels, and warmer conditions, while
E culmorum was seen in places with moderate and high
moisture, high altitude and under colder conditions. In the
same study, it was mentioned that dispersion of species might
vary according to years, and incidence of these species could
vary across the years as a response to short term climatic

changes.

One of the important species determined in Diyarbakir and
Adiyaman was Microdochium nivale known as “snow mold”
and observed in cold seasons on the winter wheat (Cockerell
1997, Parry et al. 1995, Smiley and Patterson 1996). Finding
M. nivale in these provinces coincided with the known
climatic requirements of these species. Although it has been
known that this species was sometimes problematic and was
firstly recorded in East Anatolia in Turkey (Demirci and
Dane 2003), and isolation rate could reach up to 15%; in
current study, it was isolated firstly in Southeast Anatolia and

its isolation rate was found as 5%.

35

E proliferatum, F. acuminatum, E verticillioides, F. oxysporum,
and E equiseti isolated during the survey have been known as
natural members of wheat microflora and they show weak
pathogenicity on wheat (Aktas et al. 1996, Aktas et al. 1997,
Bentley et al. 2006, Demirci and Dane 2003, Tunali et al.
2006a). It has been thought that the other Fusarium species
isolated from Southeast Anatolia are natural members of soil
microflora. Increasing amounts of irrigable fields through
the Southeast Anatolian Project may affect the Fusarium
flora in the wheat production areas and may change the crop
pattern grown in the region. Introducing new crops together
with irrigation may raise the new soil pathogens particular
to these new crops and cause a decrease in the importance of
wheat Fusarium microflora causing problems on the wheat

production in Southeast Anatolia.
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OZET

Tiirkiyede insan ve hayvan beslenmesinde kalori ihtiyacinin
¢ok 6nemli bir bolimiinii kargilayan bugday tilkemizde en
genis alanda yetistirilen tahildir. Bugday arzini tehdit eden
bir¢ok fungal hastalik olmasina ragmen, Fusarium tiirleri
bugdayda kalite ve kantite problemlerine neden olan 6nemli
bir patojenik gruptur. Fusarium cinsine ait 100den fazla tiir
vardir ve bu yiizden tiir diizeyinde ayrimlar1 kolay degildir.
Bu ¢alisma Giineydogu Anadolu Boélgesinde bugdayda kok
ve kok bogazi ciiriikligiine neden olan Fusarium tiirlerinin
belirlenmesini amaglamustir. Tiir diizeyinde molekiiler
teshisler icin bazi tiir-spesifik primerler ve bazi ribozomal
RNA bolgelerinin dizilenmesi ile gergeklestirilmistir. Bunlara
ek olarak baz tiirlerin teshisleri, koloni ve spor karakterleri
kullanilarak, mikroskobik olarak yapilmistir. Calisma
sonunda Diyarbakir, Sanlurfa, Mardin ve Adiyaman illeri
bugday tiretim alanlarinda 19 farkli tiire ait 143 Fusarium
tird belirlenmistir. En yaygin tiir %17.4 ile E proliferatum
olmasina ragmen, en onemli bugday kok bogazi ¢iirtikliigii
patojenlerinden olan E pseudograminearum ve E. culmorum

izole edilen Fusarium tiirlerinin %13’tinii olusturmugtur.

Anahtar kelimeler: bugday, kok ve kok bogazi ¢iirtiklagi,
Fusarium, PCR
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Vegetables, sources of macro and micronutrients such as carbohydrate, fat,

protein, vitamin and minerals are important for human nutrition. In vegetable
production, fungal diseases can cause significant economic losses and plant
protection studies are of great importance to prevent these losses. The aim of this

Keywords: project is to detect the fungal diseases and prevalence that mainly damage the

lettuce, parsley, arugula, mint, purslane, production of lettuce, parsley, dill, arugula, and cress. This study conducted in

prevalence Central Anatolia Region was carried out in the provinces of Eskisehir, Ankara,

and Konya between 2015-2017. Morphological and molecular diagnosis of

fungal diseases and prevalence rates were determined in the region. Isolations
* Corresponding author: Sire]l CANPOLAT
X4 sirelozan_18@hotmail.com

were made from the diseased plants and the isolates were stored at -20 °C and
-80 °C. As a result of the studies Rhizoctonia solani, Sclerotinia sclerotiorum,
Fusarium oxysporum, and Alternaria alternata in lettuce; Septoria petroselini,
Fusarium oxysporum, and Rhizoctonia solani in parsley; Erysiphe heraclei in dill;

Albugo candida in both arugula and cress were detected.

GIRIS

Zengin mineral ve vitamin kaynagi olan yapragi yenen
sebzeler antioksidan bilesikler icermekte olup, bu bitkilerin
ekstraktlar1 yiyecek endiistrisi, kozmetik ve tipta da
kullanilmaktadir. Tiirkiyede 2017 yilinda 8.041.439 da
ekilis alaninda 28.512.118 ton sebze {iretilmistir. Yaprag:
yenen sebzelerin Eskisehir, Ankara ve Konya illerinde
toplam ekilis alan1 38.000 da ve toplam iiretim miktar:
93.000 tondur. Bunlarin arasinda yer alan marul, maydanoz,
dereotu, roka, tere, semizotu ve nanenin yildan yila artan
tiketimi ile birlikte tiretimi de artmaktadir. Yapragi yenen
bu sebzelerin son yillarda agik alanda ve orti altinda da

tretimi ile Tirkiyenin farkli bolgelerinde birgok gesit
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ve tiirli yetistirilebilmektedir. Kivircik, aysberg, gobekli
ve lolorosso gibi farkli marul tiirleri yetistirilen Tiirkiye,
FAO’nun istatistiki verilerine gore 419.066 tonluk iiretimi
ile diinyada en fazla marul iireten tilkeler arasinda sekizinci
sirada yer almaktadir (Anonymous 2014). Bu sebzelerin
tretimini sinirlayan en 6nemli faktorler hastalik, zararl ve
yabanci otlardir. Bu tiriinlerde yapilan ¢aligmalarin oldukga
az olmasindan dolay1 bitki koruma sorunlarinin ¢ogu ile
ilgili ¢6ziim bulunamamaktadir. Ureticilerin bilingsiz olarak
yaptiklari ilaglamalarda kullandiklar bitki koruma triinleri,
vejetasyon donemi kisa olan bu iirtinlerde kalint1 sorunlarina

yol agabilmektedir.
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Bolgemizde Eskisehir bagta olmak tizere Ankara ve Konya
illeri bu triinlerin yetistiriciliginin yaygin olarak yapildig:
illerdir. Bu illerde marul (29.672 da), brokoli (865 da),
dereotu (525 da), roka (2.257 da), maydanoz (3.027 da), tere
(939 da) ve nane (157 da) alanda yetistirilmektedir. Yapragi
yenen sebzelerde tiriin gesitliliginin fazla olmasi nedeniyle
calisma alanmi olarak Eskisehir, Ankara ve Konya illeri
secilmistir (Anonim 2017).

Diinyada yapragi yenen bu drtinlerin yetistirilmesinde
yaganan sorunlar ve miicadelesi literatiir bilgileriyle ortaya
konulurken, Tirkiyede bu konuda vyapilan ¢alismalar
Tirkiyede

calismalarda marulda Bremia lactucae Regel, Sclerotinia

olduk¢a smurhdir. bu driinlerde yapilan
sclerotiorum (Lib.) de Bary, maydanozda Septoria petroselini
Desm. ve Plasmopara petroselini Savul.& O.Savul, Alternaria
spp., dereotunda Erysiphe heraclei D. C., tere ve rokada
Albugo candida (Pers.) Roussel, nanede Puccinia menthae
Pers., semizotunda Albugo portulacae (D.C.) Kuntze ve
Dichotomophthora portulacae Mehrl.& Fitzp. ex M.B. Ellis
saptanmustir (Ellialtioglu et al. 2007, Kurt 2003, Onaran ve
Yanar 2009, Soylu and Soylu 2003, Soylu et al. 2010, Unlii ve

Boyraz 2010).

Tiirkiyede yapragi yenen sebzelerde fungal hastaliklar
konusunda yapilan ilk ¢aliymada Orta Anadolu Bolgesinde
tilketime sunulan tere ve rokalarda Albugo candida (Pers.)
Roussel saptanmistir (Unlii ve Boyraz 2010). Akdeniz
Bolgesinde dereotunda Erysiphe heraclei D.C., maydanozda
Septoria  petroselini Desm.
Savul.&O.Savul. tespit edilmistir (Kurt 2003, Soylu and Soylu
2003, Soylu et al. 2010). Miicadeleye yonelik ise Orta Akdeniz

Bolgesinde maydanozda Septoria yaprak lekesi hastaligina

ve Plasmopara petroselini

kars: farkli fungisitlerin etkinligi arastirilmistir (Tok 2008).
Maydanozda Septoria yaprak lekesi hastaligina ve marulda
kurguni kif hastaligina (Botrytis cinerea Pers.) karst fungisit
uygulamalar1 yer almaktadir (Polat ve Cogkuntuna 2014, Tok
2008).

Bu projede 2015-2017 vyillar1 arasmnda Orta Anadolu
Bolgesinin Eskisehir, Ankara ve Konya illerinde marul,
maydanoz, dereotu, roka, tere, nane, semizotunda siirvey
galigmalar1  yapilmistir.  Yiiriitilen stirvey ¢aligmalar:
sonucunda Orta Anadolu Bolgesinde Eskisehir, Ankara ve
Konya illerinde marul, maydanoz, dereotu, roka, tere, nane
ve semizotunda zarar olusturan hastaliklar ve yayginlk

oranlar1 belirlenmistir.

MATERYAL VE METOT
Siirvey ¢alismalari

Sturvey ¢aligmalar1 2015-2016 vyillar1 arasinda marul,
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maydanoz, dereotu, nane, tere ve roka bitkilerinin en fazla
tretildigi Ankara ilinin Yenimahalle, Ayas ve Beypazari
ilcelerinde, Konya ilinin Meram, Eregli ve Cumra ilgelerinde,
Eskisehir
yapilmustir. Siirveylerde Bora ve Karaca (1970)’ya gore basit

ilinin Tepebagt ve Saricakaya ilgelerinde
tesadiifi ornekleme yontemi ile sayimlar yapilmustir. Stirvey
calismalar1 tesadiifen secilen ve biyiikliigii 1 m* ve iizeri
biiyiiklikte degisen tarlalarda yiriitiilmis, bitkilerde her
bir hastalik i¢in sayimlar (hasta-saglam) yapilmigstir. Tarla
biytikligi 1-5 da ise 5 noktada, 6-10 da ise 10 noktada,
10 dadan biiytik tarlalarda ise 15 noktada bitkilerde sayim
yapilmistir. Uretim alaninda hastalik orani (%) hastalikli
bitki iizerinden hesaplanmistir. Uretim alaninda hastalik
oranlar1 belirlendikten sonra bolge (ilge ve il) diizeyinde
yayginlik orani tartili ortalamaya gore bulunmustur (Bora ve

Karaca 1970).

Tarla kontrolleri sirasinda gozlenen her belirti tipi igin
ornekler alinmis, etiketlenmis ve kese kagidi i¢ine konduktan
sonra polietilen poset iginde laboratuvara getirilmistir.
Orneklemeler yetistirme dénemi boyunca bitkilerin farklt
gelisim donemlerinde, hastaligin ortaya ¢ikma ve yayilma

durumlarina gore 2 kez yapilmistir.
Izolasyon ¢alismalar:

Laboratuvara getirilen hastalikli bitki 6rnekleri hastalikli
ve saglam dokuyu birlikte icerecek sekilde kesilip %1’lik
sodyum hipokloritte 1 dk. siire ile tutulduktan sonra saf
sudan gegirilerek steril kurutma kagidinda kurutulmus
ve su agar besi ortami bulunan petrilere ekilmistir. Ekimi
yapilan petrilerden 2442 °Clye ayarli inkubatérde 3-7
glinlik inkubasyon sonunda gelisen koloniler PDA, SNA
ve MEA besi ortami bulunan petrilere aktarilmig ve tanida
kullanilmak tizere safkiiltiirleri elde edilmistir. Diger taraftan,
obligat parazit fungal etmenler i¢in hastalik belirtileri olan
yapraklarin bir kismy, iginde nemli kurutma kagidi bulunan
petrilere yerlestirilmistir. Sporlanmayi tegvik icin 25+2 °Cde
inkube edilmis ve fungal gelismenin gortldigi yapraklardaki
misel veya sporlar stereo mikroskop altinda incelenmistir.
Ayrica elde edilen izolatlarin tiimii, fungus diskleri halinde
egik agarda +4 °Cde, %157lik gliserol bulunan Ependorf
tiiplerde -20 °C'de ve musir unu kum ortaminda saklanmuistir
(Arslan 2000).

Funguslarin tani ¢alismalar

Saflagtirilan kiiltiirlerin, cins diizeyinde ayrimi yapildiktan
sonra tiir tanilari, morfolojik 6zellikleri (koloni gelismesi,
rengi, spor sekli ve biyikligi) stereo mikroskopta
ve mikroskopta incelenerek, literatiirde verilen teshis

anahtarlarindan yararlanmak suretiyle yapilmigtir.

Fusarium tirlerinin teshisi i¢in, Fusarium izolatlari, hem
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morfolojik yapilarinin en iyi olustugu SNA ortamina, hem
de kiiltiir renginin goriildigii PSA ortamina agilanmis ve
Booth (1971)a gore teshisleri yapilmistir. Izolasyonlardan
elde edilen, Alternaria alternata (Fr.) Keissler Ellis (1971)%,

Rhizoctonia solani Sneh et al. (1991)e gore tanilanmustir.

Kiilleme ve beyaz pas hastaliklarinin tanilari ise yapraklardan
yapilan kazima preparatin, mikroskopta incelenerek etmenin
spor Ozellikleri ile 6l¢timlerine gore yapilmistir (Bulajic¢ et
al. 2009, Koike et al. 2001, Larsson and Gerhardson 1992,
Marraiki et al. 2012, Nawrocki 2004, Nawrocki and Mazur
2007, Omranpour et al. 2011, Sherfand Alan 1986, Soylu and
Soylu 2003, Vakalounakis 2013).

Patojenisite testleri

Patojenisite denemesinde kullanilacak izolatlar1 belirlemek
amaciyla ilk olarak, 6n patojenisite (Fusarium, Alternaria ve
Rhizoctonia tirleri igin) denemesi yapilmistir. Bu amagla elde
edilen her bir Fusarium izolati SNA ortamina, A. alternata
izolat1 da PDA ortamina agilanmig, 25+1 °Cde inkiibasyona
birakilmistir. Daha sonra %1’lik NaOClde 3 dk. yiizeysel
dezenfeksiyondan gegirilen marul ve maydonoz tohumlar:
su agarina ekilmis ve on ¢imlenme igin inkiibasyona
birakilmistir. Besi yerinde 3-4 cm gelisen funguslardan 10
mm’lik diskler alinip su agar1 (WA) besi yerine yerlestirilmis
ve her bir disk par¢asinin yanina da saglikli gelisme gosteren
marul ve maydanoz tohumu yerlestirilip inkiibasyona
birakilmistir. 10 giin sonra fidelerde gelisen simptomlar
gozlenmis, kokler veya hipokotil iizerinde simptomlara veya
yumusamalara sebep olan izolatlar patojen tiirler olarak
distiniilmistir (Auster and Shen 1998%e gore modifiye
edilmis).

Cimlenmis marul ve maydanoz tohumlar1 {izerinde
Rhizoctonia izolatlarinin patojenisitelerini testlemek i¢in
YDA (yeast extract dextrose agar) tizerinde gelistirilmis 3-4
giinliik kiltirlerden alman agar pargalari kullanilmistir.
10 mm g¢aph agar pargalar1 250 pg/ml chloramphenicol
bulunan su agar1 (WA) igeren petrilere yerlestirilmis ve 24
saat 25 °Cde inkiibe edilmistir. Tohumlar %2’lik sodyum
hipokloritte 5 dk. yiizeysel sterilizasyona tabi tutulmus, iki
kez steril destile suyla yikandiktan sonra steril kurutma
kagitlar: tizerinde kurutulmus ve su agari tizerine 25 °Cde
6n ¢imlenme igin yerlestirilmistir. Agarda saglikli ¢imlenmis
tohumlar Rhizoctonia izolatlarinin gelisen hiflerinin etrafina
yerlestirilmistir (8 tohum/petri, 2 petri/izolat). Petriler 25
°Cde 12 saat fotoperiyotta floresan 151k altinda 6 giin bityiime
¢emberinde inkiibe edilmistir. Fidelerde gelisen simptomlar
gozlenmis ve kokler veya hipokotil tizerinde simptomlara
veya yumusamalara sebep olan izolatlar patojen Rhizoctonia
olarak diisiintilmiistiir (Auster and Shen 1998).
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On patojenisite testinde patojenisitesi yiiksek bulunan
izolatlarla saksilarda patojenisite denemeleri yapilmuistir.
R. solani, S. sclerotiorum ve E oxysporum’un inokulum
hazirlig1 ve patojenisitesi i¢in bu funguslara ait izolatlar,
Kunwar et al. (1989) ile Ahmad and Sharma (1990)nin
toprak inokulasyonu metoduyla spesifik ortamlarinda belirli
bir siire gelistirilip bugday tohumuna inokule edilmis ve
saks1 topragina karistirlmislardir. Bugday kiltiirti igin;
suda 1slatilan bugday tohumlar1 10 dk. haglanmistir. Uygun
cam siselerde otoklav edildikten sonra funguslarin gelisen
kolonilerinden alinan diskler ile agilanmigtir. Siseler 15
gilin siireyle 24-25 °Cde karanlikta inkubatorde bekletilmis,
ara ara silkelenerek fungal gelisimin tiim siseye ulagmasi
saglanmistir. Fungal inokulum tohum ekiminden bir hafta
once saksi topragina karigtirilmigti. Daha sonra %71°lik
sodyum hipokloritte 3 dk. yiizeysel sterilizasyonu yapilan
maydanoz tohumlari her saksiya 10 tohum, marul fideleri de
her saksiya 3 fide olacak sekilde ekilmistir. Kontrol saksilarina
ise icinde sadece bugday bulunan inokulum karistirilip,
yluzeysel dezenfeksiyonu yapilan tohumlar ekilmis ve bir saksi
bir tekerriir olacak sekilde 4 tekerriirli olarak denemeler
yapilmistir. Inokulasyondan sonra bitkiler 4 hafta siireyle
gozlenerek solgunluk ve gelisme geriligi gosteren bitkiler
kaydedilmistir. Bu siire sonunda bitkiler sokiilerek toprak
altt aksamu yikanip incelenmistir. Yapilan reizolasyonlar
ile etmenlerin inokule edilenler ile ayni olup olmadigina
bakalarak bitkiler hasta-saglam olarak degerlendirilmis ve %
hastalik orani belirlenmistir (Arslan 2000).

SONUCLAR VE TARTISMA

Ankara, Konya ve Eskigehir illerinde 2015 ve 2016 yillarinda
yapragi sebze

ylriitiilmiis olup incelenen tarla sayilar1 ve siirvey alanlari

yenen alanlarinda  sitirvey ¢aligmalari

Cizelge 1 ve 2'de verilmistir.

Marul orneklerinde Sclerotinia sclerotiorum, Rhizoctonia

solani,  Alternaria  alternata,  Fusarium  oxysporum;

maydanozda  Septoria petroselini, Alternaria alternata,
Fusarium solani, Rhizoctonia solani; dereotunda Erysiphe
heraclei; rokada ve terede ise Albugo candida tespit edilmistir

(Cizelge 3).

2015 ve 2016 yillar1 stirvey calismalar: sonucunda marul
orneklerinde 10 adet R. solani, 14 adet S. sclerotiorum, 12
adet F. oxysporum, 9 adet A. alternata; maydanozda ise 5 adet
E oxysporum, 4 adet E solani, 4 adet S. petroselini, 4 adet R.

solani izolat1 elde edilmistir.

Elde edilen izolatlarin 6n patojenisite testlerinde yiiksek
patojenisite gosteren izolatlarla saksilarda patojenisite
testleri yiirtitilmiistiir. Patojenisite testleri sonucunda marul

orneklerinde R. solani, E oxysporum ve S. sclerotiorum,
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maydanozda F oxysporum ve R. solani patojen olarak tespit kokbogazinda patojen olarak tespit edilen fungal etmenler ve

edilmistir. Cizelge 4de yapragi yenen sebzelerde kok ve hastalik oranlar1 verilmistir.

Cizelge 1. Ankara, Konya ve Eskisehir illerinde 2015 yilinda yaprag: yenen sebze alanlarinda yapilan siirvey ¢aligmalarinda

incelenen tarla sayis1 ve siirvey alanlar1 (da)

. Marul Maydanoz Dereotu Roka Tere Nane
Ankara/Ilgeler . L . L P s 2 s L PR T PR TR 2
LTS LTS. LTS. LTS. LTS. LT.S. LT.S. LT.S. LT.S. LT.S. LTS. LTS.
Yenimahalle - - 20 0.15 20 0.12 20 0.17 20 0.16 20 0.1
Beypazari 35 73 5 2 5 0.05 5 2 5 0.08 - -
Ayas 21 32 - - - - - - - - - -
Toplam 56 105 25 2,15 25 0.17 25 2,17 25 0.24 20 0.1
. Marul Maydanoz Dereotu Roka Tere Nane
Konya/Ilgeler . s . L PR L 2 s L PR T i L 2
LTS LTS. LT.S. LTS. LTS. LTS. LTS. LT.S. LT.S. LT.S. LT.S. LTS.
Cumra 28 140 10 20 - - - - - - - -
Meram 17 93 4 8 - - - - - - - -
Eregli - - 1 94 - - - - - - - -
Toplam 45 233 15 122
. Marul Maydanoz Dereotu Roka Tere Nane
Eskisehir/Ilgeler . s . L N L , s PR s P I 2
LTS, LTS, LT.S. LT.S. LT.S. LT.S. LTS. LTS. LTS. LTS. LTS. LT.S.
Tepebas: 35 65 12 76 15 110 34 120 28 60 10 50
Saricakaya 15 90 21 123 45 130 60 140 41 55 6 15
Toplam 50 155 33 199 60 240 94 260 69 115 16 65

! Incelenen tarla sayist

2 incelenen tarlalarin alani (da)

Cizelge 2. Ankara, Konya ve Eskisehir illerinde 2016 yilinda yapilan siirvey ¢alismalarinda incelenen tarla sayisi ve siirvey

alanlari (da)

. Marul Maydanoz Dereotu Roka Tere Nane
Ankara/Ilgeler . R . L PR s 2 s L PR T PR TR 2
LTS LTS. LTS. LTS. LTS. LTS. LT.S. LT.S. LT.S. LT.S. LTS. LTS.
Yenimahalle 10 5 7 35 8 4.5 11 3.7 10 3 6 1.2
Beypazari 15 75 5 10 5 2 4 2 11 33 - -
Ayas 11 32 11 30 5 15 14 7 21 7 21
Toplam 36 112 23 43.5 18 21.5 22 19.7 28 27.3 13 222
. Marul Maydanoz Dereotu Roka Tere Nane
Konya/Ilgeler . R . L PR L 2 s L PR T i [ 2
LTS, LTS. LT.S. LTS. LTS. LTS. LTS. LTS. LT.S. LT.S. LT.S. LTS.
Cumra - - - - - - - - - -
Meram 19 129 4 20 - - - - - - - -
Eregli - - 6 110 - - - - - - - -
Toplam 19 129 10 130
. Marul Maydanoz Dereotu Roka Tere Nane
Eskisehir/Ilgeler . s . L , L , s PR s P I 2
LTS LTS. LT.S. LTS. LTS. L.TS. L.TS. LTS. LT.S. LT.S. LT.S. LTS.
Tepebag: 15 75 16 32 8 24 9 27 10 8 9 18
Saricakaya 6 12 - - - - 6 9 - - - -
Toplam 21 87 16 32 8 24 15 36 10 8 9 18

! Incelenen tarla say1st

2 incelenen tarlalarin alani (da)
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Cizelge 3. Ankara, Konya ve Eskisehir illerinde 2015 ve 2016 yillarinda belirlenen fungal etmenler, konukeu bitkiler, izolat say1s1

ve izole edildigi yer

Marul Maydanoz

Fungus tiirii

Dereotu

Roka Tere

Al E K A E K A E K A E K A E K A E K
© S. sclerotiorum 14 - - - - - - - - - - - - - - - -
_@ S. petroselini - - - 1 - 3 - - - - - - - - - - - -
g 8
8 =  E heraclei - - - - - - 2 - - - - - - - - - -
-
=2 A. alternata - - 9 - - - - - - - - - - - - - - -
=
A. candida - - - - - - - - 2 - - 2 - - - - -
o E oxysporum 3 6 3 - - 5 - - - - - - - - - - - -
g 2 §
=% g E Esolani - 3 1 - - - - - - - - - - - - - -
M T 0
R. solani 4 2 4 - - 4 - - - - - - - - - - - -
TOPLAM 21 11 17 1 12 2 2 2

'Ankara(A), Konya(K) ve Eskisehir(E)

Cizelge 4. Yaprag: yenen sebzelerin kok ve kok bogazindan
izole edilen fungal etmenlerin patojenisite testlerinde
kullanilan izolat sayis1 ve patojen oldugu belirlenen izolatlar

ve hastalik oranlar1

Patojen oldugu

Bitki gesidi ~ Hastalik ve fungal etmen adi  belirlenen izolat Hastalik
orani (%)
say1s1
Marul Solguntuk 6 88
(Fusarium oxysporum)
Kok ¢uriklagi 4 39
(Rhizoctonia solani)
Beyaz ciiriiklik

(Sclerotinia sclerotiorum) 14 92

Maydanoz Solgunluk (E oxysporum) 3 86

Kok cuiriiklagi (R. solani) 2 85

Kok ve kok bogazindan izole edilen fungal etmenlerin
patojenisite testlerinde Cizelge 4de gorildiigii tizere marulda
S. sclerotiorum %92, marul ve maydanozda R. solaninin
hastalik orani sirasiyla %89 ve %85 olarak tespit edilirken,
marul ve maydanozda E oxysporum %88 ve %86’lik hastalik

oranina sahip olmugtur.

Yapragi yenen sebzelerden marulda belirlenen fungal
hastaliklarin il diizeyinde yayginliklari Cizelge 5de yer

almaktadir.

Ankara ili Beypazar ilgesinde beyaz ciirtiklik hastaligr (S.
sclerotiorum) %32.14 oraniyla en yaygmn hastalik olarak

belirlenmistir (Cizelge 5).

Yapragi yenen sebzelerden maydanozda belirlenen fungal
hastaliklarin il diizeyinde yayginliklar1 Cizelge 6da yer
almaktadir. Konya ili Eregli ilgesinde R. solani %2.35 ile en
yaygin hastalik olarak belirlenmistir (Cizelge 6). Yapragi yenen
sebzelerden dereotunda belirlenen fungal hastaliklarin il

diizeyinde yayginliklar1 Cizelge 7de yer almaktadir.
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Cizelge 5. Ankara, Konya ve Eskisehir'de marul ekilis
alanlarinda incelenen tarla sayisi, hastalik saptanan tarla

say1s, belirlenen fungal hastaliklar ve yayginlik oranlar1 (%)

Hastalik yayginlik orani (%)

7]
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nkara/ g, 23 1,16 1,36 - 32.14
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Konya 64 16 1.82 3.12 0.94 -
Eskigehir 39 15 3.25 2.63 - -

Cizelge 6. Ankara, Konya ve Eskisehir’de maydanoz ekilis
alanlarinda incelenen tarla sayisi, hastalik saptanan tarla

sayisy, belirlenen fungal hastaliklar ve yayginlik oranlari (%)

Hastalik yayginlik oran1 (%)
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Cizelge 7. Ankara, Konya ve Eskisehir'de dereotu ekilis
alanlarinda incelenen tarla sayisi, hastalik saptanan tarla

say1sl, belirlenen fungal hastaliklar ve yayginlik oranlar1 (%)

o 0
) incelenen Hastalik Hastalik yayginlik orani (%)
Mler tarla savist saptanan
24 tarla sayis1 Kiilleme (Erysiphe heraclei)
Ankara 43 3 223
Konya
Eskisehir 13 1 1.87

Cizelge 8. Ankara, Konya ve Eskisehirde roka ekilis
alanlarinda incelenen tarla sayisi, hastalik saptanan tarla

say1s, belirlenen fungal hastaliklar ve yayginlik oranlar1 (%)

0,
) incelenen Hastalik Hastalik yayginlik orani (%)
Iller tarla savis: saptanan
Y tarla sayist Beyaz pas (Albugo candida)
Ankara 47 5 3.26
Konya
Eskisehir 38 2 1.06

Cizelge 7de verildigi gibi dereotunda kiilleme hastalig
(Erysiphe heraclei) Ankarada %2.23, Eskisehirde %1.87 ile en
yaygin hastalik olarak belirlenmistir.

Yapragi yenen sebzelerden rokada belirlenen fungal
hastaliklarin il diizeyinde yayginliklar1 Cizelge 8de yer

almaktadir.

Cizelge 8de verildigi gibi Ankarada rokada beyaz pas (Albugo
candida) hastalig1 %3.26, Eskisehirde ise %1.06 olarak tespit

edilmistir.

Yapragi yenen sebzelerden terede belirlenen fungal
hastaliklarin il diizeyinde yayginliklar1 Cizelge 9da yer

almaktadir.

Cizelge 9. Ankara, Konya ve Eskisehir'de tere ekilis
alanlarinda incelenen tarla sayisi, hastalik saptanan tarla

say1sl, belirlenen fungal hastaliklar ve yayginlik oranlar1 (%)

o 0
) incelenen Hastalik Hastalik yayginlik orani (%)
Mler tarla savist saptanan
24 tarla sayis1 Beyaz pas (Albugo candida)
Ankara 53 6 2.83

Konya
Eskisehir 15

Cizelge 9da verildigi gibi Ankarada terede Beyaz pas
(Albugo candida) hastalig1 %2.83 oraninda tespit edilirken

Eskisehirde Beyaz pas hastaligina rastlanmamugtir.
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Yapragi yenen sebzelerde 2015 ve 2016 yillarinda
Ankara, Eskisehir ve Konya illerinde siirvey caligmalar1
yuritilmistiir. Alinan bitki 6rneklerinde kiilleme, beyaz pas
hastalig, yaprak lekesi, beyaz ¢iirtikliik, yaprak yaniklig, kok

¢urtklagi ve solgunluk hastaliklar saptanmustir.

Ege Boélgesinde (Izmir, Manisa ve Aydin) marulda fungal
hastaliklar konusunda vyapilan ¢aligmalarda Sclerotinia
sclerotiorum (Lib.) de Bary’nin yogun sekilde zarar yaptigini
Onaran ve Yanar (2009)da bildirmislerdir. Ayrica Marmara
Bolgesinde Mert-Tiirk ve Mermer (2011) tarafindan
yapilan ¢aligmada da ortii altinda yetistirilen marullarda S.
sclerotiorum belirlenmistir. Hatay ili marul ekim alanlarinda
Soylu et al. (2017) yaptiklar1 ¢alismada S. sclerotiorum,
Botrytis cinerea, Golovinomyces cichoracearum ve Bremia
lactucaenin en sik karsilagilan fungal hastalik etmenleri

oldugunu belirlemislerdir.

Akdeniz Bolgesinde Hatay ilinde Soylu and Soylu (2003)
tarafindan dereotu bitkilerinde yapraklarda kivrilma ve
bitkide kurumalara neden olan fungal etmenin Erysiphe
heraclei oldugu bildirilmistir. Yiirtitillen bu ¢alismada da

dereotunda E. heraclei tespit edilmistir.

Selguk et al. (2009) ise iginde maydanozun da bulundugu
72 konukgu bitkide yaptiklar1 ¢alismada, 79 Septoria tiirii
tespit etmis, yine Hatay’in Arsuz ilgesinde yapilan bir ¢alisma
sonucunda maydanoz ekili alanlarda %42-80 arasinda
degisen oranlarda Septorya yaprak yanikligi (Septoria
petroselini) belirlenmis (Kurt 2003) olup, yiriitilen bu
calismada da maydanozda S. petroselini tespit edilmistir.
Orta Anadolu Bolgesinde (Konya) titketime sunulan meyve
ve sebzelerde patojen fungal floray: ve bulunus oranlarini
tespit etmek amaciyla yapilan bir ¢aliymada, tere ve rokada
Albugo candida (Pers.) Roussel, maydanozda Alternaria spp.
belirlenmistir (Unlit ve Boyraz 2010).

Maydanoz fideliklerinde etkili olan ¢6kerten hastaligi, Giiney
New Jerseyde 1981-1982 iiretim sezonunda biiyiik kayiplara
yol agmistir. Hastalik belirtisi goriilen fidelerden Fusarium
oxysporum Schltdl., Fusarium solani (Mart.) Appel Wollenw.,
Pythium ultimum Trow, Pythium irregulare Buisman ve
Rhizoctonia solani ].G. Kithn izole edilmistir (Hershman
1986). Maydanoz fideliklerinde yapilan bir ¢alismada sera
ve tarla kogullarinda, fidelerde en fazla Alternaria radicina
Meier, Drechsler & E.D.Eddy ve Fusarium spp. saptanmuistir.
Ayrica tarla kosullarinda bazi maydanoz fidelerinde
Cylindrocarpon destructans (Zinssm.) Scholten, Rhizoctonia
solani ve Stemphylium botryosum tespit edilmigtir (Nawrocki
2004). Orta Anadolu Bolgesinde yuriitillen bu ¢alismada
da maydanozda R. solani, E solani ve F. oxysporum tespit

edilmistir.
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Caligmalarin  ytratildigi bolgemizde yapragi yenen
sebzelerde fungal hastalik etmenleri arasinda en 6nemli
zarar1 marulda beyaz ¢iiriiklige neden olan S. sclerotiorum
yapmustir. Bu hastalik etmeninin bir toprak patojeni olmasi
ve toprakta uzun yillar canliligini stirdiirmesi nedeniyle
miicadelede 6nemli sorunlar yasanmaktadir. Beyaz ¢iirtiklik
hastaliginda bolgemiz ciftgileri ayni tiretim alanlarina her
yil yeniden marul ekimine devam ettiklerinden dolay1
bu hastaliga kars1 marulda ruhsatli bitki koruma iiriinii
olmasina ragmen kimyasal miicadele tek basina yeterli ve
etkili olamamaktadir. Bolge treticilerimizin bu hastalikla
miicadelede onerilen kiiltiirel 6nlemleri uygulamadiklar:
bu nedenle de kimyasal miicadelenin tek bagina yeterli
etkiyi gosteremedigi yaptigimiz ¢aligmalar sirasinda
tespit edilmistir. Bolgemizde marul ve maydanoz tretim
alanlarinda goriilen bir diger hastalik kok ve kokbogazi
¢uirtkligii ve solgunluk hastaliklaridir. Bu hastalik etmenleri
de toprak patojenleri olup kimyasal miicadeleyi gerektirecek
diizeyde yayginlik gostermemektedirler. Bolgemizde tere
ve rokada tespit edilen Beyaz pas hastalig1 ve dereotunda
tespit edilen Kiilleme hastaligi da kimyasal miicadeleyi
gerektirecek oranda yayginlik gostermemektedir. Ulkemizin
yapragi yenen sebzelerinin yetistirildigi diger alanlarinda
yaygin olarak goriilen ve ekonomik anlamda zarara neden
olan rokada Beyaz pas (Albugo candida), dereotunda
Kiilleme (Erysiphe heraclei) ve maydanozda Yaprak lekesi
(Septoria petroselini) hastaliklar: ile ilgili olarak Bornova
Zirai Miicadele Arastirma Enstitlisii koordinatorliigtinde
Gida ve Kontrol Genel Midiirliigiine gegici tavsiye onerileri

yapilmustir.

Yapilan ¢alismalarin sonuglarina gore Zirai Miicadele Teknik
Talimatlar1 ve Standart flag Deneme Metotlar1 bulunmayan
hastaliklar i¢in talimat ve metotlar olugturulabilecek, mevcut
olanlar1 ise giincelleyebilecek veriler elde edilmistir. Ayrica
yapragi yenen sebzelerden izole edilen fungal izolatlar
ile Enstitimiiz mikroorganizma kiltiir koleksiyonuna da

materyal saglanmustir.

OZET

Sebzeler icerdikleri karbonhidrat, yag, protein, vitamin
ve mineraller gibi makro ve mikro besinler agisindan
insan beslenmesi i¢in 6nemlidir. Sebze iiretiminde fungal
hastaliklar biiyiik ekonomik kayiplara yol agabilmektedir,
bu kayiplar1 engellemek igin bitki koruma ¢aligmalar bityiik
6nem arz etmektedir. Bu ¢aligmada marul, nane, maydanoz,
dereotu, roka ve tere iretimini kisitlayan faktorlerin
baginda gelen fungal hastaliklarin ve yayginliklarinm
belirlenmesi amaglanmistir. Orta Anadolu Bolgesinde
yapilan bu ¢aligmada, Eskisehir, Ankara ve Konya illerinde

2015-2017 yillar1 arasinda ¢aligmalar yiiriitiilmiis, saptanan
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fungal hastalik etmenlerinin morfolojik teshisleri yapilmus,
patojenisite denemeleri yiiriitiilmiis ve bolgedeki yayginlik
oranlar belirlenmistir. Hastalik belirtisi gosteren bitkilerden
izolasyonlar yapilmis, elde edilen izolatlar egik agar, -20
°C ve -80 °Cde saklanmistir. Calismalar sonucunda marul
orneklerinde Sclerotinia sclerotiorum, Rhizoctonia solani,
Alternaria alternata, Fusarium oxysporum; maydanozda
Septoria petroselini, Fusarium solani, Rhizoctonia solani;
dereotunda Erysiphe heraclei; rokada ve terede ise Albugo

candida tespit edilmistir.

Anahtar kelimeler: marul, nane, maydanoz, roka, yayginlik,
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Pear lace bug, Stephanitis pyri (E) (Hemiptera: Tingidae) is one of the important
pests of pome and stone fruit trees, especially apple in the Palearctic Region
including Mediterranean countries. In this study, the population density of S.
pyri was inspected on an apple orchard at Cukurova University (Balcali-Adana)
between 2013 and 2015. Nymph and adults were counted under laboratory
conditions by collecting 10 leaves from 10 randomly selected trees. Additionally,
overwintering place and stage of S. pyri were investigated and the number of S.
pyri generation was calculated. As a result of these studies, the first individuals
were observed in april and the highest population of S. pyri was observed in
August for both years. The last individuals were seen in november in the first
year and in December in the second year. According to the available data, both
the population fluctuation and thermal constant calculations showed that the
pest gave 6-7 offspring in the region. Moreover, the results showed that S. pyri

overwintered on fallen apple leaves as an adult in the region.

GIRIS

Tingidae, dantel bocekler olarak bilinen Hemiptera takimina
bagl kiigtik bir bocek (2-10 mm) familyasidir. Diinyada bu
familyann bilinen yaklagik 2500 tiirii ve 300 cinsi mevcuttur
(Du and Yao 2018). Erginlerin kanatlar1 dantele benzedigi
i¢in dantel bocekleri olarak adlandirilmaktadir. Bu familyada
bulunan tiirlerin birgogu yilda bir veya iki dél vermekte olup,
bazilar1 yil igerisinde ¢ok dol verebilmektedir. Tingidae

familyasindaki tiirlerin ¢ogu ergin olarak kiglamaktadir
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(Guidoti et al. 2015). Stephanitis pyri (E) (Hemiptera:
Tingidae) Akdeniz ilkelerinin de iginde bulundugu
Palearktik bolgede siis bitkileri, sert ve yumusak ¢ekirdekli
meyvelerde zarar yapmaktadir (Onder ve Lodos 1983).
Armut kaplani, Asyada Afganistan, Kibris, {ran, Irak, Israil,
Japonya, Liibnan, Urdiin, Suriye, Tiirkiye, Rusya; Avrupada
Arnavutluk, Bulgaristan, Fransa, Cekoslavakya, Almanya,

Fransa, Yunanistan, 1talya, Macaristan, Hollonda, Polonya,
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Portekiz, ispanya, Romanya, Isveg, Sirbistan, Bosna-Hersek;
Afrikada Fas ve Tunus'ta saptanmugtir (Aysal 2015, Drake and
Ruhoff 1965, Giilper¢in ve Onder 1999, Lodos 1982, Onder
ve Lodos 1983, Onder et al. 2006, Péricart 1983, Samin and

Linnavuori 2011).

S. pyrinin hem erginleri hem de nimfleri yapragin alt kisminda
beslenmektedirler. Armut kaplanrnin digkisindan dolay:
yapragmn alt kisminda siyah veya kahverengi parlak lekeler
goriilmekte, bu durum bitkide fotosentez ve solunumun
azalmasina sebep olmaktadir (Aysal ve Kivan 2008, Goksu
1964, Lodos 1982).

Zararh kis1 aga¢ kabuklarinin altinda, kurumus yapraklar
arasinda gegirmektedir. Havalar 1stnmaya baslayinca erginler
kislaklardan ¢ikmaya baslamaktadirlar. Zararli mayis ayindan
sonra yumurtalarini yapragin alt yiiziindeki palizat parankima
dokusuna birakir. Haziran ayinda yumurtadan nimf ¢ikiglart
goriliir. Nimfler bes gomlek degistirir ve ti¢ haftada ergin
olabilirler. Ikinci dél nimflerinin 15 giinde, igiincii dol
nimflerin ise 14 giinde ergin olduklar1 ve Sakarya ile Kocaeli
illerinde yaklagik 3 dol verdigi bilinmektedir (Goksu 1964,
Maral 2012).

Aysal ve Kivan (2008) tarafindan laboratuvar sartlarinda
ylriitiilen ¢calismada, Armut kaplanrnin yumurta déneminden
ergin oluncaya kadar gecirdigi stirenin 20 °Cde 46.9 giin, 32 °Cde
19.1 giin oldugunu bildirmislerdir. Ayrica, optimum gelisme
sicakligr olarak belirlenen 26 °Cde gelisimini 22.2 giinde
tamamladigini ve bu sicaklikta ortalama bir disinin 186.9
adet yumurta birakabildigini tespit etmiglerdir. Bunun
yaninda, sicaklik 32 °C oldugunda ortalama her disinin 40
adet yumurta birakabildigini belirlemiglerdir. Ortalama
dol siiresinin  (yumurtadan-yumurta) ise 26 °Cde 26.9
giin oldugunu bildirmislerdir. Yine ayni ¢aliyjmada Armut
kaplanrnin gelisme esiginin 9.7 °C, termal konstantinin
517.3 giin-derece oldugunu ve Tekirdag kosullarinda 3.8 dol
verdigini hesaplamiglardir (Aysal ve Kivan 2008).

Ulkemizde S. pyrinin popiilasyonu, dol sayisi, farkl
sicakliklarda gelisme siiresi {izerine Canakkale, [zmir,
Kocaeli, Sakarya, Tekirdag illerinde yiriitilmiis ¢aligmalar
mevcut olup, genellikle bu ¢aligmalar Marmara Bolgesinde
yogunlagmaktadir (Aysal ve Kivan 2008, Goksu 1964,
Giilpergin ve Onder 1999, Sahin et al. 2009). Dogu Akdeniz
Bolgesinde ise S. pyrinin biyolojisi iizerine yapilmis bir
¢alisma mevcut degildir. Bu nedenle yapilan ¢aligmayla Adana
ili ekolojik kosullarinda S. pyrinin popiilasyon dalgalanmasi,

dol sayist ve kislamast tizerine bilgiler elde edilmistir.

MATERYAL VE METOT

Stephanitis pyrinin popiilasyon takibi
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Bu ¢aliyma Cukurova Universitesi, Ziraat Fakiiltesi Déner
Sermaye Isletmesinde bulunan 20 dalik elma (Pyrus malus
L.) parselinde yiiriitiilmistiir. Calismanin ytiriitildiigi elma
bahgesi 7 yasindaki Galaxy Gala ve Red Star gesitlerinden
olugmustur. S. pyri‘nin popiilasyonu 2013-2015 yillar1 arasinda
takip edilmistir. Calismaya 2013 yilinin temmuz ayinda
baglanmus olup, 2015 yilinin mayis aymna kadar popiilasyon
takibine devam edilmistir. Armut kaplanrnin popiilasyonu
nisan-aralik aylar1 arasinda haftalik olarak, aralik-nisan aylar1
arasinda ise iki haftada bir diizenli olarak takip edilmistir.
Popiilasyon takibi yapilirken, rastgele belirlenen 10 agagtan
10ar yaprak oOrnek almmmustir. Alnan yaprak Ornekleri
kese kagidinin icerisine konulup, buz kutular1 igerisinde
laboratuvara getirilmistir. Araziden alinan yaprak 6rneklerinin
alt ytizeylerindeki nimf ve erginleri stereo mikroskop altinda
sayllarak kaydi tutulmustur. Hem laboratuvara getirilen
yaprak ornekleri tizerinde hem de elma bahgesinden 6rnek
alimi sirasinda zararli popiilasyonu gozle kontrol yontemi
ile kontrol edilerek dogal diigman varhigi tespit edilmeye
galisgitlmigtir. Calisma boyunca iklim verileri Hobo marka
cihazla diizenli bir sekilde kaydedilmistir.

Stephanitis pyrinin Adana (Balcalt) kosullarinda dol sayisimin
belirlenmesi

S. pyrinin dol sayisinin belirlenmesinde iki farkli yontem
uygulanmistir. Birinci yontemde yapraklarda bulunan S. pyri
erginleri yukarda belirtilen araliklarla sayilmis ve sayilan ergin
birey popiilasyonlarinin vejetasyon boyunca olusturduklar:
pik degerleri gdz 6niine alinarak dél sayist saptanmistir. Tkinci
yontemde ise zararlinin termal konstanti ve gelisme esiginden
yararlanilarak dol sayis1 hesaplanmustir. Aysal ve Kivan
(2008)1n yaptiklar1 ¢alismada Armut kaplanrnin gelisme
esiginin 9.7 °C oldugu ve termal konstantinin 517.3 giin-derece
oldugu belirtilmistir. Belirtilen bu degerler kullanilarak Armut
kaplanrnin dol sayist hesaplanmugtir. Zararlinin dol sayist
hesaplanirken Meteoroloji Genel Miidiirliigirniin istasyon veri
tabanindan Adana’nin 89 yillik (1929-2018) ortalama sicaklig
elde edilmistir. Ortalama sicaklik degerleri arasinda Armut
kaplanrnin gelisme esiginden (9.7 °C) biiytik olan degerler
belirlenmistir. Belirlenen sicaklik degerlerinden gelisme esigi
¢ikartildiktan sonra giin sayisi ile ¢arpilmig ve ¢ikan aylik etkili
sicaklik degerleri toplanarak yillik etkili sicaklik toplami elde
edilmistir. Daha sonra yillik etkili sicaklik toplamyu, S. pyrinin
termal konstantina (517.3 giin-derece) boliinerek dol sayist

hesaplanmuistir.

Stephanitis pyrinin Adana (Balcali) kosullarinda kislama
donemlerinin ve yerlerinin belirlenmesi

S. pyrinin Adana (Balcal1) kosullarinda kislama dénemlerinin
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ve yerlerinin belirlenmesi amaciyla, ¢aligmanin ytirtitildigi
yillarin ocak ve mart aylar1 arasinda ¢alismanin yiiriitiildigi
arazide gozlemler yapilmistir. Yapilan goézlemlerde ozellikle
agacin dal ve gévde kismy, yere dokiilen yapraklar ve topragin
yaklastk 5 cm derinligi incelenmigtir. Kislayan bireyler
belirlendikten sonra, 6rnekler kese kagidinin igerisine konulup
buz kabr igerisinde laboratuvara getirilmistir. Araziden alinan
ornekler incelenerek stereo mikroskop altinda S. pyrimnin

kislayan donemi belirlenmistir.

SONUCLAR VE TARTISMA
Popiilasyon ¢alismalar

Caligmanm ilk yiinda S. pyrinin popiilasyon takibine
temmuz ayinda baglandigi i¢in zararhnin ilk ¢ikis donemi
belirlenememistir. Ancak ikinci yil ve onu takip eden 2015
yilinda da zararlinin nisan aymnda ortaya ¢ikmis olmasy,
zararhnin bolgede bu ayda zararma bagladigi sonucunu
dogurmustur. Bu dénem, elma agaglarinda fenolojik gelisme
donemi olarak yapraklarin stirdiigii ve gigeklerin yeni agilmaya

basladigi doneme denk gelmektedir.

Caligmanin yiiriitildigi elma parselinden almnan yaprak

orneklerinde ilk hafta (16.07.2013) ortalama 5.63 adet/yaprak
nimf ve 0.96 adet/yaprak ergin birey sayilmistir. En ytiksek
ergin sayis1 20.08.2013 tarihinde gézlemlenmistir. Bu tarihte
yaprak basina ortalama ergin sayis1 1.72 iken, ortalama nimf
sayis1 6.05 adet/yapraktir. En yiiksek nimf sayis1 ise 03.09.2013
tarihinde ortalama 6.63 adet/yaprak olarak belirlenmistir.
Denemenin yiriitildiigi ilk yil son bireyler kasim aymin
ti¢lincii haftasinda saptanmugtir.

Yapilan ¢alismada 2014 yilnin ilk erginleri nisan aymmn
ikinci haftasinda gozlemlenmistir. Calismanin ikinci yilinda
popiilasyon miktarinin ilk yila gore daha diisiik miktarda
oldugu belirlenmistir. Bunun sebebinin ¢aligmanin ilk yilia
gore sicakligin daha diisiik ve yagis miktariin daha fazla
olmasindan kaynaklanabilecegi diistintilmektedir (Cizelge
1,2). Cabsmanin ikinci yilnda en yiiksek popiilasyon
denemenin ilk yihinda oldugu gibi agustos aymin ikinci
yarisinda gozlemlenmistir. Bu tarih ayni zamanda bolgede
elma hasadinin oldugu zaman araligidir. Denemenin
yuritildigi ikinei yil son erginler aralik ayinin ilk yarisinda
gozlemlenmistir (Sekil 1). Gozle yapilan dogal diiyman
kontrollerinde higbir dogal diismana her ¢ yilda da

rastlanmamugtir.
izelge 1. 2013 ve 2014 yillar1 arasindaki iklim verileri
g y
Meteorolojik Aylar
Veriler 6 7 8 9 10 11 12 1 2 3 4 5
ﬁiﬁt‘??‘g) 335 345 352 30.3 289 259 16.3 17.4 213 21.9 252 29
i\:[::liﬁ‘lfznc) 18.6 21.9 21 17.2 10.3 9.7 2.9 49 43 7.4 10.5 135
gcr;fl‘:?(a o 26.0 28.2 28.1 237 19.6 17.8 9.6 11.1 12.8 14.6 17.8 212
g :;31::; %) 49.0 56.3 53.1 434 54.4 559 56.1 29.0 455 53.5 59.6 59.3
0
Yagts (mm) 0 0 0.9 1.7 29 0.8 0.6 23 2.1 2.1 1.4 1.9
;Fl(églr(?llqu Q) 245 276 28.1 254 19.8 16.9 10.7 10.7 113 14.8 174 21.1
Cizelge 2. 2014 ve 2015 yillar1 arasindaki iklim verileri
Meteorolojik Aylar
Veriler 6 7 8 9 10 11 12 1 2 3 4 5
Maksimum
stcaldik (10) 315 33.8 35.5 334 279 2 18.7 13.3 145 217 24.1 295
ls\:lcl:lilrﬁil?lc) 174 229 232 19.6 13.2 7.5 8.4 32 72 8.4 8.6 13.5
gcr;al‘(lﬁf(“(a o 244 283 29.3 265 20.5 147 135 8.2 10.8 15.0 16.3 215
S;gtlalljlr:; %) 56.6 477 52.6 57.6 447 37.1 685 458 62.8 696 442 50.0
Yags (mm) 24 03 0 0 2.8 2 48 48 5.7 7.0 1.2 7.1
;Fl‘gglkgl Q) 237 27.7 28.7 27.8 20.7 15.3 12.8 8.6 10.7 13.6 16.3 19.6
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Sekil 1. Stephanitis pyri’nin nimf ve erginlerinin Adana (Balcali) ilinde 2013-2015 yillarinda popiilasyon dalgalanmasi

Sahin et al. (2009)’nin Canakkalede ve Akbarzadeh Shoukat
(2006)in Urmiye (Iran)da yapmis olduklari ¢aligmalarda
S. pyrinin ilk bireylerine haziran ayinda rastlandigini
vurgulamiglardir. Yiiriitiilen ¢alismada ise ilk erginler nisan
aymnda saptanmusti. Hem Canakkalede hem Urmiyede
¢alisma yapilan bolge Adana iklimine gore daha serin bir
iklime sahip bolgelerdir. Sonuglar arasindaki farkliliklarinda
bu iklim farkliligindan kaynaklanabilecegi diisiiniilmektedir.

Dol sayisi ¢alismalart

Popiilasyon takibinin yapildigi her iki yilda Armut kaplanrnin
popiilasyonu belirli dénemlerde tepe noktasina ulagmigtir.
Bu donemlerde popiilasyonun dol verdigi distintilmiis ve
S. pyri popiilasyonunun her iki yilda da 6-7 tepe noktasi
olusturdugu belirlenmistir. Zararlinin ilk ¢ikigi nisan ayinda
oldugu i¢in bu dénemdeki popiilasyon artisinin kislaklardan
gikan erginlerden kaynaklandig1 diisiiniilerek bir dél olarak
kabul edilmemistir. Popiilasyon takibine 2013 yilinda sezon
ortasi yani temmuz aymda baglandig i¢in do6l sayisinin
tespitinde 1 Ocak-31 Aralik araligini degerlendirebilmek
i¢in sadece 2014 yili verileri kullanilmigtir. Bu y1l icinde S.
pyrinin ilk tepe noktasini 02.06.2014’te, 2. tepe noktasini
07.07.2014’te, 3. tepe noktasini ise 21.07.2014’te, 4., 5., 6.
ve 7. tepe noktalarini ise sirasi ile 25.08.2014, 08.09.2014,
13.10.2014 27.10.2014
belirlenmistir (Sekil 1). Dolayisiyla Armut kaplanrnin Adana

ve tarihlerinde  olugturdugu
ili (Balcal1) kosullarinda birinci yonteme gore 6-7 dol verdigi

saptanmugtir. {1k yilda denemeye ge¢ baslanilmasina ragmen
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zararlinin 2013 yilinda da haziran ayindan itibaren 6 dol
verdigi goriilmektedir. Goksu (1964), Canakkalede yaptig
¢alismada S. pyrinin yaklagik 3 dol verdigini saptamistir.
Sahin et al. (2009) Canakkalede yaptiklari ¢alismada S.
pyrinin yaklagik 2-3 dol verdigini belirlemislerdir.

S. pyrinin dol sayisini belirlemek amaciyla kullanilan ikinci
yontemde zararlinin termal konstant ve gelisme esiginden
yararlanilmistir. D6l sayisinin hesaplanmasinda kullanilan
Adananin 89 yillik (1929-2018) sicaklik ortalamasi ocak
ay1 igerisinde zararlinin gelisme esiginin altina diigmustir.
Meteoroloji istasyonu veri tabanindan elde edilen aylik
ortalama sicaklik verilerine gore zararlinin Adana ili (Balcal)
ekolojik kosullarinda aralik ayr hari¢ diger tiim aylarda
gelisiminin aktif oldugu ve yillik etkili sicaklik toplaminin
3473 giin-dereceye ulastig1 anlagilmistir. Bulunan yillik etkili
sicaklik toplaminin termal konstanta bélinmesiyle de yilda
verdigi dol sayisi1 6.71 olarak belirlenmistir. Yani S. pyrinin
Adana ili (Balcali) ekolojik kogullarinda teorik olarak 6-7 dol

verebilecegi saptanmustir.

Caligma sonucunda kullanilan her iki yontemde de S. pyrinin
Adana ili (Balcal1) kosullarinda 6-7 dél verdigi ve kullanilan
yontemlerin birbiriyle ortiistiigii ortaya konmusgtur. Aysal
ve Kivan (2008) S. pyrinin Tekirdag ili kosullarinda 3.8
dol verdigini belirtmistir. Bu farkliligin ¢aligmanin farkl
bolgelerde ve iklim kosullarinda gergeklestirilmesinden

kaynaklandig diisiintilmektedir.
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TESEKKUR

Denemelerde  poptilasyon  takibi sirasinda  verdigi
desteklerden dolay1 Salih AYKURT (Gukurova Universitesi,

Bitki Koruma Bolimii)’a tesekkiir ederiz.

OZET

Armut kaplani, Stephanitis pyri (F) (Hemiptera: Tingidae)
Akdeniz tilkelerinin de iginde bulundugu Palearktik bolgede
elma basta olmak iizere sert ve yumusak ¢ekirdekli meyve
agaclarmnin énemli bir zararlisidir. Bu ¢alismada S. pyrinin
popiilasyon yogunlugu 2013-2015 yillar1 arasinda Cukurova
Universitesinde (Balcali-Adana) bir elma bahgesinde takip
edilmigtir. Rastgele secilen 10 agagtan 10 yaprak Ornegi
toplanarak laboratuvarda nimf ve ergin sayimi yapilmistir.
Bu ¢alismada, S. pyrinin kislama yeri ve donemi incelenmis,
ayrica dol sayis1 da hesaplanmustir. Bu ¢aligmalar sonucunda,
ilk bireyler her iki yilda da nisan aymnda gozlemlenmeye
baslanmis ve en yiiksek popiilasyona agustos ayinda
ulagmigtir. Son bireyler ise ilk yil kasim ayinda, ikinci yil
aralik ayinda gozlemlenmistir. Eldeki verilere gore hem
popiilasyon takibi hem de termal konstant hesaplamalarina
gore zararlinin bolgede 6-7 dol verdigi saptanmustir. Ayrica
S. pyrinin ergin dénemde yere diisen yapraklarda kisladigt

belirlenmistir.

Anahtar kelimeler: Armut kaplani, Cukurova, dol, kislama,
popiilasyon

KAYNAKLAR

Akbarzadeh Shoukat G., 2006. Seasonal changes in population
of the pear lace bug, Stephanitis pyri F. (Heteroptera: Tingidae),
and identification of its natural enemies in West Azarbaijan
apple orchards. Journal of Agricultural Science (University of
Tabriz), 15 (4), 91-100.

Aysal T., 2015 Tekirdag ilinde bulunan Tingidae tiirleri,
yayiliglari, dogal dismanlari ve Stephanitis pyri (E) ile
(Mella)
caligmalar. Namik Kemal Universitesi Fen Bilimleri Enstitiisii,
Doktora Tezi, 180 s., Tekirdag.

Stethoconus  pyri arasindaki iligkiler {izerinde

Aysal T., Kivan M., 2008. Development and population
growth of Stephanitis pyri (E) (Heteroptera: Tingidae) at five

temperatures. Journal of Pest Science, 81 (3), 135.

Drake C.J., Ruhoft EA., 1965. Lagebugs of the world, a catalog
(Hemiptera: Tingidae). Smithsonian Institution, Washington,
710 p.

Du S., Yao Y., 2018. A new genus and species of Tingidae
(Heteroptera: Cimicomorpha) from Myanmar, with the
analysis of the evolution of hood, carinae and paranota.
Zoological Systematics, 43 (3), 283-293.

51

Goksu E.M., 1964. Sakarya ve Kocaeli bolgeleri meyve
agaclarinda zarar yapan Armut kaplani (Stephanitis pyri
Fabr.)’in biyolojisi ve miicadelesi iizerinde arastirmalar. T.C.
Tarim Bakanlhig1 Goztepe Zirai Miicadele Enstitiisti Yayinlari,
59 s., Istanbul.

Guidoti M., Montemayor S.I, Guilbert E., 2015. Lace bugs
(Tingidae). In: True bugs (Heteroptera) of the neotropics.
Panizzi A.R. and Grazia J. (Eds.). Springer, Dordrecht, 395-
419 p.

Giilpergin N., Onder F,, 1999. Bornova kogullarinda Stephanitis
pyri (E)’nin biyolojisi ve dogal diismanlar1 iizerinde ¢alismalar.
Tiirkiye Entomoloji Dergisi, 23 (1), 51-56.

Lodos N., 1982. Tiirkiye entomolojisi II, genel uygulamali ve
faunistik. Ege Universitesi Ziraat Fakiiltesi Yayinlari, {zmir,
591 s.

Maral H., 2012. Diyarbaki, Mardin ve Elazig illerinde
tarim ve tarim dig1 alanlardaki agaclarda bulunan Tingidae
(Hemiptera) tiirleri ile bunlarin parazitoit ve predatorlerinin
saptanmasi ve zarari onemli goriilen tiirlerin biyolojisi ve
popiilasyon gelisiminin belirlenmesi. Cukurova Universitesi

Fen Bilimleri Enstituisti, Doktora Tezi, 151 s., Adana.

Onder E, Lodos N., 1983. Preliminary list of Tingidae with
notes on distribution and importance of species in Turkey. Ege

Universitesi Ziraat Fakiiltesi Yayinlari, No: 449, [zmir, 51 s.

Onder E, Karsavuran Y., Tezcan S., Fent M., 2006. Tirkiye
Heteroptera (Insecta) katalogu. Ege Universitesi Ziraat

Fakiiltesi Yaynlar, {zmir, 170 s.

Péricart J., 1983. Hémiptéres Tingidae euro-méditerranéens.
Faune de France. Vol. 69, Fédération Francaise des Sociétés de

Sciences Naturelles, Paris, 626 p.

Samin N., Linnavuori R.E., 2011. A contribution to the
Tingidae (Heteroptera) from North and Northwestern Iran.
Entomofauna, 32 (25), 373-380.

Sahin A.K,, Ozpmar A., Polat B., Sakaldag M., 2009. Canakkale
ilinde farkli elma gesitlerinde Armut kaplani (Stephanitis pyri
(F.), Heteroptera: Tingidae) nin popiilasyon yogunlugu. Tarim
Bilimleri Aragtirma Dergisi, (2), 119-122.

Cite this article: Satar G., Tiring G., (2019) Determination
of population density of Stephanitis pyri (F) (Hemiptera:
Tingidae) on apple trees in Adana (Balcali), Plant Protection
Bulletin, 59-3. DOI: 10.16955/bitkorb.571363

Atf igin: Kaptan S., Aksit T., Spodek M., (2019). Stephanitis
pyri (E) (Hemiptera: Tingidae)’nin Adana (Balcali)da elma
agaclarinda popiilasyon yogunlugunun belirlenmesi, Bitki
Koruma Biilteni, 59-3. DOI: 10.16955/bitkorb.571363






Bitki Koruma Biilteni / Plant Protection Bulletin, 2019, 59 (3) : 53-58

Bitki Koruma Biilteni / Plant Protection Bulletin

http://dergipark.gov.tr/bitkorb

Original article

Distribution and infestation rates of the olive psyllid species (Euphyllura spp.,

Hemiptera: Psyllidae)in Izmir and Aydin provinces

Zeytin pamuklubiti (Euphyllura spp., Hemiptera: Psyllidae) tiirlerinin Izmir ve Aydin illerinde

yayilis1 ve bulagiklik oranlar:

Serkan KAPTAN * Tiilin AKSIT °, Malkie SPODEK °

* Olive Research Institute, University St. 43 Bornova, Izmir, Turkey

b Adnan Menderes University, Faculty of Agriculture, Department of Plant Protection, Aydin, Turkey

€ The Steinhardt Museum of Natural History, Israel National Center for Biodiversity Studies and Department of Zoology, Tel Aviv University-

Southern Arava R&D, Israel

ARTICLE INFO

ABSTRACT

Article history:
DOI: 10.16955/bitkorb.499955

Received :20.12.2018
Accepted: 26.03.2019

Keywords:

Euphyllura phillyreae, Euphyllura straminea,
olive, olive psyllid, Izmir, Aydin

* Corresponding author: Serkan KAPTAN

X4 serkan.kaptan@tarimorman.gov.tr

Distribution and infestation rates of the olive psyllid species (Euphyllura spp.,
Hemiptera: Psyllidae) determined in Aydin and Izmir provinces, which are
the most important olive production regions in Turkey between 2015 and
2016. Euphyllura phillyreae Foerster was only founded in {zmir, but both E.
phillyreae and E. straminea Loginova were determined in Aydin. E. phillyreae
was determined to be the dominant species. The infestation rates in olive groves
in two cities between 2015 and 2016 years were 98.5% and 100% in {zmir; 100%
and 94.5% in Aydin, respectively. Also infestation rates of the trees in olive

groves were 89.4% and 83.4% in Izmir; 93.5% and 75.4% in Aydin, respectively.

GIRIS

Diinyada iiretilen zeytinin %10’u Tiirkiyede tiretilmekte ve
yaklasik 846 bin hektar alanda zeytincilik yapilmaktadir
(Anonymous 2017). Yillik ortalama tiretim miktar1 2014-
2017 yillar1 arasinda 1.8 milyon tondur (Anonim 2017).
Tirkiyedeki zeytin agaci sayisi son yillarda 6nemli oranda
artmig ve artmaya devam etmektedir. Bazi kiiltiirel iglemlerin
dogru uygulanmamasi, hi¢ yapilmamasi veya pestisitlerin
dogal dengeyi olumsuz etkilemesi, iklim degisiklikleri vb.
nedenler bazi zararh tiirlerin popiilasyonlarinin artmasina
neden olmaktadir. Bu zararhilardan birisi de Euphyllura
spp. (Hemiptera: Psyllidae)dir. Kaya (1979) tarafindan tali
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zeytin zararlisi olarak bildirilmis olan Zeytin pamuklubitinin
popiilasyonu son yillarda artmis ve Onemli zararhlar
arasina girmistir (Giiglii 1995, Kovanci et al. 2005). Zeytin
pamuklubitinin nimfleri zeytinin stirgiin uglarinda, ¢gigek ve
tomurcuk demetlerinde bitki 6z suyunu emerek gigek ve gigek
tomurcuklarinin  dokiilmesine, stirgiinlerin  kurumasina
neden olabilmektedir (Anonim 2011, Jardak 1984, Stavraki
1980). Ayrica, nimflerin ¢ikardig1 sekerli maddeler fumajin
olusumuna neden olmakta, pamugumsu maddeler ise
gigeklerin tizerini Orterek dollenmelerini engellemekte,
boylece kalite ve verim kayiplarina yol agmaktadir (Mustafa
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1984). Euphyllura spp. oligofag (Lauterer et al. 1986) olup,
yabani ve kiltiir zeytini (Olea europaea L., Oleaceae),
kus igdesi (=Rus zeytini) (Elaeagnus angustifolia L.),
akcakesme (Phillyrea latifolia L.), Osmanthus fragrans Lour
ve O. ilicifolius Hauck. konukgularidir (Halperin et al. 1982,
1yriboz 1968, Jardak et al. 2007, Kovanci et al. 2005, Lauterer
et al. 1986, Prophetou-Athanasiadou 1997).

Diinyada zeytin iretimi yapilan iilkelerde Hemiptera
takiminin Psyllidae (=Liviidae) familyasina ait dort Zeytin
pamuklubiti tiriiniin bulundugu bilinmektedir. Bunlar;
Akdeniz tlkelerinde Euphyllura olivina Costa (Hem.:
Psyllidae), E. phillyreae Foerster (Hem.: Psyllidae) ve E.
straminea Loginova (Hem.: Psyllidae) (Jardak et al. 2007);
Kuzey Afrika iilkelerinde E. straminea ve E. olivina (Jardak
1984, Ksantini et al. 2002, Sharaf-El-Din and Hashem 1999);
Ortadogu iilkelerinde E. phillyreae, E. olivina ve E. straminea
(Abou-Kaf and Hamoudi 1999, Mustafa 1984); Karadeniz
kiyilar1 ve Kafkasyada E. phillyreae; Iran ve Hindistanda E.
pakistanica ve E. straminea’dir (Asadi et al. 2009, Halperin et
al. 1982, Lauterer et al. 1986, Virender et al. 2007).

Cesitli yazarlar tarafindan Tirkiyede E. phillyreae, E.
olivina, E. straminea ve E. pakistanica tirlerinin bulundugu
bildirilmistir (Basar 2016, Drohojowska and Burckhardt
2014, Giiglii et al. 1995, Kaplan et al. 2011, Kovanc et al.
2005, Pala et al. 2001, Tiifekli ve Ulusoy 2011). Halperin et al.
(1982), E. olivina ile E. straminea tiirlerinin ¢ok benzedigini,

genellikle birbiriyle karistirildiklarini bildirmislerdir.

Yukarida belirtildigi {izere Tiirkiyede mevcut Zeytin
pamuklubiti tiirleri konusunda farkli bildirimler s6z
konusudur. Bu nedenle ele aliman bu ¢alismada, Ege
Bolgesinin 6nemli zeytin {iireticisi illeri olan Izmir ve
Aydinda, 2015 ve 2016 yillarinda zeytinliklerdeki Zeytin
pamuklubiti tiirlerinin tespiti, yayilis ve bulasiklik oranlar1

belirlenmistir.

MATERYAL VE METOT

Calismanin ana materyalini Izmir ve Aydin illerindeki zeytin

agaclari ile Zeytin pamuklubiti tiirleri olusturmustur.

Izmir ve Aydinda zeytin bahgelerinde bulunan Euphyllura

spp-nin belirlenmesi, yayilislart ve bulasiklik oranlar

Siirvey ¢alismasi Izmir ve Aydin illerindeki toplam agag
sayisinin %0.01'ini olusturacak sekilde yapilmustir. Zeytin
cografik ozellikleri dikkate
almarak secilen bahgelerde ornekleme yapilmistir (Bora

tiretimi  yapilan ilgelerde

ve Karaca 1970). Belirlenen bahgelerin igerisinde Lazarov
and Grigorov’un (1961) onerdigi sayilarda aga¢ incelenerek
bulagik/temiz olarak kaydedilmistir (Cizelge 1). Boylece
il, ilge, bahge ve bahgelerdeki aga¢ bulasiklik oranlar:
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saptanmigti. Bu kapsamda Izmirin Aliaga, Bayindir,
Bergama, Dikili, Foga, Karaburun, Kemalpasa, Menderes,
Menemen, Odemi§, Seferihisar, Sel¢uk, Tire, Torbali ve Urla
ilcelerinde 2015 ve 2016 yillarinda sirasiyla toplam 37 ve 35
bahgeden Zeytin pamuklubiti erginleri toplanmustir. Aydin'in
Bozdogan, Cine, Efeler, Germencik, Incirliova, Karacasu,
Karpuzlu, Kogarli, Kosk, Kuyucak, Nazilli, Soke, Sultanhisar
ve Yenipazar il¢elerinden ise yillara gore sirasiyla toplam 40
ve 37 bahge olmak iizere her iki ilde toplam 149 bahgeden

darbe yontemiyle Zeytin pamuklubiti erginleri toplanmustir.

Cizelge 1. Zeytin bahgeleri icerisinde incelenen agag sayilari
(Lazarov and Grigorov 1961)

Bahgelerdeki toplam agag sayis1 (adet) ~ Kontrol edilen agag sayisi (adet)

1-20 Tiim agaglar
21-70 10-30
71-150 31-40
151-500 41-80
501-1000 Toplam agaglarin %15’
1000den fazla Toplam agaglarin %5’i

Sturvey c¢alismalari, iki yilda da nisan-mayis aylarinda,
diizensiz yapilan arazi ¢ikislariyla darbe yontemi uygulanarak
gerceklestirilmigtir. Calismanin yuritildagia iki yilda da
aynu ilgelerde, fakat farkli bahgelerde 6rnekleme yapilmustir.
Darbe yonteminde, bahgelerde rastgele secilen 20%er agacin,
herbirinin farkli yonlerinden 5 dalina sopa ile vurulmus
(toplam 100 darbe) ve Zeytin pamuklubiti erginleri 1x1 m2
beyaz kumas tizerine diigiirilmiistir. Agaglar temiz/bulasik
olarak kaydedilmis, boylece bulagiklik oranlari saptanmugtir.
Darbe yontemiyle toplanan ergin bireyler %70’lik alkol
igerisine alinmus, etiketlenmis ve teshis edilmek {izere
saklanmustir. Elde edilen her iki tiir Dr. Malkie Spodek (Israel
National Center for Biodiversity Studies and Department
of Zoology, Tel Aviv University) tarafindan teshis edilmis
Daniel Burckhardt

Augustinergasse 2, Basel-Isvicre) tarafindan teshis sonuglari

ve Dr. (Naturhistorisches Miizesi,

dogrulanmistir.

SONUCLAR VE TARTISMA

Izmir ve Aydindaki zeytin bahgelerinde belirlenen Zeytin

pamuklubiti tiirleri

Galigmanin yiriitiildiigii {zmir ve Aydin illerinde Zeytin
pamuklubitinin ¢ok yaygin ve popiilasyonunun yiiksek
oldugu tespit edilmistir. Elde edilen Zeytin pamuklubiti
erginlerinin Euphyllura phillyreae ve E. straminea oldugu

saptanmigtir.
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E.phillyreae, E. straminea, E. pakistanicave E. olivina tiirlerinin
ayiricl taksonomik karakterleri Lauterer et al. (1986) ve Asadi
et al. (2009)%a gore verilmistir. E. phillyreae’nin 6n kanadinda
belirgin olmayan, ¢apraz bir damar vardir ve diger tiirlerden
daha kisa pterostigmaya sahiptir. Pterostigmada ¢ok sayida
damar bulunur. Viicut kahverengi, 6n kanatlar ¢ok farkli
renkte olup, tipik formda 6nkanat beyazdan agik kahverengiye
kadar degisen, kiigiik, yogun, koyu lekelere sahiptir. Diger
formlarinda ise kanatlarin bazi kisimlari kahverengiden
siyahims1 kahverengiye kadar degisen, ¢esitli biiytiklikte
lekelere sahiptir. Bazen bu lekeler kanadin her tarafina
yayllmustir. Paramer dar, uzun, uca dogru genislemez. E.
phillyreae’nin parameri E. straminea'dan kisadur. E. straminea
ve E. olivinada 6n kanattaki ¢apraz damar E. phillyreaedan
daha belirgin, pterostigma daha uzundur. E. stramineada
viicut agik yesil, 6n kanat damarlar1 saydam, beyazimsi, ¢ok
kiigiik koyu lekelidir. Biiyiik kahverengi lekeler bulunmaz.
Bu iki tiirde paramer E. phillyreaedan kisa, kiit, dis biikey,
uca dogru daha genistir. E. olivinamin parameri ise E.
stramineadan dar, ucu sivridir. E. stramineada paramer kiit,
genis, dis biikeydir. E. olivina disisinde proctiger hafif yukar1
kivrilmus, E. stramineada ise ucu diiz olup, hafif asag: egiktir.
E. pakistanicada pterostigma kisa, damar sayisi ¢ok az veya

hi¢ yoktur. Paramerin yanlari diiz, ucu kiittiir.

Aydinin Efeler ilgesindeki iki bahgede sadece E. straminea,
Cine, Kogarli ve Efeler ilcelerindeki birer bahgede ise E.
straminea ile E. phillyreae tiirlerinin birlikte bulunduklari
tespit edilmistir. Aydinda 6rnekleme yapilan s6z konusu bes
bahgenin disindaki bahgelerde ve Izmirdeki tiim bahgelerde
sadece E. phillyreae tiirii saptanmistir. Daha 6nce Izmirde
bulundugu bildirilmis olan E. straminea tiiriine (Onugar ve
Ulu 1991) bu ¢alisma sirasinda rastlanmamistir. Bunun E.
straminea popilasyonunun ¢ok diisitk olmasindan veya elde
edilen ¢ok sayidaki ergin bireyin tamaminin teshis i¢in tek
tek incelenememis olmasindan kaynaklanmis olabilecegi

distintilmektedir.

Burckhardt and Onucar (1993), E. olivina tiiriiniin
Tirkiyede bulunma ihtimalinin zayif oldugunu ifade
etmiglerdir. Bu konuda Halperin et al. (1982) E. olivina ile
E. straminea tiirlerinin genellikle karistirildigini bildirmigtir.
Benzer durumla Yunanistan ve Iranda da karsilagildig:
anlagilmaktadir. iranda 2009 yilina kadar dért Euphyllura
tirtiniin bulundugu kayith olmasina karsin, Asadi et al.
(2009) tarafindan giiney bolgelerde E. pakistanicanin,
kuzey bolgelerde E. straminea’nin bulundugu, E. olivina ile
E. phillyreae tiirlerinin Iranda bulunmadigi belirtilmistir.
Yunanistanda ise Stavraki (1980) zeytinlerde daha 6nce
E. olivina olarak tanimlanan Zeytin pamuklubiti tiiriiniin

aslinda E. phillyreae oldugunu, var olan diger tiiriin ise E.
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straminea oldugunu bildirmistir.

Tiirkiyede de ilk olarak Iyriboz (1968) tarafindan E.
phillyreaenin bulundugu bildirilmis olmasina karsin uzun
yillar Tiirkiyedeki tiirtin E. olivina oldugu kabul gérmiistiir.
Daha sonra yapilan diizeltmelerle, Burckhardt and Onugar
(1993) Izmirde, Giiglii et al. (1995) Artvinde ve Yayla et
al. (1995) Antalyada E. olivina olarak bilinen tiiriin E.
phillyreae oldugunu bildirmislerdir. Yapilan son ¢alismalarla;
E. phillyreaenin Izmir (Burckhardt and Onugar 1993,
Klimaszewski and Lodos 1977, 1979, Onugar 1983); Artvin
(Giiglii et al. 1995); Antalya (Bagar 2016, Kegecioglu 1984,
Yayla et al. 1995); Erzurum (Guglii and Burckhardt 1996);
Bursa (Kovanci et al. 2005); Mersin (Mut) (Cetin ve Alaoglu
2005); Balikesirde (Drohojowska and Burckhardt 2014)
bulundugu kaydedilmistir. E. straminea tiiriiniin ise {zmirde
ilk kayit (Onugar ve Ulu 1991); Adana, Mersin (Tiifekli
ve Ulusoy 2011); Giineydogu Anadolu Bélgesi (Ozgen
et al. 2012); Adiyaman (Drohojowska and Burckhardt
2014); Antalya (Bagar 2016) ve Mardinde (Kaplan et al.
2016) bulundugu saptanmustir. E. pakistanicanin ise
Antalyada (Drohojowska and Burckhardt 2014) bulundugu
bildirilmistir.

Euphyllura phillyreae Foerster ve Euphyllura straminea
Loginovamn Izmir ve Aydinda yayihst ve bulasiklik oranlari

Tiirlerin Izmir ve Aydin illerinde, 2015 ve 2016 yillarinda
bahge ve aga¢ bulasiklik oranlar1 Cizelge 2'de verilmistir.
Izmirde 2015 yilinda yapilan siirvey calismasinda Aliaga
ilcesindeki bir bah¢e digindaki diger bahgelerin Zeytin
pamuklubiti ile bulagik oldugu (%98.5), Aydinda ise
ornekleme yapilan tiim bahgelerin bulasik oldugu (%100)
tespit edilmistir (Cizelge 2). Izmirde 2016 yilinda érnekleme
yapilan tiim bahgelerin zararliyla bulasik oldugu (%100),
Aydinda ise, Cine ve Karacasu ilgelerindeki birer bahge
disindaki bahgelerin tiimiiniin bulagik oldugu (%94.5) tespit
edilmistir (Cizelge 2). Zeytin pamuklubitinin bulundugu
bahgelerdeki agaglarin bulagma oranlari ise 2015 yilinda
Izmirde %89.4, Aydinda %93.5; 2016 yilinda Izmirde %83.4,
Aydinda %75.4 olarak belirlenmistir. {zmirde iki yilin
ortalamasi olarak bulagik bahge orani %91.4, Aydinda %79.4
olarak saptanmuistir. Calisma sonucunda zararlinin iki ilde de
genis alanlara yayildig1 ve popiilasyonunun yiiksek oldugu
belirlenmigstir. Elde edilen iki yillik verilere gore Aydinda
Zeytin pamuklubiti ile bulasik bahgelerin %2.6’sinda E.
straminea, %4’tinde E. straminea ve E. phillyreae tiirlerinin
birlikte, geriye kalan %93.3’iinde ise sadece E. phillyreae
tiiriiniin bulundugu tespit edilmistir. Izmirde &rnekleme
yapilan tim bahgelerin ise sadece E. phillyreae tiri ile

bulasik oldugu saptanmustir.
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Cizelge 2. Izmir ve Aydin’da 2015 ve 2016 yillarinda
Euphyllura phillyreae Foerster ve Euphyllura straminea
Loginova ile bulagik bahge ve bahgelerdeki bulasik agag

oranlari (%)

2015 2016

il Bulagik Bahgede Bahge Bulagik Bahgede
Bahge sayist N N
(adet) bahge  bulagikagag  sayist bahge  bulagik aga¢
orani(%) orani(%) (adet) orani (%)  orani (%)
Tzmir 37 98.5 89.4 35 100 83.4
Aydin 40 100 93.5 37 94.5 75.4
Toplam 77 - - 72

Akdeniz gevresinde zeytin {iretimi yapilan tiim iilkelerde
oldugu gibi Tirkiyede de Zeytin pamuklubiti tiirlerinin
bulundugu ve zararli olduklari yillardir bilinmektedir
(fyriboz 1968, Tzanakakis 2003). Zeytinde pamuklubit
nimflerinin dogrudan zarari siirgiin, tomurcuk, ¢igek, gigek
sapt ve taze yapraklardan bitki 6z suyunun emilmesiyle
meydana gelmektedir. Yogun beslenme sonucunda
tomurcuklar agilmadigi gibi, yapraklar erken dokiilmekte,
stirglin ve agaglar zayiflamakta, gigek ve ¢igek tomurcuklari
dokiilmektedir. Ayrica, bu tiirlerin beslenerek dogrudan
yaptiklar1 zarardan bagka, nimflerin salgiladiklar1 beyaz
mumsu maddeyle sirgiin uglar1 ile tomurcuk ve gigek
somaklarini orterek de zararli olduklar1 bilinmektedir (Jardak
1984, Stavraki 1980). En ¢ok mum salgis1 son nimf dénemi
olan besinci dénem tarafindan salgilanmaktadir. Nimfler bu
pamugumsu salginin altina gizlenerek beslenmekte, zarar
goren yaprakgiklarda agik yesil, kiigiik lekeler olusmaktadir.
Nimflerin beslenmedigi ¢ok sayida gigegin de yogun mum
salgis1 nedeniyle dollenemedigi ve bu nedenle dékiildiigi
bilinmektedir (Virender et al. 2007). Dolayll zararin bir
bagka sekli ise nimflerin ¢ikardig: sekerli maddelerin yaprak,
stirgiin, ¢igek, meyve ve tomurcuklarin tizerini kaplayarak
fumajin olujumuna neden olmasidir. Olugan fumajinin
agaclarin zayiflamasina, verimin azalmasina neden oldugu
bildirilmistir (Lodos 1986, Mustafa 1984, Prophetou-

Athanasiadou 1997).

Bu ¢aligma ile; Ege Bélgesinde Izmir ve Aydin illerindeki
zeytin alanlarinda gorillen Zeytin pamuklubiti tiirleri
tespit edilmis ve oOne ¢ikan tiriin E. phillyreae oldugu,
E. stremineanin ise lokal olarak kii¢iik popiilasyonlar
olusturdugu belirlenmistir. Zeytin pamuklubiti tiirlerinin
tespit edilmis olmasiyla tiir karmasast da Onlenmistir.
[zmir'in Aliaga ilgesinde bir bahge, Aydin'in Cine ve Karacasu
ilcelerindeki birer bahg¢enin disindaki tiim bahgelerin bulagik
oldugu tespit edilmistir.

Bundan sonra yapilacak ¢aligmalarda oncelikle zararlinin

ekonomik zarar esiginin belirlenmesinin ve miicadelesine

56

yonelik c¢alismalarin  yapilmasinin, ozellikle de dogal
diigmanlariyla iliskisinin arastirilmasinin yararli olacag:

distintilmektedir.

TESEKKUR

Elde edilen pamuklubit tiirlerinin teshisini dogrulayan
Dr. Burckhardta

Augustinergasse 2, Basel, Isvi¢re) ve caligmay: destekleyen

Daniel (Naturhistorisches ~ Miizesi,
Tarimsal Arastirmalar ve Politikalar Genel Miudiirliigiine
(TAGEM-BS-14/08-06/01-13) tesekkiir ederiz. Bu makale
Serkan Kaptan tarafindan hazirlanan ytiksek lisans tezinin
bir bolimil olup Tiirkiye VII. Bitki Koruma Kongresinde

(14-17 Kasim 2018) poster bildiri olarak sunulmugtur.

OZET

Tiirkiyedeki en dnemli zeytin yetistirilen iller olan {zmir ve
Aydinda bulunan Zeytin pamuklubiti tirleri (Euphyllura
spp., Hemiptera: Psyllidae)’nin yayilis ve bulagiklik oranlar1
2015-2016 yillarinda belirlenmistir. Izmirde Euphyllura
phillyreae Foerster, Aydinda ise iki tiir E. phillyreae ve E.
straminea Loginova saptanmustir. E. phillyreae baskin tiir
olarak belirlenmistir. Tki ildeki zeytin bahgelerinde 2015
ve 2016 yillarinda bulagiklik oranlari, sirasiyla Izmirde
%98.5-%100; Aydinda %100-%94.5 olmustur. Ayrica, zeytin

bahgelerindeki agaglarin bulagiklik oranlar1 ise sirasiyla

Izmirde %89.4-%83.4; Aydinda  %93.5-%75.4 olarak
saptanmugtir.
Anahtar  kelimeler: Euphyllura  phillyreae, Euphyllura

straminea, zeytin, Zeytin pamuklubiti, {zmir, Aydin
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Pseudomonas syringae pv. phaseolicola (Psp) is a seed-borne bacterium which causes
halo blight disease in common bean. This study aimed the determination of plant
growth-promoting traits (such as IAA, phosphate solubilization) and antagonistic
potentials (such as siderophore and ammonia productions) of endophytic plant growth-
promoting bacteria (PGPB) from healthy bean plants growing in different regions

Keywords: against Psp in vitro conditions. A total of 131 bacteria were primarily characterized
bean, halo blight, endophyte, antagonist, as putative PGPB and tested for antagonist activity against Psp in dual culture tests.
plant growth promoting bacteria, Seventy-one bacterial isolates demonstrated antagonistic activities against Psp isolate
biological control in varying ratios. Among these 71 isolates, 30 representative bacterial isolates from the

different regions/fields were selected. On the basis of morphological, physiological,
biochemical characteristics and confirmation by MALDI-TOF analyses, 30 endophytic
* Corresponding author: Soner SOYLU antagonist isolates were identified as belonging to 10 genera, 24 different species.
According to results obtained, 10 isolates belong to Bacillus spp., 6 isolates belong
to Pseudomonas spp., 4 isolates belong to Rhizobium radiobacter, 2 isolates belong
to Arthrobacter spp., 2 isolates belong to Achromobacter spanius, 2 isolates belong to
Serratia liquefaciens, 1 isolate belongs to Acinetobacter calcoaceticus, Exiguobacterium
sp., Microbacterium hydrocarbonoxydans, and Ochrobactrum anthropi. The largest and
lowest inhibition zone was produced by endophytic bacterial isolates Pseudomonas
gessardii (4.85) and Bacillus licheniformis (1.35). Among the tested antagonist bacterial
isolates, 10 isolates were positive for the production of a-amylase, 7 isolates positive
for phosphate solubilization, 29 isolates positive for siderophore production, 11
isolates positive for protease production. All selected bacterial isolates produced IAA
and ammonia in relatively varying amounts. P. gessardii produced a relatively large
amount of extracellular siderophore (5.83), Exiguobacterium sp. produced a relatively
large amount of extracellular protease (5.25), P. gessardii and O. anthropi produced
a relatively large amount of extracellular IAA (161.39 pg/ml) and Acinetobacter
calcoaceticus produced a relatively large amount of phosphatase (2.63). This is the
first study reporting bean plants harbor endophytes having plant growth promoting
activities with antagonistic potential against Psp.

B4 soylu@mku.edu.tr

INTRODUCTION

Phaseolus vulgaris L., known as the common bean, is a herbaceous, self-pollinated, industrially integrated, rich from vitamins
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and proteins and globally important leguminous crop which
is grown worldwide for its edible dry seeds or unripe fruit.
Beans are the staple food for human and animal nutrition,
and it is the most important crop after chickpea and lentil
among the grain legumes in Turkey. Annual dry bean
production is 31.405.912 tonnes, and green bean production
is 24.221.252 tonnes worldwide. Turkey is the fourth country
in green bean production worldwide with 1.268.879 tons
(FAO 2017).

During the cultivation of bean, many pests and diseases
occur and cause economical loses. Bacterial diseases come
right after the root diseases of common bean caused by
the soil-borne pathogens. Halo blight is a bacterial disease
of common bean, caused by Pseudomonas syringae pv.
phaseolicola (Psp). Halo blight disease was first discovered in
the early 1920s, and rapidly became the primary disease of
beans all over the world. Symptoms start with small water-
soaked spots on leaves and pods. This infected tissue dies and
turns tan-colored and necrotic under arid conditions. Yellow
to light green halo surrounds the lesion, distinguishing this
disease from the narrow yellow band caused by common
bacterial blight disease caused by Xanthomonas axonopodis
pV. phaseoli. This halo symptom is not evident during periods
of high temperatures. If infected systemically, young leaflets
become curved and chlorotic without the presence of necrotic
spots or broad yellow halos. The disease shows up in the
places where temperatures are mild and plentiful inoculum
is available (Taylor et al. 1979, Webster et al. 1983). Disease
agent was reported to occur and caused serious yield loses in
different regions of Turkey (Bastas and Sahin 2016, Benlioglu
and Ozakman 1993, Bozkurt and Soylu 2001, Donmez 2004).

Even extremely low levels of seed infestation by Psp can result
in severe epidemics under favorable weather conditions
(Webster et al. 1983). Management of bacterial diseases is
very hard and sometimes impossible, depending on the
severity of the disease on infected plants. Limited success
has been recorded following application of copper-based
fungicides such as Bordeaux mixture, cupric hydroxide,
copper oxychloride, copper sulfate (Saettler et al. 1981,
Schwartz and Galvez 1981). Although use of copper-based
pesticides are the most common control method preferred
by farmer against the disease, frequent uses of fungicides
cause the existence of pesticide resistance on pathogens,
pesticide residues on the crop, direct and indirect effects
of synthetic chemical pesticides on human and nature are
the primary limiting reasons for their usage against disease
agent. Recently, instead of using chemicals, integrated pest
management strategies became an inevitable alternative

strategy to manage plant pathogens (Berg and Hallmann
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2006, Bozkurt and Soylu 2011, Taylor et al. 1979, Webster
etal. 1983).

Leguminous plants, especially beans, are also the host of
many beneficial microbiomes which can be helpful for
nutrient fixation and plant growth promotion. In accordance,
plant-associated bacteria can be classified into beneficial,
deleterious, and neutral groups based on their effects on
plant growth (Dobbelaere et al. 2003). Endophytic bacteria
are one of the promising biocontrol agents because they
occupy internal living tissues of plants and maybe close to
plant pathogens (Berg and Hallman, 2006, Siilii et al. 2016).
Bacteria of diverse genera have been identified as plant
growth promoting bacteria (PGPB), of which Bacillus and
Pseudomonas species are predominant (Podile and Kishore
2006). PGPB affect plant growth in two different ways, directly
or indirectly. The direct promotion of plant growth by PGPB
entails through producing several plant growth regulators/
phytohormones (Glick 1995) and facilitating the uptake of
certain nutrients from the environment (Glick 1995, Soylu
et al. 2018, Vacheron et al. 2013). They can further keep
host healthy through the indirect mechanisms by inhibiting
fungal or bacterial pathogens, for instance by producing
antimicrobial compounds (Glick et al. 2007), siderophores
(Compantetal. 2010, Lodewyckx et al. 2002, Reinhold-Hurek
and Hurek 2011) against the phytopathogens (Narula et al.
2013, Santoyo et al. 2016). The indirect promotion of plant
growth occurs when PGPB lessen or prevent the deleterious
effects of one or more phytopathogenic organisms which can
be identified and used as in crop protection.

Crop protection mechanisms can be activated by
antagonistic substances produced by PGPB inducing
resistance to pathogens (Glick 1995). A particular PGPB
may affect plant growth by using one or more of these
mechanisms. PGPRs, as biocontrol agents can act through
various mechanisms, regardless of their role in direct growth
promotion enhancement, such as by known production
of phytohormones (Patten and Glick 2002), a decrease of
plant ethylene levels (Glick et al. 2007) or nitrogen-fixing

associated with roots (Dobereiner 1992).

Purposes of this study were to (i) isolate and identify
endophytic bacterial population existing in the inner tissues
of the healthy common bean plants growing in different
regions of Turkey, (ii) to characterize antagonistic effect to
inhibit Psp, and (iii) to explore their antagonistic and plant
growth promoting traits in vitro conditions.

MATERIALS AND METHODS

Isolation of endophytic PGPB isolates from healthy plants
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Plant materials were collected from Ankara, Burdur,
Eskisehir, Konya, and Nigde provinces during 2015 and 2016
production seasons. Psp strains were isolated from the plants
showing typical disease symptoms. PGPB were isolated from
healthy plants sampled from infected fields with the halo

blight disease.

Putative endophytic PGPB isolates were isolated from the
internal tissues of the roots, stem, leaves, and fruits of healthy
bean plants. Each plant material’s surface was sterilized
with 1% sodium hypochlorite, and after the third surface
sterilization, wastewater was plated on Nutrient Agar (NA)
plates and incubated for 48 h at 28 °C. After incubation,
plates were examined to verify the sterilization process is
successful. Surface sterilized plant materials were put into
extraction bags, and 2 ml of physiological saline added into
each extraction bag. Extractions were prepared by the use of
plastic extraction bags to homogenize plant tissues. Dilutions
of 10" and 1072 plant extracts, were plated on NA plates and
incubated at 28 °C for 48 h. Each colony was used as one
isolate in the NA plates and purified into a new NA plate for
further study.

Selection of putative endophytic PGPB isolates

Hypersensitivity reaction test of the endophytic bacterial
isolates was carried out by inoculating tobacco leaves, using
a highly concentrated bacterial suspension (~10° cfu/ml).
Effectiveness of the bacterial isolates was evaluated by the
absence of disease symptoms and hypersensitivity reaction.

Putative isolates were further checked for potato soft rot test.
A loopful bacterial colony was taken from pure fresh culture
and spread on surface sterilized potato slices and incubated
for the occurrence of any soft rot on potato tissues. Existence
of soft rot on potato slices showed the positive effect of

pectolytic activities of the tested bacterial isolate.

Incubation of endophytic bacterial isolates on NA media at

37 °C helped us to eliminate human pathogenic isolates.

Finally, all putative endophytic PGPB isolates were tested on
bean pods. Bioassays were carried out on healthy bean pods
including virulent Psp isolate which isolated and identified
during the project. A highly susceptible cultivar of Phaseolus
vulgaris cv. Gina was used for pathogenicity tests. All bean
pods were surface sterilized with 1% sodium hypochlorite
and dried. Each endophytic bacteria was suspended in sterile
distilled water (~10%cfu/ml) and inoculated (20 pul) on 5 holes
opened by sterile toothpicks on each pod, kept in a plastic
box for incubation at room temperature for 3 days. After
incubation, all inoculation sites were examined for water-

soaked, oily appearance.
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Putative endophytic PGPB bacterial isolate(s) which were
positive for HR, soft rot, pathogenicity tests and grown at 37

°C were eliminated for further studies.
Identification of putative endophytic PGPB isolates

Putative bacterial endophytes were primarily screened for
physiological and biochemical tests such as Gram reaction,
oxidase, and production fluorescent pigmentation (Lelliot
and Stead 1987). The species identification of PGPB isolates
were further confirmed by MALDI-TOF (Bruker Daltonics
GmbH, Bremen, Germany) analyses as described by Pavlovic
etal. (2012). The bacterial mass taken from the pure colonies
of the isolates and obtained from the colonies developed for
24-36 h on Tryptic Soy Agar (TSA) medium was added to
Eppendorf tubes with 300 pl of sterile distilled water. Tubes
were mixed in the vortex, and the bacteria suspension
was obtained. After adding 900 pl of pure ethanol (Merck,
Darmstadt, Germany) into the tubes, the mixture was
centrifuged at 13.000 rpm for 2 min. After the disposal of
supernatant, the remaining pellet was centrifuged for 1 min
at 13.000 rpm again. If ethanol residue was observed, the
remaining ethanol was carefully removed with a pipette, and
the resulting pellet was allowed to dry at room temperature
(about 5 minutes). After drying pellet, 30 ul of 70% formic
acid (Merck, Darmstadt, Germany) was added and vortexed
again at 13.000 rpm for 1 min 30 pl of acetonitrile was added,
and the mixture was vortexed at 13.000 rpm for 1 min.
Finally, 1 ul of the supernatant was added to the target plate
in two replicates, followed by drying at room temperature
(approximately 3-5 min), and addition of 1 ul HCCA Matrix
on each sample point (a-Cyano-4-hydroxycinnamic acid)
and drying.

Brukers Bacterial Test Standard (Bruker Daltonics GmbH,
Bremen, Germany) was used as Mass calibration standard.
Samples were loaded onto the MALDI-TOF MS (Microflex
LT; Bruker Daltonics GmbH, Bremen, Germany) with the
software Flex Control Software (Bruker Daltonics GmbH,
Bremen, Germany). Each spectrum was obtained with 500
laser beams with the minimum laser power required for
ionization of samples in automatic mode. The spectrum
was analyzed at m/z (mass/charge) ratio in the range 2-20
kDa. Microorganism library was used as BIOTYPERTM 1.1

software (Bruker Daltonics GmbH, Bremen, Germany).

Determination of antagonistic and plant growth promoting
traits of PGPB isolates

Inhibition assays

Dual culture inhibition assay performed on NA plates with
fresh overnight cultures of Psp and PGPB isolates. PGPB

strains spot inoculated on NA plates and incubated at 26 °C
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for 24 h. After colony adaptation and growth of PGPB, Psp
cell suspension (10® cfu/ml) was prepared and pulverized
onto the Petri surfaces. Then Petri plates incubated at 26 °C
for 24-72 h, bacterial colony diameter and inhibition zones
caused by each PGBP isolates were measured. Antagonistic
Efficiency Index (Ant-EI) for Psp growth inhibition was
calculated based on the diameter of inhibition zones around
the bacterial colonies by using the method of El-Sayed et al.
(2014).

Ant-EI (Antagonistic Efficiency Index): [inhibition zone
diameter (mm)/bacteria colony growth diameter (mm)].

Assay for a-amylase enzyme activity

Starch Agar plates were inoculated with 24 to 48 h old PGBP
isolates on the agar surface and incubated at 26 °C for at least
4 days. Following incubation, Petri plates were flooded with
iodine solution. The presence of the clear zone around the
bacterial colonies indicates hydrolyzation of starch if blue
zone surrounds the bacterial colonies that indicate the starch
is still present and has not been hydrolyzed (Schaad et al.
2001).

Assay for ammonia utilization

Endophyte isolates were tested for their ammonia production
activity by using peptone water. Freshly grown bacterial
cultures were inoculated into sterile 10 ml peptone water
solution in test tubes. Incubated at 30 °C with shaking at 120
rpm for 48-72 h. Then, Nessler’s reagent (0.5 ml) was added
in each tube. When the color changes brown to yellow, that
was an indicator of a positive result for ammonia production
(Cappuccino and Sherman 1992). The absorbance of
suspensions was measured at 530 nm wavelength at
spectrophotometer, compared with the standard curve of
(NH,),SO, and added in mg/ml.

Assay for proteolytic enzyme activity

Skim Milk Agar (SMA) is used to demonstrate the proteolytic
activity of organisms capable of hydrolyzing casein (Perneel et
al. 2007). 2% skimmed milk powder in Luria Broth (LB) Agar
was prepared. LB agar inoculated with endophytic bacteria
and then incubated at 26 °C for 48 h. Proteolytic bacteria use
the enzyme caseinase to hydrolyze casein and form solvable
nitrogen variant compounds that cause a clear zone around
bacterial colonies. Colorless radiant zones around bacterial
colonies indicator of protease production. Enzyme activity
zones caused by each PGPB isolates measured and efficiency
indices (Pro-EI) for proteolytic activity were calculated based
on the diameter of inhibition zones around the bacterial
colonies (El-Sayed et al. 2014).

Pro-EI (Proteolytic Enzyme Efficiency Index)= [inhibition
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zone diameter (mm)/colony growth diameter (mm)].
Assay for siderophore production

Siderophore activity of endophytic bacteria was determined
by using the conventional method of Schwyn and Neilands
(1987) using blue CAS agar plates containing the chrome
azurol S (CAS). Briefly, a loopful of bacterial culture was
spot inoculated on blue CAS agar medium and incubated
at 28+2 °C for 2 days. The colony with a halo zone of
clear to purple-orange color was evaluated as positive for
siderophore production. Siderophore production activity
showed zones caused by each PGPB isolates measured and
efficiency indices (Sid-EI) for siderophore production were
calculated based on the diameter of inhibition zones around
the bacterial colonies (El-Sayed et al. 2014).

Sid-EI Index)=

[inhibition zone diameter (mm)/colony growth diameter

(Siderophore  Production Efficiency

(mm)].
Assay for phosphate solubilizing activity

Endophytic bacterial isolates were tested for phosphate-
solubilizing ability by using PVK media (Kumar et al. 2012).
Culture media were prepared by using insoluble phosphate
[tri-calcium phosphate Ca,(PO4),] with a concentration
of 0.5%. Solubilization zones and colony diameters of the
bacterium were incubated at 30 °C, measured after 120 h, and
efficiency indices (Phos-EI) for phosphate solubilizing were
calculated (El-Sayed et al. 2014).

Phos-Index (Phosphate Solubilization Efficiency Index)=
[inhibition zone diameter (mm)/colony growth diameter

(mm)].
Assay for indol-3 acetic acid (IAA) activity

Production of the phytohormone IAA assayed based on a
colorimetric method by using Salkowski reagent (Glickman
and Dessaux 1995). Bacterial cultures were grown in 5 ml
Nutrient Broth (NB) containing 500 mg/l L-tryptophan
(0.5%) at 30 °C for 48 h. Fully grown cultures (1.5 ml)
were added into Eppendorf tubes and centrifuged at 5500
rpm for 15 min. The supernatant (1 ml) was mixed with
20 pl of orthophosphoric acid. Subsequently mixed with
4 ml of the Salkowski reagent (1 ml 0.5 M FeCl, solution,
50 ml 35% of perchloric acid) and incubated for 25 min
in the dark at 30 °C. Production of IAA determined as the
development of pink-red color, and the absorbance was
measured at 535 nm wavelength (Patten and Glick 2002)
using a spectrophotometer and compared with the standard
curve. The amount of IAA was preprared in a standard curve
as pg/ml. Three replicates were performed for each bacterial

isolates for IAA synthesis measurement.
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Data analysis

Experiments were performed in triplicate Petri dishes for
each bacterial isolate and repeated twice. The SPSS statistic
program version 17.0 was used for all data involving
calculations and the comparison of each isolate for all
measurements. The data were statistically analyzed using
ANOVA. A Least Significant Difference (LSD) test at a
probability level of 0.05 was used to separate the means when
the ANOVA F-test indicated a significant effect from the

treatments.

RESULTS
Isolation and selection of putative endophytic PGPB isolates

During 2016 and 2017 growing seasons, a total of 120
bean fields in Ankara, Burdur, Eskisehir, Konya and
Nigde provinces were surveyed for isolation of Psp and
PGPB isolates. A total of 343 putative PGPB isolates were
subsequently isolated from the different inner parts of bean
plants collected during the surveys (Table 1). Most of the
isolates were collected from Nigde and Eskisehir provinces.
Allisolated endophytes were subjected to 37 °C, tobacco HR,
potato rotting (pectolytic activity) and pathogenicity tests
as explained above. Results were given in Table 1. Following
these test, 52 isolates grown at 37 °C, 87 isolates were found
positive for tobacco HR, 50 isolates for pectolytic activity on
potato slices, and 23 isolates were found to be pathogenic on
bean pods. Therefore, a total of 212 bacterial isolates were
eliminated and 131 putative endophytic bacterial isolates
from different locations retained for in vitro antagonistic

activities against Psp.
Identification of antagonistic bacteria strains

Dual culture assay was used for monitoring the possible
inhibitory effect of 131 putative antagonist PGPB isolates
against Psp in vitro conditions. Seventy-one bacterial isolates,
demonstrated antagonistic activities in varying degree

Table 1. The total number of endophytic bacterial isolate

collected from different provinces

Provinces gn u;gﬁ;;gi Growthat  Tobacco Pectglytic Pathogenicity
Isolates 37°C HR+ Test  Activity ~ Test on Bean
Ankara 15 1 6 1 1
Burdur 51 9 15 9 3
Eskisehir 96 18 26 12 8
Konya 74 7 15 14 5
Nigde 107 17 25 14 6
TOTAL 343 52 87 50 23
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against Psp isolate. Among these 71 isolates, 30 representative
bacterial isolates from the different regions/fields were
selected for identification in species level and tested for
characterization of antagonistic and plant growth-promoting
traits studies (Table 1).

Morphological, physiological, biochemical characteristics
and MALDI-TOF analyses of 30 endophytic antagonist
isolates assigned them to 24 bacterial species from 10 genera
(Table 2). According to results obtained, 10 isolates belong
to Bacillus spp., 6 isolates belong to Pseudomonas spp., 4
isolates belong to Rhizobium radiobacter, 2 isolates belong
to Arthrobacter spp., 2 isolates belong to Achromobacter
spanius, 2 isolates belong to Serratia liquefaciens, 1 isolate
belongs to Acinetobacter calcoaceticus, Exiguobacterium sp.,
Microbacterium hydrocarbonoxydans and Ochrobactrum
anthropi (Table 2).

Determination of antagonistic activities

A clear zone of inhibition was observed around each
endophytic bacterium in the dual culture assay (Figure
1). The inhibition zone index ranged from 1.35 to 4.85
after three days of incubation. Among the 30 isolates, 11
isolates showed significantly strong inhibition (inhibition
indices >3.0), 7
(inhibition indices between 2.0-3.0), 12 isolates showed weak
inhibition (inhibition indices >2) (Table 3). The largest and

lowest inhibition zone index was produced by endophytic

isolates showed moderate inhibition

bacterial isolates Pseudomonas gessardii (4.85) and Bacillus
licheniformis (1.35).

Determination of antagonistic and PGP traits of bacterial

isolates

These antagonist bacterial isolates were further tested for
the production of a-amylase, siderophore, protease, IAA,
and phosphate. A well-developed inhibition zone around
the bacterial colonies in CAS Agar, SMA, Pikovskaya
media confirmed the bacterial ability for productions of
siderophore, protease, phosphate solubilization, respectively.
An orange-brown color developed in addition to Nessler’s
reagent to bacterial culture in peptone water which indicated
the bacterial ability to produce ammonia. The appearance
of pink color in bacterial culture in NB supplemented with
tryptophan following the addition of Salkowski reagent
indicated the production of IAA by antagonist bacterial
isolates.

Among the tested antagonist bacterial isolates, 10 isolates
were positive for the production of a-amylase, 7 isolates

positive for phosphatase production, 29 isolates positive for
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Table 2. Identification of representative putative endophytic bacterial isolates

Isolate Bacterial Species Plant Part Gram Oxidase Florescent
B1.1 Achromobacter spanius P - + -
B4.4 Pseudomonas koreensis L - - +
B6.4 Rhizobium radiobacter R - - -
B9.2 Rhizobium radiobacter S - - _
B11.4 Bacillus simplex S + -
B12.3 Bacillus simplex N + -
El.4 Acinetobacter calcoaceticus L - - -
E5.3 Rhizobium radiobacter R - - -
E6.2 Achromobacter spanius L - + -
E8.4 Bacillus thuringiensis S + + -
E13.3 Rhizobium radiobacter R - - _
E14.6 Bacillus farraginis R + + -
E15.2 Serratia liquefaciens L - - -
E20.2 Ochrobactrum anthropi R - -
E20.7 Bacillus megaterium R -
E21.2 Exiguobacterium sp R + -
K13.2 Pseudomonas extremorientalis S - - +
K15.1 Pseudomonas putida S - -

K18.1 Microbacterium hydrocarbonoxydans S + - -
N1.1 Bacillus licheniformis P + - -
N11.3 Arthrobacter ilicis P + + -
N13.11 Arthrobacter oxydans P + - -
N16.1 Pseudomonas brassicacearum S - - +
N17.1 Bacillus cereus P + - -
N17.2 Bacillus endophyticus P - -
N24.3 Pseudomonas rhodesiae S - + +
N26.2 Bacillus pumilus R + - -
N29.2 Bacillus siralis P + - B
N34.1 Serratia liquefaciens S - - -
N35.1 Pseudomonas gessardii S - + +

P: pods; L: leaf; S: stem; R: root; +: positive reaction for tests; -: negative reaction for tests

siderophore production, 11 isolates positive for protease

production. All selected bacterial isolates produced IAA and
ammonia in a relatively varying amount (Table 3). Among
the tested putative bacterial isolates, Pseudomonas gessardii
had the highest index values for extracellular siderophore
(5.83), Exiguobacterium sp. for extracellular protease
(5.25), Pseudomonas gessardii and Ochrobactrum anthropi
for extracellular JAA concentration (161.39 pg/ml)) and
Acinetobacter calcoaceticus for phosphate solubilisation
activities (2.63) (Table 3).

64

Figure 1. Determination of in vitro antagonistic efficacies of
endophytic bacterial isolates on Psp growth in dual culture
test. Note clear zones of inhibition (arrows) were produced
by the antagonist bacterial isolates (*) against Psp growth in

dual culture assay
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Table 3. Determinations of antagonistic and plant growth promoting traits of endophytic bacterial isolates obtained from inner

tissues of healthy bean plants

Isolate  Bacterial Species Ant-EI Sid-EI Pro-EI Phos-EI IAA Ammonia
(ng/ml) (ng/ml)
B1.1 Achromobacter spanius 3,57 B¢ 1,77 1 0,00 ¢ 0,00 " 67,69 91,82+
B4.4 Pseudomonas koreensis 4,25 AP 2,25¢6 0,00 ¢ 0,00 ¥ 110,88 "¢ 105,76 1
B6.4 Rhizobium radiobacter 1,971 2,39 ¢F 1,50 EF 0,00 103,29 BH 63,947
B9.2 Rhizobium radiobacter 1,67 1 1,221 0,00 ¢ 1,35 ¢ 126,20 BF 172,59 ®
B11.4 Bacillus simplex 1,90 *J 2,28 ¢6 1,52 FF 0,00 108,55 P-¢ 108,18 &1
B12.3 Bacillus simplex 4,35 48 3,50° 0,00 ¢ 0,00 F 112,35 PG 115,15¢*F
El.4 Acinetobacter calcoaceticus 3,08 £ 1,32 61 0,00 ¢ 2,634 145,04 A€ 118,79 ¢
E5.3 Rhizobium radiobacter 1,447 1,47 0,00 ¢ 0,00 * 124,67 ©F 174,44 %
E6.2 Achromobacter spanius 1,93 2,66 5P 3,94 ¢ 0,00 * 109,43 ¢ 93,33+
E8.4 Bacillus thuringiensis 3,07 <¢ 1,78 01 0,00 ¢ 0,00 * 138,03 AP 84,24 kM
E13.3 Rhizobium radiobacter 2,171 2,71 8P 0,00 ¢ 0,00 F 161,394 89,7
E14.6  Bacillus farraginis 2,24 1 1,78 1 4,56 ° 0,00 * 84,65 1 121,520
E15.2  Serratia liquefaciens 2,021 2,08 ¢ 5,254 0,00 * 4191/ 101,52 97
E20.2 Ochrobactrum anthropi 3,22¢P 1,34 61 0,00 ¢ 0,00 F 135,77 AP 187,78 A
E20.7 Bacillus megaterium 2,63 DF 2,65 BE 0,00 ¢ 0,00 F 132,92 AE 119,09 ¢E
E21.2 Exiguobacterium sp 1,96 FJ 1,63 F1 0,00 ¢ 0,00 F 75,08 HI 109,7 PG
K13.2 Pseudomonas extremorientalis 2,45 b-H 2,96 B¢ 2,12P 0,00 ¥ 61,687 107,88 1
K15.1 Pseudomonas putida 3,56 B¢ 1,67 F1 0,00 ¢ 0,00 F 145,4 A€ 113,94 ¥
K18.1 Microbacterium hydrocarbonoxydans 2,52 b6 1,651 0,00 ¢ 0,00 F 137,01 AP 126,06 ©
N1.1 Bacillus licheniformis 1,357 1,37 61 1,69 PF 0,00 ¥ 155,79 AB 95,45 'K
N11.3 Arthrobacter ilicis 4,23 AB 1,69 Bt 0,00 ¢ 0,00 F 101,75 B 126,06 ¢
N13.11  Arthrobacter oxydans 3,07 ¢F 1,53 F1 1,88 PE 2,50 AB 92,11 ¢1 167,418
N16.1 Pseudomonas brassicacearum 3,05¢F 1,09! 0,00 ¢ 2,06 BP 73,04 1 96,36 1
N17.1 Bacillus cereus 2,28 B 0,00’ 0,00 © 0,00 F 69,120 81,52 N
N17.2  Bacillus endophyticus 1,77 67 1,53 F1 0,00 ¢ 0,00 F 62,257 68,18 OF
N24.3 Pseudomonas rhodesiae 1,98 1,231 1,83 ¥ 0,00 * 75.0 11 55,56 Q
N26.2  Bacillus pumilus 1,92 1,62 0,00 ¢ 1,74 PE 74,26 ™ 70,91 NF
N29.2 Bacillus siralis 1,89 7J 2,25¢6 0,00 ¢ 1,88 <P 69,617 67,58 °F
N34.1  Serratia liquefaciens 1,911 1,35 ¢! 2,08 2,254¢ 131,39 AF 77,27 M©
N35.1  Pseudomonas gessardii 4,854 5,834 1,32F 0,00 ¥ 161,39 4 64,5572

Ant-EIL: Antagonistic Efficiency Index; Sid-EI: Siderophore Production Efficiency Index; Pro-EI: Proteolytic Enzyme Efficiency Index; Phos-EI: Phosphate Solubilisation Efficiency Index.

Mean values followed by different letters within each column were significantly different according to Least Significant Difference (LSD) test (P<0.05)

DISCUSSION

Recently, several research has focused on the exploration of
varied agroecological and biological niches for the existence
of beneficial bacterial and fungal microbioms (El-Sayed et
al. 2014). Healthy or wild plants, as the greatest potential
resource for acquiring novel microorganisms and their

products, are likely to harbor unique endophytic bacterial
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communities (Gamal-Eldin et al. 2008). These findings agree
with the well-known observations that many microbiomes
belonging to different genera (Podile and Kishore 2006) are
capable of a resident endophytic phase of growth within
the healthy host. In the current study, endophytic bacterial

isolates with in vitro antagonistic and PGP traits were
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isolated from apparently healthy bean plants from different
agroecological regions in Turkey. These potential PGPR
isolates were enumerated and screened in vitro for a broad
spectrum of plant growth-promoting abilities as well as for
antagonistic potential against bacterial halo blight disease

agent Psp.

On the basis of morphological, physiological, biochemical
characteristics and MALDI-TOF analyses, among 30
endophytic antagonistisolates tested in vitro, most antagonists
belonged to the species of Bacillus and Pseudomonas. It
was reported that Bacillus and Pseudomonas spp. occurs
commonly on rhizosphere and aerial plant parts (Gibbins
1978) as endophtyically or epiphytically (Volksch et al. 1992).
The different species belonging Bacillus and Pseudomonas
have been reported to inhibit several fungal and bacterial
plant pathogens (Beer et al. 1984, El-Goorani and Beer
1991, Volksch et al. 1993) and it is an effective competitor
in biological prevention of frost injury (Lindow et al. 1983).
Different species of Pseudomonas were reported to produce
a variety of metabolites (Leisinger and Margaff 1979), some
of which were implicated in the biological control of plant
pathogenic fungal and bacterial disease agents (Dowling
and O’Gara 1994). With this respect, antagonistic bacterial
isolates belonging to Pseudomonas and Bacillus genera will
be of interest as PGPB against Psp in future biological control

experiments in the field.

Ojiambo and Scherm (2006) showed in their research that
there was no difference in effectiveness of antagonist bacteria
between studies conducted in the greenhouse versus the field
between soil-borne versus aerial diseases or among those
of low, medium, or high disease infection. Their study also
showed that organisms which have short-lived offspring
expressed more effective antagonism than those does not

show this feature.

Besides that, Scots pine root-associated mycorrhizae-bacteria
and wheat associated bacteria against Fusarium culmorum,
Rhizoctonia solani, and Botrytis cinerea was tested by Dilfuza
(2011). Production of some extracellular lytic enzymes by
bacteria screened for their antagonistic activities. Results of
the study showed that wheat-associated bacteria possessed
more antagonistic activity compared to mycorrhizal hyphae.
Arthrobacter ilicis KNCL24 isolate was one of the isolates that
used during the study.

Another study conducted by Barrows-Broaddus et al. (1985)
showed that Arthrobacter sp. isolates suppress disease
emergence and this helped plants to close their wounds
faster and more comfortable during the infection stage, that
eliminates the propagation of Fusarium moniliforme var.

subglutinans on slash pines.
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Morrissey et al. (1976) found an Arthrobacter sp. which
actively lyses Fusarium roseum cells by secreting chitinase
(E.C. 3.2-1.14, chitin glycanohydrolase), enzyme which is
essential for the hydrolysis of chitin. Enzyme production
paralelled growth; liberation of enzyme took place during
the log phase with the maximum yield being obtained at the
stationary phase.

Another study conducted by Kang et al. (2009), tested for
certain Acinetobacter calcoaceticus isolate that promotes plant
growth by producing organic acids such as malic, succinic,
and citric acids and lowering the endogenous abscisic acid
contents. A. calcoaceticus strain has significantly promoted
cucumber plants for grow better. The PGPR application
had better shoot length, biomass, and chlorophyll contents

compared to controls.

In another study, Deinema et al. (1985), showed that
Acinetobacter strain 210A had accumulated large amounts
of phosphate in soils, which can tolerate nutrient uptake
deficiencies in poor conditioned soils.

Phylloplane associated ~ bacteria  Microbacterium
hydrocarbonoxydans shows antimicrobial activity against
Rhizoctonia solani, Sclerotinia sclerotiorum, Gaeumannomyces
graminis var. tritici (Wang et al. 2015) besides this bacterium
shows plant growth promoting activities on commercial
wheat varieties (Batool et al. 2016). Also, soil remediation
and weed control properties were investigated by Barghouthi
and Salman (2010). Surprisingly M. hydrocarbonoxydans
bacterium is also carried diamino acid in the cell-wall
peptidoglycan of BAS69T is lysine and of BNP48T is
ornithine. The significant menaquinones are MK-11 and
MK-12 based on their crude oil degrading ability (Schippers

et al. 2005).

Matthijs et al. (2014) showed in their study that mupirocin
is a broad spectrum antibiotic has polypeptide structure
which was isolated from Pseudomonas fluorescens NCIMB
10586. Study was based on the phylogenetic distribution of
mupirocin producing strains of Pseudomonas genus. The
mmpD gene of showed the mupirocin gene cluster. They all
five mmpD+ isolates produced mupirocin and were strongly
antagonistic against Staphylococcus aureus. In their study
Pseudomonas gessardii was one of the isolates showed large

amounts of mupirocin production.

Dilfuza et al. (2015) showed that microbial indole-3-acetic
acid (IAA) played an important role in the regulation of
root growth and plant biomass and antagonistic activity on
controlling root-rot of cotton which is caused by F solani.
In their study even very low quantities of IAA such as 0.01

and 0.001 pg/ml can lower the disease incidence and increase



Bitki Koruma Biilteni / Plant Protection Bulletin, 2019, 59 (3) : 59-69

the plant growth. It shows that bacterial secreted IAA plays a
significant role in salt stress tolerance and may be involved in

induced resistance against root rot disease of cotton.

In conclusion, bean plant hosts several active endophytic
bacterial species without any side effect to plant. The
data reported here clearly describes the characterization
of endophytic bacterial isolates which exhibit excellent
abilities to antagonize the halo blight disease agent Psp by
exhibiting several antagonistic and plant growth-promoting
mechanisms including production of siderophore, protease,
ammonia, JAA production, and phosphate solubilization
activities. Further studies are needed to determine the exact
mode of action of each endophytic bacterial isolate, which
will help to improve consistency of a commercial biocontrol

product in the field conditions.
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OZET

Pseudomonas syringae pv. phaseolicola (Psp) fasulye bitkisinde
Hale yanikligi hastaligina sebep olan tohum kokenli bir
bakteriyel hastalik etmenidir. Bu ¢alismanin amaci, farkli
bolgelerde yetisen saglikli fasulye bitkilerinden izole edilen
endofitik bitki gelisimini tesvik eden bakterilerin (PGPB)
Psp tizerine antagonistik (siderofor ve amonyak tretimi
gibi) ve bitki gelisimini tesvik eden mekanizmalarinin (IAA
tiretimi, fosfati indirgeme ozelligi gibi) in vitro kosullarda
karakterizasyonudur. Aragtirma sonunda elde edilen 131
PGPB arasinda 71 izolat Psp etmenine karsi degisen oranlarda
engelleme zonu olusturmus olup, bu izolatlar1 temsilen 30
izolatin teshisleri, antagonistik ve bitki gelisimini tesvik
eden mekanizmalar1 aragtirilmigtir. Morfolojik, fizyolojik,
biyokimyasal ve MALDI-TOF analizler, elde edilen izolatlarin
10 cins 24 farkl tiire ait oldugunu gostermistir. Bu izolatlar
arasinda 10 izolat Bacillus spp., 6 izolat Pseudomonas spp.,
4 izolat Rhizobium radiobacter, 2 izolat Arthrobacter spp., 2
izolat Achromobacter spanius, 2 izolat Serratia liquefaciens,
ler izolat Acinetobacter calcoaceticus, Exiguobacterium
sp., Microbacterium hydrocarbonoxydans ve Ochrobactrum
anthropi olarak teshis edilmistir. Psp’ye karsi en yiiksek
engelleme zonu Pseudomonas gessardii (4.85) izolati
tarafindan, en diisiik engelleme zonu ise Bacillus licheniformis
(1.35) tarafindan olusturulmugtur. Test edilen izolatlardan
10 izolat a-amylase pozitif, 7 izolat fosfataz pozitif, 29 izolat
siderofor tiretmis, 11 izolat proteaz pozitif bulunmustur.
Tiim izolatlar IAA ve amonyak {iretimi agisindan degisken
degerlerde pozitif bulunmustur. En yiiksek siderofor tiretimi
P. gessardii (5.83 indeks degeri), en yiiksek protease iiretimi
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Exiguobacterium sp. (5.25 indeks degeri), en yiiksek IAA
tiretimi P. gessardii ve O. anthropi izolatlar1 (161.39 pg/ml),
en yliksek fosfor ¢6zme kapasitesi Acinetobacter calcoaceticus
izolat1 (2.63 indeks degeri) tarafindan gosterilmistir. Bu
¢alisma ile ilk kez fasulye bitkisinde bitki gelisimini tesvik
eden ve Psp’ye antagonistik etkiye sahip endofit bakteriler
elde edilmistir.

Anahtar kelimeler: fasulye, hale yanikligi, antagonist, bitki

gelisimi tegvik eden bakteriler, endofit, biyolojik miicadele
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* Corresponding author: Melih YILAR filter paper were placed bottom of 9 cm diameter disposable Petri dishes then

X4 melih.yilar@ahievran.edu.tr seeds of Amaranthus retroflexus L., Triticum aestivum L. and Lepidium sativum

L. were homogeneously distributed on filter paper. Filter papers were thoroughly
moistened using distilled water. The filter paper was glued to the center of the
lid of each Petri dish. The different concentrations (0, 0.5, 1, 1.5, 5, 15 pl/Petri
dishes) of the essential oil were applied to the filter paper pieces. Then lid of each
Petri dish was closed and sealed with Parafilm. Petri dishes were incubation at 12
h dark-12 h light periods with an average temperature of 24+1 °C for 1-4 weeks.
At the end of incubation period, germination rates, root and shoot lengths of the
test plants were determined. The 15 pl/Petri concentration of O. onites essential
oil were completely inhibited seed germination, root and shoot growth of A.
retroflexus L., T. aestivum L. and L. sativum L. plants. A. retroflexus L. was found
to be more sensitive to essential oil. The results show that O. onites essential
oil has potential to be used in the control of A. retroflexus L., which has high
allelopathic effect on seed germination and seedling development of L. sativum
L., T. aestivum L., A. retroﬂexus L.

INTRODUCTION

Biotic and abiotic stress factors in the agricultural lands Weeds, one of these biotic factors, cause yield and quality

cause significant yield and quality loss in agricultural crops. losses through allelopathy as well as competing against
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cultivated plants for light, food stuffs in the environment
and water (Joshi and Joshi 2016, Kong et al. 2007). In
allelopathy, a plant shows phytotoxic effects by affecting the
growth of other plant/plants positively or negatively due
to the compounds called as allelochemicals that it releases
(Alam and Islam 2002, Bajalan et al. 2013). The compounds
leading to this phytotoxic effect may be present in different
parts of plant/plants (Zeng et al. 2008) and they may cause
negative effects in other plants in a production areas or
environments. The cultivated plant having this property
may be used in weed control in the agriculture production
systems. However, the weeds with these compounds cause
phytotoxic effects in cultivated plants. The plants contain
these secondary compounds by producing them throughout
their lives. Their amount and composition vary based on
plants. Different researchers have conducted studies on
potential of using these different compounds in the control of
weeds in agriculture. These studies are also conducted on the
other family members, especially Lamiaceae and Asteraceae

families.

Lamiaceae family with its 250 genus and 7133 species has a
wide spreading area in the world (Harley et al. 2004, Kaya et
al. 2017). The members of this family spread in plains with
high altitude in the tropical and temperate regions (Cantino
et al. 1992). Lamiaceae, which is the largest 3™ family in the
flora of Turkey, are represented by 45 genera, 558 species and
742 taxa and its endemism rate is 42.2% (Belen 2012, Kaya et
al. 2017, Koyuncu et al. 2010). As the plants included in this
family are rich in essential oils and secondary compounds,
they have an important place in many fields such as medicine
industry (Kahraman et al. 2009).

The genus Origanum included in the Lamiaceae family is
represented by 22 species and 32 taxa in Turkey. 21 of these
species are endemic and the endemism rate of the genus is
65.2% (Aydin et al. 1998, Dundar et al. 2008). The torrid and
temperate southwest Eurasia and Mediterranean regions
have the suitable climatic conditions for the Origanum
species to grow (Kokkini 1996). Thyme has a primary role
among the spices used in kitchens in the world trade. It is
produced in France, Greece, Spain and Turkey in Europe
and Mexico and Chile, and Peru in South America (Barreyro
et al. 2005, Olivier 1996). Turkey also exports many thyme
species and these species are O. onites, O. minutiflorum, O.
majorana, O. syriacum var. bevanii and O. vulgare (Baser et
al. 1993, Kirimer et al. 2003, Toncer et al. 2009). Among these
species, the most exported species is O. onites in the world
(Yaldiz et al. 2005).

Essential oils are an alternative potential source against

the pathogen organisms causing infection due to the
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antimicrobial substances. It is accepted throughout the world
that the herbal products are less toxic effect for environment
and human health in the control of diseases (Lee et al. 2007). It
has been reported that especially essential oils show effective
antifungal activities against various fungal pathogens under
both in vitro and in vivo conditions (Baruah et al. 1996). It
has been reported that the Origanum essential oil has anti-
bacterial, anti-oxidant, anti-fungal cytotoxic and insecticidal
activity (Muller et al. 1995, Tepe et al. 2004, Traboulsi
et al. 2002, Wilson et al. 1997, Vagi et al. 2005). Also in a
similar study, it has been reported that the members of the
Lamiaceae family have antifungal activity on Verticillium
dahliae pathogen (Rus et al. 2015). It has been reported that
Origanum species have biological activity (Garcia-Beltran
and Esteban 2015) and O. onites has bio-herbicidal activity
on five wheat genotypes and weeds (Atak et al. 2016).

The aim of this study was to investigate the chemical
composition and herbicidal activity of Origanum onites plant
essential oil on Amaranthus retroflexus, Triticum aestivum,
and Lepidium sativum seed germination and root-shoot

growth.

MATERIALS AND METHODS
Plant material and extraction of essential oils

O. onites plants were collected during the flowering stage in
vegetation period of 2017 in Mersin province. Essential oils
were obtained from the plants dried in shade by using the
Neo-Clevenger apparatus and hydro-distillation method.
The obtained essential oils were kept in dark bottle at 4 °C

until the activity studies.

The effect of essential oils on the seed germination and seedling
development of the test plants

The studies investigating the effect of the plant essential oil
on the seed germination of the test plants were conducted
in the sterile Petri dishes with 9 cm diameter. The seeds
were homogeneously placed into the sterile Petri dishes with
2-layer filter paper and the filter papers were humidified
properly using distilled water. As the water solubility of the
essential oils is low, it was used in the form of gas in the test.
For this purpose, a piece of blotting paper was glued from
their corners to the lids of the sterile Petri dishes and then
the essential oils were dripped on this piece of paper using
a micropipette and the lids of the up parts Petri dishes were
closed immediately and wrapped tightly by the Parafilm
(Onen et al. 2002). In the test, the essential oils were applied
in 0 (control), 0.5, 1, 1.5, 5, 15 pl/Petri doses. The Petri dishes
were placed to incubation at 24+1 °C under 12 h light and
12 h dark conditions for 1-4 weeks (Kadioglu 2004, Kordali
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et al. 2009, Sadeghi et al. 2010). At the end of the period, the
germination rate (%) and root and shoot length (cm) were
determined. The experiments were carried out as 4 replicates

and repeated 2 times.

Gas  chromatography
spectrometry (GC-MS)

and gas  chromatography-mass

20 mg of essential oil was dissolved in acetone of 1.2 ml
and it was made prepared for the analysis. The analysis was
performed with BPX5 (0.25 mm ID, film thickness 0.25 pm)
30 m capillary column and Perkin Elmer Clarus 500 GC-
MS. While the injection volume was determined as 2 pl, the
injection port temperature was determined as 250 °C. As
the carrier gas, helium was used with a 50:1 split rate and
1 ml/minute flow rate. In the oven program, the oven was
increased up to 100 °C with a 5 °C/min heating rate, at the
starting temperature of 50 °C and it was kept for 2 min at this
temperature. Then, it was increased to 220 °C with a 3 °C/
min heating rate and was kept for 2 min at this temperature.
The total program period was determined as 30 min. MS

parameters; ionizer: EI, ionizing energy: 70 eV; and ion

source transfer temperature was set to 250 °C.

The compounds were clarified by comparing the retention
times of the current standard compounds in the column
with the retention time of the compounds of the samples
(co-injection), comparing the Kovats index or retention
index (RI) values given in the literature and comparing the
specific mass spectra of the compounds with the data (NIST,
Willey and Pfleger) in the MS libraries present in the digital
environment. And the relative percentages of the compounds
in the essential oil were calculated with Turbomass ver 5.4.2
software, by multiplying the ratio of peak areas of each

compound to total peak area by 100.
Statistical analysis

The analysis of variance (ANOVA) was used to determine the
significant of differences between experiment treatments, and
averages were compared using the DUNCAN test. Statistical

analyses were carried out using the SPSS 15.0 software.

Table 1. The chemical composition of the Origanum onites essential oil (GC/MS)

Compound number RT* (min) RI** % Name
1 11.454 896 0.31 2-Thujene
2 11.734 906 0.13 a-Pinene
3 12.914 946 0.20 1-Octen-3-ol
4 13.308 958 0.43 B-Pinene
5 13.918 977 0.08 a-Phellandrene
6 14.309 988 1.22 a-Terpinene
7 14.576 996 8.83 p-Cymene
8 15.212 1016 0.10 3-Carene
9 15.726 1031 17.08 y-Terpinene
10 16.059 1041 0.37 4-Thujanol
11 17.000 1068 0.56 Linalool
12 17.146 1072 0.20 p-Mentha-2-en-1-ol
13 19.593 1143 0.44 Borneol
14 19.936 1153 0.28 4-Terpineol
15 20.135 1158 0.15 p-Cymene-8-ol
16 20.369 1165 0.10 a-Terpineol
17 23.366 1252 0.15 Phenol, 2,3,5,6-tetramethyl
18 23.593 1259 2.77 Thymol
19 24.072 1272 59.87 Carvacrol
20 28.155 1395 4.98 Caryophyllene
21 29.206 1430 0.22 Humulene
22 30.480 1471 0.43 y-Elemene
23 32.941 1553 0.20 Spathulenol
24 33.158 1561 0.91 Caryophyllene oxide
Total 100

*RT:Retention time,** RI:Retention index
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RESULTS AND DISCUSSION

Tables 1, 2, 3, and 4 and Figures 1, 2, and 3 show the results
concerning chemical composition of O. onites essential oil
and its effect on seed germination and root-shoot growth of

A. retroflexus, T. aestivum, and L. sativum.

According to the results of GC/MS, a total of 24 compounds,
including carvacrol (59.87%), y-terpinene (17.08%), and
p-cymene (8.83%) as the main compounds, were identified
in O. onites essential oil (Table 1). The composition of the
essential oil compound of the plants may vary based on the
location where they are collected. In the previous studies, it
was determined that carvacrol was 77.2% and p-cymene was
10.9% in Balikesir (Kazdag1) sample of O. onites essential oil
and linalool was 90.9% and carvacrol was 1.8% in the Antalya
(Beycik) sample (Baser et al. 1993). In the other studies
conducted on O. onites essential oil, 12 compounds, as
linalool (50.53%) being the main component, were identified
(Ozkan and Erdogan 2011); and 53 components together
with carvacrol (79.2%) and thymol (4.4%) were identified

Table 2. The effect of Origanum onites essential oil on seed
germination and growth of Amaranthus retroflexus

(Altintas et al. 2013). Also, it was (Copur et al. 2010)
determined carvacrol (57.01%) as the principal component
in O. onites essential oil. The main components of the seven
samples of O. onites essential oil collected in Greek island of
Tkaria were determined as carvacrol (72.25-89.22), p-cymene
(1.43-6.00), and y-terpinene (1.37-6.51) (Economou et
al. 2011). O. onites essential oils collected from different
locations are different the main components and number of
components.The factors such as environmental conditions,
development period, harvest season, soil conditions and the
obtainment of the essential oil are effective on secondary
metabolites in plants (Toncer et al. 2009).

The essential oils have different effects on plant developments
such as seed germination (Barney et al. 2005). The O. onites
essential oil had effects of different levels on the seed
germination and the root and shoot growths in the test
plants. The essential oil A.retroflexus completely inhibited the
seed germination, root and shoot development in the doses
of 1 ul compared to the control (Table 2, Figure 1).

Table 3. The effect of Origanum onites essential oil on seed
germination and growth of Triticum aestivum

Doses (ul) GR* (%) RL** (mm) SL*¥* (mm) Doses (ul) GR (%) RL (mm) SL (mm)
Control 70.66a*+5.81 8.99a+0.69 8.81a+0.80 Control 100.0a*+0.0 86.13a+8.13 60.46a+6.22
0.5 13.33b+3.52 2.07b+0.24 1.9b+0.08 0.5 96.0a+2.30 56.57b+0.30 37.75b+0.68
1 0.00c+0.0 0.00c+0.0 0.00c+0.0 1 78.66b+11.39 53.48b+0.36 36.29b+0.49
1.5 0.00c+0.0 0.00c+0.0 0.00c+0.0 1.5 76.00b+2.30 40.51c+0.31 33.13b+0.51
5 0.00c+0.0 0.00c+0.0 0.00c+0.0 5 24.00c+6.11 3.44d+0.03 10.19¢+0.54

15 0.00c£0.0 0.00c£0.0 0.00c£0.0 15 0.00d+0.0 0.00d+0.0 0.00d+0.0

*GR:Germination; **RL:Root length; **SL:Shoot length *The
means with different letters in the same column are different
at the significance level of p<0.05 according to DUNCAN

Figure 1. The inhibition rate of Origanum onites essential oil
on seed germination and growth of Amaranthus retroflexus
(GR:Germination; RL:Root length; SL:Shoot length)
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Figure 2. The inhibition rate of Origanum onites essential
oil on seed germination and growth of Triticum aestivum
(GR:Germination; RL:Root length; SL:Shoot length)
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Table 4. The effect of Origanum onites essential oil on seed
germination and growth of Lepidium sativum

Doses (ul) GR (%) RL (mm) SL (mm)
Control 100.0a*+0.0 97.45a+8.65 14.09a+1.45
0.5 70.66b+10.66  67.03b+0.03 6.06b+0.0
1 56.0b+4.0 38.04¢+0.03 5.07b+0.02
1.5 28.0c+8.32 4.44d+0.02 3.49¢cb+0.0
5 0.0d+0.0 0.0d+0.0 0.0d+0.0
15 0.0d+0.0 0.0d+0.0 0.d+0.0

GR:Germination; RL:Root length; SL:Shoot length *The
means with different letters in the same column are different
at the significance level of p<0.05 according to DUNCAN test

Figure 3. The inhibition rate of Origanum onites essential
oil on seed germination and growth of Lepidium sativum
(GR:Germination; RL:Root length; SL:Shoot length)
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O. onites essential oil was more effective against weeds and the
phytotoxic effect occurred in cultivated plants in high doses.
Essential oils may have effects in different levels on different
plants and even on the genotypes of the same species (Atak et
al. 2016, Erbas et al. 2015).

Origanum species have a rich biological activity such as
antibacterial, antifungal, antioxidant, anti-inflammatory,
antitumor, antiviral and antiparasitic activities (Garcia-
Beltran and Esteban 2015). Also, it has been reported that
Origanum onites essential oil has allelopathic activity on the
seed germination, plant height, root length and root number
of Onobrychis viciifolia under in vitro conditions (Altindal
and Altindal 2013). O. onites essential oil has had a high
inhibiting effect on the seed germinations of A. retroflexus,
Centaurea solstitialis, Sinapis arvensis, Sonchus oleraceus,
Raphanus raphanistrum and Rumex nepalensis (Azirak and
Karaman 2008). In the studies conducted on the other plant
species, ithasbeen reported that A. vulgaris essential oil affects
Lepidium sativum seed germination and growth negatively

(Barney et al. 2005) and monoterpene hydrocarbons and
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oxygenated monoterpenes have an allelopathic effect on
A. retroflexus seed germination and seedling development
(Kordali et al. 2007).

It has been reported in the previous applications that
different allelochemicals and their different doses show
different reactions (Atak et al. 2016). It has been revealed
that some essential oils have an inhibiting effect on the wheat
seed generation (Dudai et al. 1999) and Lavandula x hybrida
Rev essential oil has different effects on cereal products
(Gitsopoulus et al. 2013). Also in the present study, it was
revealed that O. onites essential oil had an allelopathic effect
depending on dose and test plant. This result is similarly with

the ongoing studies.

The present study revealed that O. onites essential oil had a
phytotoxic effect on seed germination and root and shoot
lengths of A. retroflexus, T. aestivum, and L. sativum in
Petri dishes conditions. Today, it has been revealed that the
herbicides, that have the highest usage rate in pesticides
used against the plant diseases and insects in the agricultural
productions, have negative effects on the environment,
human and the non-targeted plants/other organisms.
Therefore, the results of this study and similar studies have
become more important. It is important that the results of

this study are utilizable in the agricultural field.

OZET

Bu ¢alismada, Origanum onites L. bitkisinin toprak iistii
(stirgtin+yaprak+gicek) aksamindan elde edilen ugucu
yagin kimyasal bilegenleri ve farkli bitkilerin ¢imlenme ve
fide gelisimine olan allelopatik etkileri arastirilmustir. Bu
amagla Mersin ilinden toplanan O. onites bitkisinden hidro-
distilasyon yontemi kullanilarak ugucu yag elde edilmistir.
GC/MS analizi sonucunda O. onites ugucu yaginda carvacrol
(%59.87), y-terpinene (%17.08) ve B-cymene (%8.83) temel
bilesenler olmak tizere 24 bilesen belirlenmistir. Allelopatik
etki 9 cm ¢apli Petri kaplarinda yiiriitiilmiistiir. Petri kaplarina
2 kat halinde kurutma kagidi yerlestirilmis ve Amaranthus
retroflexus L., Lepidium sativum L., Triticum aestivum L.
tohumlar1 homojen olarak dagitilmigtir. Kurutma kagitlar:
distile su kullanilarak iyice nemlendirilmistir. Her bir Petri
kabinin kapaginin merkezine zamkla yapistirilmig kurutma
kagidina ugucu yaglar farkli konsantrasyonlarda (0, 0.5, 1,
1.5, 5, 15 pl/Petri) bir mikropipet yardimi ile damlatilarak,
Petri kaplar1 ortiilerek Parafilm ile sikica sarilmustir. Petri
kaplar1 12 saat aydinlik-12 saat karanlik ve ortalama 24+1
°C kosullarda 1-4 hafta boyunca inkiibasyona birakilmistir.
Stirenin sonunda ¢imlenme orani, kok ve siirgiin boylari
belirlenmistir. O. onites ugucu yagi A. retroflexus L., L. sativum

L., T. aestivum L. bitkilerinin tohum ¢imlenmesi ile kok ve
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stirgiin gelisimini 15 pl/Petri dozda tamamen engellemistir.
Ugucu yaga kars1 A. retroflexus Lun daha hassas oldugu
tespit edilmistir. Elde edilen sonuglara gore, O. onites ugucu
yaginin yiiksek seviyede L. sativum L., T. aestivum L., A.
retroflexus L. tohum ¢imlenmesi ve fide gelisimleri {izerine
allelopatik etki gosterdigi ve A. retroflexus L. kontroliinde
kullanilabilir potansiyele sahip oldugu belirlenmistir.

Anahtar kelimeler: allelopatik etki, Origanum onites, ugucu

yag, tohum ¢imlenmesi
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DO 1016955 /bitkorb. 517700 Turnip mosaic virus (TuMV) has a broad host range and its presence has been

Received : 25.01.2019 detected in many species of vegetables both in the world and Turkey. However,

Accepted: 17.05.2019 there is no study on the infection of TuMV in okra plant, a summer vegetable
belonging to the Malvaceae family, in Turkey. For this purpose, 31 samples of okra

Keywords: showing virus and virus-like symptoms were collected from the okra production

TuMYV, identity, NIb, CP, cloning, areas from Izmir and Manisa provinces in 2017. The collected samples were

phylogenetic tested by double antibody sandwich enzyme-linked immunosorbent assay (DAS-

ELISA) with the aim of determining the presence of TuMV. The tests revealed

* Corresponding author: Savas KORKMAZ that 23 samples (74.2%) were infected with TuMV. Molecular characterization
B4 skorkmaz@comu.edu. tr of two TuMYV isolates selected from the infected samples was performed. The
partial nuclear inclusion b and coat protein genes of the selected isolates were

amplified by reverse transcriptase-polymerase chain reaction (RT-PCR), cloned

and sequenced. The obtained sequences were used to determine similarity rates

and phylogenetic relationships with the world isolates. As a result of the multiple

sequence comparison, it was determined that TuMV isolates showed 84-88%

and 91-94% identities with the world isolates at the level of nucleotide and amino

acid, respectively. Moreover, the results of phylogenetic analyses revealed that

the okra TuMV isolates were classified into basal-B group. With this study, the

presence of TuMV has been identified for the first time in okra production fields

of Turkey.
GIRIS
Bamya [Abelmoschus escuentus L. (Monch)] tarimi tilkemizin sinirl da olsa fiyat: en yiiksek olan sebzelerden bir tanesidir.
biyiik bir kisminda uzun yillardir gergeklestirilmektedir. Bamyanin sahip oldugu besin igeriklerine bakildiginda
Yillik ortalama 25 bin tona kadar tiretimin gergeklestirildigi diger sebzelere kiyasla kalorisinin diisiik oldugu ve daha az
bildirilmistir (Karagiil 2002). Tariminin diger sebzelere gore kuru madde oranina sahip oldugu belirlenmistir. Bunlara
ozellikle hasat agisindan daha zor olmasi nedeni ile iiretimi ek olarak vitamin ve mineral madde bakimindan da zengin
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oldugu belirtilmistir (Karagiil 2002).

Tarimsal tretimde triiniin kalite ve miktara etki eden
birgok faktor bulunmaktadir. Bu faktorlerden birisi de hig¢
kugkusuz viriis hastaliklaridir. Viral kaynakli hastaliklarin
kimyasal bir miicadelesi olmadig1 igin, diger hastalik
etmenlerine gore daha yikici olabilmekte ve bazen iiretimde
%70-80’lere varan kayiplara neden olabilmektedirler. Bamya
tariminda da iretimi sinirlandiran en onemli faktorler,
bitki koruma ile ilgili olan problemlerdir. Bunlarin basinda
da viriis hastaliklar1 gelmektedir. Diinyada gergeklestirilen
birgok ¢aligmada viral etmenlerin bamya bitkisinde
enfeksiyon gergeklestirdigi bildirilmistir (Ndunguru and
Rajabu 2004, Seth et al. 2017). Bamya tariminda ekonomik
kayiplara neden olan viral etmenlerden bir tanesi de $algam
mozaik viriisti (Turnip mosaic virus, TaMV)diir (Gera et al.
2001).

TuMV ¢ok genis bir konukgu dizisine sahip olup, 156 cinse
bagl 318 bitki tiirtinii enfekte edebilmektedir. En 6nemli
konukgular1 karnabahar, lahana, brokoli, Briiksel lahanasi,
Cin lahanasi, enginar, marul, turp, kolza, hardal, su teresi,
titiin ve birgok yabanci ot tiirii olup, diinyada bu bitkilerin
yetistirildigi bolgelerde ekonomik diizeyde zarara neden
olmaktadir (Ohshima et al. 2002). TuMV’nin non-persistent
olarak ¢ok sayida yaprak biti ile tagindigi ve tarim yapilan her
kitada enfeksiyona neden oldugu bildirilmistir (Provvidenti
1996, Walsh and Jenner 2002).

TuMV partikiilleri ipliksi ¢ubuk seklinde bir yapida olup,
uzunlugu 700-750 ¢ap1 ise 10-12 nm kadardir. Genomik
niikleik asit pozitif duyarlilikta tek sarmal RNA (ssRNA)
icermektedir. RNAnin igermis oldugu niikleotit sayisi,
yaklasik 10.000 kadardir (Riechman et al. 1992).

Diinyada TuMV ile ilgili ¢ok sayida c¢aligma yapilmis
olup, halen de devam etmektedir. Etmenin biyolojik
karakterizasyonu sonucunda 4 farkli patotip tanimlanmistir.
Bu patotiplerden B, birgok Brassica cinsini enfekte etmekte
ve mozaik simptomlar gostermekte, Raphanus cinsinde
enfeksiyon meydana getirememekte; (B) bazen Brassica
cinsini genellikle latent bir sekilde enfekte ederken,
Raphanus cinsinde enfeksiyon meydana getirmemekte; BR,
sistemik mozaik simptomlar gostererek Brassica ve Raphanus
cinslerini enfekte edebilmekte ve son olarak B(R) ise sistemik
mozaik simptomlar géstererek birgok Brassica cinsini enfekte
ederken Raphanus cinsini ise ara sira latent olarak enfekte
etmektedir (Ohshima et al. 2002, Tomimura et al. 2004). Bu
4 gruba ek olarak son yillarda bir de OM grubu eklenmistir.
Bu grup tyeleri bazi Eruca sativa (roka) ve Cameria sativa
(ketencik) gibi bazi Brassicaceae familyas: bitkilerinde
enfeksiyon meydana getirebilmekte iken, Brassica spp.lerinin

bir ¢ogunda enfeksiyon meydana getirmemektedir (Nguyen
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et al. 2013a, 2013b). TuMV izolatlarmm filogenetik
siiflandirilmasinda ise 5 grup tanimlanmustir. Genellikle
TuMV’nin

sekans dizisine ve/veya kilif protein gen bolgesine gore

filogenetik  siniflandirmalar tim  genom
gergeklestirilmistir. Bu gruplar ¢ogunlugu B patotipinden
olusan World B ve Basal B, OM patotipinden olugan Orchis,
BR patotipinden olugan Asian BR ve Basal BR gruplarindan
olusmaktadir (Nguyen et al. 2013b, Ohshima et al. 2002,
Ribeiro-Junior et al. 2018). Son yillarda gergeklestirilen
caligmalar ile bu mevcut 5 gruba ek olarak Iran grubu da 6.

grup olarak eklenmistir (Yasaka et al. 2017).

Virts ile ilgili diinyada bir¢ok ¢alisma yapilmasina ragmen,
¢aligmalarin neredeyse tamami Brassicaceae familyasina
ait bitkilerde gerceklestirilmistir. TuMV enfeksiyonunun
bugiine kadar yazlik ve Malvaceae familyasina ait bamya
bitkisinde tek kaydi Israilden bildirilmistir (Gera et al. 2001).

Ulkemizde viriisiin karakterizasyonu ile ilgili baz1 caligmalar
gerceklestirilmistir, fakat gerceklestirilen bu ¢alismalarin
hepsi Brassicaceae familyasina ait kislik bitkilerde yapilmistir
(Karanfil ve Korkmaz 2016, Korkmaz et al. 2008). Hastaligin
enfeksiyon durumu ile ilgili olarak ise, Karadeniz Bolgesinde
bulunan Samsun ili ve Ege Bolgesi'nde bulunan izmir ili ve
cevresinde TuMV enfeksiyonunun arastirilmas: seklinde
smurli sayida ¢aligma yapilmistir (Erkan et al. 2013,
Sevik 2016). Ancak, TuMV’nin ilkemiz bamya iretim
alanlarinda tanisina yonelik herhangi bir ¢alisma simdiye
kadar gergeklestirilmemistir. Bu baglamda bamya tariminin
tilkemizde yogun olarak yapildig1 Izmir ve Manisa illerinden
alinan Orneklerde tespit edilen TuMV’nin tanilanmasi ve
karakterizasyonunun gergeklestirilmesi ile tlkemiz igin
ilk, diinya i¢in ise ikinci kez enfeksiyonunun bildirilmesi

saglanmustir.

MATERYAL VE METOT
Arazi galigmalar1

Arazi ¢ahsmalari Izmir ve Manisa illeri bamya iiretim
alanlarinda 2017 yilinda gergeklestirilmistir. Bitkiler gorsel
olarak incelenmis, viriis ve benzeri simptom gosteren
bitkilerden Srnekler alinmigtir. Ornekleme yapilan bamya
alanlarinin  se¢imi tesadiifi olarak gergeklestirilmistir.
Ornekleme yapilan ayni iiretim alaninda (ticari ve ev
bahgeleri) ¢ok sayida birbirine benzer simptom goriilmesi
durumunda ise o alandan en fazla 3 6rnek alinmigtir. Alinan
orneklerde silika jel iginde soguk zincirde muhafaza edilerek,

viriis tanilama galigmalari i¢in laboratuvara getirilmistir.
DAS-ELISA testleri

Toplanan o6rnekler ilk olarak TuMV varlig1 agisindan double

antibody sandwich enzyme-linked immunosorbent assay
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(DAS-ELISA) ile test edilmigtir. DAS-ELISA testi kitlerin
alindig1 firmanin énerileri (Bioreba, Isvigre) ve Clark and
Adams (1977)'in belirttigi sekilde gergeklestirilmistir. Teste
ilk olarak ELISA platelerin TuMV-spesifik antikor (IgG) ile
kaplanmast ile baglanilmigtir. Bunu takiben bitki 6rnekleri
eklenmistir. Testin {iglincii agamasinda konjugat (enzimle
isaretli IgG) platelere konularak, test substrat (p-nitrophenol
phosphate) eklenmesi ile tamamlanmistir.  Sonuglar
Medispec ESR 2000 ELISA plate okuyucuda 405 nm dalga

boyunda degerlendirilmistir.

DAS-ELISA sonucunda elde edilen TuMV izolatlarinin
molekiiler karakterizasyonu amaci ile her iki ilden segilen
birer izolatin Niiklear Inclusion b + Kapsid Protein
(NIb+CP) genlerinin 1178 b¢’lik kismi, reverse transcriptase-
polymerase chain reaction (RT-PCR) ile ¢ogaltilmustir.

RT-PCR calismalar1

Calismanin bu basamagindaki yontemler, total niikleik asit
izolasyonu ve RT-PCR olmak tizere 2 agamadan olusmustur.
Birinci agamada TuMV ile enfeteki oldugu bilinen 6rnekler

arasindan segilen Orneklerden CTAB metodu ile total

niikleik asit izolasyonu gergeklestirilmistir (Li et al. 2008).
Calismalarin ikinci agamasinda Takara (Japonya) firmasindan
saglanan kitler ile RT-PCR testlemeleri gergeklestirilmistir.
Orneklerin RT-PCR agamas1 Karanfil ve Korkmaz (2016)a

gore gergeklestirilmistir.
Klonlama ve sekans galigmalar1

Segilen 2 TuMV izolatinin [TuMV6 (Manisa) ve TuMV2
(fzmir)] molekiiler karakterizasyonu amaciyla, RT-PCR
yontemiyle ¢ogaltilan 1178 b¢’lik NIb ve CP gen bolgeleri
T-A klonlama yontemiyle pGEM-T Easy plazmid vektoriine
klonlanmis (Promega, ABD) ve elde edilen plazmidlerin
saflagtirilmasi, Omega-Bio (ABD) plazmid saflagtirma kiti
kullanilarak gergeklestirilmistir. Eldeedilenbuplazmidlerden,
her bir izolat igin en az bir tanesi segilerek ¢ift yonlii olacak
sekilde Refgen Biyoteknoloji (Ankara) firmasinda hizmet
alimi yolu ile DNA dizilimlerinin belirlenmesi saglanmigtir.
CLC Main Workbench (V.8.1) programinda bu veriler
kullanilarak, {zmir ve Manisa izolatlarinin diinyadaki diger
TuMYV izolatlari ile gostermis olduklar1 benzerlik oranlar1 ve
filogenetik iliskileri arastirilmistir (Cizelge 1).

Cizelge 1. Coklu dizi karsilagtirmalar1 ve filogenetik analizlerde kullanilan diinya $algam mozaik viriis izolatlarinin izolat

kodlari, konukgulary, elde edildikleri tilke ve gen bankasi erisim numaralari

Izolat Konukgu Ulke Erisim Numarasi
TuMV2 Abelmoschus esculantus Tiirkiye MK656463
TuMV6 A. esculantus Tirkiye MK656464
AKD934] Raphanus sativus Japonya AB252100
CCLB R. sativus Cin KR153038
CDNI1 Brassica napus napobrassica Kanada AY227024
DEU1 Bilinmiyor Almanya AB701699
DEU2 R. sativus Almanya AB701700
DEU4 Lactuca sativa Almanya AB701701
DEU7 L. sativa Almanya AB701695
DNK3 B. rapa Danimarka AB701703
GBR27 B. oleracea Birlegik Krallik AB701711
GBR31 B. oleracea Birlesik Krallik AB701713
GBR57 wild B. oleracea Birlesik Krallik AB701716
GBR83 wild B. oleracea Birlesik Krallik AB701717
ITA1A B. ruvo Italya AB701720
ITA4 B. rapa Italya AB701722
ITA5 B. ruvo Italya AB701723
ITAS Abutilon sp. Italya AB701725
IRNSS5 Sisymbrium loeselii fran AB440239
IRNTRa6 Rapistrum rugosum Iran AB440238
KD32] R. sativus Japonya AB093621
LWLB R. sativus Cin KR153039
ND10J R. sativus Japonya AB252130
NLD2 B. oleracea Hollanda AB701727
NSW1 B. juncea Avustralya KJ936087
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Cizelge 1. Devami

Izolat Konukgu Ulke Erisim Numarasi
NSwW2 B. juncea Avustralya KJ936088
NZ290 B. pekinensis Yeni Zelenda AB093612
OMA Orchis militaris Almanya AB701691
ORM Orchis morio Almanya AB701692
(6N O. simia Almanya AB701693
Pol 1 B. napus oleifera Polonya AB701728
Pol 2 Papaver somniferum Polonya AB701731
Pol 4 B. napus oleifera Polonya AB701732
PV177 Brassica spp. Birlesik Krallik AB701733
TIGA Tigridia sp. Almanya AB701734
TIGD Tigridia sp. Almanya AB701735
TUR1 B. oleracea Turkiye AB362512
TUR9 R. sativus Tirkiye AB362513
USA5 R. sativus ABD AB701740
USA6 R. sativus ABD AB701741
WEFLB14 R. sativus Cin KR153040
IRNCQ Cheiranthus cheiri Iran AP017762
IRNDM Chrysanthemum sp. fran AP017763
IRNKBS58 S. loeselii Iran AP017768
IRNKBS65 S. loeselii fran AP017769
IRNKhCa B. oleracea var. botrytis fran AP017770
IRNMY57 B. rapa fran AP017778
IRNRaNi3 R. rugosum Iran AP017780
IRNRK R. rugosum fran AP017783
IRNRKkaraj R. rugosum Iran AP017784
IRNRN6 R. rugosum fran AP017785
IRNST S. loeselii fran AP017794
IRNTH Hirschfeldia incana fran AP017795
IRNTImIl Impatiens balsamina fran AP017796
IRNTOFS2 S. loeselii fran AP017799
Bu amagla, secilen izolatlarin kendi i¢lerinde ve diinya SONUCLAR

olduklar1

ClustalW programu ile analiz edildikten sonra niikleotit

izolatlariyla  gostermis benzerlik  oranlar,
ve aminoasit diizeyinde belirlenmistir. Ayrica izolatlarin
benzerlik oranlar1 Sequence Demarcation Tool Version 1.2
(SDTv1.2) ile goriintiillenmistir (Muhire et al. 2014). Tirk
TuMV izolatlarinin diinya TuMV izolatlar: ile filogenetik
iligkileri ise CLC Main Workbench (V.8.1) programinda
belirlenmistir. Bu amagla ilk olarak CLC Main Workbench
(V.8.1) programinda Neighbor Joining yontemi ile kiamura80
parametresi ve 1000 tekrarli bootstrap analizi uygulanarak
elde edilmistir. Filogenetik iliskilerin belirlenmesinde
Potyvirus cinsinde yer alan ve filogenetik agidan TuMV’ye
en yakin viriislerden biri olan Japanese yam mosaic virus

(JYMYV) dis grup olarak kullanilmistir (Yasaka et al. 2017).
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Arazi calismalar1 ve DAS-ELISA testleri sonuglart

Yiiriitiilen arazi ¢aligmalarinda Manisadan 13 ve {zmirden
ise 18 drnek olmak iizere toplam 31 viriis ve viriis-benzeri
simptom gosteren Ornek alinmigtir. Toplanan Orneklerin
DAS-ELISA yontemi ile TuMV enfeksiyonu bakimindan
testlenmesi sonucunda 23 tanesinin (%74.2) TuMV ile
enfekteli oldugu bulunmustur. Enfekteli bulunan érneklerin
15 tanesi Izmir, 8 tanesi ise Manisadan toplanan &rnekler
icerisinden elde edilmistir. TuMV ile enfekteli bulunan
bitkilerde tipik olarak mozaik ve damar agilmasi simptomlar:

gozlenmigtir (Sekil 1).
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Sekil 1. DAS-ELISA testi sonucu Salgam mozaik virtsii

ile enfekteli bulunan bamya bitkisinin yapraklarindaki

mozaik ve damar agilmasi simptomlari

RT-PCR ¢alismalari

Bu agama izolatlarin molekiiler karakterizasyonu amaci ile
yuritilmis olup, sadece DAS-ELISA testleri sonucunda
TuMV ile enfekteli oldugu belirlenen izolatlar arasindan
secilen ornekler i¢in gergeklestirilmigtir. RT-PCR ¢alismalari,
Manisa ve Izmir illerinden alinan ve TuMV ile enfekteli
oldugu DAS-ELISA sonucunda belirlenen 4er izolat igin
gergeklestirilmistir.

RT-PCR analizleri sonucunda segilen izolatlarin hepsinden
1178 bg biiyiikligiinde ve hedef NIb+CP genlerine kargilik
gelen iriinler elde edilmistir. Daha sonra RT-PCR ile
cogaltilan 6rnekler icerisinden segilen Izmir iline ait
TuMV?2 ve Manisa iline ait TuUMV6 izolatlari, NIb+CP gen

bolgelerinin klonlanmasi ¢aligmalarinda kullanilmigtir.
Klonlama ve sekanslama galigmalar1

Secilen TuMV-2 (Izmir) ve TuMV-6 (Manisa) kodlu
izolatlarin NIb+CP gen boélgelerinin klonlama caligmalari
sirasinda, istenilen gen bolgelerini tagtyan plasmidler
saflagtirilmuig ve sahip olduklari niikleotit dizileri, M13-F
ve MI3-R primerleri ile ¢ift yonlii olarak belirlenmistir.
Sekanslama sonucunda, her iki TuMV bamya izolatinin
1178 b¢’lik hedef gen bolgesinin niikleotit dizisinin tamami
elde edilmigtir. Elde edilen niikleotit dizileri kullanilarak,

izolatlarin sahip olduklari amino asit dizileri belirlenmistir.
Coklu dizi karsilastirmalar1 ve filogenetik analizler

Gergeklestirilen ¢oklu niikleotit ve amino asit dizi
analizleri sonucunda bamya bitkisinden elde edilen TuMV
izolatlarinin kendi iglerinde %98’in iizerinde benzerlik
gosterdigi belirlenmistir. Diinya TuMV izolatlar1 ile niikleotit
ve amino asit diizeyinde gergeklestirilen karsilagtirmalarda
ise; tilkemiz bamya TuMV izolatlarinin genel olarak diinya
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TuMYV izolatlar ile niikleotit diizeyinde %84-88, aminoasit
diizeyinde ise %91-94 oraninda benzerlikler gosterdigi tespit
edilmistir (Sekil 2 ve 3).
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Sekil 2. Ulkemiz bamya Salgam mozaik viriisii izolatlarinin
diinya izolatlariile niikleotit diizeyinde gostermis olduklar:

benzerlik oranlari

Parwise ey (%)
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Sekil 3. Ulkemiz bamya Salgam mozaik viriisii izolatlarinin
diinya izolatlar1 ile amino asit diizeyinde gostermis

olduklar1 benzerlik oranlar1

Ulkemiz bamya TuMV izolatlarinin diinya izolatlar1 ile
olan filogenetik iliskileri incelendiginde ise; her iki TuMV
bamya izolatinin da hem niikleotit hem de amino asit temelli
olusturulan filogenetik agaglarda basal-B grubunda yer aldig:
gortulmiistiir (Sekil 4 ve 5).
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Sekil 4. Ulkemiz bamya Salgam mozaik viriisii izolatlarinin diinya izolatlar1 ile niikleotid
diizeyindeki filogenetik iligkileri (Filogenetik aga¢ neighbor joining methodu ve kiamura80
parametresikullanilarak olusturulmustur. Japanese yam mosaic virus dig grup olarak kullanilmigtur.
Filogenetik agagta %60 bootstrap esigi uygulanmistir)
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Sekil 5. Ulkemiz bamya Salgam mozaik viriisii izolatlarinin diinya izolatlar1 ile amino asit
diizeyindeki filogenetik iligkileri (Filogenetik aga¢ neighbor joining methodu ve kiamura80
parametresi kullanilarak olusturulmustur. Japanese yam mosaic virus dig grup olarak kullanilmisgtir.
Filogenetik agacta %60 bootstrap esigi uygulanmistir)
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TARTISMA VE KANI

Gergeklestirilen bu ¢aligma kapsaminda, arazide viriis ve
benzeri simptom gosteren érneklerdeki TuMV enfeksiyon
orant %74.2 gibi yiiksek bir deger olarak elde edilmistir.
Enfeksiyon oraninin yiiksek ¢ikmasinda, toplanan érneklerin
hepsinin virils ve benzeri simptom gosteren orneklerden
alinmast ile iligkili olabilecegi diigiiniilmektedir. Ancak
unutulmamalidir ki elde edilen enfeksiyon orani TuMV’nin
ornekleme yapilan alanlardaki enfeksiyon durumundan
ziyade, toplanan Orneklerdeki enfeksiyon durumunu
yansitmaktadir. TuMV’nin bamya bitkisinde enfeksiyon
meydana getirdiginin ilk raporu olan ¢alismada da
aragtirmacilar yapraklarinda kloroz, damar agilmasi, nekroz
ve gelisme geriligi gosteren 10 bitkiden o6rnek aldiklarini
belirtmigler ve gerceklestirdikleri testlemeler sonucunda
toplanan Orneklerin tamamimin TuMV ile enfekteli
oldugunu belirtmislerdir (Gera et al. 2001). Bu ¢alisma
kapsaminda toplanan bamya 6rneklerinin tamaminin viral
etmen kaynakli oldugu disiiniilen simptom tagimalarina
ragmen, bazi orneklerin TuMV enfeksiyonu bakimindan
negatif olarak bulunmasmin nedeninin ise bu 6rneklerde
bamyay1 enfekte eden diger viriis etmenlerinin varligindan
Nitekim

diinyada gergeklestirilen ¢aligmalar sonucunda bamyada

kaynaklanmis  olabilecegi  disiintilmektedir.
enfeksiyon meydana getiren ¢ok sayida viral etmenin varlig

bildirilmistir (Ndunguru and Rajabu 2004, Seth et al. 2017).

Ulkemizde daha &nce gergeklestirilen birgok caligmada,
TuMYV enfeksiyonu, agirlikli olarak, Brassicaceae familyasina
ait bitkilerde tespit edilmistir (Karanfil ve Korkmaz 2016,
Korkmaz et al. 2006, 2008). TuMV’nin bamya bitkilerinde
enfeksiyon gerceklestirdigi simdiye kadar sadece Israilden
bildirilmistir (Gera et al. 2001). Israilden sonra ilk kez
bamya tiretim alanlarindaki TuMV enfeksiyonu iilkemizde
bu ¢aligma ile tespit edilmigtir. Bu baglamda bamyanin da

TuMV’nin dogal konukgusu oldugu teyit edilmistir.

Gergeklestirilen molekiiler karakterizasyon ¢aligmalari
sonucunda bamya TuMV izolatlarinin birbirleri ile yiiksek
oranda sekans homolojisine sahip oldugu belirlenmistir.
Genel olarak ayni bolge izolatlarinin birbirleri ile yiiksek
sekans homolojisine sahip olmasi beklenen bir olgu olarak
goze carpmaktadir. Diinyada konu hakkinda yapilan
¢alismalarin bazilarinda da ayni bolge orijinli TuMV
izolatlarinin yiiksek seviyede sekans homolojisi gosterdigi
bildirilmistir (Ohshima et al. 2002, Stavolone et al. 1998).
Rusyada gergeklestirilen bagka bir ¢alismada da, Rus TuMV
izolatlarinin kendi aralarindaki benzerlik oranmin %95
oldugu bildirilmistir (Zubareva et al. 2013). Bu baglamda
belirtilen ¢aligmalar ile bu calisma sonucunda elde edilen

benzerlik oranlar: birbirleri ile paralellik gostermektedir.
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Bamya TuMV izolatlarmm diinya izolatlar1 ile gostermis

oldugu benzerlik oranlar1 incelendiginde ise disiik
sayilabilecek seviyede benzerlikler gosterdigi soylenebilir.
TuMV’nin filogenetik smiflandirilmasi sonucu 6 farkl
grup ortaya ¢ikarilmasma ragmen, gruplar ici benzerlik
seviyelerinin genel olarak daha yiiksek bir oranda ¢iktig
bilinmektedir (Yasaka et al. 2017, Zubareva et al. 2013).
Bu nedenle bamya TuMV izolatlarindan en az birinin tim
genom igeriklerinin belirlenmesinin, etmenin evrimine
yonelik yeni bilgilerin elde edilmesine yardimci olabilecegi
distinilmektedir. Nitekim TuMV izolatlarinin evrimi ile
ilgili yapilan ¢alismada da etmenin tarihsel siiregteki evrimi
ile ilgili daha kesin yorumlar igin, iilkemizin de iginde
bulundugu cografyadan ¢ok daha fazla sayida tiim genom
sekans dizilimlerinin gerekli oldugu bildirilmistir (Yasaka et

al. 2017).

Bugiine kadar gergeklestirilen farkli ¢alismalar sonucunda,
tilkemiz TuMV izolatlarmnin oldukg¢a zengin bir genetik
Ulkemizde
gerceklestirilen bir ¢aliyjmada TuMV izolatlarinin world-B

esitlilige  sahip oldugu  belirlenmigtir.
ve Asian-BR grubunda oldugu belrilenmistir (Korkmaz
et al. 2008). Ulkemiz izolatlar1 kullanilarak son yillarda
gerceklestirilen bagka bir ¢alismada da, tilkemiz izolatlarinin,
iclerinde basal-Bnin de oldugu 3 farkli gruba dagildig
gortlmektedir (Yasaka et al. 2017). Bu sebeple bu ¢alismada
analiz edilen bamya TuMV izolatlarinin basal-B grubunda
bulunmasi, beklenilen bir durum olarak agiklanabilir. Bu
baglamda bu ¢aliymadan elde edilen sonuglar, iilkemizde
TuMV’nin

gerceklestirilen ¢aligmalar ile paralellik gostermektedir.

molekiiler olarak tanilanmasina  yonelik

Ulkemiz bamya iiretim alanlarinda TuMV enfeksiyonunun
tespit edilmesinin etmenin etiyolojisine yonelik 6nemli bir
bulgu oldugu diisiiniilmektedir. Gergeklestirilen bu ¢alisma
ile tilkemiz bamya tretim alanlarinda ilk kez bir viris
hastaligimin tanilanmasinin yani sira, fitopatolojik agidan
da ilk kez bir hastalikla ilgili ¢aliyma gergeklestirilmistir.
Etmenin molekiiler karakterizasyon asamasinin tam olarak
tamamlanmasi amaci ile de en az bir bamya TuMV izolatinin
tim genom diziliminin ortaya ¢ikarilarak, bilim camiasi ile
paylagilmasi diigiiniilmektedir. Gergeklestirilmesi muhtemel
sonraki ¢aligmalar ile TuMV’nin muhtemel konukgusu
olabilecek diger yazlik bitkilerin tespitinin de 6nemli oldugu
distintilmektedir.
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OZET

Salgam mozaik virtisi (Turnip mosaic virus, TuMV)
genis konuk¢u dizisine sahip olan bir viriis tird olup,
gerek diinyada gerekse iilkemizde birgok sebze tiiriinde
birlikte
familyasina bagli yazlik bir sebze olan bamya bitkisinde

saptanmigtir.  Bununla ilkemizde Malvaceae
TuMV’nin enfeksiyonuna yonelik herhangi bir ¢alisma
yapilmamugstir. Bu amagla 2017 yili bamya tiretim sezonunda
[zmir ve Manisa illeri bamya iiretim alanlarindan 31 adet
viriis ve viriis benzeri simptom gosteren bamya drnekleri
toplanmistir. Toplanan 6rnekler double antibody sandwich
enzyme-linked immunosorbent assay (DAS-ELISA) yontemi
ile TuMV'nin varliginin belirlenmesi amaci ile testlenmistir.
Testlemeler sonucunda 23 6rnek (%74.2) TuMYV ile enfekteli
olarak bulunmugtur. Enfekteli bulunan 6rnekler icerisinden
segilen iki TuMV izolatinin molekiiler karakterizasyonu
gerceklestirilmistir. Bu kapsamda segilen izolatlarin kismi
niiklear inclusion b ve kapsid protein gen bolgeleri, reverse
transcriptase-polymerase chain reaction (RT-PCR) yontemi
ile ¢ogaltilmis ve daha sonra klonlanmis ve sekans dizileri
elde edilmistir. Izolatlarin sekans analizi sonucu elde edilen
niikleotit dizileri kullanilarak diinya izolatlar: ile benzerlik
oranlar ve filogenetik iligkileri belirlenmistir. Yapilan ¢oklu
sekans kargilastirmalart sonucunda TuMV izolatlarinin
diinya izolatlar1 ile %84-88 ve %91-94 oraninda sirasi ile
niikleotit ve amino asit diizeyinde benzerlikler gosterdigi
tespit edilmistir. Filogenetik analizler sonucunda ise bamya
bitkisinden elde edilen TuMV izolatlarinin basal-B grubunda
oldugu bulunmustur. Gergeklestirilen bu ¢aligma ile tilkemiz

bamya tiretim alanlarinda TuMV varlig1 ilk kez belirlenmistir.

Anahtar kelimeler: TuMV, benzerlik, NIb, CP, klonlama,
filogenetik
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